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Introduction

B(B* — Ktutu~ )[11,60]: ——
® Rare decays of B mesons involving b— s ¢/ B(ng{;qu: e o
transitions provide a powerful probe of new physics B(B, ‘*"5[;(*32)_[};;29;: ) —
B(B" — ptu) —TT
- - i B(Bt — Ktvp) —_—
® | oop ar.]C.J CKM-suppressed in the Standard Model PBO K*OAE o )—>[25 4.()%_
= sensitive to BSM Pi(B° — K*utp~) [4.0,6.0] ——
Rk [0.1,1.1]| 4——o——
: . : Ry [1.1,6.0] ——
® Persistent tension in measurement of branching Ry [1.1,6.0] —
) . ) ) o [0.1,1.1] 1 ——o———
fractions and angular distributions in b — s ¢/ Ry [11,60] ——e—
decays nobaises] ) ey
Ry [0.1,6.0] — —
Ry [1.1,60 4 ——e——r
Muon g — 2 (WP) — -
Muon g — 2 (BMW) — ——
R(D) —_—
R(D*) _—
R(J/¥) ——
R(AS) ——
B(BT — 7tv) ——
B | T 1 | | |
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Local and Non-local Matrix Elements

1) Local contributions (K*¢| O+4.10| B » — form factors Vi, T3, S

Calculations from Lattice QCD (high-g?) and LCSR (low-g?), with combined results over the full g region

B ~ m2 2mb eff ~
Hy () = =iN'{ (Co = Co)VAe?) + 7 2 [ 2O = CHT )]
Ha(A) = =iN'(C1o = C1o)TA(q?)
. / QmEmb . / ms\ 5 2
Hp =1N { e (C1o C10)<1 + mb)S(q )}
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Local and Non-local Matrix Elements

1) Local contributions (K"¢¢| Or9.0| B > — form factors Vi, T3, S

Calculations from Lattice QCD (high-g?) and LCSR (low-g?), with combined results over the full g region

2) Non-local contributions = in general “naive” factorisation not applicable
Calculated at LO in QCDf [Beneke et al. '01 & '04], but higher powers unknown ("guesstimated")
< recent progress [van Dyk et al. '17 & '20]

o eff INTTF (.2 m2B 2 |, o INFR (2 2 2
Hy(A) = —iN {(09 — Cy)Va(q®) + q—2 [m—B(C7 — C7)Tx\(q") — 167 NA(CI )]}
Hy(A) = _iN,(Clo - OiO)VA((f) N (¢?) = leading nonfact. QCDf + hy
[ 2memny v Ms\ &, 2
HP—ZN{ " (Cho 010)(1+mb)5(q >}
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b—s// anomalies

F BR B K —— SM: (FF: GKvD18) 2.00 — GRvDV23
6F — 1 LHCb H B B @ LHCb —
; ( H) o i R(Bs — ¢ pp) | B(B* — K*ytyu~) [11,6.0] —- |
3 5F 1.505 BB — Ktete™) [1.1,6.0] o ——
ol - B(BY — ¢u*y-) [1.0,6.0] —— |
+ =3 = &
SF 4: ? 1.25F B(.B;J — qbe*e’) [11 6. O] —
R LR B(B) > pu)-| e
8 5F ’?'_\_ 3 1.00F B(B® — ptp~) —T T
Nc. r g E R(R+_\ I(+1/1) o
;D:zz %: tiji t S 0.75F4 Pi(BY — K*0u*p~) [2.5,4.0] —
x f # HH = F Pi(B® - K" u ~) [4.0,6.0] 7 ——
%1: S 0.50F 3 Rk {01 11} ———
—ir E Rk [1.1,6.0 e
=5 K
: o2sf gt Ry [1.1,6.0] —_—
of s Ry [0.1,1.1] | ——o——
: 1 1 1 1 1 1 1 1 | I 1 1 11 1 1 1 1 1 1 1 1 1 000? 1 1 1 1 1 1 1 1 1 1 B 1 1 1 1 1 RKD[ll 60] S i
0 5 10 15 20 0 5 10 15 Rg-+ [0.045,6.0] 7 ——
g2 (GeV?) g2 (GeV?) RK,”, [1.1,7.0] - —_—
o0 —e 1
F o (.
wor P (B K* — SM (pc:10%) 1.00 P. r B K* —— SM (pc:10%) Muon g — 2 (WP) i
F 2 — SM (pc:10%) 5 — B SM (pc:10%)
8 ( l‘l'/'l’) ? CMSPC s ( IJ’I"”) ry cmspc Muon g — 2 (BMW) T
0'755 1 LHCb (2020) ’ +#  LHCb (2020) ) —_—
C 1 LHCb config 2 (2025) 050 ¥4 LHCb config 2 (2025) ( ) — o——
0.50F .
: : R(J/Y) ——
- c 3 - R(AL) —
,i 025F *E{ 0.25E BB o )
X X F
© 0.00F% X & + 0.00¢ \ ] T | T T I I
a E a = - 0 1 2 3 4 5 6
& -0.25¢ J o’ -0-25¢ patrick koppenburg@cern.ch 2025-10-27 Pull in o
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b— s observables

263 observables relevant for radiative, leptonic and semileptonic decays:

e BR(B — X,v)

e BR(B — K™v)

° Ao(B — K*’)/)

e BRY(B — X, uu)

e BRM"(B — X, )
e BRY(B — X,ee)

e BR"8"(B — X,ee)

e BR(Bs — up)

e BR(B; — ee)

e Ry in the low ¢* bin
e R~ in 2 low ¢° bins
e Ry in low and high ¢° bins
e BR(B — K°up)

B~ Ktuu: BR, Fy
in low and high ¢ bins (LHCb config. 2)

e B — K"ce: BR,Fp,Pi23,P;565 in[1.1, 6] bin (LHCb)
and Fy, A, AR in [0.0008, 0.257] bin (LHCh)
and A( ) in 0.008, 1.12] bin (Belle)

e B— K*°uu: BR, FL7P1237P45687 1,55, 56
in low and high ¢° bins

B — K* uu: BRFL,AFBaSB45789
in low and high ¢° bins

e B, — ¢oup: BR, FL, 5347 in low and high ¢ bins
e B, — ¢ee : BR in low and high ¢*bins

and Fr,, A% in [0.0009, 0.2615] bin
o Ay — App: BR,A%Lg, Alp, A% in high ¢®bins
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Many observables interconnected via Wilson coefficients = Global fit

Minimisation of 2, scanning over the values of /C;

N
2= [0M6C:) = OFP] ¢t [0M(6C;) — OFF]
i,j=1
C: covariance matrix Cz’,j = COVth(Oia Oj) + COVeXp(Oia Oj)

Theoretical uncertainties and correlations
® Evaluation of C, varying the input parameters: masses, scales, CKM, decay constant, form factors
® Parameterization of uncertainties due to power corrections:

Leading Order QCDf

. q2 . — —
of non-factorisable piece x (1+ak’ exp (i ) +bi 6GeV? exp(z@k)>  ap = 10%, by 2.5ak

Computations performed using Superlso public program
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Fit to B— K" uu angular observables

Comparison of CMS and LHCD results

® Since the QCDf framwork is only valid in the low-¢? region below the charm threshold ¢?2<4m2=~7
GeV? , we don’t consider the largest low-¢? bins (i.e. [6, 8] for LHCb and [6. 8.68] for CMS)

® Considering a 10% guesstimate on the non-factorisable power corrections

Angular observables PJ.(']I by CMS
(}(%M = 39.0)

| b.f. value ‘ 2. ‘ Pullsym

3Ce —056+020 | 32.7 | 250
3Cao —080+050 | 366 | L6o
3C, — —055+025
5Co, 6C 2.7 | 2.0
{8Go, G0} | 5 000+ 0.50 7
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Fit to B— K" uu angular observables

Comparison of CMS and LHCD results

® Since the QCDf framwork is only valid in the low-¢? region below the charm threshold ¢?<4m?2~7
GeV? , we don’t consider the largest low-¢? bins (i.e. [6, 8] for LHCb and [6. 8.68] for CMS)

® Considering a 10% guesstimate on the non-factorisable power corrections

Angular observables PJ.(']I by CMS Angular observables Pr.w by LHCb 2020
(}(ém = 39.0) (ng = 64.3)
| b.f. value ‘ 2. ‘ Pullsy ‘ b.f. value ‘ X2 ‘ Pullgy
6Cqy —0.56 £0.20 | 32.7 2.50 6Cy —0.66 +0.21 | 56.7 280
6Cyp —0.80£0.50 | 36.6 1.6 Gy —0.70£0.50 | 62.1 1.5¢0
0Cy = —0.55£0.25 0Cy = —0.63+0.24
8§Ce, 0C 32.7 2.0 8Cy, 0C 56.6 23
{8Co, 8Go} |5 0,00+ 0.50 o | | 196 0G0} | e~ 0104050 i
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Fit to B— K" uu angular observables

Comparison of CMS and LHCD results

® Since the QCDf framwork is only valid in the low-¢? region below the charm threshold ¢?<4m?2~7
GeV? , we don’t consider the largest low-¢? bins (i.e. [6, 8] for LHCb and [6. 8.68] for CMS)

® Considering a 10% guesstimate on the non-factorisable power corrections

Angular observables P:.:!) by CMS Angular observables Prm by LHCb 2025
(x&y = 39.0) (x2, =97.2)
‘ b.f. value | Xin | Pullsa b.f. value ‘ Yin | Pullsx

6Co —0.56 £0.20 | 32.7 2.5¢ 8Cq 0.894+0.14 | 74.2 5.40
6 Cro —0.80 £ 050 | 36.6 1.60 dCio 102+030 | 915 3.4c0

6Cy = —0.55 +0.25 . . 6Ce = —0.84 +0.17
{8Co, §Cio} ’ 327 | 200 {6Co, 6Cio) ’ 739 | 5.lo

dCi0 = 0.00 £ 0.50 ' . 0Cio = —0.17 £ 0.30

Significant impact from the new LHCD results!
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Fit to B— K" uu angular observables

1 and 20 C.L. of the {C,, C\} fit, excluding [6, 8] and [6, 8.68] GeV?

Using measurments from CMS and LHCb separately

0.5
B%—»K™u*u~ ang. obs.
0.4 == 20:CMS[2024], P w/o [6,8.68] GeV? bins
0.3 1
0.2 1
&2 0.1
Q
~
o
<
& 007
-0.1
-0.2 4
—-0.3 41
-04 T T T T
-0.4 -0.3 -0.2 -0.1 0.0 0.1

6Co/CS™

Red: CMS (pU.HSMI 20')
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Fit to B— K" uu angular observables

1 and 20 C.L. of the {C,, C\} fit, excluding [6, 8] and [6, 8.68] GeV?

Using measurments from CMS and LHCb separately

0.5

B%—K"u*u~ ang. obs.
— = 20: LHCb [2020], P’ w/o [6,8] GeV2 bins
— = 20: CMS [2024], P w/o [6,8.68] GeV? bins

0.4 A

-———

0.3 A

0.2 A

0.1 A

5Cro/C5Y

0.0 A

—0.1 A

—0.2 A

—0.3 A

-0.4 T T T T
-0.4 -0.3 -0.2 -0.1 0.0 0.1

Red: CMS (pU.HSMI 20')
Blue: LHCb 2020 (pullsy: 2.30)
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Fit to B— K" uu angular observables

1 and 20 C.L. of the {C,, C\} fit, excluding [6, 8] and [6, 8.68] GeV?

Using measurments from CMS and LHCb separately

0.5

B%—»K™u*u~ ang. obs.
— = 20: LHCb [2025], config 2 (P") w/o [6,8] GeV? bin
—— 20: CMS [2024], P” w/o [6,8.68] GeV? bins

0.4 A
———————
0.3 1

0.2 A

0.1 A

5Cro/C5Y

0.0 A

—0.1 A

—-0.2 1

—-0.3 1

-0.4 T T T T
-0.4 -0.3 -0.2 -0.1 0.0 0.1

Red: CMS (pU.HSMI 20')
Blue: LHCb 2025 (pullsy: 50)
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Two-dimensional fit of {Cy, Oy} to all observables

Considering a 10% guesstimate on the non-factorisable power corrections

5C10/C3Y

0.2 1

0.1

0.0 1

—0.1

—-0.2 1

Global fit (with 2025 LHCb results)

------- 30: Including g2 €16 — 8.681GeV? bins (assuming 10% pc)
-------- 30: Excluding g% €[6 — 8.68]GeV? bins (assuming 10% pc)

-0.35

—0.30 -0.25 -0.20 -0.15 -0.10 —0.05 0.00

6Co/CSM

Purple: Excluding ¢*€ [6,8.68] GeV? bins
Green: Including ¢’ € [6,8.68] GeV? bins
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Global fit - role of power corrections

How will larger assumption for the size of the power corrections impact the fits?

® Using all b— s observables excluding g2 € [6, 8.68] GeV? bins
® Employing GvDV23 form factors for B— K*, B,— ¢ and GKvD18 for B— K

® Considering 10%, 50% and 100% power corrections from left to right

All observables except g° & [6-8.68] Gev? bins All chservables except g € [6-8.68] Gev? bins All chservables except g € [6-8.68] Gev® bins
10% pe (x5, = 329.3) 50% pe  (xd, = 304.0) 100% pe  (x3,, = 291.4)
b.f. value Youn | Pullsy b.f. value Youn | Pullss b.f. value Youn | Pullsy

4G —0.69 £ 0.12 302.6 5.2 G, —0.64 £ 0.17 293.8 320 G, —0.56 £ 0.20 286.0 230

§Cy —0.19 £ 0.12 326.9 1.5+ dCyp —0.03 £0.14 304.0 0.0 dCyg 0.05 +0.16 291.3 0.3z
§Cs = —0.69 + 0.12 §Co = —0.65+0.17 §Co = —0.57 +0.21

{6Ca, 6Cro} # 302.6 | 4.8 {6Ge, 6Ca} | " 203.8 | 2.7 {6Ge, 6Cra} | " 286.0 | 1.8
§Cyp = —0.01 £ 0.13 §Cp =001 +0.14 §Cp =003 +0.15

Even 100% power correction would not be sufficient to explain the anomalies!
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Data-driven analyses

New physics or underestimated hadronic power corrections?
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Data-driven analyses

New physics or underestimated hadronic power corrections?

Instead of making assumptions on the size of the power corrections (£, ) they can be parameterized
by a general ansatz (compatible with the analycity structure):

2 2 4
A 2y _ h(o) + q h(l) + q h(2), A 2 — /a2 x h(o) + q h(l) + q h(2)
+(07) + 1 GeV? + 1 GeV* + o(a”) ¢ 0 1 Gev2 © 1 Gevt ©
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Data-driven analyses

New physics or underestimated hadronic power corrections?

Instead of making assumptions on the size of the power corrections (£, ) they can be parameterized

by a general ansatz (compatible with the analycity structure):

2
ha(@) =n0+ L _p0 4

(1)
1 GeV?

e

lGV

Fitto B— K ~/¢¢ observables for low-g? bins

= \/q2 X h(()0)+

1 Gev2 ©

2 4
q h(l) q

B —+ K* ~/¢£ observables - g* < 6 GeV? bins B — K* /¢ observables - g% < 8.68 GeV? bins
(x}cpr = 158.8 2, = 94.9; Pullgcps = 5.00) (x%cps = 269.8 x2,;, = 133.6; Pullgeps = 9.20)
Real Imaginary Real Imaginary
h'% (00+50)x10%| (1.14+08)x10~*| |A”| (—2.0+40)x10°| (6.0+7.0)x10"°
h?l (-2.0£8.0)x 10" | (=7.0+12.0) x 10~° A (40+7.0)x10°° (1.0+£8.0) x10°°
h‘z’ (1.7+2.0)x107% |  (0.0+26)x10°° A2 | (-6.04£13.0) x107° | (-1.3+1.6)x10°°
h‘f’ (-1.0+06)x10*| (—25+14)x10*| |AY || (-7.0+5.0)x10°°|(-7.04+13.0) x 10°°
A (5.0+6.0)x10°%| (3.7+14)x10%| |[AY (1.0+4.0) x107% | (9.0+12.0) x 10°°
A? | (70+120)x 10| (-85+32)x10°°%| |[h? (1.5+0.5) x 10 | (—9.0 + 26.0) x 10~ ®
APl (6.0+12.0)x10°% | (3.7+16)x107%| |A”|[ (9.0+£100)x10°°| (3.8+13)x107*
AY | (8.04+10.0) x 107%| (—1.1+15)x10°* A (8.0+6.0)x107° | (—-1.6+0.9)x10°*
hY || (—4.0£17.0) x 107% | (—1.3+2.5) x 10~° A2 || (=9.0£7.0)x10°| (1.0+1.1)x10°°

® Half of the fitted parameters in such a fit is still inconsistent with zero

® Still rather large uncertainty, we therefore expect that such a hadronic fit will improve further in the future
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Data-driven analyses

New physics or underestimated hadronic power corrections?

Instead of making assumptions on the size of the power corrections (£, ) they can be parameterized
by a general ansatz (compatible with the analycity structure):

2 2 4
h:i:(qz) _ hg?) + q hg:l) + q 4h£|:2)7 ho(q2) _ /q2 v h(()()) + q h(l) + q h(2)

1 GeV? 1 GeV 1 Gev2 1 Gev?
Fitto B— K ~/¢¢ observables for low-g? bins
0.8 0.8
C —— SM (pc:10%) C —— SM (pc:10%)

Had. Fit (from fit to g2 < 6 GeV? bins) —— Had. Fit (from fit to g2 < 8.68 GeV? bins)

0.6F 0.6F
C Had. Fit (extrapolation from fit to g% < 6 GeV? bins) C @ CMS
0.4l \ # CMS 04l @4 LHCD config 2 (2025)
! r ¥4 LHCb config 2 (2025) TR

0.2F 02f
3 E 3 N
3 3 N
0.0 0.0
B \ T \
[ -0.2 r A\ ? [ -0.2[ \\
N u N N
a L Q. L
-0.4F f -0.4f
—0.6F n—}—ui -0.6F w
-0.8F -08f
_100 1 1 1 é 1 1 1 A 1 1 1 é 1 1 1 é 1 _100 1 1 1 é 1 1 1 i 1 1 1 é 1 1 1 é 1
q? (GeV?) q? (GeV?)

® Half of the fitted parameters in such a fit is still inconsistent with zero

® Still rather large uncertainty, we therefore expect that such a hadronic fit will improve further in the future
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Data-driven analyses

Improvement of fits to B— K" ~/¢¢ observables for low-g? bins, for hadronic and NP scenarios compared the plain
QCDf hypothesis and compared to each other:

B — K* ~/#f observables - ¢* < 6 GeV? bins

. of free 1 2 2 4 3 6 6 9 12 18
Real Real Comp. Comp. Real Comp. Real Real Comp. Comp.

| (3] e | (i) ) s | 53 2 ) ) )
0 (plain QCDf) 5.6 5.4 5.7 5.9 5.0 5.8 5.2 5.0 5.4 5.0
1 (Real 6C9) — 1.3 23 3.0 0.5 3.1 2.0 2.0 2.7 2.5
2 (Real 6C7,0C5) — — — 3.1 — — 1.9 1.9 2.7 2.5
2 (Comp. &Cy) — — — 2.6 \ — 2.6 — — 2.3 2.1
4 (Comp. 4C7,8Cy)| — - — — — — — — — 1.3
3 (Real AC)FC) — — — — \ — 3.5 2.4 2.2 3.0 2.7
6 (Comp. AC)TC) | — — — — — — — — 1.0 1.0
6 (Real R, — — — — \ — — — 1.2 2.3 2.0
9 (Real h®2) — — — — \ — — — — — 2.0
12 (Comp. hf’i}‘ﬂ.) — — — — — — — — — 1.0

Adding hadronic parameters does not improve the fits significantly
The situation is still inconclusive!
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® public C program
dedicated to the flavour physics observable calculations

http://superiso.in2p3.fr

® user manual available (~200 pages)
® Key features: precision and simplicity of use

SM

THDM
SUsY S I

Random

Grid
Directed
(Multinest. ..)
N2LO/L expressions Check against exp. values
from literature accounting for theo.

uncertainties

[F. Mahmoudi, Comput. Phys. Commun. 178 (2008) 745 — 180 (2009) 1579 — 180 (2009) 1718; F. Mahmoudi and SN PoS TOOLS2020 (2021) 036 ]
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http://superiso.in2p3.fr/
http://superiso.in2p3.fr/

New release: SuperIso v5.0 http://superiso.in2p3.fr

® Comprehensive Physics Updates
Updated CKM parameters, form factors, masses, ...
Added new angular observables for B— K" /¢ and B,— ¢ ¢/, including CP-asymmetries
® Expanded Decay Channels
Addition of K, — n"¢¢ decay observables
Inclusion of lepton flavor choice for K;— ¢¢
® Flexible Form Factor Options
Multiple new form factor sets for B— K, B,— ¢ and B— K decays:
® New Routines to Facilitate Calculations
predict.c: generate SM or NP predictions with uncertainties interactively

scan coeffs.c: scanning over Wilson coefficients
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http://superiso.in2p3.fr/
http://superiso.in2p3.fr/

public C++ program, Mathematica-independent

Designed for general BSM phenomenology
Provides high-level Model Building utilities

® Tree-level and one-loop calculations for Amplitudes, Squared amplitudes and Wilson coefficients

MARTY

Symmetries, breaking patterns Scattering amplitudes
Field content Decay widths
- Lagrangian Wilson coefficients

[G. Uhlrich, F. Mahmoudi, A. Arbey, Comput. Phys. Commun. 264 (2021) 107928]

Siavash Neshatpour IRN Terascale @ Monpellier - 24 Nov. 2025

http://marty.in2p3.fr

HEESE

Numerical phase

space integration



http://superiso.in2p3.fr/
http://marty.in2p3.fr/

Various optimizations

® Seamless connection to MARTY

C++ overhaul of Superlso. Workflow diagram unchanged

Greater flexibility and model-independence

Built-in or
MARTY

Random
Grid
Directed
(Multinest...)

literature

MARTY = Calculations in any
generic BSM scenario

[N. Fardeau, FM, T. Reymermier, to be released soon]

Siavash Neshatpour
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Reproduces Superlso’s results for the Wilson Coefficients (in SM, THDM and SUSY) and observables

HY P E R ==t

N2LOJ/L from QCD Factorization Check against exp. values

accounting for theo
uncertainties




® Several persisting deviations from the theoretical predictions in b — sll transitions since 2013

® |Independent measurements indicate tension with “theory” prediction

® |f deviations due to new physics, Cy continues to be the Wilson coefficient which can best explain the
deviations

New Physics or Not New Physics?

» More theoretical work is needed to assess the hadronic uncertainties!
» And of course more datal

Siavash Neshatpour IRN Terascale @ Monpellier - 24 Nov. 2025



Thank you
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Data-driven analyses

Improvement of fits to B— K" ~/¢¢ observables for low-g? bins, for hadronic and NP scenarios compared the plain
QCDf hypothesis and compared to each other:

B — K* ~/#f observables - ¢* < 6 GeV? bins

ur. of free 1 2 2 4 3 6 6 9 12 18
Real Real Comp. Comp. Real Comp. Real Real Comp. Comp.

i v e e e ) ) ]
0 (plain QCDf) 5.6 0.4 5.7 5.9 5.0 5.8 5.2 5.0 5.4 5.0
1 (Real 6C9) — 1.3 2.3 3.0 0.5 3.1 2.0 2.0 2.7 2.5
2 (Real 6C7,0C5) — — — 3.1 — — 1.9 1.9 2.7 2.5
2 (Comp. &Cy) — — — 2.6 \ — 2.6 — — 2.3 2.1
4 (Comp. 4C7,8Cy)| — - — — — — — — — 1.3
3 (Real AC)FC) — — — — \ — 3.5 2.4 2.2 3.0 2.7
6 (Comp. AC)TC) | — — — — — — — — 1.0 1.0
6 (Real R, — — — — \ — — — 1.2 2.3 2.0
9 (Real h®2) — — — — \ — — — — — 2.0
12 (Comp. B"V ) | — — — — — — — — — 1.0

® with ¢> <6 GeV? data: adding 17 more parameters for the hadronic fit compared to NP in C9 improves by 2.5¢0
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Data-driven analyses

Improvement of fits to B— K" ~/¢¢ observables for low-g? bins, for hadronic and NP scenarios compared the plain
QCDf hypothesis and compared to each other:

B — K*~/lf observables - ¢ < 8.68 GeV? bins
0t of free 1 2 2 4 3 6 6 9 12 18
parameters (Real) ( R)ca_l ) (Camp) (Comp.) ( Real ) (Ccmp.) (Real) ( Real ) (Cmnp) (Comp.)
6Cy | | \6C4,8Cy 3Csy 3Cr,8Cy) | \acyT) [ \acy ™) | \nYo ) | \nCE9 ) | e | Rty

0 (plain QCDf) 8.8 8.6 9.3 9.7 8.6 9.5 8.8 9.0 9.1 9.2
1 (Real 6Cy) — 1.4 3.9 4.8 1.9 4.6 3.1 3.9 4.3 4.8
2 (Real 6Cy, 5Cy) — — — 4.9 — — 3.1 3.9 43 48
2 (Comp. 8Cs) — — — 3.4 \ — 3.2 — — 3.0 3.7
4 (Comp. §C7,8C,) | — — — — — — — — — 2.7
3 (Real AC)FC) — — — — — 4.6 2.9 3.7 4.1 4.7
6 (Comp. AC;TC) | — — — — — — — — 1.3 2.6
6 (Real AV ) — — — — — — — 2.8 3.3 4.0
9 (Real 1Y) — — — — — — — — — 3.3
12 (Comp. PV ) | — — — — — — — — — 2.7

® with ¢> <6 GeV? data: adding 17 more parameters for the hadronic fit compared to NP in C9 improves by 2.5¢

® with ¢> < 8.68 GeV? data: adding 17 more parameters for the hadronic fit compared to NP in C9 improves by 4.8¢
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IRN Terascale @ Monpellier - 24 Nov. 2025



Pi(B" » K*u*u")
Pi(B® - K*u*p~)
Rg

GKvD18 (default) [Gubernari et al “18]: Combined fit to LCSR results (with B-meson distribution amplitude) [Gubernari et al. ‘18] & lattice QCD

results [Bouchard et al. “13].

Siavash Neshatpour

u

D

w

108 x dr'/dg?(B* = K+ uu)
N

=

—— SM: (FF: GKvD18)
i LHCb
1 CMS
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1I0
q? (GeV?)




B(B* — K*p*p~) [1.1,6.0]
B(B* = K*eTe™) [1.1,6.0]
B(B" > ¢up) [1.0,60]
B(B? = ¢ete) [1.1,6.0] 7 —
BBY = )| ——et—
B(BY = uu) ——
B(B* — K*vi)— —
PY(B® - Ky~ [2.5,4.0] —
P{(B° — K*%u*p~) [4.0,6.0) =il
Ry [0.1,1.1] |———
Ry [1.1,6.0] —_—
Ry [1.1,6.0] —
Rg-o [0.1,1.1] ——o—
Ry [L1,60]- —4—e—
Rf(** [0045, 60} 7 —_—T T
RKJT‘J! [1-1:7-0}_ G T T
R,k [0.1,6.0] T G
R, 11,60 /| ——e——
[ I I [
0 1 2 3
Pullin o

GKvD18 (default) [Gubernari et al “18]: Combined fit to LCSR results (with B-meson distribution amplitude) [Gubernari et al. ‘18] & lattice QCD

results [Bouchard et al. “13].

w ) u

N

108 x dr'/dg?(B* = K+ uu)

=

—— GKvD18
—-- GRvDV23
——=- HPQCD22
—=—=- KR17
LHCb
CMS

B

1
0 5 10 15 20

q? (GeV?)

GRvDV23 [Gubernari et al “18]: Combined fit to LCSR results (with B-meson distribution amplitude) [Gubernari et al. ‘18] & lattice QCD results
[Bouchard et al. ‘13, Bailey et al. ‘15, Parrott et al. ‘22]

HPQCD22 [Parrott et al. ‘22]: Lattice QCD result, valid across the entire physical g2 range.

[Khodjamirian et al. “17]: LCSR results (with kaon distribution amplitude) [Khodjamirian et al. ‘17], applicable only in the low-q2 region
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B(B* — K+p+p~) [1.1,6.0]
B(B* = K*ete™) [1.1,6.0]
B(BY - ¢utu~) [1.0,6.0]
B(B? = ¢ete) [1.1,6.0] 7 —
BB, — pp ] X
B(B" — p*u~) ——
B B+ — Ktvi) —_——
PYB® - K*utu~) [2.5,4.0] —
P{B" — K*Op. M ) [4.0,6.0] — —T—
Ry [0.1,1.1] |——o——
Ry [1.1,6.0] —_—
Ry [1.1,6.0] —
Rg-o [0.1,1.1] ——o—
Ry [1.1,6.00 ] —f—o—
Rf(** [0045,60} 7 —_—T T
Rirr [1.1,7.0] —
Ry [0.1,6.0] —
Ry [11,6.0)7| ———

107 x dI/dq?(Bs - ¢up)

=
u
=)

=
N
(]

=
o
o

o
U
=)

©
N
Ul

—— GRvDV23
1 LHCb

0.00

o

~

(6]
OIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

1
10 15

q? (GeV?)

GRvDV23 (default) [Gubernari et al. ‘23]: Combined fit to LCSR reults (with B-meson distribution amplitudes) [Gubernari et al. ‘18, ‘20] &

lattice QCD results [Horgan et al.

Siavash Neshatpour
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2.00

B(B* — K*p*p~) [1.1,6.0] - 1750
B(B* = K*ete~) [1.1,6.01 —— oLk
B(B] - ¢ptp~) [1.0,6.0] .- »
B(B? — ¢ete) [1.1,6.0] — 150
BRI SEE T T 3
B(B® — i) —— S, ,.F
B(B* — K*vi)— — p 1.25¢
P{(B° - K*u*p™) [2.5,4.0] 7 — o -
Pi(B° — K*°u*p~) [4.0,6.0] —— & 1.00F
Ry [0.1,L.1] |———— g C
Ry [1.1,6.0] —_— = ;'i

Ry [1.1,6.0] e S 0.75(
Rgwo [0.1,1.1] o ——o— X C
Ry [1.1,6.0] e S 0.50F
Rf(** [0045, 60} 7 —_—T T — C

Ricrr [1.1,7.0] 7 i e C —8—
Rk [0.1,6.0] ——— 0.25¢
Ry 11,60 —p—0—— -
| 1 I | 1 I 0.00F

0 1 2 3 4 5 6 —

—— GRvDV23
BSZ15
i LHCb

1I0 15
q? (GeV?)

GRvDV23 (default) [Gubernari et al. ‘23]: Combined fit to LCSR reults (with B-meson distribution amplitudes) [Gubernari et al. ‘18, ‘20] &
lattice QCD results [Horgan et al. “15].

BSZ15 [Bharucha et al. “15]: Combined fit to LCSR results (with K*-meson distribution amplitude) [Bharucha et al. “15] & lattice QCD results

[Horgan et al. “15]
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B(B* — Ktutp~) [1.1,6.0]
B(B* — K*ete™) [1.1,6.0] 7
B(BY - gt~ [L0,6.0] -
B(B? = gete™) [1.1,6.0] 7 —
BB~ plpm)| ==
B(B® — ppu~) —
B(B* — Ktvw) i —
P(B® — K*p*y™) [2.5,4.0] =
PI(B® - K*Ou*y~) [4.0,6.0] ——
Ry 0L, LI
Ry [1.1,6.0] ——
Ry [1.1,6.0] —
Ryo [0.1,1.1] | ——o———
Ry [1.1,6.0] 7 —f—e—
RI(*"' [0045, 60] T —_—T T
Ricen [1.1,7.0] ——e——
Rk [0.1,6.0] —
S P —

R@ [1.1, 60] ]

patrick koppenburg@cern.ch 2025-10-27

PL(B -~ K™ uu)

1.00

0.75

0.50

0.25

0.00

-0.25

-0.50

-0.75

—1.00

SM (pc:10%)

SM (pc:10%)

CMS

LHCb (2020)

LHCb config 2 (2025)

g [ |

=y

o

1I0 15
q? (GeVv?)

GRvDV23 (default) [Gubernari et al. ‘23]: Combined fit to LCSR reults (with B-meson distribution amplitudes) [Gubernari et al. ‘18, ‘20] &
lattice QCD results [Horgan et al. ‘“15].
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o
©

B(B* — K*u*p~) [1.1,6.0) —e
B(B* = K+e*e™) [1.1,6.0] —a 0.6
B(B? — ) [1.0,6.0] ——
B(B? = gete™) [1.1,6.0] 7 — 0.4
BB~ plpm)| ==
B(BY — ptp) ———— 0.2
B(B*+ — K+up) e 3
Py(B® — K*'u*p) [2.5,4.0] —r— 0.0
Pi(B® — K*Outyu~) [4.0,6.0] —yi— X
R U1, LI m -0.2
R [1.1,6.0] —_— N
Ry [1.1,6.0] — S o4
Rgeo [0.1,1.1] ] ————
RK»D [11,60]_ S S — —-0.6
RI(*"' [0045, 60] T —_—T T
Rgrn [1.1,7.0] S e ~0.8
Ryx [0.1,6.0] ———
Ry 11,60 —t—a— 10
T T T I T T
0 1 2 3 4 5 6

patrick.koppenburg@eern.ch 2025-10-27

I/

—— GRvDV23
BSZ15

Wi CMS

14 LHCb (2020)

W4 LHCb config 2 (2025)

= e I B

GRvDV23 (default) [Gubernari et al. ‘23]: Combined fit to LCSR reults (with B-meson distribution amplitudes) [Gubernari et al. ‘18, ‘20] &
lattice QCD results [Horgan et al. ‘“15].

BSZ15 [Bharucha et al. “15]: Combined fit to LCSR results (with K*-meson distribution amplitude) [Bharucha et al. ‘15] & lattice QCD results

[Horgan et al. “15]
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P, P’ (B— K uu)—power corrections

0.4

o
[N

P2(B = K™ )
o
o

|
o©
N

-0.4

-0.6

L [ SM (pc:10%)
I~ —— SM (pc:10%)
i i CMS
L 1 LHCb (2020)
" 1 LHCb config 2 (2025)
i | 1 | | 1 1 | 1 1
0 4 6 8
q? (GeVv?)

Different assumptions on power corrections:

* 10%
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PL(B - K" up)

0.6

0.4

0.2

-0.6

-0.8

-1.0

C I SM (pc:10%)
C —— SM (pc:10%)
. 1 CMS
: 1 LHCb (2020)
C 1 LHCb config 2 (2025)
C HI 1 1 | 1 1 | | | 1
0 4 6 8
q? (GeV?)




P, P’ (B— K uu)—power corrections

- E SM (pc:10%) E SM (pc:10%)
: T SMm (pc:SO:Aa) 0.6 = sMm (pc:SO:Aa)
0.4- E SM (pc:10%) — E SM (pc:10%)
: CMS ; CcMS
i I— 1 LHCb (2020) 0.4r 1 LHCb (2020)
o 1 LHCb config 2 (2025) C 1 LHCb config 2 (2025)
0.2r 0.2
3 T F
A4 0.0 A4 C
T . L T -
m m —-0.2F
: | T
-0.2F -0.4f
i -0.6f
-0.4+ -
: -0.8F
s I' 1 | 1 1 1 | | 1 | | | 1 1 | 1 1 o C | | 1 | 1
0.60 2 4 6 8 1'00 2

q? (GeV?)

Different assumptions on power corrections:
* 10%
* 50%
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P, P’ (B— K uu)—power corrections

0.4

o
[N)

SM (pc:10%)
SM (pc:50%)

0.6
SM (pc:100%)
SM (pc:10%)
CMS 0.4
LHCb (2020)

LHCb config 2 (2025) 0.2

I SM (pc:10%)
[ SM (pc:50%)
"1 SM (pc:100%)
= SM (pc:10%)
1 CMS
1 LHCb (2020)
¥ LHCb config 2 (2025)

[—e

X 0.0 X C
T . i I T -
faa) m —0.2F
: T 0
—0.2 —0.4F
B ~0.6F
-0.4+ -
: -0.8F

—0.60_ A kI L|1 1 L 1 é 1 1 L é 1 _1.00_ I I

q? (GeV?)

Different assumptions on power corrections:

10%
50%
100%
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BR(B— K uu)—power corrections

5_
4
3
¥
T
m 3]
~
S F
b -
% L : % :
x %[
0 .
2 - I SM (pc:10%)
= E SM (pc:50%)
1r 0 SM (pc:100%)
: —— SM (pc:10%)
B i CMS
B i LHCb
0 | | 1 | 1 | 1 1 1 1 1 1 | 1 | 1 |
0 2 4 6 8

q? (GeV?)

Different assumptions on power corrections:

* 10%
* 50%
* 100%
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BR(Bs — ¢ uu)—power corrections

1.4
[ SM (pc:10%)
T SM (pc:50%)
1.2 = SM (pc:100%)
LS = SM (pc:10%)
P = i LHCb
g: 1.0:
S L
T L
o 0.8
5 L
& L
E -
0.6
S L
x —
= L
= 0.4: = AV S
|—§—| be Py
B @ p ¢ b4
0.2 E
C I‘ | 1 1 1 | | 1 1 1 | 1 | 1 1 1 1
O'00 2 4 6 8
q? (Gev?)

Different assumptions on power corrections:
10%

50%

100%
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Fit to B— K" uu angular observables

1 and 20 C.L. of the {C,, C\} fit, excluding [6, 8] and [6, 8.68] GeV?

Using measurments from CMS and LHCb separetely

0.5

B%—»K™u*u~ ang. obs.
— = 20: LHCb [2025], config 2 (P") w/o [6,8] GeV? bin
—— 20: CMS [2024], P” w/o [6,8.68] GeV? bins

0.4 A
———————
0.3 1

0.2 A

0.1 A

65C10/C3Y

0.0 A

—0.1 A

—-0.2 1

—-0.3 1

Red: CMS (pUHSMI 20') -0.4

Z0a _03 —0.2 —0.1 0.0 0.1

Blue: LHCb 2025 (pullsy: 50) 6Co/C3"
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Fit to B— K" uu angular observables

1 and 20 C.L. of the {C,, C\} fit, excluding [6, 8] and [6, 8.68] GeV?
Using measurments from CMS and LHCb together

0.5
B% > K™u*u~ ang. obs.
0.4 == 20:CMS[2024], P w/o [6,8.68] GeV? bins
* | ~=== 20: LHCb, config 2 (P) w/o [6,8] GeV? bin Ll
o3| T 207 "LHCD 20251 + CMS [20241", (PI") wio g E16,8.68] GeV? bins N
0.2
33 0.1
Q
=1
g 0.0
~0.14
—-0.2 1
—-0.3 41
Red: CMS (puHSM: 20) e ~03 —02 -0.1 0.0 0.1
SM
Blue: LHCb 2025 (pullsy: 50) 0Co/Cq

Orange: CMS2024+LHCb 2025 [GVvDRV23-FF] (pullsw: 4.90)
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Fit to B— K" uu angular observables

1 and 20 C.L. of the {C,, C\} fit, excluding [6, 8] and [6, 8.68] GeV?
Using measurments from CMS and LHCb together

0.5
B% > K™u*u~ ang. obs.
0.4 —— 20:"LHCb [2025] + CMS [2024]", (P{") w/o q% €16, 8.68] GeV2 bins
0.3
0.2 4 -————
P Y
-
// I‘
%g 0.14 g /
[@) i /
3 ’ 7
G // //
& 001 e »
; 7
1 ,r/
—0.11 \ -’
________
—0.2 4
—0.3
-0.4 T T T T
-0.4 -0.3 -0.2 -0.1 0.0 0.1
6C9/C§M

Orange: CMS2024+LHCb 2025 [GVvDRV23-FF] (pullsw: 4.90)
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Fit to B— K" uu angular observables

1 and 20 C.L. of the {C,, C\} fit, excluding [6, 8] and [6, 8.68] GeV?

Using measurments from CMS and LHCb together with different form factor choices

0.5

"LHCb [2025] 4+ CMS [2024]" B® »K"u*u~ ang. obs. w/o g2 €[6, 8.68]
— = 20: GRvDV23 form factors
== 20: BSZ15 form factors

0.4

0.3 A

0.2 A

6C10/C5Y

-0.4 -0.3 -0.2 -0.1 0.0 0.1
6Co/CSM

Orange: CMS2024+LHCb 2025 [GVvDRV23-FF] (pullsw: 4.90)
Purple: CMS2024+LHCb 2025 [BSZ15-FF] (pullsy: 6.10)
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Local and Non-local Matrix Elements

Effective Hamiltonian for transitions: H.; = #ad + %eﬁ

4G 7
Hasalff == F beq[ Z (’ ;f O() ,u.)} HS&““‘ _
—7.9,10, Qi i

b
(8) B
factorisable contributions: non-local effects: in general “naive”
7 independent form factors Vy, T, S factorization not applicable
e? A A

q—26#L“‘/[ Y(®)Vy +LO 111(’)(

g

S o RO N

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

Hy () = =i N'{(C5" = Co)Tale®) + —£ | 2t ';)TA(qz)—lﬁﬁgN)\M
¢? Lmp

Hi(\)=—iN'(Cyy—C ul)b\(f] )

2myeny

Hp = iN'{ p
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