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Supersymmetric Grand Unified Theories

Supersymmetry
e stabilizes the electro-weak scale
e has a Dark Matter candidate (LSP)
e achieves Gauge coupling unification
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Minimal SO(10) SUSY GUT
e Quarks and leptons of one family unified ina 16 = (Q,U,D,L,E,N)
¢ Higgs doublets of the MSSM in one 10 > (Hy, Hq)
e Yukawa unification for 3" generation (tan 3 ~ 50)
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Supersymmetry
e stabilizes the electro-weak scale
e has a Dark Matter candidate (LSP)
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Minimal SO(10) SUSY GUT
e Quarks and leptons of one family unified ina 16 = (Q,U,D,L,E,N)
¢ Higgs doublets of the MSSM in one 10 > (Hy, Hq)
e Yukawa unification for 3" generation (tan 3 ~ 50)

= family symmetries
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The Dermisek-Raby Model (DR)

SO(10) SUSY GUT with D3 x U(1) x Z; x Z3 family symmetry

e only 3" generation Yukawas allowed

W = 163 10 16

10
163 163
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The DermiSek-Raby Model (DR)

SO(10) SUSY GUT with D3 x U(1) x Z; x Z3 family symmetry

e only 3" generation Yukawas allowed

e hierarchical Yukawa matrices via Froggatt-Nielsen mechanism
— Family symmetry is spontaneously broken by flavon vevs
— Integrating out FN states creates effective Yukawa operators

W = 163 10 163 + flavons + Froggatt-Nielsen states

10 flavon 10
165 163 16, 16,

X X

Wolfgang Altmannshofer (TUM) FCNCs in SO(10) SUSY GUTs SUSY 07, Karlsruhe 4114



The DermiSek-Raby Model (DR)

SO(10) SUSY GUT with D3 x U(1) x Z; x Z3 family symmetry

e only 3" generation Yukawas allowed

e hierarchical Yukawa matrices via Froggatt-Nielsen mechanism
— Family symmetry is spontaneously broken by flavon vevs
— Integrating out FN states creates effective Yukawa operators

flavon
1/\1216310163—1—< >16110162—1-...
FN
10 (flavon) 10
163 163 16, v 16,
0 x =«
flavon
Yodew= [ * * = |X, *=<M >
x % 1 FN
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Parameters of the DR model

e Yukawa matrices — 11 (including 4 phases)

RH v mass matrix: real, diagonal and hierarchical — 3
gauge sector: Mg, ag, €3 — 3

soft SUSY breaking: My /2, Mg, Ao, My, My, — 5
pandtang — 2

= 24 parameters (less than in the SM!)
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Parameters of the DR model

e Yukawa matrices — 11 (including 4 phases)

¢ RH v mass matrix: real, diagonal and hierarchical — 3
e gauge sector: Mg, ag, €3 — 3

e soft SUSY breaking: My, Myg, Ag, My, My, — 5

e pandtanfg — 2

= 24 parameters (less than in the SM!)

¢ MSSM Lagrangian at the electro-weak scale completely determined
by these parameters

e Mass insertions §; created radiatively by Yukawa couplings
e no new phases besides the ones in CKM and PMNS matrices

= Minimal Flavour Violation D'Ambrosio et al 02
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Predictions at the low scale

e SUSY spectrum, Higgs spectrum
e Fermion masses (quarks, leptons and neutrinos)
e CKM and PMNS matrix
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Predictions at the low scale

Unitarity Triangle
e SUSY spectrum, Higgs spectrum R, Re
e Fermion masses (quarks, leptons and neutrinos) /N (BN

e CKM and PMNS matrix

Rp o [Vup|

sin(283) 4k, = 0.675 +0.026
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WA, Buras, Guadagnoli 07
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Predictions at the low scale

Unitarity Triangle

e SUSY spectrum, Higgs spectrum R, Re
e Fermion masses (quarks, leptons and neutrinos) /N (BN
e CKM and PMNS matrix

Rp o [Vup|

sin(283) 4k, = 0.675 +0.026

tree — 83° + 19°

120 Vo[ = (4.49 + 0.33) x 103

122 V| &' = (3.50 + 0.40) x 10-2
Vel
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40 R x 750
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Vo |PR & 3.2 x 103

WA, Buras, Guadagnoli 07
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Basic procedure of our analysis

minimize x2
Mg + | 24 model parameters |<—
MSSMRv RGEs
x? function
Mr T | Integrate out v | composed of fermion masses,
CKM, PMNS, ...

MSSM RGEs loop corrections to

masses & mixings

/
all MSSM parameters +—> SUSY spectrum
.\
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Basic procedure of our analysis

minimize x?2
Mg + | 24 model parameters |<—
MSSMRv RGEs
x? function
Mr T | Integrate out v | composed of fermion masses,
CKM, PMNS, .

MSSM RGEs loop corrections to
masses & mixings

all MSSM parameters +—> Susy S@—» FCNCs
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Bs — utpu~ and AMg

tan>- --- éﬂ B BR[Bs — ut | < 5.8 x 1078 [cDF+Dg ]

BR[Bs — ptpu~]M = (3.35+0.32) x 10~°

tan® 8
Ma

tan>- 7o _én 3 AMS® = (17.77 £ 0.12)ps 1 [Hrac)

PS™ -~ [UTIit]
AMSM = (18.6 +-2.3 !

BR[Bs — ' p] o

Buras, Chankowski, Rosiek, Slawianowska 02
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Bs — utpu~ and AMg

tan>- --- éﬂ Y BR[Bs — ut | < 5.8 x 1078 [cDF+Dg ]

BR[Bs — ptpu~]M = (3.35+0.32) x 10~°

tan® 8
Ma

tan>- 7o _én 3 AME® = (17.77 £ 0.12)ps ™! [Hrac)

PS™ -~ [UTIit]
AMSM = (18.6 +-2.3 !

BR[Bs — putu~] o

Buras, Chankowski, Rosiek, Slawianowska 02 = lower bound on MA
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BT - v

BR[B* — ] = (1.31 + 0.48) x 10~*

BR[B+ - T V]lncl
BR[B+ =T V]excl

(1.31+0.23) x 10~*
(0.80 £0.20) x 104
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BT - v

BR[B* — ] = (1.31 + 0.48) x 10~*

b T
W

Vub

u v

BR[BT — 71v %'::AI

BR[B+ — T+V S)'(\g|

(1.31+0.23) x 10~*

,
H+
Vo M one-

(0.80 +£0.20) x 10~* u > < 5

BR[BT — 1]V

2
BR[BT — 7 TyMSSM ( B M2, tan’p )

Isidori, Paradisi 06
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BT - v

b T
v W
BR[B* — r1ty]®P = (1.31+0.48) x 10~* w
u v
b T
BR[BT — 7 yPM = (1.31+0.23) x 1074 VN HE
BR[BT — 7v]oM = (0.80 +0.20) x 10~* " .

2

2
BR[B* — 7HyUSSM 1 M2, tan®p VIR
BR[B+ — 7HySM ME|+ 1+ etang Vb

Isidori, Paradisi 06

BR[B+ = T+I/]DR 5 0.6 x 104
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BR[B — Xs7]®P = (3.55 £ 0.27) x 10~ [HrAG]

BR[B — Xs7]3M = (3.15 £ 0.23) x 10~ [misiak et al 07]

e Heavy Higgses = dominant correction from chargino stop loop

CX' o pActan 3 x sign(CSM)
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BR[B — Xs7]®P = (3.55 £ 0.27) x 10~ [HrAG]

BR[B — Xs7]3M = (3.15 £ 0.23) x 10~ [misiak et al 07]

e Heavy Higgses = dominant correction from chargino stop loop

C;<+ x y,At tan ﬂ % sign(C7SM) L Contributions to C7(up)
0.5
e 11>0 = suppression (asA < 0) 0
-05
-1

BR[B — Xs7] = 1.3 x 1074
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BR[B — Xs7]®P = (3.55 £ 0.27) x 10~ [HrAG]

BR[B — Xs7]3M = (3.15 £ 0.23) x 10~ [misiak et al 07]

e Heavy Higgses = dominant correction from chargino stop loop

+ . ributi 7 (Up
C;( x /J,At tanﬂ « Slgn(C7SM) s Contributions to C7(up)
1
e 11>0 = suppression (asA < 0) 05
0
e 1 <0 = enhancement o

BR[B — Xs7] = 6.5 x 10~*
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BR[B — Xs7]®P = (3.55 £ 0.27) x 10~ [HrAG]

BR[B — Xs7]3M = (3.15 £ 0.23) x 10~ [misiak et al 07]

e Heavy Higgses = dominant correction from chargino stop loop

C;<+ ~ y,At tan ﬂ % sign(C7SM) . _Comribulionsm Cr(up)
0.5
ol e
e 1 >0 = suppression (asA <0) Oi
e 1 <0 = enhancement 15
o BR x |C7|2 SMHT oyt 40 g al
possible solution C; = —C3M ? BR[B — Xs7] =3.5x 10742
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B — Xs/™¢~ and the sign of C;

BR[B — Xsl*(~]®P = (1.60 & 0.51) x 10~6

BR[B — Xs£+¢7|5M = (1.59 £ 0.11) x 1076 [Huber et al 06]

sensitive to sign(Cy)

dr .
E D) RE(C7C$) ; Arg D RE(C7CiO)
o Wilson coefficients Cg and Cyg SM-like
SUSY contributions enter dominantly through C;
e no zeroin Agg for sign(C;) = —sign(C3M)
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B — Xs/™¢~ and the sign of C;

Testing the "wrong sign” of C
15

2
/ /
12
- 15 / /
9 / /
i 1 ;S
C?:]f,NP Cif)f,NP / /
3 0.5 / /
0 / /
0 / +
3 /
12 -9 -6 -3 0 3 -15 -1 ur -0.5 0 0.5
~eff C
Conp 9,NP

Gambino, Haisch, Misiak 04
Ali, Lunghi, Greub, Hiller 02
Lunghi, Porod, Vives 06
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B — Xs/™¢~ and the sign of C;

Testing the "wrong sign” of C;

15 Py
/ /
12
15 / /
9 / /
i ! ;)
C?:]f,NP Cif)f,NP / /
3 0.5 / / E
o oS |
o S 4
-3 / 5
12 -9 -6 -3 0 3 -15 -1 . -0.5 0 0.5
e
~eff CQ,NP

CQ’NP

Gambino, Haisch, Misiak 04
Ali, Lunghi, Greub, Hiller 02
Lunghi, Porod, Vives 06
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Results of the global fit

0 10 20 30 40 50 60 70

Examples:
myg = 4TeV, u = 236GeV

To be in agreement with the
experimental data on

B — Xs7v, the SUSY
spectrum has to be made
very heavy.

BR[B — Xel™ €]
BR[BT — 711]

BR[B — Xs7] 5.0 0 too low

0.3 o too high
210 too low

m; = 697GeV

M,: = 202GeV
1

My = 458GeV
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Results of the global fit

oL
0

10 20 30 40 50 60 70

Examples:
myg = 6TeV, u = 953GeV

To be in agreement with the
experimental data on

B — Xs7v, the SUSY
spectrum has to be made
very heavy.

BR[B — Xsv] 2.3 0 too low m; = 117TeV
BR[B — Xsl147] perfect agreement My = 119GeV
BR[BT — 7Tv] 180 toolow Ma = 559GeV
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Results of the global fit

oL
0

10 20 30 40 50 60 70

Examples:
mye = 10TeV, p = 1.2TeV

To be in agreement with the
experimental data on

B — Xs7v, the SUSY
spectrum has to be made
very heavy.

BR[B — Xsv] 1.3 0 too low m; = 1.9TeV
BR[B — Xsl147] perfect agreement My = 120GeV
BR[BT — 7Tv] 170 toolow Ma = 842GeV
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Conclusions

e DR model fits all fermion masses as well as PMNS and CKM
(only Vp is quite small)
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Conclusions

e DR model fits all fermion masses as well as PMNS and CKM
(only Vp is quite small)

e has problems fitting BR[B™ — 7Tv] if the experimental value stays
above 1.0 x 10~*
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Conclusions

e DR model fits all fermion masses as well as PMNS and CKM
(only Vp is quite small)

e has problems fitting BR[B™ — 7Tv] if the experimental value stays
above 1.0 x 10~

e cannot simultaneously fit the branching ratios
BR[Bs — putu~], BR[B — Xsv] and BR[B — Xsf147]
. unless the SUSY spectrum is made very heavy (m; > 1.8TeV)
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Conclusions

DR model fits all fermion masses as well as PMNS and CKM
(only Vp is quite small)

has problems fitting BR[B* — 7] if the experimental value stays
above 1.0 x 10~*

cannot simultaneously fit the branching ratios
BR[Bs — putu~], BR[B — Xsv] and BR[B — Xsf147]
. unless the SUSY spectrum is made very heavy (m; > 1.8TeV)

Main Message

e To test the validity of models for fermion masses and mixings, it is
essential to check flavour changing processes

e not only one at a time but all of them simultaneously
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Example SUSY spectra
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The forward-backward asymmetry in B — Xs€ ¢~

1.? = _C7SM
5 o A
dAg, (8) 0 C; =0.5x CSM
ds -05
1 SM
C,=C
_15 T
0 0z 0F 05 08 1 Cr—2xCM

no zero in the forward backward asymmetry if C; = —C3¥
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aﬁXP = 116592080(63) x 1012 (Muon (g-2) collaboration]

aﬁM = 11659 1785(61) x 10~11 [Miller, de Rafael, Roberts 07]

= 3.40 discrepancy

In the DR model, |Aa,,| is less than ~ 80 x 10~1!

no explanation of the discrepancy
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