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Towards a measurement of the two-photondeay width of the Higgs boson at a PhotonColliderK. M�onig1 and A. Rosa21 DESY, Zeuthen, D 15738, Germany2 West University of Timisoara, Timisoara, RO 300223, RoumaniaAbstratA study of the measurement of the two photon deay width times thebranhing 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 spetrum. The analysis is based onthe reonstrution of the Higgs events produed in the  ! H proess,followed by the deay of the Higgs into a b�b pair. A statistial error of themeasurement of the two-photon width,�(H ! ), times the branhingratio of the Higgs boson, BR(H ! b�b) is found to be 2.1 % for one yearof data taking.

http://arxiv.org/abs/0705.1259v1


1 IntrodutionThe entral hallenge for partile physis nowadays is the origin of mass. Inthe Standard Model the masses of both fermions and gauge boson are generatedthrough interations with the same salar partile, the Higgs boson H. While itan only be produed in assoiation with another partile at an e+e� ollider, theHiggs boson an be produed singly in the s-hannel of the olliding photons at aPhoton Collider. If it exists, the Higgs boson will ertainly be disovered by thetime suh a faility will be onstruted. The aim of this mahine will be then apreise measurement of the Higgs properties. This faility as an upgrade optionat the ILC [1℄ will permit a high preision measurement of the H !  partialwidth, whih is a quantity sensitive to the existene of new harged partiles. Forthis reason suh a measurement is signi�antly important. If we �nd a deviationof the two photon width from the Standard Model predition it means that anadditional ontribution from unknown partiles is present, and so it is a signatureof physis beyond the Standard Model. For example, the minimal extension of theStandard Model predits 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 sale of 1 TeV and the hargino mass parameters M and � of300 and 100 GeV, respetively.At a Photon Collider one an measure the produt �(H! )�BR(H! X).To obtain the two-photon partial width independent of the branhing ratio onehas to ombine the above measurement with an aurate measurement of theBR(H! X) from another mahine.This study investigates the apability of an ILC detetor to measure the twophoton deay width times the branhing ratio for a Higgs boson with the mass of120 GeV, the preferred mass region by reent eletroweak data [3℄. The simulationof the signal and bakground proesses is desribed in setion 2. Event seletionis desribed in setion 3. Results are summarised in setion 4.The feasibility of the measurement of the two photon deay 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 bakground proesses, partiularlythe emission of a hard gluon.2 Simulation of the signal and bakground pro-essesThe ross setion 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 deay width of the Higgs boson, �1 and �2 are the initial photon heliitiesand ps is the  entre-of-mass energy. The initial photons should have equalheliities, so that Jz = 0, in order to make a spin-0 resonane as it is the aseof the Higgs boson. If polarised photon beams are used, the signal ross se-tion is inreased up to a fator of 2. The experimentally observed ross setionis obtained by folding this basi ross setion with the  ollider luminositydistribution.A Higgs boson with standard model oupling and a mass of 120 GeV an beprodued in the  ! H proess. In this mass region the Higgs partile willdeay dominantly into a b�b pair. The event rate is given by the formula:N( ! H! b�b) = dLdps jMH 4�2�(H! )BR(H! b�b)M2H (1 + �1�2)(�h)2;where the onversion fator (�h)2 is 3.8937966�1011 fb GeV2. This rate dependsstrongly on the value of the di�erential luminosity at the Higgs mass, dLdps jMH.High energy photon beams an be produed at a high rate in Comptonbaksattering of laser photons o� high energy eletrons [7℄. The beam spetraat psee = 210 GeV are simulated using the CompAZ [8℄, a fast parameterisationwhih inludes multiple interations and non-linearity e�ets. The shape of theluminosity distribution depends on the eletron and laser beam parameters. Theeletron and laser beam energy onsidered for this study are 105 GeV and 1 eV,respetively, resulting in the maximum photon energy of about 70 GeV, suitableto study a Higgs boson with the mass of 120 GeV. Setting opposite heliities forthe laser photons and the beam eletrons the energy spetrum of the baksat-tered photons is peaked at about 60% of the e� beam energy. The number of highenergy sattered photon is nearly two times higher if we use polarised photonsand eletrons with opposite heliities than in the ase of unpolarised eletron andlaser photons. Consequently, this leads to an improved luminosity in the highenergy part of the spetrum. The sattered photons are highly polarised in thishigh energy region. The heliity ombination of the two high energy photons anbe arranged suh that Jz = 0 state is dominant. The resulting value of dLdps jMHis 1.6 fb�1/GeV in one year of running using the parameters from [7℄.The branhing ratios BR(H ! ), BR(H ! b�b) and the total width aretaken to be 0.22%, 68% and 4 MeV, respetively. These numbers are alulatedwith HDECAY [9℄ program and inlude QCD radiative orretions. With anintegrated luminosity of 80 fb�1 per year in the hard part of the spetrum [7℄about 20000 signal events an be produed under these onditions.The signal  ! H! b�b proess 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 bakground proesses to an intermediate mass Standard Model2



Higgs prodution are the diret ontinuum  ! b�b and  ! � prodution.The light quarks are very eÆiently rejeted by the b-tagging. Due to heliityonservation, the ontinuum bakground prodution proeeds mainly throughstates of opposite photon heliities, making the states Jz = 2. Choosing equalheliity photon polarisations the ross setion of the ontinuum bakground issuppressed by a fator M2q=s , with Mq being the quark mass. Unfortunately,this suppression does not apply to the proess  ! q�qg, beause after thegluon radiation the q�q system is not neessarily in a Jz = 0 state. The resultingbakground is still very large ompared to the signal. Therefore, a reliable pre-dition of the bakground implies to onsider the NLO QCD orretions. Exatone-loop QCD orretions have been alulated in [11℄ for both Jz = 0 and Jz= 2 states and most reently in [12℄. For Jz = 0 state it has been found thatdouble logarithmi orretions are also neessary and these were alulated andresumed to all orders in the form of a non-Sudakov form fator in [13℄. For thebakground studies the SHERPA [14℄ generator has been used. SHERPA is atree level matrix element generator whih uses the CKKW [15℄ method to mergethe matrix elements for parton prodution with the parton shower. Using a jetalgorithm, the kinemati range for n partons is partitioned into two regions, aregion of jet prodution whih is overed by the orresponding matrix elements,and a region of jet evolution whih is overed by the parton shower. In the matrixelement dominated region the hard kinematis is that of n partons while in theparton shower dominated region the hard kinematis is that relevant to n � 1partons. In both regions, the matrix elements are reweighted with a ombinationof Sudakov form fators 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 physial observables will exhibit a dependene onthe jet resolution parameter, yut, of the next-to-next-to-leading log nature, i.e.�ks log2k�2yut. We generated q�q and q�qg events using the value for the jet resolu-tion parameter of 0.0001 [16℄. For higher yut large disontinuities around the utvalue have been observed in the 2 ! 3 jet rate distribution as a funtion of y23.The reason of their presene 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 suh events were missing from the simulated data sample.Suh three jet q�qg events, with a highly energeti gluon and the other two quarksollinear, are largely produed in the Jz = 0 state sine the M2q=s suppressionis ompensated by an �s=s fator in the ross setion. Finally, the total rosssetions given by SHERPA for the b�b(g) and �(g) proesses for the Jz = 0 statewere saled by a fator of 1.34 and 1.92 respetively, as one an see in Figure 1.These K-fators resulted from a omparison between the SHERPA ross setionsand the theoretial NLO alulations.A total of 1000K events were generated for eah bakground proess and eah spin state.A onvolution with the luminosity distribution is performed and a kinemati3



Figure 1: Saled SHERPA ross setions for Jz = 0 ompared to the NLO alu-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 bakground proesses.The response of the detetor has been simulated with SIMDET 4 [17℄, aparametri Monte Carlo for the TESLA e+e� detetor. It inludes a trakingand alorimeter simulation and a reonstrution of energy-ow-objets (EFO).Only EFOs with a polar angle above 70 an be taken for the Higgs reonstrutionsimulating the aeptane of the photon ollider detetor as the only defereneto the e+e� detetor [18℄.The hadroni ross-setion for  !hadrons events, within the energy rangeabove 2 GeV, is several hundred nb [19℄, so that about 1.0 event of this type isprodued per bunh rossing. These events (pile-up) are overlayed to the signalevents. Sine the pile-up events are produed in the t-hannel q-exhange mostof the resulting �nal state partiles are distributed at low angles.3 Event seletionAn intermediate mass Higgs prodution leads mainly to the �nal state:  !H ! b�b. The major harateristis of these events, used to distinguish the signalfrom the bakground, are the event topology and the rihness in b quarks. Thebakground onsists of multi-jet events oming from  ! q�q(q) proesses.In order to minimise the pile-up ontribution to the high energy signal traksthe �rst step in the separation proedure was to rejet pile-up traks as muh aspossible. The measurement of the impat parameter of a partile along the beamaxis with respet to the primary vertex is used for this purpose, as desribed in4



Figure 2: Left: Distributions of the visible energy and Right: of the longitudinalimbalane for signal (MH = 120 GeV) and bakground. The distribution for thesignal is arbitrarily normalised. Events with pile-up.Ref. [20℄. A reonstrution of the angle of eah EFO with respet to the z-axis,�EFO makes it possible to distinguish further between signal and pile-up EFOs.EFOs are rejeted if j os(�EFO)j >0.950.Hadroni balaned events are then seleted requiring: large partile multi-pliity (at least 5 EFO), large visible energy (Evisible greater than 95 GeV) andsmall longitudinal imbalane, normalised to the visible energy (not larger than0.1). Figure 2 shows the distributions of the visible energy and the longitudinalimbalane.Due to the fat that the Higgs is entrally produed, the requirement that thethrust of the event, see Figure 3 left , points in the entral region of the detetor(j os �thrustj � 0:7) allows to redue further the bakground while keeping a largefration of the signal.In the remaining event sample jets are reonstruted using the DURHAMlustering sheme [21℄ with the resolution parameter yut = 0.02. Events are keptonly if there are at least 2 suh jets.The ross setion for the ontinuum prodution of the harm quark is 16times larger than for bottom quarks. Therefore one of the most ritial issuesfor this analysis is the apability of the detetor to identify events in whih a bquark is produed. To this aim a b-tagging algorithm based on a Neural Networkhas been applied. The algorithm ombines several disriminating variables, asfor example, the impat parameter joint probability introdued by ALEPH [22℄and the pt orreted 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 bakground. The distribution for signal isarbitrarily normalised. Events with pile-up. Right: EÆieny on b quarks andb-purity of the b-tagging for simulated q�q events at ps = MZ .inputs and 3 output nodes, desribed in Ref. [24℄.Figure 3 right shows the eÆieny 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 eÆieny orresponding to a purity of 97% is 50%.The b-quarks oming from the deay of the Higgs boson are highly energeti,whereas in the ase of the bakground proesses the gluon and one b-quark jetare the most energeti. This is shown for 3-jet events in Figure 4. In order toredue the bakground 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 theseond one. This proedure is also eÆient for 2-jet events. There is a largenumber of 2-jet bakground 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 rejeted by the b-tagging ut on the seond jet while only15% of the signal events fail this ut.The total signal eÆieny is estimated to be 22% in the presene of the pile-upevents.4 ResultsThe reonstruted invariant mass for the seleted signal and bakground events isshown in Figure 5. Here the invariant mass is orreted for esaping neutrinos asin Ref. [5℄. To enhane the signal a ut on the invariant mass is tuned suh that6



Figure 4: Distributions of the b-quarks and gluon jets for the bakground (left)and the signal (right). Events with pile-up.the statistial signi�ane of the signal over bakground is maximised. Eventsin the mass region of 112 GeV < Mjets < 134 GeV are seleted. The numberof estimated signal and bakground events in this window are 3534 and 2170,respetively.The two photon deay width of the Higgs boson is proportional to the eventrates of the Higgs signal. The statistial error of the number of signal events,pN obs=(N obs � Nbkg), orresponds to the statistial error of this measurement.Here Nobs is the number of observed events, while Nbkg is the number of expetedbakground events.We obtain�[�(H! )� BR(H! b�b)℄[�(H! )� BR(H! b�b)℄ = pNobs=(Nobs � Nbkg) = 2:1%:5 ConlusionsThe 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 QCDorretions for the bakground into aount and using realisti assumptions forthe detetor and bakground from pileup events We onlude 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 auray one andistinguish between the Standard Model Higgs partile and the lightest salarHiggs boson predited by models beyond the Standard Model. Also, the preise7



Figure 5: Higgs invariant mass reonstrution on signal and bakground for aHiggs mass of 120 GeV without (left) and with (right) pile-up events overlayed.measurement of the deay width �(H ! ) an reveal heavy harged partilesirulating in the loop, as for example supersymmetri partiles. The aurayof 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.Referenes[1℄ Parameters for the Linear Colliderhttp://www.fnal.gov/diretorate/ifa/LC_parameters.pdf.[2℄ D.L. Borden, D.A. Bauer and D.O. Caldwell, Phys. Rev. D48 (1993) 4018.[3℄ The ALEPH, DELPHI, L3, OPAL Collaborations and the LEP Ele-troweak Working Group, A ombination of Preliminary Eletroweak Mea-surements and Constraints on the Standard Model, CERN-PH-EP/2006-042,hep-ex/0612034.[4℄ T. Ohgaki, T. Takahashi and I. Watanabe, hep-ph/9703301; G. Jikia and S.S�oldner-Rembold, Nul. Instr. and Meth. A472 (2001) 133.[5℄ P. Niezurawski, A.F. Zarneki and M. Krawzyk, Ata Phys. Polon. B34(2003) 177.[6℄ P. Niezurawski, Ph.D. thesis, hep-ph/05032958
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