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Search for NP in rare decays

. All measurements are done as a function of ¢g> = m*(£1¢7)
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Standing tension with SM in vector coupling (Cy). What about dielectron modes?
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Constraints on the photon
polarisation in b — s7Y transitions
using B(S) — peTe” decays
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Asymmetries in AT — ppu™ U esnzon:

* First study of angular and CP asymmetries in
rare baryonic charm decay A" — pu*u~

M. Colonna, Talk at DISCRETE (2024)
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* First study of angular and CP asymmetries in
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e Decays dominated by resonance
contributions AT = pp( = u u™)

Hunt for BSM - SM interference in null
tests!
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» Measure A5 separate for AT and /_\C_ and
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» Measure A5 separate for AT and /_\C_ and
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Compatible with SM prediction and conservation of P and CP symmetry! 16
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Status Quo

* Measurement of ratio of branching fractions

max dBB — Xt ™)
J,o dg’

R min dq2
X g2 dBB — Xete-) J02
Iqr%lin d2 q

» Ratio largely unaffected by hadronic
uncertainties, Rsm ~1 clear null test

18
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* Measurement of ratio of branching fractions
Phys. Rev. D 108 (2023) 032002

Grmax 9BB — Xpu"p")

dqg? 4L LHCb Ri  lowg® = 0994700
R qf%lin dq2 9 bl Ry central-¢> = 0.94970%%
— - Ry low-¢? = 0.92710:999
X QIznaX d%(B — X€+€_) d qz 1.2 ] Ry central-¢* = 1.027+ 07"
qr%lin d* & i ]
< 1.0F 4—
S t l
* Ratio largely unaffected by hadronic 0.8}
uncertainties, Rsm ~1 clear null test - f g&ta = 16, p = 0812, 0 = 0.2
06
. . . * — Ry low-¢> Ry central-g> Ry« low-¢*> Ry central-¢?
« Previous studies in BT — K %t£+¢~ and weloweq R contrabg™ R lowq™ R centralq

A, — pK=¢7¢~, B — ¢~ in agreement
with SM prediction

Phys. Rev. D 108 (2023) 032002  Phys. Rev. Lett. 131 (2023) 051803  arXiv:2410.13748

Phys. Rev. Lett. 128, 191802 JHEP 05 (2020) 040
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— - Ry low-¢? = 0.92710:999
X QIznaX d%(B — X€+€_) d qz 1.2 ] Ry central-¢* = 1.027+ 07"
qr%lin d* & i ]
< 1.0F 4—
S t l
* Ratio largely unaffected by hadronic 0.8}
uncertainties, Rsm ~1 clear null test - f g&ta = 16, p = 0812, 0 = 0.2
06
. . . * — Ry low-¢> Ry central-g> Ry« low-¢*> Ry central-¢?
« Previous studies in BT — K %t£+¢~ and weloweq R contrabg™ R lowq™ R centralq

A, — pK=¢7¢~, B — ¢~ in agreement
with SM prediction

Phys. Rev. D 108 (2023) 032002  Phys. Rev. Lett. 131 (2023) 051803  arXiv:2410.13748

Phys. Rev. Lett. 128, 191802 JHEP 05 (2020) 040

Open questions: Other decay modes? High q2 ?
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LU in B+ —> K+7Z.+7T—f+f— arXiv:2412.11645

« Experimental measure a double ratio in central q2 =[1.1,7] GeV

R, = NB*XMW‘ €B—Xete~
X = : : .
NB—>Xe+e— €B—>X,u+,u—
Yields from maximum- Efficiencies from fits from simulations and
likelihood fits to data corrected using data control samples
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20


https://arxiv.org/abs/2412.11645

lUINBY » KTntn ¢

—_ )
3 8

2

Candidates / (4.5 MeV/c?)

N
-}
T

:“'+.T. 1 1 1

LHCb 9fb~*
<+ Data

Total Fit
—= BT SsK " puTp"
Combinatorial

Nsig~730 )
¢? €[1.1,7.0] GeV? /et

o+

| R

5200 5300 5400 5500 5600
m(Ktntr putpu=) [MeV/c?
e | | L
L2200 N + Data LHCb 9fb~! o
c - Total Fit -~ First observationH
= —-—-BT K " w m ee ]
o 150 F h—e Misidentification —
2 [ BB SKTntn JiY(—eTe)
< 1 I Partially reconstructed
§ 100 I Combinatorial Nsig~260 =
.:S _I_ ¢? €[1.1,7.0] GeV?/c* .
) -
2 50 PRI 7 :
O L NG 4
L= — _’_____‘_“ .\ti\ ; + ]
0 B=— | e S R T I T St to Sl oGt
5000 5200 5400 5600

m(KTrtn ete™) [MeV/c?]

arXiv:2412.11645

» Analysis using full Run | and Run |l data set (9/fb)

 Measurement integrated over complex

hedonic system ([1.1,2.4]GeV)

o First observation of BT - K ntn et e™!
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» Analysis using full Run | and Run |l data set (9/fb)

 Measurement integrated over complex
hedonic system ([1.1,2.4]GeV)

o First observation of BT - K ntn et e™!

» Cross checks using J/W and J/W¥(2S)
(known to conserve LU)

ryny = 1.033 £0.017 J
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» Analysis using full Run | and Run |l data set (9/fb)

 Measurement integrated over complex
hedonic system ([1.1,2.4]GeV)

o First observation of BT - K ntn et e™!

» Cross checks using J/Y¥ and J/W(2S)
(known to conserve LU)

ryny = 1.033 £0.017 5/
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—1 .
- Measure Ry instead of Ry,

» Analysis using full Run | and Run |l data set (9/fb)

 Measurement integrated over complex
hedonic system ([1.1,2.4]GeV)
* First observation of B™ - K ntn 7 eTe™!

» Cross checks using J/Y¥ and J/W(2S)
(known to conserve LU)

ryny = 1.033 £0.017 Q/
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In agreement with the SM predictions 21
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LU Iﬂ B+ —> K+f+f_ h|gh qz LHC?%PSZE:;%;LO%

>

e First lepton flavour universality test in high g*
region >14.3 GeV2 of BT — KT/ ¢~ at LHCb

narrow c¢¢ broad c¢ and
DD thresholds
1 1 1 1 1 1 1 1L l 1 1 1 1 l 1 1L 1
0 5 10 15
7 [GeV?/c]
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e First lepton flavour universality test in high g*
region >14.3 GeV2 of BT — KT/ ¢~ at LHCb
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Bt — KY¢/1¢ signals
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Most precise LU test in b—s transition at high q2 and compatible with SM 513
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Search for D¥ — hth ete™  siromms

Phys. Rev. Lett. 128 (2022) 221801

0 + =+ ,—(NO =t R Fm ! -
D" > nnuTu (D —>KK,u,u%decay7s §600;-LHCb & | -
observed by LHCb with % ~ 107> (10™") S soof 9 fb ! E
Phys. Rev. Lett. 119 (2017) 181805 o ]

T 400f D' mipp :

* Dominated by intermediate resonances, still 8 200k plw E
very suppressed and sensitive to BSM I + :
= 200k e

S f } :

© 100F - s

SR oo ! :

= OE“"‘W‘.’M \'hm"w» =

=h PR | I B

E 500 1000 1500

m(u*u) [MeV/c?]
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Search for D¥ — hth ete™  siromms

Phys. Rev. Lett. 128 (2022) 221801
— T

e D > 7tz utu= (D° - KTK~u* ™) decays

v T -

| e > 600 LHCh ¢ :

observed by LHCb with &% ~ 107> (107") S ook 9 b E
Phys. Rev. Lett. 119 (2017) 181805 o ]

T 400f D' mim 3

 Dominated by intermediate resonances, still 8 200k plw :
very suppressed and sensitive to BSM I :
"% 200 t -

. . . C t 1

* Previously: Search for NP via null tests in > 100F J: N E
. O C $ 1

angular analysis Phys. Rev. Lett. 128 (2022) 221801 %0 0 v A \'m’l - =
g 500 1000 1500

m(u*u) [MeV/c?]
* Now: First search for dielectron modes

 Measurement based on full Run Il data (6/fb)
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e D > 7tz utu= (D° - KTK~u* ™) decays
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| e > 600 LHCh ¢ :
observed by LHCb with &% ~ 107> (107") S ook 9 b E
Phys. Rev. Lett. 119 (2017) 181805 o ]
T 400f D' mim 3
 Dominated by intermediate resonances, still 8 200k plw :
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* Now: First search for dielectron modes

 Measurement based on full Run Il data (6/fb)

Lepton universality in rare charm decays mostly unconstrained o5
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Compatible with SM prediction and muon mode branching fractions
Phys. Rev. Lett. 119 (2017) 181805 27
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KK
EVIdence fOr B _) D O U arXiv:2501.14943

» Semi-leptonic H,, = H_ v decays complementing field to look for BSM effects in b — c£v
transitions
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» Semi-leptonic H,, = H_ v decays complementing field to look for BSM effects in b — c£v
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Summary and conclusion

* LHCb: >150 papers on rare (b,c,s) and semileptonic decays

 Many ‘new’ and ‘first’ in this talk (only results submitted since last Dec!)

* Big picture remains unchanged:

« Angular observables in B? - K¢t

e confirm muon mode results
» New measurements confirming LU in b—s£¢ and b—c£v transitions

« Charm finds its seat next to the big brother
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Summary and conclusion

* LHCb: >150 papers on rare (b,c,s) and semileptonic decays

 Many ‘new’ and ‘first’ in this talk (only results submitted since last Dec!)

* Big picture remains unchanged:
. Angular observables in B - K %e*e™ confirm muon mode results

» New measurements confirming LU in b—s£¢ and b—c£v transitions

. . . Run Il
 Charm finds its seat next to the big brother -~ -
€ "F  —2024(136TeV): 956 fb’
>, 18— — 2023 (13.6 TeV): 0.37 fb ™"
= - 2022 (13.6 TeV): 0.82 b
e —hB R
* Most results shown today statistically limited E b “amspsniosn
B ol apiatone .
* New detector since °22, expect first = g = §
results with Run Il data soon : j: /
=4 s RUNI S
E 05 yd | L 1 L L 1

2009 2011 2013 2015 2017 2019 2021 2023 2025
Year

LHCDb is ideally suited to keep searching for NP beyond the TeV scale!
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Angular analysis B —» K Ve™e
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oK
Angular analysis B —» K Vete™

arXiv:2502.10291

Systematic uncertainties

Table 2: Summary of the systematic uncertainties on the P-basis angular observables. All values
are given as fractions of the statistical uncertainties.

Source A A e G LR e T &

Comb and DSL backgrounds 0.69 0.87 0.49 0.61 0.95 024 0.81 0.71
Part. reco. background 0.21 0.17 0.14 0.22 0.20 0.06 0.07 0.16
Misid. had. background 0.38 0.57 0.18 0.26 0.34 0.41 0.17 0.36
Effective acceptance 0.39 049 0.52 051 0.55 0.62 0.50 0.40
Signal mass modelling 0.26 0.16 0.14 0.18 0.31 0.06 0.06 0.15
J /1 backgrounds 0.18 0.13 0.06 0.11 0.29 0.04 0.04 0.12
S-wave component 0.35 0.10 0.18 0.11 0.29 0.21 0.01 0.20
BT veto 0.50 0.41 0.28 0.37 0.52 0.22 0.21 0.37
Fit bias 0.01 0.00 0.04 0.03 0.08 0.02 0.02 0.02
Total 1.14 1.25 084 097 1.38 084 0.99 1.02
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Angular analysis BOi — peTe”

arXiv:2411.10219

Systematic uncertainties

Source of systematic AP AImOP  AReCP F,
AL E 0.008 <0.001 <0.001 <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

Table 1: Summary of the systematic uncertainties. For comparison, the statistical uncertainties

are shown in the last row of the table. The dash indicates that the parameter is not affected by

the corresponding systematic.
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LU in B+ —> K+7Z.+7T—f+f— arXiv:2412.11645

Systematic uncertainties

Source Uncertainty [%]
r nonflatness —1.2,+1.6
Efficiency calibration —1.8,+2.4]
Phase-space simulation —3.0,+4.0
Fit bias —1.1,+1.4
Signal lineshape —1.7,+2.2
Leakage from resonant decays —1.0,+1.4
Hadron-to-electron misidentification — [—5.3,+7.1
Partially reconstructed background —0.9,+1.2
Total —6.9,49.2
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Search for DY — hth~ete™  .imomms

m(eTe™) region [ MeV/c?] B [1077]
D — nmhn~ete”
Low mass 2m,,—525 < 4.8(5.4)
0 525565 <2.3(2.7)
PP /w 565950 45+£1.0x£0.7=x£0.6
) 950-1100 3.8+ 0.7x0.4+£0.5
High mass > 1100 < 2.0(2.2)
D’ 5 KtTK ete™
Low mass 2m,,—525 < 1.0(1.1)
0 525-565 <0.4(0.5)

P°/w > 565 < 2.2(2.5)
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e First LU test in b — s transitions using Bf)
mesons

e Conceptually very similar to measurement
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LU in BY — ¢ t¢

Results
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Results
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Electrons vs Muons at LHCD

* Lower trigger efficiencies: relative high
energy thresholds due to high occupancy
In calorimeter

* Reduced Resolution: electrons emit
Bremsstrahlung when interacting with
detector material/B field

 More background: partially reconstructed
decays, mis-identified background,...

S. Celani, Talk at LHCb Implications Workshop (2024)

Not in scale ECAL

I Tracking

Tracking

Vertex

A. Scarabotto, PhD thesis, 04323454 (2023)
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