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OBSERVATIONS

MODELE STANDARD
e Hierarchy problem
e WMAP +...

EXPERIMENTS
e Future colliders (LHC, ILC)
e Cosmology (Planck, SNAP)
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OBSERVATIONS

MODELE STANDARD
e Hierarchy problem
e WMAP +... — Dark Matter

EXPERIMENTS
e Future colliders (LHC, ILC)
e Cosmology (Planck, SNAP)
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CosMIC MICROWAVE BACKGROUND
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CosMIC MICROWAVE BACKGROUND

Era of precision
measurement
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RELIC DENSITY OF DARK MATTER

0.094 < Qpyh? < 0.129  Precision 10% ]
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RELIC DENSITY OF DARK MATTER

0.094 < Qpuh? < 0.129  Precision 10% — 2%! J
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RELIC DENSITY OF DARK MATTER

0.094 < Qpuh? < 0.129  Precision 10% — 2%!

COSMOLOGY + PARTICLE PHYSICS

QDMhZ X L

< o(x°x°® — SM)v >

PRECISION

Need to know precisely o
= Radiative corrections
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EXAMPLE
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EXAMPLE

4L ;
. E ; 2Maisez
[ £ B
[N - 1—loop /
_2 : F i
10 E
=3 - C
10 E C
S TN 05 F
10_47 L L | 1 L L ‘ L L 1 | 11 L : 1 L L 1 ..“I.. L 1 L ‘ 1 L L 1
200 400 600 300 1000 16800 1700 1800 1900
M.(GeV) M.(CeV)
EXCLUSION OF MODELS
Have to take into account at least the one-loop corrections J
vy
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MINIMAL SUPERSYMMETRIC STANDARD MODEL

Example of physics Beyond Standard Model
e Fermion/Boson symmetry
e Hierarchy problem
¢ Unification of coupling
» Good candidate for Dark Matter: Neutralino x°

oo
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MINIMAL SUPERSYMMETRIC STANDARD MODEL

Example of physics Beyond Standard Model
e Fermion/Boson symmetry
e Hierarchy problem
¢ Unification of coupling
» Good candidate for Dark Matter: Neutralino x°

A lot parameters (~100 without CP violation) )
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SECTORS OF THE MSSM (ELECTROWEAK)

Fermion sector f )
Gauge sector v, 20, W= |
Higgs sector HO, RO, A°, H+ ]
Sfermion sector f J
Chargino/neutralino sector X5 X0 J
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Fermion sector f )
Gauge sector v, 20, W= |
Higgs sector HO, hO, A0, H+¢ ]
Sfermion sector f J
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SECTORS OF THE MSSM (ELECTROWEAK)

Fermion sector f )

Gauge sector v, 20, W=

Higgs sector HO, RO AC H+¢

Sfermion sector

Chargino/neutralino sector X 1P

~?
b N~ N~ N N

A lot of vertices! (~ 5000)
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SLOOPS

— Automatic tools )
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SLOOPS

— Automatic tools )
A code for the calculation of loops diagrams in the MSSM with
application to collider physics, astrophysics and cosmology J
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SLOOPS

— Automatic tools )
A code for the calculation of loops diagrams in the MSSM with
application to collider physics, astrophysics and cosmology J

Complete and coherent renormalization of the MSSM J

BARO NANs (LAPTH) PRECISE CALCULATIONS IN SUSY 8720



CODE
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CODE

LANHEP

Lagrangian

Particles
Renormalization scheme
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CODE

LANHEP FEYNARTS-FORMCALC
Lagrangian Mass corrections
Particles Decays

Renormalization scheme Cross sections
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CODE

LANHEP FEYNARTS-FORMCALC
Lagrangian Mass corrections
Particles Decays

Renormalization scheme Cross sections

FEATURES OF THE CODE
o Flexibility (between renormalization schemes)
¢ Non linear gauge fixing
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GAUGE FIXING

1 .
£6F = —g—wyauwﬁﬂgwgveﬂz

1 0 1 2
— 5502+ §Z—VG )2 — 3¢, OA")
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GAUGE FIXING

1 .
£6F = —?W|(9HW”++’5WQVG+|2

1 0 1 2
— 5502 +§Z—VG) 3¢, OA")

¢ =1 (loop library) ]
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NON LINEAR GAUGE FIXING

LCGF — —£1W|(8H—ie54Au—igCWBZu)WM+
+ iﬁwg(v + O 4+ OH® + ik GO + ipAY)GT P
1 g “H0 4 2O GOY2 2
26, (e Lz, (VAN ARG = 56, (0uAY)
¢ =1 (loop library) J
Non linear J
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WARD IDENTITIES

Non linear gauge introduces some modifications in the W/
m3 x A% ——>9--» Z0 4+ mz x A% —»00--» G°
= (- M) (e x OF - A4 5 x O A°)
21

£ 0l
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CHECK

AT TREE LEVEL
Comparison with public codes: Grace and CompHEP J
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CHECK

AT TREE LEVEL
Comparison with public codes: Grace and CompHEP

AT ONE-LOOP
Physical results
e UV finite
¢ IR finite
e Gauge independent
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RENORMALIZATION OF " tan 3" = % (Higgs sector)

t3 doesn'’t represent a physical/measurable quantity J

SUM RULES
SM2 + M2y = 6mA3 + 6m% + 6m,
M2 = 5m3 +é6m3,
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RENORMALIZATION OF " tan 3" = % (Higgs sector)

t3 doesn'’t represent a physical/measurable quantity J

SUM RULES
SM2 + M2y = 6mA3 + 6m% + 6m,
M2 = 5m3 +é6m3,

”"USUAL” SCHEME

.0y _ 0w
on, tﬁ — mHi, th, mHO ex: T1 = TZ
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RENORMALIZATION OF " tan 3" = % (Higgs sector)

t3 doesn'’t represent a physical/measurable quantity

SUM RULES
SM2 + M2y = 6mA3 + 6m% + 6m,
M2 = 5m3 +é6m3,

”"USUAL” SCHEME

ovi _ ov

Mo, tg — Myx, My, Mo ex: i = v

SLOOPS SCHEME
Mma, Myo — My+, Mpo
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LI 1 T (o s(1+ 82 3)6Tmo + Su_sC® 46 Tho)
ts  SopSp(apMZ 2My 77 oapITTHY T S ampl T
+  ReXopo(MZ) — S5_5REY popo(M3) — €4, sREY 72(M3)]
(5thch 1 5
T = Wpssy Rex poz(Mz)
ots™R 1 ' 2 ' 2 \\div
E = E(Hezhoho(lvlho) - RezHoHo(MHo))

oo
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LI 1 T (cas(1+ 2 5)0Tip + SusC?_56Tho)
ts S2552(a_g) M2, 2My " " oafIOTH T Samftapt Th
+ ReY (M) — S5_gReT o (M;) — €2 sReY z2(M3)]
Sty DCPR o ReT 05 (M)
ts Myssy oAz \Ma
5tgPR

1 ’ / iV
T = 20 (FeTion(Mi) — ReT o, (M)’

nlgs 0 1 10

oS -9.87 | -9.87 -0.87
DCPR | -9.87 | -13.80 | -49.18 DCPR | 70.35 | 41.04 | 0.50

5% o087 740 | 478 |_DR | 6365 | 41.82 | 0.65

o oo of dtg Amyg émj?
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(0N 94.76 | 41.82 | 0.65




DECOUPLING

Vs =200 GeV
Ms (GeV) 10° 108 10%

Vele — ZZ
SM 21.5549 | 21.5565 | 21.5567
MSSM 21.0751 | 21.5488 | 21.5566

Vele — Vyly
SM 20.8221 | 20.8261 | 20.8265
MSSM 20.1975 | 20.8185 | 20.8264

ete” — WTW~-

SM 25.0832 | 25.0868 | 25.0872
MSSM 24.5006 | 25.0768 | 25.0871
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APPLICATIONS & TESTS

MASS CORRECTION

O Hﬁ:, hO
o b2 (Hollik and Rzehak hep-ph/0305328)

L] Xg, Xg, Xg_ (Fritzsche and Hollik hep-ph/0203159)

Decays: 9 — X;’ZO, HOZ0
Cross sections: ete™ — ...
Collaboration with the Grace group
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APPLICATIONS & TESTS

MASS CORRECTION

O Hﬁ:, hO
o b2 (Hollik and Rzehak hep-ph/0305328)

L] Xg, ng Xg_ (Fritzsche and Hollik hep-ph/0203159)

Decays: 9 — X;’ZO, [H Y
Cross sections: ete™ — ...
Collaboration with the Grace group

my = 150 GeV, M, = 200 GeV, Af = M;R = MI:'L = 300 GeV
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APPLICATIONS & TESTS
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APPLICATIONS & TESTS
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APPLICATIONS & TESTS
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CONCLUSION

Complete renormalization of the MSSM
Processus 1 — 2,2 — 2

Need more tests

Application to neutralino Dark Matter very soon
Others models...
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