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Introduction
@00

Introduction

Several tensions with the SM predictions observed in the bsff transitions

— Flavour anomalies

At the moment amongst the most significant tensions with the SM at the LHC!

Focus of this talk:

— Can the deviations be explained by the SM uncertainties?

— If the deviations are due to New Physics, what can we learn
in a model independent way?
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Introduction
oeo

Theoretical framework

Effective field theory

Separation between short distance (Wilson coefficients) and long distance (local operators) effects

Operator set for b — s transitions:

4-quark chromomagnetic electromagnetic semileptonic
operators dipole operator dipole operator operators
09,111
b +'¥ s
Vas

-

O1,2 (5T ) (M b) Og o (oM T"’PR)G;V 07 x (§U”VPR)FZV Og o (?’y”bL)(Z'yuﬂ)
O34 o< (5Tub)3-, (a7 q) Ofy o< (57*bL) (Prust)
+ the chirality flipped counter-parts of the above operators, O!
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Introduction
ooe

Theoretical framework

Wilson coefficients:

The Wilson coefficients are calculated perturbatively and are process independent

C,_eff('u) _ C_(O)eff(‘u) + Oéz(:) Ci(l)eff(’u) T

i

SM contributions known to NNLL
(Bobeth, Misiak, Urban '99; Misiak, Steinhauser '04, Gorbahn, Haisch '04; Gorbahn, Haisch, Misiak
'05; Czakon, Haisch, Misiak '06,...)

G = —0.294 Co=4.20 Cio = —4.01
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Introduction
ooe

Theoretical framework

Wilson coefficients:

The Wilson coefficients are calculated perturbatively and are process independent

G (n) = O (u) + %ﬁb) M)+ -

SM contributions known to NNLL
(Bobeth, Misiak, Urban '99; Misiak, Steinhauser '04, Gorbahn, Haisch '04; Gorbahn, Haisch, Misiak
'05; Czakon, Haisch, Misiak '06,...)

G = —0.294 Co =4.20 Cio = —4.01
Hadronic quantities:

A(A — B) = (B[Hea|A) = 35 32, \iGi(1)(B|Oi] A) (1)

How to compute matrix elements?
— Model building, Lattice simulations, light/heavy flavour symmetries, ...

— Describe hadronic matrix elements in terms of hadronic quantities
N\
Decay constants Form factors
Main source of uncertainty!
— design observables where the hadronic uncertainties cancel (ratios,...)
Prime example: B — K*ut ™ and its angular ratios P/
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Anomalies
[ eJele]

The LHCb anomalies (1)

B — K*u" ™ angular observables, in particular Pj / Ss

Long standing anomaly 2-30:
@ 2013 (1 fbfl): disagreement with the SM for P, and Pé (PRL 111, 101801 (2013))

@ March 2015 (3 fb~1): confirmation of the deviations (LHCb-CONF-2015-002)
@ Dec. 2015: 2 analysis methods, both show the deviations (JHEP 1602, 104 (2016))

T T T
e LHCbdata o ATLAS data
= Belledata © CMS data
[ SM from DHMV
SM from ASZB

T |

(=

w(2S)

P
15

q* [GeV?/c4|

LHCb, JHEP 02 (2016) 104; Belle, PRL 118 (2017); ATLAS, ATLAS-CONF-2017-023; CMS, CMS-PAS-BPH-15-008

@ Also measured by ATLAS, CMS and Belle

2.8 and 3.0 © from SM
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Anomalies
[e] Jele]

The LHCb anomalies (2)

Bs — ¢upu~ branching fraction

@ Same theoretical description as B — K* ™

o Replacement of B — K* form factors with the Bs — ¢ ones
o Also consider the B; — Bs oscillations

@ June 2015 (3 fb™'): the differential branching fraction is found to be 3.2 below
the SM predictions in the [1-6] GeV? bin
JHEP 1509 (2015) 179

ﬁ,’__‘()_ T T T =
w"g_ LHCb :
§7_ SM pred.
0906-_{_ ~Daa
+ °F + —+ |
g 4f —-
I 3F —*— E
g E
TE E
%

=2 L | 1

@0 5 10 15

¢ [GeV¥ et
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Anomalies
[e]e] o]

The LHCb anomalies (3)

Lepton flavour universality in BT — K¢/~

@ Theoretical description similar to B — K* ™™, but different since K is scalar
e June 2014 (3 ﬂ)_l)l measurement of RK in the [1—6] GeV2 bin (PRL 113, 151601 (2014)):
2.60 tension in [1-6] GeV? bin

SM prediction very accurate (leading corrections from QED, giving rise to large
logarithms involving the ratio mg/m,, )

——LHCb —e—BaBar —eBelle
< T T Lhes Rk = BR(B* — K™u' ™) /BR(BY — KTete)
1.5 1
; { = R = 0.7451%9% (stat) & 0.036(syst)
05F I B
| ‘ . . RM = 1.0006 + 0.0004
G0 5 10 15 20

R Bordone, Isidori, Pattori, arXiv:1605.07633
g [GeV-/ed]

BaBar, PRD 86 (2012) 032012; Belle, PRL 103 (2009) 171801

If confirmed this would be a groundbreaking discovery
and a very spectacular fall of the SM

The updated analysis is eagerly awaited!
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Anomalies
[efe]e] )

The LHCb anomalies (4)

Lepton flavour universality in B® — K*%¢T ¢~

o LHCb measurement (April 2017): JHEP 08 (2017) 055
Ri+ = BR(B® — K*°u1u™)/BR(B® — K*%ete™)
o Two g° regions: [0.045-1.1] and [1.1-6.0] GeV?

20 T
Lo ] .
N ] REPPIM — 0.66019 119 (stat) 4 0.024(syst)
L ] exp,bin .
oF S RoPP2 — 068579 LL3 (stat) 4 0.047(syst)

051 ® LHCh 7

3 - W BaBar {
5 LHCb Preliminary Belle 1
0.0 U SN T SN N T S T O N S T S A [N SO T S
0 5 10 15 20
¢ [GeV?/c]

BaBar, PRD 86 (2012) 032012; Belle, PRL 103 (2009) 171801
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Anomalies
[efe]e] )

The LHCb anomalies (4)

Lepton flavour universality in B® — K*%¢T ¢~

o LHCb measurement (April 2017): JHEP 08 (2017) 055
Ri+ = BR(B® — K*°u1u™)/BR(B® — K*%ete™)
o Two g° regions: [0.045-1.1] and [1.1-6.0] GeV?

20 T
Lo ] .
e | ] REPPIM — 0.66019 119 (stat) 4 0.024(syst)
] exp,bin .
oF — ] RoPP2 — 068579 LL3 (stat) 4 0.047(syst)

05F o Lo RAEPT — 0.906 + 0.020qED =+ 0.020FF

3 - W BaBar -
5 LHCb Preliminary Belle 1
0.0 U SN T SN N T S T O N S T S A [N SO T S
0 5 10 15 20
¢ [GeV?/c]

REMPI™2 — 1,000 + 0.010qED

Bordone, Isidori, Pattori, arXiv:1605.07633

BaBar, PRD 86 (2012) 032012; Belle, PRL 103 (2009) 171801

2.2-2.50 tension with the SM predictions in each bin
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Theory uncertainties
@000

Issue of the hadronic power corrections

Effective Hamiltonian for b — s transitions Herr = HE2d 4+ #5L
A _ Y, e (o
Het = vz Vib Vis [;:7,29,10 G o }

(R*|HZL|B): B — K* form factors V, A9 1.2, T1,2,3

Transversity amplitudes:

13

-~ 2
ATT =Ny (G F o)+~ & Ta(d?)
mg + myex q

R C) 2m,
Ny {(Lg ¥‘10)L+T:‘7 Tz(q2>}

mg — mycx

1R

1R

No{(Co™ F Cyo) [+ DAL(@®) + (- - )A2(a%)]
+2m,C [(. LT + (.- .)T3(q2)] }

As = Ns(Cs — Ct)Ao(a®)

((/.’ G+
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Theory uncertainties

[ Jele]e]

Issue of the hadronic power corrections

Effective Hamiltonian for b — s transitions

4G,
sl F * (7) A7)
7“eff—*i\/i‘/tb‘/rs[ > G Oi}
i=7,9,10

(R*|HZL|B): B — K* form factors V, A9 1.2, T1,2,3

Transversity amplitudes:

2
L,R 4C) b 2
AJ_’ ~N; ¢(Cg FGog)————— + > &7 T1(9%)
mg + myex q
LR R C) 2mp 2
APt =y (Cg FCo)——— + 5 G T2(a")
mg — mycx q

Ag R~ o {(Cy F o) [+ )A1(@®) + (- - )Aa(a?)]
+2myC, [ )T2(6%) + (- )Ta6?)] }
As = Ns(Cs — Ct)Ao(a®)

((/.’ G+

Her = Heg" + Hig

4G,
had F *
Heg = =i Vib Vs [ D GO+ Cg0s
2 i=1...6
had ) 7
A()\ ad) _ i—z/daxef'q')((/fkf Ulebm.lept(x)‘0>
q

x [dty Y (RS T et (B )} 1B

¢ 1 LO in O( A A
=—c¢ in —
A EW my Eyn
A
Non-Fact., QCDf
+* ha(a®) ]
NN

power corrections

— unknown

only guesstimates possible at present
but estimates possible with some work on the theory side
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Theory uncertainties

[ Jele]e]

Issue of the hadronic power corrections

Effective Hamiltonian for b — s transitions

4G,
sl F * (7) A7)
7“eﬁf—*i\/i‘/tb‘/rs[ > G Oi}
i=7,9,10

(R*|HZL|B): B — K* form factors V, A9 1.2, T1,2,3

Transversity amplitudes:

V(qz) 2my,
Aﬁ_’R:NJ_ (9 F = T1(a%)
mg + myex q
2
L,R A1(9%) 2my,
AR =N (G F Cp)————— + =2 Ta(e?)
mp — mycx q2

ag R = o {(Co F o) [+ A1) + (- VA(e)]
+2myC, [ )T2(6%) + (- )Ta6?)] }
As = Ns(Cs — C4)Ag(q®)

V.

Her = Heg" + Hig

4G,
had F
Hoft” = *zvtbvzz [ D° GO+ Cg0s
i=1...6
had ) 7
A( ad) __ s d4xe—/qvx<K+e— Uem.lept(x)‘0>
A 42 X

x [dty Y (RS T et (B )} 1B

¢ 1 LO in O( A A

=—c¢ in —

A EW my Eyn
A
Non-Fact., QCDf

+* ha(a®) ]

NN

power corrections

— unknown

only guesstimates possible at present
but estimates possible with some work on the theory side

The significance of the anomalies depends on the assumptions
made for the unknown power corrections!

This does not affect Rk and Ry of course, but does affect the combined fits!
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Theory uncertainties
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New physics or hadronic effects?

Description in terms of helicity amplitudes:

St Y 2 zy 2 m23 2y = 2 /5 2 2 2
Hy(\)=—iN {CQVLA(q )+ CoVera(q®) + ?[TB(C7TL)\(CI )+ G Tra(q7)) — 167N (q )]}

Ha(A) = =i N'(CioVia(a®) + Cio Vra(d?)), N (¢?) = leading nonfact. + hy

P , 4Gemg  €?
Hs = i N' 2 (Cs — C1)5(q) <’V == e—vﬂ)\@)
my

V2 1672

Helicity FFs VL/R, 'f'L/R, S are combinations of the standard FFs V, Ao1,2, T1,2,3
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Theory uncertainties
[e] le]e}

New physics or hadronic effects?

Description in terms of helicity amplitudes:

iy Y 2 zy 2 m23 2y = 2 /5 2 2 2
Hy(\)=—iN {CQVLA(q )+ CoVera(q®) + ?[TB(C7TL)\(CI )+ G Tra(q7)) — 167N (q )]}

Ha(A) = =i N'(CioVia(a®) + Cio Vra(d?)), N (¢) = leading nonfact. + hy
o [ﬁb INES D , A4GEmg € .
Hs =iN E(Cg — C5)S(g7) <’V =T T3 16n2 \/T/)V[5>

Helicity FFs VL/R, 'f'L/R, S are combinations of the standard FFs V, Ao1,2, T1,2,3

A possible parametrisation of the non-factorisable power corrections hA(:+7,,o)(q2):

2 4
h (0) A q (2)
( ) - + 2 >\ + 4 X\
1G eV 1GeV
S. Jéager and J. Camalich, Phys.Rev. D93 (2016) 014028M. Ciuchini et al., JHEP 1606 (2016) 116
Hadronic power correction effect:
> 1671'

SHES (X)) = iN méilz ha(q?) = iN'm? (h0 + @h? + Q)

New Physics effect:

P N _ 1672 - - -
SHE® (A) = —iN'V,(¢%) (0" = iN'm3 2 (axcg\' + @by ) +q4qc9\'>

and similarly for C;
= NP effects can be embedded in the hadronic effects.
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Theory uncertainties
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Wilk’s test

We can do a fit for both (hadronic quantities hfy’i”%) (18 parameters)

and Wilson coefficients C7¥F (2 or 4 parameters))

Due to this embedding the two fits can be compared with the Wilk's test

For low g2 (up to 8 GeV?):

T 20G) | 40G,G) | 18(H°%%) |
3.7 x107° (4.10) | 6.3 x 107° (4.00) | 6.1 x 1073 (2.70)
2 - 0.13 (1.50) 0.45 (0.760)
- - 0.61 (0.520)

— Adding 6 Co improves over the SM hypothesis by 4.10
— Including in addition § C7 or hadronic parameters improves the situation only mildly
— One cannot rule out the hadronic option

Adding 16 more parameters does not really improve the fits

The situation is still inconclusive
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Theory uncertainties
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Estimates of hadronic effects

Various methods for hadronic effects

2
e o P X A A >
el [Y @V +L0m O -, ) + ha(e?)]

. non- power corrections region of physical region
‘ factorisable | £, torisable (soft gluon) calculation of interest
Standard v v X % <7 GeV? directly
Khodjamirian et al. 5 2 extrapolation by
[1006.4945] 4 X 4 9> <1GeV2 | Gispersion relation
Bobeth et al. 5 > extrapolation by
[1707.07305] v 4 4 q* <0 GeV analyticity

— Standard — Standard
— Bobethetal, — Bobeth etal,

—— Khodjamirian et a. — Khodjamirian et al
§ 0.5 §

dBR/dg?
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Theory uncertainties
[e]ele] ]

Estimates of hadronic effects

Various methods for hadronic effects

2
e “ 2\ 15 X A A >
Sl [Y@VA+ 10 O( -, ) 4 b (e?)]

. non- power corrections region of physical region
‘ factorisable | ¢, torisable (soft gluon) calculation ‘ of interest ‘
Standard v v X q% <7 GeV? directly
Khodjamirian et al. extrapolation by
[1006.4945] v X v @ <1GeV? | gicpersion relation
Bobeth et al. extrapolation by
[1707.07305] 4 4 4 g% <0 Gev? analyticity
One operator fit
| [sw] o Go g S
Standard X2 | 60.7 45.6(3.90) 60.7 (0.00) 54.2(2.60) 53.8(2.60)
Khodjamirian et al. | x2 | 79.6 || 52.9(5.20) 74.1(2.30) 73.0(2.60) 76.8(1.70)
Bobeth et al. x2 | 53.7 45.4(2.90) 525(1.1c) 53.1(0.80) 52.9(0.90)
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NP Implications
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NP fits
0000000

Global fits

Many observables — Global fits

NP manifests itself in shifts of individual coefficients with respect to SM values:
G(p) = C™M(n) +6G

— Scans over the values of 6C;
— Calculation of flavour observables

Theoretical uncertainties and correlations

Monte Carlo analysis

@ variation of the “standard” input parameters: masses, scales, CKM,

@ decay constants taken from the latest lattice results

o B — K™ and B, — ¢ form factors are obtained from the lattice+LCSR
combinations (1411.3161, 1503.05534), including all the correlations

o Parameterisation of uncertainties from power corrections:

Ak — Ak <1 + akexp(ign) + bx exp(:@k))

6Gv2

|ak| between 10 to 60%, by ~ 2.5a
Low recoil: by =0

= Computation of a (theory + exp) correlation matrix
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NP fits
[e] le]e]ele]e]e]

Global fits

Global fits of the observables obtained by minimisation of
X2 _ (dth _ 6exp) . (Zth 4 Zexp)71 . (51:11 _ 6exp)

(Zen + Zexp) "t is the inverse covariance matrix.
More than 100 observables relevant for leptonic and semileptonic decays:

o BR(B — X:v) @ BR(B — K°u*u"™)
e BR(B — Xu7) ® BR(B — K™ ™)
o Ao(B — K*) o BR(B— K p"u™)
o BR(B — Xt pi") e BR(B — K*ee™)
BRhigh(B N XsM+N7) o Rk, Rk~
o

(]

o BR®¥(B — X.ete) B — K*®u*u~: BR, Fi, Ars, Ss,
high ¥ Sa, Ss, 57, S8, So

° BR™M(B —>+Xs_e e’) in 8 low g2 and 4 high g?bins

° BR(B; — “+”_) o B — ¢utp~: BR, FL, Ss, Sa, S

® BR(Ba — pu'n7) in 3 low g2 and 2 high g°bins

Computations performed using Superlso public program
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NP fits
[e]e] le]ele]e]e]

Fit results for two operators

using all but R and Rk= using only Rk and Ryx
w e
(G —G)
0.4 68% CL
0.2 Weswc 0.
=
%3 0.0 0.
S -0.2 0.
bS]
-04 -04 68% CL
-0.6/ -0.6 I os% cu
-05 -04 =03 =02 =0.1 0.0 0.1 02 -0.5 -0.4 =03 -0.2 -0.1 0.0 0.1 02
Gy ICM 6CoulCGM
W w
(CQ - 10) 0.3 03 |
68% CL | 68%CL |
0.2 |
.ss%cL i
Fe 01 Ze |
O (€] |
= 00 = |
S 2 |
2 01 N ,3
|
~02 |
-03 -0.
205 -0.4 -03 -0.2 -0.1 0.0 0.1 0.2 205 -0.4 -03 -02 -0.1 0.0 0.1 0.2
6Cy ICM 6Cy G

The two sets are compatible at least at the 20 level.
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NP fits
[e]e]e] lele]e]e]

Form factor dependence

Global fit using all bs/¢ observables

@ correlations ignored (solid line)

normal form factor errors (filled areas)

@ 4 x form factor errors (dotted line)

(Co — Gro)

2 x form factor errors (dashed line)

0.4

2 FFer
< aFFer

=4 I
=3 [N

5C10/CR!

|
o
o

-04
~05 -0.4 -03 -02 0.1 0.0 0.1 02
5Cy/CM
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NP fits
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Form factor dependence

Global fit using all bs/¢ observables
@ correlations ignored (solid line)
@ normal form factor errors (filled areas)
@ 2 x form factor errors (dashed line)

@ 4 x form factor errors (dotted line)

!
(Co — Cro) (G — G)
04 o B oo
N 05 T e
02 - axFFer AxFF e
% 0.0 < 00
o O
< <
02 -05
0.4
-0.5-04 -03 -0.2-0.1 0.0 0.1 02 -06 -04 -02 00 0.2 0.4

5Cy/CM 8Co/CM
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NP fits
[e]e]e] lele]e]e]

Form factor dependence

Global fit using all bs/¢ observables
@ correlations ignored (solid line)
@ normal form factor errors (filled areas)
@ 2 x form factor errors (dashed line)

@ 4 x form factor errors (dotted line)

!
(Co — Cuo) (Co— G)
68% CL 0.6
04 o B sa ‘
2FFer 05 = nme 04
0.2 -+ AxFFer © 4xFFer
7z 7s 7o 02
5 - 0.
= 00 < 00 3
) &) £
DY DY SQJ 0.0
-02 _05 ~02
04 -04
~05 -0.4 -03-02 -0.1 0.0 0. 02 -06 -04 -02 00 02 04 06 -04 -02 00 02 04
5Cy/CM SCo/CSM 6C,/C5M

The size of the form factor errors has a crucial role in constraining the allowed region!
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NP fits
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Fit results with more than two operators

Wilson coefficients sensitive to NP:
C77 Cg, Cgéa C.1407 Céa Cﬁ'
— 10 independent WC (considering £ = e, 11)

+ 10 primed Wilson coefficents

In the general case, the WC can be complex

— 40 independent real parameters!
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NP fits
[ee]e]e]e] Tele]

Fit results with more than two operators: All observables

Preliminary!
107 observables
Set of WC Nb parameters ‘ Xin ‘ Pullspy ‘ Improv.
SM 0 105.56 - -
clom real 2 79.84 | 4700 | 4.700
Cr, Gs, C5M, ClEM real 6 79.03 | 3.750 | 0.08¢
All non-primed WC real 10 78.20 3.050 0.07¢
All WC real (incl. primed) 20 75.90 | 1.780 | 0.0lc
All WC complex (incl. primed) 40 67.20 | 0.6l1c | 0.0lc

e,)

@ No real improvement in the fits when going beyond the Cé case

o Pull with the SM below 1o when all WC are varied
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NP fits
[ee]e]e]e] Tele]

Fit results with more than two operators: All observables

‘ All observables (x3y; = 105.6, 2, = 67.2) ‘

- Preliminary!
0Cr 6Cs
Re(3C;) 0.02+0.01 0.03+0.35
Im(3C;) 0.01+0.17 ~1.10+0.68
5 3G
Re(5G) 0.02+0.03 ~013+1.18
Im(3C;) —0.07+0.02 —0.45+ 150
5Cy 5Cs 5Cly 3Ci
Re(6G) —1.254+0.17 | —0.45+0.54 | —0.20 £0.20 4.39 +3.27
Im(3C;) || 0.40+4.27 | —2.54+0.47 | 002255 | —0.20+3.00
Red il 5Cly 3Cis

Re(6C) || 010£031 | 0.00£141 | —0.1040.17 | 0.00%1.41
Im(0G) || 043+£0.59 | 032+£4.63 | 0144024 | 0.005.01
5Cs, 5C8, 5Cs, sce,

Re(6G) || —0.0740.02 | ~357+0.96 | 010014 | —0.01+10.58
Im(5C) || 0.00£019 | ~3532+048 | —0.01%0.11 | —0.02£7.77

ck scE, ack 3cE
Re(5C) || 0.07+0.02 | 0004141 | —006+014 | 000141
Im(6C) || 0.0040.19 | ~361+094 | 0024011 | —0.07+958
No real improvement in the fits when going beyond the Cés’“) case

o

o Pull with the SM below 1o when all WC are varied
o Many parameters are not constrained, in particular the imaginary parts
)

Significant contribution also from the electron scalar coefficient
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Future LHCb prospects

Global fits using the angular observables only (NO theoretically clean R ratios)

Considering several luminosities, assuming the current central values

i
0.4 | —3fp?
4 |12
0.2 | —501fb"
= . 300 b
23 00 - el
$ -02 ;
-0.4 \ |
-0.6 |
-0.5-04 -03 -0.2 -0.1 0.0 0.1 0.2

606Gy, ICM

LHCb will be able to establish new physics within the angular observables
even in the pessimistic case that there will be no theoretical progress
on non-factorisable power corrections!
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NP fits
O000000e

Future LHCb prospects

Global fits to AC;‘ using the ratios Rk and Rk~ only

Assuming current central values remain

Syst. Syst./2 Syst./3

ACk
PUHSM PUHSM PUHSM

12 fb~! 6.10 (4.30) | 7.20 (5.20) 7.40 (5.50)
50 fb~! 8.20 (5.70) | 11.60 (8.70) | 12.90 (9.90)
300 fb~t || 9.40 (6.50) | 15.60 (12.30) | 19.5¢ (16.10)

(): assuming 50% correlation between each of the Rk and Ry measurements
Only a small part of the 50 fb™! is needed to establish NP in the R, ratios
even in the pessimistic case that the systematic errors are not reduced by then at all.

This is independent of the hadronic uncertainties!
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Conclusion

@ The full LHCb Run 1 results show several consistent tensions with the SM
predictions

o Significance of the anomalies depends on the assumptions on the power
corrections

@ Model independent fits point to about 25% reduction in Cg, and new physics in
muonic C}* is preferred

o Comparing the fits for NP and hadronic parameters through the Wilk’s test
shows that at the moment adding the hadronic parameters does not improve
the fit compared to the new physics fit, but the situation is inconclusive

@ The size of the form factor errors has a significant impact in the fits

@ When adding more parameters in the fit, no significant improvement is obtained

o With the full set of free parameters, the tensions with the SM fall below 1o

Thank you for your attention!
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0@00000
New physics scenarios

d(P2)0.1,2]

(5<P2>[2’4.3] ~ —=2486C; —-0.106Cs —0.176Co +0.036C1o

R

+0.376C;  +0.026Cg —0.030Cyo

6<P2>[4.373'63] ~ —-0.71 (5C7 —0.04 5C8 —0.09 (5C9 —0.04 5C1o

(5<P‘/1>[0.1’2] ~ +0.590C —0.086Co —0.136Cq0
(5<P£>[2’4A3] ~ 42456C; +0.116Cs +0.060Co —0.146Cqo
6<PA>[4A3,8.68] ~ +033 6C7 +001 (5C8 +001 (5C9

(5<Pé>[oA172] ~ —-0.91 (5C7 —0.046Cg —0.12 (5C9 —0.03 6C10
(5<Pé>[2’43] ~ —3.046C7 —0.145C8 —0.29(5C9 —0.03 5C10
§<Pé>[4,3,8.68] >~ —0.52 5C7 —0.03 5C3 —0.08 5C9 —0.03 5C1o

New Physics contributions to C/ are suppressed by a factor ms/m, and msmy/m?

The rest of the observables are less sensitive to real NP contributions in (789,10
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Form factor dependence
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Fits with B — K" angular observables only:

(Co — Gro)

Method of moments

0.5

68% CL
95% CL.
No FF cor
2xFFerr

- 4xFFerr

0.2

Likelihood

0.5
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Form factor dependence

Fits with B — K" angular observables only:

0.

0.

Nazila Mahmoudi

!
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o
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5
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-0.6 -0.4 -0.2 0.0 0.2 -0.4 -0.2 0.0 0;2
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6GCy/Cy 6GyICy
Likelihood
bodogy 0.6 B ool
5 No FF cor, — No FF cor,
2x FFerm 0.4 2xFFem
- 4xFFerr - 4xFFer
Zo
32 0.2
0 2
S 00
o
-0.2
5 SN i e
-0.4
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Form factor dependence

Fits with B; — ¢puu branching fractions only:

(Co — Co)
Low and high-g? bins

-06 -04 ‘—0 2 0.0 0.2

6GyICM
2 -
Low-g~ bins
V 68% CL
W e5%CL
| — NoFF
0.5 2FFan |
- axFFer
-0.6 -0.4 -0.2 0.0 0.2
S5CyICM
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Form factor dependence

Fits with B; — ¢puu branching fractions only:
(Co — Guo)

Low and high-g® bins
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Form factor dependence

Fits with B; — ¢uu branching fractions only, using absolute x* (goodness of fit):

(Co — Co)
Low and high-g® bins

68% CL
95% CL
No FF cor
2xFFer
- 4xFFer

~06 04 -02 00 02
6GyICM

Low-g? bins

68% CL
95%CL |
No FF cor
2xFFerr
- axFFem
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Form factor dependence

Fits with B; — ¢uu branching fractions only, using absolute x* (goodness of fit):

(Co — Co) (G- G)
Low and high-g® bins
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Fit results with more than two operators: All observables except R,.)

Preliminary!

104 observables

Set of WC ‘ Nb parameters ‘ XZin ‘ Pullsp ‘ Improv.

SM 0 89.84 - -
cleM real 2 71.05 | 3930 | 3.93¢
Gr, Go, C&M CeM real 6 70.04 | 2970 | 0.13¢
All non-primed WC real 10 69.25 | 2.250 0.07¢0
All WC real (incl. primed) 20 67.15 | 1.030 0.01¢
All WC complex (incl. primed) 40 58.24 | 0.220 0.020

@ Similar results to the case with R,
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Fit results with more than two operators: All observables except R,.)

‘ All observables except Ry (X3 = 89.8, X2 = 58.2) ‘

Preliminary!

Je Je
Re(5C)) 0.02+0.01 0.03+0.35
Im(5C;) 0.02£0.16 ~0.9640.76

3G e
Re(5C)) 0.02+0.03 ~0.284:0.93
Im(5C;) —0.07+0.02 —0.55+ 141

3¢y 3Cs 5Clo 3Ch

Re(3C;) || ~1.26+0.17 | 0.45+£0.51 | —0.18+0.23 | 4.48+3.78
Im(3C;) || 020+4.38 | ~1.51+058 | 0.00+£0.98 | —0.16+3.35
5" sy 5Cly 5Cis
Re(3C;) || 0.09+0.36 | 0.00+1.41 | —0.10+0.19 | 0.00+1.41
Im(3C;) || 0.42+£0.50 | 0.93+3.98 | —0.14+0.23 | 0.03:£9.20
5Ch 5C, sCs, 5Cs,
Re(6C) || —0.06+002 | —290+451 | 0.06+0.04 | —2.824.00
Im(3C;) || 0.00+£0.19 | —2.89+233 | 0.05:+£0.04 | —2.882.09
5y 5CE, 5y €,
Re(3C) || 0.06+£0.02 | 0.00+£1.41 | —0.040.04 | 0.00:+1.41
Im(3G;) || 0.00+£0.19 | —2.85+4.16 | —0.01+0.04 | —2.81%4.09

@ Similar results to the case with R,
@ The value of §Cs is shifted
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Fit results with more than two operators: Only Rk and Rk (+ Bs,g — ¢¢ + B — X:4{)

Preliminary!

8 observables

Set of WC ‘ Nb parameters ‘ XZin ‘ Pullsm ‘ Improv.

SM 0 16.74 - -
cloM real 2 978 | 2160 | 2160
Cr, Gs, C¥, C1e™ real 6 8.89 | 1.160 | 0.09¢
All non-primed WC real 10 8.87 0.470 0.000
All WC real (incl. primed) 20 7.75 | 0.02¢0 0.000
All WC complex (incl. primed) 40 7.35 | 0.000 0.000
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Fit results with more than two operators: Only Rk and Rk (+ Bs,g — ¢¢ + B — X:4{)

@ Rk and Rk~ points to a best fit point different from the previous fits

Only Rk and Ry (X%M = 16.74, Xain = 7.35)

8G e
Re(6C;) 0.18+0.03 0.80 £0.49
Im(3G;) 0.02+0.25 0.03+11.03
e 5Cq
Re(3C)) ~0.17 +0.03 —2.04+0.18
Im(6G) —0.01+0.17 —0.41+2.78
5Cy 6Cs 6Cloy 6Cio
Re(6G) 6.59 +£1.70 3.38+£5.48 —3.02+044 | —3.29+5.65
Im(6G) 0.00 +1.41 3.38+5.48 0.00£1.41 —3.29 £5.65
sCy 5Cs sCly 5Cis
Re(6G) 11.18 £ 1.70 0.00 +1.41 —7.11+£0.44 0.00 +1.41
Im(6G;) 0.35+3.11 | —10.26 +£5.83 0.00 £3.43 —24.01+2.49
5Co, 8Co, 3Ch, 6C5,
Re(6G) 0.00 +1.41 —0.56 £8.03 | —0.07£0.02 | —0.31+8.43
Im(6G;) 0.00 £1.58 —0.60+6.18 0.00 £1.41 —0.29 £6.45
5Cq, 8Cg, 5Cg. 6Cg,
Re(6C;) 0.00 +£1.41 0.00 +£1.41 0.07 £0.02 0.00 +£1.41
Im(6G) 0.00 +1.58 —0.66 £ 6.09 0.00 £1.41 —0.25+£8.40

o The values of §Cly and §C;} are more constrained than §Co
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