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A new penguin on the block

o First observation of the BY — ¢pe*e™ mode
by two LHCDb analyses.

e Results consistent with LFU, but tension
dI’

dg?

remains in the differential decay rate

e LFU can be tested further at the level of
angular observables.

e Today’s talk: an angular analysis which
follows from the LFU measurement, in the

same g° = m*(e*e ™) bins.
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1 “Test of lepton tlavour
 universality with

{BY — ¢/ +¢ decays”,
{1LHCb-PAPER-2024-032

1g* €10.1,1.1], [1.1,6.0],

[15.0,19.0] GeV?/c?

“Constraints on the
photon polarisation in

b — sy transitions using
B — ¢ete™ decays”,
JHEP 03 (2025) 047

g° € [0.0009,0.2615] GeV?/c*
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https://arxiv.org/abs/2410.13748
https://doi.org/10.1007/JHEP03(2025)047

LHCb-PAPER-2025-006, in preparation

All about angles R4

 Limited sample size, fit separately (0, 0,) and @ projections of CP-averaged and decay-time-
integrated rate.

1 d’T + 1) 1 d’T+D)
dI'/dg? dg2dcos Oy dcosd, dI'/dg? dg2dd

Sensitive to four angular
observables, [} , A, S5, Ag
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LHCb-PAPER-2025-006, in preparation

All about angles R4

 Limited sample size, fit separately (0, 0,) and @ projections of CP-averaged and decay-time-
integrated rate.

Angular acceptance

e(cos Oy, cos 0, @ | g%

determined from corrected

simulation
@ = — T T T T T [ T T T T [ T T T T3
E O 5 :— .‘“MO'Q’Q““MQW.“OQWQGM‘O‘ ®ee —:
- f E
c::s 04 —
5 F .. @ e e
\_/ < 093¢ E TS & .’ i
........... - ] RIS P
02F ]
“True" diStribUtionS - LHCDb simulation § Observed
0.1 Preliminary = distributions
- R SRS R T SR T N R R T
O—l -0.5 0 0.5 1

cos Oy

Lorenzo Paolucci (he/him)

COS HK

Moriond EW 25 - YSF

coS Oy



Candidates / (1
N e
[\)I I I‘-;hl I IO\ S —

LHCb-PAPER-2025-006, in preparation

Validation with control modes

o Compare B) — J/yg, BY — w(2S)¢ with previous LHCb measurements using muons.
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https://doi.org/10.1016/j.physletb.2016.09.028
https://doi.org/10.1103/PhysRevLett.132.051802
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Systematics R4

e Binsg? € [0.1,1.1]/[1.1,6.0]/[15.0,19.0] GeV?/c* (in units of 10™2).

o Largest sources are the models for the mass and angular distributions of the backgrounds (limited
by available control / simulation sample sizes).

Source (F1,) (AF) (S3) (Ag)

Signal mass model 1.2/21/06 19/28/18 13/11/1.7 1.7/11/1.3

Efficiency model 1.3/1.9/19 26/50/23 21/19/19 1.8/1.7/1.7

S-wave contamination 0.5/16/08 13/1.8/08 13/0.8/1.4 0.9/0.9/0.7

Angular resolution ~07/19/04 10/23/20 08/0.7/0.7 1.7/1.7/1.1
| Misidentified backeground 5.6 /2.8 / 3.1 2.3/4.0 / 23 43/54/71 19/1.5/2.4]
| Leakage background 0.0/1.6/1.7 0.0/32/24 0.0/21/29 00/14/2.2]}
Semileptonic background  1.4/1.1/0.0 2.0/3.8/00 14/3.0/0.0 1.4/1.4/0.0}
| Combinatorial background 2.0/32/15 12/40/19 43/09/11 10/13/23]
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Angular fit results

e Perform Feldman-Cousins
procedure to properly treat
parameter boundaries.

e Results are statistically limited.

o Compatible with SM and previous

LHCb analysis of B) — ¢pu™u™
(IHEP 11 (2021) 043).
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( - ) indicates decay-time-

integrated observables
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https://doi.org/10.1007/JHEP11(2021)043
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e Results are compatible with LFU, as well as r
with the SM prediction. 2
o Will soon be published on arXiv and LT
submitted to JHEP. e
o Statistically limited, look forward to Run 3 S0 :_ e
analyses which will benefit from: -
= 0.6 i
e >3times the Run 1+2 sample size. §O4I_ A
o Fully software trigger = higher £ oo -
efficiency and yield per fb~!. NS
0 5
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https://lbfence.cern.ch/alcm/public/figure/details/3599

kExtras

Lorenzo Paolucci (he/him) Moriond EW 25 - YSF



Tensions and LFU in 5 S — P 2 £
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https://arxiv.org/abs/2410.13748

Full decay rate

Angular
coefficient
Four-body (encodes decay
decay rate amplitudes)
dI'
dg? dcosfy dcosd, dd

= Z J; (g?) f:(cos Ok, cos 0,, D)

Angular function
(encodes spin

structure)
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Flavour symmetric final state, no tagging:

1 d(T + 1)

d([" + I)/dg? dg? dcosOy dcosd, d® }

9
327

F; cos?0,(1 — cos 26,)

3 1
y (1—F,)sin® 0,(1 + 3 cos 20

S, sin” @y sin” @, cos 2@

+ 5,810 260, s1n 20, cos @ + A sin 20 sin 0, cos O

+ A, sin” 6, cos 0,

+ Agsin® O sin 20, sin ® + A, sin® Oy sin” @, sin 2@

+ S- 81n 20 sin 6, sin ®

Alternative parametrisation Ag = (1 — ) Ag
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Angular acceptance R

Coefficients are
determined from
simulation, generated

Model acceptance in four from a flat distribution.
dimensions (angles + g2).

e(g*, cos O, cos 0, D) = 2 C,,. - Pi(q?) - P;(cos @) - P, (cos@,) - cos(n®d)

RN 4

Legendre polynomials

Marginalise g~ dependence: G(COS v, » COS He’ (I)) — G(COS v, » COS He’ D, qz — qg)

qg : median point of SM

distribution in each bin
Lorenzo Paolucci (he/him) Moriond EW 25 - YSF 13
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B — w(2S)¢ fit result
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Angular fit projections
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- ¥a
Systematics 3
For the low-g* / central-g* / high-g* bins (in units of 1072).

Source (F1,) (Ag) (S3) (Ag)

Signal mass model 1.2/21/06 19/28/18 13/11/1.7 1.7/1.1/1.3
Efficiency model 1.3/1.9/19 26/50/23 21/19/19 18/1.7/1.7
S-wave contamination 0.5/1.6/0.8 1.3/1.8/0.8 1.3/08/1.4 0.9/0.9/0.7
Angular resolution 0.7/1.9/04 1.0/23/2.0 08/0.7/0.7 1.7/1.7/1.1
Misidentified background  5.6/2.8/3.1 23/4.0/23 43/54/71 19/15/2.4
Leakage background 00/16/1.7 00/3.2/24 00/2.1/29 0.0/1.4/2.2
Semileptonic background  1.4/1.1/00 20/3.8/0.0 14/3.0/00 1.4/1.4/0.0
Combinatorial background 2.0/3.2/1.5 1.2/40/1.9 43/09/1.1 1.0/1.3/2.3
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