B-physics anomalies: SM vs NP

Sébastien Descotes-Genon

Laboratoire de Physique Théorique
CNRS, Univ. Paris-Sud, Université Paris-Saclay 91405 Orsay, France

Rencontres de Physique de la Vallée d’Aoste,
March 8th 2017, La Thuile

_é%w

S. Descotes-Genon (LPT-Orsay) B-physics anomalies: SM vs NP La Thuile 2017, 8/3/17



B-physics anomalies
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Two current processes with anomalies

b — cli, b— s€+€—
SM tree (charged) ( loop ( neutral
Spin 0 f — DEW B— Kt
Spin 1 B — D*(p, B — K*tt, Bs — ¢tt
Observables Total Br dr/dg? + Angular obs
with {=T1u,e {=yp,e
. _ Br(B— D(*)rv) _ Br(B— Kupu)
fensions  Roe) = B b)) K~ Br(B s Kee)

Br (K,K*, ¢ + up)
angular obs (e.g., Ps)
Two transitions exhibiting interesting patterns of deviations from SM
hinting at Lepton Flavour Universality Violation
Here, focus on b — s¢¢
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Anomaliesin B — K/ (see also talk by S. Reicherf)
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Anomaliesin B — K/
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(see also talk by S. Reichert)
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@ g2 invariant mass of ¢/ pair

@ Br(B — Kuu) too low
compared to SM

Br(B—Kup) _
Br(B— Kee) [1,6] -

0.74575-0%9 + 0.036
@ equals to 1in SM (universality
of lepton coupling), 2.6 o dev
@ NP coupling # to i and e
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Anomalies in B — K*u,u (see also talk by K. De Bruyn)
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@ Optimised observables P; with reduced hadronic uncertainties
[Matias, Kriger, Becirevic, Schneider, Mescia, Virto, SDG, Ramon, Hurth; Hiller, Bobeth, Van Dyk...]

@ Measured at LHCb with 1 fo—! (2013) and 3 fb—' (2015)
@ Discrepancies for some (but not all) observables,
in particular two bins for P deviating from SM by 2.8 0 and 3.0 ¢
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Anomalies in B — K*jut (see aiso talk by K. De Bruyn)
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@ Optimised observables P; with reduced hadronic uncertainties
[Matias, Kriger, Becirevic, Schneider, Mescia, Virto, SDG, Ramon, Hurth; Hiller, Bobeth, Van Dyk...]
@ Measured at LHCb with 1 fo—1 (2013) and 3 fb~ (2015)
@ Discrepancies for some (but not all) observables,

in particular two bins for P deviating from SM by 2.8 0 and 3.0 ¢
@ ...confirmed by Belle in 2016
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Anomalies in B — K*u,u (see also talk by K. De Bruyn)
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@ Optimised observables P; with reduced hadronic uncertainties
[Matias, Kriger, Becirevic, Schneider, Mescia, Virto, SDG, Ramon, Hurth; Hiller, Bobeth, Van Dyk...]
@ Measured at LHCb with 1 fo—1 (2013) and 3 fb~ (2015)
@ Discrepancies for some (but not all) observables,

in particular two bins for P deviating from SM by 2.8 0 and 3.0 ¢

@ ...confirmed by Be

lle in 2016

@ Deviations in BR(B — K*uu) and BR(Bs — o)
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A global framework
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b — suu effective hamiltonian
b— sy(*) : HAp—1 Z Vis VinCiOj + ...

¢ to separate short and long distances (up = mp)
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b — suu effective hamiltonian
b— sy(*)  HAp—y < > VisVinCiOi + ...

o to separate short and long distances (i, = mp)

¢ %)

S. Descotes-Genon (LPT-Orsay) B-physics anomalies: SM vs NP La Thuile 2017, 8/3/17 7



b — suu effective hamiltonian
b— sy(")  HIAp—y < D VisVinCiOj + ...

N to separate short and long distances (1, = mp)
d KA§< ® O7= zMp8"(1+75)Fu b [real or soft photon]
w
[+
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b — suu effective hamiltonian
b— sy(*) : HAp_4 o< Y VisVipCiOj + ...
‘ to separate short and long distances (i, = mp)
@ 07 = 2mb S0"¥(1 +~5)Fu b [real or soft photon]

(}% M) @ Oy = 37“(1 — v5)b IyHL [b— spy via Z/hard . ... ]

¢ @ Op= Sw(1 — 5)b lytysl  [b — sup via Z]
.

O‘) 10,910

o8
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b — suu effective hamiltonian
b— sy(*) : HAp_4 o< Y VisVipCiOj + ...
‘ to separate short and long distances (i, = mp)
@ 07 = 2mb S0"¥(1 +~5)Fu b [real or soft photon]

(}% M) @ Oy = 2S%(1 — v5)b IyHL [b— spy via Z/hard . ... ]

v @ Op= Sw(1 —5)b ty* sl [b— spu via Z]

OJ 10,9/,10

<>§ m> =029, M =41, ) =-43
i (short dist) x Hadronic gties (long dist)
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b — suu effective hamiltonian
b— sy(*) : HAp_4 o< Y VisVipCiOj + ...

to separate short and long distances (up = my)

»+

e 07 = 2mb S0"¥(1 +~5)Fu b [real or soft photon]

(}% MI> @ Oy = 37“(1 — v5)b IyHL [b— spy via Z/hard . ... ]

v @ Op= Svu(1 —75)b tyt sl [b— sppu via Z]

OJ 10,9/,10 /
Oj M= _029, M =41, ) =-43
<>>§ M) i (short dist) x Hadronic gties (long dist)

NP changes short-distance C; for SM or involve additional operators O;

@ Chirally flipped (W — Wg) 07 = Oz x 80 (1 — ) b
@ (Pseudo)scalar (W — H™) Og, 019 — Og o< §(1 + v5)bll, Op
@ Tensor operators (y — T) Og — O o< 80, (1 — 75)b Loyl
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Global analysis of b — suu anomalies

[SDG, Hofer, Matias, Virto]
96 observables in total (LHCb for exclusive, no CP-violating obs)
@ B— K up (P12, P4/1,5,6,8’ F. in 5 large-recoil bins + 1 low-recoil bin)
@ Bs — oup (Py, Pft,ev F in 3 large-recoil bins + 1 low-recoil bin)
@ Bt — Ktuu, B® - K%uu (BR)
@ B — Xsv, B — Xspp, Bs — pp (BR), B — K*vy (A; and Sk-)
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Global analysis of b — suu anomalies

[SDG, Hofer, Matias, Virto]

96 observables in total (LHCb for exclusive, no CP-violating obs)

@ B— K up (P12, P4/1,5,6,8’ F. in 5 large-recoil bins + 1 low-recoil bin)

@ Bs — oup (Py, P"LG, F in 3 large-recoil bins + 1 low-recoil bin)

@ Bt — Ktuu, B® - K%uu (BR)

@ B — Xsv, B — Xspp, Bs — pp (BR), B — K*vy (A; and Sk-)
Various tools

@ inclusive: OPE

@ excl large-meson recoil: QCD fact, Soft-collinear effective theory
@ excl low-meson recoil: Heavy quark eff th, Quark-hadron duality
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Global analysis of b — suu anomalies

[SDG, Hofer, Matias, Virto]

96 observables in total (LHCb for exclusive, no CP-violating obs)
@ B— K up (P12, P¢/1,5,6,8’ F. in 5 large-recoil bins + 1 low-recoil bin)
@ Bs — oup (Py, P"LG, F in 3 large-recoil bins + 1 low-recoil bin)
@ Bt — Ktuu, B® - K%uu (BR)
@ B — Xsv, B — Xspp, Bs — pp (BR), B — K*vy (A; and Sk-)
Various tools
@ inclusive: OPE
@ excl large-meson recoil: QCD fact, Soft-collinear effective theory
@ excl low-meson recoil: Heavy quark eff th, Quark-hadron duality

Frequentist analysis
@ Ci(urer) = CPM 4 VP, with cNP assumed to be real (no CPV)
@ Experimental correlation matrix provided
@ Theoretical inputs (form factors. . .) with correlation matrix
computed treating all theo errors as Gaussian random variables
@ Hypotheses “NP in some C; only” to be compared with SM
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Some favoured scenarios
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@ NP in Cg only: p-value=48% (11% for SM), pullgy = 4.20
@ BRs and angular obs both favour C{* ~ —1 in all “good” scenarios
@ Results in agreement with [Altmanshoffer, Straub] and [Hurth, Mahmoudi, Neshatpour]
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Consistency: Three different analyses

1 Angular Gosenvables Py - 2
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[SDG, Hofer, Matias, Virto] [Altmanshoffer, Straub]
o — , @ Different observables (LHCb
o only or averages, P; or J)
T Q @ Different form factor inputs
2-0.2
2 @ Different treatments of
-06 hadronic corrections
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[Hurth, Mahmoudi, Neshatpour]

S. Descotes-Genon (LPT-Orsay)

@ Same pattern of NP scenarios
favoured (here, CYP, CI\P)
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Consistency: by channels, low versus large recail

3 aF
e B 5 Kup Only large recoil 1
T I BaKwm {Z2]1_ -Only bins within [1.6] region
2r # U By b 2r : 125 only low recoil
L [y o =0 Al
1/ ",/ Y i i N / '
< of \ B ooy %
-1p -1F
—2f —of
-3k i i i i -3h i i i i ‘
3 -2 -1 0 1 2 3 -2 -1 0 1 2 3
e’ e’
Split by decay channel Split by g? region

@ Different processes and different kinematic ranges

involving different theoretical tools

@ B — K*uu tighter than Bs — ¢upu, tighter than B — Kup

@ Large recoil driving the discussion, but [1,6] bins already providing
bulk of the effect, and low-recoil also in favour of CYF < 0

[Horgan et al., Bouchard et al., Altmannshofer and Straub]
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CgIP — CS’)\JGW Physics Cé\lon Perturbative 9

Anomalies can be a sign from many things
@ unlucky statistical fluctuations
Collect more data (more runs)
@ underestimated syst in the experimental analysis
Cross-checks from different experiments (LHCb vs Belle)
@ underestimated syst in the theoretical computation
Check and recheck the hypotheses
@ something really new. ..
Add more observables, and interpret

Since exclusive decays play an important role in global fits
necessary to cross-checks SM computations !
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Theoretical uncertainties for B — K*
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Kinematics of B — K*(— Kr)uu

Rich kinematics
@ differential decay rate in terms of 12
angular coeffs Ji(g?)
with ¢* = (pe+ + pe-)?
@ interferences between 8 transversity
amplitudes for B — K*(— K ) V*(— ()

[Ali, Hiller, Matias, Krtiger, Mescia, SDG, Virto, Hofer, Bobeth, van Dyck, Buras, Altmanshoffer, Straub, Bharucha,

Zwicky, Gratrex, Hopfer, Becirevic, Sumensari, Zukanovic-Funchal .. .]
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Kinematics of B — K*(— Km)up

Rich kinematics
@ differential decay rate in terms of 12
angular coeffs Ji(g?)
with ¢* = (pe+ + pe-)?
@ interferences between 8 transversity
amplitudes for B — K*(— K ) V*(— ()

[Ali, Hiller, Matias, Krtiger, Mescia, SDG, Virto, Hofer, Bobeth, van Dyck, Buras, Altmanshoffer, Straub, Bharucha,

Zwicky, Gratrex, Hopfer, Becirevic, Sumensari, Zukanovic-Funchal .. .]

@ Transversity amplitudes in terms of Wilson coefficients
and 7 form factors Ag 12, V, T123
@ EFT relations between form factors in limit mg — oo,
either when K* very soft or very energetic (low/large-recoil)

S. Descotes-Genon (LPT-Orsay) B-physics anomalies: SM vs NP La Thuile 2017, 8/3/17 14



Kinematics of B — K*(— Km)up

Rich kinematics
@ differential decay rate in terms of 12
angular coeffs Ji(g?)
with ¢* = (pe+ + pe-)?
@ interferences between 8 transversity
amplitudes for B — K*(— K ) V*(— ()

[Ali, Hiller, Matias, Krtiger, Mescia, SDG, Virto, Hofer, Bobeth, van Dyck, Buras, Altmanshoffer, Straub, Bharucha,

Zwicky, Gratrex, Hopfer, Becirevic, Sumensari, Zukanovic-Funchal .. .]

@ Transversity amplitudes in terms of Wilson coefficients
and 7 form factors Ag 12, V, T123
@ EFT relations between form factors in limit mg — oo,
either when K* very soft or very energetic (low/large-recoil)

@ Build ratios of J; where form factors cancel in these limits
@ Optimised observables P; with reduced hadronic uncertainties

[Matias, Kriiger, Becirevic, Schneider, Mescia, Virto, SDG, Ramon, Hurth; Hiller, Bobeth, Van Dyk]
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Low and large K* recails for B — K*upu

N
a

=

dB(B->K*up)/ds x 107(GeV’)

0.5 ;
L Large recoil
: Low recoi|l
o . N NS R R
[e] 5 10 15 20
s (GeV?)

@ Very large K*-recoil (4m? < g2 < 1 GeV?) ~ almost real
@ Large K*-recoil (g% < 9 GeV?) energetic K* (Ex- > Aacp)

Light-Cone Sum Rules, QCD factorisation, SCET
@ Charmonium region (¢g° = m? ,, between 9 and 14 GeV?)
@ Low K*-recoil (g% > 14 GeV?) soft K* (Ex~ ~ Aacp)

Lattice QCD, HQET
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Two sources of hadronic uncertainties

Gra

ABB— K'tt) = 7%
T

Vio Visl(Ay + To)Uey* ve + B gy s vy

o %@;@
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Two sources of hadronic uncertainties

Gra
V2r

s e o+

e e

Form factors (local)

A(B — K*t) = Vio Vis[(A + Tu)Uev* v + BLUgy s Vi)

@ Local contributions (more terms if NP in non-SM C;): form factors

2mpyq” - _
A, = - qbzq C7<V,\|SO’HVPF;b|B> +CQ<V/\|S’YHPLb|B>
BN = C10<V>\|§7HPLb|B> A K” heliCity
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Two sources of hadronic uncertainties

Gra
V2r

s e a

e e

Form factors (local) Charm loop (non-local)

A(B — K*t) = Vio Vis[(A + Tu)Uev* v + BLUgy s Vi)

@ Local contributions (more terms if NP in non-SM C;): form factors

A, _2mpq

C7( V|30, Prb|B) + Cs( V|57, PLb| B)
BH = C10<V)\|§7HPLb|B> A K” heliCity
@ Non-local contributions (charm loops): hadronic contribs.

T,, contributes like O7 o, but depends on g° and external states
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Form factors

@ low K* recoil: lattice, with correlations [Horgan, Liu, Meinel, Wingate]
@ large K* recoil: B-meson Light-Cone Sum Rule,

large error bars and no correlations [Khodjamirian, Mannel, Pivovarov, Wang]
@ all: fit K*-meson LCSR + lattice, small errors bars, correlations

[Bharucha, Straub, Zwicky]

1.0 7
20} /
0.8
15
06
5:0.4/ = 10}
02 05
0'(‘1 2 3 4 5 6 0.0
¢* (GeV?) 0 5 10 15
KMPW (LCSR, low g?) BSZ (fit LCSR + lattice)
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Form factors

@ low K* recoil: lattice, with correlations [Horgan, Liu, Meinel, Wingate]
@ large K* recoil: B-meson Light-Cone Sum Rule,

large error bars and no correlations [Khodjamirian, Mannel, Pivovarov, Wang]
@ all: fit K*-meson LCSR + lattice, small errors bars, correlations

[Bharucha, Straub, Zwicky]
1.0

7
20f /
'/

0.8

0.6

V(g
\%

1.0F
04

02 0.5F

0.0

1 2 3 4 5 6 00}
4* (GeV?) 0 5 10 15

KMPW (LCSR, low g?) BSZ (fit LCSR + lattice)

Reduce uncertainties and restore correlations
using EFT correlations arising in mp, — oo, €.g., at large K* recoil

mg mpg + Mg~ mg

&t Mg + M- 2E. ' "'T 2E..
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Form factors and power corrections

o+ o+ o

Ve

Form factors (local) Charm loop (non-local)
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Form factors and power corrections

Va s VA

e e

Form factors (local) Charm loop (non-local)

Uncertainties in form factors ? [Camalich, Jéiger;Matias, Virto, Hofer,Capdevilla,SDG]

@ EFT with limit mp, — oo useful to correlate form factors
but O(A/my) power corrections to this limit

@ Power corrs with large impact on optimised observables ?
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Form factors and power corrections

Va s VA

e e

Form factors (local) Charm loop (non-local)

Uncertainties in form factors ? [Camalich, Jager:Matias, Virto, Hofer,Capdevilla,SDG]
@ EFT with limit mp, — oo useful to correlate form factors
but O(A/my) power corrections to this limit
@ Power corrs with large impact on optimised observables ?
@ No, but accurate predictions require
@ appropriate def of soft form factors £, | in mp — oo limit (scheme)

@ correlations from heavy-quark symmetry among form factors
@ power corrections varied in agreement with info on form factors
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Form factors and power corrections

Va s VA

e e

Form factors (local) Charm loop (non-local)

Uncertainties in form factors ? [Camalich, Jager:Matias, Virto, Hofer,Capdevilla,SDG]
@ EFT with limit mp, — oo useful to correlate form factors
but O(A/my) power corrections to this limit
@ Power corrs with large impact on optimised observables ?
@ No, but accurate predictions require
@ appropriate def of soft form factors £, | in mp — oo limit (scheme)

@ correlations from heavy-quark symmetry among form factors
@ power corrections varied in agreement with info on form factors

@ [camalich, Jager] artefacts from ill-advised scheme/variation for pcs
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Charm-loop contribution

I a8 A

v e

Form factors (local) Charm loop (non-local)
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Charm-loop contribution

I 1 A

e e

Form factors (local) Charm loop (non-local)

Uncertainties from charm loops ? [Ciuchini, Fedele, Franco, Mishima, Paul, Silvestrini, Vali]

@ Effect well-known (loop process, charmonium resonances)
@ Yields g?- and hadron- dependent contrib with O7 o-like structures

e Contribution ACBK( from LCSR computation (chodjamirian et at ]
o Global fits use thls result as order of magn, or O(A/mj) estimates
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Charm-loop contribution

I e A

e e

Form factors (local) Charm loop (non-local)

Uncertainties from charm loops ? [Ciuchini, Fedele, Franco, Mishima, Paul, Silvestrini, Vali]

@ Effect well-known (loop process, charmonium resonances)
@ Yields g?- and hadron- dependent contrib with O7 o-like structures

e Contribution ACBK( from LCSR computation (chodjamirian et at ]
o Global fits use thls result as order of magn, or O(A/mj) estimates
@ Bayesian extraction from B — K™*uu performed by (ciuchini etal)
e g? dependence in agreement with ACBK( ) + constant cyr
@ no need for extra g2-dep. contribution (no missed hadronic contrib)
e actually not contradicting results of global fits, though less precise
[Matias, Virto,Hofer,Capdevilla,SDG; Hurth, Mahmoudi, Neshatpour]
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Cross-check: g?>-dependence of Cq

1.0F

Global Fit

q (GeV?)
[Matias, Virto,Hofer,SDG]

@ Fitto C)* from individual bins of b — suu data (NP only in Cg)

@ NP in Cg from short distances, g?-independent
@ Hadronic physics in Cg related to c¢ dynamics, (likely) g°-dependent

@ No indication of additional g?>-dependence missed by the fit
@ Can be checked for other NP scenarios
@ In agreement with similar findings in (atmanshofer, straub]
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Resonances from B — K¢ data (see aiso talk by K. De Bruyn)

300 7~ 0
O __fLHCDb 10
250F 1%
> ]
& 200F +?§: 1E
2 oo short-distance E -2r
N '
: 100 F background |
% 50F “r
%_ E L. [ . _ . L
S ™ 000 2000 3000 % 4 6
[MeV/CZ] Re(Cy
@ Csft = c5P-+sum of resonant Breit-Wigner (w, p°, ¢, charmonia)

o LHCb data driven fit to couplings and phases, as well as Cg, C1g
@ 4 equivalent sols, with tiny contrib from resonances below J/v

S. Descotes-Genon (LPT-Orsay)
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S. Descotes-Genon (LPT-Orsay)

Resonances from B — K¢ data (see aiso talk by K. De Bruyn)

~300
O FLHCb =R
;250_— B e
[¢D) 200: +da: 1 A
= tot: J
2 E ------- short-distance
N 150F —
N 0E T e
: 100 F background
g
'O g
-_5 0: e
%_50:..|....|....|..:.-.|...- ak
O 1000 2000 3000 4000 P T e
ec
mes [MeV/icy o
@ Csft = c5P-+sum of resonant Breit-Wigner (w, p°, ¢, charmonia)

o LHCb data driven fit to couplings and phases, as well as Cg, C1g
@ 4 equivalent sols, with tiny contrib from resonances below J/v
@ agrees with (tiny) ACSK (Co, C10) OK with global fits

[Khodjamirian et al.]
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S. Descotes-Genon (LPT-Orsay)

Resonances from B — K¢ data (see aiso talk by K. De Bruyn)

/-\300' L N | E"‘M
O FLHCb B o
;250_— B e
q) F —e— data —_
2! - total 4
2 OO: ------- short-distance
N 150 —
N 0F T e
: 100 :_ background
K
'O g
5 0: e
%_50:..|....|....|..:.-.|...' sk
O 1000 2000 3000 4000 3 e a4 o 1 2 s
e [MeV/c?
m, I [ c”
@ Csft = c5P-+sum of resonant Breit-Wigner (w, p°, ¢, charmonia)

o LHCb data driven fit to couplings and phases, as well as Cg, C1g
@ 4 equivalent sols, with tiny contrib from resonances below J/v
@ agrees with (tiny) ACSK (Co, C10) OK with global fits
@ similar data-driven estimate of resonance contrib for B — K* ?

[Khodjamirian et al.]
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Exploring
Lepton-Flavour Non-Universality
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Lepton-flavour (non) universality

@ Adding LHCb BR(B — Kee)

3 o ot om0 and large-recoil obs for
S B — K*ee
, Y Favours violation of LFU,
g compatible with no NP in
28 ol b — see
For favoured scenarios with
M NP in b — sy only, SM pull
o increases by ~ 0.5¢
(e.g., 4.7 o for Cgyy only)
T ) If NP violating LFU, new clean
oy observables by comparing
NP in C)P, CAP b— seeand b — suu !
B-physics anomalies: SM vs NP LaThuile 2017, 8/3/17 23



Additional observables: R’s

LHCb: already Ry, expecting other LFUV studies

[see also talk by S. Reichert]

in particular expecting R+ at low and large K* recoils

R«[1,6] | Rx[0.045,1.1] | Rx-[1.1,6] | Ru[1.1,6]

SM 1.00+£001 | 092+0.02 | 1.00+0.01 | 1.00%0.01

CcyP — 1 0.79+£0.01 | 0.90+005 | 0.87+0.08 | 0.84+0.02

e — e — 107 | 1004001 | 0874010 |0.78+0.14 | 0.74 +0.03

“fF‘ cm# =065 |067+001 | 0874007 | 0.74+0.03 | 0.69+ 0.01

Chy = —Cor, = —1.18 } 0.88+£0.01 | 0.87+0.10 | 0.75+0.12 | 0.71 £0.03
cmﬂ N, =0.38

@ Ry = BR(B — Mee)/BR(B — Mpuyu) clean probes of NP ier, schmatz)
@ Radiative QED corrections only a few percent, already included at

the experimental level

@ Predicted assuming NP only in b — suu
° Cg‘ C yields very low values of R'’s, other intermediate

S. Descotes-Genon (LPT-Orsay) B-physics anomalies: SM vs NP
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Additional observables: Q;, B;, M

[Capdevilla, Matias, Virto, SDG]
Expecting measurements of BR and angular coefficients for B — K*ee

@ Null SM tests (up to my effects): Q= P! — P?, B;= ‘}Z -1
@ angular coeffs Js and Jgs with only a linear dependence on Cg
M = (J5 — JE)(Jgs — Jos)/ (Josls — Jes i)

@ cancellation of hadronic contribs in Cg if NP in Cg ,, Only
e different sensitivity to NP scenarios compared to Ry

0.5, 0.5
[ 0.0} —=—
— —
-0.5| -0.5]
~=-1.0 ~=-1.0 D
S 3
-1.5 -1.5
-2.0! -2.0]
-2.5 -2.5
0 2 4 6 8 0 2 4 6 8
q*(GeV?) q*(GeV?)
NP __ NP _ NP _ ANP __ NP _
Cor =—1.1,CR" =0 Cor = CNy, = —0.65,CRF =0
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A first hint from Belle ?

T T 15 T
3 SM from DHMV/LQCD
1ol ++  All Modes 1ol 1
1 Electron Modes
I W Muon Modes
05 | y 05 — ]
= I —
e 00 5 00 E—
AW PR S &7
|
-05 -0.5
I—}g
——
-10f “LOT =3 sM from DHMV
[ NP Example
-15 . . . 15 . .
0 5 10 15 20 0 5 10 15 20

@ [GeV?/c?]

¢ [GeV?/c?)

Belle has compared b — see and b — suu in 2016
@ different systematics from LHCb
@ 2.6 o deviation for <Pg>’[f478] versus 1.3 o deviation for <Pg>f478]

@ Qs hinting at the same direction of NP in Cg7 ~ —1.1 (in red)
@ more data needed to determine if hint to be taken seriously

S. Descotes-Genon (LPT-Orsay)
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Additional observables: P; and P, at very low g2

At very low g2, Cg kinematically suppressed in P; and P»
=way of probing other Wilson coefficients

0.6l ——
)
0.4 Probes of other Wilson
coefficients
0.2
. . I @ P« C7() (not
& 001 N ' competitive with
£ B — Xsv)
—02l| 2
E NP 1 P2 — C7C10,C7/C10/
CoVP=0+SM) . .
—o4 (interesting for Cyq()
-06 L |
0 2 4 6 8

qA(Gev?)
[Becirevic, Schneider, Capdevilla, Hofer, Matias, SDG]
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NP inTerpreToTions (see also talks by A. Crivellin and A. Greljo)

No consistent global alternative from SM/long-dist. for b — s¢¢
@ hadronic effects (B — K*uu, Bs — ¢up at low and large recoils)
@ statistical fluctuation (Rk)
@ bad luck (Cg can accomodate all discrepancies by chance)
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NP inTerpreToTions (see also talks by A. Crivellin and A. Greljo)

No consistent global alternative from SM/long-dist. for b — s¢¢
@ hadronic effects (B — K*uu, Bs — ¢up at low and large recoils)
@ statistical fluctuation (Rk)
@ bad luck (Cg can accomodate all discrepancies by chance)

B The b [Ty b u*
z’ ] P L.
/af \ﬁ\ LQ
e Tl Tl n

NP models with new scale around TeV

@ Z' boson

@ Partial compositeness

@ Leptoquarks

@ NPin b — ccs

@ but susy (MSSM) not favoured . ..

[Buras, De Fazio, Girrbach, Blanke, Altmannshofer, Straub, Crivellin, D’Ambrosio,

Becirevic, Sumensari, Isidori, Greljo, Jager, Lenz...]
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Outlook

B physics anomalies

@ b — s¢™¢~ with many obs., more or less sensitive to hadronic unc.

@ Interesting deviations from SM expectations

@ Hints of violation of lepton flavour universality

@ Gilobal fit to b — s¢*¢~ supporting large deviation for Cg in
b— suu

@ Does not seem to favour hadronic explanations (power corrections
for form factors, charm loop contributions)

Where to go ?
@ Other LFU violating observables: Rk-, Q;. ..
@ Charm-loop for b — suu (estimates, data-driven info on
interferences, clean observables)
@ More determinations of form factors to control uncertainties
@ Model building to connect with other anomalies (like b — c/lvy)

A lot of (interesting) work on the way !
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A few recent global fits

[SDG, Hofer [Straub & [Hurth, Mahmoudi,
Matias, Virto] Altmannshofer] Neshatpour]
Statistical Frequentist Frequentist Frequentist
approach Ax? Ax? Ax? & xP
Data LHCb Averages LHCb
B —» K*up data  P;, Max likelihood S;, Max likelihood S;, Max [.& moments
Form B-meson LCSR [Bharucha, Straub, Zwicky] [Bharucha, Straub, Zwicky]
factors [Khodjamirian et al.] fit light-meson LCSR

+ lattice QCD

Theo approach soft and full ff

+ lattice QCD
full ff

soft and full ff

cc large recoil magnitude from

[Khodjamirian et al.]

polynomial param

polynomial param

CriD 1o [1.22,0.79] [-1.54,-0.53] [0.27,-0.13]
pullgy 42 o 370 420
“good see before P NP = —CP (ciF, i), (cXF, %
scenarios” (CYP, CdPY, (Co, COF

—@Good overall agreement for the results of the three fits

S. Descotes-Genon (LPT-Orsay)
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b — sup: 1D hypotheses

@ SM pull: x3(C; = 0) — x2,,, (metrology, how far best fit from SM ?)
@ p-value: Xfmn and Ny (goodness of fit, how good is best fit ?)

Coefficient 1o 3o Pullsyy  p-value (%)
SM - - - 11.0
o [—0.04,0.00] [-0.07,0.04] 1.0 12.0
cy® [-1.22,-0.79] [-1.60,-0.31] 4.2 48.0
oy [0.29,0.75] [-0.14,1.26] 2.3 19.0
cor [-0.01,0.04]  [-0.06,0.09] 0.6 11.0
cyf [0.09, 0.66] [-0.46,1.25] 1.3 13.0
ey [-0.38,-0.01] [-0.77,0.37] 1.0 12.0
e =l [-0.36,0.03] [-0.69,0.57] 0.9 12.0
o = -y [-0.79,-0.44] [-1.15,-0.13] 3.9 41.0
ey =C\y [-0.31,0.21] [-0.84,0.70] 0.2 11.0
cyF = —Cb [0.03,0.27] [-0.21,0.52] 1.2 13.0
e = - [-1.18,-0.76] [-1.53,-0.30] 4.3 51.0
G = —~Cio [-0.45,-0.45] [-0.12,-0.12] 3.8 40.0
:(”9?13::‘70&%13 [-0.34,-0.10] [-058,0.13] 1.9 16.0

S. Descotes-Genon (LPT-Orsay) B-physics anomalies: SM vs NP La Thuile 2017, 8/3/17 32



b — suu: 6D hypothesis

Letting all 6 Wilson coefficients vary (but only real)

Coefficient 1o 20 3o Preference
chP [-0.02,0.03] [-0.04,0.04] [-0.05,0.08] no pref
cyP [-1.4,-1.0] [-1.7,-0.7] [-22,-0.4] negative
iy [-0.0,0.9] [-0.3,1.3] [-0.5,2.0] positive
chP [-0.02,0.03] [-0.04,0.06] [-0.06,0.07] no pref
cyP [0.3,1.8] [-0.5,2.7] [-1.3,3.7] positive
e [-0.3,0.9] [-0.7,1.3] [-1.0,1.6] no pref

@ (g is consistent with SM only above 3¢
@ All others are consistent with zero at 10 except for Cgr at 2 o
@ Pullgy, for the 6D fit is 3.60

S. Descotes-Genon (LPT-Orsay) B-physics anomalies: SM vs NP La Thuile 2017, 8/3/17
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Sensitivity of observables to form factors

10 03
02
03
01
< 00 % 00
y o) ————
-10 ] —031
1 2 3 ] 5 § 1 2 3 4 5 §
q* (GeV?) q* (GeV?)

@ P; designed to have limited sensitivity to form factors
@ S; CP-averaged version of J;
253 Jic + Jic Js + Js
1—FL Fr+r r+r
lllustration for arbritrary NP point for two sets of LCSR form factors:

green (sal, zwicky] VEISUS gray [Khodjamirian et al.]
more or less easy to discriminate against yellow (SM prediction)
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Some favoured scenarios

= i:::\:"i::::mmm ) B8 gt esaraion ) From the flt
2} = ar - 2 - <o 1 NP NP
1f 1 m : ’ o Cg ,Cg/
N i s @ e
-1 : \ ’ * -1 o , o CSJP == Cg/ )
) L : 1 NP
A : - : Cig = City
_3 _3 : o ngp - Cg/ )
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3 NP _
ar ar Cio = C1 0
3 1 Branching Ratios B 3 1 _Branching Ratios. -
s S::gmaycmmmem . g:sgmayomwamem For mode|
_~ : : - builders
. ERUI S S = © ANP _ _ »NP
5 N Cox © natural if SU,(2)
! T - symmetry used
N : . - for all fermions
-3k : -3 -
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
o =i cf = ey
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Very large power corrections ? (1)

@ Scheme: choice of definition for the two soft form factors
(all equivalent for mg — o)

{€1.4} ={V, A1 + BA}, {T1, Ao}, . ..

@ Power corrections for the other form factors from dimensional
estimates or fit to available determinations (LCSR)

F(GP) = FR"(eL (@) + AF(qP) + ar + b f + .

@ For some schemes, large(r) uncertainties found for some
optimised observables [Camalich, Jager]
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Very large power corrections ? (1)

@ Scheme: choice of definition for the two soft form factors
(all equivalent for mg — o)

{€1.4} ={V, A1 + BA}, {T1, Ao}, . ..

@ Power corrections for the other form factors from dimensional
estimates or fit to available determinations (LCSR)

F(GP) = FR"(eL (@) + AF(qP) + ar + b f + .

@ For some schemes, large(r) uncertainties found for some
optimised observables [Camalich, Jager]

Observables are scheme independent, but
procedure to compute them can be either scheme dependent or not
a) Include all correlations among errors for power corr
more accurate, but hinges on detail of ff determination
) Assign 10% uncorrelated uncertainties for power corrs ar, bg
depends on scheme (setting ar = bg = 0 for two form factors)
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Very large power corrections ? (2)

Model Full LCSR
independent information

* AFTC =F x O(A/mp)
~ F x 10%

% correlations from
large-recoil sym.
— &1 |, AFTC uncorr.

S. Descotes-Genon (LI

* AFFC from fit to LCSR * AFPCfrom fit to LCSR

% correlations from % correlations from
large-recoil sym. LCSR
— &1 |, AFTC uncorr. — &1, AFPC corr.
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Very large power corrections ? (2)

Model
independent

<

Full LCSR
information

<«

* AFTC =F x O(A/mp)
~ F x 10%

% correlations from

»

* AFFC from fit to LCSR * AFPCfrom fit to LCSR

% correlations from

% correlations from

large-recoil sym. large-recoil sp)ém LCSR o
— &, AFFC uncorr, — &1, AF™ uncorr. — &1, AF™ corr.
@ [Bharucha, Straub, Zwicky] &S
Pi[4.0,6.0] scheme 1 scheme 2 example (correl provided)
—0.724+0.05 | —0.724+0.12 @ scheme indep. restored if
AFYC from fit to LCSR,
—0.72+0.03 | —0.72+0.03 with expected magnitude
—072+0.03 | —0.72+£0.03 4 sensitivity to scheme can
full BSZ —0.72+0.03 be understood analytically
errors only from pc with BSZ form factors @ no uncontrolled |arge

[Matias,Hofer,Capdevilla,SDG]

S. Descotes-Genon (LPT-Orsay)
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Scheme dependence of observables

Using the connection between full and soft form factors at large recoil,
keeping power corrections

2a, —2a 2 2ay, — 2
PL(6 GeV?) = Pg|oo(eeev2)<1 401852~ 24 57353 4 .0228% — 2N
3 &1 g
2 2
+ nonlocal terms) +0 (mK* 7 LZ’ iz) .
mg ' m3’ m3

2av+

P;(6 GeV?) = — 1.21 2br,
&1

+0.05
3

2 2
+ nonlocal terms + O ( &~ A—, q—z ;
L mg sz mg
@ scheme dependence of Pg not fully taken into account in (camaiicn.Jagen
@ allows to understand the scheme dependence of P;

@ Pg and Py with reduced unc. if £, defined from V (ay, = 0)
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Cross-checks: Form factors

I aans T T T L 3F
£ Full-Foim-Factr pprdach
[ Sot-Fom-Factor approach Angular Observables (S,)
o : b 2r : {7_J} Angular Observables (P;)
/,"a\\\ ] Ay
1 11 gt :
| N
@ \’ \\ @ \
2o oo \ )
T 0 5o I
-1 1 -1
-2 1 -2
-3 ul -3
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
e o
9 9

@ Soft form factor approach (nodgjamiranetaiy ff + EFT correls) vs full ff
(1atmannshofer, straub] With Bharucha etal] ff with correls and small errors)

@ Similar results using either P; or S; (if correlations of form factors
taken into account through soft ff approach)
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Cross-checks: Form factors and power corrs

3F r——m;‘ ) “ T T - 3P
[ Full-Fam-Factor appraach 1
G pprc 1 40% Power Corrections
[ Sot-Fom-Factor approach .
of . . . i of . . A1} 20% Power Corrections - ]
pad.

\

o [ o Power Corrections
h s i //\ N\ [ FitydPC-insensiive obs
p ) X
i ] ;
N i, | K e
%5 2o )
S o \}\\//,

-3 —‘2 —‘1 0 1 2 3 -3 —‘2 —‘1 0 1 2 3
c” c”

@ Soft form factor approach (nodgjamiranetaiy ff + EFT correls) vs full ff
(1atmannshofer, straub] With Bharucha etal] ff with correls and small errors)

@ Similar results using either P; or S; (if correlations of form factors
taken into account through soft ff approach)

@ Increasing power corrections weakens role of large recoil, but low
recoil enough to pull fit away from the SM
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Cross-checks: Charm-loop dependence

@ For each B — K*pupu transversity
BK(*),i BK(*),i BK(*),i
ACQ M= 5cg,p<(ert) I + Si(scg,n((m)plert

@ Ditto for Bs — ¢, with all 6 s;
independent

@ For B — Kpuu, cc estimated as
very small

* @ Increasing the range allowed for
I O s; makes low-recoil and B — Kpuu
3 .
e dominate more and more

@ Does not alter the pull, and does not explain a difference between
BR(B — Kee) and BR(B — K )
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Charm-loop effects: large recaill

@ Short-distance (hard gluons)

@ Cog—Co+ Y(q?) =Co+ 6C§§]§*)(q2), dependence on m,
@ higher-order short-distance QCD via QCDF/HQET

S. Descotes-Genon (LPT-Orsay) B-physics anomalies: SM vs NP
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Charm-loop effects: large recaill

@ Short-distance (hard gluons)
@ Cog—Co+ Y(q?) =Co+ 605’5(,(3 )(q2), dependence on m,
@ higher-order short-distance QCD via QCDF/HQET

@ Long-distance (soft gluons)
-] ACQBK(*)’I >0 (I = 0, H, J_) using LCSR [Khodjamirian, Mannel, Pivovarov, Wang]
e Computed for g% < 0 and small, then extrapolated through
dispersion relation reincluding J/+ (but many unknown parameters)

o For us, order of magnitude: ACEK"|,,py = 0Cats + 8Corry’

taking ACg""' = 6Cqqp " + 51 0Cq15 " with 5; = 0 + 1

5 5 . . . —

4 4 E

_ 3 3 2
3 e -
5 2 9o 2 -
1 1 -

0 0

-1 . i

2 4 6 8 2 4 6 8

¢ (GeV?) ¢ (GeV?)
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Charm-loop contribution to B — K*¢¢ (1)

@ cC contributions to 3 helicity amplitudes g 2.3 as g?-polynomial
@ params from Bayesian fit to data  (ciuchini, Fedele, Franco, Mishima, Paul, Silvestrini, Valli]

In units of Cg: Short-Dist, QCDF, fit, KMPW ACF

@ constrained fit: imposing SM + ACFK" nodamiianeray at g% < 1 GeV2
yields g?-dependent cc contribution, with “large” coefs for g*
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Charm-loop contribution to B — K*¢¢ (1)

@ cC contributions to 3 helicity amplitudes g 2.3 as g?-polynomial
@ params from Bayesian fit to data  (ciuchini, Fedele, Franco, Mishima, Paul, Silvestrini, Valli]

Ty

vs. Cg

2Cy3s

2C: vs. Cg

@

@

In units of Cg: Short-Dist, QCDF, fit, KMPW ACF

@ constrained fit: imposing SM + ACFK" nodamiianeray at g% < 1 GeV2
yields g?-dependent cc contribution, with “large” coefs for g*

@ unconstrained fit: polynomial agrees with ACZX™ + large cst C)P
identical for all 3 helicity amplitudes

S. Descotes-Genon (LPT-Orsay) B-physics anomalies: SM vs NP
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Charm-loop contribution to B — K*¢¢ (1)

@ cC contributions to 3 helicity amplitudes g 2.3 as g?-polynomial
@ params from Bayesian fit to data  (ciuchini, Fedele, Franco, Mishima, Paul, Silvestrini, Valli]

vs. Cg

2G5 vs. Cq
2Cy3s

—————— |
- o

q 7 @

In units of Cg: Short-Dist, QCDF, fit, KMPW ACF
@ constrained fit: imposing SM + ACFK" nodamiianeray at g% < 1 GeV2
yields g?-dependent cc contribution, with “large” coefs for g*
@ unconstrained fit: polynomial agrees with ACZX™ + large cst C)P

identical for all 3 helicity amplitudes
@ constrained fit forced at low g2, compensation skewing high g?
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Charm-loop contribution to B — K*¢/ (2)

Problem related to q4 contribution ?  [Ciuchini, Fedele, Franco, Mishima, Paul, Silvestrini, Valli]
@ indication of g? dependence due to hadronic, not NP ?
@ g* dependence already from C; x FF(g?)

Co

vs. Cg
vs. Cg

2C24,
2C28,
2C233 vs.

In units of Cg: Short-Dist, QCDF, fit, KMPW ACF<

@ Bayesian fit without g* need same C)¥ in all three helicities

@ Frequentist fits indicates no improvement by adding g* term, and
adding Cy better pull than 12 independent coefficients

[Capdevila, Hofer, Matias, SDG; Hurth, Mahmoudi, Neshatpour]
@ if cC, why same constant C}'* for all mesons and helicities, which

explanation for Ry, what causes deviations in low-recoil BRs ?
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Adding furher coefficients

Ay = A‘L’R(s-:O)+ﬁ(h(°>+ O h<2>>
: S @\°% "1GevE Y 1Gevt ? )’
Alg = Alasi=0)
N q q*
Vo {(hf)+h(_‘)))+1c 2(h$>+h(_‘>)+1GeV4(h<f>+h(f>)],
Atr = Alg(si=0)
N © 50 G 9 @ o
JWEO/Z (M=) 4 geve (e — )+ g (1 =120

@ s; = 0 means no estimate from long-distance cc estimate
@ n order of the polynomial added

. 2(n—1) 2(n) 2(-1)
@ Nested hypotheses: Pull from x_.. " — Xiin (Xmin ~ = SM)
n | 0 | 1 | 2 | 3
B — K*uu, C&NT =0 288 (0.80) | 1790 (350) | 008 (000) | 034 (0.10)
B— K*up, C4N =11 | 479  (130) | 973 (230) | 020 (000) | 039 (0.10)
b — see, N =0 155 (040) | 2140 (390) | 061  (0.10)
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b — clv,: Rp and Rp-

vy
N 05 E Isaé I;RLIIOQ 1Io1s<;2(20I12) T R
L ar, 2 2 _ N
a F Belle, PRDY2,072014(2015) A" = 1.0 contours 1 -
X ga5F LHCb, PRL115,111803(2015) === SM Predictions — W
o Belle, PRD94,072007(2016) R(D)=0.300(8) HPQCD (2015) ]
o Belle, arXiv:1608.06391 R(D)=0.299(11) FNAL/MILC (2015) ] b c
0.4 [ Average R(D*)=0.252(3) S. Fajfer et . (2012) =] j
°=E /Q 1B M@ M
0.25F - 3
r Summer 2016 -
E 1 1 =% ] *
0. PR PR PR P ( ( ) )
02 03 04 05 06 Br(B — D(*)rv

ro) Aoy = Br(B — D(*)¢i)

@ different identification techniques of the = for LHCb and B-factories
@ R(D) and R(D*) exceed SM predictions by 2.2 o and 3.4 o

@ p-value=8.3 x 105, difference with SM preds at 3.9¢ level

@ consistent with 15% enhancement for b — cro;

What is the basis for these predictions ?
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B — D¢y, branching ratio

dr(B — D m\? .
TE ) el (1- ) 15
1 m% 2M2 —‘2f2 3m£ M2 M2 f
~ 2 BlPI°fE(q )+78q( &+ M3)*15(a%)

@ p D-momentum in B-frame,

g2 = (ps — Pp)? lepton
invariant mass

LA [ e e e e e e

13f [© BaBar2010 3

| @ Two form factors f,(g?)

1 (vector) and fy(g?) (scalar)
R 1 NP extension requires one
oot 1 more form factor fr (tensor)

1 @ From lattice QCD, extrapolated
=" o over whole kinematic range

q2 [Gevz] [HPQCD, Fermilab/MILC collaboration]
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Charm-loop effects : resonances (1)
@ Low recoil: quark-hadron duality

@ Average “enough” resonances to equate quark and hadron levels
o Model estimate yield a few % for BR(B — K )  [Beylich, Buchalia, Feldmann]
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Charm-loop effects : resonances (1)

@ Low recoil: quark-hadron duality

@ Average “enough” resonances to equate quark and hadron levels
o Model estimate yield a few % for BR(B — K )  [Beylich, Buchalia, Feldmann]

w(28)

W(3770)

Bty Ky 1077 GeV !

a:
/7

W(4040)

Fac
W(4160)

torisation ——
LHCb ——

S. Descotes-Genon (LPT-Orsay)

@ Probably (?) effect of similar size for
B — K*uu (BR and angular obs.)

@ OPE corrections + NLO QCD
corrections + complex correction of
10% for each transversity amplitude

@ Difficulties to explain B — K¢
low-recoil spectrum using
o(ete~ — hadrons) and naive
factorisation [Lyon, Zwicky]
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Charm-loop effects : resonances (1)

@ Low recoil: quark-hadron duality

@ Average “enough” resonances to equate quark and hadron levels
o Model estimate yield a few % for BR(B — K )  [Beylich, Buchalia, Feldmann]

, wes) @ Probably (?) effect of similar size for
Factorisation ———
L v wengo)  PHCh —— B — K*uu (BR and angular obs.)

2 “’“”F"‘J @ OPE corrections + NLO QCD
corrections + complex correction of
10% for each transversity amplitude

LB~ Ky /1077 Gev !

a:
dy

@ Difficulties to explain B — K¢
low-recoil spectrum using
o(ete~ — hadrons) and naive
factorisation [Lyon, Zwicky]

@ Large recoil
e ¢° < 7-8 GeV? to limit the impact of J/« tail
o Still need to include the effect of cc loop
(tail of resonances + nonresonant)
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Charm-loop effects : resonances (2)

On the basis of a model for cc resonances for low-recoil B — Kuu
[zwicky and Lyon] Proposed very large cc contrib for large-recoil B — K* uu

Cstf = c$M 4 cP + nh(g?) and Co = CYP + 1/ h(q?)

where n + ' = —2.5 where conventional expectations are n =1,' =0

Py’ (scaled-FA)

qlcev?] rcev?)

@ P, and Pj could have more zeroes for 4 < g% < 9 GeV?

° Pé[e,s] would be above or equal to Pg[476], whereas global effects
(like CS‘P) predicts Pg[s’s] < Pg[4’6] in agreement with experiment

@ Not in agreement with LHCb findings for B — K¢/

@ Ry unexplained since it would affect identically ¢/ = e, u
B-physics anomalies: SM vs NP La Thuile 2017, 8/3/17
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B — D*¢p, branching ratio

dr(B — D*(p m\?
(dqzé) o | Vel? <1_q5> Gla®
2
mg 2 2 2y, 3M o
(14 52 ) e+ L2+ 1102 + S

@ H, describing B — D*(— D¢y, with D* helicity
@ Interferences in principle accessible via angular analyses (but v !)

@ Four form factors V, Ag 12 (vector and axial)
NP extension requires 3 more form factors T » 3 (tensor)
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B — D*¢p, branching ratio

2
dr(B = D*(i) ol M\,
— ag = | Vool 1—? lalq
2

m2 3m?
(1 + f) (Hi 2 + [H_[2 + [Hol?) + I

2
2q2 27C72‘Ht|

@ H, describing B — D*(— D¢y, with D* helicity
@ Interferences in principle accessible via angular analyses (but v !)

@ Four form factors V, Ag 12 (vector and axial)
NP extension requires 3 more form factors T » 3 (tensor)

@ No complete lattice determination, need other approaches !
e HQET: Form factors related in the limit mp, — oo,
providing ratios of form factors up to O(A/mg) corrections
@ Normalisation from Belle on B — D*/p, (¢ = e, )
assuming no NP for light leptons

[Fajfer, Kamenik, Nisandzic]
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b — cly,. effective Hamiltonian
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b — cly,. effective Hamiltonian

vy

- #ef to determine short-distance couplings
) O, and look for NP model-independently

4Gr _
W= —FZ Ve > (0P
<B>§ M) \/é B l=e,u,m ( ! LVZ)
x[Cy"PLb + gs.i0" (CPLb) + gsrio" (CPrb)]

[with P g = (1 F75)/2]
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b — cly,. effective Hamiltonian

17

- #ef to determine short-distance couplings
) O, and look for NP model-independently
O JAL c
4Gr _
Heff = Vb 14 “PLVg
B>§ %’(&0\3 M N é_z (& )
=6,1,T
x[Cy* P b + gsLio* (CPLb) + gsrid" (CPgrb)]
10F T T —— i
B-Drv & BoD*rv [with P g = (1¥15)/2]
0s[ 7z =N 1 @ Fitto Rp and Rp- leading to viable
T o explanation with scalar ops
= ool — S = @ However only few observables
E \ et measured (neutrino in final state)
-0 44 1 .
Rz @ Improving on B — D* form factors ?
[Fajfer, Kamenik, Nisandzic, Becirevic, Tayduganov,
~1.00 ) ) . i
-1.0 -05 0.0 05 Pokorski, Crivellin, Freytsis, Ligeti, Ruderman. . .]

Refgq 1 [GeV ]
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