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Goal of this talk

This talk is divided in three parts:

e What does the global fit on b — s¢/ tell us about Wilson coefficients?

@ Description of anomalies and tensions in semileptonic B decays.
@ Which Wilson coefficients/scenarios receive a dominant NP contribution?

e Anatomy of hadronic uncertainties.

e Theoretical description of B — K*uu at low-g2 in a nutshell.
@ Deconstructing attempts to try to explain only some anomaly showing where those arguments fail.

e Possible NP explanations and a glimpse into the future.
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Motivation

Analysis of FCNC in a model-independent approach, effective Hamiltonian:

10
b— sy(*) : HIM_, Z VisVinCiOj + . ..

i=1
o 07 = ﬁmb (EU“VPRb)FMV
® g = :&5(57,PLb) (Ty.0)

2

@ O = 1g7r2 (é’yuPLb) (E’yufy5€),

e SM Wilson coefficients up to NNLO + e.m. corrections at y,.r = 4.8 GeV | I:

CM = 029, cM = 4.1, C})' = 4.3
e NP changes short distance C; — C;™ = C}" and induces new operators: O} g o = O7.9,10 (PL < PR) ...
also scalars, pseudoescalar, tensor operators...

The way to obtain information on those Wilson coefficients is via a GLOBAL FIT to the relevant processes.
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DHMV’15 1510.04239 (updated with final LHCb data 1512.04442 )

Updated GLOBAL FIT 2016:
THE OBSERVABLES
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Rare b+ s processes

@ Inclusive

© B = Xey (BR) oo e
© B— Xol 0= (ABR/AG?) oo e, e, ct)

@ Exclusive leptonic

© Bs— 007 (BR) coooooooooooeee c')

@ Exclusive radiative/semileptonic

0 B— K*y (BR, S, Al) oo cY)

© B— KUT0= (0BR/CG?) oo e, e, cl)

e B — K*(*/~ (dBR/dq?, Optimized Angular Obs.) .. ¢\, c{’, c!)

e B; — ¢t+4~ (dBR/dqg?, Angular Observables) ............. e, e, cl)

Ap — AL~ (None so far)

@ etc.
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Optimized Basis of Angular Observables for B — K*uu

The optimized observables P come from the angular distribution By — K*(— K~z )I*1~ with the K*° on the
mass shell. It is described by s = g2 and three angles ¢,, ¢x and ¢

P
d r(Bd) 7‘]( 2 () Ok, () ZJ, 9@:9K7¢)

dg?dcos,dcostxd¢y 32r
‘-
0,: Angle of emission between K*°
SREN and .~ in di-lepton rest frame.
O Angle of emission between K*0
" : and K~ in di-meson rest frame.
¢: Angle between the two planes.

Non-optimal obs.: S; = (J; + J;)/(drl + dF)

q2: dilepton invariant mass square.

1 a*r 9 [3 .2 1 . 2
— =—|ZF Ok +F 29 -F 0x — F 29 20
[ dg2 dcos Ok dcos 6, d¢ 32w {4 TSI Ok L 60S K+(4 TSI Ok L C0S” fc) €0S 20,

1, . . . . . 1 . .
FrFL (ZP;l sin 20 sin 20, cos ¢ + P} sin 26 sin 0; cos ¢>> + 2P, F7sin® 6k cos 6, + 5PiFr sin? Ok sin? 6, cos 2¢

]
7 Ws

FrFL (P,’3 sin 20k sin 6;sin ¢ — 1Pg sin 20k sin 26, sin ¢>> — PsFrsin? 0, sin?6,sin2¢6| (1 — Fs) +
full

2
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Four regions in g2

0.5

Large recoil

Charmonia

LI R B B

0 P S T S T T R '
0] 5 10

s (GeV?)

very large K*-recoil (4m? < g? < 1 GeV?): v almost real.
large K*-recoilllow-q2: Ex- >> Agcp or 4m? < q? < 9 GeV?2: LCSR-FF

Four regions in g°:
charmonium region (g = mg/w, ...) betwen 9 < ¢? < 14 GeV?2.

low K*-recoil/large-q®: Ex- ~ Agcp or 14 < g? < (mg — mk-)?: LQCD-FF
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Brief flash on the anomalies

Why so much excitement in Flavour Physics? What changed in and after 20137

@ First measurement by LHCb of the basis of optimized observables with 1 fo—":

ol 4 ] 1.0F
ool g ] *+
@ 0.0 ‘T’* ] _. oof ]
—0.2}F q —0.5}F - q
—o0.af —— !- ] _1of — ]
5

o 10 15 20 o 5 10 15 20
q? (GeV?) 7 (GeV?)

= P, exhibited a 2.9 deviation in the bin [2,4.3] and P exhibits a 3.7¢ in the [4.3,8.7] bin.
@ In 2015 the so called anomaly in P} is confirmed with 3fb~" in 2 bins with 2.9 each:

N
ST

ol ———

o 5 10 15
q° (GeV?)

= P, will require a bit of patience (... a bit more data)
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Brief flash on the anomalies

-o-LHCb -m-BaBar -a—Belle

= LHCb 1

=
14,1
T
o

_ Br(Bt — Ktutu™)

Ry

e It deviates 2.60 from SM.
e Data on BR(Bt — K*pu*pu™) is below SM

- Br(Bt — Ktete)

.090
= 0.74513-9990.036

0.5 | . in all bins at large and low-recoil.

O:""""""""""" Also BR of neutral mode:
0 5 10 15 20
0P [GeVZcd]

107 x BR(B® — K°u*p~) Standard Model Experiment  Pull

[0.1,2] 0.62+£0.19 023+0.11 118

[2,4] 0.65+0.21  0.37+011 +1.2

[4, 6] 0.64+£022 035+0.10 +1.2

[6,8] 063+023 054+012 +0.4

[15,19] 091+£0.12 067+012 114
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Brief flash on the anomalies

Also BR(B — Vuu) exhibit a systematic deficit with respect to SM, particularly Bs — ¢pupu.

Joaquim Matias

107 x BR(B® — K*u*;~) Standard Model Experiment  Pull
[0.1,2] 130+£1.00 1.14+0.18 +0.2

[2,4.3] 0.85+059 0.69+0.12 +0.3
[4.3,8.68] 262+492 215+£031 +0.1

[16,19] 166+0.15 123+020 +1.7

107 x BR(B* — K**utu~) Standard Model Experiment  Pull
[0.1,2] 135+1.05 1.12+0.27 +0.2

2,4] 0.80+£055 1.12+£0.32 -05

(4, 6] 0.95+0.70 0.50+0.20 +0.6

[6, 8] 117+£092 066+022 +05

[15,19] 259+024 160+£032 +25

107 x BR(Bs — ¢p™p~)  Standard Model Experiment  Pull
[0.1,2] 1.81+036 1.11+0.16 +1.8

[2..5] 1.88+£0.32 077+0.14 +32

5.,8] 225+041 096+0.15 +29

[15,18.8] 2.20£0.17 1.62+020 +2.2
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Theory and experimental updates in 2016 fit

® BR(B — Xs7)

e New theory update: 55} = (3.36 +0.23) - 10~*  (Misiak et al 2015)
° shift in central value w.r.t 2006 — excellent agreement with WA

® BR(Bs — utu™)

@ New theory update (Bobeth et al 2013), New LHCb+CMS average (2014)
® BR(B — Xsut ™)

o New theory update (Huber et al 2015)
@ BR(B— Kutp™):

e LHCb 2014 + Lattice form factors at large g° (Bouchard et al 2013, 2015)

Bs) — (K*,¢)u" 1~ : BRs & Angular Observables
e LHCb 2015 + Lattice form factors at large g° (Horgan et al 2013)

® BR(B— Ke™e™)j ¢ (or Rk) and B — K*eTe™ at very low g?
e LHCb 2014, 2015
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Fit 2016: Statistical Approach

Frequentist approach:
X2(Ci) = [Oexp — On(Ci)]; [Cov™ Tk [Oexp — Oin(Ci)lx

@ Cov = Cov®P + Covi". We have Cov®® for the first time
@ Calculate Cov": correlated multigaussian scan over all nuisance parameters
@ Cov'" depends on C;: Must check this dependence

For the Fit:
@ Minimise x® — x2,,, = x2(C?)  (Best Fit Point = C?)

]
@ Confidence level regions: x2(C;) — X2, < AXon

Definition of Pullgy:

Pullg, tells you how much in a model defined by a set of free Wilson coefficients C; the value preferred
by data for these Wilson coefficients is in tension with CV.
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Result of the fit with 1D Wilson coefficient 2016 (e"e- mode not included)

This is the first analysis: - using the basis of optimized observables (B — K*uu and Bs — ¢pupu)
- using the full dataset of 3fb—":

Coefficient CNP = ¢; — ¢°M  Best fit 1o 30 Pullgy
ChP —~0.02 [-0.04,-0.00] [-0.07,0.08] 1.2
N -1.09 [-1.29,-0.87] [-1.67,-0.39] 45 =
cNF 0.56  [0.32,0.81] [-0.12,1.36] 25
CHP 0.02 [-0.01,0.04] [-0.06,0.09] 0.6
cyP 0.46  [0.18,0.74] [—0.36,1.31] 1.7
&y —0.25 [-0.44,-0.06] [-0.82,0.31] 1.3

cyP = cNF —0.22 [-0.40,-0.02] [-0.74,0.50] 1.1

cyt = —cly —0.68 [-0.85,-0.50] [-1.22,-0.18] 4.2 =

e = ¢y ~1.06 [-1.25,-0.86] [-1.60,—0.40] 4.8 (low recoil)
CEQ;Ni‘CJNgNP —0.69 [-0.89,—-0.51] [-1.37,—0.16] 4.1
= 9 = 10

el U3 o A S S T p——



Impact on the anomalies of a contribution from NP CF = —1.1

1.2

1.0 | | | 1 ‘ ‘ ‘ ‘ ‘ ‘
S 1.1} €23
0.5} 1 1.0t
N\
_ 0.9}
©  0.0f 1 o«
o
v = o8 :
—o-3) == o7
—1.00 = 1 0.6;
‘ ‘ : : 0.5
o) 5 10 15 O 1 2z 3 4 5 6 7
g’ (GeVv?) d?(GeVv?>)
3.5/ ‘ ‘
— 3.0 & NP
5 =Y 1 2013th+ exp, Cg" = —1.5
+=L > 57 O.5F
= <
T 2.0 - [
o 2.0F 1 -
e s E‘: 0.0F J
5 1.5 1 : T :
== [ T
S 1.0: —— 1 —o0.5
0.5. ‘ ‘ ‘
o 5 10 15 S = - = =
qZ(GeVv>) a® (Gev?

(1),(2) and (3) use 3 fo~! dataset and latest theory prediction for SM (gray) and NP (CJF = —1.1).
All anomalies and tensions gets solved or alleviated with C}'¥ ~ O(-1)
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Result of the fit with 2D Wilson coefficient constrained and unconstrained

Coefficient Best Fit Point Pullsy
(".cy") (-000,-1.07) 44 - =
(€™, C) (-1.08,0.33) 4.3 i _am
(e, ) (-1.09,0.02) 4.2 T (@R
(CN®, CNP) (—1.12,0.77) 4.5 T\
(CN?, CcNP) (-1.17,-0.35) 4.5 N
(CF = —chP, P = D) (—1.15,0.34) 4.7 no-Z -2
(e = 5T, NP = -\ (—1.06,0.06) 4.4 7
(cP =, chP = ) (—0.64,-0.21) 3.9 z o
(P = -, =) (-0.72,0.29) 3.8 no-Z'

e CF always play a dominant role

@ All 2D scenarios above 4o are quite indistinguishable. We have done a systematic work to check
what are the most relevant Wilson Coefficients to explain all deviations, by allowing progressively
different WC to get NP contributions and compare the pulls.
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Result of the fit fo the SIX Wilson coefficients free

Coefficient lo 20 3o

EuE [—0.02,0.03] [—0.04,0.04] [—0.05,0.08] @ no preference
cy" [—1.4, —1.0] 17, —0.4] (2.2, —0.4] @ negative
N [—0.0,0.9] [—0.3,1.3] [—0.5,2.0] @ positive

EF [—0.02, 0.03] [—0.04, 0.06] [—0.06,0.07] @ no preference
ils 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] @ ~ positive

@ (g is consistent with SM only above 3¢
@ All other are consistent with zero at 1o except for Cy (at 2 o).
@ The Pullgy, for the 6D fit is 3.60.
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(CHF, C8")

-0.15-0.10-0.05 0.00 0.05 0.10 0.15

NP
e

-0.05[ -

-0.10

-0.151-

(Cg: Cio)

NP
Clo

-0.15-0.

Joaquim Matias

.10-0

.05 0.00 0.05 0.10 0.15

NP
c;
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-0.15-0
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Impact of B — KeTe™
under hypothesis of maximal

Lepton Flavour Universal Violation
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1D-Coefficient Best fit 1o 30 Pullgy
CNP -1.11 [-1.31,-0.90] [-1.67,—-0.46] 4.5— 4.9
CP = _CNP —0.65 [-0.80,-0.50] [-1.13,-0.21] 4.2 4.6
CYP = —CN\P ~1.07 [-1.25,-0.86] [-1.60,-0.42] 4.9
CNP = —CNP = NP = NP 066 [-0.84,-050] [-1.25-020] 4.1 4.5
2D-Coefficient Best Fit Point Pullsy
@ The strong correlations among
(CNP, Ci) (—0.00,-1.10) 41 — 4.6 form factors of B — Ky and
(Cng7 C{\g’) (—1.06,0.33) 43— 4.8 B — Kee assuming no NP in
B — Kee enhances the NP
(C3", COF) (—1.16,0.02) 4.2 - 4.7 evidence in muons.
(Gs". Cy") (—1.15,0.64) 4.5—-4.9 @ Notice that we use all bins in
(CYF, ChlY (—1.23,-0.29) 45— 4.9 B — Kup while Ry is only [1,6].
(CYP = —CYP, CYF = C}F) (-1.18,0.38) 4.7 5.1 Al theoty correlations
CNP = —C)\P CNP = _CNP ~1.11,0.04 4.5 o N
( o 9NP I\?P NIIO ) ( ) @ Only scenarios explaining Ry get
(Cg™ = Cq™, Cyp = Cipr) (-0.64,-0.11) 3943 an extra enhancement of
(CYP = —CN\F, C)" = CNP) (—0.69,0.27) 3.8 4.2 +0.4-050

Joaquim Matias
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Fits considering Lepton Flavour (non-) Universality

3r e \ 7 3F 7
{7 BRB-Kuy) + BR(B-Kee) within [1,6] ) {7 BR(B-Kuy) + BR(B-Kee) within [1,6]
[] Allb>suuand bosee ) [] Alb-suuand b-see
2r = : L AR 2r S
& X
17 : 1r ]
“ g2
o o Q|
L 0 i 0
oo
zZo
[&}
-1r , —qr ]
_oh 1 _ot ]
o ]z sl R B S B ] <A R S B S B
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
NP NP NP
Coyu Cy, =-Cio,

e If NP-LFUV is assumed, NP may enter both b — see and b — suu decays with different values.

= For each scenario, we see that there is no clear indication of a NP contribution in the electron sector,
whereas one has clearly a non-vanishing contribution for the muon sector, with a deviation from the
Lepton Flavour Universality line.
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How much the fit results depend on the detaqils?

3 - - - - - T - - - q 3F
£33 Full-Form-Factor approach - [0 Full-Fom-Facior approach
1 [ Soft-Form-Factor approach i Angular Observables (S)
of of 1 2r {771 Angular Observables (P))
- IR
10 1r 4 N 1
()
T o 32 o \ e
S [&) Nger (&)
—1 —1f —1 =
-2 -2 -2
-3 -30 -3
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
cy® cy®? cyP

Figure: We show the 3 o regions allowed using form factors in BSZ’15 in the full form factor approach (long-dashed
blue) compared to our reference fit with the soft form factor approach (red, with 1,2,3 o contours).

@ The results of the fit using (IQCDF-KMPW) or (Full-FF-BSZ) and/or different set of observables are
perfectly consistent once all correlations are included. But the individual observables...

anomaly [4,6] bin | P{ error SIZE [pull] | Ss error SIZE [pull] |
Full-FF-BSZ (1503.05534) | 8.6%[270] |  12%[2.00] |
IQCDF-KMPW (1510.04239) | 10%[2.90] |  40%[1.20] |
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Theoretical description of B — K*uu

at low-g? in a nutshell:

systematic treatment of hadronic uncertainties
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Theoretical description of B — K*(*/~ @ low-g?

Improved-QCDF approach: QCDF+exploit symmetry relations at large-recoil (limit) among FF:

8 —V(q?) = Teble A (q?) = Ti(9?) = JET2(q?) = £L(E)
Mt Ag(q2) = eI Ag(2) — e Ay(q2) = T2 To(qP) — Ta(9?) = £)(E)

- Our approach is completed with 4 types of corrections. From a FF decomposition (example):
V(g?) = Tt g (2) + AVs(q?) + AVN(G?)

e AV (g?): Known Factorizable o breaking corrections at NLO from QCDF.
o AV(g?): Factorizable power corrections (using a systematic procedure for each FF, see later)

= |IQCDF is Transparent, valid for ANY FF parametrization (BZ, BSZ, KMPW,...).
Dominant correlations automatically implemented in a transparent way via SYMMETRIES.

= Construction of FFl observables Pi(/): at LO in 1/my, as and large-recoil limit (E; large):

Aﬁ_Roch A o<§L A ocfH

Joaquim Matias Universitat Autonoma de Barcelona Global analysis of b — s¢¢ anomalies



Theoretical description of B — K*(*/~ @ low-g?

QCDF provides a systematic framework to include «s (factorizable and non-factorizable) corrections.
Amplitude is represented by:
(00K | Hoge| B) = Cala+ ®g @ T, @ k- with a =L, |

@ Non-factorizable «¢ corrections:

Oy 016
= First class: spectator quark in the B meson
participates in the hard scattering: (73)
(a) (b)
= Second class: Matrix elements of four-quark
operators and the chromomagnetic dipole op.: (Ca) Os éﬁg@

%252;’! O1 6 O1 6

(¢) (d) (e)
BUT also we include a second type of power corrections:

@ Non-factorizable power corrections including charm-quark loops.

All four (non-)factorizable «s and power corrections are included in our predictions.
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Non-factorizable power corrections

@ Non-factorizable power corrections (amplitudes): subleading new unknown non-perturbative.
BEYOND SCET/QCDF at leading power in 1/my. Multiply each amplitude /i = 0, L, || with a complex
g?-dependent factor. 7,024 — (1 + r;(¢?)) 7,"ad with 7;0ad = 7j| R , entering (K*v*Hert| B).

@ Charm-loops: At large-recoil two type of contributions: ACFK"™ = 6Cy pe(rt) +8i0Cg mﬂn)pert

- Short distance (hard-gluons): 5098';m

@ LOincluded in Co — Co + Y(¢?)
@ higher-order corrections via QCDF/HQET.

- Long distance (soft-gluons): 6C§"§m pert

@ Only existing computation KMPW’10 using LCSR.
@ Partial computation yields ACEX™ > 0 (s; = 1) = enlarges the anomaly.
We obtain the LD from KMPW AND allow FOR ANY SIGN s; = 0 £ 1

— 5
P J ,
L2
T A : °
= 0 5, 2
<], —3 '§«_2 % 1
- G4 F A 0
2 | \
/ 2 4 6 8 10 12 - 2 4 6 8
~ ~ 7* (GeV?) & (GeV?)
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Brief Discussion on: Py and P, (driving the amibulance)

0.5¢

-0.51

-1.0t

0.0

Joaquim Matias

Universitat Autonoma de Barcelona

Pg was proposed for the first time in DMRV, JHEP 1301(2013)048

Re(A5AL -~ AfAT) Y Re[non! |
\/lf‘\olz(lf‘\ﬂ2 +|A?) \/Inolz(lfulz + [ny[2)

with no = (Ag, Ag*), ni = (A7, —AT) and nj = (A7,

Py =2

Rx
A)

@ If no-RHC |n, | ~ |ny| (Hy1 = 0) = P} o cos b 1 (92)
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Brief Discussion on: Py and P, (driving the amibulance)

0.5¢

-0.51

-1.0t

0.0
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Pg was proposed for the first time in DMRV, JHEP 1301(2013)048

Re(A5AL -~ AfAT) Y Re[non! |
\/lf‘\olz(lf‘\ﬂ2 +|A?) \/Inolz(lfulz + [ny[2)

with no = (Ag, Ag*), ni = (A7, —AT) and nj = (A7,

Py =2

Rx
A)

@ If no-RHC |n, | ~ |ny| (Hy1 = 0) = P} o cos b 1 (92)
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Brief Discussion on: Py and P, (driving the amibulance)

E Pg was proposed for the first time in DMRV, JHEP 1301(2013)048
0.51
o i 7 PL_ 3 Re(AjAT AFAT) _ 5 Relnoni] '
§ 1 VIARIALR+IAR)  \/Ino(InL [+ [y [2)
o My ~
- S with g = (A5, AR, nu = (AL, —AT) and ) = (AL, AP)
-1.0t . . 3
0 5 10 15 @ If no-RHC |n, | ~ |ny| (Hy1 = 0) = P} o cos b 1 (92)
7° GeV?) '

In the large-recoil limit with no RHC

AL (1,1)[(}6“ Ceff]&(EK*) Al (1, 1){ceff Ceff] €1 (Ex)
As —[CEH C1o+2mbC§ff]€||(EK*) A o — [Ceff+c1o+2ﬁ7b05ff]§(EK*)

® InSMcgM +ciy ~0 — |AF | < |A |
@ In P: If C)'P < 0 then Ag” 1, |Aff] +and |AS i AL | and due to —, |PL| gets strongly reduced.
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Brief Discussion on: P; and P,

af ‘ ‘ ‘ ] P} was proposed for the first time in DMRV, JHEP 1301(2013)048
sl

2 ] P, =2

e+ —— VIoRIALE+ 14 fInoP(In. P + )
o é | with np = (A5, AF¥), np = (AL, ~Af) and | = (AL, Af)

(K

Re(AGAf* + AFAM) /3 Re[nonf]

-

’ T e @ If no-RHC || = |ny| (Hy1 = 0) = P} ox cos b (97)
q° (GeV?) ’

In the large-recoil limit with no RHC

2m My

2m
Ay x (1[G Crot 26 eulEe) AT x ()" socs| e (i)

A5 x {ceff Cio +2mbc;—ff] §(Ex-) AR —[ceff + Co +2ﬁ7bC§ff]§(EK*)

® InSMCSM + Ci ~0 — AT | < |AL |
o In Py :If G < 0then A, 1, |AT| T and |Aj, | |, A} | dueto + what L loses R gains (little change).
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Are the hadronic uncertainties correctly estimated?

Pedagogical deconstruction of wrong arguments

Discussion of wrong arguments from 3 papers: Lyon-Zwicky, arXiv: 1406.0566 (LZ’14)
Jaeger-Camalich, arXiv: 1412.3183 (JC’14)
Ciuchini-Silvestrini-Valli et al. arXiv: 1512.07157 (CFFMPSV’15)
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Wrong argument 1: Factorizable Power Corrections AF" are huge?

What are Factorizable power corrections and how they emerge?

Appear when expressing the full form factor in a soft form factor piece + corrections:

o q2 q4
FU(q?) = F"(¢L1(0P) + AF*(¢°) + AF! AF" = aF + br—5 +CF 7
B B
How one can obtain power corrections?
(DHMV’14)

AFM is obtained from a fit in g?/m?2 = central values ar, bg, C.

Errors are taken uncorrelated to be O(A/mj) x FF ~ 0.1FF.
Why? to minimize sensitivity/dependence on FF computational detalils.

a" b e r(0GeV?) r(4GeV?) r(8GeV?)
A;(KMPW) | —0.01 £0.03 —0.06+0.02 0.16 + 0.02 5% 6% 5%
A1(BZ) —~0.01+0.03 0044002 0.08+0.02 3% 1% 3%

r = (ar + brq?/m3 + ceq*/mp)/FF(Q?) is the percentage of p.c. found to be < 10%

— Later on JC’14 followed same strategy
and considered also uncorrelated errors but central values were set to zero.
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What do they missed in JC14?

In JC’14: It is wrongly assumed that their prediction of an observable like Py is scheme independent.

Scheme choice here means the way ¢, | are fixed to all orders in terms of full FF. Example:

M) (q2) — mg 2y (1)/g2) — M8+ Mk~ 2, Mg — M- 2
§(@%) = ———— V@) §7(@%) = —5g—A(a’) e A2(q°), (Benekeetal. 05)
or
m *
£2(q?) = T1(q?), gﬁz)(qz) = ?KAo(qz). (old Beneke etal. 01)

BUT THE CORRECT STATEMENT IS: The prediction of an observable like P; is scheme
independent if all correlations are included!!! ... unfortunately JC’14 does not include them!!.
lllustrative example (using for instance BSZ):

(P§>[476] error of f.f.+p.c. scheme-1 | error of f.f.+p.c. scheme-2
in transversity basis in helicity basis

DHMV’14 JC’14

NO correlations among errors of p.c. (hyp. 10%) +0.05 +0.12
WITH correlations among errors of p.c. +0.03 +0.03

FULL FF scheme indep. | £0.03

Conclusions:

o If power corrections are taken uncorrelated to reduce the sensitivity to details of FF computation, which
is fine,not any arbritary scheme choice is appropriate.

A bad scheme’s choice like in JC’14 inflated artificially the errors x 4 in the example
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Wrong argument 2: A huge charm-loop or unknown non-factorizable p.c?

Two attempts:

Attempt 1 (Lyon, Zwicky’14 unpublished):
@ Using eTe~ — hadrons to build a model of cc resonances at low-recoil in B — K.
Conceptual problem: extrapolate result at large-recoil and assume it holds the same for
B — K*upu.
— Interesting observation: Phase of helicity amplitudes e/®//v«* from dy/wi+ =~ 0 (KMPW) to
— we introduce s;.

Attempt 2 (Ciuchini, Fedele, Franco, Mishima, Paul, Silvestrini, Valli’'15 -CFFMPSV):
@ Introduce a fully arbitrary parametrization for non-factorizable power correction:

Hy — Hy + hy where hy = KO + i{Vg? + i®g*  and A — P p) - )P

with (A =0, £) (copied from JC'14).
Fundamental problems: complete lack of theory input/output = no predictivity with 18 free
parameters (any shape). Specific problems...

Co — CSM ~ constant+KMPW similar to us!!. So what is this constant C}* or h{")?

(CAUTION: They only considered one part of the data B — K*uu at large-recoil)

Joaquim Matias Universitat Autonoma de Barcelona Global analysis of b — s¢¢ anomalies



1. BOTH LZ’14 and CFFMPSV’15 share some problem, they exhibit the same uptrend behaviour:

Predict (Ps) o
Lyon-Zwicky’14
Ps' (scaled-FA)

to be above (F;)

Ciuchini-Silvestrini-Valli et al’15

05F

00

Different hypothesis (colors RBG)

(4.6]

but data favours the opposite (more significance needed)

1.0

0.5}

Data (blue) and DHMV (red).

From Table 6 of predictions’

. Prediction from CFFMPSV -
. SM from DHMV 055 i
- - o 00f
gl o ML —
- i!
‘ ‘ ‘ ‘ L] -1.0t ‘ ‘ ‘
0 2 4 6 8 0 5 10 15
qA(GeV?) ¢ (GeV?)

Descending trend of data.

2. If the answer would be unknown h&i) you cannot explain many data, while CQP = —1.1 can:
@ nor Rk (solved with CL¥ — —1.1) neither any future LFVU observable like Rk~ due to charm universality.

@ any tiny tension in the low-recoil region of B® — K*%upu (1.7 — 0.30), B* — K*tpuu (2.5 — 1.20),
Bs — oup (2.3 — 0.50) cannot be explained.

@ Also the old bin [2,4.3] of P, of 2013 is difficult to explain by charm.

Joaquim Matias
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Cross check: Bin by Bin analysis of Cg in three scenarios

\P
9

oy =0y

-0

o 5 10 15

g? (GeV?)
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= =k g

I — ______j ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
o 5 10 15 20

g? (GeV?)

‘ | o —

le L T ) - L i
o 5 10 15 20

Result of bin-by-bin analysis of Cg in 3
scenarios.

@ Notice the excellent agreement
of bins [2,5], [4,6], [5,8].
Strong argument in favour of including
the [5,8] region-bin.

@ First bin is afflicted by lepton-mass
effects. (see Back-up slides)

@ We do not find indication for a
g*-dependence in Cy neither in the
plots nor in a 6D fit adding &' + b's
to CSff for i = K*, K, ¢.

— disfavours again charm explanation.

@ 2nd and 3rd plots test if you allow for NP
in other WC the agreement of Cg bin by
bin improves as compared to 1st plot.
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Specific problems of CFFMPSV' 15

Contradictory statements:
3. ”"No deviation is present once all the theoretical uncertainties are taken into account’.

= Indeed they have a (2.70) deviation in Sy, a fully SM-like observable for us
(us and also BSZ find good agreement with SM in all bins! See table from DHMV’15)

- m SMI@HEPIﬁf, full fit ], SB-K* ) Standard Model Experiment Pul
¥ LHCb 2015

0,099 008£005  -008£007 -00
. .L [11,25] 001003 008011 -08

03” 0.0 L
T H 25,4 014007 034014 08
! i 44 DISE008  00+000 03
8 f X 0204007 030£007 08
N 15,19 004000 084004 405
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4. Symmetries transformations of A, | o led to a consistency relation: [Serra-Matias’14]

1 1
Py = 5 [Png + 02+ 5\/(_1 + Py + P2)(—1— Py + B2P2) + 6y P; — (P)) (A)

where ¢, and &, are function of product of tiny Py, Pg, Ps.

This must hold independently of any crazy non-factorizable, factorizable, or New Physics (with no weak
phases PEP = 0 or new scalars) that is included inside the Hy (or A, o)

Example: = Using theory predictions (DHMV’15) for bin [4,6] one has:
(Py)=0.03 (P,)=+0.82 (P,)=-082 (Py)= 018

consistency relation = (P,)"® = —0.17 (A = 0.01 from binning). Perfect agreement. If Apz = f(F, S))

CFFMPSVyregistions CFFMPS Vi 1t SM-BSZ (5 = 0) SM-DHMV
4.6 (Ars)™ —0.14 1+ 0.04 ~0.16 +0.03 +0.11 £0.05 +0.05 +0.19
1 (Am) 1005+:004=345 +004+003=470 +0.12+0.04= 025 +0.08+0.11= 010
6.6 (Ars)™® —0.27 +0.08 ~0.15+0.05 — +0.17 +£0.18
1 (Am)  +012+£0.08 =340 +0.13+0.03 = 4.80 —— +0.21+0.21 = 010

They are now recomputing all their tables of predictions for the observables ...
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Possible New Physics explanations?

Let’s start with what it cannot be....

First estimates of different models shows:
= difficulties to generate a large negative contribution to Cg

@ Minimal Supersymmetric Model cannot generate a large NEGATIVE C}*:

e Z-penguins: small vector coupling to charged leptons o 1 — 455, ~ 0.1

@ Photon-penguins:

@ Charged Higgs: suppressed by tang but even for tang ~ 1 (for m,f > 100 GeV) is too small.
@ Higgsino and gaugino loops: any large contribution is in tension with direct searches.

@ Box-diagrams induced also from charged Higgs, Higgsino, and gaugino loops. All contributions are
negligible due to muon Yukawa couplings or in tension with direct searches.
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Possible New Physics explanations?

Let’s start with what it cannot be....

First estimates of different models shows:
= difficulties to generate a large negative contribution to Cg

@ Minimal Supersymmetric Model cannot generate a large NEGATIVE C}*:

e Z-penguins: small vector coupling to charged leptons « 1 — 4s2, ~ 0.1

@ Photon-penguins:

@ Charged Higgs: suppressed by tang but even for tang ~ 1 (for m,f > 100 GeV) is too small.
@ Higgsino and gaugino loops: any large contribution is in tension with direct searches.

@ Box-diagrams induced also from charged Higgs, Higgsino, and gaugino loops. All contributions are
negligible due to muon Yukawa couplings or in tension with direct searches.

On the contrary a Z’ in the range 1-3 TeV (depending on its couplings) could explain it...
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Z' parficle a possible explanation?

In [DMV’13] we proposed to explain the anomaly in B — K*uu with a Z’ gauge boson contributing to
Og = €°/(167%) (37, PLb)(I"4),

with specific couplings as a possible explanation of the anomaly in Px.

ONNENGS

L9 = (E%PLbAfb + 87, PRbAY + h.c.) Z" L = (fiy, PLUAL"" + firy, PRUARM + ...) 2"

Using the notation of Buras’12,13

The Wilson coefficients of the semileptonic operators are:

NP 1 1 AfbAf{L\;/L.A} NP 1 1 qubA?\lf_A}
{9,10} SzvvggM M%, )\[S ) {9/710’} SZVVQE.M M%, )\ts )

with the vector and axial couplings to muons: Al/, = AZF+A.

Afb with same phase as A\t = Vi Vi (to avoid ¢s) like in MFV. Main constraint from AMp, (Aff’R).
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A Z' model can belong to the following categories:

no-coupling non-zero couplings  Pullsy
Coy no-right-handed quark & no-muon-axial coupling AP £0, A #£0 490
(Co, C10) no-right-handed quark coupling ~ A$? £ 0, AV¥ #£0, A £0  4.80
(Cq, Cy) no-muon-axial coupling A$? #£0, A® #£0,, Al £#0 490
(C10, Cjp) no-muon-vector coupling ~ A$? £ 0, AP £ 0, ALF #£0
(Cq, Clp) no-left-handed quark coupling  A$ £ 0, AV £ 0, ALF £0

Example: C)F = —1.1, Al}'/M, = —0.6 TeV~" and AP /M, = 0.003 TeV~!

@ If NP enters all four semileptonic coefficients, the following relationships hold:

NP NP g NP (NP sb
Co _Cy _ Ay Co _Cio _ AL

NP ~ NP AFE NP ~ ONP ~ Asb”
Cio  Cio  Da Coo  Go DO

Many ongoing attempts to embed this kind of Z’ inside a model [U.Haisch, W.Altmannshofer, A.Buras, D. Straub,..]

Also leptoquarks are another option...
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The future is bright.... the following 9 months

can bring important news...
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New Universal LFV observables

Besides adding more statistics in

R — Br(B — Kutp™)
K~ Br(B— Kete)

Several new universal lepton flavour may be coming soon:

g, _ Br(B— K'uu™) _ Br(Bs = ¢utpu7)
K~ Br(B— K*ete) ®~ Br(Bs — pete)

Even more interesting is a promising new family of observables that we will present in few weeks....
stay tuned.

Notice that none of the previous measurements if different from 1 can be explained by charm and that
significances can go in the range 5-60 with these new observables...

And CMS and ATLAS announced in 2015 their analysis of B — K*uu (Pg) to be released soon...
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Prediction for LFU tests observables

| R1.6] Ri-[1.1,6] Ry[1.1,6]

SM \ 1.00 + 0.01 1.00 +0.01 [1.00 4 0.01] 1.00 £ 0.01

P =—-1.11 \ 0.79 4+ 0.01 0.87 4 0.08 [0.84 + 0.02] 0.84 4+ 0.02

o = —cgil’ =—1.09 \ 1.00 & 0.01 0.79 £0.14 [0.74 & 0.04] 0.74 +£0.03

" = = -0.69 \ 0.67 +0.01 0.71 4 0.03 [0.69 + 0.01] 0.69 + 0.01

CYP = —1.15,¢)" = 0.77 \ 0.91 4+ 0.01 0.80 4 0.12 [0.76 + 0.03] 0.76 +0.03

3" = —1.16,C38 =0.35 \ 0.71 +0.01 0.78 +0.07 [0.75 + 0.02] 0.76 +0.01

CyF = —1.23,C = —0.38 \ 0.87 4+ 0.01 0.79 4+ 0.11 [0.75 + 0.02] 0.76 +0.02

P = = -1.17,¢F = = 0.26 0.88 4 0.01 0.76 +0.12 [0.71 £ 0.04 0.71+0.03
9 0

Table: Predictions for Rk, Rk~, R, at the best fit point of different scenarios of interest, assuming that NP enters
only in the muon sector, and using the inputs of our reference fit, in particular the KMPW form factors for B — K
and B — K*, and BSZ for Bs — ¢. In brackets the predictions using the form factors in BSZ.

The relative ordering once measured may help in disentangling some scenarios
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Next step: looking at Cig

Having established with high significance a New Physics contribution to C)'* what about C}f'?
Bs,,,, is an excellent observable to measure Cyg — Cf, but this can be nicely complemented:

From large-recoil expression:

P, = /1[ {Cws (20?”mbm3 + Re [cgff} s) — Clys (20§mbm5 + cgeffs)}
where
N= +4 (C?ff2 + C§eff2> mZm?
+4(Cs"Re |C§"| + CrCg™) mymps + (ICS"2 + C3 + Cg™2 + Cf3) &
In CDHMV’16 we point that P in the first bin [0.1,0.98] exhibits unique properties:
@ Large sensitivity to C)\” and extra shielding against Cq in a very safe region.

@ Sensitivity to any unknown non-factorizable p.c. hidden in CSf is strongly g>-suppressed.

A C)¥f > 0 improves agreement between data and SM

Subtilities related to lepton masses have to be considered!
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Conclusions

@ The global analysis of b — s¢™¢~ with 3 fo~' dataset shows that the solution we proposed in 2013
to solve the anomaly with a contribution C}'" ~ —1 is confirmed and reinforced.

@ The fit result is very robust and does not show a significant dependence nor on the theory
approach used neither on the observables used once correlations are taken into account.
= |IQCDF and FULL-FF are nicely complementary methods.

@ We have shown that the treatment of uncertainties entering the observables in B — K*uu is
indeed under excellent control and the alternative explanations to New Physics are indeed
not in very solid ground. We have proven (redressing the reassessing...) :

e Factorizable p.c.: While using power corrections with uncorrelated errors is perfectly fine we have
shown that an inadequate scheme’s choice (JC’14) inflates artificially errors.

@ Charm-loops: They all predict bin [6,8] above [4,6] against data. They cannot explain LFVU. Also
fundamental consistency problems detected.

@ Near future?
We pointed out an observable particularly clean in this respect.
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In memory of my father

Thank you
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Back-up slides
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Fits to magnetic operators O; — O at very low g?

L I T T T L T
0.3F 1 Bokeeatveryiowq? :» =0\ 0.3F [ Bokeeatveryiowq? :, e =11 ]
r J:Ijjgjpp§§ryables : r Dbj§jp?§eryables :
Hor7 s K68 Combint ] Hor b K" 58 Combing
0.2f L__, bosyandB Keecombjzeciﬁ\ i O.Zf L__1 b-osyandB Keecomblﬁd&‘ i
t Il b— d b-sll | \ T F Il'b— d b-sll | \
- andbdl e\ T | L dtbosyandbosh =)
P~ R u 01Ff A N
. ‘\ . ‘
i)  — %5 0o ==y (—— ]
. —
ot 1 -0 1
\ - _0-2, \ -
\ [ hN \
[ i \ N [ A N ~
-0.31 : \ S -0.3¢ : > /A
- | q - | .y
- Il - L L - L T L - L Il - - L o E L - L L - L L Il L L Il - Il L
-0.2 -0.1 0.0 0.1 0.2 -0.2 -0.1 0.0 0.1 0.2
NP NP
G &

Figure: Separate fits to b — sy (blue) and b — see observables at very low g° (green). The combined fit to both
sets of data is shown with dashed contours (1,2,3 o regions). The result of the global fit to all b — sv, b — st¢ data
is shown by the red contours (1,2,3 o regions). It is assumed that all the other Wilson coefficients have their SM
values, except for the plot on the right, where CS’,V:’ =-1.1.
Universitat Autonoma de Barcelona
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Specific problems of CFFMPSV' 15

P g _ ACgonpert./(zc1)

L T —— , _
| - ?Jg::prf:":;i?:ffrq e @ They forcezthg fit (red pomtg) to agree on the
4 T SM@HEPfit: data-driven extraction very low-g= with KMPW. This has two problems:
e At very low-g? there are other problems they
7 forgot (lepton mass effects).
N e By forcing the fit to agree at very low-g® can
T induce an artificial tilt of your fit.
_ T3T7 } } } } ‘ @ More interestingly the blue points where KMPW
| i 1771 : 1 { is not imposed is perfectly compatible with
o, —U— Co — C5M ~ constant+KMPW similar to us!!.

So what is this constant CY* or h{!)?
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What do they missed in JC14?

Statement 2: In JC'14 Py is argued to be “accidentally” scheme independent even with uncorrelated p.c:

In helicity basis we find:

P = Pl |1 + avV. —al mgmpg mg off Cy,1 Gy — C5 _avy  2Gy
ST & |kl @77 (CZ,+C2)(Cor+Cgy) &1 Coi+Co
aVp — aTozcgff Co,1 Cg | — C120 ) mf(* Cﬁ ]
& (G5 + Cio)(Co, + Cy) m3 " mg

OK with JC’14 except for the missing term aV_.. Choosing a scheme with aV_ or aT_ is equivalent.

ALERT: Only apparently scheme independent in helicity basis for a subset of schemes!

Counterexample: In transversity basis becomes obvious that the choice of scheme matters

PPyl av_ Gy aV —2aT, mj o 031G - Cl  aA1Co1Cy+Chy
° > £1 Gy 1 + Gy & (CSL + C%,)(Co, 1 + Coy) &1 2(C5, +C%)
The weights of aV & aT; are MANIFESTLY different: Pé(q =) = Pg|(1+[0.82aV —0.24aT,]/¢,(6) +
(1 _ mp 2 _ (@) (42 — 2 _
€°(q )me+mK*V(Q) =aV=0 or £7(q) = Ti(q") =ali=0

Point also completely missed in CFFMPSV!!
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B — K*(*¢~ . Impact of long-distance cc¢ loops - DHMV

Inspired by Khodjamirian et al (KMPW): Co — Cg + s; 6Cy\ ()
Notice that KMPW implies s; = 1, but we vary it independently s, =0+ 1, i =0, L, || (Zwicky)

(L) (L) A2[ AL — 42
5CLD7(l7II)(q2 _a + b\l ge[c q?]
o DRI — 2]

_ &+ b°[g? + so][c® — P

LD,0, 2
6Cy 7 (q7) =
5 5
4 4
_ 3 3
5 o 9o 2 ]
9o S
% 1F © 1\_/
of of ]
- 2 4 6 8 -1 2 4 6 8
¢? (GeV?) ¢ (GeV?)

Obtaining from fitting the long-distance part to KMPW.
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The distribution (massless case) including the S-wave and normalized to I'} ;-

1 asr

9 [3_ » 1. .o »
— = — | SFrsin®0x +F —F ~F 2
[y dg2 dcos Ok dcos6,dgp 32w | 4 TSI by + 1L C0S 9K+(4 TSIN" O L C0S" f) C0S 20,

1

— P} sin 26 sin 26, cos ¢ + P} sin 26 sin 6, cos ¢> + 2P,F sin Ok cos 6, + 5 P+ Frsin® 0k sin® 6, cos 2¢

F{F
+ TL(2

—/FrFL (P;5 sin20k sin,sin ¢ — §Pé sin 20k sin 26, sin ¢) — PsFt sin® (% sin® 0;sin2¢| (1 —Fs) + I_j—Ws
full

@ in blue the set of relevant observables P+ >, P}, . that are functions of Aiﬁ.o-
@ the S-wave terms are (see discussion [M'12] & [HM'15]) not all free observables:

W 3 . . . .
—= = = {Fs sin? 0, + Asg sin® 0, cos Ok + A sin 6 sin 26, cos ¢
e 167

+AZ sin Ok sin 0, cos ¢ + AL sin O sin 6, sin ¢ + AL sin f sin 26, sin ¢]
Symmetries tell you that a complete basis (lepton masses to zero) is, for instance:

{Th., Fi, P1, P2, P3, P,, P§, Pi} and only 4 of {Fg, As, A%, A3, AL, A%} are independent.
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What happened to P, in 20157

The new binning of £, in 2015 had a temporary effect on the very interesting bin [2.5,4]

1.0r

0.8} |

o.ef :':
L ,

2013
— SM

0.4f _'_

0.2 ]

0.0L ‘ ‘ ‘

o 5 10 15

a*(GeVv>

0.4}

o2 55

= 0.0[-<_’>
—0.2F e
0 5 10 15 20

a® (GeVv?)

Joaquim Matias

—

P

1.01
0.8
0.6;
o.al
0.2}

0O.0L

2015
— SM

5 10
a*(GeVv>

i5

2.0
1.5¢
1.0r
0.5¢
0.0+
-0.5¢

—-1.0¢
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q° (GeV?)

15

Tiny unfortunate

fluctuation up.

1

P>
2T (- F)

: More data (in this

bin) is crucial.
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Updated plot of 2015

4+ W L k 4F £ Only:large recoil
[ 955% CL 7713 Only bins within [1,6]
[] %e7%CL i"15 Onlylow recaoil
2 B i”3 Includes Low Recoil data ] 2k |::| All
["] only [1,6] bins
2 0 2, 0
-2} ] ol
—4f .
— _4 [
-0.15-0.10 -0.05 0.00 0.05 0.10 0.15

-015 -0.10 -0.05 0.00

005 010 015

NP NP
C7 C7

Figure: For the scenario where NP occurs in the two Wilson coefficients C; and Cy, we compare the situation from
the analysis in Fig. 1 of Ref. DMV’13(on the left) and the current situation (on the right). On the right, we show the
3 o regions allowed by large-recoil only (dashed green), by bins in the [1-6] range (long-dashed blue), by low recoil
(dot-dashed purple) and by considering all data (red, with 1,2,3 o contours).
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Bin (0.1,0.98) lepton-mass effect

LHCb naturally given the limited statistics takes the massless lepton limit. They measure:

1 dr+r) 9 3 LHCbY ;a2 LHCb
- - “(1-F F
df +7)/d?  dQ 321 [ g = FL77)sin” 0 + F
+ %(1 — FFHCbY sin? 9y cos 20, — FFHP cos? 6 cos 26, + }
which is modified once lepton masses are considered
1 SBr+F) 9 3. . .
- - S Frsin?ox + F
dr +1)/dg2  dQ 327 [ 4 TSNk L

+ %Fr sin? Oy cos 20, — F| cos? Oy cos 20, + }
where I:'M and F; 7 are [ ]. All our observables are thus written and computed in terms of the
longitudinal and transverse polarisation fractions F; 1

JZC J23 T J1c
_— Fr=4—%— = F=—7—+F—
d(F +T)/dg? T +1)/dg? LT AT+ T)/dg?
WHEN measured value F; is used instead of F; SM prediction is shifted towards the data in 1st bin
< 11)[0.1.0.98] = -0.49 — —-0.38, <Pg>[0.1.0.98] =0.68 — 0.53.
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FL =



0C7] = 0.1 [6Co| =1 [6C10| =1 [6C7|=0.1 [0Co| =1 [6Cior| =1
P [5G — - — ~0.53 —0.05 —
1/10.1,.98] —|5Ci| __ —— — +0.52 +0.05 ——
Py +[5Ci] — _ — +0.11 +0.16 -0.37
1/16.8] —16Ci| - —— - ~0.12 ~0.17 +0.37
Py +l5Ci| — — —— +0.03 +0.15 —0.14
vnsel _jse — - —— —0.03 —0.11 +0.19
(Py) +|6C;|  —0.31 -0.21 +0.05 — — —
284 _|sC|  +0.19 +0.15 —0.04 ~0.03 —— ——
(Py) +l6C;|  —0.07 —0.09 —0.06 — — —
2/l —sCi|  +0.11 +0.17 +0.05 — — —
(P +5Ci| __ — — — —0.05 +0.06
2/[15,19] —16Ci| —— +0.04 —— —— +0.05 —0.06
P 5G| +0.04 - - —0.11 -0.10 +0.17
4/[6.8] —|6Ci|  —0.05 — — +0.09 +0.10 —-0.20
P +]6C;i| — — —_ —— —0.06 +0.05
40519 _|5C| —— - — —— +0.04 —-0.08
P +6Ci|  —0.11 —0.15 -0.10 —0.11 —0.06 +0.21
5/[4.6] —|sCi|  +0.16 +0.28 +0.09 +0.15 +0.10 -0.21
(PY) +|6Ci|  —0.04 -0.07 -0.07 —0.08 —0.08 +0.19
5/[6.8] —16C;|  40.07 +0.19 +0.09 +0.10 +0.11 -0.18

Joaquim Matias

Universitat Autonoma de Barcelona

Global analysis of b — s¢¢ anomalies



_2+8) 2 2, 4m; L aR*
s = < [|A 2+ | A (L—>Fi’)} 7 Re(A AT+ ALAR )
Ji — |ALI2 4+ |ARP2 ﬂ A2 Re(ALAR* 2 4.2
1c—|0|+\0|+q2|t|+2e(oo)+5ﬂ8\v
dos = DL [IAL 4+ AL+ (L R)] oo = —52 [JASR + (L= )]

_ fﬁz [|A 2 — AL + (L — R)}, Jy = g2 [Re(AéAﬁ*)+(L—> R)],

V2

Js = V28, |Re(ALAL ") — (L — R) — \r/"c"; Re(A[As + A As)] :

Jos = 26, [Re(ALAL") = (L— R)|, oo = 4@% Re [AfAs + (L~ A)|,
Jr = V28, Im(AéAﬁ*) — (L= R)+ \7% Im(AL A% + AT AY) |,

Jg = \1@55 Im(AGAL") + (L= R)|, o = B2 [Im(AT"AL) + (L — A)]

In red lepton mass terms and 3, = /1 — 4m?/q?
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A glimpse into the future: Wilson coefficients versus Anomalies

RK <Pé>[4,6],[6,8] BBs—>¢uu BBS—WM best-fit-point of global fit

cne T

9 - / \/ [100%] \/ X
cNP + v [36%] v v X

1 0 - / [32%]
+ [21%] v X

Cgl - / \/ [36%]

Cio + v vV s
— [75%] v v X

Table: A checkmark (v') indicates that a shift in the Wilson coefficient with this sign moves the prediction
in the right direction to solve the corresponding anomaly. Bpg, -, is not an anomaly but a very mild tension.
@ C)P < 0is consistent with all anomalies. This is the reason why it gives a strong pull.
@ Ci, Cg 1o fail in some anomaly. BUT
= CNF is the most promising coefficient after Cq.
= Gy, C}, seems quite inconsistent between the different anomalies and the global fit.
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More technical arguments why scheme-2 is not an appropriate scheme

In the old scheme used by (also ): €9(q?) = T1(q?), ff)(q"’) = T Ag(9?).
= Power corrections associated to and are absorbed in &, .

Problems of T; choice:

@ Extracting T1(0) from data on B — K*+ is plagued of assumptions (as done in JC'12):
1) assumption of no NP in C§’) + ignoring possible non-factorizable power corrections.

@ Taking T; from LCSR and use it to define £, is also non-optimal (as done in JC'14).

AL = N (G olVP (@) + AV + G TS0 (02) + ATR| + Oas, A/ )

If one is interested in obtaining accurated predictions for observables dominated by Cg (like Pg)
better to have a good control of p.c on V thanin Ty.
= T1 may be a good choice for observables dominated by C;.

Problem of A; choice:

P; observables do not depend on Ay(g?) FF. = Ay choice would be a good choice for lepton-mass
suppressed observables.
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Different Form Factor determinations

B-meson distribution amplitudes.

Light-meson distribution amplitudes+EOM.

@ Interestingly in BSZ (update from BZ) most relevant FF

FF-KMPW FAK(*)(O) bq from BZ moved towards KMPW. For example:
0.05 0.9
fae 034700  —2174% VBZ(0) = 0.41 5 0.37 TFZ(0) = 0.33 — 0.31
fox 0.341905  —4.3%38
T 0391005 5 oH10 @ The size of uncertainty in BSZ = size of error of p.c.
BK <+ —-0.03 *=-2.00
FF-BSZ B— K* Bs — ¢ Bs — K*
Vv BK* 0_36+0.23 _4_8+O.8
~0.12 —0.4 As(0)  0.391+0.035 0.433+0.035 0.336+0.032
ABK* 0‘25+0.16 0‘34+0.86
JEK 0031019 0 g51288 Ai(0) 028940027 031540027 0.246+0.023
2 . T-010 0 o135 A2(0)  0.281+£0.025 0.274+0.022 0.246 +0.023
ABK 0297319  —18.27%3
o o4 05 V(0) 0.366 +0.035 0.407 +0.033 0.311+0.030
T 0317049 —4.6704
TBK* 0314018 g ot T{(0)  0.308+0.031 0.331+0.030 0.254 +0.027
TzBK* 022;8;12 _10'3‘%?? T,(0)  0.308+£0.031 0.331+0.030 0.254 +0.027
-9 — To3(0)  0.793+0.064 0.763+0.061 0.643 + 0.058

Table: The B — K*) form factors from
LCSR and their z-parameterization.
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Table: Values of the form factors at g = 0 and their uncertainties.



Helicity Form Factors

All FF determinations are computed in the transversity basis (A, | o) and correspond to V, Ag 12, T1 2 3.

But some people prefer (at their own risk) to use an helicity basis:

1 my \1/2
Vi(g®) = = |(1+—) A V(g?)] .
+(7") 2 [( 2 mB) 1(e) F mp(mpg + my) ()]
1
Volq®) = TN V) emrp— [(mp +my)*(m} — ¢ — mi)A1(¢®) — A2 ()] .
m% — m? 2172
Ti(¢®) = %Tz(ff) F —Ti(d?),
mg 2my
To(@?) = —22 (3 +3m2 — AT() — ———-Ts(d) |,
2 my \1/2 (m% —m3) '
S(¢*) = Ao, (31)
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Theoretical description of B — K*(*(~ @ large-qg®

@ It corresponds to large /g2 ~ O(my) above V' mass, i.e., Ek is around GeV or below.
@ OPE in Ex/+\/q? or Aqcp/+/ G2 (Buchalla et al). NLO QCD correct. to the OPE coeffs (Greub et al)
@ Lattice QCD form factors with correlations (Horgan et al proceeding update)

@ Estimates on BR from GP (5%) and BBF (2%) using Shifman’s model.
= +10% on angular observables to account for possible Duality Violations.

Existence of cc resonances in this region (clearly seen /(4160) in B~ — K~ utu™),
= require to take a long bin.

T T T T

—
« data
total -
---------- nonresonant
interference
---. resonances -
background

Candidates/ (25 MeV/c?)
(=Y
3

O I‘v " 1 " 1 ' " 1 " 1 "
3800 4000 4200 4400 4600
m,.,- [MeV/ c?

... but this region is neither the most sensitive to New Physics nor where interesting things happen!
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A few properties of the relevant FFl observables P 5
(driving the ambulance)

The idea of exact cancellation of the poorly known soft form factors at LO at the zero of Arg was
incorporated in the construction of the P; (this is why they are “clean” compared to the S;)

P and P, observables function of A, and A amplitudes

@ P;: Proportional to |A, |2 — |A|2 A
@ Test the LH structure of SM. 2 -1
The existence of RH currents breaks the i Y
SM relation A, ~ —A 4 T
@ P, Proportional to Re(A;A)) 0 % : ;FE
@ Zero of P, at the same position as the F — = 0 iﬁ —
zero of Agg -1f 7 05
@ P, is the clean version of Agg. Their S 10 ‘ ‘ ‘
different normalizations offer different 0 5 {0 1}, 0 5 10 15
sensitivities.

¢ @GV ¢ (GeV?)

@ Py and Pé,s are proportional to ImA;A; and small if there are no large phases. All are < 0.1.
@ PCF are all negligibly small if there is no New Physics in weak phases.
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