A natural route
to near-flavour-conservation in SUSY:
the Minimal Flavour Violating MSSM

Diego Guadagnoli
Technical University Munich

processes on generic SUSY corrections
= New-Physics ‘flavour problem’

: use exp. info to constrain the general MSSM

(general = with completely free soft terms)

: implement a natural “near-flavour-conservation” mechanis
within the MSSM = MFV-MSSM
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General parameterization of FCNC in SUSY

The “rotation” that makes quark masses diagonal the squark mass matrices
does not need to diagonalize squark masses as well are still off-diagonal

Then for squarks one chooses between:

mass
eigenstates

flavour
eigenstates

Mass
Insertion
Approx
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( Naive assessment of SUSY effects )

o,
b}: > dm
K 5 Example: AF = 2 case A d.
; —E ¢ T
SUSY corrections ~ X f(SUSY mass ratios) gl K
SUSY d b
dy ok —x—< by
2

>

Since mixing measurements check (within errors)
with the SM, one has roughly:

2
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in absence of a symmetry principle (e.g. GIM-like mechanism)
such small numbers are ugly

Let us write the down quark mass matrix, in the basis with diagonal interaction
terms (the equivalent of the MIA basis) [values in GeV]

m, 0 0 6.8x107° ~1.6X107° (5.2+2.3i)10™°
s = | 0 m, 0 [ Viegn = 2.3%1072 0.7x1072  —42x107
0 0 m, (09+1.44)x107> 1.8x107" 43
(( does this matrix “look better” ? ))-/
4 )
b) assuming 151 ~ O(1)
= M., > O(TeV) ijback to “Separation-of-Scales” Problems %

=
3
3
<
_
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{ Theoretical approaches to SUSY flavour effects

© Constrain the ‘general’ MSSM [ Take the 6 bounds “as they come”

(with completely free soft terms) (from measured FCNCs)
and study allowed effects on still-to-measure
not easy without simplifying quantities (e.g. A, [B, = ¢ &], ...)

assumptions:
bulkiness of the parameter space

lllll
\\\\\\\\
(\\

2] Maybe FCNC effects in SUSY G\I aturalness of “near-flavour-conservation” )

are small, because already in SUSY: MFV-MSSM .. Aol
. = ‘A,O Sy,
those in the SM are. Saad B W e
500 e D’ Ambrosio el al

i.e. low-energy flavour breaking
“building blocks” are the same in
the SM and in the MSSM

e, o
0 0
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< Example: constraints from b — s FCNCs >
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< Implication on the B — mixing phase )
/ E— E— E— E— E— E— E— E— E— E— E— E— E— E— E— E— E— E— E— E— E— E— E— E— ——y

| ¢ Inthe SMone has ArgMy = Arg[(B|H >%|B.)] = —2A°n =~ —0.04 |

eff , SM

| &5 What is the allowed range for ArgM 1 with the previous limits on the &8s ? |

e

N LR only, tan f=3 |
A | no sizable deviations |
from the SM

LL only, tan f=3 \ >
10 X SM value are allowed ™"

( RR only, tan =3 \
| ~ 100 X SM value are easy to get
\( but RR is still mildly constrained...)

_—_—_—_J

( LL=RR, tan f=3 )
| ~ 100 X SM value are again easy |
(vet LL=RR is severely constrained!) , argpim

R0,

.Fll_g' [M 1= ]

The CP asymmetry in B, = ¢/¢
will provide a truly fantastic probe! .
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( Minimal Flavour Violation (MFV)

MFV:

In the SM, FCNC are small, because of the GIM mechanism.
Can extensions of the SM incorporate a similar mechanism
of near-flavour-(and CP)-conservation?

o ‘pragmatic’ definition, Buras et al., ‘00:

in terms of allowed effective operators + explicit occurrence of the CKM
9 EFT definition, D’Ambrosio et al., ‘02: in terms of the SM Yukawa couplings

Altmannshofer,
1t for the MSSM, even at low tan S Buras, D.G., ‘07

n fact, in extensions of the SM one has (by def.)
ew, a priori unrelated sources of flavour (and CP) violation.

FV can then only be defined as a ‘symmetry requirement’ for such new sources
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N 4,

every new source of flavour violation
must be expressed as function of
the SM Yukawa couplings

55" the SM Yukawa couplings are
' the only structures responsible :
for low-energy flavour and CP violation ¢

?,
2, O
||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Example: soft mass term for ‘left-handed’ squarks
N2 ~IN*~T ~NIN* 53T
Lo = —(mig)’((i,) i, +(d}) d]) +
4 gprior new. sou1.'ce . FC effects are naturally small:  :
= offavouriolation . intuitively 9= O(1)>fICKM) :
A"
MF 21T 2 2 2 1,2
. [my) :@all + bK'YIK + b,Y, + O(Y2Y))
expansion — — —
squark and expansion free parameters after
mass scale coefficients the MFV expansion
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N ,

B5” After expansions, mass scales are only a few. Then:

Dramatic increase
in the predictivity and
testability of the model

@ Fix them to scenarios

@ Extract just the expansion coefficients Im

~
”, Q
2, O
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m = 200 GeV squark scale)
AF =2 example| ,, _ 599 Gev gluino mass)
formass SCAleS| | " _ ;00 500)Gev  (U(1)xSU(2) gaugi
chosenll = (100, ) Ge (1)xSU(2) gaugino masses)
x4 = 1000 GeV p-parameter)
B -B litud "
s s amplitude 99.10 % positive Comments

AM!" = (0.29+ 0.17) ps
180 AM™ ™ 5 0 not included Distributions of values, due to the
' extraction of the expansion
parameters, are quite narrow

Corrections are naturally small

g S Corrections are dominantly
‘i- {;“: R positive. Signature of the
MFV-MSSM at low tan B
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S Due to MFV,
the mixing phase is
aligned with the SM value
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( Large u scenario >
| Example with (GeV): |
entries in the squark mass matrices Im = 300 ]
become relevant, even for low tan f. ] M ¢ 300 |
= : : : : S M, = (100,500
* They manifest dominantly in gluino contributions, | 12 ( ) ]
_ which become competitive with chargino’s. ) l/’ = 1000 P
1801 97.00 % positive 800 |- i SUSY boxes
i AMY = (0.28+ 0.15) ps™ : Bz
1001 AMY ¥ > 0 not included 700r e-x
o : Lo
140: 600 | -
120 i
N 500
£ 1001 g !
s 2400 -
80— i
- 300
60 i
40f <Rk
201~ 100 |
- [ P ST !
o1 . 0704 02 0 0.2 04 06
AMET [ps] AMET [ps]
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<Test of ‘constrained’ MFV (CMFYV) within the MSSM>

contrib. to operators other than Q,

=

|| One can ‘define’ CMFYV to hold

R = £
X : when, e.9.
contrib. to Q, R ’ Ig 0.05
%, “CMFV < V.
120F
i 27.57 % CMFV 1000 [~ SUSY hoxes
i W:-:
100 s Ez-x
L 800 | - o
i i -
80
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40
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MFV — Unitarity Triangle >

120 f

100

fixed sin 2p:
MFV

area

— < fixed R, >
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Conclusions

due to a ‘built-in’ GIM-like mechanism.

9 ) J 4 L] 0

one needs a better control, O(few %),
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iCOntributions to AF =2 (low tan ﬂ)}

A MMSSM

( Higgses )

® Depend on |Ll

N

through the H* mass

® Do not depend on any
other SUSY scale
and/or MFV coefficient

= AMM

~ 4~

+ AMTHE 4 A MR

)1 charginos

FOIAME + AMEY + AMYY

gluinos

, My ,my |1 @ Depend on ® Depend on
{U:Mz}HMRi M;— M,
\m,A,uj—=M, || (m A ul—-M,

* Generically
) important

Mass scenarios

| Fixing mass scales

® [ eaving aside Higgses, one has then to fix 6 mass scales:

Interesting cases

* Important for
large u

neutralino-(gluino)

® Depend on
{Ml:Mz’M3}_>Mgo:Mg

{ﬁl,A,u}—>M&

® Generically unimportant
(especially pure neutralino)

m)A)Ml)M2)M3)IJ

a) m notlarge and p small: {charginos are light} — {chargino dominated}

b) u large: {scalar operators become relevant} — {chargino & gluino dominated}
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( Small u scenario )

Wotes ) Eanple it Gev:

I
: : : : Im = 300 ]
* When p is small, it governs the lightest chargino mass
IMg = 300 |
G Scalar operator contributions from LR entries of the IM ,»=1(500,500) |
d- squark mass matrix are small, still because p is small H=200 ,
— 1000
60 B 96.90 % positive i . SUSY boxes
) AM;" = (1.93+ 0.97) ps’ — M:-z
i AME®" 5 0 not included 200 _ Clg-x
50— | -1
| - At - o
600 -
E R
2 5
400 -

200

05 0 05 1 15 2 25 3 35 4 45
AMY” [ps™]
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