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- Outline

O Model-Independent Analysis
< Flavour Problem and MFV

® Present Constraints on MFV  (at large tan/p)
< AF=2 FCNC observables: AM, ...

< AF=1 FCNC observables: B—»X_y, ...
< AF=1 Charged Current processes: B—»D1v, ...
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Model-independent Analysis: Flavour Problem
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Bounds for generic
flavour couplings
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Model-independent Analysis: Flavour Problem
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BSM contributions

- for example,
for AF=2 mixing:

O, =srd s.d,
O, =suyd, suytd, .

___________________________________________

Dynamical hypothesis
on J&C;:

SC, o ag?
A>24x10* TeV

S C; o a2
A>8x10° TeV
UTfit 0707.0636

does not help
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Model-independent Analysis: Flavour Problem
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oC.,=07?
too strong restriction!

< at low energy, the
minimal amount of
flavour violation has
been measured

S

- +
YD — mD,YU :VCKM My

RGE potentially oC.# 0

"

w~FV FV
Oup = Uckm < l0G

MFEV: 5(3;_ small by symmetry!

% IXIO_: .......
A >2.4x10 TeV
. e A ¢ GO
1x10 A = 8x10°TeV
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accommodates both
flavour problem and RGE logs
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Model-independent Analysis: MFV — Effective Theory (EFT)

Minimal Flavour Violation hypothesis:

[A ~O(1TeV) + &C. natural small by additional symmetries ]

! |

The breaking of the flavour symmetry occurs at very high scales and is
mediated at low energy only by terms proportional to SM Yukawa couplings
preserving the U(3)°> SM Flavour group.

EFT: D’Ambrosio, Giudice, Isidori & Strumia 02

. 5Ci oC (yt2 Vtk th) 2 (for FCNC with ext. d-type quark)

e Possibility of building a low-energy EFT: model-independent studies

Recently, - —
MFV in non-linear r.: Kagan{ Perez; Zupan, Volansk '09; CPV: Mercolli &\Smlth; 09

\ this afternoon = Wed. morning
RGE logs: Paradisi, Ratz, Schieren, Simonetto '08; Colangelo, Nikolidakis, Smith ’08;

earlier: Buras, Gambino, Gorbahn, Jager, L. Silvestrini ‘00
Chivukula & Georqgi ’86, J.L. Hall & L. Randall ‘90
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Model-independent Analysis: AF=2 constraints in MFV
EFT: D’Ambrosio, Giudice, Isidori & Strumia ’02

MFY :Z 5C1 ’ (© @ basis invariant under  SUQ), xSU@3),, xSUQ);,
A° O's written in terms of Y, =3, X3, ,Y, =3, %3,

- Due to the large top Y, Y, Y, oc y,” ~ O(1) ”(V 'V, )2 xsiytd, siytd, —

W =QY, Y7 Q Q. Y, Y v J(Vv, ) xbiytd, buytd, — AM
1) QM —QLYUYU)/ QL'QLYUYUy QL ( th td) XDLy LOLY L | | d |

\‘(V Vi )2 % BLJ/#SLBL?/ﬂSL—> AM

Buras, Gambino, Gorbahn, Jager, L. Silvestrini ‘00

(H,)

-Adding Higgs doublets,Y, «cm, /m,-——+—~0() (tang enhancement of down-type YDs)

(Ho)

— 2
2) (QLYDYSYUYJ)/,UQL) """ *’ ””” 2’ ’"*;”:"""*": **********
(Vtsvtb) Yo XbL]/ﬂSLbL}/ﬂSL \

1 Higgs doublet, SM basis complete -> CMFV

3) BRYSYUYJQL 'GLYUYJYDDR (Vt:th )2 Yp¥s X BRSL 5LSR /

A few extra (7(6)3 In a clear pattern between s->d & b->d, b->s transitions
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Model-independent Analysis: AF=2 constraints in MFV

UTfit 0707.0636

- Due to the large top Y, Y, Y, yt2 ~0O() -

«— o 8K

o = . R A= 55TeV
1) (Qs:vl) =Q Y, Yu 7" Q- QY Yy 7 QL ) 4 A> 0.5 TeV\\l A%
« | loop-suppr | e AM;

N .7

H
<Adding Higgs doublets,Y, ccm_/m < s > ~ O(1 (tanf enhancement of down-type YDs
D b/ 1T

(Ho)

AMy
A> 5.1 TeV —

_ 2
2) (QLYDYS L frzzox ) V\
AM.

B B S
3) DrY Y Y Q. -Q,Y,Y,Y:Dx MH > 5. tanB/SO TeV /
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Model-independent Analysis: AF=2 constraints in MFV

¢ CPV signals in the B, sector: | Bs->y o :
| I
:> : t-dependent CP asymmetries :
/
LHCDb Tevatron
HFAG

Key observable to kill MFV

2.20 deviation!
99 7% OL —

0.2 _ ] ¢s :_2183

pvalue = 0.031
[ 2.2c from SM
0.4l
UTfit 0803.0659
B T e
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Model-independent Analysis:

5Ci (6)
=320

(Aec)y =Wy Yy, _ =

-_AF=1 Higgs field:

Om =1 (QrArcy. QL) H[T;DpHU . Ong = i (QrArcT® v, QL) H{T.-T“Dp Hy

- AF=1 gauge field:
Oc1 = Hp (QrArcAiowTDR) (9:G%,) |
Op1 = Hp (QrArcAaow Dr) (eFuw) |

Oc2 = (QLArc1TQL) (9sDuG2,)
Op2 = (QrArcyuQr) (eDyFu) |

e AF=1 semileptonic field:
Op = (QrArcvuQr) (LryuLr) ,
Op = (QrArcuQL) (ErvuER) |

e AF=1 scalar density: 2 Higgs doublets

Op = (QrArc1,7*QL) (Lrvy,mL1)

AF=1 FCNC constraints in MFV

after
ewsb

=

Os1 = (QLArcAdDr) (ErAcLL) )

iy

— many AF=1 operators
Hy — Hp and/or Agc — YpY, Asc

Q7 = E%mj dioyy (14 v5)dj Fuy

Qg = &m; diop T (14 v5) d; G,
Qy =din, (1 —5)d; >, b

—75) dj Z( g".r‘;a’}"sf

L—)d; Y, 7y (1—15)v

6 AF=1 independent

combinations after ewsb:
(as much as available AF=1

“clean” observables)

Federico Mescia
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Model-independent Analysis: AF=1 FCNC constraints in MFV

Br(BdﬁxsﬂE >1.6 GeV

th (7%): (313 +£0.23) x 10~ = | NNLO: Misiak et al ‘06

EeXp (7%0): (3.52 £ 0.24) x 10~ 4 | | HFAG

Br(By—=X.l717): 3 bins (out Of r.) R :

. exp (30%0): th (10-25%):
| lg2€[0.04,1.0] Gev?] (0.6 £0.5) x 107 —0
| [12€[1.0,6.0) Gev?] (1.6 =0.5) x 107°

' [g2>14.4 Gev2 (44£1.3) x 1077 (2.4£0.8) x 1077

_______________________________________________________________________________

Babar+Belle @ NNLO: Bobeth et al. '01,

BI’(BSﬁ,u*,u_): Asatrian et al., ‘02
. th (20%): (4.1 +0.8) x 107Y |
Exp: < 5.8 x 107 (95% CL) CDF:

FB(BdﬁK*|+| ): 2 bins |

, exp (large): Babar+Belle 2‘09
| [g2<6.25 GeV?] —0.01£0.02
'[q 2510.24 GeV? 0.20 = 0.08 [

Br(K*—z*vv):

| BNL (14.77¢%") x 10711 th (10%):

0.247033

(0.8 +£0.2) x 1076
(1.6 =0.1) x 10~ /

N7 = EE"_ij dioyw (1 +75) dj Fuy

Qs = Bm; diow T (1+ 75) d; G,
—15)d; 32p byl
Q1o = divyu (1 —v5) dj o5 Lypst
—)d; Y, vy (l—)v

5)d; £(1— )¢

Qm‘f = Jﬂ'ﬁ (l

0% =d;(

11

6 AF=1 independent
combinations after ewsb:
(can now be constrained by
AF=1 observables)
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Model-independent Analysis:

AF=1 FCNC constraints in MFV
Hurth, Isidori,Kamenik, F.M ‘08

o0C; % 95% probability bound Observables

60Cy [—0.14,0.06] U [1.42,1.62] B — X¢v, B — X J(T(~
0Cy [—2.8,0.8] B — X /7~

dC10 [—0.4,2.3] B — Xt 0~, By — ptu~
6C% /my,  [—0.09,0.09]/(4.2GeV) By — ptp~

60Cy 5 [—6.1,2.0] KT — ntvi

% Mind: CKM couplings factorized out

AF=2 constraints

O(1TeV) scale as much as

g

available range for &Ci in MFV

=>predictions

Operator A;@95% Observables

HI (DrM\drcouw QL) (eFu) 6.1 B— Xy, B— X 10
H}, (DrAadpcomT QL) (95GS,) 3.4 B— Xy, B — X 00~
(QL)\FC”;’#QL) (EDPLF#U) 1.5 B — X 7~

i (QrArc QL) H},D,Hys 1.1 B— X, By —ptp
i (QrArcT® #QL) HJ D, Hy 1.1 B— X 6+0~, By — putu~
(QL/\FC rp_QL (Lp, LL) 1.7 B— X0, By — putp~
(QL)\FC YuT QL) (LL?’#TGLL) 1.7 B— X0, By — utp~
(QrArcvuQL) (ErvuER) 2.7 B— X, By —putp~

QT:EE"T do-'u_y{l_'_ SJd F,LW:

Qg = géfrmj dioy T (14 73) d; G,

for CMFV: Bobeth, Bona, Buras,Ewerth,Pierini,Silvestrini Weiler ‘05
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Model-independent Analysis: AF=1 FCNC constraints in MFV
Hurth,lsidori,Kamenik, F.M ‘08

0C} 95% probability bound Observables

5Cr [—0.14,006) U[142,1.62] B — X.7, B — X070

6Cy [—2.8,0.8] B — X+ available range for &Ci in MFV
dC1p [—0.4,2.3] B — X7, By — ji+ji<\: =>predictions

6C% /my,  [—0.09,0.09]/(4.2GeV) By — ptp~

60Cy 5 [—6.1,2.0] KT — ntvi

1)Predictions in MFV: way to test and falsify MFV

Observable Experiment MEYV bound SM prediction
RWeN(B — K(T(™) — 1 0.17 + 0.28 [—0.004,0.14]  O(10~%) [64]
RWe(B — K*(ti~)—1 0.377525 +£0.09 [—0.002,0.01] <1072
B(Bg— ptp) <18x107® " "% < 1.2x107Y 1.3(3) x 10710
B(B— Xt777) - * <5x 107" 1.6(5) x 10~ °
B(B — Kvi) * <04x107% (05£0.1) x 107>
B(B — K* w,-') * <94 x107° (0.68+0.10) x 107>
B(Kj — mvi) *  <29x10719 29(5) x 1071

* room for NP contributions for B->K(*)vv, recently

Altmannshofer, Buras, Straub Wick ‘09

Federico Mescia Interplay of flavour & collider physics CERN 09



Model-independent Analysis: AF=1 FCNC constraints in MFV
Hurth,lsidori,Kamenik, F.M ‘08

0C} 95% probability bound Observables

5Cr [—0.14,006) U[142,1.62] B — X.7, B — X070

6Cy [—2.8,0.8] B — Xt~ available range for &Ci in MFV
dC1p [—0.4,2.3] B — Xt 0~, By — ptu~ =>predictions

6C% /my,  [—0.09,0.09]/(4.2GeV) By — ptp~

60Cy 5 [—6.1,2.0] KT — ntvi

- Constramned fit - Constrained fit 0.1% E
Il Iocinding A Il Iocinding A Il Censtrained fit
Bl lncludice A

Ay
(j{..' 1[i]
L}

Ars(B4—=K*I717), plays a special role: large exp err. but sensitive to

independent oCi

Federico Mescia Interplay of flavour & collider physics CERN 09



Model-independent Analysis: AF=1 FCNC constraints in MFV
Hurth,lsidori,Kamenik, F.M ‘08

0C} 95% probability bound Observables

5Cr [—0.14,006) U[142,1.62] B — X.7, B — X070

6Cy [—2.8,0.8] B — Xt~ available range for &Ci in MFV
dC1p [—0.4,2.3] B — Xt 0~, By — ptu~ =>predictions

6C% /my,  [—0.09,0.09]/(4.2GeV) By — ptp~

60Cy 5 [—6.1,2.0] KT — ntvi

- Constramned fit - Constrained fit 0.1% E
Il Iocinding A Il Iocinding A Il Censtrained fit
Bl lncludice A

=

|
=

Ay
(j{..' 1[i]
L}

|
Lt

By—K*I”~: in future,full angular analysis gives access to other th. clean obs:LHCb,SFF

recent refs: Egede et al. ’08, Altmannshofer et al. ‘08

Federico Mescia Interplay of flavour & collider physics CERN 09



Model-independent Analysis: AF=1 FCNC constraints in MFV
Hurth,lsidori,Kamenik, F.M ‘08

0C} 95% probability bound Observables

5Cr [—0.14,006) U[142,1.62] B — X.7, B — X070

6Cy [—2.8,0.8] B — Xt~ available range for &Ci in MFV
dC1p [—0.4,2.3] B — Xt 0~, By — ptu~ =>predictions

6C% /my,  [—0.09,0.09]/(4.2GeV) By — ptp~

60Cy 5 [—6.1,2.0] KT — ntvi

By—X¢l71~: interesting information from low and high g2 bin

0 SM Sl
2 y ,rg & -1 =
[¢2€]0.04,1.0] GeV?] - s
[¢2€[1.0,6.0] GeV?]
[g2>14.4 GeV?2] ‘ d
o 0.5 sc 1 ll.5 i 2 2 5(_::; Cl 1

Federico Mescia Interplay of flavour & collider physics CERN 09



Model-independent Analysis:

AF=1 FCNC constraints in MFV

0C} 95% probability bound Observables

60Cy [—0.14,0.06] U [1.42,1.62] B — X¢v, B — X J(T(~
0Cy [—2.8,0.8] B — X7~

dC10 [—0.4,2.3] B — Xt 0~, By — ptu~
6C% /my,  [—0.09,0.09]/(4.2GeV) By — ptp~

60Cy 5 [—6.1,2.0] KT — ntvi

2)Predictions in MFV: way to test and falsify MFV

@ Predictive relations between observables linked by CKM factors

F(Bs — €+f_) N fBSmBS

2
Vis

[(By — (+(=) ~ fg,mg,

Ve,

valid at both small and large tan j3!
@ Rk« =T(B— K'u"p™)/T(B— K*eTe™) close to SM values even at large tan 3

available range for &Ci in MFV
=>predictions

Federico Mescia

[ 95% prob.
——SM

e ___ __

4] 0.1 0.2 0.2 0.4 0.5 0.8 0.7
=]

Interplay of flavour & collider physics
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Model-independen

t Analysis: AF=1 FCNC constraints in MFV

0C} 95% probability bound Observables

60Cy [—0.14,0.06] U [1.42,1.62] B — X¢v, B — X J(T(~
0Cy [—2.8,0.8] B — X /7~

dC10 [—0.4,2.3] B — Xt 0~, By — ptu~
6C% /my,  [—0.09,0.09]/(4.2GeV) By — ptp~

60Cy 5 [—6.1,2.0] KT — ntvi

3)Predictions in

MFV: way to test and falsify MFV

available range for &Ci in MFV
=>predictions

@ B — X777~ - room for density operator contributions: m,/m,, relative

enhancement - (SM x3 contributions to Br still allowed)

6

RM(By—putu B=X,rt 1)

=

Federico Mescia

5

W

L

[

Bl R B—p )
B REB-XrT)
7] including 6Co 10

T T T

Present Limit —

tanf enhancement
at work

2 4 6 8 10 12 14 Hyrth,lIsidori,Kamenik, F.M ‘08

RN (B—»pt i)

Interplay of flavour & collider physics CERN 09




Model-independent Analysis:
Flavour Changing Neutral Current constraints
in MFV

»Bounds can be set on the complete set of MFV contributions at

both small andi]érge tanB\:jj:

extra operators

A>5TeV

e in AF=1 processes,

- mainly 8C,, very constraining A> 6 TeV
- not all ambiguities can be resolved -

—_————— e o

Tree level NP d.o.f: A> 6 TeV
Loop-suppressed NP d.o.f: A> 0.6 TeV



AF=1 Charged Current Processes: H* bounds

4G

Lo = N2

EVy D, (nybZLyva +C/ .U \Lb, ZRVL) Tree-level H* exchange
l=e,u,r
U=u,c

b(s)r HE <
ur. > A%

2
;. mm_ tan" S
INMEVE G =s M’ 14¢, tan B
H 0

e tanf enhancement of down-type Ys:
competitive to WiII tree-level exchange

e the sign of C,f,p fixed in MFV:

destructive interference with SM Complementary to H°
searches

® gytanpg resumes U(1)pq breaking corrections

=> 2HDM ->£,~0.00 and SUSY->£,~0.01xf(Mgs,)

Federico Mescia Interplay of flavour & collider physics CERN 09



AF=1 Charged Current Processes: H* bounds

. m,m, tan’p
2
MH+ 1+ ¢,tan S

(MFV)

5

Br(B—v) |V, b\ fomgm’ x(1+ Ts dg’
Mgm,

x| 1— s ’
) Ps(0°)

1. helicity suppressed in the SM, m_

: : : 1. p, : vector component (—0.5 Br)—» W+
2. hadronic uncertainty in fg: P ( )
~20% accuracy from Lattice =>from exp. B—»Dev spectrum & Lattice

(use Amyec f2 for Amy NP free, 2. pg : scalar component (~0.5 Br)—» W* H*
like in MFV-MSSM) %:> helicity suppressed m,

Br=(1.41+0.43)x10* [Belle-Babar] Br=(0.86+0.30)x102 [Babar ]

Best for indirect H* searches Only scalar component sensitivity
but only feasible at <SuperB to H* but opportunity for Lhcb

Isidpri & Paradisi ’06; _ Kamenik & F.M ’08:Nierste, Trine, Westhoff’08,
earlier: Hou '93;Akeroyd & Recksiegel ‘03 Trine ICHEPOS8. earlier: Hou '93;:Kiers&Soni ‘97

Federico Mescia Interplay of flavour & collider physics CERN 09



AF=1 Charged Current Processes: H* bounds

z- —
CNP -

mm_  tan’ S
2
MH+ 1+ ¢,tan S

(MFV)

R(BoD7v)@95%C.L. To reduce hadronic uncertainty it
(Bﬁ:(_BR_’TﬂE%%C'L' Bl is useful to consider the ratio
SR 8l R=Br(B-D7v)Br (B>Dev)

in the SM, uncertainty of
Br(B—>Drv)BrB—Dev)~ 6%

H* bounds with R(B—>Dzv):

not as sensitive as Br(B—rv),

but competitive thanks
different exp. & theory
prospects

Kamenik & F.M ’08:
Nierste, Trine, Westhoff '08

updates on, Trine ICHEP’08

Federico Mescia Interplay of flavour & collider physics CERN 09



Conclusions:

The MFV allows us for a bottom -> up approach:

<& testable and model-independent predictions

- R

F(Bs — f’j+f9_) N fe, mpg,

Vis

[(By — (+¢—) "~ fg,mg,

Ve,

2

< powerful tool to analyse future precise data on Flavour Physics

< with the flavour constraints embedded in MFV, the residual info directly points
to Atlas-CMS searches (masses and FC couplings):

br . A0 / b(s)r
interplay A> 6 TeV, d(s), ! ’

Federico Mescia Interplay of flavour & collider physics
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AF=1 Charged Current Processes: H* bounds

m.m_  tan’ S
2
M. l+¢, tan S

T e
C:NP -

(MFV)

dw

2. pe - scalar component (—=0.5 Br)— W% H*

== elicity suppresses m,

m Allowed region

1.2
w

Federico Mescia Interplay of flavour & collider physics CERN 09



AF=1 Charged Current Processes: H* bounds

m.m_  tan’ S
2
MH+ 1+ ¢,tan S

Crp =~ (MFV)

Exp. vs Theory at 95% C.L

BrrBH-:}Tv)

Federico Mescia Interplay of flavour & collider physics CERN 09



AF=1 Charged Current Processes: H* bounds

HFAG’0S8:
De Divitiis, Petronzio and Tantalo 07’08
B-Dey spectrum

0.06f 4. Belle dI'(B — Drv
: Pk AT
- 5o e z
_ LB T ! m t(w
E 0.04 N . x| 1= 12- 1+ ( ) C|<|p ,Os(W)
Q 0.03] mg| (M,—m)m
N

0.02} 1. py : vector component (~0.5 Br)—» W+

0.01¢ B-Drtv

e under control by the exp. B—»Dev spectrum &/or Lattice:—~5%
-> can be improved by Belle!

e partially cancels in the ratio B>DrvB—->Dev
] ps: from Lattice == ratio of ffs and symmetry at work
Kamenik & F.M ’08:Nierste, Trine, Westhoff ‘08

Federico Mescia Interplay of flavour & collider physics CERN 09
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