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Goal of this talk

This talk will try to answer the following questions:

o Are the global fit results on b — s¢¢ and b — s robust?

o Does the result of the fit depends strongly on the details of the FF computation?
o What does other approaches using different observables and methodology obtain?
e Which scenarios in terms of Wilson coefficients are favoured?

o Are the theory predictions for the observables robust and
are alternative SM explanations to anomalies well motivated?

o Are factorizable power corrections under control?
e Can a huge charm contribution be responsible for all deviations in the different observables?
e Any set of observables is equivalent in terms of accuracy for the predictions on individual observables?

o What can we expect in the near future?
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Theoretical description of B — K*(T¢~: low-q

There are basically two theory approaches:
1. Improved-QCDF approach: QCDF+exploit symmetry relations at large-recoil (limit) among FF:
e —V(q%) = P23 Ai(q°) = Ta(q®) = SE T2(q?) = €L(E)
TEAo(q?) = PREE A7) — PR Ao(q7) = B To(q?) — Ta(q%) = € (E)

mp
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= Transparent, valid for ANY FF parametrization (BZ, KMPW,...) and easy to reproduce.
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Theoretical description of B — K*(T¢~: low-q

There are basically two theory approaches:
1. Improved-QCDF approach: QCDF+exploit symmetry relations at large-recoil (limit) among FF:
me—\V/(q?) = MEEERe Ay () = T1(q?) = FE T2(q?) = €L (E)

mp—+my=

e Ao() = Mg Ay () — TS () = BB Tal?) = Ta(a?) = §(E)

mp

= Transparent, valid for ANY FF parametrization (BZ, KMPW,...) and easy to reproduce.
= Dominant correlations automatically implemented in a transparent way via SYMMETRIES.

= Construction of FFI observables Pi(/): at LO in 1/my, s and large-recoil limit (Ej large):

Aﬁ_’R x & Aﬁ’R x &) Aé’R O({H

We add all kind of Symmetry Breaking corrections in our computation to relations above:
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= Transparent, valid for ANY FF parametrization (BZ, KMPW,...) and easy to reproduce.
= Dominant correlations automatically implemented in a transparent way via SYMMETRIES.

= Construction of FFI observables Pi(/): at LO in 1/my, s and large-recoil limit (Ej large):

Aﬁ_’R x & Aﬁ’R x &) Aé’R O({H

We add all kind of Symmetry Breaking corrections in our computation to relations above:

e known a; factorizable and non-factorizable corrections from QCDF.
o factorizable power corrections (using a systematic procedure for each FFp, see later)
o non-factorizable power corrections including charm-quark loops.

Minor drawback: The lack of full control on correlations between errors of power corrections imposes
to chose an optimal scheme.
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Theoretical description of B — K*(T¢~: low-q

2. Full FF approach: Compute correlations from a specific LCSR computation.
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Theoretical description of B — K*(T¢~: low-q

2. Full FF approach: Compute correlations from a specific LCSR computation.
= Parametric correlations easy, but Borel parameters choice delicate. Use of EOM.
= Factorizable O(as) and factorizable p.c. included in a particular LCSR parametrization.
= Less general, attached to a single FF parametrization with all inner choices included.
= Extra pieces that need to be added:

e known as non-factorizable corrections from QCDF.
e non-factorizable power corrections and charm-quark loop effects

Usually applied to FFD observables S; highly dependent on FF-error estimate.

Minor drawback: Do the results (pulls) of the fit depend on the details of a particular
non-perturbative Form Factor computation and their small error size?
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2. Full FF approach: Compute correlations from a specific LCSR computation.
= Parametric correlations easy, but Borel parameters choice delicate. Use of EOM.
= Factorizable O(as) and factorizable p.c. included in a particular LCSR parametrization.
= Less general, attached to a single FF parametrization with all inner choices included.
= Extra pieces that need to be added:

e known as non-factorizable corrections from QCDF.
e non-factorizable power corrections and charm-quark loop effects

Usually applied to FFD observables S; highly dependent on FF-error estimate.

Minor drawback: Do the results (pulls) of the fit depend on the details of a particular
non-perturbative Form Factor computation and their small error size?

e Amplitude analysis. Not a FF treatment but a different approach to data based on exploiting
the symmetries of the distribution.
o They fit for the amplitudes after fixing 3 of them to zero by means of the symmetries.
o The outcome is a set of parameters «, 3, v that contain the information on WC and FF.
o They naturally produce unbinned results.
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Theoretical description of B — K*(T(~: large-q°

@ It corresponds to large /g% ~ O(mj) above W' mass, i.e., Ek is around GeV or below.

OPE in Ex/+/q? or Agcp/+/q? (Buchalla et al)
NLO QCD corrections to the OPE coeffs (Greub et al)

Existence of ¢ resonances in this region (clearly seen 1)(4160) in B~ — K~ putu™),

Joaquim Matias

Lattice QCD form factors with correlations (Horgan et al proceeding update)

+10% on angular observables to account for possible Duality Violations.
= Estimates on BR from GP (5%) and BBF (2%) using Shifman’s model.
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Fit 2013 and Fit 2015
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Rare b — s processes included and Statistical Approach

@ Inclusive
0 B = Xy (BR) oo c)
0 B = Xolt 0™ (dBR/AG?) oo e, el ¢l
@ Exclusive leptonic
0 By =3 0707 (BR) oo cl)
@ Exclusive radiative/semileptonic
0 B = K*y (BR, S, A1) oo c)
o B — KUHL™ (dBR/AG?) oo e, cl ¢l
o B — K*(+/~ (dBR/dq?, Optimized Angular Obs.) .. ¢, c{", c{)
o Bs — ¢pft4~ (dBR/dq?, Angular Observables) .............. Cgl), Cé/), C{g
o Ap — ATL~ (None so far)

Fit approach:
X*(Gi) = [Oexp — Otn(C)]; [Cov ik [Oexp — Oen(Ci)li

with Cov = Cov®® + Cov'. Minimise x2 — x2. = x3(C?) (Best Fit Point = C?)
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Global Fits to Wilson coefficients: History and Results in 2013

Situation in 2013: Descotes-Genon, Matias, Virto 1307.5683

Inclusive, exclusive and B — K*~v, B — K*//. == =
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Our statement in July 2013 DMV'13:
“We found that the Standard Model hypothesis C%\IP =0, Cé\”) =0 has a pull of 4.5¢".

Other groups later on confirmed the relevance of Cq using FFD-observables (Altmannshofer, Straub 1308.1501),
low-recoil (Horgan et al. 1310.3887), Bayesian approach (Beaujean, Bobeth, Van Dyk 1310.2478).
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Fit results in 2015 including b — se™ e~ assuming NP only in b — sy u™

1D-Coefficient Best fit 1o 30 Pullgn
(N —1.14 [-1.34,-0.93] [-1.71,-0.47] 4.5 — 4.9
CF = —CiP —-0.66 [-0.81,-0.50] [-1.15,-0.21] 4.1 — 4.6
e = —cfP —-1.09 [-1.28,-0.88] [—1.62,—0.43] 4.9
P =-—Cff =-cdf =-Cff  —0.65 [-0.83,-0.49] [-0.19,—0.19] 4.4
2D-Coefficient Best Fit Point Pullgy
(CRF P (0.00,—1.13) 4.1 — 4.6 Analysis uses optimized observables
-1
( CNP CNP) (—1.20,0.03) 4.2 5 4.7 The strong correlations among FF of
NP ~NP B — Kup and B — Kee assuming
(G, G™) (—1.23,0.61) 45— 49 no NP in B — Kee enhances the NP
(G, i) (—1.32,-0.34) 45— 4.9 evidence in muons.
(P =-F, cF = %) (—1.23,0.39) 4.6 — 5.0 We use all bins in B — Kpuu while
(AP =-QP, P =) (~0.99,0.03) 4.5 Ric is only [1.6]
(CNP = Cgl\/IP7 CNP Cll\(I)?) (—0.70,-0.22) 3.8 — 4.3 Only scenarios explaining Ri get an
extra enhancement of +0.4-0.5 ¢
(P = -, aF = fiF) (—0.69,0.27) 3.7 > 4.2
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Branching Ratios versus Angular Observables P;

T T - aF 3
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Figure: Angular observables (FFI at LO P;) dominates clearly over Branching ratios
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Brief Discussion: Why P{ is largely affected by C'F < 0 and P, not?

E | | | : P{ was proposed for the first time in JHEP 1301 (2013) 048
05 1
i PL— 3 Re(AGAT—AFAT) _ 5 Re[non' ]

o % | \/’AOP(‘ALP‘F A1) \/|n012(ym2+ [y 1?)

-05[ ] .
— withn= (A5, AF), ni = (AL, —AR*) and n| = (Aﬁ,AiT*)
1ol o B | ~ INTERPRETATION:
0 ° 10 15 If no-RHC |n |~ [n| & ImA;AT ~ 0 = Pg cosfp 1 (q?)

q* (GeV?)
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Brief Discussion: Why P{ is largely affected by C'F < 0 and P, not?

E | | | - Pl was proposed for the first time in JHEP 1301 (2013) 048
05 ]
R ALAL*fARAR* R T
Oloi : PL=1/2 e(AgAT —AGAT) — 2 e[non ] .
o i | VIAPUALR +AR)  \/InoP (L] + [my )
-05] . , N «
+ ? with ng = (A5, AK*), n. = (AL, —AR*) and n = (A”,A|| )
1ol o B | ~ INTERPRETATION:
0 ° 10 15 If no-RHC |n |~ [n| & ImA;AT ~ 0 = Pg cosfp 1 (q?)

7 (GeV?)
MECHANISM: In the large-recoil limit with no RHC

2mb 2mb

ALy o (1,-1) [Cg H}@_(EK*) Ao (1 1)[69 ﬂfL(EK*)

Al o — [cgff —Cio + 2nﬁbc$ﬂ §(Exr) Af o — {cgff +C1o0 + 2mbc$ff] &(Ex-)

o In SM C5" +Cip! ~ 0 — AR | < AL |
o In PL: If CJ'P < 0 then A(')?|| 1, |AR| 1 and |A} ||| }, AL | and due to —, | P}| gets strongly reduced.
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Brief Discussion: Why P{ is largely affected by C'F < 0 and P, not?

2.5F ‘ ‘ ‘ ; Pz’; was proposed for the first time in JHEP 1301 (2013) 048
20} E
150 ) Re(ALAL* ARAlfl?*) Re[nonﬁ]
o 10 A ﬁ¢ AP(ALP + A )P) 2¢ nof2(Im, 2+ [my[2)

0.5 .
9 é © with ng = (A5, AF), = (AL, ~AR*) and ) = (AL, AR)
—0-5% | | | - INTERPRETATION:

T gew If n0-RHC || = [m| & Tm(AiA]) = 0 = Pf o cosfly (?)

MECHANISM: In the large-recoil limit with no RHC

A

2m

/\

C?ﬁ:|fL(EK*) AL i O(( )|:Cg +C10+ ;H:|6L(EK*)

AL — [cgff —C1o + 2mbc$ﬂ §(Ex+) Af o< — {cgff +C10 + 2n“7bc$ff] &(Ex-)
o In SM g™ + ¢ ~ 0 — |AF || < |AL |

o In P, :If CMP < 0 then AR|| 1, |AR] 1 and |A§ H‘ }, AL | due to + what L loses R gains (little
change).
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A CRUCIAL QUESTION:

How much the fit results
depend on the details?

Two first strong tests




TEST 1: Does the fit result depend on method IQCDF-KMPW or Full-FF-BSZ?

Two examples of Form Factor determinations (left KMPW, right BSZ):

form factor FI;K(*)(O) bj
fax  034T05  —2170¢
fow 034700  —4.3103
fae 0307553 22750,
VBK® 0367073 —4.8707
ABK 0.257018  0.347080
ABKT0.23%077  —0.8571 5
ABK 0291559  —18.2733
THC sl el
THC 0mrdls 3273
TEK 0.22+31  —10.3733

B — K* Bs — ¢ Bs — K*
Ao(0)  0.391+0.035 0.433+0.035 0.336 + 0.032
A1(0)  0.289+0.027 0.31540.027 0.246 4 0.023
A15(0)  0.281+0.025 0.274-+0.022 0.246 - 0.023
V(0)  0.366+0.035 0.407 +0.033 0.311 4 0.030
T1(0) 0.308+0.031 0.33140.030 0.254 4 0.027
T»(0)  0.308+0.031 0.331£0.030 0.254 = 0.027
T»3(0) 0.793+0.064 0.76340.061 0.643 4 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 g2 = 0 and their uncertainties.




| Full-Form-Factor approach

[ soft-Form-Factor approach

| Full-Form-Factor approach

[] Soft-Form-Factor approach

TEST 1: Does the fit result depend on method IQCDF-KMPW or Full-FF-BSZ? NO

NP
10"

C

NP
09

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) are perfectly consistent.

@ The fact that our regions are slightly larger points that our estimate of uncertainties (power

| Full-Form-Factor approach

[] Soft-Form-Factor approach

NP
10 —

C

NP
CQ

corrections, etc.) is conservative.

Joaquim Matias

Universitat Autonoma de Barcelona

NP NP
oy = ol

Hadronic Uncertainties of B — K*(— Km)u"p™




TEST 2: Does the fit result depend on using P; or S; observables? NO

L Angular Observal bles (Sp ] L i Angular Observables (S, |
s Y. (21 Angular Observables (P ] Sk 2l Angular Observables (P ]
L Al (P ] [ P 1 A

C
C

i
\P
10
o a
T
i

. E W

. E ¥
—1F 9 —1F | B
_2of ] —2fF ST ]
_ab ] _ab 1
-3 —2 -1 o 1 2 3 -3 —2 -1 o 1 2 3

cy'f cy'f

@ The results of the fit using P; observables or S; observables are perfectly consistent.

@ The highest sensitivity to NP of the optimized observables due to the shielding on FF details
= induces a small albeit systematic improvement in significance for the P;.

@ Does the error predictions on individual observables depend significantly on FF choice?

anomaly [4,6] bin ‘ P{ error SIZE [pull] ‘ Ss error SIZE [pull] ‘
FUl-FF-BSZ | 10% [270] |  12%[2.00] | ;‘:t ff‘(’)’r %
IQCDF-KMPW | 10% [2.90] | 40% [1.20] |
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Hadronic Uncertainties I:

Factorizable Power corrections
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Factorizable Power Corrections

General idea: : Parametrize power corrections to form factors:

2 4
F(?) = F(EL (%) + AF(q7) + ar + br s + crop. (JC'12)
Mg mp

= ar, br, cr... represent the deviation to the SFF+ known s in the full form factor F (taken e.g. from LCSR)

mpg + Mg=

V(g®) = TfL(‘f) + AV (%) + AV ?),
2 2E 2 «Q 2 ANr 2
Ai(q”) = m&(q ) + AAP(q7) + AAT(qY),
M) = T [u(d) - (@) + AA(e) + D).
E
Ao(@?) = () + DAT(P) + 2AY).
Ti(@®) = &(d%) + AT(d) + ATNG) ..

STEP 1: Define the SFF £, || to all orders by means of a factorisation scheme CHOICE.
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STEP 2: The CHOICE of scheme is fundamental
= will yield accurate predictions for different observables depending on the scheme choice
= if not all correlations among errors are known not all choices are appropriate.
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STEP 2: The CHOICE of scheme is fundamental
= will yield accurate predictions for different observables depending on the scheme choice
= if not all correlations among errors are known not all choices are appropriate.

In the scheme we use (Beneke-Feldmann'01) SFF are defined by:

1)/ 2y — mg 2 1),.,2y — MB + Mk« 2y
(@7 = [ —m V) ga) = e Aue) -

= Power corrections AV"(¢”) and a combination of AAL(g?) and AA%(g?) are absorbed in &, .
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STEP 2: The CHOICE of scheme is fundamental
= will yield accurate predictions for different observables depending on the scheme choice
= if not all correlations among errors are known not all choices are appropriate.

In the scheme we use (Beneke-Feldmann'01) SFF are defined by:

m mpg + Mg mg — mg-
@) = V@) @) = TR A - TR

Az (q?),
mpg + mgs= 2E mp 2(q )

= Power corrections AV"(¢”) and a combination of AAL(g?) and AA%(g?) are absorbed in &, .

o Size of power corrections: The fit to the difference between SFF+AF*s and full-FF is O(A/my)
and is scheme dependent.

30 [ e r(0GeV?) r(4GeV?) r(8GeV?)
Ai(KMPW) | —0.013 +£0.025 —0.056 + 0.018 0.158 + 0.021 0.052 0.063 0.049
A:(BZ) —0.0094+0.027  0.042+0.018  0.078+£0.017 | 0.032 0.003 0.029
A(KMPW) | —0.018 +£0.023  —0.105 + 0.022 0.192 + 0.028 0.078 0.108 0.101
A>(BZ) —0.012+£0.024  0.037+0.029  0.239+0.034 | 0.050 0.006 0.053
T:(KMPW) | —0.006 +0.031 —0.012 +0.054 —0.034 £ 0.095 0.016 0.018 0.020
T:(BZ) —0.024+£0.032 —0.019+0.045 —0.014-0.092 | 0.075 0.066 0.057

where r = (ag + bpq®/m% + cg/m})/FF(q?) represents the percentatge of p.c.
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STEP 2: The CHOICE of scheme is fundamental
= will yield accurate predictions for different observables depending on the scheme choice
= if not all correlations among errors are known not all choices are appropriate.

In the scheme we use (Beneke-Feldmann'01) SFF are defined by:

m mp + Mg« mg — mg-
@) = V@) @) = TR A - TR

Az (q?),
mpg + mgs= 2E mp 2(q )

= Power corrections AV"(¢”) and a combination of AAL(g?) and AA%(g?) are absorbed in &, .

o Size of power corrections: The fit to the difference between SFF+AF*s and full-FF is O(A/my)
and is scheme dependent.

30 [ e r(0GeV?) r(4GeV?) r(8GeV?)
Ai(KMPW) | —0.013 +£0.025 —0.056 + 0.018 0.158 + 0.021 0.052 0.063 0.049
A:(BZ) —0.0094+0.027  0.042+0.018  0.078+£0.017 | 0.032 0.003 0.029
A(KMPW) | —0.018 +£0.023  —0.105 + 0.022 0.192 + 0.028 0.078 0.108 0.101
A>(BZ) —0.012+£0.024  0.037+0.029  0.239+0.034 | 0.050 0.006 0.053
T:(KMPW) | —0.006 +0.031 —0.012 +0.054 —0.034 £ 0.095 0.016 0.018 0.020
T:(BZ) —0.024+£0.032 —0.019+0.045 —0.014-0.092 | 0.075 0.066 0.057

where r = (ag + bpq®/m% + cg/m})/FF(q?) represents the percentatge of p.c.

= This confirms power corrections are typically of order < 10% (or smaller in BZ) for relevant
FF as expected from dimensional arguments.
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In the older scheme (first Beneke-Feldmann) SFF are defined by (also JC'14):

) = Tu@®),  ¢(a?) = E-Ao(a?).

= Power corrections associated to A 7/'(g?) and AA)(g”) are absorbed in EL -

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 CV
2) ignoring possible non-factorizable power corrections.

e Taking Ty from LCSR and use it to define £, is also non-optimal (as done in JC'14).

ALR — 7 [c(jﬂo Veifres(q?) + AV + CF [T (q?) + AT,I\]} +O(as, N/ mp, ...)

If one is interested in obtaining accurated predictions for observables dominated by Cq (like PZ)
better to have a good control of p.c on V than in T3.

= T1 may be a good choice for observables dominated by (7.

Joaquim Matias Universitat Autonoma de Barcelona Hadronic Uncertainties of B — K*(— Km)u"p™



In the older scheme (first Beneke-Feldmann) SFF are defined by (also JC'14):

) = Tu@®),  ¢(a?) = E-Ao(a?).

= Power corrections associated to A 7/'(g?) and AA)(g”) are absorbed in EL -

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 CV
2) ignoring possible non-factorizable power corrections.

e Taking Ty from LCSR and use it to define £, is also non-optimal (as done in JC'14).

ALR — 7 [c;im Veifres(q?) + AV + CF [T (q?) + AT,I\]} +O(as, N/ mp, ...)

If one is interested in obtaining accurated predictions for observables dominated by Cq (like PZ)
better to have a good control of p.c on V than in T3.
= T1 may be a good choice for observables dominated by (7.

Problem of Ay choice (minor):

P; observables do not depend on Ag(q?) FF. = Ag choice would be a good choice for lepton-mass
suppressed observables.
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STEP 3: A correct treatment of power corrections require to respect the correlations among them:

a) kinematic correlations among QCD form factors at maximum recoil

b) from the renormalization scheme definition of the soft form factors £| and §.

STEP 4: The error estimate in previous table

aF —Adr < ar <& + Adf,
BF—ABF§ br SB —I—ABF,
¢r—Alr < cr <&+ ACF.

comes from AFMN ~ F x O(N/mp) ~ 0.1F = error assignment larger than size of p.c. itself for A4.

Another important aspect is the error associated to SFF.

+0.20
@ Our error comes from KMPW. Example: £, = 0.317;1,

@ On the contrary in (JC'14): Error from spread of central values with different inputs and not
considering errors, £, = 0.31 + 0.04. Factor of 5 to 3 smaller error than us.
— This will give a very small error (due to this error definition) for FFD observables.

IN SUMMARY: e Each set of observables has an optimal scheme choice, a non-optimal choice may
induce artificially large corrections. e Interestingly an independent computation using full-FF (BSZ) that
has embedded the correlations of a specific LCSR computation gives predictions in good agreement with
us for the P;.
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What does the fit tells you about IMPACT of POWER CORRECTIONS:

3f ] 3F 1
i Only la(gg recoil 40%: Power Corrections
L__[{  Only bins within [1,6] region
2r Only low recoil ] ol i j 20% Power Corrections  ~
7 ] Al
//' ] 10% Power Corrections
1r £ 1 1L J
J
|
i
i
Qo |
ZZ2 0 oo
z2
[$] \ \ 33 0
\ N
T =
_ 1 L Rt T _1 iy
_oft . 2 1
-3L i i i i A _af, ‘ ‘ ‘ ‘ A
-3 -2 - 0 1 2 3 -3 -2 -1 0 1 2 3
NP NP
[ Co

@ We show the impact in the fit of increasing power corrections up to 40%

@ At a certain point p.c.-sensitive observable become subdominant and low-recoil dominates.
— even if power corrections diverge we still get a pull from low-recoil.
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Correlations play a central role

If one wants to solve the anomalies exhibited in b — suu processes through power corrections, it is
important not to focus on one single observable, like P., alone but on the full set.

Illustrative example. Let's do the following exercise: Assume you take the non-optimal scheme-2 as in
(JC'14) and helicity basis

@ Notice that taking ay/_ in a range £0.1 correspond to an
absurd 33% power correction in KMPW.

— because a 10% in KMPW corresponds to 0.03 in ay/_.

— accepting values like (ay_ = —0.1, ay4 = 0) would
imply that BSZ computation of A;(g?) is wrong by
several sigmas.

@ An explanation of <P5’3>[476], (P2)a 6 and (P1)(4 ¢ within
SM requires a 20% correction. Adding <P§>[6 g) MO
common solution found even beyond 20%.
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Hadronic Uncertainties |l:

Non-factorizable power corrections

and long distance charm contributions
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B — K*({ : Corrections to QCDF at Iow—q2

e Non-factorizable power corrections (amplitudes): subleading new unknown non-perturbative.
SCET/QCDEF at leading power in 1/my: Factorization of matrix elements into form factors,
light-cone distribution amplitudes and hard-scattering kernels.

@ cC loops (resonant and non-resonant contributions)

A
\t

29
4

= Single out in the amplitude 7; in (K*~*|Hes|B) the piece
not associated to FF: 702 = T;| )
G ’—=0

e
20
_ %

@
2000001

—

{

Multiply each amplitude i = 0, L, || with a complex gq2-dependent factor.

77had N (1 + r,-(qz)) 77had

where r;(s) = ree’®? + rbei®?(s/m2) + reef (s/m3)? and r*P€ € [0,0.1] and ¢7*€ € [—m, 7]
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Charm-loop contributions

General considerations on resonances:

e Low-g?: g% <7 — 8 GeV? to limit impact of J/v tail.
= LHCb interesting test split [4.3,8.68] — [4, 6], [6, 8]
o Large-g®: quark-hadron duality violations

o Model estimate yield 2-5% for BR(B — Kuu) [BBF, GP]

e Assumed similar size for BR and angular observables B — K* .
= We enlarge it up to 10% as a correction to each amplitude.

At Large-recoil two type of contributions: ACSK" = 3C, ge(r? + 510G, ﬁg’ljert
- Short distance (hard-gluons)
o LO included in Go — Gy + Y(q?)
o higher-order corrections via QCDF/HQET.
- Long distance (soft-gluons)

e Only existing computation KMPW'10 using LCSR.
e Partial computation yields ACQBK* > 0 (s; = 1) = enlarges the anomaly. Our c.v. is s; =0 to be
10—

conservative
R S!J

0

; A & 4

\ / \ 2 4 6 8 10 12 2 4 6 8 10 12
\/ N £ (GeV?) 7 (GeV?)

4
L2

AC, (Gc, BK*, My)
AC, (¢, B5K*, M3)
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B — K*(*¢~ : Impact of long-distance c¢ loops — DHMV

Inspired by Khodjamirian et al (KMPW): Cy — Gy + s 6C;D(i)(q2)
Notice that KMPW implies s; = 1, but we vary it independently s; =0+1, i =0, L, | (Zwicky)

B ALl 4+ pED g2t — 2]
- b(J_,H)qZ[C(J_,H) — q2]

5C9LD7(J-7”)(q2

a% + bO[q? + s0][c® — ¢?]

LD,0, 2
3G (q%) =
9
BO[q2 + so][c® — ¢?]
5
4t
= 3l ]
\; 9},, 2 ]
Jda Q
© © 1w
oL 1
- 2 4 6 8 - 2 4 6 8
q° (GeV?) ¢ (GeV?)

Obtaining from fitting the long-distance part to KMPW.
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Is reasonable to expect a huge-charm contribution??

Approach 1:

@ Introduce an arbritary parametrization of charm-loop hy = hg\o) + hg\l)q2 + hg\Z)q4 with (A =0, +)

e So many free parameters allows to fit any shape = predictivity is rather low.
e Correlations among observables in the fit restricts the freedom.
e This approach is in trouble if Rx and other sensitive LFV observables like Rk« are confirmed.

Approach 2:

@ An attempt more near to a prediction was presented by [Lyon,Zwicky'14] (left plot).
= However a large charm contribution (g?) should be seen in bin [6,8] being above [4,6] bin.

Ps' (scaled-FA)

10— , T ?
0.5 ]
05 i 1
0.0f )
00 af :
-0.5} ]
L L L L L _1 0 - y - :

1055 2 4 6 3 0 5 10 15

RGev?] & (GeV?)

Smooth behaviour of data does not favour claims on large-long distance charm g2 effects in [6,8] bin.
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Cross check: Bin by Bin analysis of Cy in three scenarios

0.5 _E
0.0 ,_| 1 Result of bin-by-bin analysis of Cg in 3
o L . wews___[IISIIIIIIIIIE || scenarios.
CaspT ,'J‘“'f[i} --- % ------------------------------ E
_sof E @ Notice the excellent agreement
o 5 10 15 20 : of bins [2.511 [41611 [5,8]
9" (GevH ] Strong argument in favour of including
ey E the [5,8] region-bin.
0.5 |- — 3
< oo @ First bin is afflicted by lepton-mass
I N conar : E effects. (see Back-up slides)
—1.0 St 1 i it I
ey - ———-————C q
3 i 3 @ We do not see any clear/significant
o 5 ‘:’ . 15 20 ] signal of g°-dependence neither in the
1o : gEED : : 3 plots nor in a 6D fit adding a' + b's
osk to G for i = K* K, ¢.
== 0.0 — disfavours again charm explanation.
"W _osbeet=el ol _pm=——————————== E
d _1_0_:LJLJ L e e L ———————————----h_g @ 2nd and 3rd plot test if you allow for NP
sk — E in other WC the agreement of Cy bin by
S = 35 - =5 . bin improves as compared to 1st plot.
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Impact on the fit: Charm-loop dependence

3r A "”7"”"7"7! 1
Py sl < 4
2r G T si<2 -
‘ [ si<t
= ’ BK(*) BK(*).
BK* _ , N
ao i (.\> |- ° ACQ - 5C9,pert + s’(SCQ,non pert
T ol (same for Bs — ¢)
17}“ -l : @ Increasing the range allowed for s;
N 7 makes low-recoil and B — Kpupu
_of - dominate more and more
-30 i i i i -
3 2 -1 0 1 2 3

NP
Co

In summary three arguments against a large-charm explanation of all the anomalies:

@ Ry, nor the future Rk« or Ry cannot be explained with a charm contribution.

@ The behaviour of bin [6,8] versus [4,6] in observables like P{ precludes it.

@ A 6-D fit or a bin-by-bin analysis does not find evidence for a new-q° dependence.
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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 d}(r+7) 9 3 LHCbY ;2 LHCb 2
= = 55= —(1-F F ‘0
d(F +T)/dg>  dQ 327 | g (L= PRy sin® by FLTcos O
1
+ Z(l — F}FHP)sin? 0 cos 20, — FFHP cos? 0 cos 20, + ]
which is modified once lepton masses are considered

1 d3(r+f) 9 32 .o 2 2

d = | ZFrsin?ox + Freos?0
d(F+T)/dg?  dQ 327 | GFrsin® O+ Fueos” o

1
+ ZFT sin 0 cos 20, — F, cos? Ok cos 20, + ]

where I-ﬁpL and F 7 are [JM"12]. All our observables are thus written and computed in terms of the
longitudinal and transverse polarisation fractions F; 1
J2c J25 o J].C
FF=——+%=—— Fr=4——F— = F=——"+-"—"—
T d(M+N)/dee T Td(T+1)/dg? LT d(r+1)/dg?
WHEN measured value I3L is used instead of F; SM prediction is shifted towards the data in 1st bin
(FL>[0.170.98] =0.21 —+ 0.26, <'D2>[0.1,o.98] =0.12 = 0.09,

(Pa)io1.005 = —0-49 — —0.38, (P§) 101,008 = 0-68 = 0.53.
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A glimpse into the future: Wilson coefficients versus Anomalies

Rk (P)uso8 BB.soun Beyuu best-fit-point of global fit

o T
9 - Vv Vv 1100% v X
% np T v 36%] v v X
10 _ v 2%
+ [21%] v X

— \/ v [36%]

+ v v 5%

Co - 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. Bg, .., is not an anomaly but a very mild tension.

o CNP < 0 is consistent with all anomalies. This is the reason why it gives a strong pull.
o CIY¥, Cg 10 fail in some anomaly. BUT

= CNP is the most promising coefficient after Cq.
= (g, ], seems quite inconsistent between the different anomalies and the global fit.
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Conclusions of this talk

o The global analysis of b — s¢*¢~ with 3 fb~! dataset shows that the solution we proposed in
2013 to solve the anomaly with a contribution C§* ~ —1 is confirmed and reinforced.
— We take full dataset and optimized basis of observables.
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Conclusions of this talk

o The global analysis of b — s¢*¢~ with 3 fb~! dataset shows that the solution we proposed in
2013 to solve the anomaly with a contribution C§* ~ —1 is confirmed and reinforced.
— We take full dataset and optimized basis of observables.

@ Robustness of the FIT:

o The results of the fit using P; (optimized-FFl) or S; (FFD) and IQCDF-KMPW or Full-FF-BSZ results
are in very good agreement. Low sensitivity to details of FF computation.

o Any scenario including C)'F gets a large-pull. 2D scenarios still indistinguishable = More data needed.
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Conclusions of this talk

o The global analysis of b — s¢*¢~ with 3 fb~! dataset shows that the solution we proposed in
2013 to solve the anomaly with a contribution C§* ~ —1 is confirmed and reinforced.
— We take full dataset and optimized basis of observables.

@ Robustness of the FIT:

o The results of the fit using P; (optimized-FFl) or S; (FFD) and IQCDF-KMPW or Full-FF-BSZ results
are in very good agreement. Low sensitivity to details of FF computation.

o Any scenario including C)'F gets a large-pull. 2D scenarios still indistinguishable = More data needed.
@ Robustness of hadronic uncertainties of OBSERVABLES:

o Factorizable power corrections:
o The Fit to full FF in an appropriate scheme gives < 10% in agreement with dimensional arguments.
@ A correct FF choice + correlations among p.c. is essential not to artificially inflate errors.

o cC loops: We include LO and NLL perturbative contributions to C§ also long distance (following
KMPW) with both signs to be conservative.

@ Three reasons why a huge charm contribution cannot explain all deviations: Rk cannot be explained. The
behaviour of bin [6,8] versus [4,6] in observables like Ps. A 6-D fit or a bin-by-bin analysis does not find
evidence for a new-q? dependence.

e Any set of observables is equivalent in terms of accuracy for the predictions on individual observables?
NO, P; observables are stable under FF changes, S; depend largely on the choice.
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Conclusions of this talk

o The global analysis of b — s¢*¢~ with 3 fb~! dataset shows that the solution we proposed in
2013 to solve the anomaly with a contribution C§* ~ —1 is confirmed and reinforced.
— We take full dataset and optimized basis of observables.

@ Robustness of the FIT:

o The results of the fit using P; (optimized-FFl) or S; (FFD) and IQCDF-KMPW or Full-FF-BSZ results
are in very good agreement. Low sensitivity to details of FF computation.

o Any scenario including C)'F gets a large-pull. 2D scenarios still indistinguishable = More data needed.
@ Robustness of hadronic uncertainties of OBSERVABLES:

o Factorizable power corrections:
o The Fit to full FF in an appropriate scheme gives < 10% in agreement with dimensional arguments.
@ A correct FF choice + correlations among p.c. is essential not to artificially inflate errors.

o cC loops: We include LO and NLL perturbative contributions to C§ also long distance (following
KMPW) with both signs to be conservative.

@ Three reasons why a huge charm contribution cannot explain all deviations: Rk cannot be explained. The
behaviour of bin [6,8] versus [4,6] in observables like Ps. A 6-D fit or a bin-by-bin analysis does not find
evidence for a new-q? dependence.

e Any set of observables is equivalent in terms of accuracy for the predictions on individual observables?
NO, P; observables are stable under FF changes, S; depend largely on the choice.

@ Near future? Maybe Cig will become significant soon. A heavy Z' (1-2 TeV) with bs-coupling is a
viable explanation for many (not all) scenarios.
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Complete angular distribution of B — K*(— Km){*(~

The modified distribution including the S-wave and normalization I';:

1 er o
[y dg? dcos Ok dcost; dp 327

3
|:4FT sin2 Ok + FL COS2 Ok
1 ) 2 1 - 2 - 2

+(ZFTsm Ok — F| cos 0K)cos29/+§P1F1—sm Ok sin® 0, cos2¢
1

++/F1FL (ZPZ1 sin 20k sin 20, cos ¢ + P} sin 20k sin 6, cosqb)
;s . . 1, . )

—v FrFL (P6 sin 20k sin 0 sin ¢ — §P8 sin 20 sin 260, sin (b)

1
Ws
I_;‘ull

+2P>F sin® O cos 0 — P3Fr sin® Ok sin” 6 sin 24 (1-Fs)+
in the massless case and where the polluting terms are (see discussion [HM'15])

w
F’is — % [Fs sin® 0y + As sin? 6 cos Ok + A¢ sin O sin 26, cos ¢
full ™

+A‘rs’ sin Ok sin 6y cos ¢ + Ag sinfk sinfysin ¢ + Ag sin Bk sin 26, sin qﬂ

In Blue the set of relevant observables P15, P ;.
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Py P>
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Figure: Scheme dependence on the prediction of the observables Py, P, P;, P; in QCD factorisation.
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A closer look to CJ'F scenario

Fit Co Bestiit lo Pullsng Ngor  p-value (%)
All b — spp in SM - - - 96 16.0
All b — sup ~112 [-1.32,-0.89] 45 95 62.0
Allb—stl, {=e, pu ~1.14 [-1.34,-093] 49 101 74.0
All b — spp excluding [6,8] region  —0.98  [-1.23,—0.74] 3.7 77 40.0
Only b — sup BRs —1.56  [-2.20,—1.04] 3.6 31 39.0
Only b — sup Pi's ~1.06 [-1.30,-1.30] 32 68 77.0
Only b — sup S;'s —-0.94 [-1.19,-1.19] 2.9 68 94.0
Only B — Kupu —0.74 [-156,-0.09] 1.1 18 23.0
Only B — K*uu ~110 [-1.32,-0.85] 38 61 74.0
Only Bs — ¢up ~1.93 [-2.79,-1.25] 34 24 95.0
Only b — suy at large recoil —1.38 [-1.65,—1.08] 4.0 78 62.0
Only b — suu at low recoil —0.92 [-1.23,—0.61] 2.8 21 75.0

Only b — spyu within [1,6] ~136 [-1.72,-0.98] 34 43 71.0
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