
A Study of e+e� ! H0A0 Prodution at 1 TeVand the Constrain on Dark Matter DensityMaro Battaglia1;2 , Benjamin Hooberman1, Niole Kelley11- University of California - Dept of Physis, Berkeley, CA - USA2- Lawrene Berkeley National Laboratory, Berkeley, CA - USA1 IntrodutionThe onnetions between Cosmology and Partile Physis through Dark Matter (DM) havereeived speial attention in the last few years for sharpening the physis ase of olliderphysis at the TeV frontier. There are many extensions of the Standard Model (SM),whih inlude a new, stable, weakly-interating massive partile, possibly responsible forthe observed reli DM in the Universe. The LHC will provide �rst important data toaddress the question whether one of these senarios is indeed realised in nature. The ILCmeasurements of the properties of a DM andidate and of those other partiles partiipatingto its interations in the early Universe may allow us to predit its reli density with anauray omparable to that urrently ahieved by CMB observations at satellites. Withthese data in hand, the omparison of the results would have striking onsequenes for ourunderstanding of dark matter.2 Neutralino Dark Matter Density in MSSM and the ILCSupersymmetry emerges as the best motivated theory of new physis beyond the SM. Itsolves a number of problems, intrinsi to the SM and, most important to our disussion, theonservation of R-parity introdues a new stable, weakly interating partile. The WMAPCMB data, and other astrophysial data, already set rather stringent bounds on Super-symmetry parameters, if the neutralino is responsible for saturating the amount of DMobserved.The potential of ILC data at 0.5 TeV and 1.0 TeV for determining the DM reli density,
�, in Supersymmetry has been investigated in detail in [1℄. This study seleted a set ofbenhmark points, the so-alled LCC points, representative of various senarios and deter-mined the 
� probability density funtion by a san of the full MSSM parameter spae andretaining those points ompatible with the measurements available at the LHC and ILCwithin their auray.3 e+e� ! H0A0 at LCC-4 with Full SimulationWe onsider here a spei� Supersymmetri senarios, in whih the DM andidate is thelightest neutralino, �01 and its reli density is ontrolled by the rate of neutralino annihilationthrough the CP-even heavy Higgs pole ��! A. The LCC-4 benhmark point [1℄ is de�nedin the MSSM, orresponding to the parametersm0=380.00 GeV,m1=2=420 GeV, tan�=53,A=0, Sgn(�)=+1 and Mtop=178 GeV. We use Isasugra 7.69 [2℄ to ompute the partileLCWS/ILC2007



spetrum and we getMA0=419.4 GeV, M�01=169.1 GeV andM ~�1=195.5 GeV. The e+e� !H0A0 ! b�bb�b proess at ps = 1 TeV ILC has already been studied for LCC4 [3℄. Thatstudy, based on the parametri detetor simulation program Simdet 4.0, showed that theA0 boson mass an be determined to �0.8 GeV by imposing the natural width �A or to�2.0 GeV by a simultaneous �t to mass and width. These results, when ombined with othermeasurements to be peformed at 0.5 TeV, allow us to predit the neutralino ontributoionto the dark matter density in the Universe, 
� to a relative auray of 18 % in generiMSSM senarios.Here, we repeat the same study on Geant-4-based simulation [4℄ of the detetor responseand reonstrut the physis objets using proessors developed in the Marlin framework [5℄.This study adopts the LDC detetor onept, whih employs a large ontinuous gaseoustraker Time Projetion Chamber surrounded by a highly granular alorimeter and omple-mented by a high resolution Vertex Traker, for whih we have hosen the option based onCMOS monolithi pixel sensors. The LDC detetor is disussed in details elsewhere[6℄, thedesign is optimised for ahieving exellent parton energy measurements, through the partileow algorithm, and preise extrapolation of partile traks to their prodution point. Boththese features are important to the analysis, whih aims to suppress bakgrounds by exploit-ing its signature 4-b jet �nal state and requires good determinaton of energy and diretion ofhadroni jets to maximise the resolution on di-jet invariant masses. The jet energy resolutionhas been studied using a simulated sample of single b jets in the energy range from 10 GeVto 210 GeV over a polar angle, �, range 0:4 < � < �=2, we get ÆE=E = (0:34� 0:02)=pE �(0:015� 0:005), whih is onsistent with the partile ow performane spei�ations. Jetavour tagging is based on three observables: the probability for all the partile traks tooriginate at the event primary vertex, the fration of the jet energy arried by seondarypartiles and the pt-orreted mass of the seondary partiles. These are ombined to forma disriminant variable whih peaks at one for b jets and peaks at zero for non-b jets.
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Figure 1: Tranverse energy and thrust distributions forHA, Z0Z0 and W+W�. Generator level distributionsare plotted as histograms, results of Mokka + Marlinsimulation and reonstrution are given for the signalproess as points with error bars.

At the hosen working point, aneÆieny for b jets of 85 %is obtained with suÆient re-jetion of lighter quarks to ef-fetively suppress the remain-ing non-b bakground. Signalevents have been generated withPythia 6.205+Isajet 7.69, in-luding bremsstrahlung e�ets.These events have been passedthrough the full LDC simula-tion using the Mokka 06-03 pro-gram [7℄ based on Geant-4. Thelio [8℄ olletions produed byMokka have been used as input forthe Marlin reonstrution. At ps= 1 TeV, the e�etive e+e� !H0A0 prodution ross setion,aounting for beamstrahlung, is1.4 fb and the deay BR(A0 ! b�b) LCWS/ILC2007



is 0.87. The main bakgrounds areZ0Z0,W+W� prodution and the inlusive b�bb�b prodution. Their ross setions are 0.2 pb,3.2 fb and 5.1 fb respetively. We assume to operate the ILC at 1 TeV for a total integratedluminosity of 2 ab�1. Bakgrounds an be signi�antly suppressed using event shape andkinemati variables. We require events to ful�ll the following riteria: total reorded energyin the event ETOT > 850 GeV, total transverse energy ET >350 GeV, harged energy in theevent ECHA > 350 GeV, number or reonstruted partiles NTOT >50, number of hargedpartiles NCHA >25, event thrust <.95 and Y34 <0.0025, where Y34 is the 3 to 4 jet rossovervalue of the jet lustering variable. The distributions of some of these variables is shownin Figure 1) for bakgrounds and signal, for whih a omparison of the generator-level andreonstruted values is also given.After event seletion, the di-jet pairing whih minimises the di-jet mass di�erene hasbeen hosen. The di-jet mass resolution has been improved by applying a 4-C �t. We
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Figure 2: Dijet invariant mass distribution for e+e� ! H0A0 events seleted by the analysisut. Mass onstraint �t and jet avour tagging has been applied. The distribution for fullysimulated and reonstruted events (points with error bars) is ompared to that obtainedwith parametri simulation (histogram).have ported the PUFITC algorithm, developed for the DELPHI experiment at LEP, intoa dediated Marlin proessor. The algorithm adjusts the momenta of the jets given by~pF = ea~pM+b~pB+~pC where ~pF is the �tted momentum, ~pM is the measured momentum,~pBand ~pC are unit vetors transverse to ~pM and to eah other, and a, b and  are the freeparameters in the �t. The adjusted momenta satisfy a set of onstraints while minimizingthe �t �2, whih is given by �i (ai�a0)2=�2a+b2i =�2b+2i =�2 , where a0 is the expeted energyloss parameter, �a is the energy spread parameter and �b,� are the transverse momentumspread parameters. In this analysis we use the following onstraints: px = py = 0 andE � jpzj = ps, where the last ondition aounts for beamstrahlung along the beam axis,z. We report here preliminary results from the analysis of a sample of 1050 fully simulatedLCWS/ILC2007



signal events. After applying �nal seletion and mass onstrained �t, the sample of eventsin the region 150 GeV< Mjj <550 GeV gives a seletion eÆieny of 23 % for signal b�b�bdeays. The resulting mass distribution is shown in Figure 2. We desribe the signal asa CRYSTAL BALL (CB) funtion [9℄ and extrat the A0 mass, MA, and width, �A havebeen by a multi-parameter �t leaving the CB parameters free. We determine the A0 massas (419.1�0.9) GeV. This result is remarkably lose to that obtained in the earlier analysis,based on parametri detetor simulation. The prodution and analysis of fully simulatedand reonstruted bakground samples is urrently under way.4 Further Constraints on 
�The onstraints on LCC4 derived from mass measurements at the LHC and ILC, provide apredition of the DM density in the Universe to a relative auray of 18 % with a generiMSSM model.
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Figure 3: H0 and A0 deay branhing frations as afuntion of the stau trilinear oupling Atau preditedby HDECAY. All the other MSSM parameters have beenkept �xed to those orresponding to the LCC4 point.

This auray is still far from thatahieved by CMB study with satel-lites. The main ontribution tothe remaining unertainty is theweak onstrain whih the data pro-vide to MSSM solutions where
� is signi�antly lower than itsreferene for LCC4. A detailedstudy shows that these solutionsare all haraterised by large val-ues of the stau trilinear oupling,Atau. In the MSSM the ~� ou-pling to the H0 and A0 bosonssales as Atau os�os beta + � sin�os � andAtau tan�+�, respetively. In thefunnel region the main annihila-tion mehanism is ~�0 ~�0 ! A0 !b�b andMA < M~�1+M~�2 . The onlyA0 deay into ~� s, allowed by CPsymmetry, A0 ! ~�1~�2 is kinemati-ally forbidden. At large values ofjAtauj, the stau deay proess through the H0 ! ~�1~�1 gets a sizeable branhing fration.This hannel ontributes to the neutralino annihilation rate through ~�0 ~�0 ! H0 ! ~�1~�1,bringing down the orresponding reli density, as observed in the MSSM sans. At the sametime, a determnation of the branhing fration of the deay H0 ! ~�1~�1, allows to onstrainjAtauj. Figure 3 shows the deay branhing frations of the A0 and H0 bosons omputed us-ing the HDECAY 2.0 program [10℄ as a funtion of Atau. Now, a large H0 ! ~�1~�1 ! � ~�0� ~�0yield an be deteted by a standard b�b�� analysis. A preliminary study shows that the A0,H0 ! �� branhing fration an be determined to � 15 % and A0, H0 ! b�b to � 7 %,from whih a limit jAtauj < 250 GeV an be derived. This onstrain removes the tail atlow values of 
� and results in a predition of the neutralino reli density with a relativeauray of 8 %. A detailed study on full simulation to support this preliminary results isurrently under way. LCWS/ILC2007
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