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Abstra
tThe prospe
ts for the analysis of � 
hannels at the SUSY ben
hmark pointSPS1a', espe
ially from e+e� ! ~�+1 ~��1 and e+e� ! ~�+2 ~��2 , have been studied in fullsimulation of the ILD dete
tor 
on
ept foreseen for the International Linear Col-lider. All a

essible SUSY 
hannels as well as all Standard Model ba
kgrounds weregenerated at a 
entre-of-mass energy ECMS=500 GeV, in
luding the beam energyspe
trum and beam ba
kgrounds expe
ted for nominal ILC beam parameters. Withan integrated luminosity of 500 fb�1 delivered to the experiment, the masses of the ~�1and ~�2 
an be measured to 107:73+0:03�0:05 GeV�1:1 �ÆM~�01 and 183+11�5 GeV�18 �ÆM~�01 ,respe
tively, while the true values in SPS1a' are 107.9 GeV and 194.9 GeV, respe
-tively. This 
orresponds to ÆM~�1=M~�1 � 0:1 % and ÆM~�2=M~�2 � 3 % with reasonableassumptions on ÆM~�01 . The 
ross se
tions for ~�1 and ~�2 pair produ
tion 
ould beobtained with a pre
ision of 3.1 % and 4.2 %, respe
tively. Combining the mass and
ross se
tion measurement in the ~�2 
hannel allows to determine the LSP mass witha relative error of 1.7 %, assuming a known ~� mixing angle. In ~�1 ! � ~�01 de
ays,the � polarisation is measured to be 91 � 9 % and 86 � 5 % in the � and � de
ay
hannels of the � , respe
tively. The true value in the simulated SPS1a' sample is89.6 %.
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1 Introdu
tionThe present study of the SUSY ben
hmark point SPS1a' [1℄ at the International LinearCollider (ILC), whi
h was undertaken as a part of the preparation of a Letter of Intentfor the ILD dete
tor [2℄, fo
uses on 
hannels with � leptons in the �nal state. Contraryto previous fast simulation studies, e.g. [3℄, [4℄, [5℄, it is entirely based on full dete
torsimulation of SUSY pro
esses (signal as well as ba
kground), all Standard Model (SM)ba
kgrounds, and ILC ma
hine ba
kground. The main obje
tive of the study was to assesthe 
apabilities of the ILD dete
tor in pro
esses parti
ularly sensitive to beam-beam ba
k-ground and dete
tor hermeti
ity. It is also a good probe for the parti
le identi�
ation
apabilities and momentum resolution of the dete
tor. Furthermore, as several fast sim-ulation studies have been performed in the past on similar models, the results presentedin this work will give the opportunity to validate these results under more realisti
 
ondi-tions, and thus gain 
on�den
e on the validity of su
h studies in other 
hannels. Finally,the ri
h phenomenology of SPS1a' makes it a good model to underline the advantages ofhaving an ele
tron-positron 
ollider that is tunable both in energy and beam polarisation.Spe
i�
ally, the pro
ess e+e� ! ~�1+~�1� ! �+ ~�01�� ~�01 has been studied with the goalto determine the a
hievable pre
ision on the ~�1 mass, the ~�1 pair produ
tion 
ross se
tionas well as the � polarisation in the ~�1 de
ay. For the latter, the de
ay modes � ! ����and � ! ���� ! ���0�� have been 
onsidered. In addition, the expe
ted pre
ision onthe ~�2 mass and the ~�2 pair produ
tion 
ross se
tion have been determined in the pro
esse+e� ! ~�2+~�2� ! �+ ~�01�� ~�01.The SUSY ben
hmark point SPS1a' features a quite light mass spe
trum in the sleptonse
tor, and heavy squarks. Bosinos up to ~�03 (in e+e� !~�01 ~�03) would be produ
ed atECMS = 500 GeV. It is a pure mSUGRA model [6℄, hen
e R-parity and CP are 
onserved.The uni�
ation s
ale parameters are: M1=2 = 250 GeV, M0 = 70 GeV, A0 = �300 GeV,tan� = 10, and sign(�) = +1. The point is 
ertainly not in 
ontradi
tion with anyexperimental limits [7℄. In fa
t, it is quite 
lose to the most likely point indi
ated bypresent ele
tro-weak pre
ision measurements, if these are interpreted within a CMSSMframework [8℄. In the present study, the phenomenology of SPS1a' was evaluated usingSPheno [9℄ to run the uni�
ation s
ale model to the ele
tro-weak s
ale.The ~�1 is the next-to-lightest SUSY parti
le, the NLSP, with M~�1 = 107:9 GeV andM~�01 = 97:7 GeV, so �(M) = 10:2 GeV. Due to this rather small mass di�eren
e thetypi
al signature of e+e� ! ~�1+~�1� events are two a
ollinear � leptons with a maximalenergy of E�;max = 42:5 GeV (for ECMS = 500 GeV, and M� = 1:777 GeV), plus asigni�
ant amount of missing momentum due to the es
aping neutralinos. As SPS1a'is a point with a sizable 
o-annihilation 
ontribution to the dark matter reli
 density,M~�1 is an espe
ially important quantity to determine. This is usually done by measuringthe upper endpoint of the energy spe
trum of the � leptons from the ~�1 de
ay, whi
h isequal to E�;max. If also the minimal allowed � energy E�;min 
an be determined, bothM~�1 and M~�01 
an extra
ted simultaneously - if not, information onM~�01 from other SUSYpro
esses is required. In our 
ase, E�;min is as low as 2:6 GeV. At su
h low � energies,the ba
kground from 

 ! �� events is overwhelming and will pose a problem for thestudy of the ~�1. 1



The mass of the ~�2 is 194.9 GeV, so that E�;min = 35:0 GeV and E�;max = 152:2 GeV.Hen
e, the 

 ba
kground is less severe, but instead the ba
kground from e+e� !WW !`�`� be
omes problemati
. Another 
onsequen
e of the ~�1 being the NLSP is that �leptons are present in a large fra
tion of the SUSY de
ays, so that SUSY itself will be amajor ba
kground sour
e for � 
hannels.Another important observable for 
hara
terising the ~� system is the � polarisation. Itdepends on both the mixing angle �~� of the 
hiral ~� eigenstates into the mass eigenstates,as well as on the Higgsino and gaugino 
omponents of the ~�01, sin
e the intera
tion ofgauginos and sfermions 
onserves 
hirality, while the Yukawa intera
tion of the Higgsino
ips the 
hirality. The physi
s of the ~� -se
tor and espe
ially of the resulting � polarisationis dis
ussed in detail in [3℄.In SPS1a', the ~�01 is expe
ted to have quite a small Wino 
omponent, so the ~�01 
ouldbe parametrised by a single Bino-Higgsino mixing angle. To evaluate the the ~� mixingmatrix, one needs to measure both ~� masses and �~� . This 
an be done by measuringthe 
ross se
tion and the endpoint of the energy spe
trum of the � de
ay produ
ts. Theformer depends on �3 = (1�4M~� 2=s)3=2 and �~� , while the latter depends onM~� andM~�01 .As both ~� sleptons are a

essible, there are four independent measurements possible toevaluate four parameters. However, a more sensitive 
hannel to determine �~� is the mixedprodu
tion, e+e� ! ~�1~�2. To do so, it is of paramount importan
e to run the a

eleratorat a 
entre-of-mass energy between the thresholds for ~�1~�2 and ~�2~�2 produ
tion - in SPS1a'between 303 and 390 GeV - otherwise the ba
kground from ~�2~�2 be
omes too severe. Asthe present study is performed at ECMS = 500 GeV, we have therefore not pursued thedetermination of the mixing angle.The outline of the paper is as follows: We start by dis
ussing the dete
tor model used,the 
hoi
e of beam polarisation, and the methods used to generate the event samples,followed by a breakdown of the di�erent 
hannels. In the following se
tion, the methodto extra
t the ~� signal is outlined by introdu
ing the most signi�
ant di�eren
es betweenthe signal and the various ba
kgrounds. We 
ontinue with a des
ription of the methodused to determine the endpoint of the � spe
trum and the 
ross se
tion. Be
ause oftheir di�erent signatures, and di�erent main ba
kgrounds, the analysis for ~�1 and ~�2 areseparated into individual subse
tions. The subsequent se
tion dis
usses the determinationof the � polarisation, based on the � de
ays into � and �, respe
tively. We 
on
lude witha dis
ussion on possible ameliorations to be implemented in a future study.2 Dete
tor and SimulationThe ILD dete
tor is des
ribed in detail in [2℄. For the present study the \simulationbaseline" dete
tor was used, whi
h is shown in Fig. 1.Of parti
ular importan
e for the present studies are the main tra
king dete
tor (theTPC), the main ele
tromagneti
 
alorimeter (the ECal), and the low angle 
alorimeters(the LumiCal, the LHCal and the BeamCal).2



The tra
k �nding eÆ
ien
y, even in high multipli
ity events with overlaid beam ba
k-ground, is 99.5 % for momenta above 1 GeV. The transverse momentum resolution(�(1=PT ) = �(PT )=P 2T ) is expe
ted to be 2:0� 10�5 GeV�1 asymptoti
ally, worsening to9:0�10�5 GeV�1 at 10 GeV, and to 9:0�10�4 GeV�1 at 1 GeV. In the low angle region,
harged tra
ks will be eÆ
iently dete
ted down to � = 7Æ, while the only region not in thea

eptan
e of the 
alorimetri
 system are the holes in the BeamCal for the beampipes.Around the outgoing beampipe, the radius of the hole is 20 mm at z=3550 mm, 
orre-sponding to 5.6 mrad. Sin
e the 
rossing angle of the beams is 14 mrad and the holefor the in
oming beampipe has R=16 mm, the lower edge of the a

eptan
e in
reasesto 18.5 mrad at � � 180Æ. The ECal is a highly granular SiW sampling 
alorimeterwith a transverse 
ell size of 5 mm � 5 mm and 20 layers. In test-beam measurementswith a prototype dete
tor a resolution of (16:6� 0:1)=pE(GeV)� (1:1� 0:1)% has beena
hieved [2℄. The simulation used here shows a similar resolution.The ILD 00 dete
tor model was fully simulated using the Geant4-based Mokka [11, 12℄pa
kage. The model not only a

ounts for the a
tive elements, but also for supportstru
tures, for 
ables and 
ooling systems, and dead regions in the sensitive layers. Inthe TPC, the properties of the P5 gas mixture was taken into a

ount [13℄, resulting in aparametrisation of the point error depending on both drift distan
e and lo
al tra
k-padangles. Two aspe
ts of the dete
tor, relevant for the present study, were simulated inless detail: The spe
i�
 energy loss in the TPC was estimated by the theoreti
al Bethe-Blo
h formula, taking into a

ount the a
tual TPC geometry and read-out granularity,to yield an estimate of the separation power between di�erent parti
le spe
ies [14℄. Thisestimate was used to simulate the dE=dx-based parti
le identi�
ation on a tra
k-by-tra
k basis. Furthermore, the response of the BeamCal to high energy ele
trons wasestimated by tra
king the ele
tron to the BeamCal, and then determining the probabilityof dete
tion from a map of the expe
ted energy density from beamstrahlung pairs, and aparametrisation of the probability to dete
t an ele
tron of a given energy above a givenba
kground energy density. Both the map and the parametrisation were obtained from aseparate full simulation study of the BeamCal alone.The �rst means to in
rease the visibility of the ~� signal above the ba
kground is todetermine what beam parameters are the most favourable. Be
ause SUSY itself poses aba
kground problem in the ~� analysis, it is required to run the ILC at the polarisation thatminimises the ba
kground. For 100 % right e+ polarisation and 100 % left e� polarisation(Pbeam(e+; e�)=(+1,�1)), the 
ross se
tions for ~�02 ~�02 and ~�+1 ~��1 produ
tion are several100 fb, and the bran
hing ratios to ~� are above 50 %. With the opposite polarisation,however, these 
ross se
tions will almost vanish. The SM 
ross se
tions are also redu
edfor Pbeam=(�1,+1), albeit not so dramati
ally. In the 
ase of the ~�1, an added advantageis that the produ
tion 
ross se
tion is enhan
ed by a fa
tor of 3 for Pbeam=(�1,+1)
ompared to the opposite 
ase. For the ~�2, the reverse is true, but the gain from theredu
tion of the ba
kground was found to be the more important feature. Hen
e, these
hannels were studied assuming Pbeam=(�0.3,+0.8), the highest level of polarisation inthe advantageous 
on�guration attainable with the 
urrent baseline design of the ILC.To generate events, the energy spe
trum of the ILC beams were simulated �rst, in-
luding the e�e
ts of both the beamstrahlung and the energy spread from the mainLina
. With these inputs, SUSY as well as Standard Model events were generated by3



Whizard [15℄. All SM 
hannels with up to 6 fermions in the �nal state were simulated.In addition, all 8 fermions �nal states passing the intermediate state t�tf �f were also gen-erated. For 
hannels 
ontaining � leptons, TAUOLA [16℄ was used to generate the �de
ays. By default, the heli
ity of the � is only internally generated in Whizard, so aninterfa
e between Whizard and TAUOLA was developed in order to 
orre
tly transfer thisinformation between the two programs. In the 
ase of 

 events, only multi-peripheraldiagrams were in
luded if the value of Q2 was below 16 GeV2. However, other types ofdiagrams (VDM, di�ra
tion, et
.) do not produ
e events with large missing transversemomentum [4℄. Ex
ept for the 
hannel e+e� !

ee ! ��ee, a further 
ut at generatorlevel ex
luded all 

 events where the invariant mass of the f �f -pair was below 10 GeVfrom further treatment. It should be pointed out that the simulation also in
ludes the
-
omponent of the in
oming beams, so that the 

 sample also in
ludes the pro
esseswhen one or both of the 
's are real.In addition to these physi
s 
hannels, the 
reation of e+e� pairs due to the beam-strahlung pro
ess were generated, using GuineaPig [17℄, and simulated with Mokka. Some125000 su
h low energeti
 pairs are expe
ted to be 
reated in ea
h bun
h 
rossing. A largefra
tion of these will leave the dete
tor through the outgoing beampipe, but neverthelessthe remaining pairs will deposit a large amount of energy in the BeamCal, and will 
re-ate a large number of hits in the inner part of the tra
king system. Approximately oneadditional 
harged parti
le per event will be dete
ted in the TPC, and a large number oflow energy photons will produ
e small showers in the 
alorimeters, or will 
onvert in thetra
king system. Due to the very large number of parti
les, this pro
ess 
annot be simu-lated on an event-by-event basis, but rather a pool of 1000 bun
h 
rossings was simulatedseparately. For ea
h physi
s event, one su
h bun
h 
rossing was sele
ted at random, andoverlaid to the event at the analysis stage1.The total simulated sample 
omprised some 13 million events. The samples gener-ated for the 6 and 8 fermion 
hannels 
orresponded to a integrated luminosity of at least500 fb�1. For the four fermion 
hannels, the sample sizes for the 
hannels not 
ompat-ible with 

 (i.e. 
hannels not having an e+e�-pair in the �nal state) 
orresponded tobetween 50 and 100 fb�1, while the sample sizes of the 
hannels 
ompatible with 

 
or-responded to 0.1 fb�1 (Q2 < 16 GeV2 for both beam remnants), 1 fb�1 (Q2 < 16 GeV2for one beam remnant, Q2 > 16 GeV2 for the other), or 50 fb�1 (Q2 > 16 GeV2 for bothbeam remnants). Finally, for the two fermion 
hannels, the hadroni
 and muoni
 sam-ples 
orresponded to 20 fb�1, the �+�� sample to 500 fb�1, while the Bhabha 
hannels
orresponded to 1 fb�1. (In the Bhabha sample, a generator level 
ut of 
os � < 0:96 and
os �a
ol < 0:966 was imposed). The total SM ba
kground expe
ted at ECMS = 500 GeVfor an integrated luminosity of 500 fb�1 was 4.92 �109 events, 
ompletely dominated bythe 

 and Compton s
attering pro
esses. Apart from these two sour
es, the ba
kgroundwas 1.53 �108 events, dominated by 9.94 �107 of e+e� !`` events, mainly Bhabhas.The SUSY sample was divided into ~�1~�1, ~�2~�2 and other 
hannels. In all 
ategories, thegenerated sample 
orresponded to at least 500 fb�1. The total number of expe
ted eventsin the three 
ategories were 7.92 �104, 8.85 �103, and 1.20 �104, respe
tively.The simulated events were re
onstru
ted with MarlinRe
o [18℄. Tra
ks in the tra
kingsystem were re
onstru
ted using the Kalman �lter method, adopted from DELPHI [19℄,1This pro
edure was not performed for the polarisation measurement.4



and the 
alorimetri
 signals were treated using the parti
le 
ow paradigm, implementedwith Pandora [20℄, with the PFOid pa
kage used for parti
le identi�
ation.3 Mass, 
ross se
tion and polarisation measurementsThe key 
hara
teristi
s of ~� produ
tion and de
ay, whi
h single it out from the ba
kground,are:� only two � leptons in the �nal state� large missing energy and momentum� high a
ollinearity, with little 
orrelation to the energy of the � de
ay produ
ts� 
entral produ
tion� no forward-ba
kward asymmetryDi�erent ba
kgrounds dominate for the ~�1 and the ~�2: for the ~�1, the 

 ba
kgroundis important, while WW ! l�l� is less important; the opposite is true for the ~�2. For themass measurement, the SUSY ba
kground is not very important, be
ause it is dominatedby ~��1 ~��1 and ~�02 ~�02 produ
tion with 
as
ade de
ays over ~� sleptons. In SPS1a', thekinemati
 limits of these pro
esses are well below those of both ~�1 and ~�2 pair produ
tion,so they have little in
uen
e on the determination of the endpoints of the spe
tra. For thepolarisationmeasurement, the entire spe
trum is needed, and hen
e the SUSY ba
kgroundbe
omes more important. Therefore the sele
tion 
uts di�er for the single analyses, butnevertheless two sets of 
ommon initial 
uts 
an be de�ned, one set to sele
t the signaltopology, and another to reje
t 

 events.3.1 Topology sele
tionThe �rst step in the topology sele
tion was to group parti
les into jets. Jet �nding wasperformed in two ways: for the polarisation analysis, where no beam indu
ed ba
kgroundwas overlaid, the standard Durham algorithm was used [21℄, for
ed to yield two jets. Inthe mass analysis, the overlaid beam indu
ed ba
kground implies that su
h a methodhas too low an eÆ
ien
y due to extra tra
ks and 
lusters from the ba
kground. In this
ase, re
onstru
ted parti
les to be 
onsidered for the jet 
lustering were �rst sele
tedby demanding that all parti
les should have an energy ex
eeding 500 MeV, and that any
harged parti
le should have at least one hit in the TPC. To ex
lude neutrals re
onstru
tedfrom showers indu
ed by the beam ba
kground, it was demanded that they should not bere
onstru
ted from hits in the BeamCal, nor should the re
onstru
ted starting-point of theshower be deep in the innermost part of the forward hadroni
 
alorimeter (jzj > 3200 mmand r < 500 mm). Then the algorithm used in DELPHI to �nd � leptons in ~� eventswas used [22℄. This algorithm - to be applied only after sele
ting low 
harged multipli
ity5



events - goes through all possible 
ombinations of 
harged tra
ks, trying to 
ombine theminto groups with invariant masses of Mjet < 2 GeV, under the 
ondition that if severalsu
h groupings were possible, the one with the lowest sum of jet-masses should be taken.In a se
ond step, neutrals were added to the 
harged groups, still respe
ting the maximalmass. Any neutrals left over were labelled as belonging to the ROE group (\Rest OfEvent").Events 
ompatible with the ~� topology were then sele
ted in both analyses by requir-ing:� exa
tly two jets� less than 10 
harged parti
le 
andidates� vanishing total 
harge� 
harge of ea
h jet = �1� invariant jet masses Mjet < 2:5 GeV for both jets� a total visible energy Evis < 300 GeV� a missing mass Mmiss > 250 GeV� no parti
le with momentum above 180 GeVHere Mmiss, the invariant mass of the invisible system, is determined by the di�eren
ebetween the initial e+e� system and the visible system. After these 
uts, 9.23 �108events remained in the standard model sample (2.41 �105 non-

). In the three SUSYsubsamples, 6.92 �104, 7.36 �103 and 8.41 �103 events remained at this stage.3.2 Reje
tion of 

 events, and other SM pro
essesThe 
hara
teristi
s of the 

 ba
kground is the presen
e of two highly energeti
 beamremnant ele
trons at low angles, while the rest of the event forms a system of low energyand mass. A veto against large energy deposits at small angles was therefore imposed.The events that remained did so be
ause the beam remnants es
aped the dete
tor throughthe in
oming or outgoing beampipe. This limits the missing transverse momentum PT ,and implies that the visible system 
onsists of two fermions almost ba
k-to-ba
k in thetransverse proje
tion. In the dire
tion of the in
oming beampipe of the other beam, amu
h larger de
e
tion of the beam remnant 
ould pass undete
ted, so a 
ut on PT needsto depend on the azimuthal angle of the missing momentum.After the low angle veto, a 

 ! �� event 
ould only have both high missing PT andlarge �a
op (the angle between the two jets proje
ted to the plane perpendi
ular to thebeam axis) if the de
ays of the two � leptons were asymmetri
: one of the � leptons musthave de
ayed with the visible produ
ts going 
lose to opposite to the � dire
tion - giving a6



jet at large angle to the � , but low energy - while the other must have done the opposite -giving a jet with small angle to its parent � , and large energy. This property was exploitedby the variable �?, the s
alar sum of the transverse momenta of the jets w.r.t. the thrustaxis, in the proje
tion perpendi
ular to the beam [23℄. Also e+e� !�+�� events tend tohave lower �? than the SUSY signal. Figure 2 shows the simultaneous distribution of �?and �a
op for signal and ba
kground events.This lead to the following initial 
uts to redu
e the 

 ba
kground:� �? > (2:7 sin�a
op + 1:8) GeV. A similar form of this 
ut was proposed in [24℄.� no signi�
ant a
tivity in the BeamCal� If the azimuthal angle of the missing momentum, �ptmiss, was within 30Æ to thedire
tion of the in
oming beampipe, the value of the missing transverse momentumshould ex
eed 8 GeV, see Fig. 3.At this stage, 1.27 �106 events remained, of whi
h 3.82 �104 were non-

 events. Theredu
tion of the ~�1~�1 signal sample, as well as of the SUSY ba
kground sample, is sizabledue to these 
uts: 2.26 �104 events remained for ~�1~�1, while 4.33 �103 remained for theba
kground. The ~�2~�2 sample, on the other hand, was little a�e
ted, due to its highermissing momentum: 6.26 �103 still remained.In the single analyses, di�erent 
uts were used to further redu
e this ba
kground toa

eptable levels. They were intrinsi
ally di�erent for the various 
ases. The polarisationstudy relied on parti
le identi�
ation, and this also heavily 
onstrained the ba
kground.In the ~�2 analysis, the signal had high enough visible energy that the 

 ba
kground 
ouldeasily be redu
ed.In the study of the ~�1 (both mass and polarisation in the � 
hannel), the following
uts were made in addition:� Evis < 120 GeV,� j 
os �jetj < 0:9 for both jets,� �a
op > 85Æ,� (Ejet1 + Ejet2) sin�a
op < 30 GeV.The 
ut on (Ejet1+Ejet2) sin�a
op, shown in Fig. 4, was e�e
tive be
ause the remainingSUSY ba
kground 
ame from de
ays of heavier sparti
les, and thus tended to be lessba
k-to-ba
k than the signal. At this stage the SM ba
kground was redu
ed to 9.95 �104events, of whi
h 1189 were non-

 events. 1.90 �104 ~�1~�1 events remained, while theSUSY ba
kground was redu
ed to 2.51 �103 events.
7



3.3 ~� endpoint and 
ross se
tionThe ~� mass 
an be extra
ted from the endpoint of the E� spe
trum, whi
h is equal toE�;max, and the ~�01 mass, known e.g. from a separate analysis of ~e and ~� de
ays. Inprin
iple, the maximum of the spe
trum is at E�;min, so that the ~� 
hannel 
an be usedto determineM~�01 as well, but due to the large 

 ba
kground, the turnover point is quitehard to observe.In the analysis of both the ~�1 and ~�2 mass, two additional 
uts were applied againstthe 

 ba
kground: The dire
tion of the missing momentum ve
tor was restri
ted toj 
os �missj < 0:8. In events with more than 2 GeV of energy in the ROE group, at least20 % of that energy should be observed at angles above 30Æ to the beam axis. With these
uts, there were 2.22 �104 SM ba
kground events left in the sub-sample sele
ted for theanalysis of the ~�1 properties (the \ ~�1 sample" in the following). At this stage it is a subsetof the sample sele
ted for the analysis of the ~�2 properties (the \~�2 sample"), whi
h still
ontains 1.15 �105 SM events. The remaining signal in the two 
ases was 1.40 �104 for~�1~�1, and 4242 for ~�2~�2. In addition, the ~�1 sample 
ontained 214 ~�2~�2 events, and 1559other SUSY events, while the ~�2 sample 
ontained 1.56 �104 ~�1~�1 events, and 3033 otherSUSY events.3.3.1 ~�1 endpoint and 
ross se
tionFor the ~�1 sample, it was �nally demanded that the mass of the visible system, Mvis,be above 20 GeV and below 87 GeV. After these 
uts, 10244 ~�1 signal events remained(14.85 % eÆ
ien
y), while the SM ba
kground amounts to 323.5 events. The total SUSYba
kground 
ontained 1029.6 events, in
luding a 
ontribution of 170.0 ~�2 events. Fig. 5shows that the endpoint was almost ba
kground free. The turnover point, whi
h is equalto the minimal � energy E�;min = 2:6 GeV for most de
ay 
hannels, was too distorted bythe 
uts to be measurable.The remaining ba
kground 
lose to the endpoint - in the range between 30 and 70GeV - was found to be well des
ribed by an exponential, and was �tted in the signal-freeregion above 44 GeV. The ba
kground �t was subtra
ted from the observed spe
trum,and the ba
kground-subtra
ted spe
trum was �tted with a straight line in the range from30 to 41.5 GeV. As the dominating ba
kground stems from SM pro
esses, it 
an beargued that, on
e ILC data is available to tune the SM simulation, the ba
kground willbe known to a pre
ision mu
h better than what 
an be determined from the presentsimulation. Therefore, the error on the expe
tation value of the ba
kground was assumedto be negligible 
ompared to its Poisson 
u
tuations. Hen
e, the error on the ba
kground�t was not propagated into the statisti
al errors. Under these assumptions, the result ofthe �t was E�;max = 42:11+0:14�0:12 GeV. One notes that this number is not 
ompatible withthe true value (42:54 GeV, with mass e�e
ts in the � de
ay in
luded). The di�eren
eis 1.1%, equal to 3.1 �. It re
e
ts the fa
t that a straight line is not quite adequateto des
ribe the spe
trum near the endpoint. For a �nal analysis a more sophisti
atedfun
tion would be needed, either theoreti
al (in
luding the properties of the di�erentde
ay 
hannels and their bran
hing ratios), or by building MC generated templates.8



Fitting M~�1 instead of the endpoint position, the result was M~�1 = 107:73+0:03�0:05 GeV.(The true value in SPS1a' is M~�1 = 107:86 GeV.) However, this result assumes that M~�01is known. At this model point, the derivative of M~�1 w.r.t. M~�01 is 1.1, so the a
tual erroron M~�1 is 30 MeV � 1.1�ÆM~�01. In [25℄, an analysis of ~�L~�L produ
tion using the samefully simulated sample was presented. The author found ÆM~�01 = 1100 MeV from this
hannel alone, so using all ~� and ~e 
hannels, one 
ould expe
t that ÆM~�01 � 250 MeV.This is still a very 
onservative number, sin
e previous fast simulation studies of ~�R~�Rand ~eR~eR produ
tion in similar, though not identi
al s
enarios found ÆM~�01 � 200 MeVand ÆM~�01 � 80 MeV, respe
tively [24℄. In the most optimisti
 
ase, the relative error�(M~�1)=M~�1 is 0.09 %, a value still dominated by ÆM~�01 .The \e�e
tive" 
ross se
tion, i.e. the 
ross se
tion for the beam energy spe
trumand the polarisation a
tually delivered by the ILC, was measured as follows: As themain ba
kground in this analysis arose from other SUSY 
hannels, one 
ould not assumethat the ba
kground was known with arbitrarily good pre
ision from simulation, as one
an argue for the SM ba
kground. It needed either to be estimated from data, or tobe redu
ed so mu
h that even a very large un
ertainty of its expe
ted level had littlein
uen
e on the �nal number. In prin
iple, one 
ould use the fa
t that the ~�1 signal isde
reased in Pbeam = (+0:3;�0:8), while the SUSY ba
kground is largely enhan
ed to getan equivalent, but almost signal-free, sample. However, it was quite diÆ
ult to redu
e the~�1 signal to negligible levels. This would ne
essitate a thorough study of the ~��1 
hannel,whi
h was beyond the s
ope of the present study. Instead, another approa
h was used: byrequiring that at least one jet had an energy above 25 GeV, and none had an energy above42 GeV, and that no jet was identi�ed as a single lepton, the total SUSY ba
kgroundwas redu
ed to 49 events, a

ompanied by 18 SM events, while 2226 signal events stillremained. The max(Ejet) spe
trum in this sample is shown in Fig. 6.Assuming that the un
ertainty on the SUSY ba
kground is 100 %, this yielded arelative un
ertainty on the expe
ted number of signal events �(Nsignal)=Nsignal = 3:1 %This number of events gave an \e�e
tive" 
ross se
tion �eff=Nsignal=(L�signal)=158:4�4:9 fb. The value is, by 
onstru
tion, equal to the expe
ted one, and the error only 
omesfrom the un
ertainty on Nsignal: The un
ertainty on L is expe
ted to be < 0.1 % [26℄,i.e. negligible w.r.t. 3.1 %. For the present analysis, the error on �signal is 2 %, but thisnumber 
ould be made signi�
antly smaller with a larger simulated sample.In the 
ross se
tion, M~�1 only enters via an overall fa
tor �3 : �~�1 = A� �3=s, whereA is a fun
tion of �~� and Pbeam2. This gives M~�1 = Ebeamp1� (�s=A)2=3, and the erroron the mass is �2(M~�1) =(dM~�1d� )2�(�)2 + (dM~�1dE )2�(E)2+(dM~�1dA )2�(A)22One 
an note that the maximum 
ross se
tion o

urs at Ebeam =p5=2M~�1 i.e. at 170.6 GeV. Hen
e,Ebeam= 250 GeV is not optimal for extra
ting the mass from the 
ross se
tion: the (M~�1 independent)1=s de
rease of the 
ross se
tion is more important than the �3 rise.9



Considering this at �xed A,�(M~�1)M~�1 = q(�(�)� �2)2 + (�(E)E (3� 5�2))23(1� �2)The design goal for the ILC is �(E)E � 0:1% [27℄, so for SPS1a', and the given Ebeam, these
ond term is negligible, and �(M~�1)=M~�1 = (�(�)=�)(�2)=3(1� �2)= 2.1 %.Finally, it 
an be noted that, assuming the ba
kground and signal sele
tion eÆ
ien
iesremain the same, the optimal 
entre-of-mass energy for determining M~�1 from the 
ross-se
tion is 250 GeV. With these assumptions, the error on the mass is redu
ed to aquarter, i.e. �(M~�1)=M~�1 = 0.5 %. It is most probable that the ba
kground levels wouldbe substantially lower, sin
e there is no SUSY ba
kground at ECMS = 250 GeV. It ispossible that the SM ba
kground would in
rease, due to the 
hange of 
uts needed toa

ommodate the 
hange in signal 
hara
teristi
s: E�;min in
reases to 5.7 GeV, whileE�;max de
reases to 16.9 GeV. However, this would only mean trading a poorly knownSUSY ba
kground for a well known SM one.3.3.2 ~�2 endpoint and 
ross se
tionFor the ~�2 sample, it was demanded that Evis > 50 GeV, and �a
op < 155Æ, and the energyof the ROE-group was below 10 GeV. These 
uts left 8095 SM ba
kground events, 3500of whi
h were from WW ! l�l�, the rest being ZZ ! ll�� or six-fermion events. In the~�2~�2 sample, 3156 events remained, while 360 SUSY ba
kground and 339 ~�1~�1 events alsopassed the 
uts. As the main ba
kground at this level was found to be WW ! l�l�, itwas requested that the other jet was not a single ele
tron or muon, sin
e the probability,inWW ! l�l� events, that a genuine � from one W -de
ay is a

ompanied by an ele
tronor muon on the other side is 78 %, while it is only 35 % for a � from a ~� de
ay. At thispoint, most SUSY ba
kground events had a maximum kinemati
ally allowed jet energywell below the endpoint of the ~�2 spe
trum. Only ~�L~�L and ~eL~eL events where one ofthe sleptons de
ayed in a 
as
ade via a ~��1 to a � remained. These events were reje
tedby requiring that the most energeti
 jet should not be an ele
tron or a muon. Finally, alikelihood ratio was formed of the joint distributions of qjet1 
os �jet1 and qjet2 
os �jet2 forsignal and SM ba
kground, as shown in Fig. 7. The jet 
harges qjet;i are determined by the
harge sum of the tra
ks in the jet, without any momentum weighting. The ratio of thetwo distributions was symmetrised along the diagonal and �tted with a multi-quadrati
fun
tion, in order to smooth out the statisti
al 
u
tuations. The likelihood ratio exploitsthe fa
t that the distribution of lepton momenta in WW ! l�l� events is forward peakedand forward-ba
kward asymmetri
, 
ontrary to the signal. The �nal SM ba
kground was2257 jets in 1533 events, while the signal was 3227 jets in 1972 events (22.3 % eÆ
ien
y).In addition 418 (4) jets in 233 (3) events survived in the ~�1~�1 (SUSY ba
kground) sample.The endpoint of the spe
trum was determined by �rst estimating the ba
kground.As virtually no SUSY ba
kground was present at the endpoint, it was assumed thatthe expe
ted ba
kground level was known to a mu
h better pre
ision than its Poisson
u
tuations. The simulated ba
kground was parametrised by an exponential fun
tion,10



and the signal was �tted by a straight line added to the exponential. The spe
trum andthe �tted fun
tions are shown in Fig. 8. It should also be pointed out that only the de
aymode ~�2 ! � ~�01 
ontributes in the region where the �t was done: the 
as
ade de
ays viaa ~��1 yield jets of energies of at most 25 GeV.The endpoint was found to be E�;max = 150:2+2:0�1:7 GeV. In this 
ase, the simple straightline �t is suÆ
ient: the value found is 
ompatible with the true value (152:2 GeV). Fittingthe mass gave M~�2 = 183+11�5 GeV, assuming the true value for M~�01 . At this point, M~�2is very sensitive to M~�01 : dM~�2=dM~�01 = 18, so an error of 80 MeV on M~�01 translates intoan additional error of 1.4 GeV on M~�2 . The relative error �(M~�2)=M~�2 is 3.6 %, whi
h isdominated by the error on the end-point measurement.To determine the \e�e
tive" 
ross se
tion, a sample of events was extra
ted 
onsistingof those where any of the two jets were a

epted for the endpoint measurement. Theevents whi
h had no jet with energy above the endpoint in ~�1 produ
tion (42 GeV) orwith one jet well beyond the endpoint of ~�2 produ
tion (160 GeV) were ex
luded. Withthese additional 
onditions, the sample 
ontained 1765 ~�2 events, 1374 SM ones, andonly 33 other SUSY events. The distribution of events is shown in Fig. 9. This yielded�(Nsignal)=Nsignal = 4:2 %, assuming again a 100% un
ertainty on the SUSY ba
kground,and a negligible un
ertainty on the SM ba
kground.The 
orresponding \e�e
tive" 
ross se
tion was �eff= Nsignal=(L�signal)= 17:7�0:7 fb,where on
e again the un
ertainty on L and �signal are assumed to be negligible 
omparedto �(Nsignal).Also for the ~�2, the relative error on the beam energy is small 
ompared to that of theerror on the 
ross se
tion, so that �(M~�2)=M~�2 = (�(�)=�)(�2)=3(1� �2) = 2.4 %. Therelative error on the mass obtained from the 
ross se
tion is thus as small for ~�2 as for~�1 although the 
ross se
tion is more than 10 times smaller and the ba
kground is mu
hlarger. This is due to the fa
t that there is almost no (poorly known) SUSY ba
kgroundin the former, and that it is on the rising edge of the 
ross se
tion vs. ps 
urve at ps =500 GeV.If, �nally, the values of the endpoint and M~�2 were used to 
al
ulate M~�01 , one �ndsan error of 1.7 GeV, not in
luding the error on �mix.3.4 � polarisationIn this analysis, the � ! ���� and � ! ���� ! ���0�� modes have been studied [29℄.These modes have already been the subje
t of fast simulation analyses, e.g. in [3℄ and [10℄.As explained in the introdu
tion, the 
ompositions of the ~� and the ~�01 manifest them-selves in the probability that the � has either heli
ity, i.e. in the � polarisation, P� . Toobserve P� , one uses the fa
t that only one heli
ity state exists for �� , whi
h indu
es aangular distribution / 1�aP� 
os for the visible de
ay produ
ts in the � rest frame [28℄( is the angle between the heli
ity axis and the momentum, and a is a fa
tor depend-ing on the mass and spin of the � de
ay produ
t). The lab frame energy spe
trum istherefore sensitive to P� . If, in addition, the de
ay produ
t is a ve
tor, the probability of11



the produ
t being transversely or longitudinally polarised also depends on P� : one 
asewould 
orrespond to a (more likely) 
onservation of heli
ity, the other to a (less likely)heli
ity 
ip. Whether the ve
tor parti
le is transverse or longitudinal 
an be determinedby the angular distribution of its de
ay produ
ts: in the rest frame of a two-body de
ay tos
alars, the produ
ts tend to line up along the spin axis in the longitudinal 
ase (� = 0),and to be perpendi
ular to it in the transversal 
ase (� = �=2). In the lab frame, thelongitudinal 
ase therefore 
orresponds to a 
ase where the energies of the two s
alarsare maximally di�erent, while in the transversal 
ase they tend to be quite similar. Inparti
ular, the variable R = E1=(E1 + E2) is distributed as (1 � �ve
tor 
os(�)), whi
h isquite insensitive to the lab frame energy of the ve
tor parti
le, on
e it is substantiallylarger than its mass (i.e. � � 1). R will be distributed as (R� 1=2)2 for the longitudinal
ase, and as 1=4� (R� 1=2)2 in the transversal 
ase [3℄ [28℄. In SPS1a', the mixing is notparti
ularly large3, and ~�1 is expe
ted to be mainly right-handed. Hen
e, P� is expe
tedto be rather 
lose to +1, and the spe
trum in the � ! s
alar should be harder thanfor the other heli
ity. In the 
ase � ! ve
tor, the ve
tor meson is mainly longitudinal,yielding an R distribution peaking 
lose to 0 and 1.3.4.1 The � ! ���� 
hannelThe spe
trum of the pions in the de
ay 
hain ~� ! � ~�01 ! ���� ~�01 is shown in Fig. 10,with and without ISR and beam energy spread. As the e�e
t of these two fa
tors 
learlyare not negligible, the true spe
tra were determined for extreme polarisations (+1 or �1),and parametrised 
orre
tion fun
tions were 
al
ulated for both 
ases. These fun
tionswere double polynomials of degree 2, the two pie
es being applied above or below E�;min,respe
tively. With these parametrisations (F (E;+1) and F (E;�1)) at hand, the truespe
trum for any polarisation 
an be obtained by applying the 
ombined 
orre
tionF (E;P� ) = 1 + P�2 F (E;+1) + 1� P�2 F (E;�1)It should be noted that the highest sensitivity to the polarisation is in the region withE� < E�;min.To extra
t the signal, the 
uts des
ribed in Se
ts. 3.1 and 3.2 were supplementedby demanding that Evis be less than 90 GeV, and that none of the jets had an energyex
eeding 60 GeV. The events should 
ontain at least one signal de
ay 
andidate, de�nedas a jet that only 
ontained a single parti
le, and that that parti
le was 
harged. Afterthese 
uts, there were 8.41�104 SM events (839 non 

), 201 ~�2~�2 events, and 1678 otherSUSY events remaining. 10730 ~�1~�1 events remained, i.e. 21460 ~�1 de
ays. In 4047 ofthese, the subsequent � -de
ay was the signal-
hannel � ! ��� .3Due to a somewhat unlu
ky 
hoi
e of 
onventions, this statement 
orresponds to �mix 
lose to �=2:The left-handed �eld is 
onsidered as the �rst 
hiral state, while the lighter state is 
onsidered as the�rst mass state. However, in the mass matrix, the diagonal element 
orresponding to the right-handedstate is expe
ted to be the smaller, so the lighter state in the 
ase of the o�-diagonal elements being zerois the pure right-handed one. Hen
e, with the 
onvention, the transformation 
hiral state ! mass stateturns the labelling \up-side down", hen
e a small mixing 
orresponds to �mix 
lose to �=2.12



To reje
t � ! `���` and � ! K�� from the sample of signal 
andidate jets, the fullpower of parti
le identi�
ation of the ILD was employed: The result from the PFOidpa
kage, whi
h is based on the 
alorimetri
 measurements, was supplemented by themeasurement of dE=dx in the TPC. Only about 0.4 % of the non-signal de
ays weremisidenti�ed, while the eÆ
ien
y to a

ept signal de
ays was 80 %.This requirement was also very eÆ
ient in reje
ting the remaining 

 ba
kground,sin
e only a small fra
tion of these events did 
ontain two � leptons. The same was truefor 4- and 6-fermion ba
kground, albeit to a lesser extent. The ba
kground from non-~�1~�1SUSY 
hannels, on the other hand, largely 
ontained two � leptons and was redu
ed onlysightly more than the signal. It was nevertheless 
on
luded that no further 
uts wereneeded, and the �nal sele
tion 
ontained 3311 signal jets, 126 other de
ay modes of ~�1,334 other SUSY de
ays, and 122 SM jets.The pro
edure to extra
t the polarisation in the presen
e of ba
kground was to �rst�t a heuristi
 fun
tion to the simulated ba
kground alone4. The signal sele
tion 
uts werethen applied to the signal+ba
kground sample, and the fun
tion des
ribing the ba
k-ground was subtra
ted from the observed distribution. An eÆ
ien
y 
orre
tion fun
tion,determined from signal-only simulation, was applied. As the eÆ
ien
y 
ould possibly bedependent on the heli
ities of the two � leptons in the event, the eÆ
ien
y 
orre
tion wasparametrised as �(E;P� ) =�1� P�2 �2 ���(E) + �1� P2�2 � �+�(E)+�1 + P�2 �2 �++(E)The eÆ
ien
ies ���(E); �+�(E), and �++(E), 
orrespond to the 
ases of the � leptons beingboth of negative, of opposite, or both of positive heli
ity, respe
tively. These fun
tionswere separately determined from dedi
ated fast simulation samples with the 
orrespondingheli
ity 
on�gurations.The ratios between initial and sele
ted spe
tra are shown in Fig. 11, together with the�tted eÆ
ien
y fun
tions. A slight dependen
e on P� was indeed observed and was foundto be primarily 
aused by the 
ut on �?.The resulting distribution was then �tted with the theoreti
al spe
trum, 
orre
tedfor ISR and beam spread, and the polarisation was obtained, see Fig. 12. Assuming anintegrated luminosity of 500 fb�1, the value found was P� = (91� 10) %, where the erroris statisti
al. The expe
ted value in SPS1a' is 89.6 %. The �tted normalisation and thepolarisation showed a quite sizable 
orrelation, so if the normalisation was 
al
ulated usingthe value and un
ertainty of the \e�e
tive" 
ross se
tion obtained in se
tion 3.3.1, theerror on the polarisation de
reased to 6 %. The un
ertainty of the average ba
kgroundstemmed from the un
ertainty on its SUSY 
omponent, while the average of the SM
omponent would have a negligible un
ertainty. No signal-free sample with 
ompositionand spe
trum 
lose to that of the ba
kground in the sele
ted sample 
ould be 
onstru
ted4When real data is available, the simulation of the ba
kground 
an be veri�ed by reversing 
uts tosele
t a signal-free, but SUSY-dominated region in the parameter spa
e.13



in this analysis. Hen
e, the ba
kground 
annot be determined from the data itself, andone must rely on MC modelling. One 
ould assume that no other data set than the ILCdata will exist to validate a SUSY simulation, so the un
ertainty of the model would bedetermined by the un
ertainty of the ILC data itself. It is also essential that the sampleused to verify the the SUSY simulation 
ontains as little of the signal-
hannel as possible.Su
h a signal-free sample was obtained by reversing the 
uts on the invariant mass of theother jet, the a
oplanarity angle, and the 
ut on (Ejet1 + Ejet2) sin�a
op. This sample,shown in Fig. 13, 
ontained 829 SUSY ba
kground jets, 128 SM jets, and 26 signal jets.The derivative of the �tted polarisation w.r.t. variations in the estimated SUSYba
kground was determined numeri
ally, and when multiplied by the statisti
al erroron the determination of the Poisson parameter, it yielded an additional error on thepolarisation of 5 %.The in
uen
e ofM~�1 and M~�01 was determined numeri
ally, by separately varyingM~�01and E�;max in the �ts, as the measurement of these two quantities are largely indepen-dent. A 
lose to linear dependen
e on both these variables was found, and by using theun
ertainty on E�;max from Se
t. 3.3.1, and assuming �M~�01 � 250 MeV, an additionalun
ertainty of 3.4 % was determined.Hen
e, the �nal result wasP� = 93� 6� 5 (bkg)� 3 (SUSYmasses) %3.4.2 The � ! ���� ! ���0�� 
hannelIn the � 
hannel, the observable sensitive to the polarisation is E�=Ejet whi
h - as men-tioned above - is expe
ted to be insensitive to the exa
t value of Ejet, and hen
e to beamspe
trum and ISR e�e
ts. Therefore, no re-evaluation of the true spe
trum due to thesee�e
ts is needed.Also in the � 
hannel, the 
uts des
ribed in Se
ts. 3.1 and 3.2 were used. In addition,it was demanded that Evis be less than 90 GeV, and that none of the jets had an energyex
eeding 43 GeV. The signal de
ay 
andidates, of whi
h there should be at least onein the event, were sele
ted by demanding that the jet only 
ontained a single 
hargedparti
le, and that it was a

ompanied by at least two neutral parti
les. To further redu
ethe 

 ba
kground, the 
ut on �? was tightened to �? > (3:5 sin�a
op + 2) GeV. Afterthese 
uts, there were 2.93�105 SM events (733 non 

), 736 ~�2~�2 events, and 1373 otherSUSY events remaining. 10451 ~�1~�1 events remained, i.e. 20902 ~�1 de
ays. In 11120 ofthese, the following � -de
ay was � ! ���� .The signal de
ays were sele
ted by demanding that the 
orresponding jet had j 
os �jetj <0:8. The 
alorimeter-based PFOid algorithm was not used, be
ause of the presen
e of twoor more neutral 
lusters 
lose to the tra
k gives an una

eptably low eÆ
ien
y for the sig-nal. The measurement of dE=dx in the TPC has no su
h problem, and was used to reje
t�� ! e����e (a

ompanied by bremsstrahlung photons) and �� ! K��0�� . Finally, themass of the jet should be around the mass of the �: Mjet 2 [0:4; 1:1℄ GeV. Only about14



7 % of the non-signal de
ays of the ~�1 were misidenti�ed, while 86 % of the signal de
aysstill remained. Figure 14 shows the invariant mass spe
trum of the sele
ted events.The �nal sele
tion 
ontained 8165 signal jets, 1991 from other de
ay modes of the � in~�1~�1-events (a1: 1602, K��: 131, all other 258), 1825 from jets in other SUSY 
hannels,and 195 SM jets. In addition, the ba
kground from 

 pro
esses was estimated to be 3000jets, but the la
k of statisti
s in the simulation made it diÆ
ult to asses this number withpre
ision. Due to this, the ba
kground was estimated in a somewhat less sophisti
atedmanner than for the � 
hannel. The distribution of E�=Ejet for the 

 before 
uts wass
aled down to 
orrespond to the number of su
h events that survived all 
uts, and thisres
aled distribution was added to the ba
kground from other sour
es.Similarly to the � 
hannel, an eÆ
ien
y 
orre
tion fun
tion, determined from signal-only simulation, was applied. Only the eÆ
ien
y is assumed be dependent on the exper-imental situation, not the true spe
trum. Therefore, and 
ontrary to the 
ase of the �
hannel, the two steps (spe
trum 
orre
tion and eÆ
ien
y determination) 
ould be mergedinto one, dire
tly yielding an eÆ
ien
y-
orre
ted model predi
tion:dN=dR = N "�1� P�2 �2 f��(R) + �1� P2�2 � f+�(R)+�1 + P�2 �2 f++(R)#The eÆ
ien
y 
orre
ted spe
tra f��(R), f+�(R), and f++(R), 
orrespond to the 
ases ofthe � leptons being both of negative, of opposite, or both of positive heli
ity, respe
tively.These spe
tra were determined by fast simulation, see Fig. 15.The fast simulation was too optimisti
, both in overall sele
tion eÆ
ien
y, and theeÆ
ien
y for low and high R. Hen
e the �t was restri
ted to R between 0.1 and 0.85,where the shape between full and fast simulation agreed, and the eÆ
ien
y was s
aleddown equally for all polarisation 
on�gurations so that it agreed with the full simulationvalue. The observed spe
trum was then �tted, with N and P� as parameters, see Fig. 16.The result for the polarisation, simultaneously �tted with the normalisation, was foundto be P� = 86� 5 %. Due to the large un
ertainty on the 

 
ontribution, it was of littleuse to study the e�e
ts of the un
ertainty of the mu
h smaller SUSY ba
kground. Due tothe near invarian
e of the R-distribution, the a
tual values of M~�1 and M~�01 are expe
tedto have only a small impa
t on the results.4 Summary and Con
lusionsA study of ~� 
hannels in the SPS1a' SUSY s
enario based on a full simulation of the ILDdete
tor at the ILC was presented.The study was performed in the 
ontext of the dete
tor performan
e studies in viewof the ILD Letter of Intent. It was therefore based on a full dete
tor simulation of all15



known SM pro
esses and ma
hine related ba
kgrounds. All a

essible 
hannels of theSPS1a' SUSY model were also simulated with the same pro
edures. The simulation wasdone assuming that the ILC was run at a 
entre-of-mass energy of 500 GeV, deliveringan integrated luminosity of 500 fb�1 with the ele
tron beam being 80% right polarised,and the positron beam being 30% left polarised. The nominal beam parameter set wasused to simulate the beam energy spread and beamstrahlung.The study has only 
onsidered ~� -pair produ
tion, other open 
hannels were 
onsid-ered as SUSY ba
kground. This meant that the study was done without prior knowledgeof M~�01 , so that it has 
on
entrated on observables with low sensitivity to this param-eter: spe
trum endpoints, 
ross se
tions and polarisation. The expe
ted e�e
t of theun
ertainty on M~�01 on the determination of M~� is nevertheless quoted in a parametri
form.Throughout, it has been assumed that the knowledge of the SM ba
kground will begood, so that any un
ertainty on the average SM ba
kground is small 
ompared to pNSMat the �nal stage of event sele
tion. The same was assumed for the determination of thesele
tion eÆ
ien
y. The SUSY ba
kground, on the other hand, has been assumed to bepoorly known. It has been assigned a relative error of 100 % in most of the 
ases studied,or at best to be equal to the Poisson 
u
tuations in signal-free 
ontrol samples, typi
allyof about the same size as the �nal signal sample under study.The results on the study of the ~�1 produ
tion for the spe
trum endpoint, 
ross se
tion,and � polarisation were:E�;max =42:11+0:14�0:12 GeVÆ�� =3:1 %P� =91� 6� 5 (bkg)� 3 (SUSY masses) % (� 
hannel)P� =86� 5 % (� 
hannel)The endpoint 
ould be used to determine M~�1 , and assuming M~�01 has been measured toits nominal value (97:7 GeV) with an error of ÆM~�01 , it was found to beM~�1 = 107:73+0:03�0:05 � 1:1 � ÆM~�01 GeV (endpoint):Also the 
ross se
tion 
ould be used to determineM~�1 . However, ECMS= 500 GeV is mu
htoo far from the threshold for this to be 
ompetitive: In this 
ase �(M~�1)=M~�1 would be2.1% assuming a known mixing angle. This should be 
ompared to �(M~�1)=M~�1 � 1 hfrom the end-point, with no assumption on the mixing angle.The � polarisation had a lower statisti
al error in the � 
hannel. However, this must betaken with 
aution, be
ause there was a substantial amount of remaining SM ba
kgroundfrom 

 pro
esses. Due to la
k of simulation statisti
s, its 
ontribution is poorly known.The results on the study of the ~�2 produ
tion for the spe
trum endpoint and 
rossse
tion were: E�;max =151:0+2:0�1:7 GeVÆ�� =4:2 %16



The endpoint value yieldedM~�2 = 183+11�5 � 18 � ÆM~�01 GeV (endpoint):For the ~�2, ECMS= 500 GeV is mu
h more favourable for the determination of the massfrom the 
ross se
tion: the expe
ted un
ertainty was �(M~�2)=M~�2 = 2.4%, 
omparableto what 
ould be obtained from the endpoint (� 4%). Hen
e, the two 
ould be 
ombinedto determine M~�01, and the error was found to be 1.7 GeV, similar to what was found ina separate analysis of ~�L using the same simulated sample. However, this value assumesthat the mixing angle is known.The ~� mixing angle has not been studied in this paper, be
ause the most sensitivepro
ess for its determination - ~�1~�2 produ
tion - should be studied below the ~�2~�2 thresholdto get a good signal to ba
kground ratio.In 
omparison with previous studies, e.g. [3℄, [24℄ and [30℄, several new aspe
ts havebeen taken into a

ount here. Most prominently, the smearing of four-ve
tors with designgoal resolutions has been repla
ed by a detailed simulation of the various sub-dete
tors,in
luding support stru
tures, read-out, 
oolling et
. Further realism has been added byin
luding not only ba
kground from Standard Model pro
esses and from beamstrahlungpairs, but also from other (non-signal) SUSY pro
esses, not always taken into a

ountin the previous studies. The 
onsideration of these additional ba
kgrounds required im-provements of the � re
onstru
tion and of the signal sele
tion 
uts. After these e�orts,the a
hieved pre
ision on the M~�1 and on the � polarisation is 
omparable to previousstudies. Pre
ise quantitative 
omparisons would need to take into a

ount the di�erentSUSY s
enarios and a

elerator parameters whi
h have been used. The expe
ted pre
i-sion for the ~�2 mass and 
ross se
tion have not been evaluated in either of the previousstudies.More spe
i�
ally, a similar \SPS1a inspired" s
enario with a slightly smaller massdi�eren
e between ~�1 and ~�01 has been studied in [24℄ with a fast simulation of the TESLAdete
tor, i.e. a prede
essor to ILD. With an integrated luminosity of 200 fb�1 and abeam polarisation of Pbeam(e+; e�) = (�0:6;+0:8) at a 
entre-of-mass energy of 400 GeV,statisti
al pre
isions on M~�1 of 140 MeV, 100 MeV and 100 MeV have been a
hievedin the single �, � and 3� 
hannels, respe
tively, ex
luding any 
ontribution from theun
ertainty of M~�01 . Combined, this 
orresponds to a pre
ision of about 60 MeV, quitesimilar to the +30�60 MeVobtained here. The higher integrated luminosity assumed in thestudy presented here is 
ompensated in [24℄ by a higher degree of positron polarisation andmore optimal 
hoi
e of the 
entre-of-mass energy, i.e. a higher 
ross se
tion. Con
erningthe � polarisation, a pre
ision of 7 % has been a
hieved in [3℄ from the � 
hannel. There,a s
enario with a signi�
antly larger mass di�eren
e has been studied using the JLC fastdete
tor simulation, assuming an integrated luminosity of 100 fb�1, an ele
tron beampolarisation of 0.95 and a 
entre-of-mass energy of 500 GeV. In view of the di�eren
es inbeam parameters and in the SUSY s
enario, this is in good agreement with the results ofthis study.Finally, it has to be pointed out that for many of the pro
esses studied in this work,running the a

elerator at ECMS= 500 GeV is not optimal. An up
oming study will treat17



the entire SPS1a' s
enario as a whole, in
luding how to partition the luminosity in anoptimal way, and how to make use of non-~� 
hannels to measure parameters - notablyM~�01 - that were found to be hard to a

ess in the ~� 
hannels.5 A
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