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B The SUSY flavour problem & the MFV hypothesis

The flavour structure of the SM is quite constrained:

@ a large global symmetry in the gauge sector
U(3)5 =SU@3), XSU@B), XSUB3)p X...

@ broken only by the Yukawa couplings
Yp ~3,X3, Yy ~3,%3, (Yg ~3,x3;)

xSU(3),%

+ W _

This specific symmetry + symmetry-breaking
pattern 1s responsible for the suppression of
FCNC:s, the suppression of CPV, etc...
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B The SUSY flavour problem & the MFV hypothesis

The flavour structure of the SM is quite constrained:

@ a large global symmetry in the gauge sector — =
UB)’ = SUB),, xSUB), XSUB), X... y—oan

s broken only by the Yukawa couplings -__—/%%yk
Yp ~3,X3, Yy ~3,%3, (Yg ~3,x3;)

3)Q><SU(3)U><S/
In principle, the soft breaking terms of the MSSM ;ark Flavo

2

allow a much reacher symmetry-breaking structure: e

//

A’ _

L C (Mz)ij 0; 0, + A 0,00,

New flavour-breaking terms not necessarily

related to the Yukawa couplings
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In practice, the absence of deviations form the SM in rare processes implies
severe constraints on flavour-symmetry breaking terms beyond the SM Yukawas
(at last 1in the quark sector...)

E.g.: Constraints on (8° ), ; from B -meson mixing [L. Silvestrini @ CKM 2006]
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In practice, the absence of deviations form the SM 1n rare processes implies
severe constraints on flavour-symmetry breaking terms beyond the SM Yukawas

(at last 1in the quark sector...)

E.g.: Constraints on (8° ), ; from B -meson mixing [L. Silvestrini @ CKM 2006]
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Similar (even more stringent)
bounds are obtained also on many

other 0's — taking into account
€, Amy, K - 1vv, B—XY,

B - XI'l", B— ul, Amg,...
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The most pessimistic (but also most natural) way out to this problem 1s the so-called
Minimal Flavour Violation [MFV] hypothesis: the Yukawa couplings are the only
irreducible sources of flavour symmetry breaking

General principle (symmetry + symmetry-breaking structure) which can be

formulated for any (TeV-scale) SM extension:
D'Ambrosio,Giudice,

G.1., Strumia '02

¥) )

flavour—blind
dynamics

Ap A (~TeV)
: , >
breaking of the flavour-blind dynamics . SM degrees
ﬂaVOL.”’ Symmetry : [non-SM degrees of freedom . of freedom
which gives : stabilizing the Higgs potential, '

originto the ¥ . e.g. low-energy SUSY |
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Within the MSSM, the MFV hypothesis implies a strong restriction on the favour-
structure of the soft breaking terms:

E.g.: MQ2QZQL —> MQ2 o« Xa (Y, YV, ~a,l+aY,Y, -

s More general than universality [M,* o]

»RGE invariant structure [with the a_linked together by RGE]

s Perfectly compatible with persent data without fine-tuning on the a_

(6Dij)LL oc v (Verm)si (Vekm)zj =
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Within the MSSM, the MFV hypothesis implies a strong restriction on the favour-
structure of the soft breaking terms:

E.g.: MQ2QZQL —> MQ2 o« Xa (Y, YV, ~a,l+aY,Y, -

s More general than universality [M > oc/]

»RGE invariant structure [with the a_linked together by RGE]

s Perfectly compatible with persent data without fine-tuning on the a_

(5Dij)LL o< y2 Vermsi Vekm)si =

— Same CKM factors as in SM: =
only the flavour—independent magnitude .
of FCNC amplitudes can be modified 0-52 ’
[ A(b—sy) o< Vi Vg, AMpg o< (Vi Vi) ... ] of : I~

= very efficient suppression of NP effects in flavour
physics, especially in the standard CKM fits...
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» Minimal Flavour Violation at large tanf: general considerations

...however, with two Higgs doublets and a large ratio of vevs, interesting
effects in rare decays can occur also under the pessimistic MFV hypothesis
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» Minimal Flavour Violation at large tanf: general considerations

...however, with two Higgs doublets and a large ratio of vevs, interesting
effects in rare decays can occur also under the pessimistic MFV hypothesis

— — ——"///%//\B
°Z]—Yukawa = QL YD DR HD + QL YUUR HU + h°C° 5/7 \\
////////
Y, & Y, are still the only irreducible breaking -H////
sources of SU(3), XSU(3), XSU@3), <<
! . - N X SU(3),XSUQ3
negligible non-standard effects £ /
in the standard CKM fits lark Fla

S

Y, =diag(y,.y..y,) Y= (Vo) x diag(y,y..y)



G. Isidori — Large tanp3 effects in flavour physics SUSY2007

» Minimal Flavour Violation at large tanf: general considerations

...however, with two Higgs doublets and a large ratio of vevs, interesting
effects in rare decays can occur also under the pessimistic MFV hypothesis

B //////AN\ Ny
il \\w._
M, 02020\ \\_

.,
- A
N

~ vukawa = Q1 Yp Dp Hp + O, Y, Up Hyy + hec. —a
Y, & Y, are still the only irreducible breaking
sources of SU(3), XSU(3),, XSU(3),, Yy >
L R R e
negligible non-standard effects N)QXSUG)UX >
in the standard CKM fits  Quark Fla"?’%

Y, =diag(y,.y,.y,) Y= (V) X diag(y,.y..y) = =
— However, we are free to_change their overall normalization
y, =m, /(H) yg=my /(H,) = tanp my /(H )

sizable phenomenological consequences in helicity-supressed
—> v = =

processes if tanp > 1
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» Motivations

Large tan[} values are motivated by interesting theoretical considerations:

o tanP ~ 40-50 allows the unification of top & bottom Yukawa couplings
[ = SO(10) GUTs ] wide literature

@ tanf3 >>1 is a natural prediction of the Minimal Gauge-Mediated
SUSY-breaking scenario [ (H,) = 0 at the tree level |,

which also provide a natural dynamical motivation for MFV

Dine, Nir, Shirman '96
Rattazzi, Sarid '97

Hisano, Shimizu '07
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> Motivations

Large tanf} values are motivated by interesting theoretical considerations

+
Intriguing phenomenological observations:

® Natural explanation of the ~ 36 discrepancy in
the anomalous magnetic moment of the muon:

Aauexp — auexp _ auSM =(29 £ 9)10-10 (~2 X aHeW'SM) Hertzog et al. '07

AauSUSY ~ tanf X (m,, /M . )% X (aueW'SM) X sgn(LL)

SUSY
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» Motivations

Large tanf} values are motivated by interesting theoretical considerations

4.
Intriguing phenomenological observations:

® Natural explanation of the ~ 36 discrepancy in
the anomalous magnetic moment of the muon

500

Preliminary

450

ﬂﬂb K}€V1

400
@ Good consistency with e.w. & dark-

matter constraints even in constrained 200
scenarios 250

350

200

-+ CMSSM [Buchmuller et al. '07] ———» 150

~ NUHM: large tanf} allowed even %0
with (relatively) light My

| Ellis, Heinemeyer, Olive, Weiglein '07]

QQ

10 20 30 40 20 60

= talk by Buchmuller & tan@
Ronga in the Collider session
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» MSSM vs. Two-Higgs doublet models

Warning: the effective Yukawa interaction of the MSSM can be very different
with respect to the non-superymmetric Two-Higgs Doublet Model of type-II,
even in the limit of light Higgses & heavy squarks

Zow=0,Y, D H, + 0, Y, UH,

invariant under U(l)PQ
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» MSSM vs. Two-Higgs doublet models

Warning: the effective Yukawa interaction of the MSSM can be very different
with respect to the non-superymmetric Two-Higgs Doublet Model of type-II,
even in the limit of light Higgses & heavy squarks

L = QY DpHy+ QY U Hyp + €, Q YY"V, Dp(Hy) + ...

...possible large U(l)PQ breaking
induced by the | term

Even if €, ~ (16m?)"! these (non-holomorphic)

(Hy)e : e L
' terms are a potential large destabilization of

- : ~ the tree-level Yukawa strucutre:
O, . Ay . Oy
, " ° € X tanP ~ 1
Or.

m
® ~\H/~ ® @ dim-4 ops. = non-decoupling effects
Hp Hy

Dp

Hall, Rattazzi, Sarid, '94
Blazek, Raby, Pokorski, '95



G. Isidori — Large tanp effects in flavour physics SUSY2007

» MSSM vs. Two-Higgs doublet models

Warning: the effective Yukawa interaction of the MSSM can be very different
with respect to the non-superymmetric Two-Higgs Doublet Model of type-II,
even in the limit of light Higgses & heavy squarks

Z = 0, Yy DyHyy + 0,V UgHy + ¢, QLDR (H,) +..

= non-decoupling effects, inlcude Higgs-mediated FCNC's

A complete re-diagonalization of all the effective dim-four Yukawa terms is
necessary in order to re-sum the large e.Xtan[ terms beyond ordinary

perturbation theory [correct 1dentification of the ground state]

Babu & Kolda '00; G.I. & Retico '02; Dedes & Pilaftsis '03,...

No further large quantum corrections if Alternative hierarchies and/or different

e MQ > Mp > my tanP definitions can be more problematic

o tanf defined as (H,)/(Hp) Freitar, Gasser, Haisch, '07
= talk by S.Trine in the Flavour Session
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» Large tanP_effects in B (and K) decays

Three most interesting sets of observables:

B — XY

SL

SUSY2007
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» Large tanP_effects in B (and K) decays

Three most interesting sets of observables:

/b( ) - \ b [
S)R > H— < R > HO, A° < br SL
ur, \% d(S)L l

PT— [Ty By— I'lC B — XY

N y
v

Simplest My & tanP3 dependence [mild dependence on other parameters]

2 > 0(100%)-0(10%) in B * — [*v
[most likely BR¢ iy < BRgy |

InP2 tanB2
MH2 (I + ¢ tanp)

BR = BRg,, X 1

°0(1%)-0(0.1%) inK*— [*v
G. Hou, '93; Ackeroid, Recksiegel, '03 [necessarily BRSUSY < BRSM ]
G.I. Paradisi '06
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» Large tanP_effects in B (and K) decays

"

- '\-\.x."".\_\.\'\-\. ".H .
.1_"'\-» .H'\_.. -..' _.."-\..\.'
."-\._‘-"\. o, - -\H-\. ."'-\. e
b(S)R i l H't..H'\-»_-\""-.._..\'\-\-\..H'\-,H‘--:‘"-\-,_H ."-\-.
H Spadaro @ EPS '07
:T‘ut'*ﬂﬁ T e e
S < T [Flavianet Kaon WG]
: "‘:.\ﬂ-\..H"'\- S \.‘H"'\-.x'"‘.ﬂ‘"
V “ ‘H\.h'\-\..h'\-\,‘:"\lh "...'\-H.".
- w.\‘:.h\ -»:*-\. .

S

uuuuuuuu

P> [Tv

o /

7B 95% CL from K—v/T—pv

B(B —1v) = (1.43 £0.43)x104 20 -] 95% CL from B—1v

[Bov=~1.2x107%] 13, harsBelle '07]

100 200 300 M,, (GeV)
B(K —uv(y)) = (63.66 £0.17)% [KLOE] Improving the measure of
+ fx /fz @ 0.7% [MILC/UKQCD '07] B(B —I[Vv) provide very valuable

+ Vs @ 0.5% [KLOE/NA48/KTeV + Theory] infos on My & tanf3 !
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» Large tanP_effects in B (and K) decays

Three most interesting sets of observables:

b(S)R> H* < bR > HO A0 l< br SL.
ur, V d(S)L ]

P*— [Ty N By— ' y B — XY

Crucial dependence on L and Ay [in addition to My & tanf3]

A
AB—ID), ~ ”;; a2 U tanB
A Mq

Possible large enhancement over the SM
but size (and magnitude) of the effect can change
substantially in different SUSY-breaking scenarios
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B(B. - uu) < 5.8 x 108 (95%CL)
[Bgy, ~ 3x109]

non-official CDF+D0 combined
limit [EPS '07]

Significant constraint
but a good fraction of the
parameter sapce is still allowed

BR(Bs— )

BR(Bs—uu)

SUSY2007

g >0, mSugra

40 20 30 40 50 60

40 20 30 40 50 60

Lunghi, Porod, Vives '06
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B(B. - uu) < 5.8 x 108 (95%CL)

_4
(B ~ 3x109] i
non-official CDF+D0 combined 6|
limit [EPS '07] BRBs—m)

_8 N

Significant constraint
but a good fraction of the
parameter sapce is still allowed

v

importantant phenomenological implication:

SUSY2007

g >0, mSugra

bR HO A0 l< -5 |
..... N
d(s)r ] BR(Bg— i)

40 20 30 40 50 60

Lunghi, Porod, Vives '06

negligible double-Higgs peunguin effect [Buras e al. '01] in AMgq
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» Large tanP_effects in B (and K) decays

Three most interesting sets of observables:

SUSY2007

\

B — XY

SL

~

/
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» Large tanP_effects in B (and K) decays

Three most interesting sets of observables:

4 y N

b(s)r H < bR HO A0 l< br SL
U.L V d(S)L l

Pf— [Ty Bg— ' \_ B — XY W

Most complicated observable with several, -
naturally competitive, contributions:

gq éﬁ

br SL, br

HY, HO % g

e positive e sign ~ sgn(W,A)
* decreasing with tan} e increasing with tanf
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» Large tanP_effects in B (and K) decays

Three most interesting sets of observables:

4 y N

Pf— [Ty Bg— ' \_ B — XY W

Most complicated observable with several, -
naturally competitive, contributions:

One of the most significant constraint

$ $:  ofthe MSSM:
PRy PR L B(B —»X 1) = (3.55 +0.26)x104
HE, HO % g [HFAG '06]
° positive . Sjgn ~ Sgn(u,A) B(B —‘>XS )SM = (315 i023)><10'4

e decreasing with tanf3 increasing with tanf3 [Misiak et al. '06]
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Aa, = (30+10)x10-10

Bs_) H+H_ . | o
E.g.: combined low-energy 60 1 i
constraints 55 IV f o
+ dark matter : |
(A-funnel region) >0 \/ /' lowed |
+ heavy squarks 45 A== region |
A ey, no
40 - NN A neutral
: "N LSP
o] SET N -
o [
o0 S
15
Mg =1.5TeV Mg =0.5TeV g &

A, =-1.0TeV  p= 0.5TeV 200 400 600 800 1000 1200

M,

G.1., Mescia, Paradisi, Temes, '07
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» Lepton Flavour violation and LF non-universality at large tanf3

Large tanf values naturally enhance various LFV rates [e.g. T'(u — eYy) ~ tanf?,...],
but interesting phenomena can show up also in the quark sector under specific
circumstances:

If the model has sizable non-MFV sources of breaking in the lepton sector
(non-minimal LFV) = possible visible violations of LF universality in B(K) — [v
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» Lepton Flavour violation and LF non-universality at large tanf3

Large tanf values naturally enhance various LFV rates [e.g. T'(u — eYy) ~ tanf?,...],

but interesting phenomena can show up also in the quark sector under specific
circumstances:

If the model has sizable non-MFV sources of breaking in the lepton sector
(non-minimal LFV) = possible visible violations of LF universality in B(K) — [v

I'(B— puv)** = I'(B — uvy) + I'(B — pve) + I'(B — pvy)

SM 0 scalar LFV
amplitude bR H
H+
sizable one-loop eff. coupl.
because of 3" generation ur,
& large mixing
in the lepton sector

Masiero, Paradisi,
Petronzio, '05
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» Lepton Flavour violation and LF non-universality at large tanf3

I'(B— puv)* = I'(B = puvy) + I'(B = uve) + I'(B — pvy)

SM 0 scalar LFV
amplitude H+
Possible probe of this effect in the ratios: > <
RB _ F(B"’—) u‘l‘v) B F(B+_) e+V)
HT - i T - . .
HE= W) e FB— 1) deviations form the SM

¢ | ~ (tanfB)* x (%1ePt),3
up to +10% (RBM)SM up to +10° (RB,)SM

Interesting correlation with the same
phenomenon in the Kaon system,

+ + .
which so far set the best upper limit: RK, = K™= u'v) upto 1% diff.

[(K*— e™V) from SM

2007 dedicated run by NA4S8 to reach 0.3% accuracy
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» Conclusions

The MSSM with MFV + large tanf} is a quite interesting scenario:

~well motivated (not ad hoc for flavour physics)

~ consistent with present data
(no more fine-tuned than other MSSM scenarios)

~ predictive, with enhanced correlations between low- and high-energy
data which could possibly be falsified/verified in the (near ?) future

¥

Key role played by future improvements on the
helicity-suppressed modes B(K) — [v, B—ll, and 1L — ey
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» Backup
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» Backup

Limit on LFV in H+ coupling =

SUSY2007

B(K - ev)!/ B(IK —> uv)

PDG 2006
Clark, 1972 ;ﬁl_
Heard, 1975 —-.-'-—
Heintze, 1976 —'-O—
NA48/2 (2003), prel. -0—- SM
e
NA48/2 (2004), prel. | aoNo7 \—:—
KLOE, prelim. —
2172223 24 25 26 21 28 28

MK, ITIK ) [107]

Charged Higes mass (GeV/¢?)

100

O
[

20

70

Gao

50

Lis AP P T I I B R R
100 200 300 400 500 60O VOO 800 Q0D 1000
tanfd

A1z ~ (0/41) (ORR)13



