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Introduction

In general, we search for NP indirectly in processes where SM contributions
are suppressed, and so, small NP effects can become visible (or even dominant)

Phenomenologically, we can classify potential NP contributions as

o AF = 2 (neutral B mixing)
— 2nd order weak transition in SM, can be enhanced by NP

o AF = 1 (B decays)

— Loop suppression (NP can enter through trees, e.g. FCNC)

— Helicity suppression (Vector-mediated SM transitions are
small compared (pseudo) scalar-mediated NP)

Use few examples (popular global fits) and reflect
on the measurements used and how they will evolve

[not mentioning about NP in tree-level decays, see for example

M.Tanaka and R.Watanabe, arXiv:1608.05207 and coming B2TiP report
B(B>ntv) B(B>tv) B(B>tv)

R, R, = , R = , R, =

B(B>nlv) S B(B=xlv)’ P B(B>uv)

D(*) J



Sensitivity to new physics
in B;, B, and K mixings

Ref: Z.Ligeti, M.Pappuci, CKMfitter
arXiv:1309.2293, arXiv:1501.05013

N : See A.P 's talk
but also similar studies: [See A.Perez’s talk|

M. Ciuchini et al, hep-ph/0012308

M. Bona et al, hep-ph/051199 [See M.Bona's talk]
J. Laiho et al, arXiv:0910.2928

G.Eigen et al, arXiv:1503.02289



AF =2: New Physics

b t

< < <
|/ \l / \| Evolution of B(OS) system is described by H =M —-iT'/2
B '|\ /' w | +NP? W \ / B: Off-diagonal terms M, ,, I',, responsible for oscillations
> > >

t b

o M,, dominated by (virtual) top boxes
|affected by NP, e.g. if heavy new particles in the box]|
> T',, dominated by tree decays into (real) charm states
[affected by NP if changes in (constrained) tree-level decays]
o Tree level (4 diff flavours) processes not affected by NP

Model-independent parametrisation under the assumption
only changes modulus and phase of M{, and M,

MY, = (M7,)sm X A, A= |Aq|eicpq =(1+ h, 92i0q)
affects Am, (=]A,]), a5, (e A,), AT and ¢ (= @)

d .
Am,, Am_, B, 9., ag , ag , AT to constrain A, and A_



AF = 2: CKM projections
| CKMfitter, arXiv:1501.05013]

Observables not affected by NP, used to fix CKM:
| Vudl ’ | Vusl ’ I Vub | ’ | Vcbl D and Y<OL) = TE_O(_B <(de CanCGIS)

Stage I Stage 11
7 fb™' LHCDb 50 fb™! LHCb
+5ab ' Belle II +50 ab ' Belle II
2013 Stage | Stage 11

| Vit | 0.97425 + 0 + 0.00022 id id

| Vs | (Kga) 0.2258 + 0.0008 + 0.0012 0.22494 + 0.0006 id

lexc | (2.228 4+ 0.011) x 10~° id id

Amg [ps—!] 0.507 4+ 0.004 id id

Ams [ps™!] 17.768 + 0.024 id id
|Veg| % 107 (B — cfi) 41.15 4+ 0.33 &+ 0.59 42.3 + 0.4 [17] 42.3 4+ 0.3 [17]
Vin| x 10° (b — ulp) 3.75 + 0.14 + 0.26 3.56 + 0.10 [17] 3.56+0.08  [17]
sin 25 ooy = ULUED et - U Ulb L] ey = ULols LLr]
a (mod m) (85.412-0)° (91.5 + 2)° [17] (915 +1)°  [17]

v (mod ) (68.0152)° (67.1+4)° [17,18] (67.1+1)° [1T, 18]

Bs 0.00657 5. 0.0178 +£0.012  [18] 0.0178 +£0.004 [18§]
B(B — Tv) x 104 1.15 4+ 0.23 0.83 £ 0.10 [17] 0.83 £ 0.05 [17]
B(B — pv) x 107 3.74+0.9 [17] 3.7+ 0.2 [17]
A < 10t 23 4 26 —7T+15 [17] —7 410 [17]
As x 10* —22 + 52 0.3 + 6.0 [18] 0.3 £ 2.0 [18]
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plethora

noun [S] - uk @) /'ples.or.ar US
@ /' ple.2r.2/ FORMAL

ﬁ a very large amount of
something, especially a larger
amount than you need, want,
or can deal with:

There's a plethora of books about the
royal family.

The plethora of regulations is both
contradictory and confusing.

[See D Cervenkov S talk]
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| Vub | from B->=nlv at Belle 11 [See M.Lubej's talk]

Toy MC studies based on Belle II MC, LOCD forecasts estimated at 5
years (5, 10 ab—!) and 10 years (50 ab—!)

1 1
tagged + current LECD
untagged +current LQCD ||

L] L] L]
8 8 Toy MC untagged data
8 & Toy MC tagged data
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|Vub|#£y from simultane- f5|1rj LI estimates for
ous fit for £ = 5 ab™ ", 5, 10 and 50 ab~': D
including lattice fore- Tagged: 3.2, 2.7 and 1.7 %

casts and error Eﬂﬂlil‘lg. Untagged: 2.1, 1.9 and 1.3 %
LOCD forecasts:



AF = 2: CKM projections

Observables not affected by NP, used to fix CKM:
|Vud| ’ |Vus| ’ |Vub|l |Vcb| ;Y and Y<O() = E—Ot—ﬁ <(de Cancels)

1-5 I T TT | T 11 | | | ' T T1 T 1T T T T
[~ | axduded ares has CL = 005 | 1
| .
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AF =2: NP fit

|CKMfitter, arXiv:1501.05013]

d S °
Am,y,,Am_,p, 9., ag, ag, AT, to constrain A, and A_

Stage I Stage 11
7 fb' LHCb 50 fb~' LHCb
+5 ab ' Belle II +50 ab ' Belle II
2013 Stage | Stage 11
| Vied] 0.97425 + 0 + 0.00022 id id
| Vel (Kea) 0.2258 + 0.0008 + 0.0012 0.22494 + 0.0006 id
lex| (2.228 + 0.011) x 1073 id id
Amg |ps” ] 0.507 £ 0.004 T 1d
Ams [ps™ ] 17.768 + 0.024 id id
Ven| % 107 (b — cfi) 41.15 + 0.33 £ 0.59 42.3 + 0.4 [17] 42.3 + 0.3 [17]

Vus| % 107 (b = ufp)

3.75 1+ 0.14 1+ 0.

26 3.56 = 0.10 3.56 + 0.08

sin 23 0.679 £ 0.020 0.679 £ 0.016  [17] 0.679+0.008 [17]
T LLr ey tor ooy (o1
v (mod ) (68.0F52)° (67.1+4)° [17,18] (67.1+1)° [1T, 18]
v +0. 0450 . . P -
Ba 0.00651D-0450 0.0178 £ 0.012  [18] 0.0178 +£0.004 [18]
— BB Tr) x 100 T.15 £ 0.23 0.83 £ 0.10 [T7] 0.53 £ 0.05 7]
B(B — pv) x 107 3.74+0.9 [17] 3.7+ 0.2 [17]
A% < 10t 23 + 26 —7+15 [17] —7 410 [17]
Ag x 10t —22 + 52 0.3 £ 6.0 [18] 0.3 + 2.0 [18]




ALEPH
(3 analyses)

DELPHI
(5 analyses)

OPAL
(5 analyses)

D0
(1 analysis)

BABAR "
(4 analyses)

LHCb "
(4 analyses)

Average of above
after adjustments

CLEO+ARGUS
(X4 measurements)

World average
Summer 2016

"HFAG average
without adjustments

Am,

I I ' I ' !
P 0.446 £0.026 +0.019 ps™
o4 0.519 £0.018 +£0.011 ps™
0.444 £0.028 £0.028 ps™
et 0.479 £0.018 +0.015 ps™
0.495 +0.033 +0.027 ps™
e 0.506 +0.020 +£0.016 ps™
fof 0.506 +0.006 +£0.004 ps™
0.509 +0.004 +0.005 ps™
! 0.5062 +0.0019 +0.0010 ps™
! 0.5065 +0.0019 ps™
I 0.498 +0.032 ps™
! 0.5064 +0.0019 ps™
I I I I I I I
04 045 05 0.5

mostly single analysis
with 152MBB

mostly single analysis
with 3 fb™

end of the road ?



_TI(B)-T(B)

~ T'(B)+I(B)
A(t)=S sin(Am,t)

S =sin2p
C=0

— Ccos(Am,t)

S=0.731+0.035 = 0.020
C=-0.038 +0.032 = 0.005

Belle: 0.67 = 0.02 = 0.01
BaBar : 0.69 = 0.03 = 0.01

sm(ZB) =sin(20,) s

PRELIMINARY

BaBar ;
PRD 79 (2009) 072009

BaBar ¢
PRD 80 %00093 112001

PRD 69 (2004):052001
Belle :

'u E

. 0.69+0.52+0.04 +0.07

BaBar J/v (hadromc) S

0.69 +0.03 £ 0.01

§ 1,56 +0.42+ 0.21

0.67 £0.02 £ 0.01

PRL 108 (2012) 171802

ALEPH : ; 0.84 1085 +0.16

PLB 492, 259 (2000) T

OPAL ; 3.20 389 + 0.50,
EPJ C5, 379 (1998) *
CDF : 0.79 "%

PRD 61, 072005 (2000) i

LHCb ?_| 0.73+0.04 +£0.02

arXiv:1503. 07089

Belle5S : 0.57 + 0.58 + 0.06

PRL 108 (2012) 171801

Average 0.69+0.02

HFAG . .

-2 -1 2 3

3fb! aerv 1503.07089

LHCh

k .4 _
F:"'".' E
£ 03 :
= - .
= U2p 4k N
= o
_I'I'? —
= of +_A / :
—_ . F — .
T —01F + e E
s = -
— —02F 3
g —03F 3
D 04t ' . -
' 5 10 15
t(ps)
V.0 T 1 T ) 1 T ]
> ' Amy & A -
s 22 - amy o il
? Sify 2BLHCb v =
o (é Sln 2BWA < sol. s 2B < —:
0.4 g ” - < —]
3 AL -
0.3 ;g € - < u —;
o -
0.2 -
0.1 =
o ¥ p 3
f f | L L L ! L | L 1 | L L L | L -
9004 0.2 0.0 0.2 0.4 0.6 0.8 1.0
p

[3:

(21.9+0.7)

WA 2015




Mixing-induced CP violation in B.» J/y KK

CP violating phase

¢, =—0.058 = 0.049 = 0.006

[See G.Cowan's talk]|
[3fb ', arXiv:1411.3104]

CP violating in mixing or direct decay (no CPV: |A|=1)
|A] =0.964 + 0.019 £ 0.007
Decay width difference AT, = (I, —T'y)=0.0805 + 0.0091 + 0.0032 ps’

0.14}

| CDF 9.6 b

DO 8 b~

ATLAS 19.2 ™!

HFAG B
|
68% CL contours
(Alog L =1.15) |

04

—02 00 02 04

AT (SM)=0.087 + 0.021 ps™*
¢,(SM)=-0.0363 " oos7 rad

} + 0.039 rad
:[combined with J/ymm]




Semileptonic asymmetries

use semileptonic B}, decays
[Phys.Rev.Lett.117(2016)061803]

ag, =(0.39 £ 0.26 (stat) = 0.20 (syst))%

A —gn -F(B2B>f)-T (BB~ >f) - =
Cp — *SL F(E->B->f)+F(B B f) %_; E T Standald Model : E
S 0:_ ------ I ------------------------ (M x&s | -----------------------_j
gy, cos(Amt) S | ]
A t)=— ]. — B = : =
meas( ¥ 2 | cosh(AFt/Z)) -1E ¢S E
- | F )
% -
Standard Model predictions F & %ISCB(%:;VX :
[A.Lenz, arXiv:1205.1444] S g BaBar D'lv — -
- BaBar // ——T -
agL = ( 4.1 + 0. 6)><10_4 |  Belle 7 - |/ .

-3 -2 - 0 1

ay, =(+1.9+0.3)x107°

SL — ( ) ! ! agL [%]

- No tagging needed. Time-dependent (B’) or time-independent (B.) SL
asymmetry measurement
o 30 tension coming from DO dimuon asymmetry measurement



AF = 2: Current constraints

|[CKMfitter, arXiv:1501.05013]

2_

Im A,
Im A

[T T 171 | T T 1
| | exduded araa has CL = 0.68

AT, & TSR KK) &r,Uy)

.NP in By mixing - with ASL §
1 ! | | | |

Re Aqg

Ay=0.88"0224i(-0.11°%%) A =1.01

Bounds/prospects for New Physics at:

> Stage I: 7 fb"' LHCb + 5 ab ' Belle II
o Stage II: 50 fb' LHCb + 50 ab ' Belle II

+0.17
-0.09

0

1 2 3
Re A

+1(+0.02 +0.04)



AF = 2: Inputs

| CKMfitter, arXiv:1501.05013]

2003 2013 Stage | Stage 11
| Vil 0.9738 + 0.0004 0.97425 = 0 £ 0.00022 id id
|Vius | (Kea) 0.2228 4 0.0039 + 0.0018 0.2258 + 0.0008 + 0.0012 0.22494 + 0.0006 id
lex| (2.282 £ 0.017) x 10~%  (2.228 &+ 0.011) x 1077 id id
Amg [ps™!] 0.502 + 0.006 0.507 + 0.004 id id
Amg [ps_l] > 14.5 [95% CL] 17.768 4+ 0.024 id id
Ve | x 10% (b — cfir) 41.6 & 0.58 £ 0.8 41.15 £ 0.33 & 0.59 42,3+ 0.4 [17] 42.3 +0.3 [17]
Vs | % 10% (b — ufp)|  3.90 £ 0.08 £ 0.68 3.75 + 0.14 + 0.26 3.56 + 0.10 [17] 3.56 £0.08  [17]
sin 23 0.726 + 0.037 0.679 + 0.020 0.6794 0.016  [L7] 0.679 £0.008  [LT]
o (mod ) — (85.4750)° (91.5 4+ 2)° [17] (91.5 4+ 1)° [17]
~ (mod 7) — (68.075 )0 (67.1+4)°  [17,18] (67.1+1)° [17, 18]
Bs — 0.0065 7% 217" 0.0178 £ 0.012  [18] 0.0178 £0.004 [18]
B(B — 7v) x 10% — 1.15 + 0.23 0.83 + 0.10 [17]  0.83+0.05  [17]
B(B — pr) x 107 — — 3.7+ 0.9 [17] 3.74+0.2 [17]
Ag, x 10° 10 + 140 23 + 26 —7+15 [17] —74+ 10 [17]
2. % 10° — —22 + 52 0.3 + 6.0 [18] 0.3 + 2.0 [18]
e 1.2 4+ 04 0.2 1.286 4 0.013 4+ 0.040  1.286 + 0.020 1.286 + 0.010
My 167.0 + 5.0 165.8 + 0.54 + 0.72 id id
as(mz) 0.1172 4 0 & 0.0020 0.1184 & 0 & 0.0007 id id
By 0.86 +0.06 + 0.14  0.7615 + 0.0026 4 0.0137  0.7744 0.007 [19, 20] 0.774 +0.004 [19, 20]
fB. [GeV] 0.217 £ 0.012 £ 0.011  0.2256 £ 0.0012 4 0.0054  0.2324 0.002  [19, 20] 0.232 £ 0.001 [19, 20]
Bg, 1.37 4 0.14 1.326 & 0.016 £ 0.040  1.2144 0.060 [19, 20] 1.214 + 0.010 [19, 20]
fe./fB, 1.21 + 0.05 + 0.01 1.198 4+ 0.008 4+ 0.025  1.2054 0.010 [19, 20] 1.205 + 0.005 [19, 20]
Bg,/Bg, 1.00 + 0.02 1.036 4+ 0.013 £ 0.023  1.0554 0.010 [19, 20] 1.055 + 0.005 [19, 20]
Bg,/Bs, — 1.01 4 0 = 0.03 1.03 + 0.02 id
Bg, — 0.91 + 0.03 +0.12 0.87 + 0.06 id

NB: No DO A, input



AF=2:NP!! ideal scenario...

Hypothetical Stage II fits for NP, assuming that all future experimental results
correspond to the current best-fit values of p, 0, h, , o4

, S

-value p-value
L o ,p 1.0 = L L T T L T 1.0
R 3.0 [ ocdadoatas oL 035 7
_;ima ] 0.9 C Stage. 11 (NP) _: 0.9
. 0.8 25 ] 0.8
1 Hoz 1 o7
: 20 - ]
: 0.6 C 3 @ 4 0.6
Gd VS hd b-c - 0.5 b-c 15 L P i - _: 0.5
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AF = 2: bounds for B; . mixings

T
excluded area has CL > 0.95
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AF = 2: bounds on energy scale

Stage I p-value Stage II p-value
0-5 B ]e Ilde(lj T hl C:- (I)gsl T l T T T T | T T T T | T T T T ] 1.0 0-5 i eXC|UdEdareahaSCL>(;l95| T | T T T T | T T T T | T T T T ]
04 [ 4 [os 0.4 |- - [os
- i 0.7 - i 0.7
03[ 4 Hos 03 4 Hos
< I 1 Hos5 £ i 1 |05
02 [ 4 Hoa 02 - [Floa
- ] 0.3 . ) 0.3
01 1 Bo.2 oAl - o2
........ ] 0.1 " ] 0.1
0.0 | - Lt b e | 0.0 00 1 //I, Lo b b by | 0.0
0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.1 0.2 0.3 0.4 0.5
h h
d d
NP contribution to the mixing 1 —
. - NP loop |Scales (in TeV) probed by
C2 Couplings ) — S
j (W u 2 order 4 muxing s MIXing
from — (bpy qj,L) BREa : -
A |Cij| = [V V5| | tree level 17 19
D5 IC;I” (4n)?*  |ICyI° (4.5 TeV .2 (CKM-like) |oneloop| 1.4 1.5
~ 1. ~ | — } 3 2
(no hierarchy) | one loop | 2 x 10 40

probe new particles with CKM-like couplings with masses, M, in the 10-20 TeV range if
contribute at tree level (A~M), in 1-2 TeV range if enter with a loop suppression (A~4xM)



NP in K mixing, AF = 2: ¢

o K, B, and B, mixings in general not related
o €x not enough to bound NP in K mixing, even if NP only in tt box
o but in the case of MFV, possible to exploit all neutral mesons
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Sensitivity to new physics
in rare B decays

References:

M.Ciuchini et al, arXiv:1512.07157
T.Hurth et al, arXiv:1603.00865
S.Descotes-Genon et al, arXiv:1510.04239
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Effective field theory

m Model-independent description in effective field theory

‘HF_":H'- — _4GF Vth V::-. Cfﬂf _I'F:ﬂ:
‘v"ﬁ e

Left-handed Right-handed, :_i suppressed

m Wilson coefficients [TE’J encode short-distance physics, E]f’} Corr. operators

b : b—sy B—uu b— sif
i E}%F}' photon penguin v v
b -ET () .
) " vector coupling v
{f}'{g axialvector coupling v v
b ;
>.< E}{SF:}'P (pseudo)scalar penguin v

s f

NP changes short-distance C, and/or add new long- distance ops O,



Constraints on NP from radiative B decays

A.Paul, D.Straub, arXiv:1608.02556

Ohservable SM prediction hMeasurement
10* « BR(B — X:Y)E, 168GV 3.36 £ 0.23 | 16| 3.43 + 0.22 |19]
10° =« BR(BT — K*v) 3.43 + 0.84 4.21 +0.18 |19]
10° = BR{B" —= K *y) 3.48 + 0.81 4.33 £ 0.15 19|
10° x BR(B, = &) 4.31 + 0.86 3.5+ 0.4 [43, 44]
S(BY — K*) —0.023 £ 0.015 —0.16 £ 0.22 |19]
:’!.:;]-[H':' — K*y) 0.003 + 0.001 —0.002 £ 0.015 |19]
Aar( B, — @7 0.031 + 0.021 —1.0+0.5 4]
(P ) B 4+ K*cte ) j0.002,1.12] 0.04 + 0.02 —0.23 +0.24 |45
r,:’i-llr‘?l} (BY = K*ete ) j0.002,1.12] 00003 + 0.0002 0.14 +0.23 |45
BR(B" = K*") [ | :
BR(B+ — K**q) | -
BR(H; — &) ‘al
BR(E —+ X,7) | |_-__|
all BRs |- |—-I—5—|
—0.10 —[::.1].5 0. :II[:I [HI].G 0.10

NP
C7




Constraints on NP from radiative B decays
A.Paul, D.Straub, arXiv:1608.02556

Crhservable

SM prediction

10" = BR(B — AV)E, »1.8GV
105 = BR{B+ = K*v)
10° « BR{B® — K*v)

10° « BRIB, — dvl

3.36+023  [16]
3.43 + 0.84
3.48 + 0.81
131+ 086

S(B" = K*v)

—0.023 + 0.015

Agpl BY — K*+)
.'l!_:._]'lf H.; —¥ @ry)

(0.003 = 0.001
0.031 + 0.021

|See talk of S.Sandilya]

(P)(B" = K*ee )jpom,1.12)

0.04 + 0.02
(AI)(BY = K*e*e )jgoam11z  0.0003 + 0.0002

e T At Belle II, significant improvement in the
wisns 0 | determination of A.,(t) in K3n’yexpected.
433 +0.15 109
25404 A3 44
0164022 [19) o Belle II vertex larger than Belle (6 » 11.5cm)
SODR ||1:=. o 30% more Ky with vertex hits available
0234024 [43) o Effective tagging eff. 13% better
0.14 +0.23 [45]

* Expected errors for § measurements of K. % and p®.

1 Mode | 5ab?! | 50ab? < S e

I 0.6| —— Belie 2006 -
- .. Z t Kiﬂf 0.09 0030 | T Beile |1, Bab™ -
I o O G e gl |1, BOab E h

e py 0.19 0.064 0.4 _ .
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Ciepy
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102 —
10 1

10

...............................
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04 :

- SvsA in B— Ky .

-0.6¢ é E
"M | | | | [

HE T
0.4 0.6

S

16c deviation with 50 ab1,
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Constraints on NP from radiative B decays
A.Paul, D.Straub, arXiv:1608.02556 [See talk of A.Oyanguren|

E— larXiv:1609.02032]
Crhservable SM prediction Measurement = T . . . r | r r r r
10° x BR(B — X.1)E.~1eGev 336023  [16] 343+022  [19) 2 - .
105 5 BR(B+ — K*7) 3.43+ 0.84 491£018  [10] =~ 500 LHCbH —+ Data —
10° x BR(B® — K*7) 3.48 + 0.81 133+£015  [19) % . . ;]
— . I e : - Model -
105 x BR(B, — &) 4.31 + 0.86 35+04  [43,44] S C 0 n ;
S(B® = K*7) 0,023+ 0.015 _0.16+£022  [19) = 400 — B; — ¢ ---- Signal -
Acp(BP s K~ 0003+ 0001 _00094 0015 (10 o~ - 4000 candidates ; .
Aar(B, = ¢7) 0.031 + 0.021 _1.0+05 4 ) £ Bl Peaking ]
(P (B® = K'e'e )jnooz11z 0.04 + 0.02 —0.23+024  [45) wn 300 - Missing kaon
(Al (BY = K *e*e ) pm iy 0.0003 £ 0.0002 0144023  [45) % - Bl
S 200 =
- B =)
= 4
: : S 100 -
o Fit untagged decay-time rate : :
A . 0 e R R " ] SRS ",
I, (t)c[cosh(AT t/2) — A®sinh (AT t/2)] 5000 5500 6000
Y s S A
m(¢y) [MeV/c”]
Do . . 0 *
A(B»>¢yg) Ratio of yields B.»¢y/B” >K
A : R Yy QY Y
A" ~sin2ycosgp, tany=—— 8 B—————————————————————
A(Bs»qy,) € | LHCb :
~ 025 =]
) * 8 E 2
> Control acceptance by using B »K ™y decays S o02F :
= 2 ]
= b LT EIPE D eI i -3
A __ +0.46 +0.23 S 0.15F -
A" = ( 0.98 _, 5, —0.20) o F :
g 01f « Data
to be compared with L : —Fit .
0.05F -SM E
A — O 047 +0.029 - . . . . | .
SM . -0.025 00 5 10

~
p—
g
w
e



Constraints on NP from radiative B decays

A.Paul, D.Straub, arXiv:1608.02556

Crhservable SM prediction Measurement
10* % BR(B = X,V E. 180V 3.36+0.23 |16] 3.43+0.22 [19]
105 » BR(B+ — K*v) 343+ 084 421 +0.18 [19]
10F =« BR{B® — K*v) 348+ 081 433+ 0.15 [19]
10° « BR(B, — dv) 4.31 + 0.86 35+04 [43, 44|

S(B" = K*v) —0.023 £ 0.015 —0.16 + 0.22 [19]
Acp(BY = K*y) 0.003 + 0.001 —0.002 + 0.015 [19]

Aaxp( B, = dry) 0.031 + 0.021 —1.0+0.5 |4
{PYB® = K*ete )jnooe 11z 0.04 + 0.02 —0.23+0.24 [45]
{.-‘s-!r‘-:'}[ff'-" =+ K*ete Jgme 1y 0.0003 £ 0.0002 0.14 +0.23 [45]

B, »K'e"e” at very low q°

ILHCDb, arXiv:1501.03038]
see F.Polci's talk

(€[0.002, 1.120] GeV?)

gsu— - LHCb g II_]_ILHCb_Ez_ ""LHch'E * Data
£ wb 10 12 o | ] — Model
*ﬁ = 33 INSEE Bt I
T e ow TN ; Wl Koee
C ] wE - = F E
o E £ i sE = Combinatorial
A5 [i] 0.5 cos, -1 A5 o 18] m—sﬁ; o 1 F3 . [r:d]
.-.E-.Ei 1m: I | i‘ If};m Iffﬁ; J:‘i'":'r'l*r I:.':”J:ar C ILII-I('I_:I":)I ]
g f}‘ """" Ei ﬁ" Ex‘" Observable Measurement SM prediction’
S moF o e -
R = 1 Fu +0.16 +0.06 = 0.03 +0.1070 02
6o 1 AP ~0.234+£0.23+0.05 0.0370-9
a0l 3 AR +0.10 £0.18 +0.05 —0.151003
af I T 3 Al +0.14 £0.22+0.05 (=0.2512) x 107*
B i | I . .
of e S.Jager, J.M.Camalich [arXiv:1412.3283]

g2 [GeViicY



Constraints on NP from radiative B decays

A.Paul, D.Straub,

—_— o 141 .
global arXiv:1608.02556
| — branching ratios
0.3 T T T T ] T [ I [ | I
—  Aar(B: = ¢) | I. /
02 — (P)(B" = K*%te) | /
L& = | | i -
Sk ] /
\ﬂ K ] “f e -[ IH"“‘&,_H IIII,-
L (A BY s KYete) N
0.1k ' ~— - | \ -
— ——_________ T— III.' | II“"-._
z. T o
“: Mor [ ] ~ ool | ‘ i
o T = '. |
1 I"'. \____ I| .".II
- I I~ ||I\ 7 I'] ] \"h. | I| .-'II
=Ll - '\ 1 W =1
|
'.\ \Hm |I / |
—0.2 L \ i T ___-,..-..-- \
02 | . -
L \
| .
: | |
—0.3 1 1 1 I 1 I |
—0.3 —0.2 —0.1 0.0 01 0.2 0.3 N3 I I [ [ I
1-‘:[“|'f__'}”1] —0.3 —0.2 —0.1 0.0 . 0.1 0.2 0.3
o Re(CNP)
o inclusive and exclusive branching ratios strongly constrain NP contributions to

o

o

o

the real part of C,

more precise measurement of time-dependent CP asymmetry in B»K'y
improved measurements of the B»K e' e angular analysis at very low g

measurements of radiative baryonic decays A,>A"y



Global fits including also b>s1’1"

(many more observables)

H_/ \Y}

Experiment Theory



Global fits Hurt, Mahmoudi, Neshatpour
- arXiv:1603.00865

Global fits of the observables by minimization of

XZ — (6th_6eXp).(2th + ZeXp)_l .<6th_6exp)

-1 . . . .
(24 + Zeyp) 1s the inverse covariance matrix

More than 100 observables relevant for leptonic and semileptonic decays:

e BR(B — Xiv) o BR(B—= K% pu™)

o BR(B — Xuv) o BRIB—=K pup)

o No(B — K*+) o BR(B—= K e'e)

@ BR™(B = Xspu"pu7) o Rk

e BRhigh{E — XSH_H_) [* ] E — H*ﬂ“-l'“l—: EE, FLr AFE: .53,

54, 55, 57, S8, 5
low 4+ - 4, <5, <7, <8, <0

2 Bﬂhigh{B — Xse _E _) in 8 low g° and 4 high g°bins

o BR™"(B *JFX-**_E e’) o Bo — ou"pn™: BR, Fr,, S3, 54, 57
o BR(Bs = p'pn) in 3 low g* and 2 high g°bins

+ —
® BR(Bs — p _H _} B calculations done using Superlso
o BR(B— K "p ™) program



Global fits

Hurt, Mahmoudi, Neshatpour
arXiv:1603.00865

NP manifests itself in the shifts of the individual coefficients with
respect to the SM values: C,(u)=C™(u)+ 8C,

Assuming NP to appear in two operators:

global fit results using full FF approach

0.4
0.2

-0.2

§C1o/CT

-0.4
-0.6

0.0} - - -

68% CL
95% CL
5% PC err
209 PC err

-0.8
-0.6

-0.4

-0.2 0.0

global fit results using soft FF approach

68% CL

95% CL
—  20%PCerr
--  30%PCerr

0.4
0.2 '
0.0 ! .

-0.2

6C10/C3!

-04
—-0.6

8
-06 -04 -02 00 02 04



Global fits

than 30% of the total luminosity'' Belle h

= B(Xsuu)
B(Xsee)

vy

(

high g*’

B

—

high q*”’

[Belle, sum-of - exclusive, full stat]
[PRD 93 (2016) 032008]
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o [GeV?/c?

- B(B->X_1l) w/full Belle data sample soon ?
o B>X Il at LHCDb ?

|See T.Hurth's talk]|
''Latest Belle measurement of branching ratio is based on less

ep-ex/0503044
= 391 M -
o~ RN
o~ T \\ Belle Il Prospects
5 30¢ \\\ dBF(B =5 X.IM)/deE ]
L C ]
D 25 \\ -[See S.Sandilya's talk]
7o) - \\ ;
20~ \\
15 \
r \
: N
10r —[1.0, 3.5]G&V? .
© | —I[35,6.0]GeV? e
5- -[144, r??:ax-]Ge‘!"’
R EERHI ]
10 1 10 10°
[ab™]
= 10
T > Belle I Pros
< N k(B = X
“ \\‘\
N
\ :\\
AN
10 =
S
S
2 \\
—[1.0, 3.5]G¢ N S
—Es.s, b oloev? AN
: 14.fl Emax]Ge
’ i
10 1 10 10°

[ab]



r W3 SM prediction
i @20 5
03:;—|:|1 o / —'
0.2 -
111;— Belle-II projecﬁon—;
assuming best fit -
0%;1 al 1;l;l;lsqeqairi‘?1;J.LJ..J;EK.I:D.E
0 1 2 3
BR(B—X u*n )qu:

x10°

Wﬂwww
- @3 - Hurt, Mahmoudi, Neshatpour
f'_.! a

o
e
[]
-
Q

Agg(B—Xgu*
o
T

.
Ty —T—-—r-r"

-0.2

0.1 -0.

arXiv:1410.4545:

Apg(B=Xgu'w)

If NP then the effect of C, and C,' are large enough

to be checked at Belle II with theoretically clean modes

_n\ \
r A
-05- "

L \ \
\ \ A
r \ \ \
\
' \
—1.0’\”@|....|
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\ \
~
' ~
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-20 -15 -10 -05 00 05

NP
CQ

10 15

[see J.Virto's talk]
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Global analysis of b — s/ anomalies soe.L tofer . Matias. 4. viro)

Global analysis needed
@ deviations for same quark transition but different hadrons
@ eff Hamiltonian adapted for a global model-independent analysis
@ further tests of the computations by looking for inconsistencies

96 observables in total (LHCb for exclusive, no CP-violating obs)
B — K*up (P12, Py 5 8, FL In 5 large-recoil bins + 1 low-recoil bin)
Bs — oup (P1, Py g, FL In 3 large-recoil bins + 1 low-recoil bin)
Bt — Ktuu, B — K°uu (BR)
B — Xsv, B— Xspp, Bs — pp

(updated for the central values misiak et al. Huber et al., Bobeth et 1a])
® B— K*y (A; and Sk-.)

Version 2 of the analysis, essentially unchanged conclusions but

@ including final results from LHCb on B — K*//

@ correcting the dictionnary between LHCb and our kinematics
(change only for angular observables sensitive to NP phases)

[Grantrex, Hopler, Zwicky; Becirevic, Sumensari, Zukanovic-Funchal

5. Descofes-Genon (LPFOrsay) b — séf: QCD or BSM ? 124714 &




Global analysis of b->sl]l anomalies
|S.Descotes-Genon, Q.Matias, J.Virto]

T - ] e i onylagerecar ]
. ] = -1: -I'-| ] [ . . N Only bins within [1.6] 1

- []=rscL i I ; ; 71 Only:low recoil _
E' :'__j Inchides Low Rl data ™ 2'""'""'E'""""'E'"""EH"'Al'l‘"i"""""E""'"""

] Onby (1,5} Bins

—2F i -2.. -
[ L '--.-. ] [} [} 1

~0.15-0.10 —0.05 0.00 0.05 0.10 0.15 015 '—'ﬂ;.{n' '—'u;_ds' 0.00 'f:l_éné' 'n:':.%f]' EL
g o
(2013) (2016)

In global fits of the WC to the data, scenarios with a large negative Cy"
are preferred over the SM by typically more than 40



Consistency of different fits

Brancl:ﬂng Ratlos

| Anguier Cbservabes (P) |

s . e

s T IR === AR af IR RN R IR AL
[ o Bakm | I Only large recoll
[ L Bakyy ] [ i - L. Onlybins within [1,6] region ]
2t I O ey
: [ A : i T A

| R D DU DU D S .| S S U D U
3 -2 -1 0 1 2 3 3 -2 -1 0 1 2 3

[See ]J.Virto's talk]

o Good consistency between BRs and Angular observables
o Good consistency between different modes

- Good consistency between different q° regions



NP or hadronic effect ?

Possible explanations for shift in C,:
a potential new physics contribution Cy' enters amplitudes always with

a charm -loop contribution C{*'(q°)

= spoiling an unambiguous interpretation of the fit result in terms of NP

New physics

b

NP e.g. Z', leptoquarks

cc loop f—

hadronic charm loop contributions



NP or hadronic effect ?

Bin-by-bin fit of the one-parameter scenario with a single coefficient Cy"

[ W.Altmannshofer et al, [ S.Descotes-Genon et al,
arXiv:1503.06199] arXiv:1510.04239]
o L 0s
| 0.0}
-1 ‘ J
N = . o5
S l i R R - . T S
-2 10T
15 ___I" B R O D P
_3 i
| 20 | |
4 0 5 10 15 20
0 5 10 15 q° (GeV?)
q° [GeV?]

C," doesn't depend on q°,
C:°'(q°) expected to exhibit a non-trivial q° dependence

= definitely need more stat.



Lepton -flavour universality violation

QCD effect could not explain the tension in R, !!

S.Descotes-Genon et al, vy 00 0o ofer et al,

Hurt, Mahmoudi, Neshatpour arXiv:1510.04239 )
arXiv:1603.00865 T arXiv:1411.3161

L BAB-Ky) + BRE-Kee) witin 18] -1 i ] 2"""""""""""""i""'
[ oomts-e ot ' [
2r R R R A I
; 7% [
L ! : 1r
1 Yy A N7 [
2 § 3
D oo -:* L
I T o 1t ol
S i _
“w L L
= AL R
:
T A I E e S [
lepton universality : i : ] L

~1.0 -0.8 0.6 —0.4 —-0.2 0.0 02 0.4 et ; ; i oL | ]

6Co ﬂ/CSM -3 -2 -1 0 1 2 3 -25 -20 -15 -10 -05 00 05
ol Cy

Fit prefers an electron-phobic scenario with NP coupling topn" p~



@ We find new particles at the LHC [See J.Camalich's talk]
» Modelling their flavor structure should explain anomalies+new prediciions!

@ We do not find new particles but we confirm LUV
» Reading the shape with more sophisticated (angular) observables

* Take LUV ratios between angular cbservables in B — K™ £
» Bottom-up model-building: Path for discovery at LHC or beyond!

Q@ No new particles+No LUV

» More data needed to confirm or rule out g=-dependence of the effect
» Tackling theorefical errors systematically will require a theoretical breakthrough
» New ideas: e.g. B — £f (GrnstainaMC, Phy= Rev.Latt 118 (2018) no.14, 141801)

Only 2.60 deviation for Ry... Need more information: R -, R, ...

Sensitive probes of LUV and allow to distinguish between different

NP scenarios:
o ratio e/u of A, (B°»K'1'1° )[ 4 6)Gev: | W-Altmannshofer and D.Straub]

o <A(B°»K u'u)>/<A(B°»Ke'e )>at q° €[4, 6] GeV?,[15, 19] GeV?
| F.Mahmoudi et al]

o <Q,>=<P{>-<P/>... [Q.Matias et al]




©)

@)

©)

(@)

Conclusion

New Physics may manifest itself in B physics in many ways
Number of exciting tensions !!
Expect much more data, improved analyses

Look for new observables: CP-violation, time-dependence,
involving t, LFV observables...
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