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FCNC decays

Radiative decays Leptonic Decays
W-

Y Zly

Proceed via loops in SM

Flavour changing neutral currents (FCNC)
Small SM contribution makes them sensitive probes for NP
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s¢+¢- transitions

Effective Field Theory approach

0 I

Hsu  ——  Hepr= _%Vt.bvés (G ANOo;

%
+ chiral flipped

Wilson Coefficients: C;

— Perturbative, short distance physics

— Describes heavy SM+NP effects
Operators: O;

— Non-perturbative, long distance physics

— Strong interactions, difficult to calculate

Operator O; Bs(d) — Vs(d)lfﬂ_ Bs(d) >t Bs(d) —> Vs(d)’y
O; EM v v

Oq Vector dilepton v

04 Axial-vector dilepton v Ve

Os.p (Pseudo-)Scalar dilepton (V) v
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Radiative Decays



Radiative decays

W-

b S Parameters and Observables
w - B(b—sy) o< |G2 +|C

- CP asymmetry sensitive to 2ImCSff AG;

y U
- Photon polarization sensitive to %
Recent LHCb Measurements
Amplitude analysis of A% — pKry Amplitude analysis of BY - K*K™~y
[JHEP 06 (2024) 098] [JHEP 08 (2024) 093]
- Studies the composition of the pK spectrum. - Studies the composition of K*K~ spectrum
- Feeds into interpretations of /\g — pK¢/¢ decays - Measurement of the total tensor contribution
— 0,
- Input to QCD studies Fir,y = 16.8 £ 0.5(stat) + 0.7(syst) %

- First observation of BY - f5(1525)

lakshan.madhan@cern.ch 3/24


https://doi.org/10.1007/JHEP06(2024)098
https://arxiv.org/abs/2406.00235

Radiative decays

Recent LHCb Measurements

Amplitude analysis of A% — pKry Amplitude analysis of BY - K*K™~
[JHEP 06 (2024) 098] [JHEP 08 (2024) 093]
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https://doi.org/10.1007/JHEP06(2024)098
https://arxiv.org/abs/2406.00235

Leptonic Decays



Leptonic Decays

.
Non-local contributions

(019,29)

Intermediate states

q > q
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Decay Rate [Arb. units]

The invariant m,,,, spectrum of
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Photon Polarisation Measurement using BY —

- Fitto B — ¢e*e in effective mee € [30,511.37] MeV/c? using
Run1+Run2 (9 fb™") LHCb data

- Result quoted in effective range due to sharp drops in
efficiency at the edges and to allow for theoretical
interpretations without simulation input.

- Follows similar procedure used in the B® - K*%e*e~
analysis [JHEP 04 (2015) 064]

- Using B — ¢y as control with y reconstructed electronically
and mee < 10 MeV/ c?

. A(;) and AZ"® sensitive to photon

polarisation

- ARe® related to forward-backward
asymmetry

- Fp, is the longitudinal polarisation
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https://doi.org/10.1007/JHEP04(2015)064

LHCb-PAPER-2024-30 /,

Photon Polarisation Measurement using BY — in preparation

- A cut of |cosf| < 0.9 imposed to remove
BY — DI (~ ¢eTre)e*ve

- Shape of peaking background component of B — ¢y is
extracted from control (Mygee, cos k)
+simulation samples (cos 6, ).

LHCh
El

25
2F Preliminary E

EP
- Peaking Backgrounds BY — ¢n and B2 — ¢n® modelled from
simulation

Candidates / (425 MeV/c?)
Candidates/ (0.09)

- Fit with ~ 100 signal candidates

LHCh
25F 9fbt 3

Yot
oI = MAE SE T

Candidates/ (0.1)

A = 0.045 £ 0.235(stat.) + 0.014(syst.),

AE® ~ 0.002 + 0.247 + 0.016,
AP = 0.116 + 0.155 + 0.006
Fr, < 11.5% at 90% CL .

Candidates/ (0.157)
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LHCb-PAPER-2024-30
in preparation

Photon Polarisation Measurement using BY —

- A cut of |cosf| < 0.9 imposed to remove
B — DY (— ge¥ie)etre

. . 0 . 1.0
Shape of peaking background component of BJ — ¢v is — Constraints at 20
extracted from control (Mygee, cos k) B(B = X.)
+simulation samples (cos 6, @). 054 7< = B K*%ete (LHCD)

- Peaking Backgrounds BY — ¢n and B2 — ¢n® modelled from

B — K*‘”e*e’ (Belge) ]
arxiv:2404.0020
e — B0 pete
/” SM '\ B — K2r% (Belle I1)

simulation 0.0 &/ B0, 5 1arKiv2607.09139]
- Fit with ~ 100 signal candidates \ / ﬁ’l’obfd‘“

—0.51

Tm(C4/Cr)

flavio

1.0

A = 0.045 £ 0.235(stat.) + 0.014(syst.), oo
AE® ~ 0.002 + 0.247 + 0.016,
AP = 0.116 + 0.155 + 0.006
Fr, < 11.5% at 90% CL .
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https://arxiv.org/abs/2404.00201
https://arxiv.org/abs/2407.09139

LHCb-PAPER-2024-24

Angular Analysis of A) > pK-pp~

Using Run1+Run2 LHCb data of 9 fb™"

1.00 T T
K 14359 < myp < 15900 GeV/e®
T 15900 < myy < 1.7500 G

Measured in bins of g> and méK and normalised with E £ a0 .
/\?} — pK_J/Lb b 14359 < myi < 17500 GeV/e? E

¥

075 F

0.00

* Yields and branching fraction measured from mpg- .+ .-

—0.25F

Decay rate described by 46 angular moments 00
s " —075E LHCh 9 fh~! E|
dF 3 1.00 L . L
2 2 5 5
— = 8— > Ki(q*, m5)f(cost,., costp, ¢) v g sy
20 _
304 Standard Model
Forward-backward asymmetry of dimuons sensitive to K B — oo

. X _ 02
interference between vector and axial-vector parts. A%, = 2K, @ € = G5}t
0.0 o =c™
- Similar pattern to what is seen in B® - K*0,* 1~ decays but T~ Clo = 3}

consistent with SM (sign change w.rt mesons due to convention) T lobali

—0.2

J/Y(1S) ¥(25)
25 5.0 75 10.0 12,5
7 [GeV?/ct)
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https://arxiv.org/abs/2409.12629
https://arxiv.org/abs/2210.09988
https://arxiv.org/abs/2409.12629

LHCb-PAPER-2024-24

o 100 . : ]
= —— Standard Model
© a5k LHCD 9 b~ Z 14359 < myic < 15900 Gev/e? = TR e Co— —CSM
15900 < mye < 17500 G = 0.44 Beck, Blake Krepgf( e _ 8T "
< Cio = —Ci)
0.24 Ch= C':;‘M
Clo = CR!
R — = —— global fit
—0.2
—04q J/9(18) (25)
25 50 7.5 100 125 150

7 [GeV?/ct]

P _ 3% _ MOy 3By
Afg = 5Ky = Y5 Ko + 525 Kie

- Hadronic spectrum qualitatively similar to AY - pK™y and A} - pK~JAp

- Difficult to directly interpret due to unknown interference patterns between the
states.

- A more complete understanding of the different contributing states needed.
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https://arxiv.org/abs/2409.12629
https://arxiv.org/abs/2210.09988
https://arxiv.org/abs/2409.12629

Angular analyses of B? — K*0y* -

T T

a ERC = ; ; ; =
LHCb Run1 LHCb Run 1 + 2016
o] o By |
ﬁ oRL125 G020 Snactd X - Global fit to CP averaged observables show
4 5 i deviation with SM change from 3.00 to 3.3¢
BO L ic*0, b, % 4548 between 3 fb™' and 4.6 fb™’
[JHEP 02 (2016) 104] 4 -
L n 1 -1 L L L - . . .
0 B 0 15 5 g 15 - Recent preliminary CMS measurement compatible
@ [Gevi/c] @ [Gev?ic] . o
with LHCb [CMS-PAS-BPH-21-002]
d“r(B°=Kk*"put ) ; & - Tensions also seen in Bt — K**u* ™ and
dgdqz = Zyj((/ )f/(Q) wr

¢ ] : BY - ¢utu decays
Angular coefficients angular functions ST OHTH y

- Large dependence on treatment of SM hadronic

-+ Ji(97) < (A AY), G and FF dependent amplitudes. effects

- Coefficients Py, .. s constructed to cancel form factors to
leading order

S-wave configuration.

- Additional nuisance terms introduced for non-resonant
( effects better?

Could data help us understand the hadronic J
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https://cds.cern.ch/record/2899589
https://doi.org/10.1103/PhysRevLett.125.011802
https://doi.org/10.1007/JHEP02%282016%29104
https://doi.org/10.1103/PhysRevLett.125.011802

LHCb-PAPER-2024-22
in preparation

Angular Analysis of B - K*%*e~ in central g2
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- Results from fit to B » K*%e*e™ in central g% €[11, 6.0]
Gev%/c* using Run1+Run2 (9 fb~") LHCb data.

60}

10F,
\

- Good agreement seen with SM but similar pattern seen with

20F

s

Pg as in the muonic mode. =000 s 5000 o
m(K*nete™) [MeV/c?
- Construct LFU observables Q; = P! — P¢ and refit to data from 2 [ 07 ‘ ] I Tooe ‘
[PRL 125 (2020) 011802] (consistent S-Wave treatment). £ o Preliminary B me[P']fl'mmaJ;]Y ]
- Results compatible with LFU hypothesis. Z s Ep | HHY W} 1]
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https://doi.org/10.1103/PhysRevLett.125.011802
https://indico.cern.ch/event/1423686/contributions/6139362/

A closer look using B - K*0y* 1~ decays

Med._modeldep. ]

Work in Progress

Method 1
Binned

- Measure angular

observables in g2 bins

- Update using Run1+Run2

LHCb data

lakshan.madhan@cern.ch

Work in Progress

Method 2
Amplitude ansatz

- Fitin g2 regions using a

Ansatz A = ¥; oiLi(g?)

- Extract amplitude

components with
correlated uncertainties.

- Allows one to recompute

any observable and
generate synthetic data
to study any choice of
model.

Low modetdep._,

Method 3
z Expansion

- Fitto g2 regions using a

polynomial to describe
the non-local effects.

- Use theoretical and

experimental inputs to
constrain them.

Method 4
Dispersion

- Unbinned fit to the full

q* spectrum.

- Use dispersion relations

to explicitly model
non-local states

High modeldep. |

13724



z-Expansion Amplitude Form

LR ' ' 2y 2mpMg N T2 2 Mg 2
A =NA{[(C9ng)*(C1oiQo)]ﬂ(q ) + —2[<c7ic7>a<q )= T6m - 2HA(T)
Wilson Coefficients, C; Local Form Factors, F, (%)
- Real part of Cq, C;, Cio and C;O treated as free fit - Constrained to LCSR + Lattice inputs
parameters. |mag fixed to zero Gubernari, Kokulu & van Dyk] + [Horgan, Liu, Meinel & Wingate]

Non-local hadronic matrix elements (charm-loop), H(g?)

- Exploit analytic properties of hadronic matrix elements,

- Following [Gubernari, Reboud, van Dyk & Virto], oy YT oV T
] ] \/u—q? (P
Polarisation —ZZypp V=22 (25) 4 r
Hr\(Z) = —— —— z ay pZ",
{ Ae(],L,0) ] A2 Z=Zyp, Z—Zy(25) o )zf?: o

. Experlmental inputs for magmtudes and phases of resonances [#ro 90 (2014) 112009], [PRD 76 (2007) 031102],
[PRD 88 (2013) 074026], [PRD 88 (2016) 052002], [EPIC 72 (2012) 2118
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https://link.springer.com/article/10.1007/JHEP01(2019)150
https://pos.sissa.it/214/372
https://link.springer.com/article/10.1007/JHEP09(2022)133
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.112009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.76.031102
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.074026
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.052002
https://link.springer.com/article/10.1140/epjc/s10052-012-2118-7
https://doi.org/10.1103/PhysRevD.109.052009
https://doi.org/10.1103/PhysRevLett.132.131801

z-Expansion Fit Strategy

Exp. input on magnitude and phase

/o

- Using 4.7 fb™" of LHCb data (Run1+2016)

- Unbinned fit for FFs, WCs, and non-local polynomial
coefficients ay

dB(B" - K*u*p7)/dg

- 6D fit to 3 angles, g2, m?(Kr) and m(Km )

— Amplitudes modified to incl. dependence on mg,: to O _ -

R o 7 —Cy narrow ¢¢ broad c¢ and
model P-Wave as relativistic Breit-Wigner and S-Wave b interference DD thresholds
with LASS EL I L ]

— m(Kmpp) modelled with double Crystal Ball 0 I 5 I 10 — 15
. Teo—eo—o—o T . . 42 [GeVZ/CA]
- BF measured relative to B® = K*7~ Jip ; i Fit Region
g* < 0 theory input
[Gubernari, Reboud, Dyk & Virto]

lakshan.madhan@cern.ch

Two versions of fit:
Without and with theory
input on non-local
component from g% < 0
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https://doi.org/10.1007/JHEP09%282022%29133
https://doi.org/10.1103/PhysRevD.109.052009
https://doi.org/10.1103/PhysRevLett.132.131801

z-Expansion Fit Result

Deviation from SM ‘ ACy ‘ Ay ‘ AC; ‘ AC:O
S e q”>0only 190 | 150 | 090 | 150
2o E i, / ] q* < 0 prior 180 | 090 | 050 | 100
I E—1 ook o 2 i T A LS .
y baTi %—Zi- LHCb47 167! 5 ¢ > 0only 3 35 LHCb 4.7 fbo!
R e e I e e L T e e P AT 1
7 1GeV?/e'] o =3.0F 4
Toof T ' AL ' o —35F s E 05F /7 1
; na /} i E: 3 ] _aof ! ( \ 1 o0 —
g T b 4 5 7
P 2 / L g | o Eals ]
E 7 S T :
—0f ‘ ‘ ‘ /1 o ‘ ‘ j, b ‘ ‘ ‘ ‘y, ¢ Rc(z‘a;) - 0 ! Re(C)
! 7 1GeV? /] ’ ! ’ 7 GeV2 /] ’ ! : v—‘m‘iy\rr\ gj l.Sil-fiCt'47l't"'l ' k| ;9 I.()—LHCM’“‘" ‘_
. &~ E 1
Good agreement seen between both versions, "o ok > ]
. . . 05F ) 9
without and with g% < 0 theory input o v
§ 0.0 >
~05F S E
B e T e S : 3
: : Re(Co) Re(Co)
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https://doi.org/10.1103/PhysRevD.109.052009
https://doi.org/10.1103/PhysRevLett.132.131801

Dispersion Amplitude Form

. . [Cornella,Isidori,Konig,Liechti,0wen,Serra]
Non-local effects described as corrections to Co.

eff, 0),A s s s
Co > G52 = Co+ VDM + AV (07) + AV (GP) + AV (@) + Yee (@)

. -0
C;‘,ff,A — C7 + 6)\elc;.)
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https://doi.org/10.1140/epjc/s10052-020-08674-5
https://arxiv.org/abs/2405.17347

Dispersion Amplitude Form

. . C (la, Isidori,Konig,Liechti,0wen,Serre
Non-local effects described as corrections to Co. comelialsidonfome ech Oven serre)
off, A 0),A P 2 P2 2PN 2 2

Co = G5 G YE + AYITA(@) + AYEN(@) + AYEN@) + Yer(@)

- =0
C?ﬁ.yk :

Local Contributions

Wilson Coefficients Polarisation dependent shift
Real part of Co, Cy, Cig and C,, treated as free Included as a fit parameter to allow for
fit parameters. helicity dependent complex phase
Imaginary part set to 0, implicitly assumes

no CPVin B— K*u*u~ decays

(left for a future measurement)
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https://doi.org/10.1140/epjc/s10052-020-08674-5
https://arxiv.org/abs/2405.17347

Dispersion Amplitude Form

Non-local effects described as corrections to Co.

[Cornella,Isidori,Konig,Liechti,Owen,Serra]

6 5 = ¢ + () BTG Av“%*<q2>}-+ Voe (@)

Subtraction term

Theoretically calculated at negative g°

[Asatrian, Greub, Virto]

Introduced to ensure convergence of
dispersion relation.

Negligible impact for light resonances

lakshan.madhan@cern.ch

ceftA = G+ ete’

Non-Local Contributions

1-particle contributions 2-particle contributions
Jd > d - o d - d |y
B { b B o s
cc DD~

Zly wh Zly wh
Includes vector resonances: Includes non-resonant:
light - p(770), w(782), ¢(1020), DD, DD*, D*D*
cc = Jp, P (2S), ¥(3770), 4 (4040), Real and Imag. parts are fit parameters
1 (4160)

Mag (except JAb) and phase are fit parameters 19/24


https://arxiv.org/abs/2405.17347
https://doi.org/10.1140/epjc/s10052-020-08674-5
https://doi.org/10.1007/JHEP04(2020)012

Dispersion Amplitude Form
[Cornella,Isidori,Konig,Liechti,0wen,Serra]

Non-local effects described as corrections to Co.
Co > G52 = Co+ VD™ + AV (07) + AV (GP) + AV (@) + Ve (@)

. -0
C;‘,ff,A — C7 + 6)\elc;.)

Non-Local Contributions

o

TT

Wilson Cg is fit parameter

gives indirect access to BF(B® ot

-K't't
20/24
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https://arxiv.org/abs/2405.17347
https://doi.org/10.1140/epjc/s10052-020-08674-5

Dispersion Fit Result

Unbinned fit to full g2 using 84 fb™' (2011+2012, 2016+2017+2018) LHCh data
| ac | aco | ad | ac, | «

106 1
[ L LHOD 84101 Deviation from SM | 2.1¢ | 0.6¢ | 0.7¢ | O4o | Oho
Data
~250 Total :
'.'“ Signal i .SM
Background : T 9 s o
£ 200 B des |C5| < 500 at 90% C.L, Cq 4
1 particle nonlocal H T o, T _ T _ _ T
(_.’J 150 amplitudes Current best limits |Cg | < 680 (600) aty90/ C.LPCWO N (Cm Cg)
S 2 particle nonlocal PR Ul 023)], flavio
Z amplitudes s = §
> 100 Interference < ‘ ‘ ‘ HEE ' . ' '
3 s LHCb84m ' LHCb 8.4
=
=2 50 ]
o 0 _,)\6
SE ]
aF 1
il PP RPN RPN EPPIPR I RPN B P B P Y O n : = - - + -
0.0 2.5 5.0 7.5 100 125 150 175 [ [
2 204
4 [GeVct] = 2p T T T o2 T T
Z Z _ . . . e LHCb 8.4fb~" e LHCb 8.4fb !
< 30000 Ea ’///\\’ Ba000g TN T 1k 1 s 1
10000 1 Zumf ] 0 @ﬂ 0 Q
= A 0
LHCb 8.4 LHCh 8411 ) LHCb 84001 o0 3 b 1]
-1 0 =1 0 0 -2 0 2
cos b cos b ¢ [rad]
L . . . 2 . .
T -6 -5 -4 -3 2 -1 0 1 2
Cio Cly
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https://arxiv.org/abs/2405.17347
https://doi.org/10.1103/PhysRevD.108.L011102

Dispersion, Impact of non-local

1.5 1.5
A LHCb 841h-! E= Total e LHCD 8.4 -1 EE Total
Local only Total, SM WCs . . . .
oM hum GRVDV - Modification of differential observable from

non-local state

’ i 04 } - Cyan band on right calculated by fixing WC to
05 v ’w ~05 v lw and non-local from data.
)

10 - Data seem to prefer non-local values larger
8 10 12 (114 G«IQ /15 8 10 12 qu[(‘lgz/zs than SM prediction

o T ‘ \ T - Nevertheless, Wilson Cy still prefers a shifted

2.0 EEEE Total 201 === Total . .
Loeatons 1| Totel SM Whe value w.rt SM (indicated by the Total band)
f S5 SM from GRvDV L

| | ' 55” | t’ - Missing other non-local components

| 1he 1 S 3 Lnonsan S

| LHCbs4D | : wlll LHCb 8.4fb } l eg. B— D*Df — K*uy? [Ciuchini et al]

£

0.0

o A similar measurement with
2 4 6 § 10 12 14 16 18 2 4 6 § 10 12 14 16 18 .
& [GeV2/cl] & Bt - K*tutu™ in progress
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https://arxiv.org/abs/2405.17347
https://arxiv.org/abs/2212.10516

Compatibility of B® - K*9u*u~ Analyses

)
fo

total
9o

— LHCb84fb d\sperswon
LHCb 4.7fb* z- exp; w. theo.
LHCb 4.7fb* z- exp; no theo.

| %*1

oc
D

Polarisation dependent
amplitude of non-local
states (eg. ||)

Good agreement seen
between the two analyses.

-6 L L I

- LHCb84fb1c|\5perswon
LHCb 4.7fb™ z-exp.iw. theo.
LHCb 4.7fb™* z-exp. ino theo. g

5 10 15 15
o [Gev¥cq o [Gev¥cq
—an L5 09 (2024) 026] . _
an 10 . . ‘ 5 EEE LHCh 84fh - - N
Q LHCb 4.7 fb-1 ] DHMV h 018021 = LHCh 4.7fb! Comparison of P; with
5 : GRvDV | - . .
0 32 (2024) 131801] > 0only binned analysis (black
g~ < 0 constr. 4
00k F LHCbPRL 125 ] 05 points)
(2020) 011802
B Good agreement between
0.0 ;
-05F fﬁ\:zz . the different analyses
‘ == K i %
—05 )
-LOf . %‘—1‘ . . ’ Data consistently prefers a
00 25 50 75 100 125 At
o e —10 L deviation from SM )
7 [GeV?/c*]
02 1 6 0 12 1 16 18
2 72
lakshan.madhan@cern.ch ¢ [GeV?/c']
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https://doi.org/10.1103/PhysRevLett.132.131801
https://doi.org/10.1103/PhysRevLett.125.011802
https://arxiv.org/abs/2405.17347

Conclusion

-+ The study of FCNC B decays is an important research topic at LHCb.
- Amplitude and angular measurements of such decays offer a wide and complimentary information.

- Many measurements statistically dominated, however for our most sensitive probes the systematics are
becoming more and more important.
- Currently some dominant systematics are external (normalisation mode and form factor).

- Theory inputs on local and non-local form factors crucial for measurements and interpretations.
[see talk by Arianna and Martin]

[ What can be done from experiment side to help extract C}” accurately? J

Interpretations of old measurements becomes difficult with updates to model
How could we work together to address this issue?

lakshan.madhan@cern.ch 4[24


https://indico.cern.ch/event/1423686/contributions/6139367/

Thanks for your attention!

lakshan.madhan@cern.ch



Backup



Non-local charm-loop effects

Experimentally can mimic NP and difficult to estimate theoretically

I
TR TRl

[Can we measure these non-local effects from data?]

EI)\_Q

U\Q
o‘\-O
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[LHCb-PAPER-2024-30]
in preparation

Angular Analysis of B?— ¢e*e

1 dB+T)
d(T +T)/dg? dcosf,dcosOxd

{ (1-F) sin? O + F, cos” O
327
+ I:Z (1-F) sin? O — F, cos’ GK] cos 20,

1
+ 5 - FL)Ag) sin® O sin” 0, cos 23
+(1- FL)A%QE(P sin® O cos 0,

1
+5 (1= F) AZ™® sin2 O sin® 0 sin 2¢} .

Z[Re[Cy]Re[C ] +Im[C7]Im[C 1+ L[(Re[G])? - (Im[Q])Z]]

A g2y
A (4 = (Re[C1)? + (@mIC/]) | v
Z[Re[Cy]Zm[C] Im[GRe[C ] )/Re[Cy]Im[Cy]]
lim AZ"®(g?) = ; )
=0 (Re[G])? + (Zm[G])?
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[LHCb-PAPER-2024-30]
in preparation

Angular Analysis of B?— ¢e*e™ in low g2

Source of systematic AL AP AR Fr,
Als/Ts 0.008 <0.001T <0.001T <0.001
Corrections to simulation 0.002 <0.001 <0.001 0.010
Acceptance function modelling <0.001 <0.001 0.001 0.002
Simulation sample size for acceptance | 0.006 0.008 0.005 0.002
Background contamination 0.009 0.014 0.004 0.006
Angles resolution -0.005 < 0.001 - -
Total systematic uncertainty 0.014 0.016 0.006 0.012
Statistical uncertainty 0.235 0.247 0.155 +0.056

lakshan.madhan@cern.ch



lar Analysis of AY > pK-pp-

[LHCb-PAPER-20
arXiv: 24091

- Yields and branching fraction measured from
MpK-p+p-

- The sPlot technique is used derive weights to
separate signal and background.

- With further efficiency corrections moments

derived from weighted sum over basis functions.

1

Z W(&)n)ﬁ(ﬁn)

event n

i

lakshan.madhan@cern.ch
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https://arxiv.org/abs/2409.12629
https://arxiv.org/abs/2210.09988
https://arxiv.org/abs/2409.12629

Angular Analysis of B - K*%*e~ in central g2

[LHCb-PAPER-2024-22]
in preparation

1.1<q’ <6.0Gev?/c*

1.1<q’ <6.0Gev?/c*

Fr
S3
Sa
Ss
ArB
Sy
Sg
Sg

0.58+0.05+0.05 F
-0.00+£0.04+0.02 P
-0.12+0.07+0.04 P,
-0.08+0.05+0.03  P;
-0.15+£0.05+0.04 P,
-0.08+0.06+0.04 P}

0.13+0.07+0.06 Py

0.07+0.05+0.02 P5

0.58 £ 0.04 + 0.05

—0.00+0.20 £ 0.24
-0.24+£0.15+0.12

-0.16 £ 0.11+ 0.10

-0.23+£0.08 £ 0.1
—-0.16 £ 0.11+ 0.09

0.26 £ 0.15+ 0.14
-0.16 £ 0.1 £ 0.1

QFL 0.12 £ 0.05+ 0.05
Q —0.10 £ 0.26 + 0.24
Qq —0.07 £ 0.177 £ 0.12
Qs 0.05+0.13+£0.10
Q, 0.07+0.10 £ 0.1
Qs —0.05+0.14 + 0.09
Qs —-0.28+0.177+0.14
Qs 0.22+0.14 +0.11

lakshan.madhan@cern.ch

Preliminary results. First error statistical



z-expansion analysis of B® - K*0u*u- systematics

lakshan.madhan@cern.ch

Systematic uncertainties

Cqy Cio Cy Cly
Amplitude model
rave form factors <0.01 <001 <001 <0.01
re non-local hadronic 0.02 0.02 0.14 0.04
S-wave myx
[i] LASS parameters <00l <0.01 <001 <0.01
[ii] mx= model <001 <0.01 0.05 0.03
Exotic states on hadronic inputs 001 <0.01 0.02 <0.01
Total 0.02 0.02 0.15 0.05
External inputs on BR
BB — J/gK 7 ) 005 008 002 001
Fraction of B — J/O K7~ in myr €100 MeV 0.03 0.03 0.01 <0.01
Others 0.03 0.04 0.03 0.01
Total 0.07 0.09 0.04 0.01
Background model
Chebyshev polynomial order 0.01 0.01 001 <0.01
Combinatorial shape on my. 0.02 <0.01 0.02 <0.01
Background factorisation 0.01 0.01 0.01 0.01
Peaking background 0.0l  <0.01 0.02 0.01
Total 0.03 0.02 0.03 0.01
Experimental effects
Acceptance parametrisation <001 <001 <001 <0.01
Statistical uncertainty on acceptance 0.02 <0.01 0.02 <0.01
Total 0.02 <0.01 0.02 <0.01
‘ Total systematic uncertainty 0.08 0.10 0.16 0.05 ‘



https://doi.org/10.1103/PhysRevD.109.052009
https://doi.org/10.1103/PhysRevLett.132.131801

Dispersion, Impact of non-local

L0 EEE Total Lo EEE Total
Local only Total, SM WCs
SM from GRvDV

Modification of differential observable from
non-local state

.24/ 0.29]
| LHCh 84! | LHCb s4mt _ )
T T T I T L A Tanrasasran TS Cyan band on right calculated by fixing WC to
2 (12 /A
@ [GeVE/c] 7 [GeV?/e] and non-local from data.
Q 0
& 040 LHCh84fb 1 & 04 LHCh 84 Data seem to prefer non-local values larger
", 0 than SM prediction
‘ o / \‘j‘ ! - Nevertheless, Wilson Cy still prefers a shifted
“ | \/ ? value w.rt SM (indicated by the Total band)
—0.2 E== Total
E== Total Total, SM WCs
—0.4 Local only —0.4 SM from GRvDV
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18
¢ [GeV? /'] ¢ [Gev?/c]
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https://arxiv.org/abs/2405.17347

Dispersion Fit Result
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[ 2
6 [rad]

Unbinned fit to full g2 using 84 fb™' (2011+2012, 2016+2017+2018) LHCh data

- Total 150 fit parameters
- From simulation:

— Acceptance model

- From data:

— Resolution

— S-Wave Parameters
— Background model
— Non-local states

- From theory

— Local B— K* form factors gaussian

constrained [ Gubernari, Reb
— Subtraction point for cc

an Dyk & Virto]

atrian, Greub & Virto]


https://arxiv.org/abs/2405.17347
https://doi.org/10.1007/JHEP09(2022)133
https://doi.org/10.1007/JHEP04(2020)012

Dispersion Fit Result
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https://arxiv.org/abs/2405.17347

Dispersion analysis of B? - K*9u*u- dominant systematics

Branch. Exotic Model
Variable Frac.| (25) I/ | DD (4160) %(3770)]
[Cyl| 45.37%| 8.45% 10.71%| 24.53% 2.56% 3.77%
[Cio|| 86.20%| 3.78% 9.63%| 4.46% 0.99% 1.51%
Re(C'9) 3.85%| 13.32% 20.32%| T7.10% 5.07% 6.39%
Re(C'19) 6.81%| 17.63% 22.11%| 7.65% 0.80% 2.29%
Re(Cy) 4.93%| 15.70% 12.29%| 30.56% 1.50% 9.42%
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https://arxiv.org/abs/2405.17347

Local Hadronic effects

q q
b B
o
s

The form factors are difficult to calculate and
leading source of theoretical uncertainty.
Two complimentary approaches,

Lattice QCD in high g region (low
hadronic recoil) #raco), [FuaL/miLe

Light Cone Sum Rules in low or -ve g°
region [cuo

3harucha and 2

Bharucha,

ernari et al.], [Khodjamirian and Rusov],
wicky], [Khodjamirian et al

Interpolate to full g2

lakshan.madhan@cern.ch
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