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@ The Flavor Blind MSSM

@ Phenomenology of CP Violation in the FBMSSM

@ Summary
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CP violation in the SM

Apart from the QCD ¢ term, the only source
for CP violation in the SM is the phase in
the CKM matrix.

CP violation from the CKM matrix can be
visualized by Unitarity Triangles e.g.

VUbV[Td + VCbV:d + thV{g = 0
(P> 71)

Ry R
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CP violation in the SM

Apart from the QCD ¢ term, the only source
for CP violation in the SM is the phase in
the CKM matrix.

CP violation from the CKM matrix can be
visualized by Unitarity Triangles e.g.

VUbV[Td + VCbV:d + thV{g = 0

(P, 7)
v s I o W\
Impressive confirmation &
of the CKM picture for CP violation o R Y )
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Hints for new sources of CP violation?

. . . ) L

@ CP Asymmetry in B — 1Ks and sin2j sin(2p) = sin(2p,) N
BaBar 0.714 +0.032 + 0.018
PRL 99 (2007) 171803
Belle J/y K° 0642 £0.031£0.017
PRL 98 (2007) 031802 i
Belle p(2S)Ks 0.718 + 0.090 £ 0.033
arXiv:0708.2604
Average L 0.680 +0.025
HFAG 1

» Tree level decay — sensitivity to the phase of the mixing 0° e o o8

amplitude without NP in the decay amplitude
» in SM: Arg(M$,) = Arg(V3) = 23

sin2g & ok, = 0.680 % 0.025

PK,
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Hints for new sources of CP violation?

@ CP Asymmetry in B — ¢Kg and sin 23 sin(2p) = sin(2g,) FEE
d t Ve b b ° BaBar 0714400320018
PRL 99 (2007) 171803
By wewe Belle I/ K° 0642400310017
PRL 98 (2007) 031802 i
Belle Y(2S) K, . 0.718 +0.090 £ 0.033
b Va oot ariv:0708.2604
Average L, 0.680 +0.025
HFAG
P ) 05 0.6 0.7 0.8
» Tree level decay — sensitivity to the phase of the mixing

amplitude without NP in the decay amplitude
» in SM: Arg(M$,) = Arg(V3) = 23

sin2g & ok, = 0.680 % 0.025

PK,

» Inthe SM also loop induced modes like B — ¢Ks and
B — 7Kg give the same value

sm SM sM ;
Sikg = Sn’Ks = Sykg = sin28
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Hints for new sources of CP violation?

@ CP Asymmetry in B — 1Ks and sin2j sin(2p) = sin(2(,)

d t Vu b b
BaBar 0.714 +0.032 + 0.018
PRL 99 (2007) 171803
By whowe By By Belle J/y K° 0642 £0.031£0.017
PRL 98 (2007) 031802 k
Belle Y(2S) K. . 0.718 +0.090 + 0.033
b Ve oot d d ariv:0708.2604
Average L, 0.680 +0.025
HFAG
P ) 05 0.6 0.7 0.8
» Tree level decay — sensitivity to the phase of the mixing
amplitude without NP in the decay amplitude
; . dy _ 2y _ : effy _ o eff
> in SM: Arg(M,) = Arg(Vg) = 23 sin(2p™) = sin(2¢;") XD
b-ccs World Averal 0684003
SM ex < :aﬁav e {031I026 7011
sin2p = Swﬁ's = 0.680 + 0.025 S pvermge [
o BaBar 05820104003
< Belle 06420.10+004
= Average 061007
X " " BaBar 07130245004
» Inthe SM also loop induced modes like B — ¢Ks and o oele 03020322008
. 2 Average 0.58+0.20
B — 7Kg give the same value S Gii0235006
{ Belle 03320.354008
sMm SM sMm . Average 0384019
= = =sin2 5 Bab: G4 E 006608
Soxs = Snikg = Sykg = SiN20 % Average ] 06137
” BaBar 062705 +0.02
Y Bl | 01120461007
& 2 Average 0484024
S¥P =0.39 £0.17 S —0.61+0.07 o abar ‘
PKg zy/KS ¥ ogele | m‘ 01820232011
“ Average . 085007
L BaBar 0.76+0.11 53,
¢ Belle 06840152003 33}
v Average 0731010
= New Phases in decays? ) 08 05 04 0z o 02 04 08 08 1 12 14 1s
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Hints for new sources of CP violation?

gy KKK

-in = o5 5 0
I

Lunghi, Soni '08

@ Tensions in the Unitarity Triangle

perform UT fit including only ex and AMy /AMs using

» non perturbative parameter
Bk = 0.72 + 0.013 £ 0.037 (Antonio et al. '07)

» additional effective suppression factor in e :
ke = 0.92 (Buras, Guadagnoli '08)
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Hints for new sources of CP violation?

gy KKK

-in = o5 5 0
I

Lunghi, Soni '08

@ Tensions in the Unitarity Triangle

perform UT fit including only ex and AMy /AMs using

» non perturbative parameter
Bk = 0.72 + 0.013 £ 0.037 (Antonio et al. '07)

» additional effective suppression factor in e :
ke = 0.92 (Buras, Guadagnoli '08)

= NP phase in By mixing? J

= Additional CP violation in K mixing? J
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Hints for new sources of CP violation?

@ Bs — ¥¢ and sin 235

gy KKK

Syg =SiN2(Bs +05]) , Bs ~1°

-in = o5 5 0
I

Lunghi, Soni '08

@ Tensions in the Unitarity Triangle

perform UT fit including only ex and AMy /AMs using
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Hints for new sources of CP violation?

@ Bs — ¥¢ and sin 235

gy KKK

Syg =SiN2(Bs +05]) , Bs ~1°

I

Lunghi, Soni '08

®fF = (19.9° +£5.6°) U (68.2° +4.9°)

= Large Bs mixing phase? )

@ Tensions in the Unitarity Triangle

perform UT fit including only ex and AMy /AMs using

» non perturbative parameter
Bk = 0.72 + 0.013 £ 0.037 (Antonio et al. '07)

» additional effective suppression factor in e :
ke = 0.92 (Buras, Guadagnoli '08)

x10°

Probability density

= NP phase in By mixing? )

= Additional CP violation in K mixing? )

Bona et al. '08
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A Flavor Blind MSSM with CP Violating Phases

In a flavor blind MSSM (FBMSSM) there are no additional flavor
structures apart from the CKM matrix. In particular, we assume universal
squark masses and diagonal trilinear couplings.

= no gluino contributions to FCNCs

Parameters of a flavor blind MSSM
» Higgs sector: tan 3, My«
» Higgsino mass: 1
» Gaugino masses: M, My, M3
» squark masses: mg, m3, mj
» trilinear couplings: Aq, As, Ap, Au, Ac, At

The Higgsino and Gaugino masses as well as the
trilinear couplings can in general be complex.

Observables only depend on particular combinations of complex parameters.
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A Flavor Blind MSSM with CP Violating Phases

Main role is played by one complex
parameter combination

A

— Interesting correlated effects in
CP violating observables

WA, Buras, Paradisi '08
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Most important constraints: EDMs and b — sy

BR[B — Xs7]®*P = (3.52+0.25) x 107*  HraG 08

BR[B — Xs7]°M = (3.154+0.23) x 10~* Misiak et al. ‘06

» b — s+ amplitude is helicity suppressed
» typically large NP effects, even in a FBMSSM with low tan 8
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Most important constraints: EDMs and b — sy

BR[B — Xs7y]®P = (3.52 4+ 0.25) x 107*  HFAG 08

BR[B — Xs1 ]SM (3.15+0.23) x 10— 4 Misiak et al. '06

» b — s+ amplitude is helicity suppressed
» typically large NP effects, even in a FBMSSM with low tan 8

Hd Hu
I
br SL
ot m?2 |N|2 | a )
C78(Msusv) 4Atutanﬂ xfrs | =5 D MAC
f mf ¥
LLLHM, g
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Most important constraints: EDMs and b — sy

BR[B — Xs7y]®P = (3.52 4+ 0.25) x 107*  HFAG 08

BR[B — Xs1 ]SM (3.15+0.23) x 10— 4 Misiak et al. '06

» b — s+ amplitude is helicity suppressed
» typically large NP effects, even in a FBMSSM with low tan 8

Hd Hu
I
br SL
2 2
vt m |l \ '
% _ m¢ \ ,
C7g (ususy) =~ m4AtMtan,3 x fr78 ( 2 E‘*:ﬁ["f
t t L LH_H:
e

BR[B — Xs7] oc 3" (mp) + CF (mp)|? = [CP¥(mp)[? + 2Re(CP (Mp)CHT (M)

— Constraint on Re(uA;) J
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Most important constraints: EDMs and b — sy

dS® < 1.6 x 10~?"ecm ds® < 2.9 x 10-%ecm

» Inthe MSSM, EDMs can be induced already at the 1loop level
— typically tight constraints on CP violating phases
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Most important constraints: EDMs and b — sy

dS® < 1.6 x 10~?"ecm ds® < 2.9 x 10-%ecm

» Inthe MSSM, EDMs can be induced already at the 1loop level
— typically tight constraints on CP violating phases

» Example: Gluino contribution to the up-quark EDM

g g g g
My m
Ur up up Ur

\
\\\mUA”,/ ‘\\muA.t/ du =
g ~>"7 Gy U

W, T

2 U w4 =2
167 mg ms

eg? m 'm(MgAﬁ)F <|Mg|2>
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Most important constraints: EDMs and b — sy

dS® < 1.6 x 10~?"ecm ds® < 2.9 x 10-%ecm

» Inthe MSSM, EDMs can be induced already at the 1loop level
— typically tight constraints on CP violating phases

» Example: Gluino contribution to the up-quark EDM

2 i

u g u u g u
R ) L _ L { ) R 2 I M~A* M~2
! \ / - ©€9s m m(Ms u)F<| gl )

u . —
4 2
mﬁ mu

Constraints can be avoided by e.g.
» hierarchical trilinear couplings Ay c < At, Aq s < Ap

» heavy 15t and 2" generation of squarks

But: sizeable effects in flavor observables still possible, as 3™ generation squarks enter
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Most important constraints: EDMs and b — sy

Chang, Keung, Pilaftsis '98

» sensitive to 3™ generation of squarks
» decouple with 1/max(Mz,, m?)

2-loop Barr-Zee type diagrams generating both lepton and quark EDMs

e.q e.q €.q €.q e.q €.q
AO ‘1 _tf N 57 AO ‘1 t: 57
» ) )
L+
. g dr o< Im(pAL)
L mA ¢ tr tr mA PR
“oxe- -~

Wolfgang Altmannshofer (TUM) CP Violation in a Flavor Blind MSSM

Euroflavour 08

10/16



Most important constraints: EDMs and b — sy

Chang, Keung, Pilaftsis '98

2-loop Barr-Zee type diagrams generating both lepton and quark EDMs

» sensitive to 3™ generation of squarks
» decouple with 1/max(Mz,, m?)

€.q €.q €.q €.q €.q €.q
A0Y _tf R 57 XA t: 57
» ) »
ooy F Z dr o< IM (A
L mA ¢ tr tr mA PR
LLLL% LLLL%
— Constraint on Im(uA;) )
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CP Asymmetries in B — ¢Ks and B — n'Ks

Time dependent CP
Asymmetries in decays of
neutral B mesons to final CP
Eigenstates

M(B(t) > ¢Ks) — F(B(t) — ¢Ks)
F(B(t) — ¢Ks) + M(B(t) — ¢Ks)
= C¢KS COS(AMdt) — S¢KS sin(AMdt)

Acp(t, ¢Ks) =

Sy = — 2MEoks) o g-inaugy AB — 0Ks)
N 1+ [Egks|? s A(B — ¢Ks)
Wolfgang Altmannshofer (TUM) CP Violation in a Flavor Blind MSSM
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CP Asymmetries in B — ¢Ks and B — n'Ks

107 1095 10 1075 10 1085 109

1ds| [ecm]
Time dependent CP ,
Asymmetries in decays of
neutral B mesons to final CP o f
Eigenstates "f_/{
Spks y;;;
Acp (1. oK) — T = 6Ks) ~ TB() — 6Ks) “ 4
’ F(B(t) — ¢Ks) +(B(t) — ¢Ks) 0 :
= C¢KS cos(AMgt) — S¢KS sin(AMgt) ol L 1 J
Siks
Zlm(§d>K ) » i A(B — oK ABP’08
Seks = S|2  Eokg = e a2 : s)

L [€gks A(B — ¢Ks)

» sizeable, correlated effects in Sk, and S,/
» larger effects in Sy  as indicated by the data
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CP Asymmetries in B — ¢Ks and B — n'Ks

107 1095 10 1075 10 1085 109

1ds| [ecm]
Time dependent CP ,
Asymmetries in decays of
neutral B mesons to final CP o f
Eigenstates "f_/{
Syks yf/
M(B(t) — ¢Kg) — M(B(t) — ¢K ’
Ao (. dKe) — FBH) = 6Ks) — T(B(H) — 6Ks) 4
F(B(t) — ¢Ks) + M(B(t) — ¢Ks) o
= C¢KS cos(AMgt) — S¢KS sin(AMgt) ,

Sk
Sy — - 2MMors) o oiana(uiy) AB — Ks) hBPo8
N 1+ [Egks|? s A(B — ¢Ks) o w0 w0 w0 n
ma [GeV]
» sizeable, correlated effects in S@*’Ks and S,],KS e

» larger effects in Sy  as indicated by the data

1310

15| [ecm] $<10°

» for Syk, ~ 0.4, lower bounds on the electron and
neutron EDMs: Tt

5x10°

de >5x 10~%ecm , dn > 8 x 10~ 28ecm

1x10%

05 00 05 1.0
Sirs
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Direct CP Asymmetry in b — sy

Soares '91; Kagan, Neubert '98

AbSY _ r(‘? — Xs7) = T(B — Xs7) . c . . ﬁ .

P T M(B — Xsv) + (B — Xsv)
] Cs §

y +
» arises first at order a
» doubly Cabibbo and GIM suppressed in the SM é

» sizeable value would be clear signal for New
Physics

AZY(SM) = (0.4419,24)% Hurth, Lunghi, Porod '03

AZY (exp.) ~ (0.4 £ 3.6)% HFAG

(b27lm(CZC7 ) + b37|m(CgC7*) -+ b23|m(CQCg ))
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Direct CP Asymmetry in b — sy

Soares '91; Kagan, Neubert '98

posr _ T(B = Xs7) —T(B — Xs7) . o ., _ﬂ .

P T M(B — Xsv) + (B — Xsv) z
8
S ; +
» arises first at order a
» doubly Cabibbo and GIM suppressed in the SM é
» sizeable value would be clear signal for New
Physics
10 108 10 1075 107 025 10
106! [ecm]

—0.14

AZY(SM) = (0.4419,24)% Hurth, Lunghi, Porod '03

AZY (exp.) ~ (0.4 £ 3.6)% HFAG
[ed * * *

2 o~ ICSIZ (b271m(C2C5 ) 4 bg7Im(CsC; ) 4 bgIm(C,Cy ) A o
7

» Sign of ASY s correlated with sign of Sykg

cP
> ForSykg < Si"fs, Agsp"’ is unambiguously positive 5 o0
-05 0.0 05 1.0
» values typically in the range 1% — 6% Siks
ABP’08
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CP Violation in AF = 2 transitions

@ Phases in the By and Bs mixing amplitudes

» Leading NP contributions to M$, and M§, turn out
to be insensitive to the new phases of a flavor
blind MSSM.

Arg(M35®) = Arg(M{;*(SM))

— Syks and Sy4 are SM like

Wolfgang Altmannshofer (TUM) CP Violation in a Flavor Blind MSSM

10 1028 10 1078

16l [ecm]

107 105 10

sm
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CP Violation in AF = 2 transitions

10 10-3 103 1078 107 106 10
16l [ecm]

@ Phases in the By and Bs mixing amplitudes

» Leading NP contributions to M$, and M§, turn out
to be insensitive to the new phases of a flavor
blind MSSM. S 00

Arg(MS%®) ~ Arg(M$®(SM)) ’

sm

— Syks and Sy, are SM like °° "
ABP’08

200 400 600 80O 1000

my, [GeV]

@ CP violation in K mixing

» Also M% has no sensitivity to the new phases

secoe » Still, ex o< IM(ML,) can get a positive NP
contribution up to 15%

» But only for a very light SUSY spectrum:
p, Mg =~ 200GeV

200 200 600 800 1000

1 [GeV]
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Implications for the Unitarity Triangle

» Syks and AMy/AMs basically NP free

» UT can be constructed from the angle 5
and the side R;

=3

sin283 = Syks = 0.680 & 0.025

Re=¢1 ﬁ—:: 4Mi —0.913 +0.033 J

ol
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Implications for the Unitarity Triangle

» Syks and AMy/AMs basically NP free

» UT can be constructed from the angle 5
and the side R;

Predictions for |Vy,| and the angle ~ 100 sin2g
V| = (3.5+£0.2) x 102 i 80
¥
v =635°+47° R
40

030 035 040 045 050
Rp ~ Vypl
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Implications for the Unitarity Triangle

» Syks and AMy/AMs basically NP free

» UT can be constructed from the angle 5
and the side R;

Predictions for |V, | and the angle ~
[Vu| = (3.5+£0.2) x 1073

v =635°+4.7°

ex constraint (Bx = 0.75 & 0.07) 0.30 035 040 045 050
Rp ~ Vil
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Implications for the Unitarity Triangle

» Syks and AMy/AMs basically NP free

» UT can be constructed from the angle 5
and the side R;

=3

sin283 = Syks = 0.680 & 0.025

Predictions for |V, | and the angle ~

V| = (3.5+£0.2) x 102 o
¥

v =635°+4.7°

ek constraint (Bx = 0.75 + 0.07) Q@80 @83 Q@a 0AS QB0
and with +10% NP corrections Rp ~ [Vypl
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Implications for direct searches of SUSY particles

200 400 800 800 1000 200 400 600 800 1000

w (GeV) [N my, (GeV] [

ABP’08

Sirs

200 00 50 €00 w0 ° 200 00 600 B0 1000

my, [GeV] # [GeV]

» Syks ~ 0.4 implies 1 < 600GeV and m; < 700GeV

» similarly, large non standard effects in AE’f‘F? > 2%
imply ¢ < 600GeV and m; < 800GeV
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In the flavor blind MSSM sizeable, correlated effects in Sy,
and S,k are possible. Such effects imply:

» lower bounds on the electron and neutron EDMs at the

level of de , > 10~28ecm

~

» a positive, sizeable direct CP asymmetry Agsp"" ~ 1% — 6%
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Summary

In the flavor blind MSSM sizeable, correlated effects in Sy,
and S,k are possible. Such effects imply:

» lower bounds on the electron and neutron EDMs at the
level of de n > 10~28ecm

~

» a positive, sizeable direct CP asymmetry A@S” ~ 1% — 6%

In addition, within the framework of the FBMSSM, there are
» small effects in Sy, ~ 0.03 — 0.05

» small effects in Syk, and in AMg/AMs
= The Unitarity Triangle can be constructed from the side
R; and the angle 3. Predictions: |Vyp| = (3.540.2) x 1073
and v = 63.5° +4.7°.

» positive NP effects in ex up to 15%
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The Anomalous Magnetic Moment of the Muon

aleLXP- = 1165920.80(63) x 109 Muon (g-2) collaboration

ajM = 1165917.85(61) x 10° Miller et al. ‘07

Aa, =a% —a’M ~ (3+1) x 107°

~ 30 discrepancy )

A very rough formula for SUSY contributions to a,,

2
aiUSY ~15 (W) <3OOGeV) sign(Re(u)) x 107°
10 m;

with common SUSY mass m;

Seks ~ 0.4 naturally leads to a3”5Y ~ few x 10~°
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