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» Strong suppression of FCNC processes in the SM:

small CKM elements, loop suppression, possibly GIM or
helicity suppression
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Flavour Problem for TeV-scale New Phyics

» Strong suppression of FCNC processes in the SM:
small CKM elements, loop suppression, possibly GIM or
helicity suppression

» FCNC suppression is accidental = absent in generic
extensions of the SM

» CKM mechanism for flavour violation experimentally well
confirmed = Flavour Problem for TeV-scale New Phyics



Flavour Problem for TeV-scale New Phyics

» Strong suppression of FCNC processes in the SM:
small CKM elements, loop suppression, possibly GIM or
helicity suppression

» FCNC suppression is accidental = absent in generic
extensions of the SM

» CKM mechanism for flavour violation experimentally well
confirmed = Flavour Problem for TeV-scale New Phyics

» Minimal Flavour Violation (MFV):
New Physics does not introduce new sources of flavour
violation



» Soft SUSY-breaking terms (Squark mass terms and A-terms)
are flavour-diagonal in Super-CKM basis
\\Ji k7
>

N

o "
/—bioc 6ij /\—bloc 6ij //\—bl()( ‘/ZJ
d’ d’ d’

«0O0>» «F)>r « =)

<

DA



Naive MFV in the MSSM

» Soft SUSY-breaking terms (Squark mass terms and A-terms)
are flavour-diagonal in Super-CKM basis
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» This naive definition is not RG-invariant

» Usually this condition is imposed at the GUT-scale
« flavour-blind SUSY breaking

» RG evolution induces flavour-violating - and x°-couplings
at the electro-weak scale.

» Impact of RG-effects on FCNC transitions is small .
[Baer, Brhlik, Castano, Tata; Dudley, Kolda]



Naive MFV in the MSSM

» Soft SUSY-breaking terms (Squark mass terms and A-terms)
are flavour-diagonal in Super-CKM basis
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» This naive definition is not RG-invariant

» Usually this condition is imposed at the GUT-scale
« flavour-blind SUSY breaking

» RG evolution induces flavour-violating - and x°-couplings
at the electro-weak scale.

» Impact of RG-effects on FCNC transitions is small .
[Baer, Brhlik, Castano, Tata; Dudley, Kolda]

» Better: Symmetry-based definition of MFV

Yukawa'’s = only source of flavour violation
[D’Ambrosio, Giudice, Isidori, Strumia]



» Typical contributions to FCNC processes in the MSSM with
MFV are of the order

2
Ackm X

v loop f
MT X 100p actor
SUSY
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Large FCNC effects in MFV

» Typical contributions to FCNC processes in the MSSM with

MFV are of the order
2

v
—5—— X loop factor
Msysy

Ackm X

» Large effects possible if loop suppression is compensated
by parametric enhancement
— large-tan (8 scenarios

» Present-day experiments are sensitive to those enhanced
effects



Large FCNC effects in MFV

» Typical contributions to FCNC processes in the MSSM with

MFV are of the order
2
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—— X loop factor
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» Large effects possible if loop suppression is compensated
by parametric enhancement
— large-tan (8 scenarios

» Present-day experiments are sensitive to those enhanced
effects

» MFV does not forbid flavour-diagonal CP-violating phases
(e.g. complex A;)
— large effects in CPV observables possible



Summary of large-tam effects

effect

decoupling limit

beyond

modified relation

Yd; < Mg,

[Hall, Rattazzi, Sarid;

Carena, Olechowski,
Pokorski, Wagner]

[Carena, Garcia,
Nierste, Wagner;

LH, Nierste, Scherer]

corrections to
CKM matrix

[Blazek, Raby, Pokorski]

[Buras, Chankowski,
Rosiek, Slawianowska;

LH, Nierste, Scherer]

enhanced FCNCs
d;d; H/AY

[Hamzaoui, Pospelov, Toharia;

Babu, Kolda;

Buras, Chankowski, Rosiek,
Slawianowska]

[Buras, Chankowski,
Rosiek, Slawianowska;

LH, Nierste, Scherer]

enhanced FCNCs

not accessible

[LH, Nierste, Scherer]

did; §/X°

vertex corrections | [Degrassi, Gambino, Giudice; | process-dependent
_ Carena, Garcia, :

wipd;p HY Nierste. Wagner] (non-universal)




» tan J-enhanced self-energies ¥/t induce FCNC couplings
for on-shell down-type quarks

Yt epomy, tan 3
M o Zbe ocepctanﬁ
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» tan J-enhanced self-energies ¥/t induce FCNC couplings
for on-shell down-type quarks

g
Yt epomy, tan 3

Kps X €pc tan
M o 2l o €pc tan 3
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FCNC couplings at large tan

» tan J-enhanced self-energies 25%” induce FCNC couplings
for on-shell down-type quarks:

N N s
A J AN
g
ZII)%SLO( epcmy tan B Kps X €pc tan (3
D
M x =t x epotan 3

my

» FCNC-couplings of order ex¢ tan 3 of down-type quarks to
» HY AY (known in the decoupling limit)
» 3,%” (New! Not accessible in the decoupling limit)
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structure of MFV preserved
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FCNC couplings at large tan

> rps = k- ViVie = structure of MFV preserved

erpctan
1+ (e — €pc) tan g3

Estimate for equal SUSY-Masses:
k| ~0.08, for p >0 k| ~0.24, for p <0

» Coupling strength K X

» epc x A, = larger values for || for large |A;|



FCNC couplings at large tan

> rps = k- ViVie = structure of MFV preserved

erpctan
1+ (e — €pc) tan g3

Estimate for equal SUSY-Masses:
k| ~0.08, for p >0 k| ~0.24, for p <0

» Coupling strength K X

» epc x A, = larger values for || for large |A;|

» epc x Ay = complex values of A; induce additional
CP violation



» Flavour-changing gluino-coupling enters HAB land

HAB 2
b g s
- . . h T : h
» Example: Gluino-contribution o '
to B, — B,—mixing b |0
I I
P N T
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Contributions toH 5= and H5P 2

» Flavour-changing gluino-coupling enters 757~ and

HAB 2
b g s
———————————<—
» Example: Gluino-contribution o D
to B, — Bs—mixing b o
1 1
S N —
s g b

» Most of these contributions are small because

» FCNC gluino coupling is numerically small, |«| ~ 0.1

» gluino contributions suffer from GIM-suppression



» Exception: Chirally enhanced contributions to C'; and C
avoid the GIM-suppression
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Enhanced contributions t6; and Cy

» Exception: Chirally enhanced contributions to C; and Cg
avoid the GIM-suppression

o € tan [J o (etan 3)?

» Gluino contribution sizable in Cs:
Estimate for equal SUSY-masses

> 0; C2/CXT| ~ 0.07, C9/CXT| ~ 0.42
< 0; C2 /05| ~ 0.2, c9/cx |~ 13

» e.g. impact on mixing-induced CP asymmetries in
B(l - @K.,‘;’ Bs - (D@



Scan over MSSM parameter space

» Scanranges: tan g = 40 — 60, arbitrary ¢4, ,

min (GeV) | max (GeV)
mQ, ., Mug, Mdy 200 1000
|A¢] 100 1000
w, My, Mo 200 1000
M3 300 1000
M+ 200 1000

» Constraints:
» squark masses larger than 200 GeV

v

LSP charge- and colour-neutral

» experimental 20 bound on the lightest Higgs boson mass

v

B(B — X.v) within experimental 2o range

v

|C5YSY| < |C5M] is imposed to avoid unatural fine-tuning



» Estimate for equal SUSY-masses:

>0 C2 /X | ~0.07, 03 /CF" | ~ 0.42
<0 C9/CXT | ~ 0.2, c3/cx | ~ 13
1

Ical

0.251




The Wilson coefficients; and Cy
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B — X,y constraint onA4,

Parameter point:

QL Mug, Mdy | 600GeV [ tan 50
m 800 GeV || m 0 | 400 GeV
My 300 GeV Mo 400 GeV
Ms 500 GeV PA: 0
10° BRy--s,
6.0
55 _
5.0 B(B — Xs“/)
45 constrains the
size of | A;|.
Py | At
35
A A A A A Ge
600 800 100 1200 | A (©eV



B — X,y constraint onA4,

Parameter point:

MQ, , Mug, Ma, | 600 GeV [[ tan 3 50
m 800 GeV || m 40 | 400 GeV
M, 300 GeV || Mo | 400 GeV
M3 500 GeV || ¢a, 37/2
10*BRy>sy
42
4.0
3.8 For complex A,
3.6 the bound on | 4|
is much weaker.
2 [Pokorski, Rosiek, Savoy]
3.0
i i i i A Ge
200 600 800 100C 1zoc Al (GeV)



» CP violation in the inteference of mixing and decay
B —  » EO
N
f
» Time-dependent CP asymmetry:
ap(t) =

_ DB ()= H-T(B ()= f)
T(B°(t)— f)+T(B°(t)—f)

= Ssin(Ampt) + C cos(Ampt)

DA



Mixing-induced CP asymmetry 8’ — ¢ K

» CP violation in the inteference of mixing and decay
BY — & EO
N
f
» Time-dependent CP asymmetry:

_ I(B°(%)=f)-T(B()=f) _
as(t) = T(B°(t)—f)+T(BO(t)—f)

Ssin(Ampt) + C cos(Ampt)
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Mixing-induced CP asymmetry 8’ — ¢ K

» CP violation in the inteference of mixing and decay
BY — & EO
N
f
» Time-dependent CP asymmetry:

_ I(B°(W)—=NH-TB°M)—f) _
o) = E -

Ssin(Ampt) + C cos(Ampt)
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ICHEP 2008 preliminafy

Average 0.44 51
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» Large effects possible in the MSSM with MFV and complex A,
[Altmannshofer, Buras, Paradisi]



Mixing-induced CP asymmetry 8’ — ¢ K

Parameter point:

MQ,, Mug, May | 600 GeV || tanj 50
I 800 GeV m,o0 | 400 GeV
My 300 GeV Mo 400 GeV
Ms 500 GeV PA: 37T/2
0.3 SM + charginc
0.2 SM + chargino+ gluino
400 60C 80C 100C 120C | Ad (GeV)

Gluino contribution is sizeable!



» SUSY box contributions not enhanced compared to the SM
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CP violation inB, — B,-mixing

» SUSY box contributions not enhanced compared to the SM

» Neutral Higgs exchange:

» Superficially leading C¥** vanishes because H°- and A°
cancel each other.  [Hamzaoui,Pospelov,Toharia]

» CL% important despite 1, /m; suppression.
[Buras,Chankowski,Rosiek,Slawianowska]



CP violation inB, — B,-mixing

» SUSY box contributions not enhanced compared to the SM

» Neutral Higgs exchange:

» Superficially leading C¥** vanishes because H°- and A°
cancel each other.  [Hamzaoui,Pospelov,Toharia]

» CL% important despite 1, /m; suppression.
[Buras,Chankowski,Rosiek,Slawianowska]

» Higgs contribution in [Gorbahn,Jager Nierste, Trine]:  CL7 = real



» We find for the Higgs contribution to ¢ in our scenario:
CER = CLR(1 +7),

with

) w ot tan
r=(1- 622¢) (ep, f—fec; t;i)ﬁa ,3,
¢ = arg {EFC tan 3 (1 + (€ — €p) tan [3)}
» The correction term r disappears if

» all parameters are real or

» all squark masses are equal.
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CP-violating phase i

» We find for the Higgs contribution to C-* in our scenario:

LR _ LR . ; i¢y (€p—€Fo—€s)tan
CQ = CQ (1 —|—7), with r=(1—e2¢) b FC_ =) AR 1_’,:5: tan 0 ,

o= arg{epc tan 3 (1 + (6 =€) tanﬁ)}

» The correction term r disappears if

» all parameters are real or
» all squark masses are equal.

» Beyond the decoupling limit squark masses are split due to
electro-weak symmetry breaking — small effect:
|r] < 0.01, for u > 0, |r] < 0.1, for u < 0.
Larger effects possible for non-universal squark mass terms



CP-violating phase i

» We find for the Higgs contribution to C-* in our scenario:

R R 1 i € —€ € an
CER = CER(1 + 1), with = (1 - e2i) o catan

o= arg{epc tan 3 (1 + (6 =€) tanﬁ)}

» The correction term r disappears if

» all parameters are real or
» all squark masses are equal.

» Beyond the decoupling limit squark masses are split due to
electro-weak symmetry breaking — small effect:
|r| <0.01, for u > 0, |r] < 0.1, for u < 0.
Larger effects possible for non-universal squark mass terms

» |CLE| highly constrained from B, — it~
[Buras,Chankowski,Rosiek,Slawianowska]



Conclusions

» Notonly #°, A but also g, Y develop flavour-changing
couplings at large tan .

» For complex A; these couplings are CP-violating.

» The Wilson coefficients C'; and Cy receive tan $-enhanced
corrections, the value of Cy is significantly modified by the
gluino contribution.

» For complex A; the gluino contribution to Cs has a large
impact on the mixing induced CP asymmetries in
B — ¢Kg, By — ¢¢.



