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Introduction

* Involves b — s£¢ transition, suppressed
(% < 1079), only at loop level in the SM.

e Sensitive to New Physics (NP) mediators.
e Discrepancies observed in b — suu.

e b — see transitions still largely

unexplored, with unique SM tests (LFUV).

Measurement of dI'(BY — ¢uu)/dg* ~ 3o deviation from SM.
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Measurement of LFU ratio Ry - , compatible with SM.
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Theoretical background

e Angular distribution of B — V£¢ decay is
expressed in terms of three decay angles 1],

Angular coefficient
(encodes decay amplitudes)

il = T S cosOg.co50,.)
= COS Ug, cos O e
dg?d cos Oxd cos 0,dD 1
Angular function
(encodes spln structure)
€+
ef

e Decay mode not flavour specific. We can
only access the CP average:

| 4 + 1) i
d(" + I')/dg? dg?d cos Oxd cos 0,d®
> (1 _F,)sin 0, (1 + — cos 26,)
sin — coS
32 L TR T

+ F; cos? 0 (1 — cos26,) + S5 sin® Oy sin* 6, cos 2P
+ S sin 26 sin 26, cos @ + A sin 26 sin 6, cos @
+ A sin® 0y cos 0, + S5 sin 26, sin 0, sin ®

+ Agsin® g sin 20, sin® + A sin® 0y sin® 4, sin 2@]

and measure §; , A,(*) observables.

(*) symmetric or

antisymmetric k
under CP.
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Analysis strategy

e B = geTe” unobserved, branching > —
i 1.11] [1.1.6.0] [15.1
fraction B~ 1077111, q~ |GeV*/c7] 0.1,1.1] [1.1,6.0] [15,19]

N(B? = gete) 42.2 83.6 62.4
e With fs/fd ~ (.25 2], low expected yields. Expected signal yields for Run 1 and Run 2 in the three g regions.
* Fit angular projections (cos 0, cosd,), O A tree level

—SM BSO — Jly,yp(2S)
—>Measure F , S;, A, A, in bins of g*:

dB(B? — ¢t ¢7)
dg

g° = m*(ete”) €[0.1,1.1], [1.1,6.0], [15,19] GeV?/c*
Low Central High

e Use of J/y, w(2S) modes for cross checks.

e Analysis performed in parallel with BR | |
measurement / LFU test R ;. q* [GeV?

Differential branching fraction of B? — ¢¢¢ h
decays, computed with the Flavio package.

r
("1 Particle Data Group, assuming Lepton Flavour Universality. \ o

[21Phys. Rev. D 104 (2021) 032005
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Candidate selection

e Exclusive hardware trigger categories
firing independent of signal / on signal
lepton.

e Higher level trigger selection based on
decay topology:

» Looks for a displaced vertex.

» At least 3 tracks.

e Soft cuts on B meson mass, impact
parameter, particle kinematics.

OFFLINE SELECTION

e 12 MeV/c? window on ¢ — KK, shields
from partially reconstructed decays.

e Tight electron PID.

e Background vetoes for hadron-lepton
“swaps” from BY, B, A,.

e BDT trained to reduce combinatorial
background.

» Trained on kinematics and
reconstruction quality.

NS
\/Ns + Np

» Cut optimised on § =
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Electron reconstruction challenges

Muons Electrons
e Clear signature in Muon Stations, highly e Higher misidentification rates:
penetrating = high PID efficiency. » RICH e™, h™ separation harder at high p.

» High LO tri Ethreshold.
e Negligible bremsstrahlung = excellent 'g rigger £p thresho

momentum resolution. e Bremsstrahlung recovery
—> improves momentum resolution.

RICH1 RICH2 ECAL HCAL Muon Stations
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Background contammatlon
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e Leakage from resonant modes. B gy (25— 'e)

g> [ GeV?/ c*
> :1

> With bremsstrahlung recovery

— ¢ bin migration. 15f = = = = = = i SRR\ = = = = = -
e Effect modelled in simulation. 14;_ o
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Background contamination

e Semileptonic double-cascades. e Same final state, irreducible.
B — DO~ety, with DO~ = ge0,(p). * Modelled in simulation.
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Acceptance modelling
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C . 03 ~
° Warping effect (acceptance) 0.6F Legendre polynomial, 3 - Even Legendre polynomial, A
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from reconstruction process. 04f - : ]
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Resonant mode fit

3
~18x10 —
3 -
= 1.6 A} LHCb unofficial
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- . ! 1
— Cross check fit with published = 1.2F- f - Dan91b
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Around 17.5k signal events (300 combinatorial events) in

(1] Eur. Phys. J. C81 (2021) 1026
(2] Phys. Rev. Lett. 132 (2024) 051802

region m(K*K-e*e™) € [5260,5380] MeV/c? /?
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Resonant mode fit

. . Q= cos O, cos 6 () X = nui t
e Fit performs well, some small issues are (cos O e) OF huisance parameters
®

. : , N;
being investigated. =(F,, A or(S3,4))  fi=
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Physics PDF x Mass model

ie{bkg} ie{bkg}
Angular acceptance Background pdf captures

integrated over qzbin acceptance effects

POR(E. 4% 0.1) = <1 _Z ﬁ> -(g(§|q2j '&)dfsig(?i’mlg’ ’@ + Z fi '(pdfi(ﬁ,mlfbkg,i))
3
J \|, .
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Conclusions

e b — see transitions offer a mostly
unexplored environment to look for NP.

e Electron reconstruction at LHCb brings
additional challenges, which can be tackled.

e Two LHCb analyses on-going in parallel to:
» Report the observation of BY — ¢ee.

» Perform its first angular analysis.

e Angular analysis of B — ¢ee is in an
advanced state.

» Complete validation on resonant modes.
o)
a

O
-

» Test robustness of fit strategy with
pseudo-experiments.

» Compute systematic uncertainties.
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Backup
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Simulation Corrections

* |terative correction chain first employed in
(R, Rg+) measurement [1.21,

e Corrections to:
> Particle Identification (PID).

> Tracking (TRK).

> Trigger (HLT, LO). Weip = Wro = WhLT
> B kinematics, event multiplicity l
(BKIN&MULT). Wpip = Wrrk = WBKIN&MULT — Wrg = Wyt = Wereco — WRES

» Vertex reconstruction (RECO).

> q2 smearing (RES).

(1] Phys. Rev. Lett. 131 (2023) 051803 A\

16 W U=

[21Phys. Rev. D 108 (2023) 032002 o
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Preliminary toy studies

Toy generated with F; = 0.715, Ag = 0.006 (from
LHCb-PAPER-2021-022).

e Semileptonic and leakage background 2 .} e I | |
yields constrained to expected value. g v o N T

ie e e 3 1 TR [

e Combinatorial generated assuming flat. 5. Boparyiee) gnaagie

o
T

&m 500-0-‘- i --"5-;‘;;.. — i ; . " " ) : r: x ! '(;I-ﬁ. Sea ._:’j.‘. .. ,l._;]lj; ..... (i' ------ : ;I. PR ;).l; ..... [-)l-(‘" nlx |
* Large fraction of toys end up at limit of P L e o,
physical parameter space. e S
—> Will use Feldman-Cousins osf- ©
prescription to recover correct oot -
coverage intervals. oo 3
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Angular fit strategy

Q= (cos O, cos 0,) or O
@ =(F,,A})or (S;., A)
7

= nuisance parameters

o o c oL © ]Vz
e Extended maximum likelihood fit in each fi=~
g* bin:
Physics PDF
PDF(Q,m|q* ©,4) = (1— Z ﬁ) 'E(quz)'lodfs,-g(m@)'Pdfs,-g(mlﬂsig) + Z Ji-pdf(Q,m| Ay, )
ie{bkg) ie{bkg)
Angular acceptance Background pdf captures
integrated over ¢°bin acceptance effects
_) L[]
® For Q = (cos O, cos 8,) parametrise:
3 o L00g <o 100 10
Ag=—(1=F A = o
0.50
/ e 0.25
F; ,A¢ independent parameters. » S
gion
—0.25
—> fit handles better parameter ~030
. —0.75
boundaries. 1.0 IR

Triangular physical boundary —> Square physical boundary
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Handling the acceptance in the fit (1)

e The angular signal pdf is constructed as e How to account for the g> dependence?

PDF(Q[¢% ®) = e(Q | g?) - pdfsig(§|§) = |[ntegrate over bin
12
1 q max
O — — 12 12
E = (cos O, cos 0,) or ® Clmn = > > Z Cklmn i Pk(q )dq
O =(Fp,Ag) or (S5, Ag) 94 max — 9 min & 9 i

= Fix the bin centre

e The full acceptance: Cin = Z CklmnPk(q’2 = q'czeme)
k

e(cos O, cos 6, ®, g%) = Z Coipn - Pi(q?) - Pi(cosOy) - P, (cos b,) - cos(nd)

kimn

19 \ &=
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Handling the acceptance in the fit (2)

Residual integrals over @

e The angular signal pdf is constructed as e How to do the projections properly? It can
PDF(Q[¢% ©) = (Q | g?) - pdfsig(g_i|(_9’) be shown that, e.g. if Q = (cos O, cos,)
Q= (cos Og,cosb,) or © PDF(COS GK’ COS 96 | qz, 6) =
@ =(F,,A})or (S;, A) —
S £(cos Oy, cos 0,] g°) - pdf, (cos O, cos 6, | ©) c
Acceptance projection  Physics PDF projection g =
S OE)
+ C, -I(cos@,cosf) P 0.)- P 0 2%
e The full acceptance: 2. 2 Conn 08B, €086,) - Fi(c0s 60 P, (c0s6) } g7
Im n#0 g o
E 4

e(cos O, cos 6, ®, g%) = Z Coipn - Pi(q?) - Pi(cosOy) - P, (cos b,) - cos(nd)
e e(cos O, cos 0, g*) = Z CpoP(cosOy) - P, (cosd,)

Im

I (cos Oy, cosb,) = J pdfsig(coseK, cos@,, ®| O) - cos(n®)dd

20 . U=



