Global fits to bs¢f data

Nazila Mahmoudi

Lyon University & CERN TH

In collaboration with T. Hurth and S. Neshatpour

Rare B decays in 2015 - experiment and theory
Higgs Centre for Theoretical Physics, Edinburgh

11-13 May 2015



b — s transitions

Inclusive decays

o B — Xsy
Improved theory calculations (Misiak et al. 1503.01789)
Excellent agreement with the measurements

e B— X4
Still waiting for the final words from Belle and Babar!
High expectation from Belle II!

Exclusive decays

e B— K"y
o First measurements of Bs — putp~

@ Angular distributions of B — K*utpu~
— large variety of experimentally accessible observables

e Also: B — Kutp™ and Bs — out ™

Issue of hadronic uncertainties in exclusive modes
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B — V{0~ — Notations

Differential decay distribution:

&'T _ 9
dg2dcosf,dcosfy dp 32w
J(a?,00,0v,0) = 32, Ji(q®) fi(0e, Ov, 0)
™ angular coefficients J;_o

™ functions of the spin amplitudes Ao, A, AL, A, and As
Spin amplitudes: functions of Wilson coefficients and form factors

J(q%, 00,0y, ¢)

Standard Observables:

. . . dr 3 J>
Dilepton invariant mass spectrum: — = - (J; — =
ilep invari p u dq? 4( 1 3)
Forward backward asymmetry:
d2r dr 3 dr
Arp(q?) = | [°, - [l |dcost) —5— /== =2 /—
#n(%) [ffl fo] cos /dqzdcosel dg?2 8 6 dq?

) Ceﬁ 2

Forward backward asymmetry zero-crossing: ga =~ —2mbm3w + O(as,\/mp)
7

Ao

Polarization fraction: Fi(q?) = A+ A+ AL’
0 I L,
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B — Vutu~ observables

Optimised observables: form factor uncertainties cancel
1 fbin dqz[J3 + -]_3]

o = P. in
2 [oin d92[J2s + J24] oo

(P1)bin =

dq?[Ja + Ja] (P& )bin

at leading order

_ 1 fbin dqz[-jﬁs + ]6s]
8 fbin dqz[st 2l -/_25]

dg?[Js + Js]

2Nl;in bin

1
<Pl>bin =
¢ Nl;in bin
—il , _
dq°[J7 + J7]
bin

dq[Js + Je
N /bin q°[Js + Js]

-1
(Pg)bin = <7

<Pé>bin =
bin

with

Nl;in \/_ fbin dqzljzs + J_ZS] fbin qu[JZC + J_ZC]

+ CP violating clean observables and other combinations
U. Egede et al., JHEP 0811 (2008) 032, JHEP 1010 (2010) 056
J. Matias et al., JHEP 1204 (2012) 104
S. Descotes-Genon et al., JHEP 1305 (2013) 137

Or alternatively: _
Ji(s,c) + Ji(s,c)

elr . elr
dg? = dqg?

W. Altmannshofer, P. Ball, A. Bharucha, A.J. Buras, D.M. Straub, M. Wick, JHEP 0901 (2009) 019

ST
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The LHCb anomalies

3 main LHCb anomalies:
o P
o Rk
@ BR(B: — ¢u'p”)

——LHCb —s-BaBar —wBelle 10°

o LHCb 4

a T T T v .
LHCb
preliminary

n.s}_ B 15F
+ { SM from DHMV

| | SM

Ry

LHCb

005-_*__ + ]
PR B ] e T

ABB—¢u* u)ldg? [GeV2c!]

15 20 15
I [GeVYcH P [Ge\/z/cﬂ ¢* [GeV?/c*]

Possible explanations:

o Statistical fluctuations
o Theoretical issues

e New Physics!
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New Physics interpretation?

Global analysis of the latest LHCb data

Relevant Operators:

07,06, 05) ., 0%, . and  Os_p o (5Prb)(iPLu) = O

NP manifests itself in the shifts of the individual coefficients with respect to the SM
values:

Gi(p) = C™M(p) +6G

— Scans over the values of 6C;
— Calculation of flavour observables
— Comparison with experimental results

— Constraints on the Wilson coefficients C;
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Global fits

Evaluations uncertainties and correlations:

o Experimental errors and correlations
o 3 fb~! LHCb data for B — K*%utp~: provided in LHCb-CONF-2015-002

@ Theoretical uncertainties and correlations

o study of more than 100 observables
(at a later stage, selection of the relevant observables for each fit)

o Monte Carlo analysis

o variation of the “standard” input parameters: masses, scales, CKM, ...
o for Bs — ¢u™p~, mixing effects taken into account

o decay constants taken from the latest lattice results

o use for the B(s) — V form factors of the lattice+LCSR combinations from 1503.05534,
including correlations (Cholesky decomposition method)

o use for the B — K form factors of the lattice+LCSR combinations from 1411.3161,
including correlations

e two approaches for the exclusive decays: soft form factors, full form factors

o two sets of hypotheses for the uncertainties associated to the factorisable and
non-factorisable power corrections

= Computation of a (theory + exp) correlation matrix
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Global fits

For the exclusive semi-leptonic decays, two approaches and two evaluations of the uncertainties
for each decay.

At low g2:
@ Soft form factor approach
Uncertainties of the factorisable and non-factorisable corrections parametrised as
2
q

A — A1 i —
K k( + ak exp(igx) + T2

by exp(i@k))
where Ay are the helicity amplitudes.
ay in [-10%, +10%)] or [—20%, +20%)] Ok, O in [—m, 4]
by in [—25%, +25%)] or [—50%, +50%]

@ Full form factor approach
Uncertainties of the non-factorisable power corrections only parametrised in a similar way:
ag in [-5%, +5%] or [—10%, +10%)] @k, O in [—m, +7]
by in [—10%, +10%)] or [—25%, +25%)]

At high g2, uncertainties parametrised as

Ax — Ak(l + ak eXp(i¢k))
ag in [-10%, +10%)] or [—20%, +20%] ok in [—m, +7]
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Global fits

Global fits of the observables by minimization of
X2 _ (o’th . O“exp) . ():th + Zexp)71 . (O"th _ O’exp)

(Zen + Lexp) ™t is the inverse covariance matrix.

58 observables relevant for leptonic and semileptonic decays:
e BR(B — X.v)
e BR(B — X47)
e Ao(B — K*v)
o BR™(B — Xeutp™) Rx
o BR""(B — X,u"pu") B — K*utu™: Fi, Ars, Ss,

e BR(B — X;ete™) Sa, Ss
o BRMEN(B 5 X.ete") in five low g2 and two high

BR(B — K°u"p™)
BR(B — Ktutu™)
BR(B — K*eTe™)

S L g*bins
0 BRES _>“+“_) o B, = ¢utu~: BR, F
® BR(Bs — p'"'pn™) in three low g and two high
e BR(B — K* utu™) q°bins
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Global fits

Statistical approaches:

o Ax? = x? — x2,;, method
@ Determination of the minimum of x2 — best fit point
© Computation for each point of the scan of the difference of x2 with the best fit point
© Find the 1 — 20 regions corresponding to the number of d.o.f.
Interpretation: considering the best fit point gives the “real” description, which
variations of the parameters are allowed — relative global fit

o Absolute x? method
@ Computation of the x2 for each point
@ Find the 1 — 20 regions corresponding to N d.o.f. where N = (N, observables - n,

variables)
© If an observable is relatively insensitive to the variation of the Wilson coefficients,

remove it from the fit
Interpretation: global fit assessing if each point is globally in agreement with all the

measurements
10 / 20
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Fit results for two operators: {Co, Ci0}

— Using soft form factors

with 10% power correction errors:

Ax? method
0.5
eswcr
esscL
30
g o
g
05— ) ) )
-0.4 -0.2 0 0.2
5C/CM
with 20% power correction errors:
Ax? method
05 Eeswcr
[Desss oL
gc
(S}
3
-0.5 ) ) ) —
-0.4 -0.2 0 0.2
5C,/CM
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Fit results for two operato

{Go, Ci0}

— Using soft form factors

with 10% power correction errors:

Ax? method Absolute x? method
05 05 ;
[Mses%cL | Wss%cL
esscL | MssscL
|
go 30
g o (S}
g g
2 2
|
05 ‘ ‘ ‘ 05 ‘ |
-0.4 -0.2 0 0.2 -0.4 -0.2 0 2
5C/CM 5Cy/CM
with 20% power correction errors:
Ax? method Absolute x? method
08 Bosct 05 [ e
[es%cL | MeswcL
5(: 5°
g o S o
g o3
2 2
o8 ‘ ‘ o5 ‘
-0.4 -0.2 0 0.2 -0.4
5C/CM

-0.2 0
8CyC"
10 agreement for Cy is possible even in the 2 operator basis!
Nazila Mahmoudi
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Fit results for two operators: {Co, Ci0}

— Using full form factors

with 5% power correction errors:

Ax? method
0.5
eswcr
esscL
30
g o
g
-0.5 ) ) )
-0.4 -0.2 0 0.2
5C/CM
with 10% power correction errors:
Ax? method
05 Eeswcr
[Desss oL
gc
(S}
3
-0.5 ) ) )
-0.4 -0.2 0 0.2
5C,/CM
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Fit results for two operators: {Co, Ci0}

— Using full form factors

with 5% power correction errors:

Ax? method Absolute x? method
05 05 ;
Mes%cL | W5 cL
[escL | Wes%cL
|
30 30
S o S o
g &)
g 2
|
|
05 ‘ ‘ ‘ 05 ‘ |
-0.4 -0.2 0 0.2 -0.4 -0.2 0 0.2
5C/CM 5Cy/CM
with 10% power correction errors:
Ax? method Absolute x? method
08 HosncL 05 [ e
e cL | [Wes% cL
|
5(: Eo
g o S o
g o
g 2
|
|
05 ‘ ‘ ‘ 05 ) 1
-0.4 -0.2 0 0.2 -0.4 0 0.2
5C/CM

-0.2
5C/CM

Using the full form factors, only 20 agreement for Co could be possible
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Fit results for two operators: {Co, Co}

— Using soft form factors

with 10% power correction errors:

Ax? method
0.2 Meswct —
£ esscL
o ]
o L ]
S
3021 0 e
2
0.4 -
F i
-0.5 0 0.5
3C,/C
with 20% power correction errors:
Ax? method
0.2 Eesct —
3 Oeswer
0
B | i
S-02f- E
8
0.4 -
L i
-0.5 0 05
3C,/C3"
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Fit results for two operators: {Co, Co}

— Using soft form factors

with 10% power correction errors:

Ax? method
0.2 MeswcL
£ Deewct 1
0
o L
S
3021 0
2
0.4
£ I
-0.5 0 0.5
3C,/C"
with 20% power correction errors:
Ax? method
0.2 [mESACR
3 Oeswer
0
B |
g-02f-
8
0.4
-0‘.5 0 05
3C,/C3"

Absolute x? method

0.2f Wi
£ MesscL
0
3o ]
S
Jg-02f E
8
045 -
£ ‘ ‘ L
-05 0 05
3C,/CM

Absolute x2 method

05 0
3C,/C3"

10 agreement for Cy is possible even in the 2 operator basis!
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Fit results for two operators: {Co, Co}

— Using full form factors

with 5% power correction errors:

Ax? method
0.2 Meswct —
£ esscL
0
o L ]
S
- O
2
0.4f E
F i
-0.5 0 0.5
3C,/C
with 10% power correction errors:
Ax? method
0.2 Eesct —
3 Oeswer
0
B | i
8
0.4 -
-0‘.5 0 05
5C,/ICM
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Fit results for two operato

{C9~ CQI}
— Using full form factors

with 5% power correction errors:

Ax? method Absolute x? method
02F oo 02F Wesrics ]
£ Deswct § £ Meswct ]
0 0
= =
o | ] 3o | ]
S S
J-0.2f g Jg-0.2f E
8 8
045 E 0.4f E
£ I E| £ I . .3
05 0 05 05 0 05
3C,/C" 3C,/CM

with 10% power correction errors:

Ax? method Absolute x? method
0.2~ Moswct 0.2 ’ WoswcL
b Deecr | 3 Heweor |
0 0
2o L 1 2o L 1
[$] ()
302k O E 302 E
2 2
041 E 0.4 E
£ Il §| £ Il L Il 5|
-0.5 0, 0.5 -0.5 0 0.5
3C,/C3" 3C,/C3"

Using the full form factors, only 20 agreement for Cy could be possible.
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Fit results for two operators: {C5, C5'}
— Using soft form factors
with 10% power correction errors:

Ax? method

0.2}~

st
Oeswct

0

SM
9

5C,,/C;
S

with 20% power correction errors:

Ax? method

[eswcr
Dleewct
= 0 E
3o
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Fit results for two operato

— Using soft form factors

with 10% power correction errors:

Ax? method Absolute x? method
0.2 MescL T e
Oeswct ‘ Mo cL
= 0 ] =
K} K}
§02 0 02
=3 . =3
04b
L | NI I IS S S TP S T
-2 -1 0 1
5C,,/C3" ac J/C3"

with 20% power correction errors:

Ax? method Absolute x? method
o2 T Hage
E Deewct 1
5, ° N
e F
0.4
| ‘
-2 -1 0 1 -1
8C,,/C" 8C,,/C3"

No tension in Co, with 20% errors for power corrections!
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Fit results for two operators: {C5, C5'}

— Using full form factors

with 5% power correction errors:

Ax? method
02F Hoer
£ Oeewct 1
3o 0
et ]
§-02
7% 0 1
0.4/ E
P E
2 -1 1
3C,,/C3"

with 10% power correction errors:

Ax? method
0.2 @esnct —
£ Oesxct §
0
Bo
T E
F 000 4
% > 3 ‘ O E|
045 -
E ]
-2 -1 1
5C,,/CM
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Fit results for two operato Cs, C8'}

— Using full form factors

with 5% power correction errors:

Ax? method Absolute x? method
0.2 eswor — 0.2F } Woswct
Deewct 1 | Weenc |

=
SM
9

=

Q 3 1 Q 3 1
goet | 0 : gz :
0.4 E -0.4F R
B E| B | M E|
-2 -1 1 -2 -1 1

3C,,/C3" 5C,,/C"

with 10% power correction errors:
Ax? method Absolute x? method
0.2 MeswcL - 0.2 ’ } Wosicl 4
3 Oeswct | £ | WescL ]
. ° o °

g ] g ]
$ 70_27— . 0 . & ,0.27— 1
0.4 = 0.4 =
o E b ] E
-1 1 -2 -1 0 1

8C4/C3" 5C,,/CM

20 agreement still possible!

Nazila Mahmoudi Rare B decays in 2015 - Edinburgh - 13 May 2015 13 / 20



Fit results for four operators: {Co, Cg, C10, Cio}

Using full form factors with 5% power correction errors

— with Ax? method

asTTTTTTTTTT e Ratiaes el
Desscr 0.5 Desswct —
2 o 0 32
8] %)
= 50
2 2
—0.5- B
~05- B
Il L Il L
06 04 02 02 -1 0
3C,/C3M acyrcs”
oo Woswce
0.2~ [ 0.5 Deosec. —
z. 07 ] 5{.)2
g-0.2F E 3 °
27 2
-0.4F E -0.5+ B
-0.6 Il Il L Il

0 SM 0 SM
5C,/C} 5C,,ICS!

Adding Cyo or primed coefficients doesn’t improve the fit
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Fit results for four operators: {Co, Cg, C10, Cio}

Using full form factors with 5% power correction errors

— with absolute x2 method

0.5~ Meswct
0.5 Oeswe.
So z =
Too N
3 g
3 2
-0.51-
-0.5
1 Il L Ll Il
06 04 02 0.2 -1 05 0. .5
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Mossece
05— Oessct
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€ o
2
g -051
E | E
» I | I I Ll
087 — 0. — 0. 05
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Adding Cyo or primed coefficients doesn’t improve the fit
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Fit results for four operators: {C/', C;"’, cs, C;e

Using full form factors with 5% power correction errors
g p

— with Ax? method

0.2 [ NRE Woscr
b Demcr Demecr
o 1 05
LT E Egm e il
02 E 5 0 o
g : E 3 )
_o.4f- E -05F
—0.60 - [ 1 1 L L wl Lititiasi s
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s 0 ] s 0
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L % E 5021 O
Q Q
8 T E 2
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- Il Il L L 1 | Il L
St 2 065 05

0 SM 1 0 SM
8C,,/C 8C4,1Cq

Separating electron and muon coefficients improves the fit by more than 20
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Fit results for four operators: {C/', C;"’, cs, C;e

Using full form factors with 5% power correction errors

— with absolute x? method

0.2 Eowor 4 Eoscr
3 Oesce S
o 05
5(,) o F E %g"
3021 B s 0
g E 2
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2 10 1 2 21 05 0., 05 1
3C,,CS 8C,,ICS

Separating electron and muon coefficients improves the fit by more than 20
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Fit results for four operators: {C}', Cs5, Ciy, Ci

Using full form factors with 5% power correction errors

— with Ax? method

-
0.2
= 0
o
U L
So2k
< 3
-0.4F E
—0.6EL L L. 05 L 1 Ll
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T
L Woswc | Wossecr
05 Desscy 1 Messce
a8 7z °
o o 3 E
2 g 1 ]
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-05p ! L] - 1 1 1 L
-0.6 -0.4 -0.2 - 0 0.2 -3 -2 1 o 1
8Cy,/Cg 5C,,/CS

Again the non universal solutions are favoured
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Fit results for four operators: {C}', C5, Ci, Cio}

Using full form factors with 5% power correction errors

— with absolute x2 method

02 Wowmecr osl” | Hoscr |

Desecr EE
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Again the non universal solutions are favoured
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MFV fit results: {G7, Gg, o, Cio, Co}

Using full form factors with 5% power correction errors

Preliminary
— with Ax? method

Wossece
0.4 Cessct
0.2
5(.)2 E E
=~ 0
g E E|
-0.28 E
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Il Il 1
-08 0.6 -04 -0 0 02
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__02 e
s b E
¥,
g 3
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_0.4F I
| | I
-03 02 01 O 01

The tension in Cy is present even in the MFV fit!
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MFV fit results: {G7, Gg, o, Cio, Co}

Using full form factors with 5% power correction errors

Preliminary
— with absolute x2 method
1 Wossoct
E 0.4 Wessct
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The tension in Gy
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is present even in the MFV fit!
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Comparison of exclusive and inclusive b — s¢/ observables

using only BR(B — K%utpu™),
BR(BT — Ktutu™), Rk

WeswcL
Deexct

20

jost
Deewct

o

using only B — K*utpu~ g 3
observables 0 D
A0 ) i
SCQ
Y Tome
E DesscL
10
using only BR(B — Xsutp™) at S I
low- and high-g? 0
5 i 0 i 2 055 10 0 i
sC, 5C,

T. Hurth, FM, S. Neshatpour, JHEP 1412 (2014) 053

All three sets of exclusion plots nicely compatible with each other
— non-trivial consistency check
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@ There are two possible statistical approaches: Ax? and absolute x?

o With Ax?, the error on power corrections has a smaller impact than
with absolute 2

e With Ax?, in the two operator fits {Co, Ci0}, {Go, Go}, {Cf, CS3,
SM shows more than 2o tension

— In principle there is no reason to consider only 2 operators!

@ In the 4 operator fits, the tension in Co weakens but still exists at
the 20 level

@ The tension in Gy is also seen in the MFV fit
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@ There are two possible statistical approaches: Ax? and absolute x?

o With Ax?, the error on power corrections has a smaller impact than
with absolute 2

e With Ax?, in the two operator fits {Co, Ci0}, {Go, Go}, {Cf, CS3,
SM shows more than 2o tension

— In principle there is no reason to consider only 2 operators!

@ In the 4 operator fits, the tension in Co weakens but still exists at
the 20 level

@ The tension in Gy is also seen in the MFV fit

The tensions are almost GONE with abs x? and 20% error for the power corrections!

The largest remaining tension is for C}‘ but it's less than 2o
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Conclusion

e Important to correctly choose the statistical method, depending
on which question is asked

@ There is a small tension of about 20, in the global fits in the
absence of lepton flavour violation

e We should be cautious not over interpreting the tension

e To claim new physics, the use of Ax? is NOT appropriate, one
needs to use the absolute y?

o The ideal would be to consider properly the Look Elsewhere
Effect

e The cross check with the updated results in particular for
Bs — ¢utp is awaited

e The cross check with the inclusive results is also of importance
v
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Backup
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Comparison of exclusive and inclusive b — s¢/ observables

At Belle-ll, for inclusive b — s¢¢:
expected uncertainty of 2.9% (4.1%) for the branching fraction in the low- (high-)g? region,

absolute uncertainty of 0.050 in the low-g? bin 1 (1 < g% < 3.5 GeV?), 0.054 in the low-g2 bin 2
(3.5 < g2 < 6 GeV?) for the normalised Arg

0.42X10° x10° :
[ W3 E Wso
. d2s _ o2 4
§0.37[|| o - f‘g Oie
= 5]
% 0.2 — <
K T 0.4 4
o 3 E )
g o1 E g ob 1
o 0 <
0 I | x10° 02y L | I I _ix10°
0 1 2 3 -0.1 -0.05 0 005 0.1 0.15
BREB-X W), - Apg(BoXgw)

T. Hurth, FM, JHEP 1404 (2014) 097
T. Hurth, FM, S. Neshatpour, JHEP 1412 (2014) 053

Predictions based on our model-independent analysis
black cross: future measurements at Belle-ll assuming the best fit solution

red cross: SM predictions
— inclusive mode will lead to very strong constraints
22 / 20
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The SM predictions and experimental values

Observable SM prediction Measurement
10* x BR(B — Xs7v) 3.374+0.19 3.4340.22
0% x Ao(B — K*v) 6.943.0 52426
10° x BR(Bs — pp™) 3.54 +£0.27 29407
10'° x BR(By — ™) 1.07 £0.27 36+1.6
Ri g2€[1.0,6.0/(GevY2 1.0006 & 0.0004  0.745 + 0.097
10° x BR (B — xse+e—)q2€[1Y6](ch)z 1.7319%3 1.9340.55
° xBR (B = Xse"e7) 2 14 »covye 0.20%9%% 0.56 +0.19

° x BR (B — Xet* 17) 2eppecevy? 1.677912 0.66 + 0.88

® X BR (B = Xst™107) 22 14 ncevy2 0.2379%% 0.60 +0.31

Nazila Mahmoudi Rare B decays in 2015 - Edinburgh - 13 May 2015 23 / 20



M predictions and experimental values of the B° — K*°1, ™.~ observables

Observable || Soft FF (10%) | Soft FF (20%) ||  Full FF (5%) | Full FF (10%) || Measurement

g% €[0.1, 0.98] GeV2
(BR) x 107 1.082 + 0.157 1.082 + 0.197 1.071 + 0.148 1.071£0.148 || ————————
(FL) 0.244 + 0.042 0.244 + 0.050 0.247 + 0.037 0.247 + 0.037 0.2637%%%5 +0.017
(Arg) —0.088 £ 0.019 | —0.088 +0.036 || —0.088+0.006 | —0.088 +0.008 || —0.003*%%% + 0.008
(Ss) 0.000 =+ 0.011 0.000 £ 0.023 0.007 + 0.002 0.007 £0.003 || —0.0367%%3 + 0.005
(Sa) —0.097 £ 0.007 | —0.097 £0.010 || —0.096 4 0.005 | —0.096 + 0.005 0.082°% %% + 0.009
(Ss) 0.239 £ 0.014 0.239 -+ 0.022 0.242 £ 0.010 0.242 £ 0.010 0.1707% 9% £ 0.018
(S7) 0.022 + 0.014 0.022 + 0.026 0.022 + 0.006 0.022 + 0.006 0.015*9%%° + 0.006
(Ss) —0.004 +0.006 | —0.004 +0.012 || —0.004 4+ 0.003 | —0.004 + 0.003 0.0797% %% + 0.007
(So) —0.001£0.011 | —0.001+0.023 || —0.001 4+ 0.000 | —0.001 4+ 0.001 || —0.0837%%%%, +0.004
(Pa) 0.657 &+ 0.024 0.657 + 0.049 0.665 + 0.008 0.665 + 0.011 0.387:9%% +0.052

q° €[1.1, 25]GeV?
(BR) x 107 0.658 + 0.078 0.658 + 0.101 0.656 + 0.069 0.656 £0.069 || - ———————
(FL) 0.721 + 0.045 0.721 + 0.060 0.722 + 0.037 0.722 + 0.037 0.6607% 9% + 0.022
(Ars) —0.158 +£0.029 | —0.158 +0.038 || —0.156 4 0.024 | —0.156 4 0.024 || —0.1917%%%% +0.012
(Ss) 0.000 £ 0.008 0.000 + 0.016 0.003 £ 0.001 0.003 £0.002 || —0.077%9% + 0.005
(Sa) —0.012 +0.009 | —0.012+0.009 || —0.008 +0.008 | —0.008 +0.009 || —0.0777%%%2 =+ 0.005
(Ss) 0.106 + 0.015 0.106 -+ 0.017 0.108 -+ 0.015 0.108 -+ 0.015 0.1377% %% == 0.009
(S7) 0.035 = 0.008 0.035 £ 0.010 0.034 £ 0.008 0.034 £0.008 || —0.2197%%% + 0.003
(Ss) —0.012+0.004 | —0.012+0.006 || —0.011+0.004 | —0.011+0.004 || —0.0987%%%, =+ 0.005
(Se) —0.001+0.008 | —0.001+0.016 || —0.001+0.001 | —0.001+0.001 || —0.1197%9%; =+ 0.005
(Pg) 0.252 & 0.028 0.252 & 0.035 0.258 = 0.030 0.258 = 0.032 0.289" 4% +0.023

q? € [2.5, 4.0] GeV?
(BR) x 107 0.637 + 0.081 0.637 + 0.117 0.637 + 0.065 0.637£0.065 | - ———————
(FL) 0.808 + 0.036 0.808 + 0.056 0.807 + 0.028 0.807 + 0.028 0.8777% %% +0.017
(Arg) —0.053 £0.017 | —0.053+£0.026 || —0.05140.011 | —0.05140.012 || —0.1187%%% 4 0.007
(Ss) —0.011+£0.008 | —0.011+0.014 || —0.010 £ 0.003 | —0.010 £ 0.003 0.035"% 1% £ 0.006
(Sa) 0.124 + 0.016 0.124 + 0.022 0.127 +0.013 0.127 +£0.013 || —0.2347%%32 + 0.006
(Ss) —0.146 £ 0.021 | —0.146 £ 0.031 || —0.1444+0.017 | —0.144 4+0.017 || —0.0227%%1F, 4 0.008
(S7) 0.026 £ 0.024 0.026 + 0.047 0.026 £ 0.006 0.026 -+ 0.006 0.068" %112 £ 0.005
(Ss) —0.011 +0.009 | —0.011+0.017 || —0.010 4 0.003 | —0.010 + 0.003 0.0307%%% + 0.006
(So) —0.001 +0.007 | —0.001+0.013 || —0.001+0.000 | —0.001+0.001 || —0.0927%%% +0.007
(P§) —0.386 £ 0.050 | —0.386 +£0.077 || —0.382£0.037 | —0.382£0.039 || —0.066"% 3%t +0.023
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M predictions and experimental values of the B° — K*°1, ™.~ observables

Observable || Soft FF (10%) | Soft FF (20%) ||  Full FF (5%) | Full FF (10%) || Measurement
q° €[6.0, 8.0] GeV?
(BR) x 107 1.059 -+ 0.105 1.059 + 0.177 1.065 = 0.065 1.065+£0.065 || ————————
(FL) 0.625 + 0.073 0.625 + 0.126 0.624 +0.041 0.624 +0.041 0.5797% %% +0.015
(Ars) 0.228 £ 0.049 0.228 £ 0.083 0.230 -+ 0.026 0.230 -+ 0.026 0.1527% %% £ 0.008
(Ss) —0.044 £0.029 | —0.044 £0.055 || —0.045+0.011 | —0.045+0.011 || —0.0427%%5% +0.011
(Sa) 0.260 + 0.021 0.260 + 0.039 0.262 + 0.009 0.262 +0.009 || —0.2967% %% + 0.011
(Ss) —0.393+£0.041 | —0.393+0.077 || —0.391+0.013 | —0.391£0.013 || —0.2497%%%2 +0.012
(S7) 0.010 £ 0.079 0.010 = 0.149 0.009 £ 0.003 0.009 £ 0.004 || —0.04779%¢ + 0.003
(Ss) —0.005 +0.031 | —0.005+0.060 || —0.005+ 0.002 | —0.005 + 0.002 || —0.0857% %7 =+ 0.006
(Se) —0.001+0.026 | —0.001+0.052 || —0.001+0.001 | —0.001+0.002 || —0.0247%%%, £ 0.005
(Pa) —0.819£0.083 | —0.819£0.160 || —0.814+0.025 | —0.814+0.025 || —0.5057%2% + 0.024
g° € [15.0, 17.0] GeV?
(BR) x 107 1.258 + 0.073 1.258 =+ 0.092 1.258 = 0.068 1.258£0.073 || ———————
(FL) 0.339 + 0.039 0.339 + 0.055 0.339 + 0.034 0.339 + 0.039 0.3497%%% + 0.009
(Ars) 0.409 =+ 0.025 0.409 -+ 0.037 0.409 -+ 0.022 0.409 -+ 0.026 0.4117%5%% +0.008
(S3) —0.181£0.024 | —0.181£0.037 || —0.181+0.020 | —0.181+0.024 || —0.142"%5% +0.007
(Sa) 0.294 + 0.008 0.294 +0.013 0.294 + 0.007 0.294 +0.008 || —0.32174%3 + 0.007
(Ss) —0.315+0.024 | —0.315+0.037 || —0.315+0.019 | —0.315+0.024 || —0.316"% %%, £ 0.009
(S7) 0.000 + 0.034 0.000 + 0.067 0.000 + 0.017 0.000 + 0.034 0.061*9%8 + 0.005
(Ss) 0.000 =+ 0.009 0.000 + 0.018 0.000 + 0.005 0.000 =+ 0.009 0.0037%9%° + 0.003
(Se) 0.000 + 0.016 0.000 = 0.032 0.000 -+ 0.008 0.000 +0.016 || —0.0197% %3 + 0.004
(P{) —0.666 +£0.041 | —0.666 £ 0.065 || —0.666 = 0.033 | —0.666 &+ 0.042 || —0.662"%1%2 +0.017
4% € [17.0, 19.0] GeV?

(BR) x 107 0.866 + 0.055 0.866 + 0.069 0.866 + 0.051 0.866 +£0.054 || - ————— ——
(FL) 0.322 +0.042 0.322 + 0.057 0.322 + 0.037 0.322 + 0.042 0.3547% %% +0.025
(Arg) 0.321 £ 0.023 0.321 + 0.033 0.321 + 0.021 0.321 + 0.024 0.3057 % %% +0.013
(Ss) —0.256 £ 0.025 | —0.256 £ 0.034 || —0.256 +0.021 | —0.256 40.024 || —0.188"% %% +0.017
(Sa) 0.309 + 0.010 0.309 + 0.014 0.309 + 0.009 0.309 +0.010 || —0.2667% %, + 0.010
(Ss) —0.224 +£0.022 | —0.224+0.032 || —0.22440.019 | —0.22440.022 || —0.3237% %% 4 0.009
(S7) 0.000 =+ 0.035 0.000 £ 0.071 0.000 =+ 0.018 0.000 = 0.035 0.0447 492 +£0.013
(Ss) 0.000 =+ 0.007 0.000 + 0.013 0.000 + 0.003 0.000 =+ 0.007 0.0137%9%7 + 0.005
(Se) 0.000 + 0.013 0.000 =+ 0.025 0.000 -+ 0.006 0.000 £ 0.013 || —0.094"% %o = 0.004
(P§) —0.481+£0.039 | —0.481+0.057 || —0.481+£0.033 | —0.481£0.039 || —0.675'%1% +0.017

Nazila Mahmoudi Rare B decays in 2015 - Edinburgh - 13 May 2015 25 / 20



al values for B — ¢ u'ty dB— Kutp

Bs — ¢ ™ SM prediction

Observable || Soft FF (10%) | Soft FF (20%) || Full FF (5%) | Full FF (10%) || Measurement
% €[0.1, 2.0] GeV?
(BR) x 107 1.631+0.134 1.631 +0.161 1.611 + 0.095 1.611 + 0.095 0.907%3% + 0.04 £ 0.09
(FL) 0.390 + 0.043 0.390 + 0.058 0.397 +0.034 0.397 +0.035 0.37%%%2 +0.07
(S3) —0.001 + 0.010 | —0.001 = 0.020 0.006 + 0.002 0.006 + 0.003 —0.117%2% +0.05
q% € [2.0, 4.3]GeV?
(BR) x 107 1.013 4 0.072 1.013 £ 0.112 1.017 + 0.053 1.017 + 0.054 0.537%%% +0.03 £ 0.05
(FL) 0.802 £ 0.032 0.802 + 0.053 0.803 + 0.020 0.803 % 0.020 0.53%25 +0.10
(S3) —0.012 +0.007 | —0.012+0.015 || —0.011+0.003 | —0.011 + 0.003 —0.977%53 +0.17
q° € [4.30, 8.68] GeV?
(BR) x 107 2.284 + 0.095 2.284 +0.168 2.306 + 0.058 2.306 =+ 0.059 1.3879%, £0.05+0.14
(FL) 0.651 + 0.063 0.651 + 0.116 0.650 + 0.029 0.650 + 0.029 0.81%%% +0.05
(S3) —0.046 £+ 0.025 | —0.046 +0.049 || —0.048 +0.010 | —0.048 + 0.010 0.257%2 +0.05
q° € [14.18, 16.0] GeV?
(BR) x 107 1.167 £ 0.072 1.167 £ 0.092 1.167 + 0.066 1.167 + 0.073 0.767%%% +0.04 £ 0.08
(FL) 0.349 £ 0.036 0.349 + 0.054 0.349 + 0.030 0.349 + 0.036 0.34%%%8 +0.07
(Ss) —0.1724£0.022 | —0.17240.036 || —0.172+0.017 | —0.172 4+ 0.022 —0.03+92° +0.06
q° € [16.0, 19.0] GeV?
(BR) x 107 1.280 + 0.053 1.280 + 0.068 1.280 + 0.049 1.280 + 0.054 1.067%23 +0.06 £ 0.11
(FL) 0.325 £ 0.039 0.325 + 0.056 0.325 + 0.033 0.325 + 0.039 0.16%%7 +0.07
(S3) —0.248 +0.022 | —0.248 +0.034 || —0.248+0.018 | —0.248 + 0.022 0.19%%39 +0.05
BR(B — Kp'pu~) SM prediction
bin || Soft FF (10%) | Soft FF (20%) ||  Full FF (5%) | Full FF (10%) || Measurement
107 x (BR)(B® — K°u"p™)

g% € [1.1 — 6.0] GeV? 1.353 + 0.061 1.353 + 0.100 1.350 + 0.045 1.350 =+ 0.045 0.927%%% +0.04
9% € [15.0 — 22.0] GeV? 0.942+0.014 | 0.942+0.015 0.942+0.014 | 0.942+0.014 0.677¢%, +0.04
107 x (BR)(BY — K*up™)
¢? € [1.1 - 6.0 GeV? 1.481 + 0.067 1.481 £ 0.110 1.477 £ 0.049 1.477 £ 0.049 1.19 £ 0.03 £ 0.06
¢? € [15.0 — 22.0] GeV? 1.024 + 0.016 1.024 + 0.016 1.024 £ 0.016 1.024 +0.016 0.85 +0.03 £ 0.04
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