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The complex Minimal Supersymmetric Standard Model

In its general form, the MSSM includes complex parameters such as
@ the trilinear coupling A
@ the gluino mass parameter M3
@ the higgsino mass parameter p
The parameters are often taken to be real for simplicity. However, when the
complex phases are included, it leads to some interesting phenomenology
@ a new source of CP violation to explain the matter-antimatter asymmetry in
the universe
@ the possibility of a low mass for the lightest Higgs without conflicting with
LEP results
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Analysis of LEP results by LEP Higgs Working Group

| | CPX | CPX inspired |
Two different programs were tan 3 0.6-40 0.6-17
used to calculate the cMSSM my+ (GeV/c?) 4-1000 110-190
Higgs sector - FeynHiggs and Msusy (GeV) 500 500
CPH. A point in the u(GeV) 2000 2000
parameter space was said to Mz(GeV) 200 200
be excluded only if the AbS(A)(GeV) IOOO(MS) 1000(on-she||)
analysis with both programs Arg(A) 90° 90°
found it excluded. AbS(M3)(GeV/C2) 1000 1000

Arg(Ms) 90° 0°
| m:(GeV) | 1743 | 170.9

The LEP Higgs Working Group analysis found a domain in the CPX scenario at
30 GeV/c? < mpy, < 55 GeV/c? which was not excluded at the 95% CL. In this
region, the h, — h; + h; branching ratio dominates. However, FeynHiggs does not
currently have a reliable calculation for the decay width, I'(h, — h1 + h1), so

['(ho — hy + h1) from CPH was used in both analyses.

Unless otherwise stated, CPX inspired parameters are used in this presentation.
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The neutral Higgs masses in the complex MSSM

First, find the poles of the 3 x 3 propagator matrix A(p?), which is equivalent to
solving |p2]l M(p | = 0 where

Zhh( ) —wm(p?) ~Sha(p 2)
M(p?) = —ZhH( %) m,‘2./—AZHH(P2) _ZHA( %)
3 ha(p?) =2 1a(p?) — 3 4a(p?)

In general, the three solutions Mf,a are complex. The physical masses,
M7 = ReMj and labelled by My, < My, < Mj,
2 jx(p?) were calculated using an expansion about Rep?.

o , o 2
Yi(p?) = Li(Rep?) +i(Imp?) Xy (Rep?) + O (Imp?)

The program FeynHiggs was used for ¥, (Rep?) and Z’k(Rep ). In practice, the
eigenvalues of a momentum independent appoximation to M(p?) was used as a
starting point for iteration.
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External Higgs Bosons

Diagrams with external Higgs bosons need finite wave function renormalisation
factors, contained in the 3 x 3 matrix Z.

i L. .
lim —— (z-r -zT) - 1
P2—>M%1 p2 _M%I 2 hh
I A A ~
lim —— (z-r -zT) -1
poM2, P2 — M 2 HH
i ~ A -
lim —— (z-r -zT) -1
P2—’Mi3 p2 _M%?’ 2 AA

with

. VZh  VZnlen N ZhZpa
Z = \V ZHZH;, vV ZH \/ZHZHA
VZpaZan ZaZan VZa

—F2(p?) is the inverse of the propagator matrix A(p?).
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External Higgs

Bosons

The components of Z are found using,

_ 0 i
Z7l= — (—— note
h op? (Ahh(pz)) pR=AM3
_ 0 i
Zit = == | — Ai(p?) =
H op? <AHH(P2)) por? (P )
2
_ 1o} i
zit= L (L
A op? (AAA(PZ)) p=M3,
Apy A
Zoy = —— Zpyp = 2bH
hH App pQ:M%I kh ApH P2:M%2
Apa A
Zop= A Zyp = L
" A P HA= B pP=MZ,

D

0= B
AA |2 pi

Apa

= B
AA p2:M%3

where Aj; are components of the 3 x 3 propagator matrix A(p?).
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External Higgs Bosons

For a vertex function involving 1,2,3 external Higgs fha, fhahtﬂ fhahbhc respectively,

A

I, 2,
fhaf'lb = 2bjzaifij
Chomohe = ZakZijZail
For example,
rhlff = (ﬁhf? + Zniif gz + ZhAfAf?)
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Internal Higgs Bosons

For an effective coupling involving internal Higgs bosons, can use the 3 x 3 unitary
rotation matrix U, which diagonalises a real, momentum independent
appoximation to M where

so that U diagonalises My

M2, O 0
0 M, O = U-My- U
0 0o My

For example, the h,-Z-Z coupling is given by a combination of gnzz, gHzz, 8azz
using

8h,zz = Uak8rzz

which gives g7 ;, + &7, 77 + 84,77 = 1 as required.
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Tree level vertex

@ Finite wave function
renormalisation factors are
included by

> 9 5 tree
Chomhy = L1k Lol i
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hy — hy + hy Decay Width

Yukawa approximation in

vertex
Mp,=35 GeV @ m? terms only
1 . .
L B R g @ zero incoming momentum:
Yukawa Approx ——— 2 __
pc=0
0.8 1
>
® h - h
2 06 1 t gt Ta ot
< 1 i
g ——h——<{t e
-CT 2 e 2'{_ e
Looap ] hy B h
g
02| 1 tehy .- . ,f—illf
,,,,, S A
hy "= T
0 — t R T
3 4 5 6 7 8 910 A 1

tanp

where %A7¥B7¥C = %1,%2.
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hy — hy + hy Decay Width
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t,%,b,b

@ loops involving t, %, b, b only

@ full momentum dependence

h h
b m._ ba »‘:’1'/
S
hl B h1

bom g
77[:;727.“": {71 “\'—4—\..-}“‘8

with BA,BB,BC = [31,52 and t,'f
diagrams as before.
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hy — hy + hy Decay Width
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Fermions, Sfermions
Standard model fermions and
their superpartners. Two options

e p®=0

@ full momentum dependence

f h1 fa ,_/:',1,/
h2<1f fohinlle
o B h
fB h1 o ? /t_hl/
,,,,, T Al
hy {7\1 hy, * f’?\
fa 1
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h, — hy + h; Decay Width

My, =35 GeV
T e Full 1-1 d Full 1-1
ree _ _
Yukawa Approx u oop an u oop
t,st.h,sb Plus
08 f,sf p?=0 - .

@ Both options include full

,S

> Full 1-loop, Full 1-loop Plus .

8 o6 f 1-loop corrections.

f: o Full 1-loop Plus has

£L 04 1 h1, ho, h3 inside loops instead

< of h, H, A. Transformations
with U are used to obtain

02 | . .
the new couplings. Negligible
difference to full 1-loop case.
0 —
3 4 5 6 7 8910

tanp
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F(h2 — h1 + hl) - varying Mh1

tanp=5
1 T T T
Tree
Yukawa Approx
t,st,b,;sb
0.8 2-
f

Above My, = b4GeV,

Mh2 < 2/\4;11

I (hy - hy+h,)/GeV

so decay is not allowed.

My, /GeV
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[(hy — h1 + hy) - varying Abs(A;)

M;, =35 GeV
1

T
10

L=

Abs(A)= 800 Gev
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Abs(A)=1200 GeV

I (hy—hy+hy)/GeV
o
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@ [(hy — hy + hy) is strongly
dependent on Abs(A;).

@ Will be particularly relevent
for transformations of

parameters between on-shell
and DR scheme.
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Other Ingredients

Br(h, — hphc), Br(h, — bb), Br(h, — 7777) are needed when checking
parameter points against the LEP exclusions, so two other decay widths were

calculated explicitly:
I'(ha — bb), including

@ finite wave renormalisation factors in Z
SM QCD corrections
Susy QCD corrections - resummation includes full M3 phase dependence

full 1-loop vertex corrections (with the option of hi, ha, hs in loops)

¢ e ¢ ¢

QED corrections

I(hy — 7777), including
@ finite wave renormalisation factors in Z
@ full 1-loop vertex corrections (with the option of hi, h2, hs in loops)
@ QED corrections

Contribution of other neutral Higgs decay channels are taken from FeynHiggs
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LEP exclusions for the CPX inspired scenario from
processes involving hy, hy

Colour: Br(h, - h;+h;)
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Comparison with the program CPsuperH

new results (with current FH)

Colour: Br(h - hy+hy)
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Summary

@ Presented new results for h, — hp + he decay width, which include 1-loop
vertex corrections.

@ Concentrated on the example of ['(hy — hy + hy) in the CPX inspired

scenario, showed these new corrections can increase the decay width by factor
of 50.

@ Compared to results from momentum independent vertex approximations,
which can be used for ‘effective’ h, — hp, — h. couplings, which could be very
useful for probing the trilinear neutral Higgs interactions. These
approximations proved very successful.

@ Looked at the implications of these new corrections to constraints on the
mass of the lightest Higgs mass My, in the CPX inspired scenario. The

results confirm the existence of a 'hole’ in the LEP coverage at low M, ~40
and tang ~5.
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The End
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