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MOTIVATION The

e No direct evidence for

beyond SM particles yet Anp O(1 — 100) TeV
e Indirect searches can explore New r B

Physics (NP) up to ©(100 TeV) ;.Rst iecA;ys (aF=1
e h > s/7¢ transitions s TR —

sensitive probes for NP \/ES)

Couplingyp(x) :

CKM-like y y generic

flavour violation flavour violation




MOTIVATION

e No direct evidence for
beyond SM particles yet

e Indirect searches can explore New
Physics (NP) up to ©(100 TeV)

e h > s/7¢ transitions
sensitive probes for NP

e Strongly suppressed in the SM
B ~ 0(107°)

e Potential NP may alter decay rates
or their distributions




OBSERVABLES IN b — sZ+#~ DECAYS The

¢ Varying cleanliness of the observables in b — s¢*¢~ decays

_ o qg° =m(E)?
e Hadronic form factors and charm loops (c¢c¢) affect predictions

—3— LHCb9fb™!
*~ LHCb 3fb™

- SM (LCSR+Lattice)
SM (LCSR)
SM (Lattice)

P(25)

B(B) — ¢u*u)/dg? (GeV~c?)

—d

PRL 127 151801 (2021)]



https://arxiv.org/abs/2105.14007
https://arxiv.org/abs/2212.09153

OBSERVABLES IN b — sZ+#~ DECAYS The

¢ Varying cleanliness of the observables in b — s¢*¢~ decays

_ o qg° =m(E)?
e Hadronic form factors and charm loops (c¢c¢) affect predictions

Angular Analyses
| e e aon
= LHCb Run 1 + 2016 T
CC + [PRL 125 011§02 (2020)]

3 CMS Run 2 preliminary —
[CMS-PAS-BPH-21-002] 1
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https://arxiv.org/abs/2003.04831
https://arxiv.org/abs/2105.14007
https://arxiv.org/abs/2212.09153

OBSERVABLES IN b — sZ+#~ DECAYS The

¢ Varying cleanliness of the observables in b — s¢*¢~ decays

_ o qg° =m(E)?
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INTERPRETING POTENTIAL DEVIATIONS

e Description of b — s ¢~ with

effective field theory VA p+
e “Integrate out” heavy degrees of freedom W+ - M r-
e Set of effective couplings C. — ] \\ —
which can be computed in the SM b < ; < S /t
e Flavour universality tests use Integrate out C( /)
2 f_
qTX BB — Xp'p~) dq? (If g° large enough)
Toni “w SM Z < < S
RX — I;lln — 1 i 0.01
Imax BB — Xe+e-) " [Eur.Phys.J.C 76 (2016) 8]
J o
G min

e Different g*-regions allow to differentiate
between different NP scenarios



https://doi.org/10.1140/epjc/s10052-016-4274-7

INTERPRETING POTENTIAL DEVIATIONS

e Description of b — sZ*¢~ with < 1.4
effective field theory = == SM
. - ’ ‘ faad E=== NP: ARe(CY)
e "Integrate out”™ heavy degrees of freedom 19 | NP ARe (cg)
e Set of effective couplings C. NP: ARe(Cy)
which can be computed in the SM 0
e Flavour universality tests use
e . 5 charmonium
| BB~ Xy )qu (If g* large enough) U5 reSONANCES
2 dqz
Ry = Juin = 1+0.01
anx B(B — Xe+e-) qu [Eur.Phys.J.C 76 (2016) 8] 0.6
Ga; @

e Different g*-regions allow to differentiate
between different NP scenarios
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https://doi.org/10.1140/epjc/s10052-016-4274-7

INTERPRETING POTENTIAL DEVIATIONS

e Description of b — sZ7¢~ with I o e T s B e L B S s s w s s S
effective field theory = } mm— )\ [

e “Integrate out” heavy degrees of freedom 1 Determine C; from measured observables.

o Set of effective couplings C, = Interpretation of tensions possible
which can be computed in the SM

e Flavour universality tests use

charmohiuwg |

qr%lax - 2 , . Lk
f ABB —;q)zfﬂ*ﬂ ) dq? (If g° large enough) .3 resongices ¥ .
y
Ry=22" = 1+0.01
MaX ga(p _ Yote— [Eur.Phys.J.C 76 (2016) 8]
f ( 2e ¢ )dqz 0.6 ARe(C¢) =0
qrzn'n dq I | | | | I | | | | I | | | | I | | | |
0 O 10 15

e Different g*-regions allow to differentiate ,
between different NP scenarios q° [GeV*</c?



https://doi.org/10.1140/epjc/s10052-016-4274-7

LHCb MC
\s =14 TeV
-8 :

{ 8 6 4 2 0 2 4 6 8
} [LHCDb speakers bureau]

* Single arm forward spectrometer
* Optimised for heavy flavour physics
» Coverage:2<n <5



https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
https://lhcb.web.cern.ch/speakersbureau/html/Material_for_Presentations.html

LHCB DETECTOR IN RUN 1 AND 2

* |mpact parameter (IP) resolution:
(15 4+ 29/p;[GeV]) um

* Resolve secondary vertices of long
lived B mesons (7 & O(ps))

[2008 JINST 3 S080095]



https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta

LHCB DETECTOR IN RUN 1 AND 2

T
™ @

§ T1

* |mpact parameter (IP) resolution:
(15 4+ 29/p;[GeV]) um

* Resolve secondary vertices of long
lived B mesons (7 & O(ps))

e Momentum resolution:

Ap/lp ~0.5—-1%

[2008 JINST 3 S080095]



https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
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I I ‘ * Excellent particle identification:
‘ c 41:97%(m—>u:1-3%)

il c K:95% (mr - K : 5%)

e ¢:90% (h — e:5%)

» Combines info from all detectors,
[2008 JINST 3 S08005]
e.g. muon chambers



https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
https://cds.cern.ch/record/1978280?ln=de
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 Excellent particle identification:
e 19T %x - u:1-3%)
¢« K:95% (x — K : 5%)
e ¢:90% (h — e:5%)

» Combines info from all detectors,
e.g. muon chambers

[2008 JINST 3 S080095]
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LHCB DETECTOR IN RUN 1 _ 

| WCAL
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,' magnetic field extrapOlil]
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* Energy resolution:

AE/E =1% + 10 %/4/E [GeV]

* Bremsstrahlung recovery for
electrons

[2008 JINST 3 S080095]
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LHCB DETECTOR IN RUN 1 AND 2
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ANALYSIS STRATEGY The

| tree level
flavio b— scc

e Measure R, depending on g = m(£*¢~)”
e low-¢% 0.1 < g% < 1.1GeV?/c*

dB(B — 00~ )
dq?
w
<

e central-g*: 1.1 < g% < 6.0GeV?/c*
e high-¢%: 15 < g% < 19GeV?/c* <« First time! ] A
e Measure ngl as blind double ratio: W

ol _ B (B;) — e e_) /95’ (Bf) — qb]/l//(e+e_))

" B(BY— utu) | B (B~ pIly (utu~)) | \__/ WL

e Most efficiency-related systematic P B B

uncertainties cancel in double ratio 0 5 10 15 20
q2 GeV?




~1 A | tree level

M d d H + p\2 S flavio bﬁ sccC
e |ViEedSure R¢ epending on g= = m(CTEC) % SM
~ y

e low-g°: 0.1 < ¢* < 1.1GeV?/c* = oW ¢ ) %

R central g
e central-¢g*: 1.1 < g% < 6.0GeV?/c* g high ¢?
e high-¢*: 15 < ¢ < 19GeV?/c* < First timel

e Measure ngl as blind double ratio:

Pl B (BS — ¢he e_) B (BS — qb]/l//(e+e_))
P B(BY— gutu~) | B(BY— pJly (ptu))

e Most efficiency-related systematic

uncertainties cancel in double ratio 0 5 10 15

ANALYSIS STRATEGY The




e Measure R, depending on ¢ = m(£*¢~)?

ANALYSIS STRATEGY

e low-¢%: 0.1 < g* < 1.1GeV?/c*
e central-¢g*: 1.1 < g* < 6.0GeV?/c*
e high-¢°: 15 < g*> < 19GeV?/c* <« First timel!

e Measure R7! as blind double ratio:

¢

Rl %(BL?—)¢€

¢”)

P B (B> putu-)

% (Bf) — gb]/l//(e

¢”))

e Most efficiency-related systematic
uncertainties cancel in double ratio

B (BQ — OJ/y (/ﬁ,u—))

dB(BY — ¢t +0-)

flavio

SM

low ¢*
central q
high ¢*
J/

2

_ <

tree level

S

b— scc




ANALYSIS STRATEGY TheD

A | tree level

flavio b— scc
SM

2
o low-g*: 0.1 < ¢g* < 1.1GeV?/c* ow
central ¢

e central-¢g*: 1.1 < ¢* < 6.0GeV?/c* high ¢
e high-¢°: 15 < ¢*> < 19GeV?/c* « First time! J/y

e Measure R, depending on ¢* = m(£*¢ ™)

dB(B° — 0+ 07)
dq

=_<

e Measure ngl as blind double ratio: W
—1

- D A ¢ = - < 0

5\
{ ‘S

"7y, ratio is flavour universall
[PRD 88 (2013) 3]

o T o " ’ Single ratio = powerful crosscheck! f
e Most efficiency-related systematic

uncertainties cancel in double ratio ' q° [GeV?]
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https://arxiv.org/abs/1307.1189

ANALYSIS STRATEGY TheD

A | tree level

flavio b— scc
SM

2
o low-g*: 0.1 < ¢g* < 1.1GeV?/c* N
central g
e central-¢g*: 1.1 < g% < 6.0GeV?/c* high ¢

e Measure R, depending on g* = m(£*¢7)

dB(BY — ¢ 07)
dq

>x

e Measure R ¢ S ma)((lgrlril:crlr!\)llkellhood f|ts " Simulated BY — ¢¢ "¢~ decays

=

N (¢e N(#st ) e(@rw(ere)) e (guu)

| Experimentally: R, ! = : : :
o N P ON(@yeed)  N(guw) e (Perem) e (paty (o))
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EXPERIMENTAL CHALLENGES WITH ELECTRONS %

B 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I
4.0 3 Sketch

. i Electrons  Trigger and
e Electron PID more challenging 3.5 MUl paconstruction

e Background control crucial 30

25 F
e Smaller hardware trigger efficiency :
20F  Bremsstrahlung

e Higher thresholds compared to muons ;¢ energy loss

e Electrons emit more bremsstrahlung 1.0

. _ 0.5
e Main source of energy loss for e*e :

0.0 b

T I I T BT N
4.6 4.8 5.0 5.2 .4

m(KTK0707) [GeV /7]

A .
5.0 D.8




TRIGGERING ON ELECTRONS

Electrons

e Thresholds lower for MUON

muons compared to electrons HCAL _

e Muons: pr > 1.5-1.8GeV/c

e Electrons: E; > 2.5-3.0GeV

e Combine different trigger categories
to maximise electron trigger efficiency:

1. Trigger independent of signal ("TIS")
2. Trigger on signal lepton from BY (“TOS")




TRIGGERING ON ELECTRONS

Electrons

e Thresholds lower for MUON

muons compared to electrons HCAL _

e Muons: pr > 1.5-1.8GeV/c

e Electrons: E; > 2.5-3.0GeV

e Combine different trigger categories
to maximise electron trigger efficiency:

1. Trigger independent of signal ("TIS")
2. Trigger on signal lepton from BY (“TOS")




TRIGGERING ON ELECTRONS

Electrons

e Thresholds lower for

e Muons: pr > 1.5-1.8GeV/c

KTses e vKa
) [ | u [ ]

e Electrons: E; > 2.5-3.0GeV

e Combine different trigger categories
to maximise electron trigger efficiency:

1. Trigger independent of signal ("TIS")
2. Trigger on signal lepton from BY (“TOS")

muons compared to electrons HCAL

E .'.JZ'/K/p:.
- °

et

— B-K T J/y(ee)
—— B-K ™ J/y(uu)

[PRL 122 191801 2019]

2

4 6 8

max(pr(e ™), pr(e 7)) [GeV]

10



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.191801

BREMSSTRAHLUNG

1 ]
e Expect on average one 1.0 F Z_Sglo‘ef;e+€ -
bremsstrahlung photon RO - '
. By — op™p
emitted upstream of the magnet 1ol
. - ( N 21
e Corrected using Tere ™ ﬁohlfevv/ c COAT
bremsstrahlung recovery W e A Resolution _
e (0(50%) efficient and _ |
well modelled in simulation 0.4 Missed -
e Momentum resolution deteriorated : J
0.2 )
e Wider fit range required _
_ o ‘
e Higher background pollution 0'04.6 48 5.0 5.9 5.4 5.6 58

m(KTK0707) [GeV /7]




EFFECTS OF BREMSSTRAHLUNG

[LHCb-PAPER-2024-032]

preliminary
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EFFECTS OF BREMSSTRAHLUNG

[LHCb-PAPER-2024-032]
preliminary ...
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EFFECTS OF BREMSSTRAHLUNG

[LHCb-PAPER-2024-032]
preliminary
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EFFECTS OF BREMSSTRAHLUNG

[LHCb-PAPER-2024-032]

preliminary
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EFFECTS OF BREMSSTRAHLUNG

[LHCb-PAPER-2024-032] [LHCb-PAPER-2024-032]
preliminary ... preliminary
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EFFECTS OF BREMSSTRAHLUNG

[LHCb-PAPER-2024-032] [LHCb-PAPER-2024-032]
preliminary preliminary
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EFFECTS OF BREMSSTRAHLUNG TheD
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EFFECTS OF BREMSSTRAHLUNG
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SELECTION

e |Leverage narrow ¢ resonance and excellent K*K~ mass resolution

e Require displaced secondary decay vertices

e Multivariate classifiers to suppress combinatorial background

e Using vertex quality and kinematics ER -
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EFFICIENCIES AND CORRECTIONS The

e Data driven, staged simulation correction chain, similar to [prp 108 (2023) 3, 032002]

e "Prior corrections” to ensure kinematics corrections universally applicable

Track
reconstruction

Dilepton

Trigger Mass

PID GEN

Particle Kinematics + Vertex Physics
identification Occupancy reconstruction model



https://inspirehep.net/literature/2684465
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ROBUSTNESS OF THE DOUBLE RATIO

e Single ratio r;,, changes

about 25 % after all
simulation corrections applied
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ROBUSTNESS OF THE DOUBLE RATIO
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MAss FIT To Low AND CENTRAL g2 - MUONS (&4

e (Clean signal peak e Simultaneous fit: mean shift and
width scale shared and constrained

e Almost negligible background levels from J/y
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FROM MUON FITS TO ELECTRON FITS

e Wider mass range due to compromised resolution, pronounced tails
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FLECTRON FITS: TREE LEVEL BACKGROUND 1%

e Wider mass range due to compromised resolution, pronounced tails

e Tree-level B) — D e*v, become relevant
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FLECTRON FITS: TREE LEVEL BACKGROUND 1%

e Wider mass range due to compromised resolution, pronounced tails

o Tree-level B) — D;e*v, become relevant =

4 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I I_.I I | I I I I | I I I I | I I I I | I I I I
L 0.1 <¢* <6.0GeV?/c! Sketch ] ?6. Sketch
Model oy 0.1 < ¢* <6.0GeV?/c?
3| —— - bignal = B B — pete ]
B &8 Combinatorial 7] = p— ())—/ ( _ _
n o — DS e i €
i = Semileptonics = 10" | By = (Ge”ve(y))eTv E
- i
i O
2 _
10~
10~

10,715 20 25 30 35 40 45 50
| m(KTK~e™) [GeV/c?]

5.6 5.8 6.0
m(K+K—6 6_) [GGV/CQ] >



FLECTRON FITS: TREE LEVEL BACKGROUND 1%

e Wider mass range due to compromised resolution, pronounced tails

o Tree-level B) — D;e*v, become relevant =
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o Tree-level B) — D;e*v, become relevant =
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ELECTRON FITS: TREE LEVEL BACKGROUND

e Wider mass range due to compromised resolution, pronounced tails
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RESIDUAL BACKGROUND SOURCES |

e Data driven estimate of residual # — e mis-ID similar to
[PRD 108 (2023) 3, 032002]

e Extrapolate from background enriched control region
which inverts the PID requirements

' e + - + -
. 3 reglOnS. efaﬂepass, epassefaﬂ, and efaﬂefaﬂ
e Build transfer functions 7,(p,»,L0,) from calibration samples

e Encode probability for candidate in background region to
be reconstructed in signal region

e (Obtain prediction for shape and amount of residual
backgrounds!

e Validated using D — Kr decays in BY — ¢e*e™ data
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ELECTRON FITS: MISID BACKGROUND

e Wider mass range due to compromised resolution, pronounced tails

e Hadron to electron mis-identification playsarole =
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ELECTRON FITS: LEAKAGE BACKGROUND TheD

e Wider mass range due to compromised resolution, pronounced tails

e Leakage from B — ¢J/w( — e*e™) with missed bremsstrahlung y ILHCD-PAPER-2024.032
preliminary
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ELECTRON FITS: LEAKAGE BACKGROUND TheD

e Wider mass range due to compromised resolution, pronounced tails

e Leakage from BY — ¢J/y( — eTe™) with missed bremsstrahlung y [LHCb-PAPER-2024-032]
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Mass FITs To Low AND CENTRAL ¢: ELECTRONS ii&®

e Relatively clean signal inspite of challenges

e B) — ¢J/y only relevant for central-g* (right)
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Mass FITs To Low AND CENTRAL ¢: ELECTRONS ii&®

e Relatively clean signal inspite of challenges

e B) — ¢J/y only relevant for central-g* (right)
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e Phase-space limited due to selection __
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e Morphs distributions at high-¢* ~
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e Phase-space limited due to selection __

e Morphs distributions at high-¢~

=175
O 15.0

4_ — 1 1 r — I"" N

15 < ¢* < 19GeV?/ct " Sketch &
Model 12.5

= == Signal
#8 Combinatorial — 10.0
175
5.0
j 2.5
56 58

preliminary

CHALLENGES AT HIGH-¢*: COMBINATORIAL

[LHCb-PAPER-2024-032]

5000

5250

5000

5750

m(KTK

6000
__|__

e

6250 6500
) [MeV /c?]




CHALLENGES AT HIGH-g°: COMBINATORIAL

[LHCb-PAPER-2024-032]
preliminary
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CHALLENGES AT HIGH-g°: COMBINATORIAL

e Phase-space limited due to selection N I e e B
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MAss FIT TO HIGH g°: MUONS
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FROM MUON FITS TO ELECTRON FITS The

e Deteriorated mass resolution and roll-over combinatorial Two broad peaking
structures overlayed
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FROM MUON FITS TO ELECTRON FITS TReD

e Deteriorated mass resolution and roll-over combinatorial Three broad peaking

e Additional background from hadron to electron mis-identification (Lo os o o Ve
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FROM MUON FITS TO ELECTRON FITS

e Deteriorated mass resolution and roll-over combinatorial Three broad peaking
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FROM MUON FITS TO ELECTRON FITS TReD

e Deteriorated mass resolution and roll-over combinatorial Four broad peaking
structures overlayed
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FROM MUON FITS TO ELECTRON FITS TReD

e Deteriorated mass resolution and roll-over combinatorial Five broad peaking
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CHALLENGES AT HIGH-g*: LEAKAGE

o Leaka%e from B — ¢y (29)
and B — ¢J/y

e But not limited to only these!
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CHALLENGES AT HIGH-g*: LEAKAGE
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CHALLENGES AT HIGH-¢2: LEAKAGE (K69
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CHALLENGES AT HIGH-¢2: LEAKAGE (K69
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MAss FIT To HIGH-g-: ELECTRONS
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SYSTEMATIC UNCERTAINTIES The

[LHCb-PAPER-2024-032]
e Uncertainty dominated by statistical component preliminary

e Many systematics will shrink with bigger sample size

2

I 1 1 1 1 I 1 1 1 1 1 I I‘R;; 1I Clen;tré'l_IQ2l 1 I 1 1 1

R;l low-q

Statistical uncertainty
eft) r 7/, stability
eff

eft
eff

Decay model

smearing 0.6%

(

(eff)

(eff) ¢°

(eff) Efficiency calibration 0.7% 3
(fit) Normalisation yields 0.2% —
(fit) Fit bias 0.0% =
(fit) Signal lineshape L77% —
(fit) Semileptonic bkg 1.3% —
(fit) Leakage bkg — 0.07% —
(fit) Combinatorial bkg : :
(fit)

fit) Hadronic bkg.




RESULTS KEES

e Measurement is in agreement with > | LHCb  [LHCh-PAPER 2024057 -
the SM predictions i 4 i low-¢? preliminary /=
| | central-g°
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e Presence of local minimum at low-g~ Lr | .
e Fully visible in more dimensions 3 | i // i i i | |
= Likelihood is non-Gaussian b H to 0 zi
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SECONDARY MINIMUM AT LOW-(> RS

e [ocal minimum characterised by
flatter combinatorial
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SECONDARY MINIMUM AT LOW-g>

e [ocal minimum characterised by

flatter combinatorial

e \ariations of analysis choices affect

which minimum is global
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BRANCHING FRACTIONS

Branching fraction extracted
from R;! measurement

¢
B(B) — ¢ete™) agrees with
the SM and the measured
BBy — putu~)

Low-¢* slightly above the
B(BY — ¢pu*u™) measurement

Deviation in central-gZ similar
for both modes

dB(BY — ¢l*1")/dg? (GeV ~*c?)

_—
~ O

—_—
SN

S B N o0

S

x 107°

ey [E R weow

- [LHCb-PAPER-2024-032] + Bg UM oo™
S preliminary - SM (LCSR+Lattice)
- SM (LCSR)

= SM (Lattice)
S T P(2S) :
g —4— ﬁ -
= =i — o | :
|: | | | | | | | | | | | | | | | | | | | | E




BRANCHING FRACTIONS

Branching fraction extracted
from R;! measurement

¢
B(B) — ¢ete™) agrees with
the SM and the measured
BBy — putu~)

Low-¢* slightly above the
B(BY — ¢pu*u™) measurement

Deviation in central-gZ similar
for both modes

dB(BY — ¢l*1")/dg? (GeV ~*c?)

_—
~ O

—_—
SN

S B N o0

S

x 107

T R BT

- [LHCb-PAPER-2024-032] + Bg UM oo™
S preliminary - SM (LCSR+Lattice)
= SM (LCSR)

= SM (Lattice)
S I P(2S) :
g —4— ﬁ -
.EI....I....I....I....E




S

CONCLUSION

E:ﬂ : 0.1 <¢*< I1.1 GeV?/c! 1.1<¢g®< I6.0 GeV? /¢ 15 < ¢ < I19 GeV? /¢! :
o : :
 Alot of firsts! 20 20 [LHCb-PAPER-2024-032] I LHCDb —
) ] , : 1 preliminary SM (ﬂavio) :
e First LFU test at high-¢- for LHCb _ _
o First LFU test in B’ decays Lo t10 g
I +20 +20 ]
o First observation of B! — ¢gpete™ ok b
- - : +1lo ? :
e Most precise LFU test at high-¢* _ I+ tlo .
. 0.5 -
® ReSUItS are In gOOd agreement " SM uncertainties following ]
with the SM _ [EurPhys.J.C 76 (2016) 8) ]
i | | | ]
low-q* central-g° high-¢*



https://doi.org/10.1140/epjc/s10052-016-4274-7

OUTLOOK

o T _'I'"I"'I'e".'l""I""I'"'I""I""I""I""_
e b — s/¢ transitions are powerful probes of the SM ] e e -
S 2022 (6.8 TeV): 0.82/fh
_ _ = [ 2018 (6.5 Te\/)f 2.19/fb _
o LFU tests are the most precisely predictable observables = ——x@amy o/m )
= L —— 2015 (6.5 TeV): 0.33/f
e Data favour flavour universality in B*, B, and B! decays sl e SR 2024!
O
= 4T -
e With Run 3 and 4 LHCb will increase the number of <
recorded B, decays by a factor of about 5 o |
— ) —
e Removal of LO-trigger drastic improvement for electrons! |
o O-.I..ﬂ.l IMI
e Unprecedented precision for flavour observables OF a2 S e o o o

: . : . _ Month of the Year
e Systematic uncertainties for R, will reduce with data sample size

e Upgrade II aims to collect &, . ~ 300fb~! = increase of factor ~ 6 compared to Run 3 and 4!

e Tensions in the branching fractions and angular observables remain but seem to be lepton
flavour universal
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OVER RECONSTRUCTED BREMSSTRAHLUNG

e Inclusively suppress over reconstructed y using multivariate classifier

S

e |[everage ratio of bremsstrahlung momentum to electron momentum

e Momentum asymmetries and isolation of the tracks
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BREMSSTRAHLUNG AND SHAPES The
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e Different bremsstrahlung categories: = 0.006 : ket ch :
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EXTENDED MASS RANGE FIT
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SIMULATION CALIBRATION GEN + RECO

S

e Calibrated using BY — ¢J/y decays, similar procedure as [PRD 108 (2023) 3, 032002]

e (Calibrated with BDT reweighter, background subtraction performed using .Weighting
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DILEPTON MASS CALIBRATION TheD

e Extracted from fits to B) — ¢J/yw( — e*e™) data and simulation Depending on

number of
e Determine width scale s. and mean shift Ay to compute corrected mass = bremsstrahlung 7
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MISIDENTIFIED ELECTRON BACKGROUNDS

Pion Cahbra,tlon sample Kaon Cahbra,tlon sample
| =T ] 'I.l-l'_ e 2

e Strategy follows - i

[PRD 108 (2023) 3, 032002]

e Calibration sample with
D"~ — D°( —» K*z7)z~ decays
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e High purity and sample size
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