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Flavour violation in SUSY
0000

The Minimal Supersymmetric Standard Model (MSSM)

@ High energy extension to Standard Model (SM), linking fermions and bosons.

@ Minimal Supersymmetric Standard Model: one partner for each SM particle.

Quarks < squarks.
Leptons <> sleptons.
Gauge bosons < gauginos.
Higgs bosons < higgsinos.
Gluon & gluino.

Graviton < gravitino.

* X X X ¥ *

@ BUT no SUSY discovery until now!

* SUSY must be broken = SUSY masses shifted at a higher scale.
* Assumptions on the breaking mechanism: 5-6 free parameters.
* These scenarios might be too constraining.
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Flavour violation in SUSY
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Flavour violation in supersymmetry - generic features

@ Soft-supersymmetry breaking Lagrangian in the squark sector.

oot j - ~0i j
—Lsoft D Z [ QT ( (23 QP+ gy (m3); o + dg" (m3);/ df;
ij=1

+ (B??"T (Tu),_j TJZ‘ + agif (Td)ij ZIEJ. + h.c.)jl.

@ All mass terms.

* New sources of flavour violation and CP violation.
* Could enhance processes severely restricted by experiment.
o K9 — K9 DO — DO and B® — BO mixings.
¢ Flavour-changing neutral-currents.
¢ Rare B-meson decays.
o etc...

* Strongly constrained.

@ Several scenarios regarding flavour violation in supersymmetry.
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Flavour violation in SUSY
[e]e] Tele]

Constrained minimal flavour violation (cMFV)

@ No flavour violation (CKM = identity).

@ Soft-supersymmetry breaking Lagrangian in the squark sector.

3
e > Y| @)@ o ) i+ Y )
i=1

+ (ﬂ%"* (T ol + dg" (T + h)]
@ 6 x 6 mass matrices (neglecting flavour conserving superpotential terms):

(mh) (T e (i) (1)

() (o)) "B \(w1) ()

* All flavour-violating elements are zero.
* Sfermion mixing: (7, fr) = (fi, %) with flavour conservation.

2
7]

* Flavour-conserving mixing angles (first two generations often neglected).

@ Scenario implemented in most Monte Carlo generators.
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Flavour violation in SUSY
000e0

Minimal flavour violation (MFV)

@ Flavour structure generated by the Yukawa couplings (and the CKM matrix).

@ Quark sector.

* Diagonalization of the Yukawa matrices.
* Rotation from the gauge basis to the physical basis,

0 0 0 0
di; =Vgdii, dpi=Uqdr, uj;=Vyu, ug =U,ug.
* The charged-current interactions are proportional to the CKM matrix,

Vexkm = Vi Vy.
@ Squark sector.
* The Super-CKM basis: the squarks undergo the same rotations,

d° = Vydy, d%=Ugdp, @ =V,i, @o%=U,ig.
* The mass matrices become:
2 2 *
Vekm (m@iéij) Vi (T?*‘SU) and M2 (in‘SU) (T? 50‘)
) (o) ) ()
i Oif 0;°0 i %ij B, 20
* Flavour violation for the up squarks,

M2

T ; T
O i s e s
<U17U2’U37U4:U57U6) =R (UL7CL,tL,UR,CR,tR)
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Non-minimal flavour violation (NMFV)

@ We assume new sources of flavour violation.

@ Soft-supersymmetry breaking Lagrangian in the squark sector.

_L"Soft o Z |:QOIT (2'3 i QJO ~OI ( f’]) dOIf (mD)JdR'

ij=1
+ (a?{* (T 6, + dyt (T df + h.c.ﬂ.
@ The squared squark mass matrices are

i
M= Vekm (m) CKM (Tu)

(mg) (19

and M%: J )
(™) (m3) (™) (m§)
* The off-diagonal elements consist in 21 new free parameters
2 RN ]
(m§)/ = Al mgmg -

* Diagonalization through 6 X 6 unitary rotation matrices RY and R¢.
(i, i, i3, Tig, s, 6) T =
(d,dy, ds, dy, ds, de) "

Non-minimal flavour violation in SUSY models

RY(, 8, T, g, €, TR) 7,
RY(dy, 3., by, dr, 3r, br) "
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Constraints on NMFV SUSY
[ leJele]

Constraints on NMFV SUSY models

@ Flavour changing neutral currents.

* Neutral kaon sector (Amy, ¢, £'/¢),

* B-meson and D-meson oscillations (Ams, Amp),
* Rare decays

* Electric dipole moments (d, and de).

@ Results for the second and third generation mixing.
[Gabbiani, Gabrielli, Masiero, Silvestrini (1996)]
[Ciuchini, Masiero, Paradisi, Silvestrini, Vempati, Vives (2007)]

AP <2107t, A% <5.1073, A% <5.1073, A% <2107

@ Mixing to the first generation more constrained (and neglected here).
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Constraints on NMFV SUSY
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mSUGRA parameter space analysis
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@ tan3=10,u>0,Ap=0 GeV, 0< )\E‘E =)X<0.1. [Bozz, BenjF, Herrmann, Klasen (2007)]
@ Region favoured by a, @20 (grey)
* Experimental data: Aa, = (29.2+£8.6) x 1010,
* Squarks contribute at the two-loop level only.
= Reduced squark vs. slepton one-loop contributions.
@ Region excluded by b — sy @20 (blue)

* Experimental data (CLEO, Babar and Belle): (3.55 4 0.26) x 10~%.
* NMFV contributes at one-loop (as the SM) = Very sensitive to A.
@ Charged LSP (beige)
* DM candidate < color singlet and electrically neutral [Eliis et al. (1984)].
@ Region favoured by Qcpy (black)
* QObservation (WMAP, SDSS, SNLS, BAO): 0.095 < Qcpyh? < 0.136.
* Not really sensitive to A (many involved processes).
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Constraints on NMFV SUSY
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GMSB parameter space analysis

100
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— — 23 _ \23 —
® tanB =50, > 0, Nmes = 1,0 < A% = AZ, = A < 0.2,
[BenjF, Herrmann, Klasen (2009)]

@ Region excluded by b — sy @20 (blue)

* NMFV contributes at the one-loop level (same as the SM contributions).
= Very sensitive to A.

@ Region favoured by a, @20 (grey)
* Squarks contribute at the two-loop level only.
= Reduced squark vs. slepton one-loop contributions.

@ cMFV scenarios strongly disfavoured, but windows open at larger \.
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Constraints on NMFV SL
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GMSB - cosmological constraints analysis

Point E (m_=95.4 GeV, m_=534.2 GeV) Point F (m_=90.7 GeV, m§=680.4 GeV)
10", / 10" I
[ leptogenesis favoure: [ leptogenesis favoured
10°F 10°
s L s L
[ . [ .
e e
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= =
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E/F: A = 65/30 TeV, Mmes = 90/80 TeV, Nmes = 1/3,tan3 =15, u > 0, 0.03 < X\, = Agg < 0.068
[BenjF, Herrmann, Klasen (2009)].

@ Gravitino LSP: cold dark matter candidate (mz 2100 keV).
@ Today’s gravitino abundance:

* Produced from thermal scattering in the very early Universe.
* Non-thermal production from NLSP decays (important for point E).

@ Tk > 10° GeV: leptogenesis (= baryon asymmetry).
@ mnpsp <2-10° s: light element’s abundance (primordial nucleosynthesis).

@ Hard to fulfill all constraints = relaxation of the less stringent one: Tg.
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Cross sections
[ To)

Squark pair production

pp - aiaj +C.C.
100 d,d. @ Benchmark scenario GMSB-E:
F * AN=65 TeV, My, =90 TeV, Ny =1,
[ -~ tan3 =15, > 0, A\gg = 0.
108 dqdg * Squark masses: 700-800 GeV.
2 [ dd .
- 273 @ LHC collider:
o | - -
- dod, Large quark quark luminosity.
1§ * §g§' more easily produced than §g’*
T (non diagonal §g’* production).
F dede * All QCD/EW diagrams considered.
Lo 0
0'6.1 0.12 0.14)\ 016 018 02 @ Avoided crossings:
Lt * Mass flips between ds and ds.
[BenjF, Herrmann, Klasen (2009)] * Sharp transitions with \.
i i . .
e . E s A s
XK 4 S Ky g g
0 0 .7 N .
q 7 q q
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Cross sections
oce

Associated squark-neutralino production

@ Benchmark scenario mSUGRA-B:

PP - X, + cC

10 * mo=100 GeV, my ;,=400 GeV,
%Pa Ap=0 GeV, tan =10, u>0.
26 * Squark masses: 700-900 GeV.

* Neutralino-2 mass: 300 GeV.

1 . L. . .
- @ Quite sensitive to flavour violation.

o [fb]
J

g * 35)"(3 cross section decreases with A
(cf. de: 3/b content).
* EG)"(g cross section increases with A
016 ‘ Y - (cf. Ug: /T content).
0.05 0.1
A

[Bozzi, BenjF, Herrmann, Klasen (2007)]
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Summ

Summary

@ Study of NMFV effects in SUSY models.

* Extended mSUGRA and GMSB scenarios investigated.
* Low-energy, cosmological and electroweak constraints analyzed.
* Production cross sections and decay widths studied.

@ Implementation of a multipurpose, flexible, computer program, XSusy.

Interfaced with DARKSUSY, FEYNHIGGS, SPHENO and SUSPECT.
Generic and extended minimal SUSY scenarios implemented.
Allows for a detailed analysis of the NMFV parameter space.
Cross sections for SUSY particle pair-production processes.

SUSY particle two-body decays.

L I R
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