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Stringent direct test of SUSY:

Light Higgs boson h required

Tree level: m;, < My

Yuk lings: —emi_ _em;
ukawa couplings: sy, 7, . ..

Dominant corrections to my, from ¢ — -sector :
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High-precision measurement of my,:
LHC: émy, ~ 0.2 GeV
LC: émy, ~ 0.05 GeV
Muon Collider: dmy ~ 0.1 MeV
= my, Will be precision observable!
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1.) From unknown higher-order corrections:

2.) From uncertainties in input parameters
me, - .., MA: tan[i’, mgl, mgz, (9{, mg, - - .

Amy~5 GeV = Amy ~5 GeV

Needed for LC physics:

AmiNe° < 0.5 GeV

Upper bound on my in the “unconst. MSSM":
My, tan 3, 5 parameters in {=b sector, u, mg, Mo

Diagrammatic result: FeynHiggs1.2.2 (see sect. 3)

my, < 134 GeV

(mt — 175 GeV, MSUSY S 1000 GeV,
no theoretical uncertainties included)

— holds also for CP-violation
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MSSM can have complex phases = cMSSM

Higgs sector of the cMSSM:

Two Higgs doublets

- (Hll ) _ ( n+(¢?qu‘x?)/ﬁ)
1

Hy = H, = ¢t (/bg_
Hz v 4+ (68 +ix8)/v2
Higgs potential:

V = miH{Hy +m3HoH — (misre HYHS 4 h.c.)

2
g'< + g°

2
— — g —
+ (H Hy — HyH)? + ~ |H1H>|?

2 CP-violating phases: &, m1qo

= can compensate each other
= no CPV at tree-level
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-

b1,0> — h,H (CP — even)
X1, X2 — A,G (CP—Odd)
67,05 — HT,GF

= 3 neutral, 2 charged physical Higgs bosons

Input parameters:
(V)
tan g = —2, M+
’Ul

== mh7mH7MA
calculable in terms of other parameters

Other complex parameters:

— 1 > Higgs mixing parameter

— Ay @ trilinear couplings
= Xy = Ayp — p{cot g, tan g} complex

— M o : gaugino mass parameter

— mg : gluino mass
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EXisting corrections in the cMSSM:

— fermion/sfermion corrections at 1-loop, ¢2 =0

— leading 2-loop corrections

Missing:

— remaining sectors at 1-loop (rMSSM: 5 GeV)
— ¢2 dependence at 1-loop (rMSSM: ~ 2 GeV)
— non-leading 2-loop corrections (rMSSM: 3 GeV)

New calculation:

complete 1-loop evaluation in the
Feynman-diagrammatic approach, ¢2 # O
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Propagator/Mass matrix at tree-level:

q° — M3 0 0
2 2
0 qc —my 0

0 0 qz—m%

with higher-order corrections:

( > — M2+ 3 44(q%) > ar(q?) > 4n(q?) \
> 1a(q?) > —m?% 4+ > gu(d?) > mn(q?)
K >ha(q?) > h(q?) @2 —m2+ S(?) )

iAhaiAH#O = CPV

New calculation:

2 AAy2ZHH>2hh>2hHr» 2Ah>2=AH:

— full 1-loop evaluation
dependence on all possible phases included
= uncertainties of up to 5 GeV eliminated

— momentum dependence fully included
= uncertainties of up to 2 GeV eliminated

— On-shell renormalization scheme
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(A7 H7 h) — (h37 h27 hl)
with

Mpy > Mp, > Mp,

Higgs boson couplings:

(only in g2 = 0 approximation)

h3 U1l U1 U3 A
ho | = | uo1 uop uo3z || H
h1 u31 U332 U33 h

— h1, ho, h3y : neutral Higgs boson with
CPV couplings

— u19,u13,uU21,u31 - CPV mixings

— U determine Higgs-fermion and
Higgs-gauge boson couplings
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To show "possible” large effects:

CPX scenario:

Msysy = 500 GeV, M, = 500 GeV,
|| = 2000 GeV, |A¢| = 1000 GeV
Mp+ = 150 GeV, tanf3 =5

¢, dependence of my , myp,:

(¢ =0, |A¢] =2 Msysy)
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(¢,U — 07 ¢At — O)

Amhl[GeV]

full MSSM, ¢2# 0
full MSSM, ¢2 =0
(s)fermion, ¢> =0 |

Findings:

» — t/T,b/b, > =0

— non-(s)fermion part relevant, Am;,, < 4 GeV

Y

— Impact of phases on non-(s)fermion part:

~ 1 GeV

— momentum dependence relevant,

Amhl ~ 1.5 GeV
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(CP—odd part)?
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Findings:

— Impact on w;;: small for hq, larger for hp 3
(Mg+ 2 200 GeV)
— ho and hg can possess non-negligible
CP-odd part

— Impact of new contributions small ,
(but non-negligible (off-set))

— no impact from ¢, in CPX
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Latest version: (03/25/02)

FeynHiggs1.2.2

— New renormalization (MS/OS)
for 1-loop result

— subleading non-log O (atz) terms

— “Amy" corrections for Higgs masses
= leading O (apas) terms included

— SPS (Snowmass points and slopes) implemented

— Les Houches BMS for Higgs searches at Tev/LHC
iImplemented

Obtainable at: www.feynhiggs.de

FeynHiggs1.2.2 used for final evaluations
of LEP Higgs WG
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FeynHiggs2.0

— evaluation of the Higgs sector of the (c)MSSM:
— full 1-loop, ¢2 # 0
— leading/subleading 2-loop

— full 1-loop corrections for charged Higgs sector

— completely new Fortran/C/Mathematica code

— Higgs decays in FD calculation for rMSSM

— Higgs production and decay as u;; for cMSSM

available: ~ 09/2002
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e complete 1-loop evaluation for masses and
couplings in the cMSSM Higgs boson sector

e ¢2 dependence included

e reduction of my, uncertainties reduced:
— non (s)fermion sector: 1 — 5 GeV
— ¢2 dependence: 1 — 2 GeV

e everything will be included in FeynHiggs2.0

e Latest version: FeynHiggs1.2.2
— new renormalization
— non-log O (atz> terms
— Amy corrections for Higgs masses
(— O (aprs) )
— SPS 4+ Les Houches BMS included

available at www.feynhiggs.de
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