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Rare B-decay anomalies

Several deviations (“anomalies”) with respect to the SM predictions in b — s££ measurements
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Angular observablesof B > K*u*u~

Several deviations (“anomalies”) with respect to the SM predictions in b — s££ measurements

o Long standinganomaly in the B — K*u*u~ angular observable P /S (= P x \JF,(1 — F,) )
= 2013 LHCb (1 fb~1)
= 2016 LHCb (3 fb™1)
= 2020 LHCb (4.7 b~ 1)
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» 2.50 & 2.90 local tension in P; with the respect SM predictions (DHMV)
» deviations in other angular observables/bins
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Theory framework: exclusive mode B - K*¢* £~

Effective Hamiltonian for b — s£* £~ transitions: H.q = H'34 + H5L

ac _lGF s et ~ \ N \ T (1)
Hgﬁl - fgx’tbvrs { Z Ci(p)Oi(pr) + Cs (1) Os () 7{;% - _ M_F{/}b{,;: [ Z (—"-f’"(ffﬁ)O-?”(u-)
i=1...6 V2 i=7,9,10.Q1.Q2 |
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Theory framework: exclusive mode B - K*¢* £~

Effective Hamiltonian for b — s£* £~ transitions: H.q = H'34 + H5L

1ac ‘lCF N
Mo = 3 I”tbph{ > Cilp)Oilp) + Cx (/f)OHUi)} HEL = — J‘CQFL bbh[ > ("_}’f(;;j)o_ﬁ”(;L)}

i=1..6 \/7 i=7.9.10.021.Q>
oy
S

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

[Khodjamirian etal.”10, Bharuchaetal.’15, Gubernari et al. '18]
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Theory framework: exclusive mode B - K*¢* £~

Effective Hamiltonian for b — s£* £~ transitions: H.q = H'34 + H5L
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factorisable contributions:
7 independent form factors V. , T ,,S

[Khodjamirian etal.”10, Bharuchaetal.’15, Gubernari et al. '18]
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Theory framework: exclusive mode B - K*¢* £~

Effective Hamiltonian for b — s£* £~ transitions: H.q = H'34 + H5L
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non-local effects: in general “naive” factorisable contributions:
factorization not applicable 7 independent form factors V. , T ,,S
2
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Theory framework: exclusive mode B - K*¢* £~

Effective Hamiltonian for b — s£* £~ transitions: H.q = H'34 + H5L

ac AGF
Ho! = — /o TEVVE] ST ClmOil) + Cs(n)Os(p) T JICFI/tbLh[ > Aol )]
i=1...6 i=7.9.10,01,Q2

b 5 b S
non-local effects: in general “naive” factorisable contributions:
factorization not applicable 7 independent form factors V. , T ,,S
2
62 €u Ly, [ Y (¢*)Vy +LO in O( A Eﬁ )+ (¢ ] [Khodjamirian etal.’10, Bharucha etal.’15, Gubernari et al. ’18]
q mb K+

. ~ . A J
v v

fact.. perturbative non—f mt.. QCDf power corrections,

Calculated for low g2 at LO in QCD factorisation [seneke etal. 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 by van Dyk etal.
See talk by M. Bordone
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;)
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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]

o) ) 2, (1)
[ X:| (l’l [U] ‘|‘ f{i[{]—'—q h:l:[D])
— 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

Siavash Neshatpour GDR-InF annual workshop, 30 Sept. 2020



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]

hejo = |V | (W) + @ Wiy +a* )

— 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 C)?

Fit to g ]
« Hadronic quantities hfro_lg ) (18 parameters) 027 + ]

s 5 0.0 T
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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]

/ ) 25(1)
[ X:| (h [U] ‘|‘ h {:I: ['D] + q h:l: [D])
— 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 §CY?

Fitto : L (012) 02_—$ AGft ]
* Hadronic quantities h_ """ (18 parameters) il "I Hadronicfit | |
I -4 .
* gy gy 2 0.0 T
B — K*u*u~ observables (low g~) - I
and BR(B — K*y) =e! I
Rea|669 —02+- I-'_————___-; ; I |
(1) : i 8 : ; |
Plain SM 6.00 L TISM L | -
—0.41  (w/o any uncertainty for p.c.) | e
0 2 4 6 8
G’ (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]

/ ) 25(1)
[ X:| (h [U] ‘|‘ h {:I: ['D] + q h:l: [D])
— 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 §CY?

Fitto : L (012) 02_—$ AGft ]
*Hadronic quantities h, ;" (18 parameters) Tl "1 Hadronicfit |
i A :
[ 2 00 T
B — K*u*u~ observables (low g~) - I
and BR(B — K*y) =e! I
Real 6 Cq Hadronic fit —02 L'_——————Ji ; i ]
(1) (18) ; . : .|'. 1
Plain SM 6.00 4.70 - I2SM . ——— I =
-047 (w/o any uncertainty for p.c.) T
0 2 4 6 8
g’ (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
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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]

3 ) 1)
[ X:| (h [U] ‘|‘q f{i[{]—'—q h:l:[D])
— 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 §C5'* j :
Fit to _ L 012) ) 4 aGf | ]
*Hadronic quantities h, ;" (18 parameters) Tl "1 Hadronicfit |
i A 1
* 04— 2 00 T
B — K*u*u~ observables (low g~) - I
and BR(B — K*y) =e! I
Real 6 Cq Hadronic fit —02 L'_——————Ji ; i ]
(1) (18) ; . : { 1
Plain SM 6.00 4.70 - 5 SM R .
-04 7 (w/o any uncertainty for p.c.) 7
Real 6C, - 1.50 ]
0 2 4 6 8
g’ (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
» Adding 17 more parameters compared to the NP in Cq doesn’t significantly improve the fit (~1.50)
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NP fit vs. hadronic fit

The hadronic fit includes 18 free parameters

B — K~ pp/~ observables
(x2y = 85.15, x2,:, = 25.96; Pullgy = 4.70)
Real Imaginary
hY || (—2.37 £13.50) x 102 | (7.86 = 13.79) x 10>
PVl (1.09+£1.81) x 104 | (1.58 4 1.69) x 10~
R || (=1.10+2.66) x 1073 | (—2.45 + 2.51) x 1073
T (143 +£12.85) x 1075 | (—2.34+ 3.00) x 102
Y || (—3.09£8.11) x 105 | (144 + 2.82) x 104
) %
) %
) %
) %

h (2.04 +1.16) x 1075 | (—3.25 & 3.98) x 103
i (2.38 £2.43) x 10~* | (5.10 £ 3.18) x 104
iV (1.40 £ 1.98) x 104 | (—1.66 & 2.41) x 10~*
B |l (—1.57£2.43) x 1075 | (3.04 + 20.87) x 10~
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NP fit vs. hadronic fit

The hadronic fit includes 18 free parameters

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

» h; compatible with zero at 1o level

— too many free parameters to get strongly constrained with current data

Siavash Neshatpour
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B — K~ pp/~ observables 30002 | " - | .
(x3y = 85.15, X2, = 25.96; Pullgy = 4.70) o C—h(®) e E
Real Imaginary 0.001 SRR h(q2) 68%CL .. B
B |[[(—=2:37 £ 13.50) x 10-3]| (7.86 +13.79) x 10-2 ' e
RVl (1.09+£1.81) x 1074 (1.58+1.69) x 10~
h? || (=110 £2.66) x 10-5| (—2.45 £ 2.51) x 102
RO (143 +12.85) x 107° [ (=2.34+3.00) x 1074 | T Erreeee
RVl (—3.99£8.11) x 1075 | (1.44+2.82) x 104 - T
B2 || (2.04+£1.16) x 1075 | (=3.25 £ 3.98) x 10~3 0001 el 7
RO (238+£2.43) x 1074 | (5.10 £3.18) x 10—* '
iV (1.40 £ 1.98) x 1074 | (—=1.66 £ 2.41) x 104 E
W || (—1.57+£2.43) x 1073 | (3.04 £ 29.87) x 10~° —0.002 é A 6 8
Red line: LO QCDf F (GeV?)



NP fit vs. hadronic fit

The hadronic fit includes 18 free parameters

—_ C T T T T

B — K~ pp/~ observables < e :
(x2,; = 85.15, Xﬁ,ﬁii 25.96; Pullgy; = 4.70) 2 0.004F _ h(qz) E
Real Imaginary o h(g? 68%CL E
B || (—2.37 £13.50) x 105 | (7.86 +13.79) x 10-2 0.002 —
RV |l (1.09+£1.81) x 1074 | (158 + 1.69) x 10~ i :
B || (—1.10£2.66) x 10 | (—2.45 £ 2.51) x 102 0 Eommmm
R | (1.43 £12.85) x 10 3] (—2.34 £ 3.00) x 104 g
R (—3.09£8.11) x 105  (1.44+£2.82) x 104 g
E [l (2.04 + 1.16) x 10-3| (—3.25 + 3.98) x 10~3 —0.002¢
i (2.38 £2.43) x 10~* | (5.10 £ 3.18) x 104
h[‘}‘? (1.40 £ 1.98) x 1074 | (—=1.66 £ 2.41) x 104 —-0.004
B | (—1.57+£2.43) x 1075 | (3.04 £ 29.87) x 1076 g é . 6 o
Red line: LO QCDf F (GeV?)

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

» h; 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~ pp/~ observables EO S H, I ‘V i

(x2y = 85.15, Xfr,::ﬂ; 25.96; Pullgy = 4.70) E 0.004 S h{q2) o =
Real Imaginary E— h(qz) 68°%CL 3

R || (—2.37 £13.50) x 1075 | (7.86 £ 13.79) x 10-° 0.002+ —
RV (L09£1.81) x 1074 | (1.58 + 1.69) x 104 i —
R || (—1.10 £ 2.66) x 105 | (—2.45 + 2.51) x 10=° 0 == E
R || (143 +£12.85) x 107 | (—2.34 + 3.09) x 10~ : :
R || (—3.99£8.11) x 1075 | (1.44 £ 2.82) x 102 g E
B2 || (2.04£1.16) x 105 | (—3.25 £ 3.98) x 10~° —0.002} =
ho |l (2.38+£2.43) x 10~%]  (5.10 £ 3.18) x 104 T
RSV ||l (1,40 = 1.98) x 10~ 4{| (—1.66 £ 2.41) x 10~ -0.004| "l
hy || (=1.57 +2.43) x 1073 (3.04 +29.87) x 10~° = ‘ | | ]
2 4 6 8

Red line: LO QCDf F (GeV?)

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

» h; 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

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

» h; compatible with zero at 1o level

— too many free parameters to get strongly constrained with current data
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B — K7™ fip/~ observables 20002 | v ] | .
(x2y = 85.15, x2,, = 25.96; Pullgy = 4.70) € - —h(g) A
Real Imaginary - 0.001 SR h(q2) 68°A-,CI__‘.__ 7

B || (—2.37 £ 13.50) x 105 [ (7.86 £ 13.79) x 103 il R
RV (1L.09£1.81) x 1074 | (1.58 + 1.69) x 104 e .
R || (—1.10+2.66) x 107% | (=2.45 + 2.51) x 10~3 0 T :
RO || (143 +£12.85) x 105 | (—2.34 + 3.00) x 104 e T
V| (=3.99£811) x 1075 | (1.44£2.82) x 10—* - T g
B2 || (2.04+1.16) x 1075 | (—3.25 + 3.98) x 103 o001 i
A (238 +£243) x 1071 | (5.10£3.18) x 10~ ' ]
iV (1.40 £ 1.98) x 1074 | (—=1.66 £ 2.41) x 104 3
B2 || (—1.57+£2.43) x 107° | (3.04 + 29.87) x 10~ —0.002 é . 6 8
Red line: LO QCDf F (GeV?)




NP fit vs. hadronic fit

The hadronic fit includes 18 free parameters

B — K~ pp/~ observables

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

Real Imaginary
B || (—2.37 £13.50) x 105 | (7.86 +13.79) x 10-2
B (1.09 +1.81) x 104 | (1.58 +1.69) x 10—*
B || (—1.10£2.66) x 10 | (—2.45 £ 2.51) x 102
R || (1.43 +£12.85) x 1073 [(—2.34 £ 3.00) x 10 *
RV (—3.09£8.11) x 1075 | (1.44+2.82) x 102
h'? (2.04 +1.16) x 10~ | (—3.25 + 3.98) x 102
i (2.38 £2.43) x 10~* | (5.10 £ 3.18) x 104
iV (1.40 £ 1.98) x 1074 | (—=1.66 £ 2.41) x 104
B |l (—1.57£2.43) x 1075 | (3.04 + 20.87) x 10~

Siavash Neshatpour

50.004_

0.002}

—-0.004

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

» h; compatible with zero at 1o level

0 :.....................

T Ty
- —h(d?)
- - h(q?) 68%CL
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~0.002}

LT
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— 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™ iyt /~ observables EO S H | s

(xZy = 85.15, Xﬁ,ﬁii 25.96; Pullgy = 4.70) € 0.004F _ h(qz) __________________ —~
Real Imaginary - e h(q2) 68%CL . =

B || (—2.37 £13.50) x 105 | (7.86 +13.79) x 10-2 0.002 T -
RV |l (1.09+£1.81) x 1074 | (158 + 1.69) x 10~ S E
B || (—1.10£2.66) x 10 | (—2.45 £ 2.51) x 102 0”___‘__""“‘ :
| (1.43+12.85) x 1075 | (—2.34 + 3.0) x 104 - T \
RVl (—3.99£8.11) x 1075 | (1.44+2.82) x 104 3 E
h@ || (2.04+1.16) x 1075 | (=3.25 + 3.98) x 10~2 —0.002 =
i (2.38+£2.43) x 10~* | (5.10 £ 3.18) x 102 E
h[‘}‘? (1.40 £ 1.98) x 1074 | (—=1.66 £ 2.41) x 104 —-0.004 —
WP || (=1.57+£2.43) x 1075 | (3.04 £ 29.87) x 10=° g é . 6 8
Red line: LO QCDf F (GeV?)

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

» h; 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

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

Va(¢?) 2

APC
———— —5 ACY”
16w my -

ha(q’) =

» 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

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

() &
1672 m%

h)‘(qﬂ) _ &G;"PC

» 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
(x5 = 8515, Xoniy — 39'?‘;]; ?1“119“’1 = 5.50) Fitted parameters not the same for different helicities
— el e but in agreement with each other within 1o
ACT (3.30 + 6.44) + i(—14.98 = 8.40)
AC; T (=102 £0.22) +i(—0.68 + 0.79)
ACTTY | (—0.83 +0.53) + i(—0.89 + 0.69)
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NP fit vs. hadronic fit

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

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

Va(¢?) 2

APC
— ——— ACy”
16m= my

ha(q’) =

» 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 — QF 1F 2 ¢ . r = 5.5 . . ..
(sar = 85:19, Xy = 3940; Pullsns = 5.50) Fitted parameters not the same for different helicities

best fit value ] . ey .
0 - but in agreement with each other within 1o
ACTTC | (3.30 +6.44) + i(—14.98 + 8.40)
AC; 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) Complex ACQ'PC (6)
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
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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 fit to Cq remains the same [ Central values of the hadronic fit remain 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
1 Central value of fit to Cq remains the same

Central value of fit to Co remains 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
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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
1 Central value of fit to Cq remains the same

Central value of fit to Co remains the same

14 fb~1 (Syst.) 50 fb~1 (Syst./4) 300 fb~1 (Syst./4)
Real 6 Cq Hadronicfit hy Real 6 Cq Hadronicfit hy Real 6 Cq Hadronicfit hy
Plain SM 8.1c 510 15.10 12.90 21.40 19.60

» \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 of the parameters of the hadronic fit become very large for higher luminosities
indicating most of the 18 parameters are not needed to describe the data
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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 values of the hadronic fit remain the same

Central values of the hadronic fit is always the same

14 fb~1 (Syst.)

50 fb~1 (Syst./4)

300 fb~1 (Syst./4)

Real 6 Cq Hadronicfit hy Real 6 Cq Hadronicfit hy

Plain SM 7.90 7.90 14.60 22.50

Real 6 Cq Hadronic fit hy

18.90 41.80
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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 values of the hadronic fit remain the same

Central values of the hadronic fit is always the same

14 fb~1 (Syst.) 50 fb~1 (Syst./4) 300 fb~1 (Syst./4)
Real 6 Cq Hadronicfit hy Real 6 Cq Hadronicfit hy Real 6 Cq Hadronicfit hy
Plain SM 790 790 14.60 22.50 18.90 41.80
Real 6 Cq - 4.00 -- 17.50 -- 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 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
] Central values of the hadronic fit remain 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 situation 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
] Central values of the hadronic fit remain 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 situation 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
] Central values of the hadronic fit remain 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 situation 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 values of the hadronic fit remain the same

o : S | T ]
< o FIv ]
2 0.004 - —h(q) ol ]

P
....

0.002— el -

-0.002- = . :

------- 68%CL Run 2 IR

------- 68%CL First LHCb upgrade

—0.004 68%CL HL upgradt\a |
F | | l I I

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 situation still remains inconclusive
> After first LHCb upgrade (50 fb~1) conclusive judgment is possible
< fitted parameters no longer consistent with zero at 1o level

Siavash Neshatpour GDR-InF annual workshop, 30 Sept. 2020



Global analysis of b — s£*£~ observables
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Global analysis of b — s transitions

Consideringall the relevantdata on b — s transitions

(117 observables)
e Ry Ry
* BR(Bgq — prpo)
e BR(B;—ete™)
© BR(B-X,u'u)
« BR(B-X,ete?)
« BR(B—-K*ete)
e BR(B->K*u*tu)
e B,—- ¢utu": BR,ang. obs.
o BYM 5 KOM)y*u~: BR, ang. obs.
e B-K*utu": BR,ang. obs.
« Ap->Autu~: BR,ang. obs.

Siavash Neshatpour

GDR-InF annual workshop, 30 Sept. 2020



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

Consideringall the relevantdata on b — s transitions

(117 observables)

Ry, Ry
BR(Bsq = p*1t7)

BR(B;, »e*e™)

BR(B - X; u*p")

BR(B - X,ete")

BR(B - K*ete")

BR(B - K**u*u™)

B, » ¢ u*u~: BR,ang. obs.
B - KOyt~ BR, ang. obs.
B - K*u*u~: BR,ang. obs.

A, > Autu~: BR,ang. obs.

All observables (X%M = 157.3)
b.f. value | 2, | Pullsm
dCy —094+£0.14 | 1268 5.50
sCh —093+0.13 | 115.2 6.50
0C' 0.84 +0.26 | 145.5 3.40
dC'p 0.20£0.22 | 156.4 0.9
sC 0.51£0.17 | 146.4 3.30
0CTy | —0.78 =£0.23 | 144.3 3.60
f‘?C'EL —0.53+0.10 | 1254 5.60
0CTy, 0.43+0.13 | 1448 3.50

Computations performed using
Superlso public program

(assuming 10% error forp.c.)
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Global analysis of b — s transitions: one-operator fit

Consideringall the relevantdata on b — s transitions

(117 observables)

RK' RK*

BR(B; 4 — prpo)

BR(B;, »e*e™)

BR(B - X; u*p")

BR(B - X,ete")

BR(B - K*ete")

BR(B - K**u*u™)

B, » ¢ u*u~: BR,ang. obs.
B - KOyt~ BR, ang. obs.
B - K*u*u~: BR,ang. obs.
A, > Autu~: BR,ang. obs.

All observables (X%M = 157.3)
b.f. value | 2, | Pullsm
dCy —094+£0.14 | 1268 5.50
sCh —093+0.13 | 115.2 6.50
0C' 0.84 +0.26 | 145.5 3.40
dC'p 0.20£0.22 | 156.4 0.9
sC 0.51£0.17 | 146.4 3.30
0CTy | —0.78 =£0.23 | 144.3 3.60
f_‘?C'EL —0.53+0.10 | 1254 5.60
0CTy, 0.43+0.13 | 1448 3.50

Computations performed using
Superlso public program

(assuming 10% error forp.c.)

> Most favoured scenario is 5C4 followed by 5¢F. (5Ck = —5CY,), same hierarchy as pre 2020 LHCb
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Global analysis of b — s transitions: one-operator fit

Consideringall the relevantdata on b — s transitions

(117 observables)

RK' RK*

BR(B; 4 — prpo)

BR(B;, »e*e™)

BR(B - X; u*p")

BR(B - X,ete")

BR(B - K*ete")

BR(B - K**u*u™)

B, » ¢ u*u~: BR,ang. obs.
B - KOyt~ BR, ang. obs.
B - K*u*u~: BR,ang. obs.
A, > Autu~: BR,ang. obs.

All observables (X%M = 157.3)
b.f. value | 2, | Pullsm
dCy —094+£0.14 | 1268 5.50
sCh —093+0.13 | 115.2 6.50
0C' 0.84 +0.26 | 145.5 3.40
dC'p 0.20£0.22 | 156.4 0.9
sC 0.51£0.17 | 146.4 3.30
0CTy | —0.78 =£0.23 | 144.3 3.60
f‘?C'EL —0.53+0.10 | 1254 5.60
0CTy, 0.43+0.13 | 1448 3.50

Computations performed using
Superlso public program

(assuming 10% error forp.c.)

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

Fitto B - K*u*u~ angular observables: Run 1 (3 fb=1) compared to Run 1+ 2016 (4.7 fb~1)

B - K*u*u~ angular observables

X3m Xomin (6Co) Pullgy (6Cy)
Run 1 57.25 43.08 400
Run1 + 2016 81.07 52.27 5.40

> 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 b1 (- larger x4y
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Global analysis of b — s transitions: one-operator fit

Fitto B —» K*u*tu~ angular observables: Run1 (3 fb—1) compared to Run 1+ 2016 (4.7 fb~1)

1.0 I I I I
: LHCb Run1 1 i
- -, + ] 0.4F + LHCb Run1 ]
RN S SUEEE 4+ LHCb Run1+2016 ] f 4+ LHCb Run1+2016 |
T | - 1
n - —r — I-I_" SM i 02 # ke SM —_
061 ':t:gj - i Gl - ]

< R == !
04} ——i—x-i-% I o i
I I B R —O.Zj I___:i: | r—- ]

02~ . I piglniel - —

00 L L L L | I L L L | I L L | 1 L L L 1 L L L L L L L L L L L
0 5 10 15 0 5 10 15

7 (GeV?) ¢>(GeV?)
> 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 b1 (- larger x4y
< smaller experimental uncertainties
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Global analysis of b — s transitions: one-operator fit

Fitto B —» K*u*tu~ angular observables: Run1 (3 fb—1) compared to Run 1+ 2016 (4.7 fb~1)

04+ A
== - i -
02+ =T z=F .
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—02F = + LHCb Run 1 .
4+ LHCb Run1 +2016
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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 b1 (- larger x4y
< smaller experimental uncertainties
< further tensions
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Global analysis of b — s transitions: one-operator fit

Fitto B —» K*u*tu~ angular observables: Run1 (3 fb—1) compared to Run 1+ 2016 (4.7 fb~1)

0.4
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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 b1 (- larger x4y

< 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)

All observables with y3,, = 157.28

2 )
(X2, = 100.34; (Pullgy = 4.30)

A~ 8C5
0.05 +0.03 —0.71+0.43
dC% oC%
—0.01 £ 0.02 —0.09 £ 0.86
0Cy 0Cy 6C1, 0CTqy
—1.11+£0.19 | —6.69+1.37 | 0.08+0.25 3.097+£4.99
8Cy 8Cy sCh 800G

0.18+0.35 1.84+1.75 | —0.13+0.21 | 0.05+5.01

CE} 1 CE;} 1 C ::‘ a C{r-é 2
—0.07+£012 [ -1.52+£00% | —0104+0.14 | —4.36 £1.46
s s, s, s,

0.05+0.12 | —1.40£1.56 | —017+£0.15 | —4.33 £ 2.33

» Significance of the fit has increased by ~10 compared to our 2019 fit

» 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]
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1 Significance of tensions depend on assumptions for power corrections
1 Statistical comparison favours NP, however situation remains inconclusive

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

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

. Increase of ~1o for the favoured NP scenarios

Thank yow!
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Backunp
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Theory framework: exclusive mode B - K*¢* £~

Effective Hamiltonian for b — s£* £~ transitions: H.q = H'34 + H5L

i 40
had TF . 4
Hog" = / thbbf{ Z Ci(11)O; () + Cs (/l)()g(/i)} 2l = FI/ b{/h[ Z () O( (li)}
i=1...6 B i=7,9,10,Q1,Q2
4
b 5 b S
non-local effects: in general “naive” factorisable contributions:
factorization not applicable 7 independent form factors V. , T ,,S
2
62 €u Ly, [ Y (¢*)Vy +LO in O( ACA )+ (¢ ] [Khodjamirian etal.’10, Bharucha etal.’15, Gubernari et al. ’18]
q . N mg, Em . .
fact.. pert:]rrba_t.i\'e non—f L(.t.. QCDf power r_'t‘_.):'rer:tions.
Helicity amplitudes:

2 5
. B ’ : mi, [2 11y,
H{"(A) = —1 A\!{(( g-]ﬂ ( :])I /\(qz) + ;B |: :

(€57 = T () - 167N ()] }
q-

mp

a2
HYAN=%)=iN' mB 1672hs(q?) =i N’m%f 167> [hi]) + ¢ nl) + ¢ h(ﬁ)}

_ - (0) 2 (1 4 HJ > q

. : _ o mA . N _ ; 0 (1 .
SHYC(A=0) =i N’q—f 1672ho(¢?) = zif\»-’q—f 1677 {\/q-) (hf)‘” +¢2hY + ¢ hff)ﬂ
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B — K* jijt/~ observables; low g* bins up to 8 GeV?

1 2 2 4 3 6 0 18

nr. of free
_ Real Real Comp. Comp. Real Comp. Real Comp.
parameters AW PC A\ PO (0,1,2) (0,1,2)
dCa aCly, dCq Mg A, 8Ca ACy ACy h Yo h 0
0 (plain SM) 6.00 5.60 5.80 540 540 5.5a 5.0 4.70
1 (Real 4C4) 0.5 Sa 1.20 0.6 1.8 l.1o 1.5a
2 (Real 6C7,8C%) 1.4 1.3 1.6c
2 (Comp. 6Cy) 0.8 1.70 1.4
4 (Comp. 4C7,6C5) 1.5ad
3 (Real ACSPC) 2.2a 140 1.70
6 (Comp. &{__.-'Q'N'} 0.1
9 (Real '3 1.50
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Impact of choice of form factors (BSZ vs KMPW) and approach (full FF, soft FF)

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

- KMPW full FF approach
===ne KMPW soft FF approach
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Impact of power corrections
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—— Bobeth et al.
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Impact of power corrections
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Impact of power corrections
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