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1. Introduction

e CP-odd Higgs boson A9 can be produced at ete
colliders via:

ete™ — hOAO : HOAO (Drell-Yan process),

ete™ — bbAO | tTAQ (Yukawa process)

Yy — AO, (~~ fusion)

e In the MSSM etTe~ — hOAQ is suppressed by
cos(B8—a)? for M4 > 250 GeV, while ete™ — HOAO
IS phase space suppressed.

e In the MSSM, at tree level VVA? = 0, eTe™ —
Z AP /~vAQ and ete™ — vee A are loop mediated.

o Ifete — ZAO/'yAO and ete  — VeDeAO are size-
able, it would provide an alternative way of pro-
ducing A9 at eTe™ collider.

e Informations on 4yA%, vZ A9, ZZ A9 and WWw AO.
e At LEPII (/s = 200-209 GeV), ete~ — hOAO,

hOAQ — 262b/bbrT77; M4 > 91.9 GeV, hep-ex/0107030
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® cem — vAY in MSSM

@ etem - ZA? & ete™ — .. A° in 2HDM:

+ crossed 1.6, 1.7, 1.8

® FeynArts3, FormcCalc



o In MSSM with real parameters, A°f7f; = —ACf* f;
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The sfermions contribution is #= 0.

A°fif =

e Only Ay are complex arg(Az) = arg(A4y)
e 1st and 2nd gen @ TeV scale, u real - EDMs

e 5p(t —b) < 0.003



e @ 500 GeV, £ = 500fb— 1, the threshold of ob-
servability is ¢ = 0.1fb — 50 events.

e @ 800 GeV, £ = 1000fb~!l the threshold of
observability is o = 0.05fb — 50 events.

e the cross section can be enhanced:

e in 2HDM for small tan 8 < 1 (A% = gitg)

e in MSSM with light charginos

e in complex MSSM with large CP phases and
My =~ Qm{gl (AO — Zlfi)
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p = 180, 2M1 = M> = 200, Msysy = 200 GeV
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Cancellation between boxes and triangles: light SUSY
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In MSSM with CP phases: Msysy = 0.5, p =2, Ayp, = 1

TeV and Myuuginos = 0.3 TeV
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e eTe™ — e A? computed in 2HDM by T.Farris
et al. (correction to W-W-A vertex only)
[ S.Su talk]

Preliminary results:
e in 2HDM for tang = 0.5 and M4 = 250 GeV
o=7 104 fb @ 500 GeV and 5.5 10~2 fb @ 800

GeV

e in MSSM tanfg = 2.5 and M, = 250 GeV with
light SUSY, o = 2.1 10~4 fb

e in complex MSSM tan g = 2.5 the CP phase can
enhance the cross section up to o = 0.1 fb.
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In MSSM with Mgysy = 200 GeV
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3. Probing scalar-pseudoscalar mixing
inPMSSM

e CP violation in MSSM:
[ S. Heinemeyer and A. Pilaftsis talks]

e With Extended Higgs sector, CP can be violated
either explicitly or spontaneously in Higgs sector.

e In the MSSM, there is no Explicit/Spontaneous
CP at tree level

e Beyond tree level, one can have both: Explicit
P and Spontaneous P (light M4 < 40 GeV)

e After using the two global U(1) symmetries of

the MSSM Lagrangian, only 2 physical phases remains:
Arg(up) and Arg(Ay)
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e From the one |loop effective potential, the neu-
tral Higgs boson mass matrix in the reduced basis
(R, RDY, sin 3PV 4-cos BIPY): [S.P.Liet al'sa, J Ellis et al'90,
Y.Okada et al '90, E.Haber et al’90,.. M.Carena et al’95...A.Demir’'99,
A.Pilaftsis et al'99...S.Y.Choi et al’99]

M%C§+M282 + A1 —(mZ+M2)3505+A12 A1z
M]% = * mZ 3 2+ ]\43102 + Ao Aoz
* * M3+ Ass

e [ he size of CP violating off diagonal terms A3
and A>3 may be estimated as:

4 A2 2 A
Apam o (AL o AR P Al

2 3272 M3 M2 tanBMz’ M?2 '
Mg is stop mass average , ®op = arg(u) + arg(A:p)
e To get sizeable CP violation, , large [Ay |

and large sin oo p are needed.

e Diag(Mj7 , M7 , M7 ) =O"MZO , with My, < My, < My,
After diagonalization the Physical mass eigenstates
are mixed states of CP, Hj » 3 have undefined CP
properties.
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e T he interaction between Higgs and gauge bosons:

3
1
Luvy = gmw § Ci [HW W + ?HZZ,JZ“]
1=1 w

3
e
Lunz = J Z Cij (H; 0y Hj)
2ew j>i=1

Ci = 01;cos 8+ OzsinB , Ck=¢jr Cij

e \We have the following Sum rules:
Ci+C54+C5=1 , C,=Cf ,i#Ej#k

e In MSSM, 1 =sin(f — «), Cy or C5 = cos(3 — «) and
VVA=CCy or C3=0, we have access only to two Higgs h,
H in the Higgs-Strahlung / WW fusion process

e In PMSSM, all H; (i=1,2,3) can be produced
in the Higgs-Strahlung process: (ete~ — ZH,)
and/or in the WW fusion (ete™ — H;vei)

e In(/PMSSM, the splitting between My, and My,
may be larger than in the CP conserving MSSM:
0 < |Mp, — Mp,| <60 GeV

[A.Pilaftsis et al’99, M. Carena et al'00, S. Heinemeyer '01].
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e pcp = Arg(p) + Arg(A;p), to evade EDM con-
straints, we take p real and 0 < Arg(4;;) <

e We are interested in My+ < 350 GeV,; My+ >
350 is the decoupling scenario and Hy is SM like:
Z/ZH1=C1 =1, Co=C3=0

e Our parameters are fixed as:

MQ — Mt — Mb — MS = 0.5 - 1TeV, |,u| — 4M5,
|A| = |Ap| = 2Mg, Arg(Ay) = Arg(A4y),

tang =3 — 15

e For the one-loop renormalisation-group-improved
effective potential of MSSM:

A.Pilaftsis et al NPB553'99, NPB586'00,

S.Y.Choi et al PLB481'00
http://home.cern.ch/p/pilaftsi/www
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CP conserving MSSM ¢PMSSM
ete” — Zh ,ZH tree level ete™ — ZH1,ZH»>, ZH3
[ FeynHiggsXS: S.Heinemeyer et al] tree level
ete™ — ZA (1-loop) ¢ <0.1 fb
eTe”™ — v.Uoh ,v.U.H tree level eTe™ = Ve H1, Vel Ho, Voo F
ete™ = vev.A (1-loop) ¢ <0.1 fb tree level
eTe” — hA ,HA tree level eTe” — H1H», H1H3, HoH3
ete”™ — hH (1-loop) ¢ <0.01 fb tree level
A.Djouadi et al PRD54(1996)

e A sizeable signal in both ete™ — ZH>, ZHs and/or
eTe~ — HyH,, H{ H3 would be a way of probing CP
violation in the Higgs sector.

e The SM Higgs mass is going to be measured
with very high precision at NLC ~ 110 MeV.

e If such precision is reached for the MSSM Higgs
bosons, observation of 3 peaks in the Higgs-Strahlung

process would be a signature of scalar-pseudoscalar
mixing
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Mgspysy =1 TeV, tan =6, /s = 500 GeV
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Mgrrgy =1 TeV, tanp
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Mgspysy =1 TeV, tan =6, /s = 800 GeV
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MSUSY =1 TeV, tanB = 0, \/g = 500 GeV
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4. Summary and outlook

e In the MSSM with real parameters, o(ete” — ZA) &

o(ete” = v.0.A°) are too small

® In the complex MSSM, large CP phases can enhance
og(ete™ = ZA) & o(ete” = v, A% up to 0.1 fb

e If all three H, are produced in etTe™ — ZH; with
cross section > 0.1 fb, this would be evidence for
scalar-pseudoscalar mixing

e A sizeable signal in both ete~ — ZH,, ZHs,
eTe™ — VelVeH>, vee H3z and/or eTe™ — HiH>, H{H3
would be evidence for scalar-pseudoscalar mixing.

e In ZPMSSM, ZZHq{ =~ 0, difficult to observe,
in this case ete™ — H{H> , H{H3 and/or etTe™ —
bbHq , ttHy may be useful.
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