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Abstra
tIn this te
hni
al note we brie
y present the analysis of the HERA polarimeters (transver-sal and longitudinal) as of summer 2011. We present the �nal reanalysis of the TPOLdata, and dis
uss the systemati
 un
ertainties. A pro
edure to 
ombine and averageLPOL and TPOL data is presented.
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1 Introdu
tionAfter the upgrade of the HERA ma
hine longitudinally polarised lepton beams were availableto the HERMES, the H1 and the ZEUS Experiment. The degree of polarisation was measuredfor nearly all available data with two independent polarimeters, the transverse polarimeterTPOL, lo
ated 
lose to the HERA-West intera
tion point, and the longitudinal polarimeterLPOL, lo
ated 
lose to the HERA-East intera
tion point. Throughout the HERA II runningperiod from fall 2003 to mid 2007 typi
ally � 97:8% of the integrated luminosity used inpolarisation dependent analyses of the experiments is 
overed by at least one polarimeter [1℄.In addition, for some part of data in 2006 and 2007, a new polarimeter was used inpla
e of the longitudinal polarimeter, the 
avity polarimeter. The analysis of data from thisinstrument is 
overed in [2℄, and is not in
luded in this note.In this report the analyses of the transverse and the longitudinal polarimeters are pre-sented. For the transverse polarimeter, a 
ompletely new analysis method has been developedand is presented, while for the LPOL an in-depth evaluation of the systemati
 errors has beenperformed. This is followed by a re
ommendation on how to treat the errors of the polarime-ters and how to 
ombine the data from the two devi
es to obtain one HERA II polarisationmeasurement.2 The LPOL PolarimeterThe main method of the analysis of the LPOL has been un
hanged for a number of years.The main fo
us of the work presented in this note has been a 
areful re-evaluation of thesystemati
 errors as published in [3℄. Studies were undertaken to understand the behaviourof key parameters in more detail. Extensive sear
hes have been 
ondu
ted to look for 
orre-lations between variables in the LPOL and the LPOL/ TPOL ratio, to understand potentialsour
es of dis
repan
y between the two devi
es. To this end the data of the LPOL have beenrestru
tured for easier a

ess, and additional variables have been in
luded in the database [4℄.The values of systemati
 un
ertainties are given in Tab. 1.2.1 O�ine AnalysisThe LPOL operates with a pulsed laser, whi
h is triggered externally. The trigger is syn-
hronised with the HERA 
lo
k. The 3ns pulse has a non uniform time pro�le, and the laser�ring has a sizable jitter of �1:5ns relative to the HERA 
lo
k. These two e�e
ts generatefalse asymmetries on the 
olle
ted Compton photon energy in the LPOL 
alorimeter, and are
orre
ted for. This potentially large sour
e of systemati
 un
ertainty has been dis
ussed indetail in [5℄, where no signi�
ant dependen
e of the LPOL/TPOL ratio on the value of this
orre
tion has been found. The 
urrently released TPOL data were used in that analysis andin the study here reported.Another e�e
t whi
h 
an have a potentially signi�
ant impa
t on the energy measuredin the LPOL 
alorimeter is the ba
kground and pedestal subtra
tion. Ea
h photomultiplier(PMT) 
hannel (see Fig. 1) has a pedestal, whi
h 
an, potentially, vary from 
hannel to
hannel. Ea
h signal from PMTs is split into two signal lines, and the se
ond line is installedto an additional ADC module 
hannel. Ea
h of these extra 
hannels is delayed by 96ns, soonly the a
tual pedestal instead of the signal plus pedestal is gated to the ADC module. Sin
e3



Sour
e of Un
ertainty ÆP=P (%) ClassAnalysing Power 1.2 IIu- Response Fun
tion (0.9)- Single to multi Photon Extrapolation (0.8)Long term Stability 0.5 IGain Mismat
h 0.3 ILaser Light Polarisation 0.2 IPo
kels Cell Misalignment 0.4 IIdEle
tron Beam / Laser Beam Intera
tion Region 0.8 IIIdTotal HERA I un
ertainty 1.6Extra Un
ertainty for new Calorimeter � 1:2 IIuTotal HERA II un
ertainty 2.0Table 1: Systemati
 (relative) un
ertainties of the LPOL measurements. The so-
alled HERAI 
ontributions are des
ribed in [3℄. The extra 
ontribution to the error is estimated fromthe studies in [8℄, and should be applied to the LPOL values measured from July 2nd 2004onwards, after the repla
ement of the 
ra
ked 
alorimeter 
rystals. The table is adapted from[9℄. The third 
olumn indi
ates the estimated 
lass of systemati
 error and possible perioddependen
e, see Se
t. 5.1 for details. Figure 1: S
hemati
 drawing of the LPOL
alorimeter. Visible are the four 
rys-tals, used to measure the energy, and thefour photomultipliers. The number 
odesof the photomultipliers and their lo
ationwith respe
t to the HERA beam pipe aredenoted.the pedestals are measured with separate ADC 
hannels, a 
alibration between the pedestalsin the delayed and the non-delayed lines is needed.The 
alibration is performed 
onsidering laser O� events (in
luding both �lled and emptyHERA bun
hes). Between the two 
hannels a linear dependen
e is expe
ted, whose o�setand slope will give the 
alibration. An unbinned maximum likelihood �t with a linear modelis done to the ADC values for the delayed versus the undelayed line. An example of a �t(taken from [6℄) is presented in Fig. 2. The �t is performed every minute, and the resultingo�set and slope values are then used to subtra
t the pedestal event by event, separately forea
h 
hannel: SComptonundelayed line = Srawundelayed line � Pundelayed linePundelayed line = �Pdelayed line �O�set�t�=Slope�t: (1)4



Several fa
tors 
an a�e
t the pedestal subtra
tion. The pedestal 
alibration is performedusing laser O� events on both empty and �lled bun
hes. Events from �lled bun
hes may su�erfrom additional ba
kground sour
es like syn
hrotron radiation or Bremsstrahlung. Eventsfrom empty bun
hes will not be subje
t to these ba
kground sour
es. Comparing the resultsfor the pedestal determination for the two 
lasses of events, no signi�
ant di�eren
es areobserved, indi
ating that ba
kgrounds from syn
hrotron radiation and Bremsstrahlung donot play a signi�
ant role in the pedestal 
alibration.In Fig. 3 the ratio of the mean values for ba
kground energy plus pedestal over onlypedestal is presented for all four PMTs. The distributions do not show signi�
ant devia-tions from unity. They have a width typi
ally below 1%, indi
ating a negligible amount ofsyn
hrotron and of other ba
kground photons. Also shown in Fig. 3 is the dependen
e ofthe LPOL/TPOL ratio on this quantity, with no obvious dependen
e found. This is also
onsistent with results obtained during running, from 
ounting the number of high energyphotons seen by the 
alorimeter, but independent from the laser trigger. No signi�
antlyenhan
ed rate is observed, indi
ating that the dominant sour
e of high energy photons in the
alorimeter is from Compton photons.A noisy line would result in broader ADC distributions and 
ould a�e
t the 
alibrationparameters extra
ted from the linear �t, thus biasing the pedestal subtra
tion. The spreadof the signal for all four PMTs is presented in terms of ADC values in Fig. 4, for bothundelayed and delayed 
hannels, and for laser O� events. The PMT 
hannels 2 and 3 appearto be reasonably stable, while 
hannel 1 (
lose to the beam pipe) shows signi�
ant variations.A similar behaviour (although less signi�
ant) is observed in 
hannel 4. The latter is lo
atedfar from the beam pipe, thus suggesting the sour
e of noise variation to be possibly unrelatedto the HERA beam line.The observed in
rease of noise might a�e
t the 
alibration parameters extra
ted fromthe �t. To investigate whether any 
orrelation exist between the in
rease of the noise, andthe 
alibration 
onstants obtained in the �t, the quality of the 
alibration �t is studied as afun
tion of time.For unbinned maximum likelihood �ts no dire
t goodness of �t quantity is available.However it is possible to 
al
ulate a 
orrelation 
oeÆ
ient, whi
h tests the 
orrelation betweenthe values used in the �t, and the assumed model used in the �t. The 
orrelation 
oeÆ
ient
Figure 2: Example of the relative 
alibration ofthe delayed and the non-delayed 
hannels for thesame PMT. A linear unbinned maximum likeli-hood �t is performed to the ADC values of thedelayed versus the undelayed line. The 
alibra-tion is performed using laser O� events, with�lled and empty HERA bun
hes.5
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Figure 3: Top left panel: Ratio A of the mean values for ba
kground radiation plus pedestalover pedestal energies for a subset of data taken in the se
ond half of 2006, as a fun
tion oftime. Top right panel: Distribution of the ratio A for the same data sample. The spreadof the data is below 1%. Bottom left panel: The LPOL/TPOL ratio for the same period.Superimposed to the one minute data (bla
k points) are shown the 8 hour average values(red �lled 
ir
les). Bottom right panel: Dependen
e of the LPOL/TPOL ratio on the ratioA. No statisti
ally signi�
ant dependen
e is found.between two measurable quantities x and y in a sample of size N is de�ned as [7℄:rxy = 1N � 1 NXi=1 �xi � hxisx ��yi � hyisy � ; (2)with hxi and sx (hyi and sy) are the mean value and the estimated varian
e of the variablex (y). If one assumes a fun
tional dependen
e between x and y of y = f(x), the deviationbetween the data point i and the fun
tion 
an be written asyi � hyi = �fi � hyi�+ �yi � fi�; (3)whi
h is de
omposed into a 
omponent explained by the proposed linear model f = a+ b � x,and a deviation not justi�ed by the model. After some algebra [7℄, one obtains that the6



Figure 4: Width of the pedestal distribution for laser O� events in the undelayed (top panels)and in the 96ns delayed ADC 
hannels, as a fun
tion of the time.sample 
orrelation 
oeÆ
ient provides a measurement of the ratio of the sum of deviationsgiven by the model over the sum of the total data deviations,r =qr2xy =vuuuutPNi=1 �fi � hyi�2PNk=1 �yk � hyi�2 : (4)The 
al
ulated values of the linear �t 
orrelation 
oeÆ
ient is presented in Fig. 5 for allfour PMT lines. As observed for the noise, the 
oeÆ
ients are stable for PMT 
hannels 2 and7



Figure 5: The behaviour of the 
orrelation 
oeÆ
ient (as de�ned in the text) for the pedestal
alibration is shown for the analysed period in 2006, separately for the four PMTs.3, while for 
hannels 1 and 4 more signi�
ant variations are found. Typi
ally the values arelarger for the less noisy 
hannels. Beyond these qualitative observations, no 
lear quantitative
orresponden
e between the noise variation and the 
orrelation 
oeÆ
ients 
an be found.The LPOL/TPOL ratio is investigated versus the 
orrelation 
oeÆ
ients in Fig. 6, fortwo data taking periods of similar size, and independently for all four PMTs. No sizable
orrelation is found for 
hannels 2 and 3, while for 
hannels 1 and 4 the results are lessstable.To investigate whether a net e�e
t is present in the data, events from all four PMTs andfor di�erent data periods are 
ombined. To avoid biasing the data, data are grouped intoperiods of similar LPOL/TPOL ratio. Ea
h group then is re-normalised to a LPOL/TPOLratio of one at a 
orrelation 
oeÆ
ient values in the bin from 0:87 and 0:88. The resultingdistributions are then averaged in bins of the 
orrelation 
oeÆ
ient. The results are shownin Fig. 7. The upper panel shows the measured LPOL/TPOL ratio as a fun
tion of the
orrelation 
oeÆ
ient separately for all four PMT 
hannels, and for the investigated dataperiods. One data sample (with light blue markers) has 
oeÆ
ient values outside the 
ommonnormalisation region, and has been normalised to the only data sample overlapping its values(in red markers) in the region 0:90 � 0:91, after prior 
ommon normalisation of the latter.The dependen
e of the LPOL/TPOL ratio on the 
orrelation parameter is presented in thebottom panel of the pi
ture, after merging together all the normalised data samples. Nosigni�
ant dependen
e on the 
orrelations 
oeÆ
ient r is found.8
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  PMT4Figure 6: The LPOL/TPOL ratio is plotted versus the 
orrelation 
oeÆ
ient (as de�ned inthe text) separately for the four PMTs and for two di�erent periods of data taking.2.2 LPOL Con
lusions and OutlookA 
omprehensive re-analysis of systemati
 errors for the LPOL has been 
ondu
ted. Carehas been taken to minimise the dependen
e on simulation in this, the emphasis has beenon understanding the data and 
omparisons with the other polarimeters at HERA. Withinthe pre
ision possible, the ba
kground subtra
tion method has no impa
t on the polarisationmeasurement.Even though the noise in the signal lines was found to vary signi�
antly in the 
hannels1 and 4, no signi�
ant e�e
t on the pedestal 
alibration pro
edure was found, and no 
leareviden
e for an impa
t of this variation on the LPOL/TPOL ratio was found.A number of other e�e
ts have been studied, in
luding the e�e
t of the timing of thelaser pulse, the e�e
t of empty HERA bun
hes et
., but no 
lear systemati
 impa
t on thepolarisation determination was found. 9
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ode
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lear trend of the data within the data pre
ision.The extra
ted �t parameters o�set and slope are 1:021�0:047 and �0:026�0:054 respe
tively,for a �2=NDF value of 71:84=38.3 The TPOL Polarimeter3.1 Introdu
tionThe transverse polarimeter TPOL is lo
ated in the straight se
tion West of the HERA tunnel.Cir
ularly polarised laser photons are Compton s
attered o� the lepton beam and are trans-ported 66m downstream through a beam line to a sampling 
alorimeter. The 
alorimeter hasbeen designed to measure pre
isely the average position of an ele
tromagneti
 shower 
reatedby a single photon. To this end the 
alorimeter is split horizontally into two halves, whi
hare read out independently. The energy asymmetry � de�ned as� = EU �EDEU +ED (5)is related to the verti
al position of the photon hitting the fa
e of the 
alorimeter through anon-linear transformation, the �(y) transformation. The energies used in the de�nition of �are pedestal subtra
ted.The intera
tion rate between laser and lepton beam is su
h that on average less than1% of all photons are s
attered ba
k into the 
alorimeter, thus ensuring that to a very goodapproximation only single photons hit the 
alorimeter.The information on the polarisation of the lepton beam is 
ontained in the verti
al dis-tribution of the photons, where verti
al has been de�ned relative to the plane formed by the10




ir
ulating lepton beam in the HERA a

elerator. The shift in the mean of the distributionmeasured for two di�erent states of light polarisation (positive 
ir
ular and negative 
ir
ular)is proportional to the polarisation of the lepton beam. A key parameter in this is the so-
alledAnalysing Power, whi
h des
ribes the relation between the measured shift in the mean of thedistribution and the polarisation.A re-analysis of the data taken at HERA during HERA II running period be
ame ne
-essary to optimally use the information from the polarimeters. The old analysis, des
ribede.g. in [9℄, exhibited some unexplained systemati
 behaviour, showed large 
u
tuations ofthe ratio between LPOL and TPOL, and did not take some known systemati
 e�e
ts intoa

ount.The goal of the new analysis is to improve the overall analysis strategy, to make it morestable, to improve the 
orre
tion for known e�e
ts, and to in
lude 
orre
tions for new e�e
tslike e.g. the dependen
e on the distan
e between the 
alorimeter and the intera
tion point.3.2 Prin
iple of the AnalysisThe fundamental prin
iple of the analysis of the TPOL data has remained un
hanged 
om-pared to the older analysis. The polarisation is 
al
ulated on a minute by minute basis, basedon the measured spatial asymmetry between the two halves of the dete
tor, introdu
ed bythe two heli
ity states of the laser light.During the operation of the polarimeters the 
alorimeter was regularly re-
alibrated usingan automated pro
edure. This pro
edure ensured that the 
alorimeter is 
entred on theba
ks
attered photon beam, and that the gains of the two halves of the dete
tor are equalised.Ba
kground 
omes primarily from Bremsstrahlung photons, from syn
hrotron radiationand from bla
kbody radiation events whi
h s
atter into the 
alorimeter. Ba
kground is sub-tra
ted on a statisti
al basis using spe
tra re
orded where the laser is blo
ked o� and onlyba
kground photons rea
h the 
alorimeter. This method removes all ba
kground 
ontribu-tions whi
h are present independent of the laser light. In addition, the energy spe
trumallows for the determination of the Compton edge of the laser ba
ks
attering and of the edgefrom Bremsstrahlung photons at the energy of the HERA beam, separately. This 
an be usedto test the energy s
ale of the 
alorimeter and the pedestal subtra
tion method.An experimental independent determination of the 
ontribution of the other ba
kgroundsour
es is mu
h more diÆ
ult. Sin
e during running no data were re
orded whi
h were nottriggered by a high-energy photon, no unbiased estimator exists for the number of syn
hrotronradiation photons in parti
ular. The level of syn
hrotron radiation needs to be estimated fromthe Compton data itself, as des
ribed later on in this note.The analysis of the polarimeter data is done in several energy bins. In Fig. 8 the lo
ationof the �ve bins in the Compton energy spe
trum is shown.The most relevant observable used for the determination of the polarisation is the verti
alshift of the mean energy deposition in the 
alorimeter. This shift depends on a number ofexternal fa
tors:� The intera
tion region between the laser beam and the lepton beam has a �nite exten-sion, transversely and longitudinally to the lepton beam. The shape of the intera
tionregion has an impa
t on the Analysing Power of the system. In addition the divergen
eof the lepton beam adds to the photon beam spot size on the 
alorimeter surfa
e, 
onvo-luting with the intrinsi
 Compton photon beam spread. The 
orre
tion was previouslyknown as the fo
us 
orre
tion, and was 
orre
ted for based on Monte Carlo studies [10℄.11
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Figure 8: Left: Compton energy spe
trum with the energy bins used in the analysis indi
ated.The insert at the top right 
orner shows the region above the Compton edge in more detail.Right: Analysing Power as a fun
tion of the energy of the Compton photon, binned into theenergy bins indi
ated on the left.� The distan
e between the 
alorimeter and the intera
tion point has a dire
t impa
ton the Analysing Power. For larger distan
es, the distribution of the photons on the
alorimeter at �xed values of the polarisation be
ome broader, for smaller distan
esmore narrow. The position of the intera
tion point moves around from �ll to �ll andwithin �lls. The e�e
t of this is 
orrelated to the dependen
e on the beam spot size.Photons in the low energy bin are sensitive to this e�e
t as well, in addition to the beamspot size e�e
t, photons at high energy are primarily dependent on the beam spot size,and not on the intera
tion point (IP) distan
e. This e�e
t 
an be used to disentanglethe two 
ontributions.� The data a
quisition system of the transverse polarimeter performed an online pedestalsubtra
tion to the photomultiplier signals of the four 
alorimeter 
hannels using a lateo�-time sample of the signals. There are indi
ations that this subtra
tion does not
ompletely remove all 
ontributions from the pedestals, espe
ially when being generatedon-time with the lepton beam pass. In 
ase a small amount of pedestal shift is presentin the data this will indu
e a systemati
 redu
tion of the energy asymmetry, and thusthe Analysing Power.� Although the laser light is measured to be 100% 
ir
ularly polarised at the lo
ation ofthe laser, imperfe
tions in the transport opti
s result in a small residual linear lightpolarisation. A non-vanishing linear light polarisation biases the measured value of thepolarisation. In the older analysis no 
orre
tion based on this e�e
t was applied, but asystemati
 error was assigned instead. During the low energy running in May and Juneof 2007, values of the linear polarisation larger than usual have been observed, due tosome damaged opti
s element. The light polarisation was measured in between the �lls.These values are used in the new analysis to 
orre
t the polarisation measurement tothe measured value of linear light polarisation.In Fig. 9 the root mean square (RMS) values of the � distributions of the upper and thelower energy bin as a fun
tion of the IP distan
e and the beam spot size for a pedestal shift12



Figure 9: Two-dimensional map (from Monte Carlo) of the RMS values of the � distributionsas fun
tion of the IP distan
e versus the beam spot size on the 
alorimeter, for the low energybin (left) and the high energy bin (right) and 0MeV pedestal shift.
Figure 10: Two-dimensional map (fromMonte Carlo) of the Analysing Power asfun
tion of the IP distan
e versus the beamspot size on the 
alorimeter, for the 
entralenergy bin and 0MeV pedestal shift.

of 0MeV are plotted. The di�erent level of 
orrelation between the two variables is 
learlyvisible. Fig. 10 shows the 
orresponding Analysing Power.The shift and the width of the distribution are measured in several energy bins. The
entral energy bin has been optimised to give maximal sensitivity to the determination ofthe polarisation. The low and the high energy bin are mu
h less sensitive to the polarisation,but 
arry sensitivity to other parameters of the setup. In total six energy bins are used inthe 
urrent analysis (see Fig. 8).3.3 Analysis StepsThe new analysis is done in the following steps:� Based on data taken at HERA with the Sili
on dete
tor in front of the 
alorimeter theresponse of the 
alorimeter is 
alibrated over a wide range of nominal impa
t pointsof the Compton photon. This is used to derive an �(y) transformation fun
tion. Aspart of the determination of the �(y) fun
tion a detailed parametrised model has beendeveloped whi
h 
an des
ribe the shower in the 
alorimeter, for a range of verti
alo�sets, and for a range of photon energies. This model des
ribes the average energy13
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Figure 11: �(y) transformation fun
tion as determined from Sili
on 
alorimeter 
ombineddata. Points are measurements, the line represents the des
ription for 
onverted photonsused in the parametrised Monte Carlo. The bottom plot shows the deviations between thepoints and the �t.depositions in the upper and the lower half of the 
alorimeter and thus the �(y) fun
tionas well as the total energy response EU +ED.In the Sili
on dete
tor only photons whi
h 
onverted in the lead 
onverter in front ofthe Sili
on dete
tor 
an be measured. Photons whi
h do not 
onvert do not leave asignal. The ele
tromagneti
 shower of 
onverted photons however is slightly di�erentfrom the one of un
onverted photons, resulting in small di�eren
es for both the �(y)transformation as well as the total energy response for both 
lasses. In the polarisationmeasurement all data are a

umulated, being a mixture of 
onverted and non-
onvertedphotons.The �(y) fun
tion determined from data 
ombining both Sili
on dete
tor and the
alorimeter for 
onverted photons is shown in Fig. 11, the total energy response asdetermined from the same data is shown in Fig. 12. A 
ombined �t to both data setsis used to determine all relevant parameters of the analyti
al model.� The analyti
al physi
al model of the ele
tromagneti
 shower used to measure the �(y)transformation for 
onverted photons from the Sili
on 
alorimeter 
ombined data al-lows for the extrapolation to the one of non-
onverted photons as des
ribed in moredetail below. The di�eren
e between the two 
urves is 
on�rmed by detailed GEANT3simulations [11℄, as is indi
ated in Fig. 13.� The energy resolution of the 
alorimeter has been tuned between measurements fromSili
on 
alorimeter 
ombined data and detailed GEANT3 simulations. Resolution 
or-relations between the two 
alorimeter halves need to be taken into a

ount as the twohalves share the same shower. The resolution 
orrelations do not in
uen
e the reso-lution of the total response EU + ED but have an impa
t on the � resolution. The14
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Figure 12: The measured Compton edge in the 
alorimeter as a fun
tion of y, as measuredwith Sili
on 
alorimeter 
ombined data, for 
onverted and non-
onverted photons. The bot-tom plot shows again the di�eren
e between the measured data and the parametrisation for
onverted photons used in the analysis. The number of 
lusters in the horizontal and theverti
al Sili
on dete
tor are denoted with n
x and n
y.
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Model prediction for η(y)nonconv - η(y)convFigure 13: The di�eren
e between the �(y) fun
tion of non-
onverted photons to the oneof 
onverted photons as is predi
ted by the analyti
al shower model (line). The markersrepresent the results of detailed GEANT3 simulations.15




orrelation 
oeÆ
ients as fun
tion of � and energy are derived from detailed GEANT3simulations. Their qualitative and quantitative behaviour is 
on�rmed by test beamdata of the 
alorimeter taken at CERN.� A detailed des
ription of the beam line around the intera
tion point has been devel-oped. It 
ontains all relevant opti
al elements of the ma
hine, and all aperture limitingelements. A detailed three-dimensional simulation of the intera
tion point between thelaser beam and the lepton beam is available.� Based on the previous steps a parametrised Monte Carlo (PMC) has been developed,using the parametrised shower and resolution models, whi
h are applied to 
al
ulatean �(y) distribution, taking properly into a

ount the fra
tion of 
onverted and non-
onverted photons. The model also in
ludes the tuned resolutions and takes into a
-
ount the beam line and apertures. It is used to 
al
ulate the Analysing Power for agiven lo
ation of the intera
tion point between the laser and the lepton beam. TheMonte Carlo then is used to des
ribe the Analysing Power as a fun
tion of the lo
ationof the a
tual intera
tion point, the emittan
e of the lepton beam, and of the linear lightpolarisation 
omponent of the laser light.� Sin
e the lo
ation of the intera
tion point is a priori not known, the parametrised MonteCarlo is used to generate template distributions on a regular grid 
overing basi
allythe 
omplete phase spa
e in IP distan
e, beam spot size and pedestal shift. Fromthis the observables (mean and RMS values) of the energy asymmetry distributionsin all energy bins are derived and mixed by reweighting methods to represent thedesired status of linear polarisation of the laser light. Flu
tuations are redu
ed usingSavitzky-Golay �lters along IP distan
e and beam spot size and 
ubi
 splines smoothingalong the IP distan
e. The template values are then interpolated using basi
 splinesalgorithms and linear regression methods to generate 3-dimensional 
ontinuous, smoothand di�erentiable mapping fun
tions for the observables mean and RMS as fun
tions ofthe physi
s parameters IP distan
e and beam spot size (a fun
tion of the lepton beamemittan
e), a possible pedestal shift, valid for the linear light polarisation as measuredin-between the �lls. Examples of su
h maps are shown in Fig. 9.� Using the measured RMS values in the di�erent energy bins, and the linear light polari-sation measured for ea
h �ll, the Monte Carlo maps are used to �nd for ea
h set of datavalues the best set of parameters IP distan
e, beam spot size and pedestal shift, whi
hdes
ribe the data in ea
h energy bin. The e�e
tive Analysing Power is then taken fromthe Monte Carlo maps for the set of three parameters and applied to the shift of meanin the large 
entral energy bin to 
al
ulate the polarisation for this minute of data.Even though the new analysis heavily relies on parametrised Monte Carlo, the input to thesimulation has been derived to a large extent from data. A 
entral role is played by theSili
on 
alorimeter 
ombined data, whi
h are used to 
alibrate the spatial response of the
alorimeter. Only at points where no data are available, the parametrised Monte Carlo hasbeen tuned to the results of detailed GEANT3 simulations using setups whi
h are tuned asmu
h as possible to des
ribe the available data.In the following the ingredients of the new analysis are des
ribed with additional detail.16
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ted horizontal (left) and verti
al (right) beta fun
tion for the di�erent HERAbeam opti
s (
olours and names 
orrespond to the di�erent opti
s in use during HERA IIrunning).3.3.1 Laser - Lepton Beam Intera
tion RegionIn the previous analysis the intera
tion region has been modelled in a very simplisti
 wayassuming a Gaussian intera
tion region, and no real model of the beam line. This hasbeen repla
ed by a detailed model of the beam line over several meters before and after theintera
tion region. The simulation of the behaviour of the polarimeter takes this beam lineinto a

ount, and is done for one representative set of opti
s parameters for HERA. Thishas an impa
t on the expe
ted distribution of the intera
tion region between the laser andthe lepton beam as a fun
tion of time. In Fig. 14 the di�erent beam opti
s are 
omparedin terms of the verti
al and horizontal beta fun
tion. The model used for the measurementassumes that the beam is not displa
ed from the nominal beam orbit. Studies with beamsdispla
ed in both the horizontal and the verti
al dire
tion have been made, and have shownno signi�
ant e�e
t. In total seven sets of opti
s parameters have been in use over the HERAII running from 2003 to mid 2007. The di�eren
e to the other sets of parameters has beenstudied and found to be small.3.3.2 Linear Laser Light PolarisationThe linear polarisation of the laser light is measured in between �lls by opti
al means. InFig. 15 the measurements taken in the fall of 2006 are shown. There are 
lear 
hanges asa fun
tion of time. In the new analysis the maps derived from the parametrised MonteCarlo have been 
al
ulated for both full 
ir
ular polarisations S3 = �1 and both full linearpolarisations S1 = �1. From this the unpolarised state as well as any mixture of 
ir
ularand linear polarisation for ea
h heli
ity 
an be 
al
ulated by reweighting te
hniques to derivemaps appli
able to a given heli
ity with a 
ertain 
omponent of linear light polarisation asmeasured before a �ll. For ea
h �ll with a new linear light polarisation measurement the newanalysis 
al
ulates in this way the weighted maps from the basi
 ones, thus taking the e�e
tof linear light polarisation from the measurement into a

ount. As the 
hanges in linear light17



Figure 15: Values of the measured linear light polarisation for the se
ond half of 2006, forleft and right 
ir
ular light polarisation of the laser.polarisation from �ll to �ll are typi
ally small the light polarisation is assumed to be 
onstantover the �ll.3.4 Pedestal ShiftThe photomultiplier signals from the four 
alorimeter 
hannels are online pedestal subtra
ted.The latest sample of the signals 
ontains approximately only about 3% of the signal and isthus dominated by the time-independent ele
troni
al pedestal. However, 
ontributions arisingtogether with the a
tual signals in-time with the lepton beam pass 
annot be subtra
tedwith this method. A possible sour
e for su
h 
ontributions 
ould be additional low energyphotons like syn
hrotron radiation or s
attered bla
k-body radiation, but 
ould also arisefrom te
hni
al artefa
ts in a non-ideal pedestal subtra
tion routine. The result of this typeof in-time pedestals would shift the zero point of the energy s
ale of the 
alorimeter. Asno independent measurements of the zero s
ale exist, as no untriggered events have beenre
orded, there is no independent measure of the a
tual zero point of the energy s
ale. If themeasured energies EU and ED are di�erent from the true energies by a small 
ontributionEp, the measured energy asymmetry �0 is always smaller than the true energy asymmetry �:�0 = (EU +Ep)� (ED +Ep)(EU +Ep)� (ED +Ep) = EU �EDEU +ED + 2Ep < � (6)The result would be a redu
tion in the Compton distribution widths, the e�e
t being higherthe lower the Compton energy. In 
onsequen
e the RMS values in the energy bins wouldbe systemati
ally smaller, the low energy bin being a�e
ted most as is shown in Fig. 16,resulting in systemati
ally smaller re
onstru
ted intera
tion point distan
es and AnalysingPowers. Introdu
ing an additional energy 
omponent symmetri
 in � signi�
antly improvesthe agreement between data and Monte Carlo. The e�e
t that an added pedestal shiftwill have on the relevant energy distributions is shown in Fig. 16. The 
entre plots show the18



Figure 16: Energy and energy asymmetry � distributions without (left surfa
e plot) and with(right surfa
e plot) an assumed pedestal shift present. The e�e
t is most pronoun
ed in thelow energy bin, but also visible in the higher energy bins. The histograms show how the �distribution for di�erent energies 
hanges.
orrelation between energy asymmetry � and energy, without (left) and with (right) an addedenergy shift. The histograms show how the � spe
tra in several energy bins di�er, without(�lled histogram) and with (solid line) an added energy shift. To take this e�e
t into a

ountthe Monte Carlo maps in IP distan
e and beam spot size are extended by adding a possiblepedestal shift as a third free variable.3.4.1 Analysing PowerThe most 
riti
al part of the analysis is the estimation of the IP distan
e, the beam spot sizeand the auxiliary pedestal shift from the width of the � distributions over the �ve smallerenergy bins. Extensive Monte Carlo has been produ
ed to des
ribe the behaviour of thesystem over the full phase spa
e of the three variables, taking the full e�e
t of linear lightpolarisation into a

ount. For ea
h set of RMS values in the di�erent energy bins fromone-minute data of TPOL, the best 
orresponding values of IP distan
e, beam spot size andpedestal shift are evaluated in a multi-dimensional �t and the 
orresponding value of theAnalysing Power is determined from the Monte Carlo maps. In Fig. 17 a s
atter plot of there
onstru
ted IP distan
e versus the re
onstru
ted beam spot size is shown, together withthe proje
tions of the two variables on their respe
tive axes. The degree of pedestal shiftas determined in the �ts at the same time for the same data set is shown in Fig. 18. Theanalysis des
ribed so far is based on a detailed model of the transverse polarimeter in
luding
alorimeter, the beam line and the overall laser-lepton beam intera
tion. Nevertheless anumber of parameters are not pre
isely known and need to be 
alibrated.19



Figure 17: S
atter plot of the re
onstru
ted beam spot size on the fa
e of the 
alorimeter, fordi�erent values of IP distan
e. Data are for the se
ond half of 2006, where the HERA ringwas operated with positrons and with one stable opti
s setup. The proje
tions of the beamspot and the IP distan
e are shown as well. Data shown are for 
olliding bun
hes only.
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Figure 18: Measured amount of pedestal shift as determined in the 
ombined �t (left). Thedata represent 
olliding bun
hes and was 
olle
ted during the se
ond half of 2006. If thepedestal shift is interpreted in terms of syn
hrotron radiation, a signal of 100MeV visiblein the 
alorimeter 
orresponds to less than 3MeV in a
tual syn
hrotron radiation, as thesampling fra
tion of the 
alorimeter for very low energies is signi�
antly di�erent than forhigh energy photons. The 
orresponding ratio of LPOL over TPOL is shown on the right.It 
an be seen that the jump in pedestal shift is very well absorbed and does not introdu
esystemati
 
hanges to the Analysing Power of TPOL whi
h are not a

ounted for by theanalysis. 20



Time Period e+=e� HERA opti
 Nb Meas. Re
. E�. (%)Feb. + O
t. { De
. 2003 e+ 1 (helum72 03) 43498 98.9Jan. { Aug. 2004 e+ 1 102306 99.9De
. 2004 { May 2005 e� 2 (helume- 04) 83335 99.5May { June 2005 e� 3 (helume- 05) 23502 94.7July { Nov. 2005 e� 2 84345 99.3Feb. { June 2006 e� 4 (helumsx 06) 69948 99.8July { De
. 2006 e+ 5 (holumm0 06) 117318 99.0Jan. { Mar. 2007 e+ 5 45727 99.7Mar. { May 2007 e+, LE 6 (holum602 07) 56667 99.7June 2007 e+, ME 7 (holum6bs 07) 21231 99.3Table 2: Di�erent periods of HERA II running, as used in the analysis. Data are divided byyear, parti
le type (e+ or e�) and HERA II opti
s set. In total seven di�erent opti
s setshave been employed. At the end of HERA II the proton beam energy was lowered. Thesetwo running phases with low and middle proton energies are denoted with LE and ME. Thelast two 
olumns give the total number of measurements analysable and the re
onstru
tioneÆ
ien
y of the new analysis. The latter is de�ned as the fra
tion of measurements for whi
hthe �t of the new analysis 
onverged within the allowed phase spa
e ranges and a reliablepolarisation measurement 
ould be provided.3.5 ResultsThe results from the �t are used to determine the polarisation values for the HERA II running.Results of the re
onstru
tion are shown in Fig. 19 to Fig. 23. For this the whole HERA IIrunning period has been divided into ten periods a

ording to year, type of beam (e+ or e�)and HERA opti
s set as is shown in Tab. 2. For ea
h period a set of four plots is shown.The upper panels show 
umulation plots of the re
onstru
ted IP distan
es versus the beamspot size, for non-
olliding and 
olliding bun
hes separately. The lower panels show one-dimensional proje
tions of the re
onstru
ted pedestal shifts and the Analysing Power valuesderived from the �tted parameters, again for non-
olliding and 
olliding bun
hes.In the 
umulation plots also the verti
al emittan
e of the lepton beam, used in the PMC togenerate the templates, is denoted by 
ontour lines. The bending of the emittan
e isolines isindu
ed by the fo
using quadrupole lo
ated at [�200;�100℄
m from the nominal intera
tionpoint.For most of the HERA II running phases an emittan
e of 2 � 3nm has been expe
ted,ex
ept for the low and middle energy proton runs, where an emittan
e of 6� 7nm has beenexpe
ted [12℄. As the emittan
e is expe
ted to be roughly 
onstant over a �ll as well as oversome time with similar ma
hine 
onditions, most data arrange ni
ely along the emittan
e
ontours. Periods 
hara
terised with extensive tuning of the HERA ma
hine (e.g. in May {June 2005, see Fig. 20) show a more varying emittan
e from �ll to �ll.The mirrors of the laser beam path have been adjusted from time to time to �nd the pointof highest luminosity. It had been estimated from mirror s
ans, that this point lies about halfa metre behind the point where the laser beam hits the analyser box and whi
h is de�ned21



here as the nominal intera
tion point. As a 
onsequen
e, most of the data lie behind thenominal IP distan
e shortly before the quadrupole. For the low and middle energy protonruns the emittan
e has been signi�
antly higher and the laser beam has been moved forwardon purpose to re
over the beam spot size at TPOL. This is also ni
ely shown by Fig. 23.However, 
ompared to the expe
tation for the lower emittan
e range the re
onstru
tionseems to suggest too small emittan
e values. No explanation 
ould be found for this anda systemati
 un
ertainty is assigned instead. At high emittan
es in 2007 the data is ni
elyre
onstru
ted around the expe
ted emittan
e values.The pedestal shifts are re
onstru
ted at most times near zero. The width is typi
allybroad. As no independent measure of the amount of syn
hrotron radiation or ele
troni
 on-time pedestals exist, the pedestal shift 
an be regarded as an auxiliary to the analysis withlimited physi
al meaning. Therefore a systemati
 un
ertainty has been assigned to des
ribethe global in
uen
e as 
an be derived from 
omparisons of results derived from analysingwith and without this auxiliary.The derived Analysing Power values 
an vary up to 20% relative, the largest 
ontributionsare given by a varying beam spot size. The IP distan
e e�e
t 
ontributes only on the levelof 1 � 3%. The e�e
t of the beam spot size has formerly been known as fo
us. The fo
us
orre
tion of the old analysis attempted to 
orre
t for this very strong e�e
t, whi
h is by
omparison with the results of the new analysis, known to have been quite su

essful. Intotal it is the most dominant e�e
t in
uen
ing the Analysing Power.Tab. 2 shows the amount of available TPOL measurements whi
h 
an be reanalysed andthe re
onstru
tion eÆ
ien
y for the new analysis. For a small fra
tion of data the �t has not
onverged within the allowed 3-dimensional phase spa
e and no new polarisation values 
anbe derived. As 
an be seen, re
onstru
tion eÆ
ien
ies are typi
ally higher than 99%.It has to be noted that a small fra
tion of the raw data (estimated to be around 3%) wasnot stored due to te
hni
al problems, and is lost. For these data only results from the oldonline analysis exist.3.6 Systemati
 ErrorsIn this se
tion we present and dis
uss the systemati
 un
ertainties assigned to the re
al
ulatedTPOL measurement. The results are summarised in Tab. 3 and Tab. 4.In the simulation of the TPOL setup, the GEANT3 based modelling of the 
alorimeterhas been �nally repla
ed by a detailed parametrised model of the 
alorimeter response andresolution. This has be
ome ne
essary for several reasons. First of all, extensive studieswith the GEANT3 based model have been unsu

essful to tune the GEANT 
alorimeterresponse to the ones measured from Sili
on 
alorimeter 
ombined data. Although apparentmodelling parameters as well as inherent GEANT parameters have been studied, the �(y)transformation as found from GEANT turned out to be always mu
h steeper, no matterwhat has been done for tuning. Resolutions, measured di�eren
es between 
onverted andnon-
onverted photons, as well as non-homogeneous response in horizontal dire
tions havebeen diÆ
ult to tune as well. But the main reason for this step have been simply time
onsiderations. Compared to GEANT based simulation of the 
alorimeter the parametrisedone is faster by fa
tors of the order of 103. Only with the parametrised simulation has itbeen possible to generate the ne
essary Monte Carlo templates on su
h a �ne grid and withsu
h high statisti
s to produ
e high quality mapping fun
tions.The parametrised response of the 
alorimeter, as has been used in the simulation of22



Figure 19: Results of re
onstru
tion for the years 2003 and 2004. In ea
h set of four plotsthe upper plots show the 
umulation of re
onstru
ted IP distan
es versus the beam spotsize for non-
olliding and 
olliding bun
hes. The bla
k lines denote 
ontour lines of 
onstantemittan
es 1 � 7nm. The lower plots in ea
h set show the 
orresponding pedestal shiftsfrom re
onstru
tion and the derived Analysing Powers, both for non-
olliding and 
ollidingbun
hes. 23



Figure 20: Results of data re
onstru
tion for De
. 2004 { May 2005 and May { June 2005.See Fig. 19 for details. 24



Figure 21: Results of data re
onstru
tion for July { Nov. 2005 and Feb. { June 2006. SeeFig. 19 for details. 25



Figure 22: Results of data re
onstru
tion for July { De
. 2006 and Jan. { Mar. 2007. SeeFig. 19 for details. 26



Figure 23: Results of data re
onstru
tion for Mar. { May 2007 and June 2007. See Fig. 19for details. 27



Sour
e of Un
ertainty ÆP=P (%) Class CommentDes
ription of Photon Generation, IP and Photon Beam LineHERA Beam Opti
s 0.5 IIId 7 di�erent opti
sLepton Beam Line 0.5 IId Mainly beam positionin quadrupoleLepton Beam Horizontal Emittan
e 0.1 IIIdLaser Beam Line 0.2 IIdLepton Laser Beam Crossing 0.1 IIIdTilt of Photon Beam Ellipse 0.1 IIId Mostly � 2Æ � 4ÆPhoton Pileup: Multi Photon Intera
tion 0.1 ICalorimeter ResponseAverage Response 0.6 IIu- �(y) and E(y) (0.2) Up and Down 
hannels- Di�eren
e 
onverted to non-
onverted Photons (0.2)- Linearity of Calorimeter Response (0.2)- E�e
tive �(y) Calibration (0.5) E�. Sili
on strip pit
h- Horizontal and LR-
hannelsResponse (0.1)Energy Resolution 0.7 IIu- Total Energy Resolution (0.4) Fits to Compton edges- Central spatial Des
ription (0.2)- Di�eren
e 
onverted tonon-
onverted Photons (0.1)- Resolution Correlations (0.5) Channels sharing thesame showerSignal Modelling 0.3 IIu- Digitisation (0.1)- Cross Talk and Non-linearity (0.3)Horizontal Beam Position 0.2 IIdTable 3: Table of systemati
 un
ertainties of the TPOL (�rst part). The third 
olumnindi
ates the estimated 
lass of systemati
 un
ertainty and possible period dependen
e, seeSe
t. 5.1 for details.
28



Sour
e of Un
ertainty ÆP=P (%) Class CommentData CalibrationAbsolute Gain 0.3 I Beam energy 
hanging with timeGain Di�eren
e 0.3 I Channels Up vs DownVerti
al Table Centring 0.1 IBa
kground Subtra
tion 0.1 IFitting Pro
edureMethod Un
ertainty 0.5 I Covering 
omplete phase spa
eQuality of Maps 0.2 I MC Statisti
s, smoothing andinterpolationImpa
t of Starting Values 0.2 IIP Distan
e Re
onstru
tion 0.5 I Random jumps in dataPedestal Shift Impa
t 0.5 IId Global impa
t estimated from dataLaser Light PropertiesLinear Laser Light Polarisation 0.2 IIdTrigger ThresholdBias at low Energies 0.2 IIdMa
hine Performan
eEmittan
e Re
onstru
tion 0.9 IId Comparison with expe
tedemittan
esTable 4: Table of systemati
 un
ertainties of the TPOL (se
ond part). The third 
olumnindi
ates the estimated 
lass of systemati
 un
ertainty and possible period dependen
e, seeSe
t. 5.1 for details.
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the TPOL polarimeter setup (PMC) is derived and tuned to data in most parts. Only inthose parts of the simulation where no or s
ar
e data exist to derive parametrisations from,the a

ording parametrisations and/or parameter values have been derived from GEANTsimulation using the best setup a
hieved.The in
uen
e of most systemati
 un
ertainties assigned has been studied using thePMC, whi
h in
ludes the full photon generation and beam line simulation, the parametrised
alorimeter des
ription and a digitisation module. Within the same simulation it is possibleto swit
h between Compton photon generation and the generation of Bremsstrahlungphotons to simulate the main ba
kground at TPOL. An interfa
e allows for the 
olle
tion ofthe generated events into histograms identi
al to those in data 
olle
tion and to write outthose histograms in the same format as is used in the data analysis. Here, both Comptonand Bremsstrahlung events need to be generated to simulate the 
y
le stru
ture of laserOn and O� sequen
es. Simulations performed in this way 
an be fed through the originalsoftware of data analysis and be analysed in the same way as real data (referred to as full
hain) in order to �nd the in
uen
es on re
onstru
tion and Analysing Power as indu
edby the systemati
 e�e
t under study. Only in some 
ases analysis is done in a simpler wayusing histograms of Compton events only, 
olle
ted dire
tly during event generation. Andonly in one 
ase the analysis is based on theoreti
al 
onsiderations only, respe
tively on
al
ulations performed using a very simple simulation, the results being reliable enough notto ne
essitate an iteration with the full 
hain.3.6.1 Intera
tion Point Des
riptionHERA Beam Opti
sThroughout the HERA II running phase from 2003 to mid 2007 seven di�erent nominal beamopti
s have been employed. The mapping fun
tions for the analysis have been produ
edemploying an opti
 setup from the positron high energy run 2006/2007 (after swit
hingfrom ele
trons, before 
hanging the proton beam energy towards the end of HERA). Thein
uen
e of di�erent nominal opti
s is tested at several di�erent points in the 3-dimensionalphase spa
e of IP distan
e, beam spot size and pedestal shift. This also represents a testfor the robustness against varying beam 
onditions. The observed 
hanges in AnalysingPower are typi
ally small and ÆAP=AP < �0:5%, the limiting value is therefore assigned asa 
onservative estimate of the un
ertainty from this sour
e.Lepton Beam LineThe lepton beam line is modelled using the nominal HERA opti
s given at several points inthe TPOL straight se
tion at HERA-West. This straight se
tion 
onsists of two weak bendingdipoles, separating the straight se
tion in-between from the rest of the straight se
tion West.The nominal intera
tion point, where the lepton and the laser beam are 
rossing, lies inthe middle between these two dipoles. From this point the ba
ks
attered Compton photonstravel 66m downstream of the lepton beam to the TPOL 
alorimeter. Inside the short straightse
tion a fo
using quadrupole is lo
ated at 1m in front of the nominal intera
tion point. TheHERA opti
s in
lude the bending dipoles, the quadrupole and the drift regions in-between.Transformations are applied to model the general bending of the beam in the dipoles. Tothis point the beam line is modelled for a lepton beam passing the ma
hine elements on thenominal axis, no o�-
entre beam position in the beam elements is assumed. If, however, the30



beam passes the quadrupole with an o�set to the nominal axis it re
eives a ki
k and thebeam dire
tion will be altered.To study this e�e
t, the beam position has been implemented assuming a dipolar feed-down of the beam when passing the quadrupole with an o�set to the nominal axis. The size ofthe total ki
k indu
ed should be proportional to the quadrupole strength and the size of theo�set. The resulting dipole radius is therefore a fun
tion of the position itself and 
hangingthroughout the quadrupole, leading to 
ompli
ated and iterative traje
tory solutions, albeit adipole 
urvature would o

ur for both the verti
al and the horizontal dire
tion. The followingassumptions have thus been made:� The horizontal 
urvature for horizontal o�sets is negle
ted. Those would lead to hori-zontal o�sets and in
rease of dispersion on the 
alorimeter surfa
e. The traje
tory withtwo-dimensional 
urvature would imply path integrals on an ellipsoid. Negle
ting thehorizontal 
urvature this redu
es to a simple dipolar des
ription in the verti
al dire
tion.The in
uen
e of the horizontal des
ription of the beam is anyway of minor interest, asapertures are quite open, the 
alorimeter integrates over the horizontal dire
tion andthe energy dependen
e along the horizontal is quite small.� A 
onstant dipole radius is assumed by 
al
ulating an average o�set over the quadrupolelength without the 
urvature e�e
t and 
alibrating the radius su
h, that the total dipolarfeed-down 
orresponds to the total ki
k reported in literature. The 
urvature of thebeam traje
tory will thus be not entirely 
orre
t as well as the total indu
ed o�setbetween the beginning and the end of the quadrupole (being anyway small), while the
hange in beam dire
tion has the 
orre
t size.The e�e
t of the beam position has been studied as a fun
tion of verti
al o�sets y 2[0:00; 0:11℄
m and di�erent IP distan
es IP 2 [�120; 20℄
m with PMC, full 
hain, 
over-ing at least 200 simulated data samples ea
h. Upon passing the quadrupole at an o�set, thelepton beam will be bent, 
hanging e�e
tively its dire
tion. In 
onsequen
e the generatedphoton spot will move depending on whether the intera
tion takes pla
e after the quadrupole,inside or before. A movement of the 
entre of gravity of the photon beam spot is absorbedby 
entring the 
alorimeter table automati
ally onto the photon beam, and movements of thebeam inside the quadrupole and movements of the intera
tion point should be suÆ
ientlyslow. In addition to the general movement additional dispersion is added when intera
tiontakes pla
e after the quadrupole, in
reasing the photon beam spot on the 
alorimeter surfa
e,
ompared to beam dispersion before the quadrupole. Inside the quadrupole a mixed statedepending on the size of the intera
tion region o

urs leading to distorted beam spots.The more the IP enters the quadrupole the larger are the observed e�e
ts. Typi
alexpe
ted beam o�sets in a HERA quadrupole are not larger than 30�m. At a verti
alo�set of 30�m, the total e�e
t on the �tted RMS values, namely the ratio between assumedRMS values from �t and the RMS values 
al
ulated from varied simulation, is just about themaximal size observed in data. The 
orresponding 
hange in Analysing Power APfit=APfoundshows an in
reasing dis
repan
y in the energy dependen
e (over the energy bins), whi
h isroughly opposite to the quality observed in data, indi
ating that 30�m 
an be regarded asa sensible upper limit of possible o�sets. At this o�set the total in
uen
e on the AnalysingPower derived from the large 
entral bin is ÆAP=AP < 0:5%.It has to be noted, that the beam position as measured by the beam position monitorsin data does not 
orrespond to the simulated o�sets. The beam position a

ording to the31



beam position monitors (BPMs) is in
uen
ed by the o�set and 
alibration setting of theBPM whi
h 
hange over time. The zero position of the BPM is not ne
essarily identi
al tothe nominal axis of the quadrupole. The response of the BPMs is known to be nonlinear. Inaddition the BPMs show long term drifts.The e�e
t of an o�-
entre beam pass in the quadrupole is estimated to be the dominantun
ertainty in the 
omplete lepton beam line des
ription. The limit found in this study istherefore assigned as the un
ertainty from the lepton beam line des
ription.Lepton Beam Horizontal Emittan
eThe 
oupling fa
tor of the verti
al emittan
e to the horizontal one at HERA II is estimatedto be � 0:15 [12℄. The mapping fun
tions for the analysis are produ
ed using this fa
tor.To study a possible in
uen
e, this 
oupling fa
tor has been 
hanged by fa
tors 0:5 and 2to generate a narrower and broader beam along the horizontal dire
tion while the verti
alsize stays 
onstant. These variations are then tested at several di�erent points in the phasespa
e of IP distan
e and beam spot size. The observed 
hanges in Analysing Power aresmall ÆAP=AP < 0:1%, 
on�rming that the horizontal distribution of the beam is of minorimportan
e as long as the beam is well 
ontained in the beam line apertures (and thus inthe 
alorimeter surfa
e).Laser Beam LineThe laser beam is modelled as a Gaussian beam, 
hara
terised by three parameters: thewaist size, the waist position and the size at the last mirror lo
ated at a distan
e of 18:34mbefore the nominal intera
tion point. The basi
 parameters are estimated from data provided[13℄, measuring the approximate laser size in Nov. 1999 and by information provided by [14℄.Additional parameters of the laser are the laser photon energy of 2:41eV (514:5nm, darkgreen), a verti
al 
rossing angle between laser and lepton beam of 3:1mrad (laser 
rossingfrom above) and a possible horizontal 
rossing angle � between the two beams.Using PMC, with own histogramming, di�erent 
on�gurations of waist size, position andsize at mirror are tested, varying sizes by fa
tors of 0:5 and 2 and the waist position by�100
m. These 
on�gurations are tested at several di�erent points in the phase spa
e of IPdistan
e and beam spot size, for a 
onstant pedestal shift value. The observed 
hanges inAnalysing Power are ÆAP=AP < 0:2%.The laser photon energy is 
hanged to the se
ond main line of Argon-Ion: 2:54eV(488nm, light blue). Consequently, the gain fa
tors 
hange, the measured RMS values de-
rease, re
onstru
tion from the �t and Analysing Power 
hange a

ordingly and signi�
antly,leaving no doubt that a possible running on the se
ond main line of the laser 
an be ex
luded.Lepton Laser Beam CrossingThe intera
tion region is modelled using the information of both the lepton and the laser beammodelling, 
al
ulating a full 3-dimensional intera
tion probability for the 
rossing region ofboth beams. The nominal verti
al 
rossing angle is 3:1mrad, whi
h is given by the height ofthe last mirror above the lepton beam line. This mirror is lo
ated at 18:34m distan
e fromthe nominal intera
tion point. Depending on the status of the pre
eding mirrors the positionof the laser beam on the last mirror 
an 
hange, resulting the laser beam to point to di�erentintera
tion point distan
es than the nominal one. Together with the verti
al movement ofthe lepton beam this is the main reason for a possible movement of the intera
tion point,
hanging the IP distan
e to the 
alorimeter. However, when 
hanging the IP distan
e in the32



simulation it is generally not assumed if this is due to a movement of the lepton or the laserbeam, so no 
hange of 
rossing angle is usually applied.The prin
ipal in
uen
e of the 
rossing angle is studied by deliberately 
hanging it within�0:5mrad, whi
h 
orresponds roughly to the 
hange o

urring if the intera
tion regionmoves between the two weak dipoles of the TPOL short straight se
tion by a pure 
hangeof laser angle. The resulting 
hange in Analysing Power indu
ed by a 
hanging form of theintera
tion region is small and estimated to maximally ÆAP=AP = 0:1%. The horizontal
rossing angle � 
hanges luminosity, but does not have any 
orrelation with the verti
alasymmetry as a homogeneous distribution of spins in the beam 
an be assumed. As there isno data from whi
h the a
tual 
rossing angles 
an be measured, the limit of 0:1% serves asan estimate of the systemati
 un
ertainty arising from the intera
tion region modelling.Tilt of Photon Beam EllipseSili
on data suggest that the photon beam ellipse is rotated with respe
t to horizontal andverti
al dire
tion on the 
alorimeter surfa
e with rotation angles 
hanging over time.The rotation is not part of linear beam dynami
s and thus no feature of the beam line.Rotation is studied by rotating the generating lepton beam before 
onvoluting it with the laserbeam in PMC, full 
hain. The beam rotation is therefore stri
tly a beam rotation withoutrotating the spin dire
tion (and thus the size of polarisation) with respe
t to the 
alorimeter.For ea
h rotation the ratio of verti
al and horizontal emittan
es is adapted to reprodu
e twodi�erent ratios of verti
al to horizontal beam spot sizes similar to those observed in Sili
ondata, and then varied as a fun
tion of rotation angle � 2 [0; 16℄Æ.Observed angles in data are mostly about 2Æ � 4Æ, sometimes larger, e.g. Feb. 2004 (8Æ �10Æ), Mar. 2004 { O
t. 2005 (5Æ�6Æ) with ratios of e�e
tive Sili
on beam spot sizes �y : �x �1:3 : 4:5. From April 2007 the beam ellipse has been rotated into the other dire
tion withangles between �2Æ and �4Æ and with ratios �y : �x � 1:4 : 5:4.No e�e
t is observed in simulation ex
ept for very high angles, where the 
onstant beamsize require a very small emittan
e, leading to Compton photons at very high energies nearthe Compton edge to shift downwards into the high energy bin, the average response of the
alorimeter having a dip at the very 
entre due to the gap of the opti
al de
oupling. Thismigration distorts the re
onstru
tion and the derived Analysing Power. This means that itis an artefa
t of the s
an parti
ulars, not of the rotation itself.If the spin is rotated together with the beam, the Compton s
attering pro
ess is rotatedagainst the 
alorimeter and the Analysing Power degrades with 
os(�). For various 
olliderrelated reasons the spin 
annot be rotated more than a few degrees from transverse in the ar
sof the 
ollider. Additional rotations by the TPOL straight se
tion beam elements 
ould bepossible though, e.g. by o�-axis paths in the quadrupole that rotate in the (y; z) plane. Thiswould generate longitudinal polarisation at the lo
ation of the TPOL, whi
h is not a�e
tingthe TPOL measurement besides degrading the transverse polarisation again by 
os(�). Fora rotation of < 3Æ from the transverse dire
tion in the (x; y) or (y; z) plane the degradationis found to be < 0:1%.It has to be noted that this tilt of the beam ellipse dis
ussed here does not imply arotation of the 
alorimeter with respe
t to the HERA plane. Upon installation in the HERAtunnel, the 
alorimeter has been 
arefully aligned in tilt and roll angles. Additionally,it 
an be shown that the table moves to a good degree horizontally and verti
ally withrespe
t to the opti
al slid of the 
alorimeter. Also, a tilt of the beam image does notimply a rotation of the horizontal and/or verti
al Sili
on planes. Their alignment has33



been studied separately and no signi�
ant tilt of the two planes to ea
h other, to the
alorimeter or to the table movement has been found, implying that all 
omponents aresuÆ
iently aligned. It 
an be 
on
luded that the rotation of the beam ellipse on the surfa
e ofthe 
alorimeter must be a pure e�e
t of the shape and 
hara
teristi
s of the intera
tion region.Photon Pileup: Multi Photon Intera
tionThe fra
tion of multi photon intera
tion events in
reases with photon rates following Poissonstatisti
s. The e�e
t is studied analysis independent without 
uts on the energy asymmetryand energy 
ontinuous, i.e. unbinned. The response of more than one photon is dedu
ed fromthe single photon response by adding up energies for ea
h 
hannel. Energy and asymmetryspe
tra are studied for up to three Compton photons (1C, 2C, 3C), two Bremsstrahlungphotons (1B, 2B) and the mixture of two su
h photons of both types (1C1B).Combining more than one photon shifts the 
entroid of the energy distribution to higherenergies and thus beyond the interesting energy range roughly between 5GeV and 12GeV,only a small fra
tion of su
h pile-up 
an 
ontribute. The e�e
t is studied for total photonrates per bun
h 
rossing of hni = 0:01 (TPOL at 100kHz, single photon mode) and hni = 1(few photon mode). The �rst 
ase shows a maximal degradation of ÆAP=AP < 0:1% inasymmetry robust with all types of pile-up as studied. As photon rates in typi
al TPOLrunning 
onditions are mu
h lower than 100kHz, that value representing a sort of upper limitfor stable running, it 
an be 
on
luded that pile-up from multi photon intera
tions 
an beestimated to degrade the Analysing Power at most by the mentioned limit of 0:1%.3.6.2 Calorimeter Des
riptionSpatial Response: �(y) TransformationThe verti
al energy asymmetry 
urve �(y) is derived from Sili
on 
alorimeter 
ombined data.For this an overlay of data from a table s
an with di�erent verti
al table positions is usedto illuminate the �(y) over a large range of y. Under normal 
onditions only the 
entrepart within roughly �1mm is illuminated. The step sizes for the table s
an are optimised toguarantee a homogeneous illumination over the 
hosen range. From the Sili
on data single
luster events are 
hosen with some quality 
uts on 
harge and noise to give a measurementof the y position of a given high energy event with an asso
iated energy asymmetry � fromthe 
alorimeter.Single 
luster events represent the 
leanest subsample of 
onverted photons and providethe highest resolution in the allo
ation between the Sili
on 
luster position and the impa
tpoint of the 
onverting photon. The data for laser On and laser O� events is histogrammedin (�; y) with 
uts on the total energy measured in the 
alorimeter. Spe
ial 
are is taken toavoid 
ross e�e
ts between binning and regular strip pit
h distan
e.Bremsstrahlung and other photon ba
kground is subtra
ted on a statisti
al basis by sub-tra
ting the histogram for laser O� events from that with 
olle
ted laser On events usingnormalisation 
onstants derived from the energy distributions for the two laser states, keep-ing only events with a Compton photon in the 
alorimeter. Further ba
kground arising fromun
orrelated 
lusters are subtra
ted on a statisti
al basis from the histogram too. Su
h ba
k-ground may be due to pileup with syn
hrotron radiation or other low energy ba
kgroundin the Sili
on dete
tor with a high energy photon in the 
alorimeter, as well as two highenergy photons, where only one of whi
h is 
onverting. This type of ba
kground is roughlyindependent of the y 
oordinate, generating a linear 
ontribution along y with a small slope.34



This linearity is being used for subtra
tion. The result is a 
lean pi
ture of � as a fun
tion ofy, the resolution of the s
attering in the 2-dimensional histogram being non-Gaussian, as itis given by the energy resolution of the 
alorimeter 
ut into two halves and sharing the sameshower.The measurement of the �(y) 
urve is the performed using the following steps.� Primarily the same energy range as in the polarisation measurement is 
hosen, addingthe high energy range of the fo
us determination (the former beam spot size),i.e. [5:2; 13:8℄GeV. The 2-dimensional histogram is then sli
ed along y to generate �distributions for 
onstant y values. Simulation studies using a primitive parametrisedMonte Carlo with arbitrary �(y) fun
tions and simple modelling of the energy resolutionshowed that the peak value of the non-Gaussian asymmetry distributions 
orrespondsto the input � position for the given y value of the histogram sli
e. Dis
repan
ies be-tween the distribution maximum and the nominal � position 
an be generated by anon-homogeneous distribution of data over the y range over whi
h a 
ertain sli
e isintegrating. The applied energy resolution model 
an have an in
uen
e on a shift ofthe distribution maximum from the nominal � position too.� Nominally, the 
entre of gravity of the y distribution in a sli
e is used instead of the bin
entre. Results are 
ross-
he
ked with �ts using the bin 
entre instead and resulting
hanges to the �tted �(y) parameters are found to be negligible.� Di�erent resolution models have been applied to study possible shifts of the distributionmaximum from nominal � values, typi
ally showing only small shifts 
ompared to theresolution width of the distribution itself. The maximum position of the � distributionsin the y sli
es are then found by �tting a Gaussian to the peak within �2�. Spe
ial
are is taken for o�-
entre y values, where the � distribution rea
hes soon its naturalborders at �1. The result are measurements of �i in sli
es i at positions yi with errorsÆ�i.� The �tting ranges and the number of iterations are varied, and the results are foundto be most stable in the applied �t range of �2� and some neighbourhood. For �tranges below �1:5� a Gaussian �t be
omes unstable due to the �nite binning of the �distribution and above �2:5� the results get distorted due to the non-Gaussian shapeof the � distribution.In a se
ond step the Compton edges of the energy distributionsEUD of all Sili
on 
alorime-ter 
ombined data samples of the table s
an are determined.� The energy 
alibration fa
tors for the 
entral runs are 
hosen su
h that the Comptonedges of those runs lie at the expe
ted value given by the HERA beam energy. The same
alibration fa
tors are then applied to ea
h data sample at any other table position.The position of the Compton edge is derived from a �t using a fun
tion of the Compton
ross se
tion 
onvoluted with an energy resolution fun
tion. Together with the averagemeasured Sili
on y position, derived by �tting a Gaussian within �2� to the peak ofthe Sili
on 
luster distribution of ea
h table s
an sample, this gives a measurement ofthe spatial response E(y).� Energy distributions are derived for the 
lean single 
luster events as used for the �(y)measurement, as well as for multi 
luster events, whi
h have any 
luster number larger35



than zero, for so-
alled no 
luster events and for any number of 
lusters in
luding zero,to represent the various subsamples of 
onverted and non-
onverted photons.� The energy distributions show a very similar behaviour for all types of photons whereasthe absolute level varies between 
onverted and non-
onverted ones. The level of thedistributions for any number of 
lusters is 
onsistent with the expe
tation when mixing46% of non-
onverting with 54% 
onverting photons. These fra
tions 
an be expe
tedfrom 
lassi
al ele
tromagneti
 shower theory taking a thi
kness of 1X0 radiation lengthof the lead preradiator in front of the 
alorimeter into a

ount [15℄. The di�eren
e inlevel between 
onverted and non-
onverted photon distribution types 
an be explainedwith energy leaking from the 
alorimeter at its ba
k plane, whi
h is di�erent for thetwo types, as the showers of non-
onverted photons start later than those of 
onvertedones.The measurements of � in the single sli
es are then �tted using a parametrisation of the�(y) 
urve based on a detailed analyti
al physi
al model within large ranges of y. The �t isperformed simultaneously to a �t to a parametrisation of E(y) given by the same physi
almodel, as � = (EU �ED)=(EU +ED) and E = EU +ED.The physi
al model assumes a radial exponential energy deposition around the impa
tpoint of the photon and properly integrates this ansatz for d2E=drd� over x and y to 
al
ulatethe energy depositions in the two 
alorimeter halves. Calorimeter e�e
ts are taken intoa

ount from the beginning, in
reasing the integration e�ort. The main details of the modelare:� A two-
omponent ele
tromagneti
 shower indu
ed by a single high energy photon witha point-like impa
t point on the 
alorimeter. The �rst 
omponent, the so-
alled 
ore,has a relatively short shower length and dominates at the early stage of the showerdevelopment. As the energies of shower parti
les are progressed down to lower ener-gies in the evolving shower, the se
ond 
omponent, the so-
alled halo, emerges with amu
h longer shower length, dominating the shower at the later stages of the showerdevelopment.� Light attenuation in the s
intillators, here an exponential de
ay of light intensity as afun
tion of the verti
al distan
e of the integration variable to the readout position atthe outer ends of the s
intillators is assumed.� A 
hange of shower radius of both halo and 
ore, together with a 
hange in samplingfra
tion, when 
rossing the tungsten lead border at y = �27:5mm.� Gain di�eren
e between the 
alorimeter halves.� A gap in the 
entre of the 
alorimeter due to the opti
al de
oupling of the two halves,leading to some energy loss of energy deposited in the very 
entre.� Energy leakage at the ba
k side of the 
alorimeter a�e
ting mostly the late halo 
om-ponent of the shower and thus 
hanging the relative fra
tion of energy 
ontent between
ore and halo.� An initial spread indu
ed by 
onversion of the photon in the preradiator, 
onvolutingwith the two-
omponent non-
onverted single photon shower.36



� Convolution e�e
ts of � due to the integration of y over a 
ertain range in a sli
e aretaken into a

ount. This e�e
t mainly dilutes the steep e�e
t of the gap in the 
entreof the 
alorimeter, where �(y) and E(y) 
hange fast.� Convolution e�e
ts of the photon beam spread on the measured Compton edge.� A �nite end of the shower energy integration at the end of s
intillator and lead framesat y = �55mm, leading possibly to leakage through the sides.� Free o�sets (�0; y0) for the symmetry point of the �(y) 
urve.� A possible shift of the lead tungsten border in y, as the DENSIMET15 plates might beset asymmetri
ally into the lead frames.� Possible pedestal shifts in EUD.� Convolution e�e
ts in the E(y) 
urve due to the large width of the beam spot.The �tted 
urve of �(y) 
orresponds to the response of 
onverted photons. The �(y) 
urveof non-
onverted photons is extrapolated from this by adapting the initial spread length tobe zero to get ba
k a shower starting at a single point and by a di�erent total energy sum,the di�eren
e of 
onverted and non-
onverted photons in total energy mainly being given bythe di�eren
es in hind leakage due to the di�erent depth of shower start.The verti
al �tting ranges are varied, the important parameters of the �t like the showerlengths and fra
tions are found to be pretty stable, if the y range is at least large enough toget sensitivity to both shower lengths, whi
h means that it has to be larger than the 
orelength, only afterwards its in
uen
e is small enough to disentangle the two lengths.At very high y ranges the parameters start to be
ome unstable again, whi
h 
an beexplained by an in
reasing systemati
 distortion of the �tted � position near the naturalborders of �1. Simpler �(y) models like e.g. 
onstru
tions of two or three exponentials onlyshow large dependen
ies of the �tted parameters with the 
hosen y range, indi
ating thatsu
h models are not able to des
ribe the 
urvature of �(y) properly. The stability of the mainparameters over a large y range of the 
hosen physi
al model indi
ates that the 
urvature ofthe data is reprodu
ed a

urately by the model, and gives therefore 
on�den
e in its validity.Results of the measurements for �(y) and E(y) together with the best adaption of thephysi
al model as determined by a simultaneous �t to both data sets is shown in Fig. 11 andFig. 12. The analysis of the di�erent steps leads to the following 
on
lusions:� No di�eren
e in �(y) is found between the two di�erent laser heli
ity states.� No signi�
ant di�eren
e in �(y) is found using Bremsstrahlung events only from laserO�.� The Sili
on y position is not biased 
ompared to the 
orresponding position on the
alorimeter fa
e as the spread angles of the starting shower behind the preradiator issmall and the Sili
on dete
tor is mounted as 
lose to the 
alorimeter surfa
e as possible.Possible biases are estimated to be in the order of nanometre.Possible biases and systemati
 errors introdu
ed by the �(y) analysis are 
he
ked bysimulating the table s
an in PMC and feeding it through the �(y) analysis full 
hain. Theunderlying input �(y) is reprodu
ed bias-free and stably. The energy response 
urves E(y) are37



reprodu
ed bias-free and stably for di�erent event 
lasses whi
h are distinguished by 
uttingon Sili
on 
lusters. The analysis is repeated for various table s
ans with di�erent types of yspa
ing. It 
ould be shown that any di�eren
es found are due to the s
an parti
ulars, i.e. they spa
ing. This has been done by simulating also the other table s
ans in PMC, feeding itthrough the same analysis and 
omparing the o

urring di�eren
es with those found in thedata. It 
an be 
on
luded that no biases to the �(y) 
urve are introdu
ed by the spe
ial yspa
ing of the table s
an used for the �t. In addition, as the range of the available table s
ans
overs a time period of over three years with the �(y) being stable over the years, it 
an be
on
luded that neither the response of the 
alorimeter nor that of the Sili
on dete
tor has
hanged signi�
antly over time.The basis for the modelling of the �(y) 
urve is given by a detailed analyti
al physi
almodel of the ele
tromagneti
 shower shape and various dete
tor e�e
ts. The modelling andthe general behaviour of this model is tested using Sili
on 
alorimeter 
ombined data indi�erent 
on�gurations as well as GEANT simulation. The �tted parameters 
onne
ted tosome physi
al meaning are 
he
ked to be meaningful and 
ompatible to expe
tations fromtheory and the knowledge 
on
erning dete
tor related fa
ts. The 1-dimensional analyti
alintegration approa
h, negle
ting the lead tungsten 
hange along x as well as the �nite size ofthe 
alorimeter in x, is 
he
ked by detailed 2-dimensional dis
rete integrations where thosedetails are taken into a

ount too.The �(y) 
urve is �tted from Sili
on 
alorimeter 
ombined data for 
onverted photons.The underlying detailed physi
al model of the ele
tromagneti
 shower predi
ts a di�eren
ein the behaviour of non-
onverted photons with respe
t to 
onverted ones when adaptingthe parameters with related physi
al meaning. This extrapolation is 
he
ked using GEANTsimulation, quantitative and qualitative behaviour of the extrapolation is fully 
on�rmed, al-though the �(y) 
urve of the best GEANT setup found still shows di�eren
es to the measured
urve.The �(y) analysis is repeated on Sili
on 
alorimeter 
ombined data for di�erent energyranges of the dete
ted photons. The observed absolute di�eren
es of the derived �(y) 
urvesis on the level of 0:001 and is thus negligible. This energy independen
e is 
on�rmed byapplying the same analysis to GEANT simulation. The energy asymmetry as a fun
tion ofthe verti
al impa
t point y 
an therefore be regarded as energy independent.Taken together the e�e
ts from the modelling of the �(y) 
urve are estimated to be 0:2%.Linearity of the Energy Response and Di�eren
e of 
onverted to non-
onvertedPhotonsThe linearity of the average energy response Emeas(E
) of the 
alorimeter is derived fromGEANT simulation. Di�erent 
alorimeter models are employed to 
ompare Compton andBremsstrahlung edge positions to measurements from Sili
on 
alorimeter 
ombined data andto derive a parametrisation for the non-linearity of the response. It is well understood that thisnon-linearity is driven by leakage at the ba
k plane of the 
alorimeter. The di�eren
e between
onverting and non-
onverting photons is driven mainly by leakage too, but also by a smallo�set for vanishing energies, whi
h is the di�eren
e in energy deposited in the preradiatorupon 
onversion. Non-
onverting photons also have a small o�set, whi
h 
orresponds mainlyto the average energy deposited in the gap between the two 
alorimeter halves, but also inthe aluminium front plate and the �rst absorber when the photon is non-
onverting, i.e. isnot 
onverting in the preradiator.A

ording to GEANT simulation the response is totally linear for non-
onverted photons38



in the absen
e of leakage as expe
ted, but shows a small slope as the 
alibration of the mixtureat the Compton energy does not take the initial o�sets into a

ount. Converted photons showa slight non-linearity, whi
h 
an be understood by the relative di�eren
e of the stru
ture andmaterial of the preradiator 
ompared to the 
alorimeter: for small energies, the shower startis 
onsiderably disturbed by the preradiator, while for higher energies the shower maximummoves further into the 
alorimeter and the energies deposited in the very �rst layers in
ludingthe preradiator be
ome more and more unimportant. Consequently the slope approa
hes thatone of the non-
onverted photons for high energies. The more leakage is in
luded the lessenergy is re
onstru
ted on average in the 
alorimeter. As the ele
tromagneti
 showers ofnon-
onverted photons start later in the 
alorimeter they loose more energy through theba
k plane than 
onverted photons, explaining why the two non-linearities 
ross ea
h other.The non-linearity is parametrised to be 1 at the Compton edge for the proper mixtureof 
onverted and non-
onverted photons. The se
ond hook point of 
alibration is that zeroenergy should stay zero. This provides relative non-linearities for the two photon 
lasses,where the relative o�sets at zero are taken from GEANT and the di�eren
e between 
onvertedand non-
onverted photons is 
alibrated with values from the measured Compton edges. Thesame parametrisation form 
an be applied to both types of photon 
lasses and inherits alinear term for the general response and log(E) and log2(E) terms for the leakage. It has alsobeen shown, that the form and 
urvature is independent of y. Due to the 
alibration beingapplied between the two points zero and the Compton edge, the Bremsstrahlung edge at theHERA beam energy (roughly twi
e the Compton edge) is shifted downwards with respe
t toits nominal value. Its exa
t position turns out to be highly sensitive to the 
alibration state,i.e. the Compton edge position, due to the long lever arm.The main un
ertainties in this non-linearity determination from GEANT simulations aretherefore indu
ed by� the applied o�sets (whi
h are understood physi
ally and 
he
ked theoreti
ally to bemeaningful),� the di�eren
e of 
onverted and non-
onverted photons and their mixture at the Comp-ton edge as measured from Sili
on 
alorimeter 
ombined data (driven by purity of theapplied sele
tion 
uts) and� the GEANT model determining the 
urvature by 
hanging the leakage of the 
alorimetermodel.The in
uen
e of the applied non-linearity model is studied in PMC, full 
hain, by varyingthe applied 
onstants for o�sets and 
urvature in fa
tor ranges of [0:5; 1:5℄ and by varyingthe di�eren
e between the two photon 
lasses at the Compton edge in form of the relativeenergy loss between non-
onverted and 
onverted photons in the absolute range of [0:98; 1:0℄,the nominal value determined from Sili
on 
alorimeter 
ombined data to be 0:9915� 0:0005.The 
hanges in Analysing Power for the applied o�sets and the 
urvature as well as for theenergy loss fa
tor are both ÆAP=AP < 0:2%, the limit of whi
h is applied as un
ertaintiesfor the two sour
es.E�e
tive Sili
on Dete
tor CalibrationThe verti
al energy asymmetry 
urve �(y) is measured with a Sili
on dete
tor with a nominalstrip pit
h of 80�m and the �tted �(y) parameters are valid for this pit
h. However, dataanalysed with maps generated from PMC using this 80�m �(y) indi
ate a strong energy39



dependen
e of the Analysing Power as the measured polarisation varies systemati
ally withthe average energy of the 
hosen energy bin (polarisation falls with rising energy). It turns outthat this energy dependen
e 
an be e�e
tively 
attened when adapting the �(y) to representa di�erent Sili
on strip pit
h, whi
h is equivalent to an e�e
tive re-
alibration of the Sili
onlength s
ale. PMC with full 
hain is used to generate simulated data with 
hanged pit
hvalues and is analysed with generated maps for 80�m and di�erent 
on�guration states likee.g. 
ross talk values, pedestal shifts and RMS s
ale fa
tors. The best Sili
on pit
h is 
hosenby 
omparing the energy dependen
ies of simulation under these analysis 
onditions of data.The most 
onsistent and similar behaviour to data is found for an e�e
tive Sili
on pit
h of86�m �1�m. New maps for this 
entral value have been generated and applied to data.By this e�e
tive 
alibration the observed strong energy dependen
e of the Analysing Powerhas been 
attened 
onsiderately, leaving no e�e
t larger than expe
ted from the 
ombinedsystemati
s as des
ribed in this note.The remaining systemati
 un
ertainty of this 
alibration is estimated by generating sim-ulated data using a range of 84� 88�m e�e
tive pit
h and analysing it with the 86�m maps.The 
hanges to the Analysing Power indu
ed within �1�m are ÆAP=AP = 0:5%.Extensive studies have been 
ondu
ted to �nd a possible sour
e for the ne
essity ofsu
h an e�e
tive 
alibration. Various other types of possible sour
es to generate su
h anenergy dependen
e have been studied, none of whi
h proving to be able to des
ribe datalike the Sili
on pit
h 
alibration. Studies have in
luded various types of 
rosstalk between
ables, pedestal shifts, non-linearities in the energy measurement of the 
alorimeter and indigitisation, 
hanges in �(y) shower lengths, free 
hanges of the �(y) 
urve, as well as anyof the other studied systemati
 error sour
es. The 
omplete setup of the polarimeter hasbeen revised, ranging from the hardware in the tunnel to the implementations in simulation,none of whi
h giving a hint to the sour
e of this systemati
 dis
repan
y. Although theorigin of this e�e
tive 
alibration is not understood, its size 
ould be determined relativelypre
isely dire
tly from data itself, without any assumption on the polarisation s
ale,simply by requiring the polarisation to be a 
onstant over all energies. No additional s
ale
alibration has been employed, the 
alibration relying 
ompletely on the observed energydependen
ies. By attributing the e�e
tive 
alibration to the Sili
on pit
h, no inherentinternal argumentation 
hains are broken and all analyses of dete
tor response remain valid.This e�e
tive Sili
on pit
h 
alibration has been the only 
alibration found whi
h leavesa 
ompletely self 
onsistent pi
ture of all analyses 
ompared to other possible 
alibration
hoi
es and is therefore preferred. Due to the relatively pre
ise knowledge of the size of
alibration needed, only the remaining un
ertainty on its size is assigned as a systemati
un
ertainty arising from this 
alibration.Possible Biases in Sili
on Position MeasurementA tilt of the Sili
on y-plane with respe
t to the verti
al dire
tion of the 
alorimeter 
ouldhave a�e
ted the �(y) transformation measurement by biasing the measured y positions.If the Sili
on y-plane is mounted with a rotation angle towards the verti
al dire
tion ofthe 
alorimeter, the e�e
tive Sili
on pit
h would appear to be stret
hed and the distan
ebetween two points on the verti
al axis would appear to be smaller. The e�e
t would bethat the �(y) transformation appears to be 
ompressed along y, giving a steeper rise inthe 
entre region, leading e�e
tively to larger Analysing Powers. Possible rotations of theSili
on y-plane have been studied using table s
ans in the horizontal and verti
al dire
tion,
omparing table movement, the 
alorimeter response and the measured x and y positions40



from Sili
on. It is found, that the table moves verti
ally and horizontally with respe
t to the
alorimeter opti
al plane as well as to the Sili
on x and y planes to a very good degree. By
omparing the response 
hanges of both 
alorimeter and Sili
on planes at di�erent horizontaland verti
al positions, tilts of the Sili
on y plane larger than 1Æ 
an be ex
luded. Me
hani
al
onsiderations of the mounting of the Sili
on dete
tors in front of the 
alorimeter 
on�rmthat the planes 
an not be rotated by more than the above limit, whi
h has no signi�
antimpa
t on the �(y) transformation measurement.Radiation damage in the Sili
on dete
tor 
ould have a�e
ted the �(y) transformationmeasurement, espe
ially in the 
entre where the beam spot hits the dete
tor and where theAnalysing Power is most sensitive to 
hanges in the �(y) 
urve. Radiation damage in theSili
on dete
tor indu
es the measured 
harge 
lusters to be biased, leading to errors in themeasurement of the asso
iated verti
al position. The s
intillating �bre in front of the Sili
ondete
tor has been used to monitor the performan
e of the devi
e. Over one year of runningwith the Sili
on dete
tor permanently in front of the TPOL 
alorimeter, no hint for possiblebiases of the verti
al position measurement from the Sili
on dete
tor has been found andSili
on data from later years do not suggest su
h radiation damages to have appeared.Horizontal Response and Response of LR-
hannelsBesides the average response of the Up and Down 
hannels as a fun
tion of the verti
alposition, the so-
alled energy asymmetry �(y) = (EU (y)�ED(y))=E(y) and the total energymeasured E(y) = EU (y)+ED(y) also the horizontal response and the verti
al and horizontalresponse of the Left and Right 
hannels are needed to fully des
ribe the average responseof the 
alorimeter. Under the assumption that the average response is fairly homogeneousand good-natured, the responses along the horizontal and the verti
al dire
tions de
ouple,leaving eight average response fun
tions: �UD(y), EUD(y), �UD(x), EUD(x), �LR(y), ELR(y),�LR(x), ELR(x), where the verti
al fun
tions of Up and Down are of most importan
e. Thein
uen
e of the other response fun
tions is studied in PMC, full 
hain. All eight responsefun
tions are derived from Sili
on 
alorimeter 
ombined data, though the verti
al fun
tionsof Up and Down have unpre
edented a

ura
y 
ompared to the others. The assumption ofhorizontal and verti
al de
oupling has also been 
he
ked to be valid.The in
uen
e of the horizontal Up-Down responses are studied by applying a 
onstantinstead of the parametrisations adapted to Sili
on 
alorimeter 
ombined data. This variationis identi
al to an absent simulation of this response, giving thus a maximal estimation ofits in
uen
e. The horizontal Up-Down in
uen
e be
omes only important when moving thebeam horizontally. With a stable beam and after 
alibration the polarisation measurementis found to be stable over large parts of the horizontal range for the applied dependen
ies,
hanging the Analysing Power ÆAP=AP < 0:1% with the above mentioned variation.The in
uen
e of the verti
al as well as the horizontal Left-Right responses is studied byvarying them similarly as in the 
ase of horizontal Up-Down responses. The Left and Right
hannels in
uen
e the polarisation measurement mostly via the 
alibration path, as the Leftand Right 
hannels are used to derive the total and the relative 
alibration of the Up andDown 
hannels after 
entring the beam on the 
alorimeter. Though the �nal 
alibration
onstants might vary when varying the Left-Right response the polarisation measurement isa�e
ted only little, when a stable, 
entred beam and valid 
alibration is assumed. Whenapplying a 
onstant instead of the measured dependen
ies the derived Analysing Power isfound to 
hange ÆAP=AP < 0:1%.The in
uen
e of the response fun
tions other than the verti
al Up-Down responses 
an41



therefore be estimated to be maximally ÆAP=AP = 0:1%.Total Energy ResolutionThe energy resolution of the 
alorimeter is modelled in the PMC using the 
lassi
al approa
hin
luding a statisti
al term a, a 
onstant term b and and energy linear dependent term 
following the known formula ��EE �2 = � apE�2 +� bE�2 + 
2 (7)The statisti
al term inherits the statisti
al 
u
tuations of the shower development in
ludingphoton statisti
s, the 
onstant term arises mainly from leakage, namely the leakage at theba
k plane of the 
alorimeter. Values a and b for 
onverted as well as non-
onverted photonsare input values to the simulation. The linear term 
 is not added expli
itly, but arisesindire
tly from the digitisation pro
ess. Its size has been been determined to be 
 � 0:08 andthe linear energy dependen
e of this 
ontribution veri�ed. Both size and the linear energydependen
e are typi
al for an e�e
t arising from digitisation.The total resolution of the simulated response has been tuned via adapting the statisti
alterms a to reprodu
e the measured values at the Compton edge when simulating Comptonspe
tra in
luding the full PMC. For non-
onverted and 
onverted photons only slightly di�er-ent values are applied, the ones for the Left and Right 
hannels being a bit higher than thoseof the Up and Down 
hannels. This 
an be understood from the geometry of the readout ofthe s
intillator plates.The size of the 
onstant terms b for 
onverted and non-
onverted photons has been de-termined from GEANT simulations, the 
onverted photon value has been 
he
ked to be inagreement with measurements from test beam data using ele
trons and positrons and a pre-radiator. There also the statisti
al terms and the shape of the energy dependen
e have beenmeasured, and the measured total resolution at the Compton edge is in agreement with thetest beam data as well as the general 
lassi
al shape forming the basis of the simulation. Thein
uen
e of the energy resolution of the Up-Down and Left-Right 
hannels has been studiedin PMC, full 
hain, varying the a and the b term, as well as both together within fa
torsof the nominal values. Within the range [0:96; 1:04℄, 
omprising variations well beyond themeasurement errors of the Compton edge resolution in Sili
on 
alorimeter 
ombined data,the Analysing Power 
hanges by no more than ÆAP=AP = 0:4%, whi
h is assigned as a
onservative estimate for the systemati
 un
ertainty arising from the modelling of the totalenergy resolution.The parametrisation used in PMC is an interpolation on pointwise Sili
on 
alorimeter
ombined data, smooth and 
ontinuous and based on general 
lassi
al assumptions suitablefor sandwi
h 
alorimeters. The parametrisation in
luding statisti
al, 
onstant and linearterms is 
he
ked using GEANT3 simulation to be suÆ
ient to des
ribe the resolution of arealisti
 ele
tromagneti
 sampling 
alorimeter. This is also 
on�rmed by test beam data,where a suitable des
ription of the energy dependen
e is a
hieved using statisti
al and
onstant term only. It has to be noted that di�erent read-out ele
troni
s has been usedin the test beam, and it is assumed that 
onstant and linear terms 
an not be dire
tly
ompared. The measured total resolution at the Compton edge for 
onverted photons is
ompatible with the resolution measured from test beam data. No further in
uen
e by the
hosen parametrisation itself 
an be assumed from there.42



Central spatial Des
riptionSpatial information for the resolution modelling is obtained from Sili
on 
alorimeter 
ombinedtable s
an data spanning ranges up to �15mm. In �rst order the resolution is found to be
onstant over large ranges in the horizontal as well as the verti
al dire
tion. Small stru
turesare observed in data at high distan
es, whi
h 
an be explained by the non-homogeneousaverage response of the 
alorimeter. By in
luding this horizontal and verti
al dependentaverage response in the parametrisations very similar stru
tures in the spatial resolution 
anbe generated. In 
onsequen
e, also the spatial resolution as measured from data 
an bereprodu
ed with the PMC. As the polarisation measurement takes pla
e only in the very
entre of the 
alorimeter in a range of < 3mm, no in
uen
e of these far away regions 
an beexpe
ted.In the very 
entre of the 
alorimeter, namely inside the gap de
oupling the upper andthe lower halves, a higher energy resolution is measured than o�-
entre. A modelling ofthis resolution ex
ess is in
luded by adapting a and b terms with a Gaussian ex
ess in thevery 
entre. Detailed GEANT3 simulations show that the height and width of the Gaussianex
ess is 
onne
ted to the size of the gap. As Sili
on 
alorimeter 
ombined data are availableonly at some s
ar
e points in x and y, the width of the ex
ess is derived from GEANT3simulations, while the height is adapted to reprodu
e with PMC the measurements fromSili
on 
alorimeter 
ombined data in the very 
entre. The derived heights are in a

ordan
ewith the values derived from the GEANT3 simulations itself. The in
uen
e of the Gaussianex
ess in the very 
entre has been studied in PMC, full 
hain, by s
aling the height of theex
ess. For fa
tors 2 [0:5; 2:0℄, whi
h is a large range to re
e
t the rather s
ar
e knowledgeof this phenomenon, the Analysing Power 
hanges by ÆAP=AP < 0:2%.Di�eren
e between 
onverted and non-
onverted PhotonsThere is a substantial di�eren
e in energy resolution if a high energy photon hitting the
alorimeter 
onverts in the preradiator or in the 
alorimeter. GEANT3 simulations show thatthe main di�eren
e is given by the amount of leakage at the ba
k plane of the 
alorimeter, asnon-
onverting photons 
onvert later and the shower maximum o

urs later than for a showerstarting already in the preradiator (the 
onverted 
ase). The 
ontribution to the resolutionas given by Eqn. 7 due to leakage is given by the 
onstant term b. GEANT3 simulationsshow that also the size of the gap between the 
alorimeter halves in
uen
es the 
onstantterm, adding a 
ontribution whi
h is the same for both photon 
lasses, thus 
hanging theirtotal resolutions but not the di�eren
e between the two.The size of the 
onstant terms has been derived from GEANT3 simulations, where innerparameters8 of GEANT, in
uen
ing the shower development, have been varied. In additionthe 
alorimeter geometry has been 
hanged, by manually 
hanging the s
intillator and ab-sorber densities. The 
hosen values represent the best adaption of GEANT simulation tothe data and the value for 
onverted photons is 
omparable to values measured in test beamdata. The in
uen
e of the size of the 
onstant terms itself is in
luded in the un
ertaintyestimation for the total resolution.There is however, a di�eren
e in the total resolution between the two 
lasses, whi
h ismeasured from Sili
on 
alorimeter 
ombined data using the appearan
e or non-appearan
eof Sili
on 
lusters. The measured di�eren
e between 
onverted and non-
onverted photons istherefore diluted by a non-perfe
t purity of the samples derived through these 
uts. However,8ILOSS=1,2, DRCUT values 43



the total resolution of both 
lasses together, whi
h is the 
lass of all photons, implies no 
utson Sili
on 
lusters at all and 
an therefore be used to 
ross 
he
k �ne tuning of the two
lasses. The input values are tuned su
h, that by 
uts on generator level of the simulationfor the two 
lasses and for the mixture the total resolution values at the Compton edgesas measured in data are reprodu
ed. As the simulation of Sili
on 
lusters in GEANT israther rudimentary, no statements on eÆ
ien
ies 
on
erning the appearan
e of 
lusters 
anbe derived from there. Therefore, the purity of the two samples derived by 
uts on 
lusterappearan
e has been estimated dire
tly from data to be � 89%, the measured di�eren
eshould therefore be only little diluted.The total resolution of the 
lass of all photons is higher than might be expe
ted by thesimple mixture of 54% 
onverted and 46% non-
onverted photons, as the Compton edgeposition shifts due to the leakage at the ba
k plane, thus adding an additional 
ontributionto the edge resolution. After tuning of the resolution as well as the edge positions of the two
lasses the total resolution and the edge position of the mixture 
lass are reprodu
ed as well.In 
on
lusion, the additional in
uen
e due to the modelling of the di�eren
e in resolution ofthe two 
lasses 
an be assumed to be very small with ÆAP=AP < 0:1%, the limit of whi
hbeing assigned as a 
onservative estimation for this sour
e.Resolution CorrelationsThe above points 
onsider the resolution of the re
onstru
ted energies EUD = EU + EDand also ELR = EL + ER. The se
ond variable is given by the energy asymmetry �UD =(EU � ED)=EUD and also �LR = (EL � ER)=ELR. The resolution of the energy asymmetryis not trivial as the asymmetry des
ribes how the ele
tromagneti
 shower is shared betweentwo 
alorimeter halves and the resolution therefore depends on the resolution of a part of ashower and on how it is 
orrelated to the part of the shower in the other 
alorimeter half.The resolution of the upper and the lower 
hannels 
an be des
ribed by a 
ovarian
ematrix: VUD =  �2U �UD�U�D�UD�U�D �2D ! (8)where the resolution widths for ea
h half �U and �D are 
orrelated by a 
orrelation 
oeÆ
ient�UD. A 
orrelation matrix also exists for the energy E and the asymmetry �:VE� =  �2E �E��E���E��E�� �2� ! (9)
onne
ting the total energy resolution �E with a resolution of the energy asymmetry �� anda 
orrelation 
oeÆ
ient �E�. The variables �UD, �2� and �E� 
an be expressed as fun
tions of�E, �U and �D (needs also E and �) whi
h are then used to express the 
hannel resolutions�U and and �D as a fun
tion of �E and the two 
orrelation 
oeÆ
ients, the latter three beingeasily a

essible to parametrisations using fun
tions of E and �. For further details see thenote on resolution 
orrelation [16℄.GEANT simulations are used to derive fun
tions for �UD and �E� as a fun
tion of E and �over a wide range of E and � 2 [�1; 1℄, the total energy resolution �E is parametrised as usualby a statisti
al and a 
onstant term. Test beam data from CERN [17℄ at various energiesusing the verti
al position y derived from 
lusters in the verti
al Sili
on plane and the two
alorimeter variables E and � 
on�rm the prin
ipal behaviour of the GEANT simulated 
or-relation 
oeÆ
ients and the width distributions RMS(EU )=RMS(E), RMS(ED)=RMS(E),44



RMS(E) and ��E. Input to the PMC are parametrisations derived from GEANT, where thebest adaption of the 
alorimeter model to general data is taken. The amount of available testbeam data is not suÆ
ient to derive parametrisation 
onstants from there. But 
omparisonsshow that test beam data agree with the 
hosen parameters. To study the in
uen
e of the
hosen 
orrelation parameters the 
orrelation 
oeÆ
ients �E� and �UD are varied by fa
torsover a large range, both individually as well as together. Test beam data agree in generalwith the derived parametrisations within s
aling fa
tors 2 [0:5; 1:5℄, and the in
uen
e on theAnalysing Power in that range is estimated to be ÆAP=AP � 0:5% using PMC with simplehistogram analysis.In addition, the GEANT 
alorimeter model has been 
hanged using di�erent s
intillator,air, tungsten and lead 
ontributions to 
hange deliberately the shower development. The
orrelation parametrisation 
oeÆ
ients derived from there are also tested in PMC withsimple histogram analysis, and surprisingly, although very di�erent 
orrelations 
an begenerated when 
hanging the sampling 
alorimeter substantially, the e�e
t on the AnalysingPower using these very di�erent 
orrelations is quite small, 
on�rming that the estimationÆAP=AP = 0:5% is quite reasonable.DigitisationThe digitisation of the photomultiplier signals of the �ve 
alorimeter 
hannels is implementedin the PMC using a detailed physi
al model. Four ADC samples are simulated with 
onstantfra
tions of the total signal for ea
h 
hannel in
luding an ADC pedestal and low and highfrequen
y noise. Response is limited to the range of [0; 4095℄ ADC 
ounts, introdu
ing alsowell-known saturation e�e
ts in the Up and Down 
hannels if the signal is very mu
h o�-
entre and of high energy, meaning that one of the two 
hannels needs to measure more thanhalf of 30:4GeV, the latter being the total range of EU +ED. The trigger is simulated usingthe 
hannel with the analogue sum of Left and Right 
hannels. The method with whi
h thepulse shape is analysed is as 
lose as possible to that used in data. All steering values likethe pedestal positions and widths, the amount of signal amplitude in the pedestal, as well asthe pulse shape fra
tions have been estimated from data dire
tly.No di�eren
e in �(y) using the full �(y) analysis 
hain has been found if digitisationis applied. It 
an be shown, that a 
ontribution to the total resolution arises due to thedigitisation whi
h is linear in energy: �2E = (
E)2, in a

ordan
e with the expe
tationfrom theory. Altogether the total resolution is tuned in the statisti
al terms to reprodu
ethe measured values at the Compton edge. The 
hange of Analysing Power due to thedigitisation is expe
ted to be very small, using PMC with own simple histogram analysis,
omparisons of results for un-digitised and digitised signals show di�eren
es maximallyÆAP=AP = 0:1%.Cross Talk and Non-linearityThere are no hints for additional e�e
ts o

urring in the ele
troni
s during signal readoutand digitisation, but there is also no eviden
e for their absen
e. The prin
ipal e�e
ts of 
rosstalk in 
ables or readout or non-linearities o

urring there have been studied in PMC, withown histogram analysis and with the full 
hain.As for 
ross talk in 
ables or readout, various 
ross talk models have been tried, in
lud-ing linear and quadrati
 energy dependen
ies as well as with p(E) with Ei = Ei + fEkj ,k = 1; 2; 0:5, where either the other half of the 
alorimeter is taken to 
ross talk ( inside
alorimeter model) or all other four 
hannels (in 
ables model). The stru
tures and be-45



haviour 
ross talk, espe
ially the most probable linear 
ross talk is generating to distort theAnalysing Power is in some parts similar to that observed in data prior to the Sili
on pit
h
alibration. A 
ross talk value of 0:007 (inside 
alorimeter model) is suitable to 
orre
tmost of the observed energy dependen
e of the Analysing Power without the Sili
on pit
h
alibration.However, the form of the energy asymmetry �(y) would be 
hanged too, not rea
hingthe natural borders at �1 at high y values any more. The �(y) measurement using Sili
on
alorimeter 
ombined data ex
ludes su
h types of 
ross talk down to a level of < 0:001. Thetable s
an used to measure the �(y) transformation 
urve spans regions of y up to �15mm andthe two shower lengths whi
h are derived from this are well in a

ordan
e with the expe
tationfrom theory. No saturation of the 
urve below �1 is observed and in 
ase signi�
ant 
ross talkis present, a mu
h longer halo shower length would have been measured. Due to this linear
ross talk 
an be ex
luded down to a level of < 0:001, leaving also no spa
e for other 
rosstalk 
on�gurations. The e�e
t from linear 
ross talk at this level is negligible. Therefore, noadditional systemati
 un
ertainty is added due to possible 
ross talk in 
ables or readout.Non-linearities have been tried as a fun
tion of exponent � to the energies likeE0U;D = EC �EU;DEC �� (10)where EC denotes the Compton edge energy, � being near but not equal to one. It 
an beshown, that the re
onstru
tion is sensitive enough to ex
lude non-linearities on the per
entlevel. The stru
ture of the generated energy dependen
e and the general shifting of theoverall Analysing Power level due to applied non-linearities show a behaviour whi
h is not
ompatible to the behaviour observed in data. If it 
an be assumed that a large non-linearityis not hidden beneath another e�e
t of similar or bigger impa
t, non-linearities 
an beex
luded down to a level of < 0:005, meaning that � 2 [0:995; 1:005℄, leaving a possible e�e
tof ÆAP=AP < 0:3%.Horizontal Beam PositionThe horizontal position of the photon beam on the 
alorimeter fa
e has in
uen
e in a dire
tand an indire
t way. Dire
tly the response of the Up and Down 
hannels 
hanges whenmoving horizontally. Indire
tly the response of the Left and Right 
hannels 
hange whenmoving horizontally, in
uen
ing thus the 
alibration state of the Up and Down 
hannels.In data the table position has been moved only on
e, most time of HERA II the tableposition has been at �10mm, 
hanged in 2007 to 0mm. A

ording to 
ombined Sili
on
alorimeter 
ombined data the horizontal position of the beam has been relatively stable,the table position giving a good estimate for the beam position on the 
alorimeter surfa
e.The beam position has also been 
on�ned by the horizontal aperture of 0:36mrad. Witha typi
al horizontal beam spread of � 90�rad, the beam 
an move maximally 2 times itsspread before 
utting the beam within 2 sigmas, whi
h would be noti
eable by luminosityand LR-
alibration. This means, that the beam 
annot move more than roughly about�1:5
m without noti
e within the apertures.The in
uen
e is studied in PMC, full 
hain, by varying the horizontal table position,
alibrating at ea
h position, in
luding thus both possible e�e
ts. In addition the photonbeam is moved horizontally with the table being �xed at di�erent positions, so that thein
uen
e of apertures 
utting into the beam are also taken into a

ount. First the pure tablemovement within �1:5
m is studied with 
entred beam and then the table is moved within46



�1
m and the beam is moved on its surfa
e within �1:5
m. The 
hange of Analysing Powerobserved is ÆAP=AP < 0:2%, the e�e
t on single energy bins being a bit higher, but still< 0:5%. The reason for this is that the largest in
uen
e is seen in the very low and veryhigh energies (i.e. the low and high energy bin), where the Analysing Power is redu
ed most,while the inner energy bins keep being stable. The re
onstru
tion is in
uen
ed by this onlylittle, so that the overall Analysing Power therefore stays rather 
onstant.As information on the exa
t beam position on the 
alorimeter surfa
e is available onlyfrom o

asional Sili
on data, the limit of ÆAP=AP = 0:2% is applied as an un
ertainty dueto this systemati
 sour
e.3.6.3 Data CalibrationGain and Gain Di�eren
eThe high voltage for the photomultiplier 
hannels of the 
alorimeter is set so that the Comptonedge as determined online from the energy spe
trum measured by the sum of up and down
hannels lies at the expe
ted value given by the HERA beam energy. The gain fa
tors appliedby the data analysis are thus � 1, deviations of O(0:01) at maximum are 
orre
ted for byapplying a resampling te
hnique to the 
olle
ted data energy E vs � histograms per minute.The lepton beam energy of HERA varied with time, being on average about 27:6GeV withvariations around this value well below 100MeV. During the low and middle proton energyruns in 2007 the beam energy was a bit lower with on average 27:5GeV.The Analysing Power depends on the energy, as 
an be seen from Fig. 8. A mismat
h ofthe position of the Compton edge with respe
t to that in the simulated templates introdu
esa strong e�e
t on the Analysing Power in ea
h bin, leading to a relative energy dependen
eof the template Analysing Power. Stri
tly speaking, the polarisation derived from ea
h binusing the mismat
hed templates would be di�erent, showing a rising or falling behaviour withenergy, depending if the Compton edge of the analysed sample is moved down or upwardswith respe
t to that of the templates.The energy 
alibration of the template maps is tuned to give with the online di�erentiationmethod the expe
ted Compton edge 
orresponding to a HERA beam energy of 27:6GeV. Fora �nal energy 
alibration, to adjust the Compton edge of the data samples to the templatesin the maps, the data samples, 
olle
ted in time periods 
omprising typi
ally 1 � 3 months,are 
alibrated to a �xed energy slightly o� from 27:6GeV to give for that period the minimalenergy dependen
e of the Analysing Power. The �nal gain fa
tors have per period an averagedeviating from 1 by < �0:005, the average of all periods being at 1:001. The widths of allperiods are < 0:008, being on average � 0:005.The e�e
t of gain fa
tors 6= 1 and subsequent resampling of the data histograms has beenstudied in PMC, full 
hain, as a fun
tion of the applied gain di�eren
e Æg and gain g. Thesetwo variables are represented by the 
alibration fa
tors (fU �fD)=2 and (fU +fD)=2 in data.With the �nal energy 
alibration the re
onstru
ted gain di�eren
e in data is in every periodfully within �0:005 and the re
onstru
ted gain mostly within �0:01. Only for the year 2003a higher gain spread is observed, here data lie within �0:015 around the average 1:0.The in
uen
e of gain and gain di�eren
e is studied by varying from a fully 
alibratedstate at g = 1 and Æg = 0, varying both variables together with g 2 [0:97; 1:03℄ and Æg 2[�0:02; 0:02℄. The in
uen
e on the Analysing Power is found for ea
h variation dire
tion to beÆAP=AP < 0:3%, no spe
i�
 
orrelation is observed when applying both variations. It is thus
on
luded that the total e�e
t of both 
an be added in quadrature, to be ÆAP=AP < 0:4%47



and ea
h 
ontribution alone to be < 0:3%.The evaluation of the 
alibration 
onstants 
ould be in
uen
ed by the (real) IP distan
eand the beam spot size, feeding ba
k into the re
onstru
ted parameter values, thus distortingthe re
onstru
tion. This has been studied at di�erent phase spa
e points in PMC, full 
hain,and no signi�
ant in
uen
e has been found.Verti
al Table CentringThe table is 
entred during polarisation measurement by an autopilot by measuring theo�-
entring from the average in energy asymmetry spe
tra. The gain di�eren
e alsoin
uen
es this average � value, but this variable is measured from parabola �ts to theratio EU=(EL + ER) vs � pro�les, making thus the gain di�eren
e nearly un
orrelatedto the 
entring. The table is kept by the autopilot within a 
ertain range, the measuredspread in data being mostly � 20�m (applying a 
onversion fun
tion to 
al
ulate average �values into verti
al o�sets). A de
entred table dilutes the verti
al asymmetry, but be
auseof the un
orrelation to the gain di�eren
e this e�e
t does not indu
e resampling of thedata histograms and is therefore largely un
onne
ted to resampling e�e
ts. The e�e
tof a de
entred table has been studied in PMC, full 
hain. The 
entring estimate fromdata is found to show a 71% slope 
ompared to the real applied de
entring. A measuredspread of 20�m thus 
orresponds to a de
entring of � 28�m. For the year 2003 a higherspread of � 33�m has been measured, translating to estimated � 47�m. The in
uen
eon the Analysing Power has been studied by applying a de
entring to a pure 
alibratedstate of the simulation, keeping the 
alibration �xed at their 
alibrated values. It is found,that the Analysing Power 
hanges almost nothing for de
entrings of up to 25�m, andÆAP=AP < 0:1% for 50�m de
entring, rising quadrati
ally with the de
entring value. It 
antherefore be 
on
luded that for the range of spot sizes as measured in data, the in
uen
e onthe Analysing Power is at most ÆAP=AP = 0:1%.Ba
kground Subtra
tionBa
kground is subtra
ted in data analysis on a statisti
al basis by subtra
ting data takenwith the laser being O� from data taken with the laser being On with proper s
aling fa
tors.Nevertheless, there 
ould be a possible in
uen
e by 
hanging or adding 
u
tuations to theRMS values leading to di�erent re
onstru
ted setup values and 
onsequently biases in thesubsequent derived Analysing Power values. This possible e�e
t has been studied in PMC,full 
hain, for laser ON rates varying from 1kHz to 90kHz with di�erent fra
tions of laser O�rate to laser On rate ROff=ROn 2 [0:02; 0:24℄, thus spanning the total range of laser On ratesand On/O� fra
tions that might o

ur in data. Two di�erent ba
kground modellings withor without o�-
entre Bremsstrahlung satellites have been studied to explore the dependen
eon the ba
kground modelling. No biases have been found above laser On rates of 10kHz, the
hange in Analysing Power is therefore estimated to be at most ÆAP=AP = 0:1%.3.6.4 Fitting Pro
edureThe analysis method relies 
entrally on mapping fun
tions for the �rst and se
ond moments(mean and RMS values) of the energy asymmetry distributions in bins of energy, whi
h arederived from template distributions generated with the parametrised simulation on a regulargrid, smoothed and then interpolated. These mapping fun
tions are used in a �t to �ndsetup parameters 
onsisting of IP distan
e, beam spot size and pedestal shift giving the best48



des
ription of the widths of the energy asymmetry distributions (RMS) in the di�erent energybins. On 
onvergen
e of the �t mapping fun
tions for the �rst moment, i.e. the mean of theenergy asymmetry distribution, for both heli
ities are 
onsulted to 
al
ulate the AnalysingPower for the given set of parameters.In the �nal maps a grid with 20� 22� 4 = 1760 phase spa
e points have been generated
overing relative IP distan
es from �200
m (farther away) to 275
m (nearer) around thenominal IP distan
e of 66m, beam spot sizes from 250�m to 1300�m and pedestal shiftsfrom �300MeV to 600MeV. For ea
h grid point energy asymmetry distributions for the fourheli
ity states with Stokes 
omponents S3 = �1 and S1 = �1 are a

umulated with a totalof 100M photon events per heli
ity state.Although great e�ort has been taken to produ
e as mu
h statisti
s as possible for theunderlying energy asymmetry distributions, there is still �nite statisti
s in the di�erent energybins, leading to 
u
tuations in the derived �rst and se
ond moments. A 
ombination ofSavitzky-Golay �lters and 
ubi
 splines algorithms is used to smooth the gridded MonteCarlo templates for both the �rst and se
ond moments, whi
h are then interpolated usingbasi
 splines and linear regression algorithms to 
reate 3-dimensional 
ontinuous, smooth anddi�erentiable mapping fun
tions.As is always the 
ase with smoothing, there is a danger to introdu
e biases by 
atteningsigni�
ant stru
tures of the maps. The strength of the smoothing has to be 
hosen su
h asto give the best 
ompromise in removing short-s
ale statisti
al 
u
tuations while preservingstru
tures 
hanging on a longer s
ale. The quality of the maps is ensured by 
hoosing a gridas �ne as possible with as mu
h statisti
s as possible and smoothing algorithms whi
h areknown to introdu
e as little biases as possible on relatively short s
ales.A detailed study of the �tting method has been performed using independent simulateddata to ensure that the method is self 
onsistent and that no biases exist. Covering the
omplete available phase spa
e of IP distan
e, beam spot size and pedestal shift, no signi�
antsystemati
 biases or problems have been observed, within the expe
ted statisti
al errors,whi
h are ex
eeding a level of ÆAP=AP = �0:5%, whi
h is assigned as an estimate of theintrinsi
 error of the method with the given templates and the 
hosen smoothing parameters.It has been studied that a variation of the smoothing introdu
es 
hanges not larger than�0:2%, that the number of degrees of freedom and the number of energy bins in the �t doesnot 
hange or bias the results. However, the �ts, done with the MINUIT pa
kage [18℄, arebased on MIGRAD, whi
h is a lo
al minimiser. It 
annot be ex
luded that depending onthe starting values 
onvergen
e is rea
hed in di�erent lo
al minima. The analysis has beenrepeated with simulated as well as real data, repeating the �t after 
hanging the startingvalues over a sensible range. The results are observed to 
hange by less than �0:2%, whi
his assigned as an error from this sour
e.The simulated data templates for the mapping fun
tions assume a pedestal shift distri-bution with equal sharing of the pedestal shift value between the Up and the Down 
hannel.The in
uen
e of this distribution has been studied in PMC, full 
hain, varying the fra
tionof the total pedestal shift in the Up 
hannel from 0 to 100% for di�erent total pedestal shiftvalues Ep 2 [�100; 200℄MeV. No in
uen
e on the re
onstru
ted parameters IP distan
e, beamspot size or pedestal shift or the derived Analysing Power values 
ould be found.49



3.6.5 Laser Light PropertiesThe linear polarisation 
omponent of the laser light has been measured and minimised in-between the �lls by measuring the light intensity behind a rotating Glan prism downstreamof the intera
tion point at di�erent high voltage settings of the Po
kels 
ell upstream. Usingthe phase of the Glan prism �opti
, i.e. the initial angle of its opti
al plane in the tunnel,and its rotation dire
tion, the Stokes 
omponents with respe
t to the horizontal and verti
aldire
tion of the HERA plane 
an be 
al
ulated, assuming that the exit window between theintera
tion point inside the HERA va
uum and the analyser box with its opti
al path inair does not 
hange the linear polarisation, e.g. through indu
ed birefringen
e. The Stokes
omponents S1 and S2 and with this the total 
ir
ularity S3 are needed to 
reate the propermean and RMS maps out of the maps with total polarisations by reweighting methods. Theinitial parameters have been determined to be �opti
 = �52� 3Æ, rotating 
ounter 
lo
kwisewhen looking towards the laser beam. The phase o�set measured in the light polarisationdata is 
onsistent with this observation.The un
ertainties arising from this determination are studied dire
tly with data, assuming�opti
 = 45Æ and 67:5Æ, introdu
ing thus maximal and minimal in
uen
e of the measured linearpolarisation onto data. The 
hange in Analysing Power is then dedu
ed by 
omparing theresulting polarisation measurements in every energy bin for all data periods of HERA II. Themaximum 
hange observed is ÆP=P = 0:5% in the low energy bin and only ÆP=P = 0:3% inthe large 
entral energy bin. Within the un
ertainties of �opti
 a 
hange of Analysing Powerof ÆP=P = 0:2% is thus estimated.During the HERA polarisation measurement the Po
kels 
ell is swit
hed at 80Hz, whileduring the light polarisation measurement ea
h heli
ity is measured separately at di�erenthigh voltage settings without su
h a high rate swit
hing. In the transition time between thetwo heli
ities the linear light 
omponent is mainly unde�ned and a veto is applied to inhibitthe taking of data during this time. However, it the timing of the veto relative to the swit
hingis not stable or if the length of the veto is not suÆ
ient to 
over the 
omplete transition period,the e�e
tive linear light polarisation during the polarisation measurement would be largerthan measured in-between the �lls. A small number of �lls have been identi�ed where thehigh voltage supply was not fun
tioning properly, resulting in an in
omplete swit
hing of thePo
kels 
ell. These data are 
agged as bad.The ratio of event rates in a 
entral part of the � spe
trum over that of a broader rangein � in the large 
entral energy bin has been studied in data for ea
h heli
ity separately.This ratio should have some sensibility to the linear light 
ontamination of the Compton
ross se
tion. The behaviour of this ratio is 
ompared to that of the event rate asymmetryin a 
entral � spe
trum, whi
h should have sensibility to the di�eren
e of the linear light
omponents of the two heli
ities ÆS1. In data runs where it is known that the high voltageof at least one heli
ity was broken, implying Slin = 100%, a signi�
ant 
hange of the rateasymmetry and the single heli
ity event rate ratios is observed. Otherwise no su
h 
hangesor 
orrelations 
ould be observed, 
on
luding that no hint 
an be found on di�erent linear
omponents S1 or Slin during polarisation measurement otherwise than measured in-betweenthe �lls. Also, there is no indi
ation that other problems as des
ribed above have happened.3.6.6 Trigger ThresholdDepending on the threshold settings the trigger thresholds in data are moving 
onsiderablyfrom time to time, overall 
hanging in a range � [2:5; 3:8℄GeV, with a �ner movement and50




u
tuation for a given setting. No distortion of the energy spe
trum for di�erent trigger edge
on�gurations 
ould be found in data spe
tra and no dependen
e on the threshold setting,timing, et
. has been found.For very high trigger thresholds, near the lower edge of the low energy bin, the triggerthreshold might 
ut into the low energy bin spanning the energy range � [4:275; 6:175℄GeV,resulting in a distortion of the shape of the � distribution in that bin. The 
onsequen
e wouldbe a 
hange of the re
onstru
ted intera
tion point distan
e and pedestal shift and thereforethe derived Analysing Power.The in
uen
e of a trigger threshold 
utting into the low energy bin is studied in PMC,full 
hain, by varying the trigger edge in a range [2:8; 4:4℄GeV and trigger threshold widths[0:1; 0:3℄GeV. The position of the trigger edge 
an be well re
onstru
ted by 
al
ulating themaximum in a di�erentiation method. Intera
tion point distan
e and pedestal shift are in
u-en
ed signi�
antly only for trigger thresholds above 4GeV, the in
uen
e on the asymmetryin the low energy bin starting already earlier at � 3:4GeV, independent of the trigger edgewidth. The next higher energy bin is in
uen
ed for thresholds > 3:6GeV. The AnalysingPower in the large 
entral energy bin remains un
hanged in the 
omplete range of thresh-olds within ÆAP=AP = 0:2%, and no 
orre
tion of the Analysing Power as fun
tion of thethreshold position is needed.3.6.7 Data related E�e
tsAll studies presented so far assume that the overall system is stable over time. A numberof e�e
ts however have been observed in data and are expe
ted whi
h might vary with timeand whi
h 
annot be reprodu
ed or understood from simulations.The re
onstru
ted IP distan
e shows some small jumps in di�erent periods, of order of50
m. These jumps are not 
orrelated to any known observables besides the auxiliary pedestalshift variable. A priori it is not ex
luded that the IP distan
e did jump in reality, but theabsen
e of suÆ
ient monitoring pre
ludes the experimental validation of this assumption. Toestimate the impa
t of the unstable IP distan
e an error has been added whi
h a

ounts forthe typi
al jump size. This results in an un
ertainty of ÆP=P = 0:5%.Throughout a time period with stable opti
s setup, where no expli
it ma
hine studieshave been performed, the emittan
e of the lepton beam is fairly 
onstant at 2� 3nm, thoughvarying a bit from �ll to �ll and 
hanging on small s
ales throughout a �ll. At the endof HERA throughout the low and middle energy proton runs, the emittan
e is expe
ted tobe around 6 � 7nm. Indeed studying the 
orrelation between IP distan
e and beam spotsize, data points move mostly on 
urves of 
onstant emittan
e. However some 
u
tuationsand outliers with too small emittan
e are observed, whi
h again 
an not be explained, nor
an they be a

ounted for by problems in the re
onstru
tion. To estimate its impa
t thetypi
al shift in emittan
e has been found to be around 1nm, typi
ally 
onne
ted to very largeIP distan
es and thus 
orresponding to a 
hange in the IP distan
e of around 70
m. Thistranslates into an error of the Analysing Power of ÆAP=AP = 0:9%. Many of the e�e
tsdis
ussed above have an impa
t on the �nal determination of IP distan
e and beam spot size,and e�e
tively 
ould move the �t results in the plane. Thus the observed variation of theemittan
e is already 
overed to some extent by other errors. Nevertheless, as a 
onservativeestimation, the observed variation is assigned as an additional systemati
 un
ertainty.The variable pedestal shift has been introdu
ed to des
ribe the possible in
uen
e of ad-ditional low energy 
ontributions as they might arise from physi
al sour
es like on-time syn-51




hrotron radiation, but also from more 
ompli
ated ele
troni
 e�e
ts whi
h are not 
overedby the online pedestal shift subtra
tion using late digitisation samples whi
h are o�-timeto the beam pass. Although the re
onstru
ted pedestal shift for most of the HERA II data
u
tuates around 0MeV, giving 
on�den
e in both the des
ription of the polarimeter setup inthe parametrised simulation as well as in the absen
e of su
h more 
ompli
ated error sour
es,there are some periods whi
h are re
onstru
ted with pedestal shifts signi�
antly shifted fromzero. The observed pedestal shifts at those times would 
orrespond to syn
hrotron energiesof less than 3MeV. As there is no data with very low energies available, i.e. no untriggereddata is available, the existen
e of syn
hrotron radiation 
an neither be proven nor ex
luded.In addition, there is no independent hint pointing to ele
troni
 problems 
onne
ted to thepedestals of the signals. In that sense, the pedestal shift remains an auxiliary parameter ofthe new analysis. Its total in
uen
e is estimated by taking this parameter out of the �t,�xing it to zero and running the analysis over the 
omplete HERA II data set with only IPdistan
e and beam spot size as free parameters to the �t. The global in
uen
e that 
an beobserved in the measured polarisations P with and without pedestal shift or just as well inthe ratio to the LPOL polarisation for the two 
on�gurations is within ÆP=P = 0:5%, whi
his taken to be the global systemati
 un
ertainty 
onne
ted to this auxiliary.3.7 Polarisation S
ale from Rise Time MeasurementsThe maximal polarisation and its rise time a

ording to the Sokolov-Ternov e�e
t in a storagering are redu
ed in the presen
e of depolarising e�e
ts. However, for most depolarising e�e
tsthe ratio of asymptoti
 polarisation limit and rise time Pmax=� is still 
onstantPmax� = Pst�st (11)with Pst and �st being the asymptoti
 polarisation level and rise time given by a pure Sokolov-Ternov e�e
t in the absen
e of any depolarising e�e
ts. The rise time in the presen
e ofdepolarising e�e
ts 
an be written as [19℄1� = 1�st + 1�depol (12)This intrinsi
 
orrelation between the maximal polarisation value and the rise time allowsthe absolute s
ale of the polarisation measurement to be 
he
ked. Measuring the 
ompletebuild-up of polarisation from a baseline till saturation and applying a �t of a fun
tionP (t) = (P0 + (Pmax � P0) � (1� e�(t�t0)=� ) if t � t0P0 otherwise (13)allows the determination of the ratio Pmax=� and the 
he
king of or even the 
alibration ofthe Analysing Power by 
omparison with theoreti
al expe
tations. An example for su
h arise time measurement is given in Fig. 24.However, the above ratio might 
hange in the presen
e of depolarising e�e
ts and 
al-ibration using rise time measurements will be biased unless the strength of the e�e
ts 
anbe estimated, e.g. from ma
hine simulations [19℄, or even be measured. Su
h e�e
ts be
omeespe
ially important in a non-
at ma
hine as is the 
ase in the presen
e of spin rotators.In June 2007 a series of rise time measurements with all three spin rotator pairs has beentaken. In the 
ase of three rotator pairs the theoreti
al un
ertainty in estimation attempts52
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urve, data taken on 26 June 2007, together with a �t tothe 
urve using Eqn. 13. The beam is depolarised prior to time t0 with a residual polarisationlevel P0. After the depolarising ki
ker magnet has been turned o�, the polarisation rises withrise time � , rea
hing the asymptoti
 level Pmax. Towards the end the ki
ker is swit
hed onagain, destroying the polarisation.of 
hanges to the above ratio are surmised to be of the order of 3% [20℄. Dedi
ated ma
hinesimulations, see [19℄, based on a detailed model of the spin properties of the HERA 
olliderestimated an average value of the ratio of [21℄�Pmax� � = (4:08 � 0:03) � 10�4s�1: (14)In Fig. 25 (left) the plateau polarisation and the rise time determined from the analysis of allavailable rise time 
urves are 
ompared with the theoreti
al expe
tation. The right plot showsa summary of the s
ale fa
tors derived from this analysis in
luding the statisti
al errors fromthe �t as well as the error from theory. The average s
ale is found to be 1:007� 0:010. Thisgives an independent 
on�rmation that the s
ale determined in the analysis of the TPOLis 
orre
t and valid for beam 
onditions, energy and polarimeter 
onditions as were givenduring the rise time measurements.It should be pointed out that the results from the rise time measurement are not used anyfurther, and in parti
ular are not used to 
alibrate the s
ale of the TPOL. Beam and polarime-ter 
onditions are di�erent during normal HERA II running and the systemati
 un
ertaintydue to these 
hanges is unknown. However, the results from the rise time measurements give
on�den
e, that the systemati
 un
ertainties as assigned to the new analysis are 
ompleteand suÆ
ient.In an entirely independent analysis based on the 
avity LPOL [2℄ the same data havebeen analysed using the 
avity measurements, and a similar agreement has been found.Unfortunately a slightly di�erent theoreti
al model for the polarisation rise time was usedin this analysis, whi
h makes a �nal quantitative 
omparison diÆ
ult. However within therelative error between the two theories of 4% both results are 
ompatible.53
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Figure 25: Fit results for the rise time 
urves from June 2007. The rise time 
urves were �ttedusing Eqn. 13. The plateau polarisation obtained with the new analysis is plotted againstthe 
orresponding rise time (left) together with the theory predi
tion from Eqn. 14. On theright the absolute s
ale fa
tor using this theory predi
tion is shown. The average s
ale fa
torfor the polarisation from the new analysis is 1:007 � 0:010.Year Start End POL2000 Re
ommendation2004 1085373000 (May 24) 1088786591 (July 2) Dis
ard LPOL2005 1122990001 (Aug. 2) 1136073599 (De
. 31) In
rease systemati
 errorLPOL and TPOL2006 1136073600 (Jan. 1) 1153506512 (July 21) Dis
ard LPOLTable 5: Long periods with polarimeter problems. The start/stop time is given as a UNIXtimestamp (se
onds sin
e 1/1/1970).4 Comparison of LPOL and TPOL MeasurementsTo 
ompare the results of LPOL and TPOL the ratio of the LPOL polarisation to the TPOLpolarisation is shown in Fig. 26 and Fig. 27. Normal data taking periods are presentedin bla
k points, while red and blue marks indi
ate periods where serious problems with atleast one of the two polarimeters must have existed. For these plots only data taken duringluminosity operation of the experiments are in
luded, and only with a minimal polarisationof 20% to ensure ex
lusion of the initial polarisation build-up period at the start of the �ll.The known periods of poor data quality and the 
orresponding re
ommendations arereported in Tab. 5.Towards the end of the �rst half of 2004 it was observed that signi�
ant damage has beendone to the LPOL 
rystal 
alorimeter, whi
h made the 
omplete repla
ement of the devi
ene
essary. It is not 
lear when the quality of the data started to deteriorate. During thisperiod the TPOL was fun
tioning properly, and only measurements from the TPOL shouldbe used. As des
ribed in the se
tion on the LPOL the repla
ement of the LPOL 
alorimeterne
essitated the introdu
tion of an additional s
ale error of the LPOL of 1:4%.Starting in the summer of 2005 the LPOL/TPOL ratio displayed a number of spurious54



Ratio LPOL/TPOL, 1h avg, colliding bunches

0.6

0.8

1

1.2

1.4

0 20 40

week in 2003

LP
O

L/
T

P
O

L

0.6

0.8

1

1.2

1.4

0 20 40

week in 2004

LP
O

L/
T

P
O

L

0.6

0.8

1

1.2

1.4

0 20 40

week in 2005

LP
O

L/
T

P
O

L

0.6

0.8

1

1.2

1.4

0 20 40

week in 2006

LP
O

L/
T

P
O

L

0.6

0.8

1

1.2

1.4

0 20 40

week in 2007

LP
O

L/
T

P
O

L

Figure 26: Top: Ratio LPOL/TPOL for the years 2003-2007 for 
olliding bun
hes. Periodswhere LPOL is known to have had problems and should be dis
arded are indi
ated by redmarks and the bra
kets at the bottom of the plots. The period marked in blue and thebra
ket at the bottom shows polarimeter problems too, the reasons for whi
h are unknown.It is re
ommended to in
rease the systemati
 un
ertainty for both polarimeters during thisperiod. See also Tab. 5 for details.
55



Ratio LPOL/TPOL, 1h avg, colliding bunches

0

5

10

15

20

0.6 0.8 1 1.2 1.4

  7.352    /    15

Constant   19.15

Mean  0.9794

Sigma  0.2789E-01

Year 2003 (e+)

0

20

40

60

80

0.6 0.8 1 1.2 1.4

  6.986    /    15

Constant   70.05

Mean   1.000

Sigma  0.2683E-01

Year 2004 (e+)

0

20

40

60

0.6 0.8 1 1.2 1.4

  16.90    /    20

Constant   62.72

Mean   1.023

Sigma  0.3622E-01

Dec 2004 - July 2005 (e-)

0

20

40

60

0.6 0.8 1 1.2 1.4

Mean

RMS

  1.015

 0.6851E-01

Aug - Nov 2005 (e-)

0

25

50

75

100

0.6 0.8 1 1.2 1.4

  21.01    /    17

Constant   90.50

Mean   1.030

Sigma  0.3266E-01

July - Dec 2006 (e+)

0

10

20

30

0.6 0.8 1 1.2 1.4

  8.261    /    17

Constant   30.43

Mean  0.9885

Sigma  0.3168E-01

Jan - Mar 2007 (e+)

0

20

40

0.6 0.8 1 1.2 1.4

  14.00    /    15

Constant   43.31

Mean  0.9999

Sigma  0.2735E-01

Mar - May 2007 (e+, LE)

0

5

10

0.6 0.8 1 1.2 1.4

  3.485    /    11

Constant   10.99

Mean   1.000

Sigma  0.2127E-01

June 2007 (e+, ME)Figure 27: Ratio LPOL/TPOL for the 
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olliding bun
hes only. Superimposed is a�t to a single Gaussian 
urve, with the �t range restri
ted to be within �2�. Time periodswith known LPOL problems are not shown, see Tab. 5. The period Aug.-Nov. 2005 showspolarimeter problems too and it is re
ommended to in
rease the systemati
 un
ertainty forboth polarimeters here. 56



Old TPOL New TPOLYear Mean Width Mean Width2003 0.979 0.033 0.979 0.0282004 0.997 0.024 1.000 0.0272005 1.004 0.039 1.023 0.0362006 1.017 0.036 1.030 0.0332007 0.989 0.040 0.996 0.029Table 6: Yearwise 
omparison of mean and width of the LPOL/TPOL ratio distributions forthe old and the new TPOL analysis. For the old analysis values are taken from [9℄.jumps whi
h have not been explained in detail. During this time, from weeks 31 to 36 adrop is visible in the LPOL/TPOL ratio, followed by an in
rease in weeks 38 to 45. Thisbehaviour 
ontinued until end of 2005. Data in this period need to be treated spe
ially.During the �rst half of 2006 the LPOL en
ountered a number of serious problems. Afterthe winter shutdown a mistake in the laser transport system resulted in a wrong laser spotsize, whi
h introdu
ed spurious and unreliable measurements. These data have been 
aggedas unreliable for the LPOL and should be ex
luded from analyses, see Tab. 5. Only theTPOL measurements should be used throughout this period.A summary of all good periods is given in Tab. 6. The means vary from 1, but are 
om-patible with the quoted error of the individual measurements of 2%. From the 
ombinationof the two devi
es we expe
t a width of the distribution of around 3%. This is 
ompatiblewith the observation given in the table. Compared to the previous analysis the width hasbeen redu
ed signi�
antly.5 Re
ommendations for Polarisation Values TreatmentIn this se
tion the re
ommended way to treat the polarisation measurements from the TPOLand the LPOL is dis
ussed.5.1 Systemati
 Error ClassesThe systemati
 errors for both the TPOL and the LPOL enter into any dis
ussion of 
ombinedmeasurements. Two di�erent types of 
orrelations between the errors are 
onsidered: self
orrelations within one polarimeter, and 
orrelations between the two polarimeters. When
ombining polarisation measurements within one and with the other polarimeter both typesof 
orrelations need to be taken into a

ount. The results from both the TPOL and theLPOL 
an be written as:PLPOL � ÆPLPOLstat � ÆPLPOLLu;Tu � ÆPLPOLL
;Tu � ÆPLPOLL
;T 
 � ÆPLPOLLu;T
PTPOL � ÆPTPOLstat � ÆP TPOLTu;Lu| {z }
lass I � ÆPTPOLT
;Lu| {z }
lass II � ÆPTPOLT
;L
| {z }
lass III � ÆPTPOLTu;L
| {z }
lass IV (15)where a measurement value is a

ompanied by a statisti
al error and up to four di�erenttypes of systemati
 errors: 57



� Class I errors are totally un
orrelated systemati
 errors. They apply only to thepolarimeter in question, and are neither 
orrelated to a measurement of the same po-larimeter at a di�erent time (on a suÆ
iently large time s
ale), nor to a measurementof the se
ond polarimeter.� Class II errors 
orrelate measurements of the same polarimeter (at a di�erent time,on a suÆ
iently large time s
ale), introdu
ing a so-
alled self 
orrelation. The errors ofthis 
lass divide further into period dependent errors, i.e. where 
orrelations over largetime ranges are assumed to vanish and period independent errors, where 
orrelationsover large time ranges are assumed to persist. Examples are given e.g. by global s
alefa
tors of ea
h polarimeter (period independent), whi
h 
orrelate the measurementsof a polarimeter possibly over a large time range, but are independent of the otherpolarimeter, or errors relevant only for one polarimeter, e.g. laser beam alignment,et
. (period dependent).� Class III errors 
orrelate the measurement of one polarimeter to that of the other one.By de�nition su
h errors also imply self 
orrelation within one polarimeter. Examplesare given e.g. by ma
hine dependent errors, e.g. the HERA opti
s, whi
h might a�e
tboth polarimeters at on
e. Errors of this 
lass are period dependent.� Class IV errors are those whi
h des
ribe internally un
orrelated errors, but resultin a 
orrelation to the other experiment. This would imply that a measurement ofone polarimeter 
u
tuates quasi statisti
al, but in a 
orrelated manner with the otherpolarimeter. As both polarimeters measure the polarisation independently there is noreason to believe that su
h errors exist.The internal (self) 
orrelation a�e
ts measurements from one polarimeter at di�erenttimes in a similar way. Thus when making averages over long times, as they are needed bythe experiments, this 
orrelation needs to be taken into a

ount. It will a�e
t the error,but potentially also the value of the average. Sour
es of systemati
 error implying su
hlong 
orrelations are 
alled period independent, examples are given by e.g. the global s
aleerrors of both polarimeters. If there are reasons to believe that 
orrelations are 
hangingover suÆ
iently short times, so that two very long periods 
an be regarded as un
orrelated,the sour
es of systemati
 un
ertainty are 
alled period dependent. Class II errors 
an displayboth types of period dependen
ies.Being of quasi-statisti
al nature, the period dependen
e 
lassi�
ation is not appli
able to
lass I errors.In the absen
e of 
lass IV errors, 
orrelation with the other polarimeter also implies self
orrelation (
lass III errors). This type of errors is indu
ed by external sour
es whi
h are
ommon to both polarimeters, thus not only 
orrelating two asso
iated measurements ofboth polarimeters, but equally the measurements of ea
h polarimeter with themselves. Beingindu
ed by external sour
es whi
h are subje
t to 
hange over time, 
lass III errors are takento be period dependent.Possible period dependen
e needs to be distinguished from the possible time dependen
eof the assigned value of the un
ertainty.Tab. 1 lists the known sour
es of systemati
 un
ertainties for the LPOL and Tab. 3and Tab. 4 those of the TPOL, with the 
lass of the systemati
 errors and possible perioddependen
e (u: independent, d: dependent) indi
ated. Based on this table the �nal list ofsystemati
 errors of the two polarimeters split into the di�erent 
ategories are given in Tab. 7.58



ÆP=P (%)Class LPOL TPOLI 0.62 0.89IIu 1.70 0.99IId 0.40 1.20IIId 0.80 0.53Sum 2.01 1.87Table 7: Summary of systemati
 un
ertainties for the LPOL and the TPOL, in per
ent. Thesystemati
 un
ertainties of both polarimeters are given for three 
lasses with de�nitions asdes
ribed in Se
t. 5.1 (un
orrelated, internally 
orrelated, 
orrelated between both polarime-ters) and period dependen
e (u: independent, d: dependent).5.2 Error S
ale Fa
torsIn Se
t. 4 the ratio of LPOL/TPOL has been dis
ussed. For a given period this distributionshould be 
entred around 1, and should have a width 
ompatible with the total systemati
error within this period. Following the pro
edure for averaging results given in the PDG [22℄a �2 is formed for ea
h of the di�erent periods:�2 =Xi (hRi �Ri)2dR2i ; (16)where the sum runs over N measurements of the LPOL/TPOL ratio R with systemati
 errorsdR in this period, whi
h is formed from the separate systemati
 errors of the two polarimetersassuming full 
orrelation between the 
lass III errors. The expe
tation value of the ratio ishRi = 1. If �2=N � 1 is less or equal to 1, there are no problems with the errors. Where�2=N � 1 is somewhat larger than 1, a s
ale fa
tor is 
al
ulated a

ording toS =r �2N � 1 ; (17)by whi
h the error of the ratio is s
aled. By means of error propagation the same s
alefa
tor needs to be applied to the systemati
 
ontributions of ea
h polarimeter too. Thiss
ale fa
tor is 
al
ulated for all periods individually whi
h are 
onsidered for the polarisationmeasurement. It is based on measurements taken within a given period, ex
luding thosewhi
h are outside �2� around the mean of the distribution, to stabilise the results andremove outliers. As 
lass I errors are 
onsidered as being quasi-statisti
al errors, they donot 
ontribute in moving the ratio from 1, the s
ale fa
tors are therefore re
al
ulated to beapplied only to the 
lass II and III errors:S0 =vuuut S2 � dR2R2 �tot � �dR2R2 �I�dR2R2 �IIu + �dR2R2 �IId + � dR2R2 �IIId (18)The results of this pro
edure are summarised in Tab. 8. The heli
ity 
hanges of the longi-tudinal polarisation of the lepton beam as well as the parti
le type in the di�erent runningperiods of HERA II are summarised in Tab. 9.59



Time Period S
ale S0 from (ÆP=P )LPOL (%) (ÆP=P )TPOL (%)Nb. Year Start End Est. L �2=(N � 1) I IIu IId IIId I IIu IId IIId Comment1 2003 - 1072915199(De
. 31) � 4% 1.186 0.62 2.01 0.47 0.95 0.89 1.17 1.42 0.632 2004 1072915200(Jan. 1) 1101859199(Nov. 30) � 14% 1 0.62 1.70 0.40 0.80 0.89 0.99 1.20 0.53 Dis
ard LPOLin-between3 2004/05 1101859200(De
. 1) 1122990000(Aug. 2) � 17% 1.327 0.62 2.25 0.53 1.06 0.89 1.31 1.59 0.704 2005 1122990001(Aug. 2) 1126137599(Sept. 7) � 6% 2.551 0.62 4.33 1.02 2.04 0.89 2.52 3.05 1.355 2005 1126137600(Sept. 8) 1136073599(De
. 31) � 8% 2.402 0.62 4.08 0.96 1.92 0.89 2.38 2.87 1.276 2006 1136073600(Jan. 1) 1151711999(June 30) � 11% 1.397 - - - - 0.89 1.38 1.67 0.74 Dis
ard LPOL7 2006 1151712000(July 1) 1167609599(De
. 31) � 20% 1.397 0.62 2.37 0.56 1.12 0.89 1.38 1.67 0.74 Dis
ard LPOLat beginning8 2007 1167609600(Jan. 1) 1174521599(Mar. 21) � 7% 1.094 0.62 1.86 0.44 0.87 0.89 1.08 1.31 0.589 2007 1174521600(Mar. 22) 1180693800(June 1) � 9% 1 0.62 1.70 0.40 0.80 0.89 0.99 1.20 0.5310 2007 1180693800(June 1) - (July 1) � 2% 1 0.62 1.70 0.40 0.80 0.89 0.99 1.20 0.53Table 8: Table summarising the results from TPOL and LPOL with systemati
 errors, for the di�erent run periods of HERA II.Indi
ated is also the integrated luminosity 
olle
ted for ea
h of the periods. Note that this number is only indi
ative and in
luded forinformation only, and should not be used in any analysis. The s
ale fa
tor S0 applies to the error 
lasses II and III of both polarimeters,resulting in the e�e
tive systemati
 values for LPOL and TPOL as given in this table. The start/stop times are given as a UNIXtimestamp (se
onds sin
e 1/1/1970).

60



Time Period LPOLNb. Year Start End Parti
le Sign1 2003 - 1055000000 (June 7) e+ +11 2003 1055000001 (June 7) 1072915199 (De
. 31) e+ -12 2004 1072915200 (Jan. 1) 1080850000 (Apr. 1) e+ -12 2004 1080850001 (Apr. 1) 1088040000 (June 24) e+ +12 2004 1088040001 (June 24) 1101859199 (Nov. 30) e+ -13 2004/05 1101859200 (De
. 1) 1107200000 (Jan. 31) e� -13 2005 1107200001 (Jan. 31) 1116780000 (May 22) e� +13 2005 1116780001 (May 22) 1122990000 (Aug. 2) e� -14 2005 1122990001 (Aug. 2) 1126137599 (Sept. 7) e� -15 2005 1126137600 (Sept. 8) 1136073599 (De
. 31) e� +16 2006 1136073600 (Jan. 1) 1146620000 (May 3) e� +16 2006 1146620001 (May 3) 1151711999 (June 30) e� -17 2006 1151712000 (July 1) 1165480000 (De
. 7) e+ -17 2006 1165480001 (De
. 7) 1167609599 (De
. 31) e+ +18 2007 1167609600 (Jan. 1) 1174521599 (Mar. 21) e+ +19 2007 1174521600 (Mar. 22) 1180693800 (June 1) e+ -110 2007 1180693800 (June 1) - (July 1) e+ -1Table 9: Table summarising the longitudinal polarisation heli
ity and the parti
le type of thelepton beam for the di�erent run periods of HERA II as de�ned in Tab. 8. The heli
ity isgiven by the LPOL polarisation sign, whi
h is de�ned by the HERMES spin rotator setting.The spin rotators at H1 and ZEUS were operational from O
t. 2003 onwards and were usually
ipped together with the HERMES rotator ex
ept for the last heli
ity 
ip in Mar
h 2007.In addition an overall sign 
hange might apply and possible additional heli
ity 
hanges inthe H1 or ZEUS spin rotators are not 
omprised. The start/stop time is given as a UNIXtimestamp (se
onds sin
e 1/1/1970).
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5.3 Averaging of Polarimeter Measurements5.3.1 Error Classes in Averaging Pro
eduresThe polarimeter un
ertainties as de�ned in Se
t. 5.1 
an be 
ategorised a

ording to the typeof 
orrelation between pairs of distin
t polarisation measurements. In the following, the termfully 
orrelated shall be used for two polarisation values Pi and Pj, if the following 
onditionfor the 
orrelation 
oeÆ
ient between the two is ful�lled: �(Pi; Pj) = �1. It is importantto 
onsider the sign of the 
orrelation 
oeÆ
ient, as the LPOL measurements 
arry a signdepending on the longitudinal polarisation heli
ity. A pair of polarimeter measurements ofopposite heli
ity (PL; PR) whi
h are 
onsidered fully 
orrelated are in fa
t negatively 
orre-lated, i.e. �(PL; PR) = �1. On the other hand the term un
orrelated shall 
orrespond to the
ase where �(Pi; Pj) = 0.The relationship between the polarimeter un
ertainties and the type of 
orrelation isoutlined in more detail:� stat: Statisti
al errors are un
orrelated between any pair of polarimeter measurements.When forming averages over longer periods these errors de
rease and 
an be eventuallynegle
ted in long periods.� lo
al: Lo
al systemati
 errors 
orrespond to errors with short-range 
orrelations. Fortwo measurements taken in the same run period and with the same polarimeter the
orresponding lo
al un
ertainties are 
onsidered fully 
orrelated. If the measurementsoriginate from di�erent run periods or from di�erent polarimeters, the 
orrespondinglo
al un
ertainties are 
onsidered un
orrelated. A

ording to this lo
al errors are formedby the error 
lasses I and IId.� hera: Hera systemati
 errors originate from ma
hine dependent e�e
ts. The heraun
ertainties are fully 
orrelated for any measurement of either polarimeter within onerun period. Only if the measurements originate from di�erent run periods their heraun
ertainties are 
onsidered un
orrelated. Hera errors are represented by the error 
lassIIId.� s
ale: S
ale un
ertainties are systemati
 errors a�e
ting the overall s
ale of all mea-surements of a given polarimeter. The s
ale un
ertainties of any pair of measurementstaken with the same polarimeter are 
onsidered fully 
orrelated. When dealing withmeasurements of di�erent polarimeters, the 
orresponding s
ale un
ertainties are 
on-sidered un
orrelated. S
ale errors are represented by the error 
lass IIu.Using the notation Æ := ÆP=P for the relative systemati
 errors, the above des
ription 
anbe summarised adding 
lass I and IId errors in quadrature:Ælo
al =qÆ2I + Æ2IIdÆhera = ÆIIIdÆs
ale = ÆIIu (19)5.3.2 Averaging Pro
edureFor use in the experiments luminosity weighted time averages of the polarimeter measure-ments are required. A possible pro
edure might look like62



1. Analyse ea
h run period with 
onstant heli
ity separately. The information about thesystemati
 errors of the run periods is given in Tab. 8 and the information about heli
ity
hanges is given in Tab. 9.2. Group the experiment data for a given run period into three samples, depending on thetype of polarisation measurement available in a 
ertain time window (e.g. 5 minutes).Cal
ulate for ea
h data sample the 
ontributing integrated luminosity Li:� LL: integrated luminosity of the data sample data with LPOL measurements only� LT : integrated luminosity of the data sample data with TPOL measurements only� LLT : integrated luminosity of the data sample data with measurements availablefrom both polarimeters3. Cal
ulate for the three data samples four luminosity weighted average polarisationvalues:� PLPOLL, avg : luminosity weighted average of LPOL polarisation 
orresponding to theintegrated luminosity LL� PTPOLT , avg : luminosity weighted average of TPOL polarisation 
orresponding to theintegrated luminosity LT� PLPOLLT , avg: luminosity weighted average LPOL polarisation 
orresponding to theintegrated luminosity LLT� PTPOLLT , avg: luminosity weighted average TPOL polarisation 
orresponding to theintegrated luminosity LLTAt this step, the statisti
al un
ertainties of the polarisation averages over a full run pe-riod are small and 
an be negle
ted safely. If desired, they 
an still be 
al
ulated, takinginto a

ount that distin
t polarimeter measurements are statisti
ally independent.4. Cal
ulate the luminosity weighted average of the four polarimeter averages for the givenrun period asPavg = LLjPLPOLL, avg j+ LTPTPOLT , avg + LLT �fLjPLPOLLT , avgj+ fTPTPOLLT , avg�LL + LT + LLT : (20)Here, fL is the relative weight of the LPOL average when averaging with the TPOLand fT = 1 � fL. We re
ommend to simply use fL = 1=2, be
ause the systemati
errors of LPOL and TPOL are of similar size. However, if desired, the parameter fL
an be varied su
h that the overall systemati
 un
ertainty is minimised. Note, thatthe signed LPOL averages need to enter with their absolute values, while the TPOLvalues are heli
ity free. The average polarisation Pavg 
al
ulated in this way is heli
ityfree as well. Alternatively, the TPOL averages 
an be multiplied by a heli
ity signh = �1 
orresponding to the LPOL average signs, resulting then in a signed averagepolarisation value Pavg.The average polarisation Pavg 
an be rewritten asPavg = wLjPLPOLavg j+ wTPTPOLavg (21)63



using weights wL = LL + fLLLTLL + LT + LLT and wT = 1� wL (22)and average LPOL and TPOL polarisationsjPLPOLavg j = LL jPLPOLL, avg j+ fL LLT jPLPOLLT , avgjLL + fL LLTPTPOLavg = LT PTPOLT , avg + fT LLT P TPOLLT , avgLT + fT LLT : (23)5. Cal
ulate the 
orresponding systemati
 un
ertainties as�PLPOLs
ale, avg = wL jPLPOLavg j ÆLPOLs
ale�PLPOLlo
al, avg = wL jPLPOLavg j ÆLPOLlo
al�PTPOLs
ale, avg = wT PTPOLavg ÆTPOLs
ale�PTPOLlo
al, avg = wT PTPOLavg ÆTPOLlo
al�Phera, avg = wL jPLPOLavg j ÆLPOLhera + wT PTPOLavg ÆTPOLhera (24)
with the relative un
ertainties ÆLPOL,TPOLs
ale,lo
al,hera given by Eqn. 19 and the values as sum-marised in Tab. 8 for ea
h run period and adding the hera errors linearly to take their
orrelation into a

ount.6. Add the lo
al and the hera errors quadrati
ally as those two 
lasses are un
orrelatedto ea
h other and a
ross run periods:�Pun
orr,avg =q(�PLPOLlo
al, avg)2 + (�PTPOLlo
al, avg)2 + (�Phera, avg)2 : (25)The result are an absolute value for the average polarisation and three sour
es of sys-temati
 un
ertainty given for ea
h run period:Pavg � �PLPOLs
ale, avg � �PTPOLs
ale, avg � �Pun
orr,avg : (26)7. If desired, average run periods with same parti
le type (e+ or e�) and same longitudinalpolarisation heli
ity. The average polarisation of i = 1; N run periods with integratedluminositiesLi and average polarisations Pi derived using the pre
eding steps, 
al
ulatesas Pavg = NXi=1 WiPi with weights Wi = LiPNj Lj (27)whi
h 
an be expressed again in terms of average LPOL and TPOL polarisations asPavg =WL jPLPOLavg j+WT PTPOLavg (28)64



with LPOL and TPOL polarisations averaged over the run periods and 
orrespondingweights jPLPOLavg j = PiWiwL;i jPLPOLi jPiWiwL;iPTPOLavg = PiWiwT;i PTPOLiPiWiwT;iWL = NXi=1 WiwL;i and WT = NXi=1 WiwT;i (29)
where the weights wL;i and wT;i denote the relative weights between LPOL and TPOLaverages for ea
h run period i following Eqn. 22 and Eqn. 23. Of 
ourse, the overallweights obey WL +WT = 1.The 
orresponding systemati
 un
ertainties of the average polarisation Pavg are givenby �PLPOLs
ale, avg =Xi Wi�PLPOLs
ale;i�PTPOLs
ale, avg =Xi Wi�PTPOLs
ale;i�Pun
orr, avg =sXi (Wi�Pun
orr;i)2 (30)
where the s
ale errors of either polarimeter are 
onsidered 
orrelated a
ross periods.Example: Cal
ulate the total error on the quantity PL � PR with polarisationaverages from two di�erent run periods with opposite heli
ity.For data analysis one has to 
onsider the polarisation values from ea
h run period togetherwith the three types of error as dis
ussed above. The s
ale errors of ea
h polarimeter arefully 
orrelated a
ross run periods to themselves but un
orrelated to the s
ale errors of theother polarimeter, whereas the un
orr errors are un
orrelated.Consider two run periods with opposite heli
ity (denoted by L and R):PL � �PLPOL, s
aleL ��PTPOL, s
aleL ��P un
orrLPR � �PLPOL, s
aleR ��PTPOL, s
aleR ��P un
orrRNote, that by 
onvention all errors are positive numbers here and that in the 
ase of di�erentheli
ities, where PL > 0 and PR < 0, the s
ale errors are negatively 
orrelated. The totalerror on the quantity PL � PR thus is given by�(PL � PR) = ���P un
orrL )2 + (�P un
orrR �2+ ��PLPOL, s
aleL ��PLPOL, s
aleR �2+ ��PTPOL, s
aleL ��PTPOL, s
aleR �2� 12 (31)65



Period Pavg (%) ÆP un
orravg (%) ÆPLPOL,s
aleavg (%) ÆPTPOL,s
aleavg (%) ÆP totalavg (%)e+L -36.3 0.73 0.70 0.67 1.21e+R 30.4 0.75 0.98 0.64 1.39e�L -26.0 1.10 0.99 1.10 1.84e�R 30.3 1.03 0.91 1.15 1.79Table 10: Table summarising estimated average results for the four di�erent periods witheither positron or ele
tron running and left or right handed polarisation state. Here, left/rightheli
ity refers to a negative/positive LPOL polarisation sign, following the 
onvention at H1.For this estimation the suggested averaging pro
edure has been applied to all of HERAII polarimeter data using equal integrated luminosity weights for all 5 minute bu
kets asdes
ribed in Se
t. 5.3.2, enumeration point 2. The total systemati
 un
ertainty is 
al
ulatedby adding all three distin
t sour
es in quadrature. The values are for illustration only andwill vary in the analyses when the experiments' integrated luminosities and data sele
tion
uts are properly taken into a

ount.6 SummaryIn this note the �nal analyses of the polarisation in the TPOL and the �nal results of theLPOL polarimeter at HERA II are presented. The analysis for the transverse polarimeterTPOL is based on a 
omplete reanalysis of the data re
orded during the HERA II running.E�e
ts from the position and property of the intera
tion region between the laser beam andthe lepton beam are taken into a

ount. For the �rst time the e�e
t from the non-vanishinglinear light polarisation are 
onsidered as well. An internal systemati
 error of the TPOL of1:9% has been found. The analysis of the LPOL has been reevaluated and the systemati
errors have been essentially 
on�rmed to be 2:0%.The polarisation s
ale for the TPOL has been 
on�rmed in a totally independent way usingrise time measurements, whi
h were done at the end of the HERA II running in 2007. Goodagreement with the polarisation s
ale intrinsi
 to the analysis is found, with no indi
ationsof a systemati
 shift or bias.A pro
edure to average the results from the two polarimeters TPOL and LPOL is de-s
ribed. It takes into a

ount possible 
orrelations between the two polarimeters, and betweenperiods of di�erent running 
onditions. A pres
ription is presented how the experimentsshould use the polarisation values in their analyses.When applying the suggested averaging pro
edure to the 
omplete set of HERA II po-larimeter data using equal 
ontributing integrated luminosity values Li for every 5 minutebu
ket as des
ribed in Se
t. 5.3.2, enumeration point 2, the 
ontributions of systemati
 un
er-tainty for the four running periods with either ele
trons or positrons and left or right handedpolarisation 
an be estimated. The results are shown in Tab. 10. Following this estimationthe total systemati
 un
ertainty, 
al
ulated by adding the three systemati
 
ontributions inquadrature, is for all four periods < 1:9% and for the positron run periods even < 1:4%.These estimated results are for illustration only. It is expe
ted that the pre
ise results willvary somewhat for the experiments as their integrated luminosities and data sele
tion 
utsneed to be taken into a

ount properly. 66
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