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Outline
e Charginos & Neutralinos in the MSSM
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e calculation of counterterms
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o Exemplary results: ete= — 932 (7); ete™ — 3% ()
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MSSM

Ingredients:SM + SLQ\
Contents of fields:
EmEl
uuu ]
‘ 2) doubletH, | . -

SUSY breaking:'soft"

e explicit mass terms for SUSY-partners, Higgs-bosons

e trilinear Higgs-sfermion-sfermion couplings
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CharginOSZmass eigenstates of charged higgsinos/gauginos

. .
' M V2 My sin
- e mass matrix: X = 2 w sin 3
- V2 My, cos f3 m
_
: e diagonalization: U™ XV = Mgifg
. o dirac spinors: ¥ (i = 1,2)
H
. []
2 Neutralin0S:mass eigenstates of uncharged higgsinos/gauginos
a
O e mass matrix:
. Ml 0 _MZSWCﬂ MZSWSﬁ
- Y = 0 Mz Mz cw ca — Mz cywy 53
- B _MZSWCﬂ MzCWcﬂ 0 —u
- Mz sw sp —Mz cw sg — 0
-

o diagonalization: N*Y NT = Mg(i)ag

e majoranaspinors:x; (j=1,...,4)

T. FritzscheL.CWSO04 - Paris— p.4



Parameters

M11 M21 ,u
(tan 3)

Prospects:

|
B
|
B
|
|
B
|
B
B
B
|
|
= o discovery of SUSY particles

e testing MSSM-predicted relations in the Chargino/Nelrtabector

e gaining insight into SUSY breaking mechanism
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Quantum corrections

Radiative corrections important:

e large mass shifts
— D. Pierce and A. Papadopoulos, Phys. Re®(§1994) 565
— H. Eberl, M. Kincel, W. Majerotto and Y. Yamada, Phys. Rew64X2001) 115013
— T. Fritzsche and W. Hollik, Eur. Phys. J.24 (2002) 619

e large corrections for cross sections
— M. A. Diaz, S. F. King and D. A. Ross, Nucl. Phys329(1998) 23
— T. Blank, W. Hollik [arXiv:hep-ph/0011092]
—  W. Oeller, H. Eberl, W. Majerotto [arXiv:hep-ph/0402134]

e high experimental accuracy
— H. U. Martyn and G. A. Blair, arXiv:hep-ph/9910416.

— K. Desch, J. Kalinowski, G. Moortgat-Pick, M. M. Nojiri and Bolesello,
JHEP0402(2004) 035

— J. A. Aguilar-Saavedret al. [ECFA/DESY LC Physics Working Group
Collaboration], arXiv:hep-ph/0106315.
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Renormalization

reasoncalculation of loop diagrams: divergent results
o regularization:xo + finite — f(¢) + finite ( lim f(e) = oo)
SUSY:dimensional reduction (DR)
o renormalizationrescaling of all parameters and fields
X — X+4+0X
o — (1+%)
e counterterms:
LO,X) — Lpom(P,X)+ Lor(P,X,07,0X)

Automation

e renormalization conditiondixing the values ob X ,0Z
S-matrix elements und Green'’s functions finite

Conditio sine qua non: symmetries must remain presejved
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complete set of
Born vertices

Mathematica

FeynArts/FormCalc
T. Hahn
http://www.feynarts.de

\ |

counterterm

program

vertices
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[FFV] 2 Charginos — Gauge Boson

[ R * R 2 i
) { cw Sw |:5Z>~(+]cl7c2 + cw sw [5Z>~<+]c2,cl + (—[5ZZA]12 sw”+ (ew sw) ([0Zzaln + 25Ze)) derc2 + } .
' [6Zza]1o U 1 U2
[0Z74)10 Ugi o Uz 2
C(_X_zajt(_laf}') = * owsw
o O { cw sw [52%] + cw sw [52%] + (-[5ZZA]12 sw” + (cw sw) ([0Zzaln + 25Ze)> dc1,c2 + }
. 2 c2,cl cl,c2 +
' [0Zza]12 V:2,1 Ve
[5ZZA]12 V:z,z Vc1,2
_ 4oy sw _ |
(2 Ssw sw? + cw? (205w + cw [6Zzal — sw ([6Zzalyy +2 526))) (2 iesw? 5C17C2) +

oo 5 _ie[éZ[ﬁ}
W’ sw n;

; n.cl (2 SW2 5n,c2 -2 U;,l uc2,l — U;,z Uczyz) +
CwW Sw

, e [52%

3 2 n,c2
4CW Sw z - 4

=1 Cw Sw

(2502 det = 2Uy 3 Uny — U Unz) +

(ie) ((2 ew? 05w + 2cw? 0 Zesw + ew? [0Zzaly sw — 205w Swz) Uz 1 Uy + U, Ucz,z))

4Cw3 SW2
(205w sw? + ew? @3sw +ew [0Zzaky — sw (6Zzaly +202)) (2iesw?dae) +
2 ie |:6ZI;~<+]
4 Cw3 SW2 —
nzl

C(_Xc_p Xc_la Z) =
31

2
1 - (2 sw?Ocn —2Vig Va1 — Vi, Vcl,z) +
Cw Sw ’ ’

*

) ie[éZ%] 1

3 2 n,c
4CW SW 2 — Z

= Cw Sw

(2 swOne2 —2VH1 Vi — Vi, Vn,Z) +

(i 6) ((2 CW2 5SW +2 CW2 07, Sw + CW2 [5ZZA]11 sw—2 5SW SW2> (2 V:Z,l Vcl,l + VC*Z,Z VC1’2)>

L 4Cw3 SW2 .

[FFV] 2 Leptons — Gauge Boson

iedjjp
4 Cw Sw

(16Zza112 = 2[6Zza T2 5w + @ew sw) (10Zza10 +207) + 4cwswRe | [07L] , ] )
ieé‘]’l’jz

(~10Zzaliasw + ew (10Zza1s2 +207) + 2cwRe [[628] , ] ) 52

C(—ep,e1,7) =
9
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Renormalization schemes

DR scheme:

: 2
o Loopintegrals:- — ~ + log 47 + log p1* — log pizs—
€
+ easy to implement
— observables are scale dependent in finite order perturodismry

+ natural choice for GUT-inspired parameter sets (INSUGRA)

OS scheme:

e renormalization constants fixed by physical conditions
— renormalization constants complicated
+ observables are scale independent

+ well suited for calculations of cross sections and decagsrat
(e.g. pole masses> correct kinematical thresholds)
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Remarks: on-shell scheme

Two different technical realisations

o H. Eberl, M. Kincel, W. Majerotto and Y. Yamada,
Phys. Rev. 64 (2001) 115013 [arXiv:hep-ph/0104109]

e T. Fritzsche and W. Hollik,
Eur. Phys. J. @4 (2002) 619 [arXiv:hep-ph/0203159]

Physical equivalenc@.g. mass spectrum)

o formal parameters, M, M- different
e relations between observables in agreement

— relations between pole masseg ,m ok

~0
X1,...4

T. Fritzsche LCWSO04 - Paris— p.11



low ener
— 9y OS parameters
DR parameters

phys. 1-loop

masses of

R a4~ arameters
DR parameters X;r1 X;-’ %9 OSp

Ml,MQ,,u Ml,MQ,,U

SPS1a-0S

ML = 103.02
M2 = 201.56
MJE = 363. 06

176. 013 + 8.889
378.527 + 10. 312
96. 154 + 4.004
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0 = OQED +  Oremainder

max |2
O.QED . O.hard _1_ % {log (4[E’Y{;’soft] ) |:10g<

. irt+soft AT
Oremainder ‘= O ol — p {lOg( 75 log

e gauge invariant

® O.emainder free of large soft and universal collinear photon contidmg
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splitting
hard/soft photon:
1073 - /s

QED

® Conplete
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Summary & outlook

o Charginos & Neutralinos:
comprehensive sector of the MSSM

e discovery of SUSY particles
e testing relations predicted by the MSSM
e (gaining insight into SUSY breaking mechanism

e Quantum corrections are important
e SPA conventions to channel efforts

e Tools for 1-loop calculations are ready and tested

e FeynArts modelfile with all CT-couplings

e decays with 2 or 3 particles in the final state

e production processes with 2 or 3 particle final states
e Ongoing work

e multiparticle final states
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