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Motivation
The breaking of the EW symmetry still requires to be proven experimentally:

the Higgs mechanism R0 intrinsically related to flavor physics current
experimental results on Higgs can set bound to FV parameters

Accomplish for non-experimentally excluded but non-vanishing flavor processes

In Supersymmetric models:
» EW scale is stabilized,

» couplings are unified,

» generates candidates for DM,

» could accomplish for FV couplings through SUSY 1- loop



Outline

» 7gender” overview of the fermion-sfermion MSSM sector

» flavor structure Ansatz on MSSM soft-SUSY breaking terms

» Non-universal sfermion masses and mixing angles

» Possible effects on phenomenology

€ sfermion sector
@ leptonic sector
€ quark sector
€ Higgs sector



Supersymmetry
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Figure 1: Symmetry which relates fermions with bosons



Supersymmetry field structure for fermions

Supermultiplets:
Each of the fermion is accompanied by a complex scalar — chiral superfield.
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Figure 2: Quiral supermultipletes: equal fermionic and bosonic d.o.f.



Super potential of the MSSM

All the fields have the canonical kinetic Lagrangian with the usual D,, and field strengths F,,, .

Interactions ~ SUSY and Gauge invariance

The only freedom that one has is the choice of the superpotential W which gives the form of the
scalar potential and theYukawa interactions between fermion and scalar fields.

[A .DJOUADI, The Anatomy of ElectroWeak Symmetry Breaking Tome II: The Higgs bosons in
the Minimal Supersymmetric Model]

1 1
Wharssym = §M”¢i¢j + 6 TR (1)

By renormalization only bilinear and trilinear terms are permited

[see for instance S.P. Martin 07]



SUSY — Soft-terms of MSSM

Soft SUSY Lagrangian

MSSM __ ,mass mass
'C'SOft - ‘C’gauginogluino T ’Csfermion - 'C’Higgs - Ltrilinear
with
1 5 8
mass ~ ~ ~ a ~a =
_K’gauginogluino - 5 MlBB + M2 § 44 Wa + M3 § G Ga + h.c.
a=1 a=1
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Reducing MSSM parameters

phenomenological, pMSSM

Making 3 assumptions:

@ CP-conserving (no extra source)
@ no FCNC

® m g A m g, to accomplish K% — K° mixing

22 input parameters:

tan (3;

m%, mg;

My, My, Ms;

mq, MR, dea mla MeR;
Mot, MiR, MR, M Lr, TNrR;
Au,ca Ad,sa Ae,,u; Ata Aba AT;



. or constraining the MSSM parameters

» mSUGRA — cMSSM (most common) — gravitational SUSY breaking in a hidden sector.

~» soft SUSY breaking parameters obey a set of universal boundary conditions at the
GUT scale.

» AMSB — Anomaly Mediated SUSY breaking in a hidden sector, trasmited by the super-
Weyl anomaly
~» soft SUSY breaking parameters related to the scale dependance of gauge and matter
kinetic functions.

» GMSB — SUSY breaking is mediated by SM gauge interactions .
~> soft SUSY breaking parameters arise from one-loop or two-loops diagrams



Higgs sector of the MSSM

Two complex SU(2) Higgs doublets:
1 . +
H = (Y + ﬁ(@bl_— iX1) CH, — 1 ®y |
— va + E(¢2 + ix2)

H, — d — type quarks Hs — u — type quarks

Physical Higgs particle spectrum :
¢; , CP =1 — two scalar fields: h°, H°,

xXi » CP = —1 — one pseudoscalar fields: A

and
»*, — two charged fields: H*

SSB: Assuming the scalar fields to develop nonzero vacuum expectation values that break SU (2) 1



MSSM sfermion mass matrix

M. — miqL + mg + M, cos 28(15 — Q452) my X, (7)
q m, X, miqR + mz 4+ M; cos 2[3@(133\, ’
with
X4 = Aq — p{cot B, tan B}, (8)

where {cot 3, tan 8} applies for up- and down-type squarks, respectively.

2 2 ~ 2
Mg g =~ Mg, ™ mylsz3



Flavor Ansatz for the trilinear terms
.. /.. ..
AT = A 4 AT (9)

O 0 O
ALO = 0 w z A() (10)
0O y 1

sfermion mass matrix

(w7 0] 0 0 0 0 )
O m%2| 0 0 0 O
~ 0O 0 |[m; X, 0 A
M2 — L ? 11
l 0 0 | Xy mp A4, 0 ’ (11)
0 0 0o A, m; X
\ 0 0 | A 0 X, mj

con Xo = A, — pmyetan B {cot B}
Xi = Ao — pmygtan 8 {cot B8}



New general physical masses for sfermions

Sfermion physical masses:

m?gél = —(2?’71,(2) -+ X2 -+ Xt — R)
2 _ losr x, x4 R
mi, = 5(2mi— Xy - X;+ R)
2. = 2m2 — Xo — X; — R
Myz = —(2my — X2 — Xy — R)
2 1 ~ 2
mfé2 = 5(2m0 -+ X2 -+ Xt -+ R) (12)

where R = /442 + (X, — X,)’

Ay = yAo, (13)
Xo = wAy — pmge tan B {my2 cot 8}, (14)
X: = Ayp — umgs tan 8 {myscot 5}, (15)



where

Rotation matrixz for sfermions
0. — BN ® o¢'6
F—v2\ -6 ¢'e

) Y
. —Sln§ COS§

— S1n 5
2A,

VAAZ + (X - X))

siny —

Y

(X2 — Xy)
VAAZ + (Xo — X))

cosyp —

(16)

(17)

(18)

(19)
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Limit to MSSM non-flavor mizing
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Phenomenology effects
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Figure 3: 2nd and 3rd family u-type quarks masses



2. leptonic sector

Figure 4: 7 — ury

Figure 5: muon magnetic dipole moment contribution



3. quark sector

» BR(B — Xv)
» BR(t — cv)
» possible non-negligible correction to the production of Higgs via gluon gluon fusion

» possible non-negligible correction to the v~ decay of the Higgs via stop-scharm loop



4. Higgs sector

Tree level Higgs mass MSSM

At leading order we have the CP-even neutral Higgs masses releted using m ,0 as free parameter:

1 2

mi,H = 5( ?4""'”2)

1
T 5\/(m?4 + m%)? — 4m?m7 cos? 203

m}tl = m’ + cos’O,m), (22)

v¢ The relations within MSSM parameters impose, at tree level, a strong hierarchical structure on
mass spectrum:

mp < mz, ma < mpyg and my < my+, — which is broken by radiative corrections.

The elements of the mass matrix M,f is constructed explicitly from self-energies contributions
diagrams: >;. And the renormalized self-energies are given by

[Frank, Hahn, Heinemeyer, Hollik, Rzehak, Weiglein 06]



2 2 2

th’j — Ehij + 5Zhij(p —m;) — 5mhij
Ehz’j —  self-energy diagrams

6Zy, (p° —m;) — filed renormalization kinetic term

6miij —  Higgs mass counterterms
The Higgs mass is defined as the poles of the propagator, and the propagator is given as
A—1 N
with the mass matrix elements

2 2 &
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FV squarks radiative corrections to h® mass

T
/ scharm"‘\
h / \ h
\ f
« Sfop »
"'l-.__‘_...

cos? 7’562 cos? ¥ csc (B)

87r2M2

scst .

Xh0 =

W
{BO [O mcl, mw] (cos(a)(me 4+ my¢) (A0 + 2me — 2my) + psin(a)(me — mt))2

1By [ 2y, mﬂ} (cos(a)(me + my)(Ag — 2me + 2my) + psin(@) (me — my)) }(23



FV squarks radiative corrections to h® mass
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Conclusions

» We obtain analytical mixing angles for a possible mixing within 2nd and 3rd families, which
gives a comprehensive easy manipulating of the parameters

» We obtain FV couplings which avoids complicated methods as M| to accomplish for FV processes
as:

BR(t — c¢v), BR(b — sv), BR(T — wy) or muon dipole moment contribution.

» The additional contribution to the Higgs mass could be used to bound the parameters of the
mixing.
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