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Higgs production via gluonic fusion ST
and photonic decay =Nt

m clean detection channel
w CP conserving and CP violating effects appear at the
same coupling strength ("democratic”) in f, f loops

m observables in model with CP violating (GP) phases might
differ from current expectations in significant orders of
magnitude
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I Two types of CP
s (M MR ((3x3) (3x2)
= Min = <<M§P>T M) T\~
w My #0 & CF
a this can be realised by complex phases
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I Two types of CP AT
s (M MR ((3x3) (3x2)
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w My #0 & CF
a this can be realised by complex phases

1. Explicit GP
a like 03 in the SM CKM Matrix
a Parameters of L like u are allowed to be complex
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I Two types of CP AT
s (M MR ((3x3) (3x2)
= Mo = <<M§p)T Mp) T \@2x3) 2x2)
w My #0 & CF
a this can be realised by complex phases

1. Explicit GP
a like 03 in the SM CKM Matrix
a Parameters of L like u are allowed to be complex

2. Spontaneous GP
m L is invariant under CP (all couplings €R possible under
suitable phase transformations)
a butthen (Hy) = exp(ipr) v (k=u,d,s)
via spontaneous symmetry breaking (SSB)
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I Considering NMSSM IT

m In the MSSM spontaneous GP is impossible, if you
demand flavour conservation’

a the NMSSM can indeed have complex phases in the vevs
for each of the H,, H;, S

m physically relevant could be the combinations
0 = ¢u+ @a+ ¢

0 = 3p;
m but no SSB can take place because 6Vg‘9995, % =0

don’t describe minima

1J.C. Romao, Phys.Lett. B 173 (1986)
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| Explicitcp IT

a MSSM: Trilinear couplings A from Lgu:
phases of 1st and 2nd generation A heavily constrained
from yet-not-measured EDMs of e—, u ", n
What matters for leading order GP'is Zm (pA, )
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| Explicitcp IT

a MSSM: Trilinear couplings A from Lgu:

phases of 1st and 2nd generation A heavily constrained
from yet-not-measured EDMs of e—, u ", n
What matters for leading order GP'is Zm (pA, )

a NMSSM: u-replacing parameter « also allowed complex,
s0 Zm(uk*) = Im(A(S)x*) is a measure for GP .

m Allin all we can have complex phases through L ,,; by

LA, PAL > PAg» PM s PM> s PM35 P and Pk
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| Explicitcp IT

a MSSM: Trilinear couplings A from Lgu:

phases of 1st and 2nd generation A heavily constrained
from yet-not-measured EDMs of e—, u ", n
What matters for leading order GP'is Zm (pA, )

a NMSSM: u-replacing parameter « also allowed complex,
s0 Zm(uk*) = Im(A(S)x*) is a measure for GP .

m Allin all we can have complex phases through L ,,; by
LA, PAL > PAg» PM s PM> s PM35 P and Pk

m on tree level ¢, ) matter, at one loop level also the
neutralino/chargino ¢y, , and sfermion ¢, ,, phases
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I Gluonic fusion gg — A A“("

m underlying algebra could be done using pen & paper
The process gg — h; — vy
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I Gluonic fusion gg — A

m underlying algebra could be done using pen & paper
m Feynman rules, e.g.:

. cgRy4—IR . —cgRy4—IR
htt = e—ivu (ytw) Py teleu <yt(517\;‘§12)) Pr
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I Gluonic fusion gg — A A\K"

m underlying algebra could be done using pen & paper
m Feynman rules, e.g.:
. cgRi4—iR . —cgRy4—IiR
htt = e—ivu (Y’W) Pyteivu <yt<617j§12>) Pr

m in comparison: real NMSSM
Iettlng Yy = 0,Ri4=0 (R14 C M%P)

hit| g o< 1,N0 s part
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I Gluon Fusion, quark loop

M =elesMy ; k2 =0=¢;k!'

o A (gt ()t (g—gm) )
Mo ~ = (o =) () =)
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I Gluon Fusion, quark loop

M =elesMy ; k2 =0=¢;k!'

~ [d% tr(( {Hm)[gﬂ} (d—kf+m)[git] (g—kg+m)[h])
Muw (¢ =m?)((q—ki)*=m*)((g—k2)* —m?)

a with htt ~ S+ Pys (S, P € C) the trace becomes

8msS - ((_(klkz)_q2+n12)guV_kluk2V+lek2u+4quqy)
+8mP - (—icapukekl)
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I Gluon Fusion, quark loop AIT

M =elesMy ; k2 =0=¢;k!'

o A (gt ()t (g—gm) )
Mo ~ = (o =) () =)

a with htt ~ S+ Pys (S, P € C) the trace becomes
8msS - ((_(klkz)_q2+n12)guV_kluk2V+lek2u+4quqy)

+8mP - (—icapukekl)

m pseudovector part due to the ~5 structure of hst
absent in the real case

The process gg — h; — vy
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I Gluon Fusion, quark loop XIT

M =el'es My ; k2 =0=¢;k!'

2
My o [+ Js (B = KKE) + [ Jp (casukih?)

Do IMP o[ L el

pol.

m no interference term between scalar and pseudoscalar part
a this allows to study both parts separately
m details on the [...] parts: not now (but all UV convergent)
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| Photonic Decay 1, — 1 IT

LF X5 WA Gy),

m in general similar structure than the gluon case
(1 scalar, 2 vector bosons)

The process gg — h; — vy
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I Photonic Decay h; — v AT

L X5 W Gy),n*

-

m BUT: calculation more cumbersome, up to
not-anymore-possible-by-hand, e.g. W triangle
My ~gan Propas(@)][Vspup (@ —ki,—(q—k1))][Prop . (g—ki)]x
Voury ((g—ki),—k2,—(g—ko—k1))][Prop,. (g—ka—k1)]
® Vosy(P1.p2:03) = 2 88y(P2 — P3)a

Perm.

= ugly = FormCalc
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| cPin the Higgs propagator IT

e

m plus, there is mixing GP in
8¢ — Hi — hy — vy
(88 = hi — Hi — )

through M3, from the Higgs self-energy (H; labeling the
Higgs CP eigenstates)

w sub-leading effect, enters in higher orders than ggH /H~y~'
m it was shown? that m, can vary about £2GeV with ¢,

"Moretti, Munir, Poulose, arXiv:hep-ph/0702242v1
2in the MSSM, Moretti, Munir, Poulouse, Phys.Lett.B 649, 206
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I Assembling A“("

m so: let FormCalc calculate everything

®m in principle possible up to > | M|?
pol.
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I Assembling A“("

m so: let FormCalc calculate everything

®m in principle possible up to > | M|?
pol.
a Why is this not done yet?
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I Assembling A“("

m so: let FormCalc calculate everything

®m in principle possible up to > | M|?
pol.
a Why is this not done yet?

m because there are a lot of minor problems

that are poorly documented, too.
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I Assembling A“("

m so: let FormCalc calculate everything

®m in principle possible up to > | M|?
pol.
a Why is this not done yet?

m because there are a lot of minor problems

that are poorly documented, too.

= work in progress
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Example: Observability of lightest
Higgs boson in the complex MSSM'’

LBH > LBH -
10

SM
7100 Gev

My =110 Gev

hy = vy

branchings for various

e tan 3,
7 k=1
w.x tanp=4 A; = K X Mgysy
10 0 50 100 150
LB(H ) P[Deg.] LB,y ®[Deg.] ) o .
0E W yields similar scenario
2 A sm ATTSM TR Gev .
* ’ o (note SM in contrast)
0 B 10Gev- -
T e Ge

N/ k=2.0

10
. tanp=10
A |
0 50 100 150 10 0 50 100 150
®[Deg.] ®[Deg.]

Choi,Hagiwara,Lee,arXiv:hep-ph/0110138v2 (2008)
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Example: Observability of lightest SIT
Higgs boson in the complex MSSM' =NE

1

* RH! " k=16

"My, =110 GeV

7100 GeV

M, =115 GeV

110 Gev

100 GeV.

H1:, -
. tanP=4 ng b tanB=10
10 L 10 i |
0 50 100 150 50 100 150
®[Deg.] ®[Deg.]
! «, My, =110 GeV ! ~
DR My,;=120 GeV

115 GeY.

10GeY_ |

4
10 H1 k=2.0
R tanB=4
10 L
0 50 100 150
®[Deg.]

gg — h1 — vy (NWA)
composite process
relative to SM result

88hy hyy
R = [o/g' XB™"" Imssm

[UggH BHW]SM

= indeed there can be
massive cutbacks

Choi,Hagiwara,Lee,arXiv:hep-ph/0110138v2 (2008)

The process gg — h; — vy
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I Outlook & Conclusion Q(IT

m parameters could use more research (m;,,A;, ... also py,)
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I Outlook & Conclusion AIT

m parameters could use more research (m;,,A;, ... also py,)

m when Higgs production is strongly supressed in some
parameter region, then experimental exclusion limits could
need some review
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I Outlook & Conclusion AIT

m parameters could use more research (m;,,A;, ... also py,)

m when Higgs production is strongly supressed in some
parameter region, then experimental exclusion limits could
need some review

m possibility to get to know (measured and unmeasured) GP
better (cf. baryogenesis / Sacharov)
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Thank you for
your time'!

- me
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Soft SUSY-breaking Lagrangian’ AT

2 ATA 2 717 2712
Loon = —m, 010 —m LIL— 3 m |
f:"t?d?e

— (Auity(Q"eHy) — Aady(Q" eHy) — A ej(LTeHy + c.c.))

— my, HiH, — m}y H\Hq — m3|S|>

1
— (A\(H[eH,)S + §A,{S3 +c.c.)

1 o~ s
-5 (M\B°B° + MoyW'W' + Magg + c.c.)

thanks, Kathrin!
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