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Neutralino relic density

fThe typical O(100 GeV) WIMP has a too large relic density. T

— need specific mechanism for efficient annihilation!
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CPV phases

- n

e MSSM -ino masses and trilinear couplings can be complex:
My = |Myle®, p = |ple*®, Ay = |Ag|e*”
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CPV phases
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e MSSM -ino masses and trilinear couplings can be complex:
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e Sparticle production and decay rates depend on phases.
— Expect important influence also on {(owv)
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CPV phases

MSSM -ino masses and trilinear couplings can be complex:
My = |Myle®, p = |ple*®, Ay = |Ag|e*”

Sparticle production and decay rates depend on phases.
— Expect important influence also on {(owv)

Caution: also the masses depend on the phases!
— Need to disentangle effects in kinematics and couplings
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CPV phases
-

MSSM -ino masses and trilinear couplings can be complex:
My = |Myle®, p = |ple*®, Ay = |Ag|e*”

Sparticle production and decay rates depend on phases.
— Expect important influence also on {(owv)

Caution: also the masses depend on the phases!
— Need to disentangle effects in kinematics and couplings

For example, x{xY — H — ... does not occur atv = 0
If H Is a pure scalar.

Non-zero phases can give the H some pseudoscalar
component (loop-induced CPV in Higgs sector).

However, they also change the Higgs masses,

and Qh? is very sensitive to Amgog = my — 2mge. J
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m cr OVEGAs ¢ CPV

e We have implemented the general MSSM Lagrangian with
CP-violating phases in CALCHEP / m cr OVEGAs *

e Higgs and sparticle masses and mixing matrices are
computed with CPsuper Hf

e Fully automatical calculation of the relic density
e All possible channels included !

e No EDM constraints yet

* micrOMEGASs: G. Belanger et al., Comput. Phys. Commun. 149 (2002)
103, hep-ph/0112278.

T CPsuperH: J. S. Lee et al., Comput. Phys. Commun. 156 (2004) 283,
Lhep—ph/0307377. NB: Thanks to JSL for helpful discussions! J
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RESULTS

(FOR ANNIHILATION THROUGH HIGGS)
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Scenario 1;

M, = 150 GeV, M, = 300 GeV, u = 500 GeV

(bino-like L SP, annihilation through Higgs, small Higgs mixing)
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Scenario 1

o N

M, = 150 GeV, My = 300 GeV, u = 500 GeV, tan3 =5
mp+ = 340 GeV, Mg, vu,,p, = 500 GeV, A; = 1200 GeV

Nbsses of SuperParti cl es: Masses of Hi ggs:
~01 : MNE1 = 147. 0 mil = 117.94 GV
~1+ . M1 = 282.2 m?2 = 331.45 GV
~02 . MNE2 =  282.7 m3 = 332.27 &GV
~t1 . Mtl = 317.8

~bl : MsSbl = 497.9

~03 : MNE3 = 503.4

Dark Matter candidate 1s ~ol v 0 b

Orega=1. 10E- 01
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Scenario 1

-

M, = 150 GeV, My = 300 GeV, u = 500 GeV, tan3 =5
mp+ = 340 GeV, Mg, vu,,p, = 500 GeV, A; = 1200 GeV

all phases zero

Orega=1. 10E- 01
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Scenario 1
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Scenario 1
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However, also the masses change with the phases ....
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Scenario 1

-

WMAP-allowed band in the (m g+, ¢;) plane
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Scenario 1

WMAP-allowed band in the (m g+, ¢:) plane _‘
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dm = mp, — 2mype

— dependence on ¢; Is mainly a kinematic effect J
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Scenario 1

WMAP-allowed band in the (m g+, ¢1) plane
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L — dependence on ¢+ is due to kinematics + couplings J
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Scenario 1

WMAP-allowed band in the (m g+, ¢1) plane
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L — dependence on ¢+ is due to kinematics + couplings J
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Scenario 1

Keep LSP mass fixed by adjusting M,

mH+ = 340 GeV
- mntl = 147 GeV

0.16

45 90 135 180
phi(M1)

| mH+ = 341 GeV
[ mntl = 149 GeV

45 90 135 180
phi(M1)

A(QhR?) ~ 50%
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Scenario 2;

M, = 150 GeV, My = 300 GeV, p =1 TeV

(bino-like L SP, annihilation through Higgs, LARGE Higgs mixing)
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Scenario 2

o N

M, = 150 GeV, My = 300 GeV, u =1TeV, tan3 =5
mp+ = 334 GeV, Mg, vu,, D, = 500 GeV, A; = 1200 GeV

Nbsses of SuperParticles: Masses of Hi ggs:
~01l : MNE1 = 149. 0 ml = 116. 83 GV
~1+ : MC1 = 295, 2 m?2 = 324.36 GV
~02 . MNE2 = 295, 2 m3 = 326.23 &V
~t1 . Mstl = 342.0

~pb1l : MSbl = 491.7

~03 : MNE3 = 1002.0

Dark Matter candidate 1s ~ol v 0 b

Orega=1. 25E- 01
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Scenario 2

o N

2 WMAP-allowed bands in the (m g+, ¢+) plane
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Pseudoscalar content

Scenario 2
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Scenario 2

-

m s+ ~ 304 GeV

X - o=

T T T T T 1 ! 1
300 302 304 306 308
mpg+ [GGV]

Not only position but also height of the peak depends on ¢;.

|
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Scenario 2

Ot 0° 15° 90°
™M+ 305.0 304.1 303.6
XIxY — hihy 7% 31%
XIxY — Zh, 10% 8% 1%
0x9 — bb 80% 74% 52%
XIxY — 77 10% 9% 7%
XIxY — Ww 1% 6%
Ox° — ZZ 3%
pseudoscalar hs 50:50 ho
Qh? 0.107 0.103 0.102

As ¢, increases, exchange of hy (s-channel) and x°, x= (t-channel)
becomes more important.

o |
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Other scenarios

-

e We are systematically investigating different scenarios:

bino, wino, higgsino LSP; mixed gaugino-higgsino scenario;
co-annihilation with stops or staus; large tan 3, etc.

e Interesting phase dependences, especially if interferences of
several processes occur

|
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Conclusions

We have implemented the CPV-MSSM in m cr OVEGAs 2. 0 T

o Masses and mixing matrices computed with CPsuper H
o All channels contributing to Qh? automatically included

At this workshop, | have presented results for neutralino
annhilation through s-channel Higgs exchange.

CPV phases can have large effect; interesting dependences
especially if interferences of several processes occur.

Non-trivial to disentangle effects on masses and couplings.

Systematic analysis of different annihilation and co-annihilation
scenarios Is in progress.

Need to include contraints from EDMs, etc..
Caution: loop corrections may be equally important....
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