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Global fits to b — s transitions

Some of the significant tensions between data and theory predictions of b — s££ observables
July 2013

LHCb (1 fb-1)
3.70 in Ps

2013:

Descotes-Genon, Matias, Virto 1307.5683
Altmannshofer, Straub 1308.1501
Beaujean, Bobeth, van Dyk 1310.2478
Horgan, Liu, Meinel, Wingate 1310.3887
Hurth, Mahmoudi 1312.5267

List not exhaustive, sorry for missing references...
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Global fits to b — s transitions

Some of the significant tensions between data and theory predictions of b — s££ observables
July 2013

LHCb (1 fb-1)
3.70 in Ps

2013:

Descotes-Genon, Matias, Virto 1307.5683
Altmannshofer, Straub 1308.1501
Beaujean, Bobeth, van Dyk 1310.2478
Horgan, Liu, Meinel, Wingate 1310.3887
Hurth, Mahmoudi 1312.5267

List not exhaustive, sorry for missing references...
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Global fits to b — s transitions

Some of the significant tensions between data and theory predictions of b — s££ observables
July 2013 June 2014

LHCb (1fb-1) LHCb (1 fb-1)
3.70 in Pg 2.60 in Ry

2014:

Ghosh, Nardecchia, Renner 1408.4097
Hurth, Mahmoudi, SN 1410.4545
Altmannshofer, Straub 1411.3161

List not exhaustive, sorry for missing references...
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Global fits to b — s transitions

Some of the significant tensions between data and theory predictions of b — s££ observables

July 2013 June 2014 Mar./Dec. 2015
LHCb (1fb~%) LHCb (1fb™1) LHCb (3 fb~1)
3.70 in Pg 2.60 in Ry 2 X2.90in Pg

2.5-3.50 in BR(B; = ¢uu)

2015 & 2016:

Altmannshofer, Straub 1503.06199

Beaujean, Bobeth, Jahn 1508.01526

Descotes-Genon, Hofer, Matias, Virto 1510.04239

Ciuchini, Fedele, Franco, Mishima, Paul, Silvestrini, Valli 1512.07157
Hurth, Mahmoudi, SN 1603.00865

Meinel, van Dyk 1603.02974

List not exhaustive, sorry for missing references...
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Global fits to b — s transitions

Some of the significant tensions between data and theory predictions of b — s££ observables

July 2013 June 2014 Mar./Dec. 2015 Apr. 2017
LHCb (1fb™1) LHCb (1fb1) LHCb 3fb™1) LHCb 3b~1)
3.70 in Pg 2.60 in Ry 2 X2.90in Pg 2.30 & 2.50 in Rg+

2.5-3.50 in BR(B; = ¢uu)

2017:

Capdevila, Crivellin, Descotes-Genon, Matias, Virto 1704.05340
Altmannshofer, Stangl, Straub 1704.05435

D’Amico, Nardecchia, Panci, Sannino, Strumia, Torre, Urbano 1704.05438
Geng, Grinstein, Jaeger, Camalich, Ren, Shi 1704.05446

Ciuchini, Coutinho, Fedele, Franco, Paul, Silvestrini, Valli 1704.05447
Hurth, Mahmoudi, Martinez Santos, SN 1705.06274

List not exhaustive, sorry for missing references...
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Global fits to b — s transitions

Some of the significant tensions between data and theory predictions of b — s££ observables

July 2013 June 2014 Mar./Dec. 2015 Apr. 2017 Mar. 2019
LHCb (1 b)) LHCb (1 b1 LHCb 3fb™%) LHCDb (3 fb~1) LHCDb (5 fb~1)
3.70 in Pg 2.60 in Ry 2 X2.90in Pg 2.30 &2.50 iNRg~ 2.50inRg

2.5-3.50 in BR(B; = ¢uu)
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Global fits to b — s transitions

Some of the significant tensions between data and theory predictions of b — s££ observables

July 2013 June 2014 Mar./Dec. 2015 Apr. 2017 Mar. 2019
LHCb (1 b)) LHCb (1 b1 LHCb 3fb™%) LHCDb (3 fb~1) LHCDb (5 fb~1)
3.70 in Pg 2.60 in Ry 2 X2.90in Pg 2.30 &2.50 iNRg~ 2.50inRg

2.5-3.50 in BR(B; = ¢uu)

| will only talk about recent global fits to b — s transitions including the March 2019 results in

. 4 .
the Weak Effective Theory #.s = — CF vV ( > (G(m)Oi(p) + C,-’(M)O,’v(u)))
V2 i=1...10,5,P
4-quark electromagnetic chromomagnetic semileptonic
operators dipole operator dipole operator operators
b s
09.10
07 Og b S
b AF.IH_: 5 b —»—I%: S :S
€+
q q Y g 7 i
01’2 X (§Fuc)(EF“b) 07 o€ (§O’“VPR)F§V 03 [o.¢ (§O’“V TaPR)Gsy Oé [o.¢ (gfyubL)(E’yHE)
O34 o (3T,.b)>- (3T q) O o< (37 b ) (Fypvst)

In the SM: Gz = —0.29 Co = 4.20 Cip = —4.01

other operators: Chirally flipped (O?), (pseudo)scalar (Os and Op)
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Exclusive mode B —» K*¢+ ¢~

Effective Hamiltonian has two parts: Heg = HE2d + 354
. 4G 4G o o
'H:_;lﬂc = FVbT/ [ Z (’k (1) OU ;f,)} 'Hh“l FVbT/ [ Z Ci(1)O; () + Cs(11)Og( 1)
i=7,9,10,Q1,Q2 \/E i=1...6

|
=

@°® @B

Factorisable contributions: In general “naive” factorization not applicable
7 independent form factors V. o, T o, S .2 A A
or _QGMLA‘J}[ Y(¢*)Va +LOin O, )+ ha(q®)
heavy quark symm. relations: 2 soft for factors ¢, , ¢, ¢ —— L — —
fact., perturbative non—fact., QCDf power corrections,
[Beneke et al.]
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https://arxiv.org/abs/hep-ph/0106067

Exclusive mode B —» K*¢+ ¢~

Effective Hamiltonian has two parts: Heg = HE2d + 354
s AGr ., s (7 (1) had _ AGFP L L .
Hog = — WVl > o (w) Heoit' = — —=VaoVis| Y Cili)Oil) + Cs (1) Os (1)
\@ [z 7.9.10.Q1.Q2 } V2 [-z'_l..ﬁ }

|
=

@°® @B

Factorisable contributions: In general “naive” factorization not applicable
7 independent form factors V, o, T+ o, S 5
0. T, e A A )
or q_QGMLV[ Y(¢*)Vy +LOin O(mb EK*>+ ha(q”)
heavy quark symm. relations: 2 soft for factors ¢, , ¢, —_—— —_———
fact., perturbative non—fact., QCDf power corrections,
[Beneke et al.]

Light-meson LCSR:
[BSZ 1503.05534]

B-meson LCSR:
[KMPW 1006.4945] & [GKvD 1811.00983]
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https://arxiv.org/abs/hep-ph/0106067

Exclusive mode B —» K*¢+ ¢~

Effective Hamiltonian has two parts:
Observables: [BR, P;] exclusive b — s€¢,B = K*y, BR(B = Xs;(£4,7)), Ry, Q; = Dp,
Form factors: soft FF, B — K®): B-meson LCSR [KMPW 1006.4945]+Lattice [BLMNS 1306.2384] & [HLMW 13103727,

Hest = Heg" + Hin

B, — ¢: Light-meson LCSR [BSZ 1503.05534] + Lattice [HLMW 1310.3722]

Factorisable contributions:

7 tmdaimmm A amd £mvian £ambmn YT

Software: private code with Ay?

Fi'w

&

0.0

85

-0.2

—04}

Decay constant: fg_from Lattice update for Ny = 2 + 1 + 1 [FLAG 1902.0819]
Power corrections: order of magnitude from LCSR [Khodjamirian et al. 1006.4945] w/o assumption on sign

Nl N

In general “naive” factorization not applicable

e L”‘[ Y@V +L0m o2, Ay (@)
qge,u 14 q A WlbjEK* \\q

A o~ A g A 7
~ ~

~
fact., perturbative non—fact., QCDf power corrections,

Beneke et al.

| =—— [BSZ 1503.05534] full FF
] """ [BSZ 1503.05534] soft FF

ceenns  [KMPW 1006.4945] full FF
[KMPW 1006.4945] soft FF

Siavash Neshatpour
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https://arxiv.org/abs/hep-ph/0106067

Exclusive mode B —» K*¢+ ¢~

Effective Hamiltonian has two parts:

. 40
Hig = thb { Z (oY ;1)}
1=7.9.10.Q01.Q2

|
=

@°® @B

Factorisable contributions:

7 independent form factors V. o, T o, S
or
heavy quark symm. relations: 2 soft for factors ¢, , ¢,

power corrections:

Heg = HE2L + H2L

4G N (11
Hmd \/gptbp [ Z Ci(p)O; () + ('H(IIJOB(H-)}

i=1...6

In general “naive” factorization not applicable

e A A
—€ L”’[ Y(¢7)Vy +LOiInO + (g
Pl Y@ 10w O po) e i)
fact., pert::rbative non—fact., QCDf power c:)?rections,
[Beneke et al.]

not calculable in QCDf
often “guesstimated”

» partial calculation using LCSR and dispersion relations [Khodjamirian et al. 1006.4945]

> recent progress by exploiting analyticity of amplitudes [Bobeth et al. 1707.07305]
\ correlation among parameters not publicly available

Siavash Neshatpour
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Exclusive mode B —» K*¢+ ¢~

sl
Heff —

Effective Hamiltonian has two parts:

L‘LC * r
5 Vavi| 2 cwol )
i=7,9,10, Q1 Qo

0.0/

1.0

0.5

== QCDf with 10% error estimation €
m= Bobeth et al. w/o correlations
m= [Khodjamirian et al.

q

Ps

~0.5!

~1.0l

| [Arbey et a}l. |18‘06|.O‘2791]

2 4 6 8 10 12 14

thtd

Heg = H2d + HoL

_AGr
V2

VaVie| 3 CilimOiln) + CxtnOs(n)
i=1...6

—QGML@[ V() +L0 in O(-L

In general “naive” factorization not applicable

A

; 2
™ EK*>+ w(q”)

A o~ A NG 7
~ ~

non—fact., QCDf

Beneke et al.
not calculable in QCDf
often “guesstimated”

fact., perturbative power corrections,

Siavash Neshatpour
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https://arxiv.org/abs/hep-ph/0106067

Exclusive mode B —» K*¢+ ¢~

Effective Hamiltonian has two parts: Heg = HI22 + 154
40 4G L L
Hy = Fmbvf’:[ > 0L () Hif' =~ ViV | 32 CilmOi) + Cu(n)Os(n)
i=7,9,10,Q1,Q2 i=1...6

In general “naive” factorization not applicable

1.0/

0.5 \

== QCDf with 10% error estimation
m= Bobeth et al. w/ correlations
m= [Khodjamirian et al.

T 9
8—2@[}(/[ Y(¢*)Vy +LOin O(A A Y+ ha(¢®)
q mb EK*
fact., pert::rbative non—fact., QCDf power cg?rections,

Beneke et al.
not calculable in QCDf

—0.5}

~1.0"

often “guesstimated”

significance of the anomalies depends on the
assumptions made for the power corrections

_[Arbey et al. 1806.02791]

o 2/ 4 6

"8 10 12 14 > power corrections do not affect Ry and R+

Bobeth et al. (correlation included) T

Siavash Neshatpour
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Recent results

1) Lepton flavour universality in BY — K*£¢ - LHCb

= 2.0p RM([1.1,6.0] GeV?) = 1.006 + 0.004
. LHCD
i i = Run 1 [PRL 113, 151601 (2014)]:
: ) I Rk ([1.1,6.0] GeV?) = 0.7451307 + 0.036
1 0 B e L — 2.60 tension
- I - BaBar Run 1 (re-optimized):
0.5 & Belle Rk ([1.1,6.0] GeV?) = 0.71715:383+0.017
e LHCb Run 1 + 2015 +2016 Run 2:
G Rk ([1.1,6.0]GeV?) = 0.928%705 0,017

q? [GeV?/c4]
Combined result [PRL 122, 191801 (2019)]:
Rx([1.1,6.0] GeV?) = 0.84613-989+0.01¢

Central value is now closer to the SM prediction, but the tension is still 2.5¢ due to the
smaller uncertainty of the new measurement.
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Recent results

2) Lepton flavour universality in B — K*° £¢ - Belle

2.0
* Rz*([0.045,1.1] GeV?) = 0.906 + 0.028
i ] [Bordone, Isidori, Pattori, EPJ C76 (2016) 8, 440]
15} -
’ ’ RM([1.1,6.0] GeV?) = 1.000 + 0.010
10| , I 1 ]
= T | | | [JHEP 08 (2017) 055];
05| ) 4+ LHCb l Ry+([0.045,1.1] GeV?) = 0.6609:31% + 0.024
| T =+ Datafor B” and B+ modes | el | ) 0070 =
7 B SM prediction | Ry+([1.1,6.0] GeV?) = 6853113 +0.047
T 7 - E— — 2.3 & 2.50 tensions

q° (GeV?/c?)
Belle - combined neutral and charged mode [1904.02440]:

Ry+([0.045,1.1] GeV?) = 0.52103¢ 4+ 0.05, Ry+([1.1,6.0] GeV?) = 0.961333 + 0.11,

Ry+([15,19] GeV?) = 1.1819:32 + 0.10,
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Recent results

2) Lepton flavour universality in B — K*° £¢ - Belle

2.0
* Rz*([0.045,1.1] GeV?) = 0.906 + 0.028
i ] [Bordone, Isidori, Pattori, EPJ C76 (2016) 8, 440]
15} .
: ’ RM([1.1,6.0] GeV?) = 1.000 + 0.010
<10 I B
S [JHEP 08 (2017) 055]:
05| ) l Ry+([0.045,1.1] GeV?) = 0.660+3:110 + 0.024
: -+ Datafor B and B+ modes | el | ) 0.070
7 BN SM prediction | Rk+([1.1,6.0] GeV?) = 68510313 + 0.047
W e — 2.3 & 2.50 tensions
q° (GeV?/c?)
Belle - combined neutral and charged mode [1904.02440]:
x+([0.045,1.1] GeV?) = 0.5219:3¢ 4 0.05, Ry+([1.1,6.0] GeV?) = 0.961333 + 0.11,
Ry+([0.1,8] GeV?) = 0.901927 4+ 0.10, Ry+([15,19] GeV?) = 1.18%332 + 0.10,

> While the other bins are all well in agreement with the SM at 1o-level, the very low-g? bin has a tension with the SM
prediction slightly more than 1o

— Choice of bin; [0.1, 8] GeV? vs [0.045,1.1] GeV? & [1.1,6.0] GeV? can have slight impact on the fits
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Recent results

3) BR(B; — /,t+,u_) - ATLAS
$ C S L L B L L i
,g\ 1'25_ ATLAS —— 2015-2016 data _E ATLAS [JHEP 04 (2019) 098]
i 15_ Run 1 + 2015-2016 data _E BR(B; — uu) = (28t8§) x 107
T 0.8 :_ AT, - Likelihood contours for _:
X o6l - 2AIn(L)=23,62,118 ]
S P E LHCb [PRL 118 (2017) 191801]
. 25_ E BR(B; = up) = (3.0 £ 0.679%) x 10~°
of - . CMS [PRL 111 (2013) 101804]:
025, NS BR(Bs — up) = (3.015:9) x 107°

BB — u* u)[10°7]
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Recent results

3) BR(Bs; = u*u™) combining the 2D likelihood of BR(B;, —» u*u~), BR(B; —» u*u™)

[Aebischer, Altmannshofer, Guadagnoli, [Arbey, Hurth, Mahmoudi,
¢~ Reboud, Stangl, Straub 1903.10434] _ —— Marinez-Santos, SN 1904.08399]  _
! i P L ATLAS
‘ : 7 -—- LHCI s
|7 CMIS _{_\ 4 4
— i e TN lil'l.“ ('()'l‘nln. =
+§ T ,‘/’ I r"—-—“{\-, * :.\‘I lpln’-nlir'tiunl ‘ T 2 -
T 3 /"/ - Q?
& \f { \ x SM
= N i ~ i
g o { v'\"' : m °
N \ X
1 1 i s o
L} / '7'-\ -2 4
\ ‘: ! ' ! '
0y : 5 3 5 5 0 1 2 3 4
BR(B; — pp) = 109% BR(Bs — utp™)
ex —
BR(Bs = HH) comp, = (2.652035) x 107° BR(Bs = i) comp, = (2.657033) x 107°
BR(B; — uu)*™ = (3.67 £ 0.15) x 107° BR(B; = uu)M = (3.41 + 0.28) x 107°
— ~20 discrepancy — 1.50 discrepancy

combination using naive weighted average: BR(B; = uu):-> = (2.94 + 0.43) x 10~°

comb.
— ~1.80 discrepancy [Alguero, Capdevila, Crivelin, Descotes-Genon, Masjuan, Matias,
Virto 1903.09578] & [Capdevila, Laa, Valencia 1908.03338]

Depending on
> Combination of experimental results
> Theory prediction (decay const., choice of scale, other inputs)

— significance of discrepancy for SM prediction and measurement different; impacts the fits specially C;,

Siavash Neshatpour I'Institut de Physique des 2 Infinis de Lyon, 4-6 September 2019



Updated global fits

[Aebischer, Altmannshofer, Guadagnoli, Reboud, Stangl, Straub 1903.10434]

Observables: [BR, S;] exclusive b —» s€4,B = K*y, BR(B = X;(£4,¥)), Ry, Dp, = Q;, [BR, ApglAp - Autp~

Form factors: full FF, By — K™ (¢): Light-meson LCSR [BSZ 1503.05534] + Lattice [BSZ 1503.05534],
B — K: B-meson LCSR [GKvD 1811.00983] + Lattice [BLMNS 1306.2384]

Decay constant: fz_from Lattice update for Ny = 2 + 1 + 1 [FLAG 1902.0819]

Power corrections: percentage compared to amplitude ceff — cef [1 1 a it 4 p,eidn (c c(j VH)]
D e

ar €[0,0.05], by €1[0,0.2]
ap € 0,0.2], by € [0,0.05]

Software: flavio = Method: Ay?
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https://flav-io.github.io/

Updated global fits — 1D

[Aebischer, Altmannshofer, Guadagnoli, Reboud, Stangl, Straub 1903.10434]

= Observables: [BR, S;] exclusive b — s€¢,B —» K*y,BR(B - Xs(¥£,)), Ry, Dp, = Q;, [BR, Apg]Ap = Autp~

Software: flavio

Form factors: full FF, B — K*(¢): Light-meson LCSR [BSZ 1503.05534] + Lattice [BSZ 1503.05534],

B — K: B-meson LCSR [GKvD 1811.00983] + Lattice [BLMNS 1306.2384]

= Method: Ay?

NP in muon sector

Decay constant: fz_from Lattice update for Ny = 2 + 1 + 1 [FLAG 1902.0819]

Power corrections: percentage compared to amplitude ceff — cef [1 + a,e'®a 4 b,ete (

NP in electron sector

6 GeV?

q2 a+ € [0,0.05], by €[0,0.2]
ap € [0,0.2], bo € [0,0.05]

Coeft.
Cgs,u,u
Cébs,u,u
iy
Ci%s,u,u
Cgs,u;t _ C(fg;t,u

bspp bspipe
C’9 — 7010

best fit

—0.97
+0.14
+0.75
—0.24
+0.20
—0.53

lo

—1.12

— — o — —— —

—0.03,
+0.62,
—0.36,
+0.06,
—0.61,

. —0.81
+0.32
+0.89
—0.12
+0.36
—0.45

pull
5.90
0.8¢0
2.7
2.00
140
6.6

Coeff.
(Nbsee
79
thsee
C’9
bsee
(?10
Ibsee
leO
bsee __ bsee
(79 - (710

bsee __ bsee
CQ - 7010

best fit
+0.93
+0.39
—0.83
—0.27
—1.49
+0.47

lo pull
+0.66, +1.17] 3.50
(+0.05, +0.65] 1.20
—1.05, —0.60 3.60
[ ] Pull = X%M — Xﬁj‘,
(—0.57, —0.02] 1.1 '
in 1-dim.
—1.79, —1.18] 3.20
[+0.33, +0.59] 3.50

» scenarios with NP in electron sector less significant; only explain ratios R

Siavash Neshatpour

K

y and not rest of the data
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Updated global fits — 1D

[Aebischer, Altmannshofer, Guadagnoli, Reboud, Stangl, Straub 1903.10434]

= Observables: [BR, S;] exclusive b — s€¢,B —» K*y,BR(B - Xs(¥£,)), Ry, Dp, = Q;, [BR, Apg]Ap = Autp~

Form factors: full FF, B — K*(¢): Light-meson LCSR [BSZ 1503.05534] + Lattice [BSZ 1503.05534],

B — K: B-meson LCSR [GKvD 1811.00983] + Lattice [BLMNS 1306.2384]

Software: flavio

= Method: Ay?

NP in muon sector

Decay constant: fz_from Lattice update for Ny = 2 + 1 + 1 [FLAG 1902.0819]

. . . N -2
Power corrections: percentage compared to amplitude ceff — ceeff [1 + a,e'®e 4 b eion ( 4 )]

ar €[0,0.05], by €1[0,0.2]
ap € 0,0.2], by € [0,0.05]

6 GeV?

NP in electron sector

Coeff. best fit lo pull
[ opsee —0.97 (—1.12, —0.81] 5.90 |
Cpem +0.14 [—0.03, 40.32]  0.8¢
Chsm +0.75 [+0.62, +0.80]  5.70
Ciers —0.24 [—0.36, —0.12]  2.00
Chem = e +0.20 [+0.06, +0.36]  1.4c
(chorn = _cbsm _053  [—0.61, —045] 660 |

0ell.
Coeff
(Nbsee
79
thsee
(79
bsee
(710
Ibsee
leO
bsee __ bsee
(79 - (710

bsee __ bsee
(79 - Af(le

hest fit

+0.93
+0.39
—0.83
—0.27
—1.49
+0.47

lo pull
+0.66, +1.17] 3.50
(+0.05, +0.65] 1.20
—1.05, —0.60 3.60
[ ] Pull = X%M — Xﬁj‘,
(—0.57, —0.02] 1.1 '
in 1-dim.
—1.79, —1.18] 3.20
[+0.33, +0.59] 3.50

> scenarios with NP in electron sector less significant; only explain ratios R .-y and not rest of the data

> most favoured scenario NP in chiral basis C5 =

—C!, followed by Cy'

» scenarios with right-handed currents (primed coefficients) are not favoured

Siavash Neshatpour
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Updated global fits — 2D

[Aebischer, Altmannshofer, Guadagnoli, Reboud, Stangl, Straub 1903.10434]

—— NCLFU ohservables 20 —— Rg+ 1o
— b— spp & corr. obs. lo 3.0 7 R Ax* =1
L.59 —— global 1o, 20 —— NCLFU observables 1o
—— b — spp & corr. obs. 1o
259 — global 10, 20
1.0
2.0 1
Z= 05 Z_ 151
D O
1.0 4
0.0 1
0.5 -
~0.5 1 Dashed line: exclude Moriond R,y R )
Solid line: include Moriond R ¢ NN
I I
—1.5 —1.0 —0.5 0.0 0.5 —3.0 —2.5 —2.0 —1.5 —1.0 —0.5 0.0
Pull =6.30 chsm Cy Pull = 6.00
Both scenarios give good fits to the data
» best fit points now closer to the SM > Slight preference for Cg > 0
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Updated global fits

[Alguero, Capdevila, Crivelin, Descotes-Genon, Masjuan, Matias, Virto 1903.09578]

Observables: [BR, P;] exclusive b — s€¢,B = K*y, BR(B = Xs;(£4,7)), Ry, Q; = Dp,

Form factors: soft FF, B —» K®): B-meson LCSR [KMPW 1006.4945]+Lattice [BLMNS 1306.2384] & [HLMW 13103722},
B; — ¢: Light-meson LCSR [BSZ 1503.05534] + Lattice [HLMW 1310.3722]

Decay constant: fg_from Lattice update for Ny = 2 + 1 + 1 [FLAG 1902.0819]

Power corrections: order of magnitude from LCSR [Khodjamirian et al. 1006.4945] w/o assumption on sign
Software: private code = Method: Ay?
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Updated global fits — 1D

[Alguero, Capdevila, Crivelin, Descotes-Genon, Masjuan, Matias, Virto 1903.09578]

= Observables: [BR, P;] exclusive b — s#¢,B - K*y,BR(B —» X;(¢£,¥)), R,»,Q; = Dp,

Form factors: soft FF, B —» K®): B-meson LCSR [KMPW 1006.4945]+Lattice [BLMNS 1306.2384] & [HLMW 13103722},
B; — ¢: Light-meson LCSR [BSZ 1503.05534] + Lattice [HLMW 1310.3722]

Decay constant: fg_from Lattice update for Ny = 2 + 1 + 1 [FLAG 1902.0819]

Power corrections: order of magnitude from LCSR [Khodjamirian et al. 1006.4945] w/o assumption on sign

= Software: private code = Method: Ay?
One-dim fit
1D Hyp. H Best ﬁt‘ lo ‘Pullsm ‘ p-value
i -0.98 |[~1.15,—0.81]| 56 |65.4%
cyf = —Cl || -0.46 |[-0.56,—0.37]| 5.2 |55.6%
Cop = —Corp || -0.99 |[=1.15,-0.82]| 5.5 |62.9%
Co,. = —3Co. || -0.87 |[~1.03,-0.71]| 55 [61.9%
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Updated global fits — 1D

[Alguero, Capdevila, Crivelin, Descotes-Genon, Masjuan, Matias, Virto 1903.09578]

= Observables: [BR, P;] exclusive b — s#¢,B - K*y,BR(B —» X;(¢£,¥)), R,»,Q; = Dp,

Form factors: soft FF, B — K®): B-meson LCSR [KMPW 1006.4945]+Lattice [BLMNS 1306.2384] & [HLMW13103722],

B, — ¢: Light-meson LCSR [BSZ 1503.05534] + Lattice [HLMW 1310.3722]

Software: private code

Decay constant: fg_from Lattice update for Ny = 2 + 1 + 1 [FLAG 1902.0819]

Power corrections: order of magnitude from LCSR [Khodjamirian et al. 1006.4945] w/o assumption on sign

= Method: Ay?

One-dim fit

1D Hyp. HBest ﬁt‘ lo ‘Ptllls:v[h)—vallle
L &P 0.98 |[~1.15,—0.81]] 56 ]654%
ciP = b || -0.46 |[-0.56,-0.37]| 52 |55.6%
COF = —Corp, || -0.99 [[—1.15,—-0.82]| 5.5 |62.9%
Co,. = —3Co. || -0.87 |[~1.03,-0.71]| 55 [61.9%

» NPin Cg‘ Is favoured over other scenarios; significance decreased 0.3¢ compared to pre-Moriond

> Besides the €5 and € =

Siavash Neshatpour

—C!,, two other similarly significant 1D scenarios are favoured
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Updated global fits — 1D

[Alguero, Capdevila, Crivelin, Descotes-Genon, Masjuan, Matias, Virto 1903.09578]

= Observables: [BR, P;] exclusive b — s#¢,B - K*y,BR(B —» X;(¢£,¥)), R,»,Q; = Dp,

Form factors: soft FF, B —» K®): B-meson LCSR [KMPW 1006.4945]+Lattice [BLMNS 1306.2384] & [HLMW 13103722},
B; — ¢: Light-meson LCSR [BSZ 1503.05534] + Lattice [HLMW 1310.3722]

Decay constant: fz_from Lattice update for Ny = 2 + 1 + 1 [FLAG 1902.0819]

Power corrections: order of magnitude from LCSR [Khodjamirian et al. 1006.4945] w/o assumption on sign
Global Fits

= Software: private code = Method: Ay? . — :
_ . [Geng et al. 1704.05446]
i 1 —— Ik (e 1.4}
One-dim fit B om
[ —_— I CJF = —Cy, 12l
1D Hyp. H Best ﬁt‘ lo ‘Pullgm ‘ p-value '
oY
P -0.98 |[-1.15,—0.81]| 5.6 |65.4% Z 1.0
CP = P || -0.46 |[-0.56,—0.37]| 5.2 |55.6% ©
Cop = —Corp || -0.99 |[=1.15,-0.82]| 5.5 |62.9% 08
CSJILJ,P — —.?)Cc:;]gp -0.87 [—10?). —071] 5.5 61.9 (%;- [A|guer0 et al. 190204900] 06l /’,:" Cro
/ points = AC; = 0.5 steps
0.75 0.80 0.85 0.90 0.95 OiG 0.8 1.0 19 14

(Rr)ig

Rk
» NPin Cg‘ Is favoured over other scenarios; significance decreased 0.3¢ compared to pre-Moriond

> Besides the C; and Cy' = —Cj, two other similarly significant 1D scenarios are favoured

> The C¥ = —C.* scenario favours SM-like value for RL°!

Ri[1.1,6]={140.23(Co ,+Cy ,,) —0.25(C10 . +Cp ;. )+ 0.057(Co . Ch L, +C10,,Clo ,.)

2 Io\2 9 ) [Ciuchini et al. 1903.09632]
+0.029 [(Co ) *+(C ) >+ (Cro,)* +(Cho )] L+ —e)

see also [Alguero et al. 1903.09578]

Siavash Neshatpour
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Updated global fits — 2D

[Alguero, Capdevila, Crivelin, Descotes-Genon, Masjuan, Matias, Virto 1903.09578]
' [2019]

ST 2017 T

2_, """""""" ‘ ]

¥ [ATLAY

10 AT S [ Belle]

. X 7 eMs ]

' I :Ir--l 4
z2 0 :
O \::f/ .

Siavash Neshatpour
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NP
Cop

The pre-Moriond preferred scenario (C4,;, C{%,,) has now a slightly smaller pull
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Updated global fits — 2D, further patterns

[Alguero, Capdevila, Crivelin, Descotes-Genon, Masjuan, Matias, Virto 1903.09578]

All
2D Hyp. Best fit  |Pullsy | p-value
(cgf’ Cio,) || (-0.91,0.18) | 5.4 |68.7%
(CSY . Crr) || (-1.00,0.02) | 5.4 |67.9%
[ (P, Co) || (-1.10,055) | 5.7 |75.1%
[(cgif’,cw )| (-1.14,-0.35)| 5.9) | 78.6 %
(Cor,Cow ) ||(-1.05-0.23)| 5.3 |66.2%

([ Hyp.1 | (-1.06.0.26)| 5.7 [J75.7% [ Hyp. 1 (9#« =—Cy1,., O = Ciory) |
Hyp. 2 | (-0.97.0.09)| 5.3 [65.2% Hyp. 2: (Cy, 9;& = Cgm Clow = —Co'4)
Hyp. 3 || (-0.47.0.06) | 4.8 |55.7% Hyp. 3: (Co, 9# = —Cio: Corpe = Crory)
Hyp. 4 || (-0.49,0.12) | 5.0 [59.3% Hyp. 4: (C3. = —Clo.Cory = —Cior)

((Hyp. 5 || (-1.14,024) | 59 |78.7% [Hyp. 5: (Cou'-Coru = —Ciors) ]

» The pre-Moriond preferred scenario (Cé‘L ) 1°u) has now a slightly smaller pull
> Most favoured 2-dim scenarios (C4, C;4") and Hyp. 5: (CL, C;* = —C; ) have now slightly larger pull

> Favoured scenarios all include €5 accompanied by right-handed currents

- Post-Moriond data indicates preference for (small) NP in right-handed currents

Siavash Neshatpour I'Institut de Physique des 2 Infinis de Lyon, 4-6 September 2019



Updated global fits

[Arbey, Hurth, Mahmoudi, Martinez-Santos, SN 1904.08399]

Observables: [BR, S;] exclusive b - s#¢,B - K*y, BR(B —» X;(£4,7)), R

Form factors: full FF, By — K™ (¢): combination of Light-meson LCSR [BSZ 1503.05534] + Lattice [BSZ 1503.05534],
B — K: Light-meson LCSR [BZ 0406232] + Lattice [BLMNS 1306.2384] combination [AS 1411.3161]

Decay constant: fz_from Lattice [FLAG 1607.00299]

Power corrections: 10% compared to QCD factorisation (1 + ay exp(igy) + bkﬁexp(iekﬁ ay 10%, by~2.5a;
Software: Superlso = Method: Ay?

Siavash Neshatpour I'Institut de Physique des 2 Infinis de Lyon, 4-6 September 2019


http://superiso.in2p3.fr/

Updated global fits — 1D

[Arbey, Hurth, Mahmoudi, Martinez-Santos, SN 1904.08399]
= Observables: [BR, S;] exclusive b » s€¢,B - K*y, BR(B - X;(£,7)), R

Form factors: full FF, B — K™ (¢): combination of Light-meson LCSR [BSZ 1503.05534] + Lattice [BSZ 1503.05534],

B — K: Light-meson LCSR [BZ 0406232] + Lattice [BLMNS 1306.2384] combination [AS 1411.3161]

Software: Superlso

= Method: Ay?

Decay constant: fp_from Lattice [FLAG 1607.00299]

Power corrections: 10% compared to QCD factorisation:

Using all the relevant data on b — s transitions

All observables (x3,; = 117.03)
b.f. value | x2;, | Pullsm
0 Co —1.01 +£0.20 99.2 420
dCy —0.93 +£0.17 89.4 5.30
5 Cq 0.78 £=0.26 | 106.6 320
0 Cio 0.2564+0.23 | 115.7 1.10
5Ci 0.53 +£0.17 | 105.8 3.30
0Cio | —0.73+0.23 | 105.2 3.40
6Cl | —0.41+0.10 96.6 4.50
0 Ciy, 0.40+£0.13 | 105.8 3.30

2
(1 + ag exp(icl)k) + bkﬁexp(wk)> ag 10%, bk~2.5ak

6 Gy, basis corresponds to §Cy = —3Cio

» most preferred scenario is NP in Cg‘; significance is 0.5¢0 reduced compared to pre-Moriond

Siavash Neshatpour

I'Institut de Physique des 2 Infinis de Lyon, 4-6 September 2019


http://superiso.in2p3.fr/

Updated fits — 1D

[Arbey, Hurth, Mahmoudi, Martinez-Santos, SN 1904.08399]

Comparison of one-operator fits, separating clean observables from the rest:

All observables except Ry, R+ Only Rk, Rk~
(x2y = 100.2) (x3y = 16.9)
b.f. value | xZi, Pullsm b.f. value | \2,, | Pullsm

5 Co —1.00 £0.20 | 82.5 4.20 0 Co —2.04 £5.93 16.8 0.30
6Cy' —1.03£0.20 | 80.3 4.50 dCy' —0.74 £0.28 8.4 290
60Cg 0.72+0.58 | 98.9 1l.10 0Cs 0.79 +£0.29 7.7 3.00
0 Cio 0.25+0.23 | 98.9 l.10 0 Cio 4,104+ 11.87 16.7 0.50
([ oC% | 032+022 | 98.0 150 5C- | 077+026 | 61| 330
5Cs | —0.56 £0.50 | 99.1 1.00 5Cs, | —078+027 | 60| 330
5t | —0.48+0.15 | 89.1 3.30 5Ci | —037x012 | 70| 31¢
5C& | 0.3340.29 | 99.0 1.10 5Cs | 041+015| 68| 320

» two sets of observables are not completely coherent, especially regarding C{‘O, however, tension
between the two sets are now less than pre-Moriond data

Siavash Neshatpour
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Updated fits — 1D

[Arbey, Hurth, Mahmoudi, Martinez-Santos, SN 1904.08399]

Comparison of one-operator fits, separating clean observables from the rest:

All observables except Rx.Rk+,Bsg — p pu~ Only Ri.Rx+,Bsg — 't~
(XéM = 99.7) (XéM = 19.0)
b.f. value | \2,, Pullgm b.f. value | x2,:, | Pullsm
3 Co —1.03+0.20 | 81.0 4.30 0 Co —2.04+593 | 18.9 0.30
5 C —1.05+0.19 | 78.8 4.60 6Cy —0.74+£0.28 | 10.6 2.90
0Co 0.72 £0.58 98.5 1l.1o 0Co 0.79 + 0.29 9.9 3.00
0 Cro 0.27 £0.28 | 98.7 1.00 dCio 0.434+0.32 | 17.0 1l.40
0 0Cip 0.38 +0.28 | 97.7 l.40 0Cio 0.65 4+ 0.20 6.9 3.50
0Co | —0.56 +0.50 | 98.7 1.00 0Cio | —0.78 £ 0.27 8.2 3.30
60C{; | —0.50+0.16 | 88.8 3.30 6Cly | —0.37 +£0.11 7.2 3.40
0 Gy 0.33+0.29 | 98.6 110 0CTL 0.41 4+ 0.15 9.0 3.20

» two sets of observables are not completely coherent, especially regarding C{‘O, however, tension
between the two sets are now less than pre-Moriond data

» BR(B; — uu ) does not play a major role in the somewhat incoherence of the sets of observables

» tension of BR(B; — uu ) measurement with the SM, suggest same direction for C{"O as is preferred

by the RK(*)

Siavash Neshatpour
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Updated fits — 2D

[Arbey, Hurth, Mahmoudi, Martinez-Santos, SN 1904.08399]
All observables except Rg and R~

0.6
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Updated global fits

[Alok, Dighe, Gangal, Kumar, Sessolo 1903.09617]

= Observables: [BR, ang. obs.] exclusive b — s¢¢,BR(B = X;¢¢),R -
= Software: flavio-based = Method: Ay?

= BR(Bs; — uit)exp from [Aeibischer et al. 1903.10434]

[Kowalska, Kumar, Sessolo 1903.10932]
= Observables: [BR, S;] exclusive b » s€¢,BR(B — X;s¢),R ., [BR, ApglAp = Autp~
= Software: flavio-based = Method: Bayesian

= BR(B; = uft) exp from [CMS+LHCb 1411.4413]

> In the 1-dim fit scenario with NP in Cy' = —C}, is slightly favoured over C§

[D’ Amico, Nardecchia, Panci, Sannino, Strumia, Torre, Urbano 1704.05438 update ]

= Software: flavio-based = Method: Bayesian

> In the 1-dim fit, NP in C5 is favoured over C5 = —Cj,

Siavash Neshatpour I'Institut de Physique des 2 Infinis de Lyon, 4-6 September 2019
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Updated global fits

[Ciuchini, Coutniho, Fedele, Franco, Paul, Silvestrini, Valli 1903.09632]

= Observables: [BR, S;] exclusive b — s€¢ (low g* — bins), B; > ¢y, B » K*y,BR(B - X;(¥£,7)), Ry,
= Form factors: full FF, By — K™ (¢): Light-meson LCSR [BSZ 1503.05534], B — K: Lattice [Bailey et al. 1509.06235]

= Power corrections: Pheno. Model Driven (PMD): pheno. model of LCSR [Khodjamirian 1006.4945] x complex phases

Pheno. Data Driven (PDD): g%-expansion of h; with 16 free params.+LCSR [Khodjamirian 1006.4945] at g2 = 0,1 GeV?

= Software: HEPfit

= Method: Bayesian

LHCb 2014
LHCb 2019
=3 PMD, Ry ‘14 =
PMD, Rk ‘19 0.9 0.9
=3 PDD, Rg‘14 M —
_ . | mmm PDD, Ry‘19 < 08 © )
= =07 =0.7
& 0.6 & 0.6
— Rk'l Y
=4 0.5 Rk 19 0.5 — Bi'10
_::4-'.—::.(1—2..'.—2.[;\7[1).3—1.()—11:. 0.0 0.6 0 08 09 10 R 0. 0.7 e 0B 5 s
('Y-L// R]\' [11()] R[\- [ll(,]
0.4 0.41 Ryl
0.2 09 0.2 — R0 0.9
0.01 =) - 0.0 o) 8]
&g ! 0.8 - < 0.8
=302 = @) =502 -
3= =07 . Sy = 0.7+
0.4y . ) U o4l ;
= ) e
—09 FS 06 —0.6 5 0.61
el — Rx'l _ — Rx‘l
o 0.5 — B9 08 0.5 R,
T ) S —
,3.573.072,572.(171\.7.})71.()7(1,5 0.0 0.5 06 07 08 09 10 141 73..373.072.572.07}\%1.070.5 0.0 0.5 06 07 08 05 10 11
Cou Ry [1.1.6] i) Ry [1.1,6]

» Purely left-handed currents not favoured by recent results on Ry

» Inclusion of right-handed currents give better description of data

Siavash Neshatpour
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One operator fit summary- post Moriond

Group | Aebischer Alguero Alok Arbey D’Amico. Kowalska
Wilson coeff. et al. et al. et al et al. al. et al.
rs 5.90 5.60 “6.207 5.30 6.50 4.70
o 5. 70 — 5.70” 3.30 440 —
Cy = —Cy 6.60 5.20 ‘6.407 4.50 5.90 4.8¢0
other significant Clf = Ot | O = —Cy" Cy
scenarios 5.bo “6.40” 4.20

Siavash Neshatpour

I'Institut de Physique des 2 Infinis de Lyon, 4-6 September 2019

O All groups find preference for NP scenario compared to SM with significant Pullgy, (4.8 — 6.60)




One operator fit summary- post Moriond

Group | Aebischer Alguero Arbey D’Amico. Kowalska
Wilson coeff. et al. et al. et al. al. et al.
cy 5.90 5.60 5.30 6.50 170
'l 5.70 — 3.30 140 -
Ccl = —C1, 6.60 5.20 4.50 5.90 1.80
other significant Cll = —Cyl' | Cff = —Cy" Cy
scenarios 5.bo 4.20

O All groups find preference for NP scenario compared to SM with significant Pullgy, (4.8 — 6.60)

O Some sligth disagreement for the hierarchy of best scenario 1-dim. fit:

> Aeibischer et al., Alok et al., Kowaloska et al. — Cj = —C;,

> Alguero et al., Arbey et al. and D’Amico et al. — Cél

Siavash Neshatpour
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One operator fit summary- post Moriond

Group | Aebischer Alguero Alok Arbey D’Amico. Kowalska
Wilson coeff. et al. et al. et al et al. al. et al.
cy 5.90 5.60 “6.207 5.30 6.50 1.70
'l 5.70 — “5.707 3.30 440 —
Ccl = —C1, 6.60 5.20 “6.40" 4.50 590 4.80
other significant Cll = —Cyl' | Cff = —Cy" Cy
scenarios 5.bo “6.40” 4.20
software flavio private code | flavio-based | Superlso | flavio-based | flavio-based
method Ay? Ay? Ay? Ay? Bayesian Bayesian
tension in BR(By — ) ~20 1.80 ~20 1.50 1.20
Ay — App obs. v X X X X v

O All groups find preference for NP scenario compared to SM with significant Pullgy, (4.8 — 6.60)

O Some slight disagreement for the hierarchy of the best 1-dim. fit:

> Aeibischer et al., Alok et al., Kowaloska et al. — Cj = —C;,

> Alguero et al., Arbey et al. and D’Amico et al. — Cél

potential reasons:

- tension considered for BR(Bs; — uu)
- including AF = 2 (eg, AM,, ... ) observables in the likelihood

function assuming they are SM-like
- including the baryonic A, — Auu obs.

Siavash Neshatpour
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One operator fit summary- post Moriond

O All groups find preference for NP scenario compared to SM with s

O Some slight disagreement for the hierarchy of the best 1-dim. fit:

> Aeibischer et al., Alok et al., Kowaloska et al. — Cj = —C;,

> Alguero et al., Arbey et al. and D’Amico et al. — Cél

potential reasons:

- tension considered for BR(Bs; — uu)

- including AF = 2 (eg, AM, ... ) observables in the likelihood

function assuming they are SM-like
- including the baryonic A, — Auu obs.

Siavash Neshatpour
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C"ll]

0.0

—_— b=

Group | Aebischer Alguero Alok Arbey D’Amico. Kowalska
Wilson coeff. et al. et al. et al et al. al. et al.
cy 5.90 5.60 “6.207 5.30 6.50 1.70
'l 5.70 — “5.707 3.30 440 —
Ccl = —C1, 6.60 5.20 “6.40" 4.50 590 4.80
other significant Cll = —Cyl' | Cff = —Cy" Cy
scenarios 5.bo “6.40” 4.20
software flavio private code | flavio-based | Superlso | flavio-based | flavio-based
method Ay? Ay? Ay? Ay? Bayesian Bayesian
tension in BR(By — ) ~20 1.80 ~20 1.50 1.20
Ay — App obs. v X X X X v

spp & B g — pp lo
b— spp & Bog— pp & AF =2 1o

b spp & Beg = pp & AF=28& Ny — App 1o

I'Institut de Physique des 2 Infinis de Lyon, 4-6 September 2019

[Aebischer et al. 1903.10434]
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Two operator fit summary- post Moriond

Group | Aebischer | Alguero Alok Arbey | Kowalska
Wilson coeff. et al. et al. et al. et al. et al.
(C§,Ch) 6.30 5.40 “6.40” 4.90 4.70
(C8, O 6.00 5.70 “6.807 5.30 5.00
other significant (cf, i) | (cy, o)
scenarios 5.90 “7.207

O Slight differences in the hierarchy of the NP scenarios also exist in 2-dim fit

@ Alguero et al. and Alok et al. both find the most favoured 2-dim scenario to be (CY, Cl'é‘)

 All groups get large significance when including right-handed currents

Siavash Neshatpour
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Lepton-Flavour Universality “Violating and Conserving” NP

New Physics can be both LFU and LFUV : C;, = C” + C/, [Alguero et al. 1809.08447]

Several such scenarios considered in [Alguero et al. 1903.09578]

Scenario HB{:&;t—ﬁt point‘ 1o ‘Pulls_\[ |p—\-';111153
c,q,i —0.36  |[—0.86,+0.10]
Clou +0.67  |[+0.24,4+1.03)| 52 [TL2%
el =ch, —0.59  |[-0.90,—0.12]
cY, = —Chy —050  |[-0.61,-0.38]| . |2 0o
ey =ch, —0.38  |[-0.52,-0.22] '
L{;“ —0.78  [[-1.11,—047]] . o C u U v
53 |66.2% =
cl 020 |[-057.+0.18]] ’ Co = Cg +Cy
[ = —Clof 030 [[-042,-020]] . [.o0 ] | = cy
cl —0.74  |[-0.96.—0.51] u 1% 174
= Cin=0+4+7C = —C(.
ey = —Lm# —0.57 <073, 041 | o Lo o 160 10 M( 9 u)
ch ~0.34  |[~0.60,—0.07] ' Cio =0
cy, —0.95  |[-1.13,-0.76]| .o |c5e0 -
cu +0.27 [0.08,047] | ’
Co —103  |[-1.22,-084]| o |iac0
chy —0.20  |[-047,-0.12]| o

> Such effects could explain the somewhat incoherent results of LFU probing observables (R ) with
the rest of the mostly muonic b — s€# observables [Aebischer et al. 1903.10434]

> favoured scenario: LFU contribution to €&’ and a chiral LFUV contribution to the muonic sector
C{’OM(z —C(}’H) — (can be realized in lepto-quark models [Crivelin et al. 1807.02068])
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Lepton-Flavour Universality “Violating and Conserving” NP

New Physics can be both LFU and LFUV : C;, = C + €/, [Alguero et al. 1809.08447]

Several such scenarios considered in [Alguero et al. 1903.09578]

s— [Alguero et al. 1903.09578] — — [Aebischer et al. 1903.10434] — — [Arbey et al. 1904.08399]
0.0 - | flavio : 68% CL
) 5 1 O 2 I
o — . | 95% CL
ATLAS - [ .
1 : [ Belle | 2 |
f}l;/ésb . ) = V R e T (/djm [
R 0 N O an : i = oo o — 4 - - ===
@ ) S |
i B o)
| R | ‘
& 1 |
S/ i ~0.2 ‘
9 . . ] — T T T |
\\;\ :‘ —-1.0 b — spp & corr. obs. 1o Gl T |
- " Pull=57¢ — ey pyll = 6,50 Pull = 4.90
= -2 -1 0 1 2 3 o _15 1.0 —('i;,', 0.0 05 _0_40 4 _O 2 O 0 O 2
C;;L _ _ CX)N C*élnl\". . * : SM *

> Such effects could explain the somewhat incoherent results of LFU probing observables (R ) with
the rest of the mostly muonic b — s€# observables [Aebischer et al. 1903.10434]

> favoured scenario: LFU contribution to €&’ and a chiral LFUV contribution to the muonic sector
C{’OM(z —C(}’H) — (can be realized in lepto-quark models [Crivelin et al. 1807.02068])

> All groups find larger contributions to LFU Cg' compared to LFUV CJ, (= —C{; )
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Conclusions

[ Best fit points are now slightly closer to SM

O All groups find NP scenarios with ~5¢ significance or larger

O Most favoured 1-D scenarios are NP in C§ or in C5 = —Cj,

O Most favoured 2-D scenarios are NP in (C3', CLy) or (C5, C") or (C5, CL Y

O New data indicates preference for small right-handed contributions in two-operator fits

O Significant pull for fits when assuming both LFU and LFUV new physics contributions
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Thank yow for lustening!
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Multi-dimensional fits

< Four- and eight-dim. fits in [Kowalska et al.]; most likely scenario {C%, C¥,, Co*, C; 5} with

pull =5.10
<« Six-dim. fit in [Alguero et al.]; {C¥, ¢k, C.*, c. ¥, C,, €3} with pull = 5.1¢
X : g 1y »L100bg s L10,L7 L7 pult= .
c Co,r Clo, Cy Cory Ciorp
Best fit +0.01 -1.10 +0.15 +0.02 +0.36 -0.16
1o ||[-0.01,40.05]|[-1.28,—0.90]|[—0.00, +0.36] | [—0.00, +-0.05] | [-0.14, 40.87] | [-0.39, +0.13]
20 ||[-0.03,+0.06]|[—1.44, —0.68]|[-0.12, 40.56] | [-0.02, +0.06] | [—0.49, +1.23] | [-0.58, +0.33]
All observables with y3,; = 117.03
(X2in = 71.96; Pullsy = 3.3 (3.8)0)
< Twenty-dim. fit [Arbey et al.] with pull = 5.10 5C 5Ce
—0.01 +0.04 0.824+0.72
5Cy e
0.01£0.03 —1.65 £ 0.47
5Cl 5CE 5CL 5CS,
—1.37+025 | —6.564+2.37 | —0.11 +0.27 2.34 +3.11
sCy 5Cye 5Crp et
0.23 + 0.62 0.75 +£2.82 —0.16 £ 0.36 1.67 £+ 3.05
<, e, <, C,
—0.01 £ 0.09 | undetermined | —0.05 = 0.19 | undetermined
Ca, Ca Ca Ca
0.13 4 0.09 undetermined | —0.18 &= 0.20 | undetermined

» Best fit points agree with each other within their 1o ranges
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Multidimensional fits

Wilson coefficients sensitive to NP:

» 10 independent Wilson coefficients (considering £ = e, u)

&= 10 primed Wilson coefficients

109 observables

6C7, Cg; 6C§: SCfO’ Cgl’ Céz

2

Set of WC Nr. parameters X_;lin Pullgy | Improvement
SM 0 118.8 - -
Cl 1 85.1 5.80 5.80
clet) 2 839 | 5.60 1.lo
Cr. Cs. CM o) 6 812 | 480 0.50
All non-primed WC 10 81.0 410 0.00
All WC (incl. primed) 20 702 | 360 090

* No significant improvement when going beyond the scenario with NP in 565‘

« Pull with the SM decreases when all Wilson coefficients are varied

Siavash Neshatpour

A. Arbery, T. Hurth, F.
Mahmoudi, SN,
PRD 98, 095027 (2018)
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Hadronic uncertainty dependence

1. Different assumptions on the form factor uncertainties

0.4| T.Hurth, F. Mahmoudi, SN, : 68% CL
Filled area: global fit with normal form factor error Nucl.Phys. BSOS (2016) 737-777 | - ok
Bharucha, Straub, Zwicky: 1503.05534 ‘ 2 FFemr |
H A f 0.2 I == 4xTFerr |
Solid contour: removing form factor error correlations s b iU e |
Dashed contour: 2 x form factor errors ”{)9 ‘LSI\/I
Dotted contour: 4 x form factor errors 3 00 ! g
L ‘
- . _02 Se-TE |
* Only when assuming 4 x form factor errors tensions goes below 2o |
%5 04 03 -02 -0.1 00 01 02
2. Different assumptions on the size of the non-factorisable power corrections T e /CéM o
9/ %9
Filled area: 10% power correction
Solid contour: 60% power correction 04 Hurth, F. Mahmoudi, SN, = e
Nucl.Phys. B909 (2016) 737-777 — 60% PCemr
“Guesstimate” of unknown power corrections: 0.2
Zc
Leading Order QCDf of . q? . Uib: , SM
non-factorisable piece <1 + ak exp(idx) + by — 7 exp(ibi) 2 00 o+
“
with a; (by) varied between —X%(x 2.5) and +X%(x 2.5) 02
. ' ignifi ' 0 ' 04 o ‘
Tension not significantly reduced with 60% power correction A s 04 03 02 —01 00 01 02
* 60% power corrections at amplitude level = 17-20% on the observable level 5Co/CSM

* Large enough hadronic power corrections required to remove tension amount to
more than 150% at the amplitude level in the critical bins (20-50% on the observable level)
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https://arxiv.org/abs/1503.05534

Impact of choice of form factor (BSZ vs KMPW) and approach (full FF, soft FF)

- BSZ full FF approach
-=«==  BSZ soft FF approach

—  KMPW full FF approach
-=aes KMPW soft FF approach

Siavash Neshatpour I'Institut de Physique des 2 Infinis de Lyon, 4-6 September 2019



Scalar and pseudoscalar contributions

BR(B; — u*u™) can be used to put strong constraints on C;,, Cy., C
s Q1’ ~Q2

— Not simultaneously for all three Wilson coefficients

o GEa? . m.. |2
BR(Bs; — " )ZJ—Q!}“BEW%RM&%S\QT& {chl —Ch, I+ ‘(CQQ — Cg,) +2(Cio — Clo)—= }
T mp,
0.3, : 0.8, _
| 68% CL | 68% CL
0.2} . 95% CL o 0'Bf . 95% CL
0.1 0.4
— SM a 0.2'.
| -0.2
—-0.2: |
| -0.4
_0'3 ....................
-10 -5 0 5 10 -10
0Cio

Degeneracy among C;, and C,, = possible to have large contributions in C;, and Cy,
Other observables such as Fy (B —» K u*u™) can resolve the issue «— further experimental data needed

Siavash Neshatpour
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Scalar and pseudoscalar contributions

BR(B; — u*u™) can be used to put strong constraints on Cy, Co,, Co,
— when having C,, = —CQ2

G m

e, {chl —Ch P+ ‘(CQQ —Co,) +2(Cro — Cio)m—“

S

BR(Bs — p' )=

2}
68% CL

0.2 . 95% CL

=5 0 5 10
5C1{]

*Degeneracy among C,, and Cy, is broken = still possible to have large contributions in C;
— can be constrained with other b — s data
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