
The Next-to-LightestNeutralino deay at LHC
QINGJUN XU

Third MPI Young Sientist WorkshopRingberg Castle 27-29 Otober 2004
Topis:
� Motivation
� Tree-level Calulation
� One-Loop Corretions
� Summary



MotivationMinimal Supersymmetri Standard ModelMSSM = SM + SupersymmetrySupersymmetry: Fermion  ! bosonPartile ontent of the MSSMFermions BosonsQuarks SquarksLeptons SleptonsHiggsinos HiggsesGauginos Gauge BosonsGluino GluonNeutral higgisinos and gauginos ! neutralinosFour neutralinos~�04 ~�03 ~�02(next-to-lightest) ~�01(lightest)depend on MSSM parameters M1, M2 and �
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sw = sin �W ; W = os �W ,s� = sin �; � = os �,assuming M1 � 0:5M2



A disrete symmetry: R-paritySM-type partiles PR = 1All supersymmetry partiles PR = �1Consequenes if R-parity is onserved
� Supersymmetry partiles only be produedin pairs
� Lightest Supersymmetry partile (LSP ) isstable

Assuming lightest neutralino ~�01 is LSPSupersymmetry partile !lightest neutralino ~�01Phenomenologial signature:missing energy



Measure neutralinos masses at LHC

�~�02 l�~�01l+.. ~�02 l� ~�01.l�~l�. ~�02 ~�01 l�.l+Z

�~qs l�~�01q~�02 l+.
three-body deay~�02 ! ~�01l+l�two-body deayase a: ~�02 ! ~l�l� ! ~�01l+l�
ase b: ~�02 ! ~�01Z ! ~�01l+l�visible dilepton invariant mass distribution=) mass of invisible neutralinoThe dilepton invariant mass de�ned asMl+l� = q(kl++ kl�)2



Figures from ATLAS Tehnial Design Report
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Figure 1: Dilepton mass distribution for three-body deay(solid) and SM bakground(shaded)A sharp edgeEndpoints depends on kinematisthree-body deayMmaxl+l� =M(~�02)�M(~�01)
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Figure 2: Dilepton ~�02 �! ~l�Rl� �! ~�01l+l�deay signaltwo-body deay(ase a)
Mmaxl+l� =M(~�02)s1� M( ~l�)2M(~�02)2s1� M(~�01)2M( ~l�)2two-body deay(ase b) Ml+l� = mZ



Tree-level Calulation~�02 ! ~�01l�l+ diagrams at tree-level

1~�02 ~�01 l�l+Z 2~�02 l� ~�01l+~l
3~�02 l+ ~�01l�~l

propagator � 1k2�M2vproblem in two-body deay proess:k2 =M2v ! singularity



Solution A: implement A �nite width1k2 �M2v �! 1k2 �M2v + iMv�v (1)
Mv�v: imaginary part ofself-energy �(M2v ) . .
Solution B:in ase of~�02 ! ~l�l� ! ~�01l+l� . ~�02 l� ~�01.l�~l�
�(~�02 ! ~l�l� ! ~�01l+l�)' �(~�02 ! ~l�l�)Br(~l� ! ~�01l�)Br(~l� ! ~�01l�) = �(~l�!~�01l�)�~l�



tree-level result forSPS1a parameter
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SPS1a : a low energy MSSM parametersM(~�02) = 176:57GeV M(~�01) = 96:15GeV~e�R = 142:67GeV ~e�L = 202:28GeV
Mmaxe+e� = 76:85GeV



One-loop orretionsMeassure dilepton invariant mass distributionto a preision of about 0:1%need higher order orretionsvirtual orretionsthree-body deayvirtual orretions are lassi�ed:
self-energy ontributions . .vertex ontributions . . . .box ontributions . .ounterterm ontributionsfrom renomalizationFeynArts, FormCal and LoopTools



Amplitude M =Mtree+Mvirtual
Results inlude virtual orretion:� = �tree+�virtualproblem: infrared (IR) divergenes

. ~�02 l+ l�.~�01~l
photon mass = 0, Emin = 0 �!IR divergenessolution: regularized with a photon mass �IR divergene anelif add real photon bremsstrahlung



real photon bremsstrahlung~�02 ! ~�01l�l+

1~�02 ~�01 e�e+Z 2~�02 ~�01 e�e+Z
3~�02 l� ~�01l+~l 4~�02 l� ~�01l+~l
5~�02 l+ ~�01l�~l 6~�02 l+ ~�01l�~l



soft photon bremsstrahlung: E � Euthard photon bremsstrahlung: E > Eututo� parameter Eutis small ompared to relevant energy�real = �soft(Eut) (IR-divergent )+�hard(Eut) (IR-�nite )�virtual+�soft is IR �niteavoiding numerial instablities�.  ollinear � � �utnon-ollinear � > �ut�hard(Eut) = �ollinear(Eut; �ut)+ �non�ollinear(Eut; �ut)soft and ollinear parts ! analytiallynon-ollinear part ! numeriallyMulti-hannel Monte Carlo



�1�loop = �virtual+�realtwo-body deayin ase of~�02 ! ~l�l� ! ~�01l+l��(~�02 ! ~l�l� ! ~�01l+l�)1�loop' �(~�02 ! ~l�l�)1�loopBr(~l� ! ~�01l�)tree+�(~�02 ! ~l�l�)treeBr(~l� ! ~�01l�)1�loop+�non�fanon-fatorizable ontributions
. ~�02 l+ l�.~�01~l
�non�fa � �� log �~l�M~l��tree



summary
� dilepton invariant mass distribution deter-mine neutralino mass
� higher order orretions are neessary
� virtual orretion is done
� hard -photon bremsstrahlung is at work


