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|. Looking for New Physics...
The flavour problem




The SM flavour sector is peculiar

All flavour breakings and CP violation are contained in the Yukawa matrices

Ly = géYéjQJ°HC - ﬁ,IgY,fJQJ-H + E,ﬁ YeULJ-HC + h.c.

d; e; h —h

Flavour symmetry U (3)5

I U J _
of the gauge sector : a —=>Vy g, q=0.updp, L,eg

The flavour basis can be chosen such that

Ly=dp¥, Q' - H - ﬁIIeYLfQ"-H + e Y, L' - H + he.

4 parameters



only source of CP

In Wolfenstein parametrisation : _ ..
v violation in the SM
1-14% A AP (p+in)
_ 1 72 2 4
Vear =l 4 1-14 AA + 0(2)
\A/l3 (1-p—in) —AA? 1
+ Suppression of FCNC :
- No FCNC at tree-level S —< f\ d =0
- GIM suppression at 1 loop ﬁ/‘q my = cst
(not always eff.: m <«<m, <<m, ) S * Z gs qd
Vqs qu q=u,c,t

- Strong CKM hierarchy : A=sinf, =0.23

These two features do not survive in most SM extensions



The SM flavour success

...and New Physics
flavour problem
if at the TeV scale
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A possible deviation?

- u,c,t ~ (q - d’ S)

0 bL > > qL 0 B
R . . q
b, < 1174 % § 114 b B, - Dispersive part (1) — M,

| gL — — b - Absorptive part (c,u) — Ffzq
| u,c,t i

. . B B
3 physical quantities: ‘Mlz‘]‘ :%AMq, ‘Ffzq : ¢q Earg(— 1y /Ffzq)

e N™-N
Like-sign dimuon charge asymmetry a g =—

N +N

CDF+D0 — d
a0 =(-8.5+2.8)107 =(0.506£0.043) af; +(0494+0.043)a}  [D0+COF 0]

a%M =(-0.20£0.03)-10 — 2.90 discrepancy [Lenz,Nierste '06/11]

: B —
ajqfs =sing, ‘Ffzq ‘ / ‘Mlzq‘ — New Physics phases inB; — B
and B—B mixings?



A possible deviation?

e uc,t i (q:d,S)

0 e — B
_ | | q
Bq < %% % § W ) . Bq - Dispersive part (f) — M12

(9L — «— DL - Absorptive part (c,u) — [‘fzq
' u,c,t )
. . B B
; 7|~ 1 q — q q
3 physical quantities: ‘Mlz ‘_EAMQ’ ‘Ffz , % =arg(— > /Fﬁ )

Angular analysis of tagged B, — J /|y ¢ decays:

CDF+DO 24" =(-0.83%3% ) U(-23153) [HFAG “10]

SM — ,BSSM =—-0.4 — 2.30 discrepancy

—Zﬁfﬁ :—2,5?("‘@]@ ZW‘F@NP =9, Supports large @,



ll. Formulation within the MSSM




Reminder

Particles Spatrticles
Spin 1 gauge bpsons
Gﬂ, Wﬂ, Bﬂ,
quarks and leptons (x 3 gen) ~gauq/ﬁos~ SSB Cﬁf r9inos
J JoqiN i i G.W. B 412
Spin 1/2 Q' =(uy,dy), ug, dyp
. higgsinos neutralinos
=(V,,e ), e T ~0
Visev) e H,, H, 1234
2 higgs doublets squarks and sleptons (x 3 gen)
opin 0 H, = (1) O’ = (i, ab), i, dj
H,=() ,—h,) L =,,¢), &

The number of particles has to be doubled + 2 higgs-doublets instead of one



The MSSM flavour sector

SUSY-conserving part :

- 1 new source of CP violation : arg i/
- New occurences of the Yukawa matrices

SUSY-breaking part :

Many new sources of flavour and CP violation!

5533—%(M11§1§+M2WW+M3GG) + hc.

(R-parity assumed)

~Nl ~ 210 AN T~ 2\ 3] S~ 2N ~J gl ~ 2N 7T SR~ 2N ~T

TIALl AT ~*[ A 1] AJ ~*[ A 1T )



d—squark mass matrix in sSCKM basis :

~ N ~ N

I

[

)
' d
Typical contribution to FCNC RR
~ C? ’_\
R R B
KSR g >_x_< — dr OCZ )deR
0 ~\ip - 0
\ dR >Z - _C §R )

FCNC still loop- and GIM-suppressed,
but flavour-couplings a priori not suppressed anymore



d—squark mass matrix in sSCKM basis :

), M,

~ N

N— —
—~——

2
(M3
Typical contribution to FCNC : RR

e ~R C?R N 6 * ~9

SV S e <D Zys P) Zy g,

—_ q oc
de ;: - SR | (é‘sac?Z)RR_FO((é‘d) )

dp SR

A posteriori : define mass insertions

(05 )y =z (M) V=R



The MSSM flavour problem

[Gabbiani et al. ‘96]

0 10| (50), 00 1O0), (00 (00, (eseroemeanes o7
d 12 0.03 0.002 25107 L
d 13 0.2 0.07 0.08
d 23 0.6 02 0.01 m=1TeV
w12 0.1 0.008 0.02 m it =1

If sparticle masses are < a few TeV, most of the MI must be tiny,
that is,

- either the sfermions must be quasi degenerate

- or they must be quasi aligned with fermions

(or a combination of both mechanisms).

Problem : origin of this structure!



Origin of SUSY breaking?

The soft-breaking terms are the footprints of the SUSY-breaking mechanism.

If the mediation of SUSY breaking to the MSSM is flavour blind (e.g., GMSB),
the soft terms will obey universality conditions of the type

22 22 22 22 o2
m,,m;,m, m; m,<1, A <Y, A;xY, A <Y,

This is usually considered as safe from the point of view of flavour violating effects.

In this talk : study « left-over dangerousness »

We take the soft-breaking universality ansatz as zeroth order approximation.
Sizeable flavour violating effects could still be produced via the impact
of large parameters. Two known examples: tan 5, neutrino mixing angles.

Can such effects account for large phases in B . -B . mixings?



Two scenarios

1. Higgs-mediated FCNC for large tanp
vu NVda yt > yb

n/lt — ytvu ~ 43

/
mb tree-level y bvd T

tanff=v, /v, ~40-50 allows
the unification of top and bottom Yukawa couplings

MSSM with large tang :
the large tan g factor compensates for the loop suppression in Higgs-mediated FCNC

2. Imprints of large 6, on (s)quark mixings in GUTs

M _ Y 1 — deYeT ex : minimal SU(5)

EW scale GUT scale
n, Vb

The large neutrino mixing angles can induce significant quark-squark misalignments.
Specific scenario : SUSY SO(10) model proposed by Chang, Masiero, Murayama



liggs-mediated FCNC
for large tang




Main idea

SUSY imposes a 2HDM-II structure for the Yukawa interactions:
ks _ —1I ~xs1J J
G =Y, H, - Q

~dyY'H, Q" +he



Main idea

(sparticle masses
Soft SUSY breaking — 2HDM-III structure at loop level: > Higgs masses)

P =g | Y, H, +8Y, Hj ]H .0’

—7 J 7
~ df| Y Hy+(8Y, + &, Y, Y, JHe |- 07 + he

New flavour structure,
not aligned with Y,

o< il | M,

Dimension-4 effective operators = the corrections are non-decoupling



Main idea

(sparticle masses
Soft SUSY breaking — 2HDM-III structure at loop level: > Higgs masses)

™ =g | Y, H, +8Y, H“] yod
1 T c v J
~ g Y Hy+(8Y, &, Y, Y, JH |- 07+ he

After SSB: v, v, = [tanﬁ—enhancement]

The corrected d-quark mass matrix must be rediagonalized.

Doing so, the misalignment of quark mass terms and quark-Higgs vertices implies:
- O(1) corrections to H " vertices
: : , : K‘U I * 2
- Higgs-mediated FCNC with coupling ~\m [v)&,V, V., (tan )

ol e sy o Ll -5
(cg=cos B, etc)

[Babu,Kolda ‘99]



Distinctive phenomenology

Higgs couplings still proportional to m' = look at B physics (note: also K physics)

B, MU AM (g=d,s)
o1 — T b R
PN AN ORI A B
B, < ti ------- t ) B, < tz_ ------ t 5 ) r B,
4L p £\ H | LR B )i qLr
B(B, — (' 1) increased AM ;) decreased (unatfected)
B" —»7'v, B—>Dr'v,.. B—>Xy v

bg TR
H i bR St
ur -+
Cr tIB tIB \%3 o H ' '
Positive contribution,

B(B — 7v) decreased but ¥ —squark loops interfere



Distinctive phenomenology

Higgs couplings still proportional to m' = look at B physics (note: also K physics)

Bs,d —utu AM (g=d,s)
7 b 2

H h,A correlated Ort H,h,A R

Bq S - > B < 12_ ------ t 5 ) - Bq
| 4LR b B dLr
B(Bq — i 41 increased AM ;) decreased (unatfected)

- Clean: same dependence on F5 and V in both observables [Buras et al. '02]

‘I
- Superficially leading contrlbutlonAM mb =(), correlation obtained for AM( ")

Look at all (sub-)leading contributions before concluding!

New contributions to ¢, ,?
5 [Gorbahn,Jdger, Nierste,S.T. ‘09]



Why the cancellation?

The amplitude is ruled by

0 2 2
o VO =wm’H H, +mH H,+Bu{H, H,+hc)

8 2

=0

(1, )~ {raim, ) | 45 () (1,

[Babu,Kolda ‘99]

o G =Khyqy | cphl —sghy |+ K bag| cph—sph |



Why the cancellation?

) br
AM;mb)o< f-‘?-4< -:> =0 (LOin 1/tanp)

The amplitude is ruled by

_ 2
o VO =plH H +mHIH, +Bu W Bu=spcpMy,

tanFsuppressed

+%2|:(H2Hd)_(H;H ):| 82 (HTH )(HTH ) for fixed M,

Higgs _  bq7. O* b*_ - 0
o L =, [ sy o B[]
After SSB, for tanfy — o (i.e., v, —0), the theory is invariant under

U(D)py: QH,)=Qdg)=1, Qother)=0



What are the leading contributions?

Look at all contributions with [1 suppression factor]




What are the leading contributions?

A/ Chirality-flipped contribution ("LR")

b b
: hy ’ IR "
I AOD=0 = AM g <> decreases AM
m, MmN % |
qr qr [Buras,Chankowski,

Rosiek,Stawianowska ‘02]




What are the leading contributions?

A/ Chirality-flipped contribution ("LR")

ER bL
h, m -'m
>_ﬁl AD=0 = AM;R oc — > decreases AM

m, Mew = v |
qr [Buras,Chankowski,
Rosiek,Stawianowska ‘02]

B/ Weak-scale loop contribution

b ",
— —4 —<¢ <
by | b 1 q . y2
vhy A AQ=0 = AM)" <—Lx 22
qL i bR i bL Vv 16
_»n‘/l g " increases AM; , but numerically small

S
S



C/ Higher dimension operator contribution

The higher dimension quark-Higgs effective vertices are also loop-suppressed.

Compensate the loop-suppression by a large tanp factor
— Only non-negligible effect in rediagonalization of d-quark mass matrix

— Higgs FCNC of the type Eédihg*/c_l[fdéhg as before, up to 1/tanf corrections.



C/ Higher dimension operator contribution

br
2 ( 2 ]
m
2 = MM 36 x ]29 X ‘2) small!
dr 4 M g5y
D/ Corrections to Higgs masses/mixings ("RR")

ER * bR 2)

h, h m )

od AO=2 = AM?R oc_]29 % S-USYloop in

m m _ V Higgs potential

qL b b qL

Corrections to the Higgs sector have already been extensively studied.
However, contradictory statements about their effects on B—B mixing
are found in the literature [Parry ‘06][Freitas,Gasser,Haisch ‘07]

= go through them again



Matching MSSM — 2HDM

At 1-loop, V has the most general structure compatible with gauge symmetry :
o VO =l HH, +m5,HiH, +{m),H,-H,+hc]
2 2
+%(H§Hd) +%(HJHM) + 25 (HiH, ) HIH, )+ A, (HiH, ) (H)H,

+{%<Hu.de—zﬁ(ﬂzﬂd)wu-Hd)—MHJHu)(Hu'Hd>+h-c}

H, O Hg
Ex: A =— ‘yt‘ at ( / ) N\?’ ’_\’\/N
87[2 M -1 (I+x)Inx uR{) &)uR =
Ll(x) — - e S—- N

1-x* 20-x° Hi O “Hy
Note: many refs!
[Haber,Hempfling ‘93][Carena,Espinosa,Quirds, Wagner ‘95][Beneke, Ruiz-Femenia,Spinrath ‘08]...

We keep arbitrary flavour and CP structures, and propose a definition for tanf
in the effective 2HDM better suited to the large tanf regime.



Corrections to Higgs masses and mixings

2 2 2
S, C., 1 % % A%

o F=0pyeb (a2 a) 20
> < MIZ{ M; M; (25 A @)Mj

+ Higgs WF renormalization in the effective FCNC vertices

Earlier approaches

[Parry ‘06] : Corrections to «, 5, M n.H.4 Using the FeynHiggs package
2
Mh

2 2

This pole singularity is not
present in our result

[Freitas,Gasser,Haisch ‘07] : OF Ecp

There are many cancellations at play. These are built in in the effective
Lagrangian approach. The non-vanishing of F originates from the
PQ-violating couplings /A and A, for large tanp.



Typical size of the new effect

X =

(&,167°)

| =0.041; Fy =024GeV

(1+&; tan B)*(1+ &, tan B)* My M,

[

V4| =0.0086; Fp =0.20GeV

-

AM

14
_ SM ps
= av 4 {~

0ps”

+44 ps_1
+0.13 ps™

I LW}{

M (—Js + 2, /22)(167t2)

el

~

3%

\\ //

Can be complex! ©



Typical size of the new effect

2 4 4
X = (ng26”2) I z{mﬂ} V,| =0.041; F =024Gev
(1+& tan B)° (1+&, tan B)” MM | 50
s tan B (18 tan B My My V,y| =0.0086; F, =0.20GeV
/ 14 ps m P \
M, =AY +{ } X — 2
ts-d} | tsdi L0 ps X OO6GeV 3GeV || 2.56
~ 2
N {+4.4ps1 } { o (A5 + Ay /@)(167:2)}{ B
+0.13 ps™ MA 3GeV | | -1.06
\ // 5%
. (3 +) My
However, typically: M, =u=a,, = ~ 5 Mﬁ

New effect only for small M, ®



Correlation to B, — u" 1~

[Babu,Kolda ‘00]
3.9. 10 tan ,3 [Chankowski,Stawianowska ‘01]
1 2.10 } ‘X ‘ 50 [Bobeth et al. '01] [Huang et al. '01]

: [Buras et al. ‘02][Isidori,Retico ‘01]

BB, p —H 1) ={

6 1.3 6 1.3
1.2 1.2
gl c% . 8 5’%
11 k : L1 %
10} 1 2 & 10— === 1 =
= 0.9 %” 0.9 §
12 -~ 12
/ 0.8 0.8
14 L : : - 0.7 14 % : ; = 0.7
100 200 300 400 100 200 300 400
M, (GeV) M, (Gev)
. — AasSM+LR+RR e )
Plain: AM, =AM, e tan 3 = 40; Mz =M, =1TeV
. _ +
Dashed: AM, =AM, a,, =2TeV; u=M; =1.5TeV

Rq Eloglo [B(Bq —)ﬂ+ﬂ_)/AMq(pS_l)] \_ Ml =0.5TeV J




Scan of parameter space

B, — 'y exp. bound

RM = BB, — " 1) BB, — )™

Grey points: B(B, —Su )< 10~/
Black points: B(B, — 4" 11”) < 5.8-10°°

tan B/ M , fixed
<> effects in B %(D)Ti V

30
25|

OL8 0.85 OL9 0.95
MM [ AMM (1> 0)

1

tan Se [10,60]
M , €[120,600] GeV
 Msysy € 600,1800]| GeV

)




Conclusion (scenario 1)

MSSM with large tanp
—> Higgs-mediated FCNC

Systematic investigation of all Higgs-mediated contributions to AM _,

- No new large effects are found
- In principle: corrections to Higgs masses/mixings relevant for small M
- Essentially excluded by the experimental upper bound on B(B, %,u )

Meson-antimeson mixing phenomenology:

- Correlation to B, — 1" i remains essentially intact
- AM : Max decrease of ~20% (~ 7%) for <0 (u>0) if M, <600GeV
- No pOSS|b|I|ty to account for sizeable CPV phases in the B ;.4 Systems



IV. Imprints of large 6, on
(s)quark mixings in GUTs

Specific scenario : SUSY SO(10) model proposed by
Chang, Masiero, Murayama (CMM)

Many related works: [Moroi ‘00][Baek et al. ‘00][Hisano,Shimizu ‘03][Harnik et al. ‘02]
[Ciuchini et al. ‘03][Jager,Nierste ‘03][Cheung et al. ‘07][Girrbach et al. ‘11]...



Main idea

IB IB = Interaction
@ 1 ,ugO(MPl) (MCZ?)RR:mgl Basis
L]
g B
_ 2\°
| #=0U) (M7 ) g =15 iag (1.1.1-4,)

@ GUT matching condition:

(SU(5) threshold) Y, =Y
e AN ;
diag (md ,mg,my, ) V Vd VCKM VuL
= diag (m my,,m ) VdR = VeL = Vo VVL

—> In the sCKM basis (i.e., diagonalizing d-quark mass terms):

7 sCKM
(M&)RR =m2 Vs diag (LL1=A ) Voo



Explicitly: imprints of ., on b— s transitions

Tribimaximal v mixing: _ Jdiag(0.0—0.01-05)

( 2 \/5 0 L~
] _ —i diag(0q,0,05)
Veuns == F1| -1 J2 3P, Fr=e
\/6 _\/_ \/‘ (In the lepton sector:
\1 2 3/ absorbed in field redef.)
— Large (5513)RR are produced: / . \
1A, B
1-1A.
2
Ast’¢s d
be
0
B! 3
| Sk




Main idea

IB IB = Interaction
@ 1 ,ugO(MPl) (MCZ?)RR:mgl Basis
L]
g B
_ 2\°
| #=0U) (M7 ) g =15 iag (1.1.1-4,)

@ GUT matching condition:

(SU(5) threshold) Y, =Y
e AN ;
diag (md ,mg,my, ) V Vd VCKM VuL
= diag (m my,,m ) VdR = VeL = Vo VVL

—> In the sCKM basis (i.e., diagonalizing d-quark mass terms):

7 sCKM
(M&)RR =m2 Vs diag (LL1=A ) Voo



Main idea

@ B 5
. + #<O(Mp) (MC;)RR—m() 1
2 B
_ 2
! pu=0(My) (Mci)RR
@ GUT matching condition:
(SU(5) threshold) Y,
-
diag(md,ms,mb)
:diag(m mﬂ,m)
my,, =m,, mustbe corrected | =

IB = Interaction
Basis

:m?l diag(1,1,1-A.)

¥
V Vd VCKM Vu J

VdR =Ve, = Veuws Y,

effects alsoin s >d and b—d

New contributions to ¢@,?

[S.T.,Westhoff, Wiesenfeldt ‘09]




Corrections to Yukawa unification

Introduce effective Yukawa interactions at the GUT scale

In SU(5), matter fields in 5 10 Higgs fields in 24,,, 5,(5 H,), H(aH ) !

Hc M , Ha
P

Pl
/ \ (24,,) =0 diag(2,2,2,-3,-3)

Up @(d j@eR @(e j [Ellis, Gaillard ‘79]
L L



Corrections to Yukawa unification

Introduce effective Yukawa interactions at the GUT scale
In SU(5), matter fields in 31, 10‘7, Higgs fields in 24,,, 5,3 H ), §H(3 H,):

A Y

,d~5d lab~s1J =J Hb lab~s1J =J Hb
Ly =(100YY 5)) L 5, +(100 Y 5] ) LS,
del del

(24y,) =0 diag(2,2,2,-3,-3)
Corrected GUT matching condition:

T O
Yd =Ye +5M—YO-2

| / Pl \ % T
dzag(md,ms,mb) VeR =5V€RVdL =5V6RVCKMVuL
. k
:dlag(me’mﬂ’m’[) VdR :5VdRVeL — WdRVPmS VVL

+Mipldiag (5’””41 ’§ms ’5”% )



Corrections to Yukawa unification

Introduce effective Yukawa interactions at the GUT scale

In SU(5), matter fields in 31, IOJ, Higgs fields in 24,,, 5,3 H ), §H(3 H,):

( Y ) —( o} a) Hc+( (05} c) Ha

M Pl

Corrected GUT matching condition:

Y, =Y +5-2Y

M, ©2

M Pl

(24, ) =0 diag(2,2,2,-3,-3)

(similarly for 5V6R)

. / P \ . ;
diag (m M, ) c, ez¢1 s, el¢1 i) +ig 0
=diag (me 1, m,[) 5Vd =l s, ei¢2 c, ei¢3 0
6 \\ // R
+——diag|\o. ,0. & :
M, J ( Mg s ng) 0 0 e’¢4




CMM model: SUSY-conserving sector

SUSY SO(10) GUT, matter fields in spinor representation 16!

16,,.16,,,45, 45, 10,,,10,,
SSB: SO(10) — SU(5) —— SU@)xSU(2), xU(1), —> SUB):xU(1),

16116 45,

W, =(16" ;16" )10, +(16" Y,/ 167 Lor7 1617 +(16" Y3 167 )= 10},
MPZ MPZ

S~—_ - \— _/

T~ V

ul and vI masses dI and el masses



CMM model: SUSY-conserving sector

SUSY SO(10) GUT, matter fields in spinor representation 16!

16,,.16,,,45, 45, 10,,,10,,
SSB: SO(10) — SU(5) —— SU@)xSU(2), xU(1), —> SUB):xU(1),

16116 45,
W, =(16" ;16" )10, +(16" Y}/ 167 Lor7 1617 +(16" Y5 167 )= 10},
M M
S —— }L NG ~ Pl %
ul and vI masses dI and el masses

Corrections to Yukawa unification via
SU(5)-breaking vev of 45, :

(o)
Y. =Y 452 Y
d e o
2\410



CMM model: SUSY-conserving sector

SUSY SO(10) GUT, matter fields in spinor representation 16!

16,,.16,,,45, 45, 10,,,10,,
SSB: SO(10) — SU(5) —— SU@)xSU(2), xU(1), —> SUB):xU(1),

16116 45,
W, =(16" Y,/ 16” )10, +(16 Yy 16" ) =——="+(16' Y, 167 ) " 10},
M M
— VI P
- -
u! and v! masses d! and ! masses
Hyp: Y; and Yy can be diagonalized Corrections to Yukawa unification via
simultaneously. In that basis: SU(5)-breaking vev of 45, :
o i o T o
10

T

Visible effect of @0 ?



CMM model: SUSY-breaking sector

IB = Interaction

% + ﬂSO(MPl) (MCZ?)RR =m§ 1 Basis
X IB
| u=001,) (ME)RR:mC%ldiag(l,l,l—Aj)

In the sSCKM basis (i.e., diagonalizing d-quark mass terms):

(Mf?);im =i’ (5VdRVPMNS)* diag (1.1,1-A;)(8V, Vpyns )T

1-3A;6in6)”  A;sin(20) % LA sing e

g

m> % A p sin(26) ¢ 1—%A P (cos 6?)2 —% A 5 €08 6 e_i%s

\ %A& sin@ ¢'%8 —%Agcosﬁ eiq)Bs 1_%Ag

Rem: ¢B :¢BS +¢K



b—s,b—d, s —d flavour transitions

Main effect from quark-squark-gluino vertices:

br -~ SR
JK
’N
br
g
br 5~ dr
JK
,N
br
g
SR »- dr
JK
b 4
SR
g

1 -
o< 2Ac7 cos@ e

1 ' —ifp
o< 2Ac? siné e

%5,

/

new

\

o< LA sin(20) ¢ %

Rem: no MIA



Typical A; values

6 SUSY inputs at the weak scale: 115, My, My, ail EAill/Y11 , arg(4), tan 5

3':“:“:'"'llllllllllllllllllll | LU L
[y | my=1.8, arg(yt)=0,/tan f=5
2500}
= [
O
O, [
= 2000
E B
]
3
= 1500
excluded by
lower bound on M,
1000

00 400 500 &00 700 B0D 900 1000
mg [GeV]

RGE to 1 <O(Mp,) and back
to impose GUT relations
and universality of SB terms

Look at flavour-diagonal
and b —s/7— u constraints:

(M)

b—sy, T— Uy,
AM  (specity @p ), ...



B, — B, mixing phase

Phase measured in B, — J /¢ time-dependent angular distribution:
CDF+DO 25" =(-0.83"30 )U(-23153 ) [HFAG “10]

SM — ,BEM =—-0.04 — 2.30 discrepancy

CMM contributions are able to reduce this discrepancy down to 1o

example 1 example 2 _zﬂfﬁ ; ]
0.25 A |

[ SM i

d 8 d 8 _O 5 } ]

A, =044 A;=0.52 ~0.75 |
-1 lo-

(0=0)
-3 -2 -1 0 1 2 3
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Constraints from K — K mixing

- gR dR N\
—9 R ;' e 'é dr 0 Ex suppressed in the SM
K< g H g - K —> CMM contribution
f?R P e ] Sk comparatively large
dR ER
!
K 25
cMM  ImM M F.B sm(2¢ ) )
‘EK‘ _ 2 . MglkBk 0552 K ( / )sm (26)

2 2 .
mg/mg =8, A, =044

2/ 2 -
mgl/mg =3, A, =032

6™ <3 for my; ~ 500GeV
as long as |g|> 2’

sin(2gy )/ m3 [TeV ™)



Constraints from B—B mixing

sin(2¢% ) close to zero = look at the B system. Typically: 8™ =10° -30°

sinf

example 1 m; =T00GeV, ni; [m7 =8, A =044 0 —0)
K j—
example 2 m; =400GeV, m(% / m§ =25, A, =052
constraint from combined constraints :
AMp/AM , alone AMp/AMp . AMg, S, > AMp,
Lo ‘ W _
0.8:—
% 0.6} é
7 04
|
0.0 e ;
3




Impact on unitarity triangle analysis

« Limit case 1: =0, @ #0 = CMM effects in B, — B, mixing only
example 2 (m; =400GeV, m’ [m; =25, A;=0.52) with ¢ =0.7
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Impact on unitarity triangle analysis

« Limit case 2: 8+0, ¢, =0 = CMM effects in B, — B, and B— B mixing
example 2 (m; =400GeV, m’ [m} =25, A;=0.52) with ¢, =g, =07, #=0.1
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Conclusion (scenario 2)

Yukawa unification Y, = YeT

] (~) ~ ] L]
—> @ __ can contaminate h—'§’ mixing

arm

Corrections to Yukawa unification

(~) ~ ~
= Impactof §, on '§—d and b —sd transitions,
governed by a new parameter @ (+phases)

From K mixing (€x) : either 8 or ¢, must be unnaturally small

—> Another aspect of the flavour problem in SUSY GUTs

Meson-antimeson mixing phenomenology:

- Possibility to account for a sizeable CPV phases in the B, ; systems
 Effects on UT analysis



Conclusion




Conclusion

Flavour-blind SUSY breaking does not (always) mean that
flavour observables are automatically accounted for...

2 examples:
- MSSM with large tang
- MSSM in SO(10) context (# MSUGRA!)

Flavour-blind: less parameters — better tested

In particular, if a large @, is confirmed, can it be accounted for?
- MSSM with large tang : NO
- MSSM in SO(10) context: YES

« SM flavour problem » (Yukawa structure) still to be addressed...



