Recent Results on Flavour Physics

Federico Mescia

ECM & ICC,
Universitat de Barcelona

- Outline

v"What is Flavour Physics?:
< CKM, Higgs — Flavour Physics

v What do we understand about New Physics so far?
< Results from Babar, Belle, Tevatron & LHC

v’ Future perspectives for New Physics via the Flavour Window
< AF=2 processes: €, AM; — 3otension sinf vs €,

< AF=1 processes: b — s modes from LHCb — 4otension B — KOuu,ee

ConfXl, September 9th 2014 St Petersburg



Introduction: What is Flavour Physics?

e Flavour Transitions:

- W interactions violate Flavour and CP: complex 3x3 matrix (CKM)
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- Z interactions conserve Flavour and CP.



Introduction: What is Flavour Physics?

e Flavour Transitions:

- W interactions violate Flavour and CP: complex 3x3 matrix (CKM)
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But this is only macroscopic picture

(phenomenogical couplings at low scales)



Introduction: What is Flavour Physics?

e Flavour Transitions:

- W interactions violate Flavour and CP: complex 3x3 matrix (CKM)

L

int

~ iy VYD W

W

b

Microscopic picture « Higgs mediator
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Higgs gives rise to CKM and Masses by Yukawa
interactions

Ve

Yo =Vem M Yo =My

) VCTKMVCKI\/I =1



Flavour Physics Today

Thanks to modern experiments (Babar, Belle, KLOE, NA48, Tevatron & LHC) ,
the Yukawa interaction has been confirmed with high accuracy
as the dominant source of Flavour and CP violation at low energy.

L'SM — gaUQE(Ai’Qi)_I_.aLYUURH +6LYDDRH

v Two of 9 unitarity relations of CKM, Vi d : R
tested at percent level Wi g3 T A .
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v Only 1 parameter 77 controls CP violation!



Vys @and V,q - unitarity test (Ve Vo ) =

s 1 angle to fit 3 measurements
% lattice inputs, f /f_& f,(0), @0.4%

-
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|V,4| from B nuclear decays
|V,s| from K— =lv decays

|V sl/|Vygl from K— pv decays

Fit results, no constraint:

IV 4|= 0.97416(21)
IV, |= 0.2248(7)
A, = -0.0005(5)

Fit results, unitarity constraint:

|V, 4l = cosé,=0.97432(12)
IV,o| = sin@, = 0.2251(5)

See FLAG13, 1310.8555,

Yesterday @PII-LQ, em corr. by Martinelli & Szabo for last results



Unitarity triangle Analysis: (Vo Ve ), =VeaVin +ViaVip, +VigVyy =0

see also results by CKMfiter and Laiho, E. Lunghi & R. Van de Water
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Unitarity triangle Analysis: (Vo Ve ), =VeaVin +ViaVip, +VigVyy =0
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Unitarity triangle Analysis: closer look

1. Remarkable consistency between

tree-level processes
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and loop induced observables (FCNC)
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II. Remarkable consistency between
CPC and CPV observables
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What's Next?
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¢ Despite all its successes, the SM is likely to be an effective theory,
the low-energy limit of a more fundamental theory, with new degrees of freedom
above the electroweak scale



What's Next?

¢ Despite all its successes, the SM is likely to be an effective theory,
the low-energy limit of a more fundamental theory, with new degrees of freedom
above the electroweak scale.

4

Already many hints for physics beyond SM:
® gravity, ©neutrino oscillations,
©dark matter, ©matter/anti-matter asymmetries
no clear clues to NP model but n.o.f at high scale looks necessary!

Moreover, open questions within Flavour dynamics itself

» What is the origin of Yukawa couplings in the SM?

— new degrees of freedom at unification scale 10'° TeV, Mc?

Yukawa int.: large loop corrections to the higgs mass — NP at O(1 TeV)?
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What's Next?

¢ Despite all its successes, the SM is likely to be an effective theory,
the low-energy limit of a more fundamental theory, with new degrees of freedom
above the electroweak scale

4 B K

) 5 GeV 900 MeV
Potential new degrees of freedom
can modify Flavour decays through |
quantum fluctuations Quantum |
Fluctuation MeV

(sensitive to A>>5 GeV)

—> twofold role of Flavour physics in the LHC era

Identify BSM mechanism Probe physics at energy scale
of Flavour-breaking not accessible at LHC

Are the Yukawa couplings the only
source of Flavour?



Twofold role of Flavour for BSM - Example €, and SUSY

- NATURAL SUSY Constraints from e: [Mescia, Virto, 1208.0533]

A Natural Spectrum_.

i "/lF . -
General “bottom-up” viewpoint

i. 1st& 2nd gen. squarks has to be M
heavy to escape current LHC bounds n—
| TeV | squarks

The “Nuclear Family”

ii. But stop, sbottom and Higgsinos of the Higgs

need to be light to avoid tuning in m, e . I Hall 11
B by ‘_
7y o ()
Ht j+ — . )
B (—)B
NATURAL SUSY: g
3 non-trivial flavour spectrum: “— Closeness to Higgs
3'd gen. of squarks lighter than others Dimopulos, Giudice 95

Cohen, Kaplan, Nelson 96’

€, mediated by 3@ generations of squarks!!



Twofold role of Flavour for BSM - Example €, and SUSY

- NATURAL SUSY Constraints from e: [Mescia, Virto, 1208.0533]
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Two scenarios and the LL "RR

twofold role of Flavour: X N
611~ CKM, dgg =0




Twofold role of Flavour for BSM - Example €, and SUSY

- NATURAL SUSY Constraints from e:

[Mescia, Virto, 1208.0533]

31.-]_. — EgRR -~ CKM
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The twofold role of Flavour

M gluino (TeV)

Natural SUSY hypothesis (Mgyoiom<l TE€V) ?
built in to pass LHC searches excluded by Flavour breaking 1




Twofold role of Flavour for BSM - Example €, and SUSY

- NATURAL SUSY Constraints from e: [Mescia, Virto, 1208.0533]
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Powerful role of Flavour

M gluino (TeV)

NP too heavy and not directly accessible at LHC: mg,,0m>3 TEV
— but still accessible by Flavour observables through loops —




Twofold role of Flavour for BSM - Example €, and SUSY

- NATURAL SUSY Constraints from e: [Mescia, Virto, 1208.0533]
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Powerful role of Flavour M giino (TeV)
OK Natural SUSY spectrum (Mgpouom<1 TEV)! -~db
- Flavour helpful to fix BSM symmetries. Org =0




Future perspective for New Physics via Flavour Window

» What is the origin of
Yukawa couplings in the
SM?

» Are the Yukawa couplings
the only source of Flavour?

= lIIIIIIIIlIIF11IIII|IIII|IIII|IIII

O In many observables theoretical errors still larger than exp. ones

mm) 1. Refined CKM fits to 1% by Belle Il and LHCb:
— new physics in By, B, and K mixing! 2020

0 Past studies on FCNC mainly involve b—d (and s—d) transitions

-2. b—s transitions: possible “rich” ground for surprises! NOW
— already some anomalies in By — K*uu!  LHCb

‘3. Rare Kaon decays: s—d penguins >2020,NA62, JPARC..



1. CKM fits to 1% by tree-level modes (2020)

Experimental errors on B and K mixings are already below 1%

€. KO-KO mixing AM,;: B%;-B% mixing @ AM.: B°.-B%_ mixing

exp. err 0.5% exp. err 0.75% exp. err 0.1%
th.err 10% thiernr 6% th.err 6%

By reducing the theory errors we become more sensitive to NP:
2 sources of th. error: hadronic + parametrical (CKM, masses) ones

Ao, (PU — Pj; ) ~ (Vtinj*)2 x Tﬁx m3 EEE
NI

2 sources of theory error: 4% 204 6% 3%
hadronic + parametrical v

uncertainties e
(CKM, masses)

parametrical hadronic
uncertainties uncertainties




1. CKM fits to 1% by tree-level modes (2020)

Experimental errors on B and K mixings are already below 1%

€.: KO-K° mixing AM,;: B%;-B% mixing @ AM.: B°.-B%_ mixing

exp. err 0.5% exp. ernr0:7% exp. err 0.1%
th.err 10% ther-6% th.err 6%

By reducing the theory errors we become more sensitive to NP:
2 sources of th. error: hadronic + parametrical (CKM, masses) ones
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Drastic reduction of CKM parametrical uncertainties
by improving V, , and ¥



Tension in CKM fits: €4-sin(2/), V,

Parameter Input value SM Prediction UTfit Collaboration
in(253 Sui., =0.680 £ 0.023 —> 0.755 £ 0.044 - :
o BN Sex. =B A e e . — S fit vs. exp = 2.4c
I €| 0.002228 + 0.000013 = 0.00188 + 0.0002 + '

> Weak evidence of €2 - |&x | >0 g

A positive contribution to €, Is

common to MFV-like (SUSY) models AMpy '?

AMas

Barbieri, Buttazzo, Sala, Straub 13

[.0

more clean determination of |V, | & y

: : 0.0 “h"‘!“r__ '_____d-—--""r-"ﬁ J
[ In order to clarify the picture we need a ] o

0.8 1. 1.2 1.4 1.6

exl/lex™™]

Points allowed by present CMS/ATLAS data + present flavor data




2. b—s transitions: possible “rich” ground for surprises!

v'Large amount of observables: a rich anatomy of b — s couplings

LHCb TASK



b—s transitions: B,—uu

| AV

Oy = (bri's) tr*yst

O, = bro™’s, F O, (b}/fs)@/“f

2 2
Gia

2 Only one hadronic arameter:f
R EAAY / g Bs

M 0 ﬂ
Special Mode <O|b7/ 7/5S| B > Iq Bs

ssdouble suppressed! B
— No SM tree-level contributions (FCNC) st - (228 - 5) MeV

— Helicity suppression
«*hadronic uncertainties under control

F(Bf —),Lf,u‘) ~

3% hadronic uncertainty
Lattice from many groups



Theory: Hadronic Uncertainties
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our average for M=2+1+1
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HPOCD 13

Mi=2+1+1

our average for Ne=2+1

i

RBC/UKCCD L3A (stat. err. anly)
HPOCD 12
HPOCD 12 f 11A
FMALMILC 11
HPOCD 09 —
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i

our average for M, =2

ALPHA 13 ]
o ETM L3B, 13C
ALPHA L2A —
ETHM LzH
ALPHA 1L
ETHM LLA
| ETH 09D

_|

-

SEEILIE,

325 MeV 510 230 250 MeV

Only one hadronic parameter: st

B pu (O|by*y,s| By =ip*fy,

Br(B.ouu)SM=(3.3 = 0.3)x 10 (8%0)

B,—uu

See FLAG13, 1310.8555,
for last results

fos =(228+5)MeV

3% hadronic uncertainty

Lattice from many groups



b—s transitions: B,—uu

SUSY at large tanf

O = BRS Ef O, = BRO'WS ?O'WK
B ( ) s 0 = ) — GOLDEN MODE at LHCb
Olo10sp =Or5105p (L < R) enhanced Cgp) ~tan’p

Only one hadronic parameter: st

G2 2 — -
N s A (Ofby*ys|B) =1q" T

2

xﬂzmﬂ(cm—cl'o)+m85 (C,-Cp) _ o 2
<O|b7/58| Bs > :_IstMBS /m,

m ']
Bs (PCAC Ward Identity)

(Cs _Cé)




b—s transitions: B,—uu

SUSY at large tanf

O = BRS Ef O, = BRO'WS ?O'WK
s =058} s Or = ) — GOLDEN MODE at LHCb
Olo10sp =Or5105p (L < R) enhanced Cgp) ~tan’p

4 BIG News: ) e
v'Nov. 2012, first evidence of B,—»u*x~ from LHCb AT::Z:_
v'July 2013, LHCb-CMS world average W;H::Z— .
SPANIC: Bre(B,—uu) = (2.9 £ 0.7)107° (25%) > [
BrSM(B,—u) = (3.3 £ 0.3)10° (8%) | ‘weiwinany |-

N P | I I T B | N . N N | N | I
\ j 0 2 4 6 & 10 12 14 16 18 20 22
B(Bi— wu) [10°7]




b—s transitions: B.—o>uu

O, =bro"'s,F,,, 0y = (by{'s) ly"s Oy 5 = (DrS, ) 55,05 =(bro"s, | i

| AV

O, = (6}/{‘8)?7”756 0791050 =Or9105p (L < R)

4 SPANIC: A n
+—'-I..
Brexp(B,—up) = (2.9 + 0.7)107 =:T" 10
=
BrSM(B,—»uu) = (3.3 £ 0.3)10° |% -
:

\ / an

0 HSe 10 x M I e

10° x BR(B, = p*p~)
update of D. Straub 12




b—s transitions: B,—uu

O, =bro""s,F,,.0, = (by{'s) iy"¢ Oy 5 = (DS, ) 5 (e), Or = (bro™’s, )lo*"

| AV

O, = (6}/[‘8)?7”756 0791050 =Or9105p (L < R)

20

—
-I
=

4 SPANIC: A 's,
+—‘-I..
BrexP(B,—up) = (2.9 + 0.7)107 ;, 10
=
BrSM(B,—»uu) = (3.3 £ 0.3)10° |% e
"
SNO NEW PHYISICS?

\_ AT

0 HSe {1 X M I e

0" = BRIB, = pu*pn~)
update of D. Straub 12




b—s transitions: B.ouu + B>K®uu+ B.—>tr

OS(P) =(BRSL)sz(P),OT = (BRGWSL)zO'Wf

O;,g,lo,s,P = O?,Q,lO,S,P (L < R)

Brex(B,—uy) = (2.9 + 0.7)107° B>K*uu, B->Kuu & B—>1r

sensitive to different “b —» s
BrsM(B,—uu) = (3.3 £ 0.3)10° couplings”

SDNO NEW PHYISICS? 3 ways out to overcome

- -/ _ the B;—uu constraints y




b—s transitions: B.ouu + B>K®uu

Ospy = (DrS, )55y, Or = (Dro™’s ) lo™"t

O;,g,lo,s,P = O?,Q,lO,S,P (L < R)

GZ 2 ) - -
A'A © No contribution from O,

© Cycouplings unconstrained

4 ! ?
XDZmu (Clo —C10)+ Mg (CP _CP) by By — uu
S

(€=

J. Matias, S Descotes-Genon, J. Virto '13

mBs

However, Oq4 gives contribution to B—»K*uu, B—»Kuu, and non-SM effects
can be possible

2 - 2 -
- mp — mp —
(B(p)[B*s|K(K)) = (o + k¥ — iq{”% W) () + 2 ()

J




b—s transitions: Anomaly on B—>K®uu G

July 2013, LHCDb found a deviation of about 4o w.r.t the SM
in the P; observable, one of the coefficients of the B—»>K up angular
distribution

= 1 ' ' ' ' 1 ' L L DL L L L L L L |
O o8l LHCDb —

SM Predictions

0.6 —
0.4 —+— Data —
0.2

Of & =] — — —— — — — — —

02—~ {. _
R = Sl

-1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
0 5 10 15 20

g2 [GeV?/c4]

Warning: LHCb analysis low statistics -- about 800 events B—K"uu



b—s transitions: Anomaly on B>K®uu (1

K*U( K~ "1'+),u . K*D /
“—l—

1 d4F Q 3 - 9 e N 9 ]_ - 9
dT'/dg? dcos O d cos O dgdg® 32 [_“ ~ F) s Ok +{fjeos™ O + (1 = Fiu) s cos 26,

4
— F}, cos® Ok cos 26, —I-(':_c;‘;‘laing O sin” 0, cos 2¢
(54 ;3111 20 s1n 26, cos ¢ —|—(S5,b11] 20 sin Bp cos @

—+ 5'5,&111 By cos b, —|—(5'7,5111 205 sinf;sin ¢

(\{7'3,}5111 205 s 260, sin ¢ —|—(\;?g)511’l Oy sin? @, sin 2¢ ] :

11 angular coefficients to measure from [B® — K*(— K= nt)utp~




b—s transitions: Anomaly on B>K®uu

OS(P) :(BRSL)zKS(P)’OT = (BRU'LWSL)ZO"UVK

O;,g,lo,s,P = O?,Q,lO,S,P (L < R)

(Ps)

IsM

0.0f * LHCDb 1
—osf _I
L ]
—1.0F
0 > 7 5 )
g2 (Gev?)

Warning: LHCDb analysis low
statistics -- about 800 events
B—>K uu

A negative contribution to Cg = Cf,'v'l}
improves the agreement between LHCDb
and SM (40—>1.80)

J. Matias, S Descotes-Genon, J. Virto '13

Warning: still some controversial!
Are hadronic effects?
J. Lyon, R. Zwicky 14,
S. Jager, J. M. Camalich ‘12
NP ruled out by other modes?
Straub et al ‘14

\ Experimental fluctuacions? /




b—s transitions: Anomaly on B>K®uu

O;,g,lo,s,P = 07,9,10,S,P (L < R)

OS(P) :(BRSL)EKS(P)’OT = (BRU'LWSL)ZO"UVK

1.0

/2013 - Anomal

y on B->K'uu \

(P}

0_5$
3 —_——

oof
_osk

—10f

SM

_

2 4

g2 (Gev?)

G

A negative contribution to the b—suu Cq4 couplings improves
the agreement between LHCb and SM in both cases

3 y \_

|3 IB P( SM
( r(B » ﬂﬂ)] —1.0003+0.0001

Br(B — Kee)
| e

LHCb
Br(B > Ku) | _.745+0.096
Br(B — Kee) B

at large recoil region:
1GeV? <g?<6 GeV?

/2014 - Tension on B—)K,u,u/B—)Ke%

J

D. Ghosch ‘14

R. Alonso '14, G. Hiller '14,



b—s transitions: Anomaly on B>K®uu

OS(P) :(BRSL)zKS(P)’OT = (BRU'LWSL)ZO"UVK

O;,g,lo,s,P = 07,9,10,S,P (L < R)

/2014 - Tension on B—)K,u,u/B—)Ke%

D. Ghosch, M. Nardecchia, F (Cg”|data) SM
A. Renner, ‘14 F Br(B — K,u,u)
Br(B — Kee)

=1.0003+0.0001

| e

LHCb
Br(B > Ku) | _.745+0.096
Br(B — Kee) B

O4r

C, for b—>suu

: at large recoil region:
"6 PR 0 [ \ 1GeV? <(g?<6 GeV? /

A negative contribution to the b—>suu Cq4 couplings improves  R. Alonso '14, G. Hiller '14,
the agreement between LHCb and SM in both cases D. Ghosch ‘14



b—s transitions: Anomaly on B>K®uu

( Theorvy: Hadronic Uncertainties

Detour on hadronic

uncertainties

< of BoKOuu




b—s transitions: Anomaly on B->K®uu

Theory: Hadronic
Uncertainties

GOAL.: calculate
Matrix elements of 2-
guark operators
between hadrons
(decay constants & Form
factors)

O, o) = = (brs, ) (6,05 =(bro™"s, ) lo"" ¢

+L <R
Charm Loops

Under control (to some extent)
at low and large g?, out of resonance region

Y.L




b—s transitions: Anomaly on B->K®uu 0

(V(p',€)|@5"b| B(p)) e PTenp! P,
Form Factor Definition for

(V(p',e)lg7*3°b|B(p)) = B—K*y, BoK

Br(B—K"y)

PP one ff. at g2=0

)Epproc™?

Nex(m —m3) — (€ - q)(p+ ')l

..._ P4 ) .2 f
tﬂ";;(qi}(s ‘q) [qF - ng — m%; (,’P +p )_u]

Br(B—>K"ll ): 7 form factors in QCD



b—s transitions: Anomaly on B->K®uu 0

Form Factor Definition for B—>Xll

. m2 — m2 m2 _ m2
(B(p)|Bs|K(K)) = (p + ki — "B R g + 2 ()
(B(p)|bo's|K (k ! (P + K)q” — (p” + k") q"]

mp + Mg

Br(B—KIl ): 3 form factors in QCD



b—s transitions: Anomaly on B—>K®uu G

Studies of form-factor calculations on the Lattice:

S e mmm——— “\
g s HPQCD 2013 -> mature calculation i
B>kl Ng=2+1 stag. fermions: NRQCD, m,>250 MeV, a1~2GeV->0!
relative form-factor error @5% > F.01(0?)
N-=0: Wilson fermions: relativistic fermions )
 D. Becirevic, N. Kosnik, F. M., E. Schneider, 2012
. :I % R. Horgan et al. 2013 ‘ T,,(9%)
Sk - V(0), Aoul@?)
i Ng=2+1 stag. fermions: NRQCD , m_>300 MeV, a1~2GeV : » 71012
still an exploratory stage: see Horgan'talk on PIII-HQ,
=. K* stable? 11/09 at 16:00

------------------------------------------------------------------------------------

N-=0: Wilson fermions: relativistic fermions
< D. Becirevic, V. Lubicz & F. M. 2007 T1,(9%)




b—s transitions: Anomaly on B>K®uu (1

Studies of form-factor calculations on the Lattice:

----------------------------------------------------------------------------------------
~

BRI CSE Lattice —eData

B">K'uru
LHCD 4

g=p—p

New LHCb results with 3 fb™! [arxiv:1403, 8044]: _

,/

o
-

-

\

~

-
—————————————————————————————————————————————————————————————————————————————————————————————



b—s transitions: Anomaly on B>K®uu (1

B® — K*O(— K=n " )u"p™

1 d‘r 9 [3 1
— (1 — F)sin?0p +(F 'cos? @ + —(1 — F; ) sin? 05 cos 26,
AT/ dg? doos Oy dcos b dd dE 3o [4[ 1) sin” O +(Fy,jcos” O + 4( 1) sin” O cos 26,
— F}, cos? Ok cos 20, —I—(':S‘;)sin? O sin® 0, cos 2¢
15'4}3111 20k sin 26, CDS@ —|—185,5111 20§ s1in By cos @

—|—(5'pJ sin? By cos @, —I—‘ST,EII"_L 20 sinfy s1n ¢
(5‘3 sin 20 sin 26, sin ¢ —I—(ngn O sin® 0, sin 20 ] :

\_l

F, and S; coefficients are plagued by large hadronic uncertainties.

KEY STRATEGY: by using appropriate normalization, we can define
observables, P, , theoretically clean

Nyt —

J. Matias, F.M., J. Virto & M. Ramon in '12.
F.Kruger, J.Matias '05; D.Becirevic, E. Schneider '12: C.Bobeth, G. Hiller & D. Van Dvk '12



b—s transitions: Anomaly on B>K®uu (1

F,_ and S, coefficients are plagued by large hadronic uncertainties.

/' By using appropriate normalization, we defined observables,
P,, theoretically clean

sf T of
1E|____| i r——————————— |
[}_«_E:S . FF code: BZ, KMPW:] 05f iP_ 283 |
o1f ! 3 ; - 1= |
|

|

7 (Gev?)

The green/gray bands are the hadronic uncertainties for 2
different determinations of QCD form factors

K Large hadronic uncertainties reduced: clean gain on New Physics
search
J. Matias, F.M., J. Virto & M. Ramon in ’12



b—s transitions: B.ouu + B>K®uu

Ospy = (DrS, )55y, Or = (Dro™’s ) lo™"t

O;,g,lo,s,P = O?,Q,lO,S,P (L < R)

B—pu (P=-1)
2 S 2
Uzm (‘Cl.o___cﬂ) M (‘EF:_‘_SP)J\
P \ 2) Only contributions from

7 AN
(Cs -Co)) } axial combinations

——
——-___- -------
- -
- ~~
- ~

~

BoKI (P=1) e
(K|by*7,s|BYy=(K [bys|B’)=0

~ -
-~ -
-~ -
----- ____—
i ——— ————




b—s transitions: B.—o>uu + B>t

Ospy = (DrS, )55y, Or = (Dro™’s ) lo™"t
O;,9,1O,S,P = O?,Q,lO,S,P (L < R)

[jé—nﬁ A(Cio—Cly)+ M. (Co —Cy )|

(Cs-cof il

1) Helicity suppression is not fully working for B->7z7

mBs

Smallish contributions to B—uu can still give sizeable
deviations of the rate for B—»rr

D. Becirevic, N. Kosnik, F. M, A. Tayduganov, A. Renau in progress ‘14



b—os transitions: B.o>uu + B.o>tr 9

Br(Bs—>11)x10"7 _ _ _
: * All the points compatible with present
j Theory—SM constraints

* Blue Line with only C,, not-vanishing

* Red points C,y Cg C;, free

TR I T ST NN AT ST TSN SN NN S ST ST MU Y .|C10|
25 30 35 4.0

\

LR mixing term still
largely unknown
(my, ~125 GeV — large A3)

Non-SM contributions to
C,, easily expected in
SUSY

J




b—os transitions: B.o>uu + B.o>tr @

Br(Bs—>77)x10"7 » All the points compatible with present
: constraints

* Blue Line with only C,, not-vanishing

* Red points C,y Cg C;, free

* Green points Cg C;, free and C- ci“g

Br(Bs—>uu)x109

However, smallish contributions to B—»uu can still give sizeable
deviations of the rate for B—»7r

D. Becirevic, N. Kosnik, F. M, A. Tayduganov, A. Renau in progress ‘13




b—s transitions: Resum G 9 e

XX Br(B,—uu)is genuinely sensitive to (pseudo)scalar operators

o) z(BPR,LS )Zﬁ, and O, =(5PR,L5)37/5€

< Only one hadronic parameter enters, fy. -> small th. error

Br(B—Kll) & Br(B—»K*ll) are sensitive to scalar + vector operators (+
tensors)

< hadronic uncertainties -> still large th. error

< With respect to B,—»uu & B,—» X, 7, they probe the effective
Hamiltonian in an “orthogonal” direction!

< Improvement of form factors calculation would make the observables
a high resolution probe of scalar operators




Conclusions

What about BSM
effects?

» We learned a lot about Flavour physics during last years:

> Disentangling New Physics, it is mainly a question of precision and new modes

» Potential n.d.f at the TeV scale must have a rather sophisticated Flavour structure ...

which we have not clearly understood yet

» Some tension emerging in several modes: B->K*, sin(2f) vs €,

» Multiple probes! Almost all channels are sensitive at NP
at well motivated levels!

d-quarkﬂ Pl"Dbe nggs Coupllngs LEPtDnE Pr@be
s-d K-K -
: Rare K decays He mions,
b-d B-B T-€ eEDM
h-s | B.B. RareBdecays | I | LHC




THANKS VERY MUCH
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Natural SUSY:

no fine tuning on the the Higgs mass:
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Prospino2 .1
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