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Rare B-decay anomalies

Several deviations (“anomalies’) with respect to the SM predictions in b = s£f measurements
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Angular observablesof B - K*u*u~

Several deviations (“anomalies’) with respect to the SM predictions in b = s£f measurements

o Long standinganomaly in the B — K*u*u~ angular observable P /S (= P x \JF,(1 — F,) )

= 2013 LHCb (1 b~ 1)
= 2016 LHCb (3 fb~1)
= 2020 LHCb (4.7 fb=1)

» 2.50 & 2.90 local tension in P; with the respect SM predictions (DHMV)
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» deviations in other angular observables/bins
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Theory framework: exclusive mode B —» K* ¢+ ¢~

Effective Hamiltonian for b — s€* £~ transitions: H.g = H'ad + #5k

a 4GF * ~ ~ '
F{had — N Vfbvt-s[ Z Ci(p O@_(p.)Jr(.:;_g(u)Og(p)} ol — 4\(/;';1/%%,;[ Z O.E-U)(H)OSJ(P")}
i=1..6 i=7,9.10,Q1.Q2
ty
b s
@ “ ®
B ‘9,10 K*
factorisable contributions:
7 independent form factors V. , T ,,S
[Khodjamirian etal.’10, Bharuchaetal.’15, Gubernari et al. 18]
Helicity amplitudes:
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Theory framework: exclusive mode B —» K* ¢+ ¢~

Effective Hamiltonian for b — s€* £~ transitions: H.g = H'ad + #5k

4G * ~f Rl
Hi! =~ LV V| 3 ClmOin) + Cu(nOs()]

\/§ ~i=1...6

non-local effects: in general “naive”
factorization not applicable

2
C.on A A 2
qzeuLV[\Y( )Vy +LO 1n(9(mb o )—I— ha(q”) ]

- A p- -

fact., pert:;rbative non—f'Lct . QCDf power Carections,
Helicity amplitudes:
211y,
Hy (V) = =i N'{(C57 = )V —[
v = =i N{(C5 = VAt + SR [

Ha(\) = —i N'(Co — Clo)Vald?)

, 2memy , , Mg
Hp = i N{ =5 0 = Clo) (L4 ) St

s 4G o
Mk == vavii| 2o 00 ]
1= 7:9510:Q15Q2

factorisable contributions:
7 independent form factors V. , T ,,S

[Khodjamirian etal.’10, Bharuchaetal.’15, Gubernari et al. 18]

(C<F — YTy () — 16w2N,\(q2)} }

% To distinguish hadronic effects from NP in C; o
good control over hadronic contributions needed
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Theory framework: exclusive mode B —» K* ¢+ ¢~

Effective Hamiltonian for b — s€* £~ transitions: H.g = H'ad + #5k

4G X »
Mo = F%b‘és[ Z Ci(1)O4(p) JF(?%(H)OS(#)}

i=1...6

non-local effects: in general “naive”
factorization not applicable

2 AA .
Sl Y@ +10m0C— )+ (@) |

q

mb E;\*

v e .
fact., perturbative non—f'Lct., QCDf power corrections,

i _ 4GE o
Mo = /2 Vib%’;[ ()0 (;u-)}
i= 7>9>10~Q15Q2

factorisable contributions:
7 independent form factors V. , T ,,S

[Khodjamirian etal.’10, Bharuchaetal.’15, Gubernari et al. 18]

Calculated at LO in QCD factorisation [Benekeetal.’01 & '04], but higher powers are unknown
* partial calculation with LCSR and dispersion relations [Khodjamirian et al. 1006.4945]

* recent progress exploiting analyticity of amplitudes [Bobeth etal. 1707.07305] & ongoing work or van Dyk et al.

Power corrections often “guesstimated”

> Significance of tensions in B — K*u*u~ angular observables depends on the choice of
“guesstimate” made for the size of the power corrections (h;)

Siavash Neshatpour
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NP effect vs. hadronic contributions

Instead of making assumptions on the size of the power corrections h,, they can be parameterised by a
general ansatz (compatible with the analyticity structure):  [Jager, Camalich, 1412.3183], [Ciuchinietal. 1512.07157]

0 25 (1 4, (2
s o) = [‘/?X] (hi,}[ﬂ] +a* B+ "'5:,)[01)
— NP effects in Cq are embedded in the hadronic contributions  [A. Arbey, T. Hurth, F. Mahmoudi, SN, 1806.02791]

Due to the embedding, fits to NP and hadronic contributions can be compared with the Wilks’ test
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NP effect vs. hadronic contributions

Instead of making assumptions on the size of the power corrections h;, they can be parameterised by a
general ansatz (compatible with the analyticity structure):  [Jager, Camalich, 1412.3183], [Ciuchinietal. 1512.07157]

1 44 (2
[‘Fx] ( Lt h 5:)[0] Ta "-5:,)[01)
— NP effects in Cq are embedded in the hadronic contributions  [A. Arbey, T. Hurth, F. Mahmoudi, SN, 1806.02791]

Due to the embedding, fits to NP and hadronic contributions can be compared with the Wilks’ test

«  Wilson coefficient 5C5F

Fit to g ]
« Hadronic quantities h(0 b ) (18 parameters) 027 + ]

—_——= - =

_______

0.0 T
B - K*u*u~observables (low g?) " I ]
and BR(B - K*y) 2 — ]
-02r FtTTT T { | .

T3 SM R i

=04 (w/o any uncertainty for p.c.) I .
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NP effect vs. hadronic contributions

Instead of making assumptions on the size of the power corrections h;, they can be parameterised by a
general ansatz (compatible with the analyticity structure):  [Jager, Camalich, 1412.3183], [Ciuchinietal. 1512.07157]

l 44 (2
— NP effects in Cq are embedded in the hadronic contributions  [A. Arbey, T. Hurth, F. Mahmoudi, SN, 1806.02791]

Due to the embedding, fits to NP and hadronic contributions can be compared with the Wilks’ test

_ - Wilson coefficient sCYF j Z
Fitto - o (01,2) 02—$ S Gt :
* Hadronic quantities h, ;" (18 parameters) l "I Hadronicfit | |
I oo 1
0.0 T
B - K*u*u~observables (low g?) " I
and BR(B - K*y) “2 s
Real 6 Cq Hadronic fit —02 L'_-—————Ji ; f ]
(1) (18) : 4 : ; 1
Plain SM (6.00) (4.70) L CISM o | L
—0.4 1  (w/o any uncertainty for p.c.) o ___ 7
Real §Cq -- (1.50) I S
0 2 4 6 8
47 (GeV?)

» Fitto 6 Cq improves description of the data with 66 compared to the SM (w/o any uncertainty for p.c.)
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NP effect vs. hadronic contributions

Instead of making assumptions on the size of the power corrections h;, they can be parameterised by a
general ansatz (compatible with the analyticity structure):  [Jager, Camalich, 1412.3183], [Ciuchinietal. 1512.07157]

0 2. (1 4,(2
ha o] = [\/?X] (hi,}[o] +4a hg:,)[o] +4q h'g:,)[o])
— NP effects in Cq are embedded in the hadronic contributions  [A. Arbey, T. Hurth, F. Mahmoudi, SN, 1806.02791]

Due to the embedding, fits to NP and hadronic contributions can be compared with the Wilks’ test

_ - Wilson coefficient sCYF j Z
Fitto . - (0,1,2) 02—% B Gofit -
* Hadronic quantities h, ;" (18 parameters) Tl "1 Hadronicfit |
i CCIIIII :
B - K*u*u~observables (low g?) 0.0 I
and BR(B - K*y) “ . '=+=l |
Real 6 Cq Hadronic fit —02F L'_——————Ji ; i ]
(1) (18) ; S ’
Plain SM (6.00) (4.70) - TISM P | -

=041 (/o any uncertainty for p.c.) -7

Real §Cq -- (1.50) I S

0 2 4 6 8

4’ (GeV?)

» Fitto 6 Cq improves description of the data with 66 compared to the SM (w/o0 any uncertainty for p.c.)

» Hadronic fit also describes the data well, however adding 17 more parameters compared to the NP in
Cy doesn’t significantly improve the fit (~1.50)

Siavash Neshatpour ICHEP, 28 July 2020



NP fit vs. hadronic fit

The hadronic fit includes 18 free parameters

Siava

Red line: LO QCDf
Solid black line: h;

FEL

B — K* iu/~ observables 30002 ] " -
(xZy = 85.15, X2, = 25.96; Pullgy = 4.70) cth - —h(¢)
Real Imaginary 0.001 SRR h(q2) 68%CL

hY [[[(—2.37 £13.50) x 10-3|| (7.86 £ 13.79) x 10-5 ' S
RV (1.09£1.81) x 10-4|| (1.58+1.69) x 104
hf?} (—1.10 & 2.66) x 10~ || (—2.45 + 2.51) x 1075
BN (143 +£12.85) x 1075 [ (=234 £3.00) x 104 | Tkt
B (—3.09+£8.11) x 105 | (1.44+2.82) x 104 - T
R || (2.04£1.16) x 1075 | (—3.25 4+ 3.98) x 10~5 _0.001!
RO (2.38+243) x 10| (5.1043.18) x 10~% '
V|l (140 £ 1.98) x 107* | (—1.66 &+ 2.41) x 10~*
B || (—1.57 +2.43) x 10° | (3.04 % 29.87) x 10~° _0.002 ‘

ey -

Dashed black line: 68% C.L. region of h; fit

» hy compatible with zero at 1o level

— too many free parameters to get strongly constrained with current data
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NP fit vs. hadronic fit

The hadronic fit includes 18 free parameters

B — K* iu/~ observables
(X2, = 85.15, 2. = 25.96; Pullgy = 4.70)
Real Imaginary
B || (—2.37 £13.50) % 102 | (7.86 £ 13.79) x 10-5
R (1.00£1.81) x 1074 | (1.58 £ 1.69) x 10~*
hf?} (—1.10 + 2.66) x 1072 | (—2.45 4 2.51) x 103
RO [T (143 £12.85) x 10 9] (—2.34 =+ 3.09) x 102
R |l (—3.99£8.11) x 1075  (1.44+2.82) x 10~
p@ || (2.044+1.16) x 10-5| (—3.25 + 3.98) x 10~3
RO (2.38+243) x 10| (5.1043.18) x 10~%
RVl (1.40£1.98) x 1074 | (=1.66 + 2.41) x 10~*
B || (—1.57 +2.43) x 10° | (3.04 % 29.87) x 10~°

Siava

_—

=
)
v

—0.002!

—-0.004

0.004"

0.002¢

Red line: LO QCDf
Solid black line: h;
Dashed black line: 68% C.L. region of h; fit

» hy compatible with zero at 1o level

— too many free parameters to get strongly constrained with current data
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NP fit vs. hadronic fit

The hadronic fit includes 18 free parameters

B — K* iu/~ observables

(x2y = 85.15, x2,:, = 25.96; Pullgy = 4.70)

Real

Imaginary

(—2.37 £ 13.50) x 10—3
(1.09 = 1.81) x 10~
(—1.10 £ 2.66) x 10~°

(7.86 = 13.79) x 10-5
(1.58 +1.69) x 104
(—2.45+251) x 1072

|

el
=1 =

R

5]

—
Rt}

-

(1.43 £12.85) x 107
(—3.99 £ 8.11) x 102
(2.04 +1.16) x 1075
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(—3.25+3.98) x 1073

=
D I

[
-

=

—_
S

(2.38 +2.43) x 10~
(1.40+£1.98) x 1074
(—1.57+2.43) x 1073

5 0.004 - [¥o
c E q2
- - h(q®) 68%CL ..

—0.002!

(5.10 £ 3.18) x 10~
(—1.66 +£2.41) x 1074
(3.04 +£29.87) x 106

Siavash Neshatpour

Red line: LO QCDf
Solid black line: h;
Dashed black line: 68% C.L. region of h; fit

» hy compatible with zero at 1o level

— too many free parameters to get strongly constrained with current data
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NP fit vs. hadronic fit

The hadronic fit includes 18 free parameters

B — K* i/~ observables 20002 | v o |

(X2, = 85.15, 2. = 25.96; Pullgy = 4.70) € - —h(qd) =
Real Imaginary - 0.001 Lo h(qz) 68%,C|__‘.__ E

B || (—2.37 £13.50) x 102 [ (7.86 £ 13.79) x 10 © il R
RV (1.094+1.81) x 1074 | (1.58+1.69) x 104 - .
hf?} (—1.10 £ 2.66) x 10~ | (=2.45 + 2.51) x 10~5 0 T :
RO (1.43+12.85) x 1075 | (—2.34 + 3.00) x 102 R T
Bl (—3.00£8.11) x 1075 | (1.44 + 2.82) x 10~ e 3
R || (2.0441.16) x 1075 | (—3.25 4 3.08) x 10~3 0001t T ]
RO (2.38+243) x 10| (5.1043.18) x 10~% ' ]
V|l (140 £ 1.98) x 107* | (—1.66 &+ 2.41) x 10~* .
B || (—1.57 +2.43) x 10° | (3.04 % 29.87) x 10~° _0.002 | | | ]
' 2 4 6 8
Red line: LO QCDf F (GeV?)

Solid black line: h;
Dashed black line: 68% C.L. region of h; fit

» hy compatible with zero at 1o level

— too many free parameters to get strongly constrained with current data
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NP fit vs. hadronic fit

The hadronic fit includes 18 free parameters

B — K* iu/~ observables
(X2, = 85.15, 2. = 25.96; Pullgy = 4.70)
Real Imaginary
B || (—2.37 £13.50) % 102 | (7.86 £ 13.79) x 10-5
R (1.00£1.81) x 1074 | (1.58 £ 1.69) x 10~*
hf?} (—1.10 + 2.66) x 1072 | (—2.45 4 2.51) x 103
RO (1.43+12.85) x 1075 [(—2.34 £ 3.00) x 10 *
R || (=399 4£811) x 1075 | (1.444+2.82) x 104
R || (2.04+1.16) x 105 | (—3.25 & 3.98) x 105
RO (2.38+243) x 10| (5.1043.18) x 10~%
RVl (1.40£1.98) x 1074 | (=1.66 + 2.41) x 10~*
B || (—1.57 +2.43) x 10° | (3.04 % 29.87) x 10~°

Siava

50.004_

0.002¢

—-0.004

Red line: LO QCDf
Solid black line: h;
Dashed black line: 68% C.L. region of h; fit

» hy compatible with zero at 1o level

— too many free parameters to get strongly constrained with current data
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NP fit vs. hadronic fit

The hadronic fit includes 18 free parameters

—_ C T T T T

B — K* iu/~ observables =° . R, A
(x%y = 85.15, X2, = 25.96; Pullgy; = 4.70) = 0.004__ hed e ot
Real Imaginary - - h (q2) 68%CL ..o E
R | (—2.37 £ 13.50) x 103 | (7.86 % 13.79) x 10~ 0.002 E
RV (1L.094£1.81)x 1074 | (1.5841.69) x 10—* A E
hf?) (—1.10 £ 2.66) x 10~ | (—2.45 + 2.51) x 1075 0 P :
RO (1.43+£12.85) x 10° | (—2.34 4 3.00) x 10~* S \
R (—3.99+£8.11) x 1075 | (1.44 4 2.82) x 104 - :
R | (2.04£1.16) x 10~ | (—3.25 4+ 3.98) x 103 -0.002— ~
R || (2.38£243) x 1077 [ (5.10£3.18) x 10-° E
RVl (1.40£1.98) x 1074 | (=1.66 + 2.41) x 10~* -0.004 -
B2 || (—1.57+2.43) x 1075 | (3.04 £ 20.87) x 10=° g é ; . 8
Red line: LO QCDf P (GeVz)

Solid black line: h;
Dashed black line: 68% C.L. region of h; fit

» hy compatible with zero at 1o level

— too many free parameters to get strongly constrained with current data
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NP fit vs. hadronic fit

A (minimal) description of hadronic contributions with fewer free parameters

Va(q?) ¢2 ACMPC for each helicity (1 = +, —, 0) a different ACS©
9

hx(a?) = — :
A7) 1672 m% — three real (six complex) parameters

» If NP in Cq is the favoured scenario, the three different fitted helicities should give the same value
= Can work as a null test for NP
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NP fit vs. hadronic fit

A (minimal) description of hadronic contributions with fewer free parameters

ha(q’) =

fﬁ (Qg) ti'2

B ACMPC
16m2 m%  °

for each helicity (1 = +, —, 0) a different ACS©
— three real (six complex) parameters

» If NP in Cq is the favoured scenario, the three different fitted helicities should give the same value
= Can work as a null test for NP

B — K* i/~ observables

(x2y = 85.15, ¥2. =39.40; Pullgy = 5.50)

best fit value

ACTTC

(3.30 £+ 6.44) + i(—14.98 £ 8.40)

ACy T

(—1.02 £ 0.22) + i(—0.68 £ 0.79)

ACYT

(—0.83 =+ 0.53) 4 i(—0.89 + 0.69)

Siavash Neshatpour

Fitted parameters not the same for different helicities
but in agreement with each other within 1o
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NP fit vs. hadronic fit

A (minimal) description of hadronic contributions with fewer free parameters

Va(q?) ¢2 ACMPC for each helicity (1 = +, —, 0) a different ACS©
9

hx(a?) = — :
M) 1672 m% — three real (six complex) parameters

» If NP in Cq is the favoured scenario, the three different fitted helicities should give the same value
= Can work as a null test for NP

B — K* j/~ observables
2 __Qr1iE 2 . — . . ..
(X = 8515, Xy = 39.40; Pullsns = 5.50) Fitted parameters not the same for different helicities

best fit val . . - =
— = but in agreement with each other within 1o
ACT (3.39 + 6.44) + i(—14.98 + 8.40)

ACT T (=102 £0.22) +i(—0.68 + 0.79)
ACTTY | (—0.83 +0.53) + i(—0.89 + 0.69)

Fitto only BR(B — K*y) and B — K*u*u~ observables (low g?)

Real 6 Cq Hadronic fit;
(1) complexACé'PC(G)
Plain SM (0) (6.00) (5.50)
Real 6Cq (1) -- (1.80)

» Adding the hadronic parameters improve the fit with less than 2o significance

Strong indication that the NP interpretation is a valid option, although the situation remains inconclusive

Siavash Neshatpour ICHEP, 28 July 2020



Future prospects
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Future prospect

LHCb projections for B — K *u*u~ with 14, 50 and 300 fb~1 luminosity

Keeping present central values, the three benchmark points don’t give acceptable fits (p-value = 0)

We assume two extreme scenarios, adjusting the experimental data such that
U Central value of Cq remains the same  Central values of the hadronic fit remains the same
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Future prospect

LHCb projections for B — K *u*u~ with 14, 50 and 300 fb~1 luminosity
Keeping present central values, the three benchmark points don’t give acceptable fits (p-value = 0)

We assume two extreme scenarios, adjusting the experimental data such that

U Central value of Cq remains the same Central values of the hadronic fit remains the same

Central value of Cq is always the same

14 fb~1 (Syst.) 50 fb—1 (Syst./4) 300 fb~1 (Syst./4)
Real 6 Cq Real 6 Cq Real 6 Cq
Plain SM 8.10 15.10 21.40

» \ery good fits for Cq by construction

» Good hadronic fits for all three benchmark points of this scenario, but no improvement compared to Co
< Uncertainties of most hadronic parameters become very large for higher luminosities indicating most
of the 18 parameters are not needed to describe the data

Siavash Neshatpour ICHEP, 28 July 2020




Future prospect

LHCb projections for B — K *u*u~ with 14, 50 and 300 fb~1 luminosity

Keeping present central values, the three benchmark points don’t give acceptable fits (p-value = 0)

We assume two extreme scenarios, adjusting the experimental data such that

Central value of Cq remains the same

14 fb~1 (Syst.)

(J Central values of the hadronic fit remains the same

Central values ofthe hadronic fit remain the same

50 fb~1 (Syst./4)

300 fb~1 (Syst./4)

Real 6 Cq Hadronicfit hy

Plain SM 7.90 7.90

Real 6 Cq -- 4.00

Real 6 Cq Hadronicfit hy
14.60 22.50
17.50

Real 6 Cq Hadronicfit hy
18.90 41.80
37.40

> Hadronic fit, gives an improvement with 4o significance compared to fit to Cq after Run 2 (14 fb~1)

but situation still remains inconclusive

> After first LHCb upgrade (50 fb~1) conclusive judgment can be made that NP cannot be established

Siavash Neshatpour
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Global analysis of b —» s€*£~ observables
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Global analysis of b — s transitions: one-operator fit

Considering all the relevant data on b — s transitions

(117 observables)
° RK, RK*
. BR(Bs.d N ﬂ+#_) All observables (x&y = 157.3)
e BR(B;—ete) b.f. value | Y2, | Pullsy
« BR(B-X,utu) 5Co | —0.94+0.14 | 1268 | 5.50
« BR(B-X,ete) 5C4 | —0.93+0.13 | 1152 | 6.50
« BR(B = K*ete") 5C§ 0844026 | 1455 | 340
« BRB-=K**utu) §C10 0204+£022 | 1564 | 090 Computations performed using
. B, — ¢ uu": BR,ang. obs. SCH | 0514017 | 1464 | 3.30 Superlso public program
e BYM o gOMyutyu~BR ang obs. | 9CT | —0.78+023 | 1443 | 3.60 (assuming 10% error forp.c.)
« B - K*utu~: BR,ang. obs. 6Ct. | —0.53+£0.10 | 1254 | 5.60
- A,—>Au*u": BR,ang. obs. 5Cf. | 0434013 | 1448 | 3.50

> Most favoured scenario is 5C4 followed by 5¢F. (5Ck = —5CY,), same hierarchy as pre 2020 LHCb
» Significance have increased by ~1¢ for the most prominent scenarios compared to 2019

> Change in significance mainly due to the recent LHCb analysis of the B —» K*u*u~ angular obervables
with 4.7 fb~1 (- larger x3y)

Siavash Neshatpour ICHEP, 28 July 2020



Global analysis of b — s transitions: one-operator fit

Using all the relevantdata on b — s transitions
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> Most favoured scenario is 5C4 followed by 5¢F. (5Ck = —5CY,), same hierarchy as pre 2020 LHCb
» Significance have increased by ~1¢ for the most prominent scenarios compared to 2019

> Change in significance mainly due to the recent LHCb analysis of the B —» K*u*u~ angular observables

with 4.7 fb~1 (- larger x3y)
< smaller experimental uncertainties
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Global analysis of b — s transitions: one-operator fit

Using all the relevantdata on b — s transitions
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> Most favoured scenario is 5C4 followed by 5¢F. (5Ck = —5CY,), same hierarchy as pre 2020 LHCb
» Significance have increased by ~1¢ for the most prominent scenarios compared to 2019

> Change in significance mainly due to the recent LHCb analysis of the B —» K*u*u~ angular observables

with 4.7 fb~1 (- larger x3y)
< smaller experimental uncertainties
< further tensions
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Global analysis of b — s transitions: multi-dimensional fit

Using all the relevant data on b — s transitions

Multi-dimensional fit: C;,Cg, C&, C%,,C¢, Ch + primed coefficients (20 d.o.f. freedom)

» Several Wilson coefficients in the electron sector were previously undetermined in the 20-dimension fit
now all WC are constrained (some still weakly) < updated upper bound on By — e™e™ [LHCb 2003.03999]

All observables with y3,, = 157.28

(X2, = 100.34; (Pullgy = 4.30)

5C- 5Cs
0.05 + 0.03 —0.71 £0.43
5CL 5C
—0.01 +0.02 —0.00 + 0.86
s5C 5CE sce 5C%,
—1.114+0.19 | —6.60+1.37 | 0.08+£025 | 3.07+4.00
sC 5O SO 5Ce
0.18+035 | 1.84+1.75 | —0.13+021 | 0.05+5.01
Ca, Ca, Ca, €4,
—0.07+£0.12 | —1.524+0.98 | —0.10+£0.14 | —4.36 + 1.46
Cq, G5, Ca, C5,
0.05+012 | —1.40+1.56 | —0.17+0.15 | —4.33 £2.33

» Significance of the fit has increased by ~10 compared to our 2019 fit
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O Significance of tensions depend on assumptions for power corrections

O Statistical comparison favours NP, however situation remains inconclusive

O Future data (after the first LHC upgrade) can give strong indications whether NP better
describe the anomalies or hadronic contributions

L Most favoured NP scenario still Cg‘ followed by CfL — no change compared to pre-2020

[ Increase of ~1¢ for the favoured NP scenarios

Thank yow!
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Theory framework: exclusive mode B —» K* ¢+ ¢~

Effective Hamiltonian for b — s€* £~ transitions: H.g = H'ad + #5k

4G * ~f Rl
Hi! =~ LV V| 3 ClmOin) + Cu(nOs()]

\/§ ~i=1...6

non-local effects: in general “naive”
factorization not applicable

2 A A .
Sel | Y@ +L0m o~ D)+ @) |

fact., pert?lrrbative non—f'Lct , QCDf power Carections,
Helicity amplitudes:
211y,
H A :_Nf{ (“veff_(m"v _[
v = —iv{e - i) + 22 2

[‘Fx] ( O+ hlJ +a* 1)

G AGr
Helff - V;fbv?; [

(7 (1)
7 ol ()]

i= 719510:Q15Q2

factorisable contributions:
7 independent form factors V. , T ,,S

[Khodjamirian etal.’10, Bharuchaetal.’15, Gubernari et al. 18]

(C57 = CHT () = 1672 Na ()| }

2 2
SHPC(\ = +) = sz'% 1672 (¢%) = i N'28 1672 [hD + ¢ +g*n D]

q

2 2
SHEC(A = 0) =@'N’% 1672h0(q?) =¢N’”;—§167r2{\/q (n” + @ +a* )|
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Fitto B » K*u*u~ angular observables

Comparisonof fitto B - K*u*u~ angular observables with Run 1 data (3 fb~1) compared to

Run + 2016 data (4.7 fb~1)

Only B -» K*u*u~ angularobservables

Xsm Xain (6Co) Pullgy (6Cy)
Run1 57.25 43.08 4.00
Run1+ 2016 81.07 52.27 5.40
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B — K* jij/~ observables; low ¢* bins up to 8 GeV*?

1 2 2 1 3 6 18

nr. of free
Real Real Comp Comp. Real Comp. Comp.
parameters 50 A.PC A PC (0,1,2)
o C7,8C 8Ca 5C7.6Ca) | \AC) AC) R
0 (plain SM) 6.0 5.6 5.80 540 5.40 5.50 470
1 (Real 4C4) — 0.5 1.5 1.20 0.6 1.8 1.5
2 (Real 6C7, 6Cs) — — — 140 - - 1.60
2 (Comp. 4Cq) — — — 0.80 — 1.70 140
4 (Comp. 6C7,6Cs) | — — — — — — 1.50
3 (Real ACSPC) — — — — — 2.20 1.70
6 (Comp. AC)TO) | — — — — - - 0.1c
9 (Real h{"""})) — — — — — — 1.50
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Future prospect

LHCb projections for B — K *u*u~ with 14, 50 and 300 fb~1 luminosity
Keeping present central values, the three benchmark points don’t give acceptable fits (p-value = 0)

We assume two extreme scenarios, adjusting the experimental data such that

Central value of Cq remains the same  Central values of the hadronic fit remains the same
o E : ‘ ' \ ‘._..-P" ]
£0.004 o E
o - 2 E

- - h(q?) 68%CL ..~ :

0.002— i
-0.002:

~0.004 s

: | | | ]

2 4 6 8

? (GeV?)

> Hadronic fit, gives an improvement with 4o significance compared to fit to Cq after Run 2 (14 fb~1)
but situations still remains inconclusive
> After first LHCb upgrade (50 fb~1) conclusive judgment is possible
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Future prospect

LHCb projections for B — K *u*u~ with 14, 50 and 300 fb~1 luminosity

Keeping present central values, the three benchmark points don’t give acceptable fits (p-value = 0)

We assume two extreme scenarios, adjusting the experimental data such that
the hadronic fit remains the same

Central value of Cq remains the same

J Central values of
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> Hadronic fit, gives an improvement with 4o significance compared to fit to Cq after Run 2 (14 fb~1)

but situations still remains inconclusive

> After first LHCb upgrade (50 fb~1) conclusive judgment is possible (fitted parameters no longer

consistent with zero at 1o level)
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Future prospect

LHCb projections for B — K *u*u~ with 14, 50 and 300 fb~1 luminosity

Keeping present central values, the three benchmark points don’t give acceptable fits (p-value = 0)

We assume two extreme scenarios, adjusting the experimental data such that

Central value of Cq remains the same  Central values of the hadronic fit remains the same
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> Hadronic fit, gives an improvement with 4o significance compared to fit to Cq after Run 2 (14 fb~1)

but situations still remains inconclusive
> After first LHCb upgrade (50 fb~1) conclusive judgment is possible (fitted parameters no longer
consistent with zero at 1o level)
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Impact of choice of form factors (BSZ vs KMPW) and approach (full FF, soft FF)

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

= KMPW full FF approach
==xax . KMPW soft FF approach
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Impact of power corrections

1O

—— Standard
—— Bobeth et al.
= Khodjamirian et al.

0.5/

~0.5/}

1.0
{[Arbey et al. 1806.02791]
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Impact of power corrections
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Impact of power corrections
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