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Towards a measurement of the two-photonde
ay width of the Higgs boson at a PhotonColliderK. M�onig1 and A. Ros
a21 DESY, Zeuthen, D 15738, Germany2 West University of Timisoara, Timisoara, RO 300223, RoumaniaAbstra
tA study of the measurement of the two photon de
ay width times thebran
hing ratio of a Higgs boson with the mass of 120 GeV in photon -photon 
ollisions is presented, assuming a 

 integrated luminosity of 80fb�1 in the high energy part of the spe
trum. The analysis is based onthe re
onstru
tion of the Higgs events produ
ed in the 

 ! H pro
ess,followed by the de
ay of the Higgs into a b�b pair. A statisti
al error of themeasurement of the two-photon width,�(H ! 

), times the bran
hingratio of the Higgs boson, BR(H ! b�b) is found to be 2.1 % for one yearof data taking.
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1 Introdu
tionThe 
entral 
hallenge for parti
le physi
s nowadays is the origin of mass. Inthe Standard Model the masses of both fermions and gauge boson are generatedthrough intera
tions with the same s
alar parti
le, the Higgs boson H. While it
an only be produ
ed in asso
iation with another parti
le at an e+e� 
ollider, theHiggs boson 
an be produ
ed singly in the s-
hannel of the 
olliding photons at aPhoton Collider. If it exists, the Higgs boson will 
ertainly be dis
overed by thetime su
h a fa
ility will be 
onstru
ted. The aim of this ma
hine will be then apre
ise measurement of the Higgs properties. This fa
ility as an upgrade optionat the ILC [1℄ will permit a high pre
ision measurement of the H ! 

 partialwidth, whi
h is a quantity sensitive to the existen
e of new 
harged parti
les. Forthis reason su
h a measurement is signi�
antly important. If we �nd a deviationof the two photon width from the Standard Model predi
tion it means that anadditional 
ontribution from unknown parti
les is present, and so it is a signatureof physi
s beyond the Standard Model. For example, the minimal extension of theStandard Model predi
ts the ratio of the two photon width �(H! 

;MSSM)/�(H ! 

; SM) < 1.2 [2℄ for a Higgs boson with a mass of 120 GeV, assuminga supersymmetry s
ale of 1 TeV and the 
hargino mass parameters M and � of300 and 100 GeV, respe
tively.At a Photon Collider one 
an measure the produ
t �(H! 

)�BR(H! X).To obtain the two-photon partial width independent of the bran
hing ratio onehas to 
ombine the above measurement with an a

urate measurement of theBR(H! X) from another ma
hine.This study investigates the 
apability of an ILC dete
tor to measure the twophoton de
ay width times the bran
hing ratio for a Higgs boson with the mass of120 GeV, the preferred mass region by re
ent ele
troweak data [3℄. The simulationof the signal and ba
kground pro
esses is des
ribed in se
tion 2. Event sele
tionis des
ribed in se
tion 3. Results are summarised in se
tion 4.The feasibility of the measurement of the two photon de
ay width of the Higgsboson in this mass region has also been reported by [4-6℄. Our analysis presentsfor the �rst time a realisti
 simulation of the ba
kground pro
esses, parti
ularlythe emission of a hard gluon.2 Simulation of the signal and ba
kground pro-
essesThe 
ross se
tion for the Higgs boson formation is given by a Breit-Wigner ap-proximation �

!H = 8� �(H! 

)�tot(s

 �M2H)2 +M2H�2tot (1 + �1�2);1



where MH is the Higgs boson mass, �(H! 

) and �tot are the two photon andtotal de
ay width of the Higgs boson, �1 and �2 are the initial photon heli
itiesand ps

 is the 

 
entre-of-mass energy. The initial photons should have equalheli
ities, so that Jz = 0, in order to make a spin-0 resonan
e as it is the 
aseof the Higgs boson. If polarised photon beams are used, the signal 
ross se
-tion is in
reased up to a fa
tor of 2. The experimentally observed 
ross se
tionis obtained by folding this basi
 
ross se
tion with the 

 
ollider luminositydistribution.A Higgs boson with standard model 
oupling and a mass of 120 GeV 
an beprodu
ed in the 

 ! H pro
ess. In this mass region the Higgs parti
le willde
ay dominantly into a b�b pair. The event rate is given by the formula:N(

 ! H! b�b) = dL

dps

 jMH 4�2�(H! 

)BR(H! b�b)M2H (1 + �1�2)(�h
)2;where the 
onversion fa
tor (�h
)2 is 3.8937966�1011 fb GeV2. This rate dependsstrongly on the value of the di�erential luminosity at the Higgs mass, dL

dps

 jMH.High energy photon beams 
an be produ
ed at a high rate in Comptonba
ks
attering of laser photons o� high energy ele
trons [7℄. The beam spe
traat psee = 210 GeV are simulated using the CompAZ [8℄, a fast parameterisationwhi
h in
ludes multiple intera
tions and non-linearity e�e
ts. The shape of theluminosity distribution depends on the ele
tron and laser beam parameters. Theele
tron and laser beam energy 
onsidered for this study are 105 GeV and 1 eV,respe
tively, resulting in the maximum photon energy of about 70 GeV, suitableto study a Higgs boson with the mass of 120 GeV. Setting opposite heli
ities forthe laser photons and the beam ele
trons the energy spe
trum of the ba
ks
at-tered photons is peaked at about 60% of the e� beam energy. The number of highenergy s
attered photon is nearly two times higher if we use polarised photonsand ele
trons with opposite heli
ities than in the 
ase of unpolarised ele
tron andlaser photons. Consequently, this leads to an improved luminosity in the highenergy part of the spe
trum. The s
attered photons are highly polarised in thishigh energy region. The heli
ity 
ombination of the two high energy photons 
anbe arranged su
h that Jz = 0 state is dominant. The resulting value of dL

dps

 jMHis 1.6 fb�1/GeV in one year of running using the parameters from [7℄.The bran
hing ratios BR(H ! 

), BR(H ! b�b) and the total width aretaken to be 0.22%, 68% and 4 MeV, respe
tively. These numbers are 
al
ulatedwith HDECAY [9℄ program and in
lude QCD radiative 
orre
tions. With anintegrated luminosity of 80 fb�1 per year in the hard part of the spe
trum [7℄about 20000 signal events 
an be produ
ed under these 
onditions.The signal 

 ! H! b�b pro
ess is simulated with PYTHIA [10℄. A total of100K events were generated. Parton evolution and hadronisation are simulatedusing the parton shower and the string fragmentation models.The main ba
kground pro
esses to an intermediate mass Standard Model2



Higgs produ
tion are the dire
t 
ontinuum 

 ! b�b and 

 ! 
�
 produ
tion.The light quarks are very eÆ
iently reje
ted by the b-tagging. Due to heli
ity
onservation, the 
ontinuum ba
kground produ
tion pro
eeds mainly throughstates of opposite photon heli
ities, making the states Jz = 2. Choosing equalheli
ity photon polarisations the 
ross se
tion of the 
ontinuum ba
kground issuppressed by a fa
tor M2q=s

 , with Mq being the quark mass. Unfortunately,this suppression does not apply to the pro
ess 

 ! q�qg, be
ause after thegluon radiation the q�q system is not ne
essarily in a Jz = 0 state. The resultingba
kground is still very large 
ompared to the signal. Therefore, a reliable pre-di
tion of the ba
kground implies to 
onsider the NLO QCD 
orre
tions. Exa
tone-loop QCD 
orre
tions have been 
al
ulated in [11℄ for both Jz = 0 and Jz= 2 states and most re
ently in [12℄. For Jz = 0 state it has been found thatdouble logarithmi
 
orre
tions are also ne
essary and these were 
al
ulated andresumed to all orders in the form of a non-Sudakov form fa
tor in [13℄. For theba
kground studies the SHERPA [14℄ generator has been used. SHERPA is atree level matrix element generator whi
h uses the CKKW [15℄ method to mergethe matrix elements for parton produ
tion with the parton shower. Using a jetalgorithm, the kinemati
 range for n partons is partitioned into two regions, aregion of jet produ
tion whi
h is 
overed by the 
orresponding matrix elements,and a region of jet evolution whi
h is 
overed by the parton shower. In the matrixelement dominated region the hard kinemati
s is that of n partons while in theparton shower dominated region the hard kinemati
s is that relevant to n � 1partons. In both regions, the matrix elements are reweighted with a 
ombinationof Sudakov form fa
tors entering the shower algorithm. The hard emissions inthe parton shower leading to a jet are vetoed, preventing the shower to populatethis region. At the end, the physi
al observables will exhibit a dependen
e onthe jet resolution parameter, y
ut, of the next-to-next-to-leading log nature, i.e.�ks log2k�2y
ut. We generated q�q and q�qg events using the value for the jet resolu-tion parameter of 0.0001 [16℄. For higher y
ut large dis
ontinuities around the 
utvalue have been observed in the 2 ! 3 jet rate distribution as a fun
tion of y23.The reason of their presen
e is that SHERPA, being a tree level generator, 
an-not simulate q�qg events where one quark has very low energy or the two quarksare very 
ollinear, so su
h events were missing from the simulated data sample.Su
h three jet q�qg events, with a highly energeti
 gluon and the other two quarks
ollinear, are largely produ
ed in the Jz = 0 state sin
e the M2q=s suppressionis 
ompensated by an �s=s fa
tor in the 
ross se
tion. Finally, the total 
rossse
tions given by SHERPA for the b�b(g) and 
�
(g) pro
esses for the Jz = 0 statewere s
aled by a fa
tor of 1.34 and 1.92 respe
tively, as one 
an see in Figure 1.These K-fa
tors resulted from a 
omparison between the SHERPA 
ross se
tionsand the theoreti
al NLO 
al
ulations.A total of 1000K events were generated for ea
h ba
kground pro
ess and ea
h

 spin state.A 
onvolution with the luminosity distribution is performed and a kinemati
3



Figure 1: S
aled SHERPA 
ross se
tions for Jz = 0 
ompared to the NLO 
al
u-lations for a) 

 ! b�b(g) and b) 

 ! 
�
(g).
ut of ps

 greater than 80 GeV is imposed during the event generation for bothsignal and ba
kground pro
esses.The response of the dete
tor has been simulated with SIMDET 4 [17℄, aparametri
 Monte Carlo for the TESLA e+e� dete
tor. It in
ludes a tra
kingand 
alorimeter simulation and a re
onstru
tion of energy-
ow-obje
ts (EFO).Only EFOs with a polar angle above 70 
an be taken for the Higgs re
onstru
tionsimulating the a

eptan
e of the photon 
ollider dete
tor as the only deferen
eto the e+e� dete
tor [18℄.The hadroni
 
ross-se
tion for 

 !hadrons events, within the energy rangeabove 2 GeV, is several hundred nb [19℄, so that about 1.0 event of this type isprodu
ed per bun
h 
rossing. These events (pile-up) are overlayed to the signalevents. Sin
e the pile-up events are produ
ed in the t-
hannel q-ex
hange mostof the resulting �nal state parti
les are distributed at low angles.3 Event sele
tionAn intermediate mass Higgs produ
tion leads mainly to the �nal state: 

 !H ! b�b. The major 
hara
teristi
s of these events, used to distinguish the signalfrom the ba
kground, are the event topology and the ri
hness in b quarks. Theba
kground 
onsists of multi-jet events 
oming from 

 ! q�q(q) pro
esses.In order to minimise the pile-up 
ontribution to the high energy signal tra
ksthe �rst step in the separation pro
edure was to reje
t pile-up tra
ks as mu
h aspossible. The measurement of the impa
t parameter of a parti
le along the beamaxis with respe
t to the primary vertex is used for this purpose, as des
ribed in4



Figure 2: Left: Distributions of the visible energy and Right: of the longitudinalimbalan
e for signal (MH = 120 GeV) and ba
kground. The distribution for thesignal is arbitrarily normalised. Events with pile-up.Ref. [20℄. A re
onstru
tion of the angle of ea
h EFO with respe
t to the z-axis,�EFO makes it possible to distinguish further between signal and pile-up EFOs.EFOs are reje
ted if j 
os(�EFO)j >0.950.Hadroni
 balan
ed events are then sele
ted requiring: large parti
le multi-pli
ity (at least 5 EFO), large visible energy (Evisible greater than 95 GeV) andsmall longitudinal imbalan
e, normalised to the visible energy (not larger than0.1). Figure 2 shows the distributions of the visible energy and the longitudinalimbalan
e.Due to the fa
t that the Higgs is 
entrally produ
ed, the requirement that thethrust of the event, see Figure 3 left , points in the 
entral region of the dete
tor(j 
os �thrustj � 0:7) allows to redu
e further the ba
kground while keeping a largefra
tion of the signal.In the remaining event sample jets are re
onstru
ted using the DURHAM
lustering s
heme [21℄ with the resolution parameter y
ut = 0.02. Events are keptonly if there are at least 2 su
h jets.The 
ross se
tion for the 
ontinuum produ
tion of the 
harm quark is 16times larger than for bottom quarks. Therefore one of the most 
riti
al issuesfor this analysis is the 
apability of the dete
tor to identify events in whi
h a bquark is produ
ed. To this aim a b-tagging algorithm based on a Neural Networkhas been applied. The algorithm 
ombines several dis
riminating variables, asfor example, the impa
t parameter joint probability introdu
ed by ALEPH [22℄and the pt 
orre
ted vertex invariant mass obtained with the ZVTOP algorithmwritten for the SLD experiment [23℄ into a feed forward Neural Network with 125



Figure 3: Left: Distribution of the absolute value of the 
osine of the thrustangle for signal (MH = 120 GeV) and ba
kground. The distribution for signal isarbitrarily normalised. Events with pile-up. Right: EÆ
ien
y on b quarks andb-purity of the b-tagging for simulated q�q events at ps = MZ .inputs and 3 output nodes, des
ribed in Ref. [24℄.Figure 3 right shows the eÆ
ien
y on b-quarks and the b-quark purity for thealgorithm exploited. It has been obtained on a Monte Carlo sample of q�q eventsat ps = MZ . The b-tagging eÆ
ien
y 
orresponding to a purity of 97% is 50%.The b-quarks 
oming from the de
ay of the Higgs boson are highly energeti
,whereas in the 
ase of the ba
kground pro
esses the gluon and one b-quark jetare the most energeti
. This is shown for 3-jet events in Figure 4. In order toredu
e the ba
kground further we look at the two fastest jets in the event andrequire the NNout to be greater than 0.9 for one jet and greater than 0.1 for these
ond one. This pro
edure is also eÆ
ient for 2-jet events. There is a largenumber of 2-jet ba
kground events where one b is low energeti
 or both b-quarksare 
ollinear so that they get merged into one jet. For this reason 40% of theJ=0 2-jet events are reje
ted by the b-tagging 
ut on the se
ond jet while only15% of the signal events fail this 
ut.The total signal eÆ
ien
y is estimated to be 22% in the presen
e of the pile-upevents.4 ResultsThe re
onstru
ted invariant mass for the sele
ted signal and ba
kground events isshown in Figure 5. Here the invariant mass is 
orre
ted for es
aping neutrinos asin Ref. [5℄. To enhan
e the signal a 
ut on the invariant mass is tuned su
h that6



Figure 4: Distributions of the b-quarks and gluon jets for the ba
kground (left)and the signal (right). Events with pile-up.the statisti
al signi�
an
e of the signal over ba
kground is maximised. Eventsin the mass region of 112 GeV < Mjets < 134 GeV are sele
ted. The numberof estimated signal and ba
kground events in this window are 3534 and 2170,respe
tively.The two photon de
ay width of the Higgs boson is proportional to the eventrates of the Higgs signal. The statisti
al error of the number of signal events,pN obs=(N obs � Nbkg), 
orresponds to the statisti
al error of this measurement.Here Nobs is the number of observed events, while Nbkg is the number of expe
tedba
kground events.We obtain�[�(H! 

)� BR(H! b�b)℄[�(H! 

)� BR(H! b�b)℄ = pNobs=(Nobs � Nbkg) = 2:1%:5 Con
lusionsThe photon 
ollider option at the ILC o�ers the possibility to measure the par-tial width of the Higgs into photons, �(H ! 

). Taking higher order QCD
orre
tions for the ba
kground into a

ount and using realisti
 assumptions forthe dete
tor and ba
kground from pileup events We 
on
lude that for a Higgsboson with a mass MH = 120 GeV �(H! 

)� BR(H! b�b) 
an be measuredto 2.1%. Using �BR(H! b�b) = 2 - 3% from the e+e� mode of the ILC [25℄ thephotoni
 width of the Higgs 
an be determined to 3%. At this a

ura
y one 
andistinguish between the Standard Model Higgs parti
le and the lightest s
alarHiggs boson predi
ted by models beyond the Standard Model. Also, the pre
ise7



Figure 5: Higgs invariant mass re
onstru
tion on signal and ba
kground for aHiggs mass of 120 GeV without (left) and with (right) pile-up events overlayed.measurement of the de
ay width �(H ! 

) 
an reveal heavy 
harged parti
les
ir
ulating in the loop, as for example supersymmetri
 parti
les. The a

ura
yof the mass determination of the heavier stop ~t2 is estimated to be 10 - 20 GeVin [26℄, assuming that the lighter stop ~t1 and the mixing angle �~t are known.Referen
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