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The Flavour Puzzle: Masses

Measurements reveal a peculiar pattern for fermion masses roa s :

©) w ©
@ & ©®
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The Flavour Puzzle: Mixing

Structure of mixing is even stranger (por 0s and Gonzalez-Garcia et al., "10] ©

0.9742 0.2257 0.0036
Veky = | 0.2256 0.9733 0.0415
0.0087 0.0407 0.9991
0.821 0.562 < 0.10
Vouns = (0.469 0.568 0.676)
0.325 0.601 0.730

How can one explain such a structure?
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Supersymmetry

Supersymmetry Transformation

Q|fermion) = |boson)
Q|boson) = |fermion)

Advantages:
¢ Hierarchy problem solved
¢ Gauge unification
¢ Natural CDM candidate
¢ Rich phenomenology
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Soft SUSY Breaking

Soft Breaking Terms

Lot = QIm?, Q+ 01, 0° + 89T m2, &° + Lim? [+ &2, &°
+QTA, U°Hy + QT Ay d°Hy + LT Ae &°Hy
+ Gaugino and Higgs stuff

= 100+ new parameters
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Constrained Breaking Terms

Usual Ansatz:

Constrained MSSM

m=m1 Vf=QLi°d°e&°
A=A Yy Vf=ude

= 5 Parameters: (mg, My 2, Ao, tan 3,sgn 1)
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Basics and Notation

Notation:

f — fermion

f — scalar superpartner

f=Q,L
fC — UC dC eC
Hf = Hy g

Yukawa coupling in Lagrangian: Lyukawa = 7 Y; f¢ Hy = my = Y; v
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Flavons

Yukawa coupling < non-renormalisable coupling + "flavon" vev (¢)

(v =92

= Task: Constraining Y; using symmetries and alignment

Vinzenz Maurer (MPI fir Physik) From Flavour to SUSY Flavour YSW 28th July '10 9/19



Symmetry - Example with SO(3)

Pathologic Case: f, f¢ ~ 3
f- fC invariant = me ~ m.

We choose e.g. f,¢ ~ 3,f° ~ 1

fT Y fCHy = (f-vy fE+F-Vp £S4F-Va £)H;

T 11
= Yf = \71 \72 \73
Lol
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Alignment - Example with SO(3)

One choice
1 0 0 0
Visgoc [ 1], Vogox | 1 |, V3o [ O], V3 ox | i
1 1 1 w
Could yield:
0 €23 —€23
Yo = | €123 €123+ i €3 €123 + W ép3
0 0 €3
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Alignment used in v sector

Original motivation:

0 b
Y,,—(a b), MN:(M1 0)7 Y, ~ diagonal
0 M
—-a b

0

1

11 1 0 0
=>MV:%111+%0 .
11 1 0 -1 1

= Veuns = Vrau = —\/g \/g 3
Vi
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SUSY breaking and F-Terms

Supersymmetry Breaking
Q|0) # 0 < H|0) £ 0

Supersymmetric Scalar Potential

V= Z |F,,? with F,, = F,(¢), Fp ~ @i
i

= (F,) order parameters for SUSY breaking
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Supergravity and F-Terms

Road to Supergravity (including SUSY breaking)

SUSY — SUGRA
global — local
Fo,— F,+mo
V — V + AVsycra

= Natural expectation: (F,) = ¢, m ()
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Flavon Contribution to Soft Breaking Sector

Flavon F-terms also contribute to soft terms:
for me, 1° = mg 7°7f°

o me oS, (Fed” (Fod 5
ft mz f = mg fif Zf v =

=mg FF-> ¢ mg 1" V-1
i

T A ot e o1 (Fon Fs F
fT A fCH. = A fT Y: f¢ H fT $1 T Tog fCH _
f f 0 f ft ( MMM

= A T Y; fe Hf + Ag T (C1 \71,02\72, C3\73) fe Hs
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Comparing with Experiments: SCKM transformation

Super CKM Basis

f— Vi f
f— V1

fC_> Vfc fC
?C—> VfC ?C

Y; — V] Y Vo = YI¥
Ar — v,TA, Ve

m?c — VT m~ Ve

v
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Mass Insertion Approximation

Mass Insertion Approximation

Define:
f ( f,?C)"j
(O1L,RR)i = —=5
M e
f Vf(Af)ij
(OLR)ij = ——
m2 mé,
f f
Sf =0/ ]
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Example: © — ey

¥
iLr - Y L €LR
Ve N
/ (0xx)12
/ \
- A | - Bounds (ciuchini et al., '07]
Iz \4 € 2
e _
W, B (6LL)12 6-10
/ e
! (0gR)12 -

(55;,)12 1- 10_5

(Orp)12
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Summary & Conclusions

* Yukawa matrices dynamically generated
¢ Deviations from CMSSM with definite structure

¢ Predictions for rare decays and CP violation
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End of the talk

Thanks for your attention!
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MIA Constraints from Observables

Observable f,if LL LR RL RR
uw— ey, u—einTi e, 12 x X

u — eee e, 12 X X X
T — eee e, 13 X X X
T — uee e, 23 X X X
de e, 11 X

AMy, €, €' /€ d, 12 x X X X
AMg,, sin243, cos 23 d,13 x X X X
AMg,, b — sy, b—sltl- d,23 x x X X
dn, dHg d, 11 X

AMp u 12 x X X
ahn, dHg u, 11 X
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Soft Terms from Flavon F-Terms

ﬁ?gb = mg/zf(ab — F,—nFn (8,778,1[(5[,) 4+ ...

MP/
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