Search for A? — A(1520)ute™

Dan Thompson, Niladri Sahoo, Nigel Watson

(University of Birmingham)

p¥/e?/ e/ 1,
|OP Joint APP, HEPP & NP ; NP? / R

Conference 2024 : K-
A) d > MU
10/04/24 \\d p" |og
U > u




Motivation - b — sf1¢'~

o [PRL.122.222001]

10 ! T T T T T T T T T T T T T T T T T T
r—] E 3
+ U 10 2;r +  CLEO :
* FCNCb — sf™ ¥~ loops suppressed in SM S oof Lo e o po BE
« B(AY - pK£*£7) ~3x 1077  UHEP2020.40) Z0f v o
-E 10_5;_ s LHCb . _;
* Lepton Flavour Violation (LFV) only possible in SM 3 o« . v
via v oscillation (B ~ 0(107°9)) g 107 ORI I T 1
lO_Sé‘ [ m g " " ] —é
* Detection of LFV clear signature of NP 107 o 1
10—]0' | L | | | | | | | | | | | I | | | I 1 3
* New Physics models in b = s£ £~ naturally R, 3@@@@@%@@@@
intr LFV @ ~ 1072  [prL114.091801 ORVR L R VR S VR VR SRV N el B VA
troduce @ 0 [ ] TT#JJTJTT%TJ%%%&TQQEQT:
hhpRRhahngrR =
. . %8000 I_. o —s=— data
Baryonic LFV with A(1520) = of | % ILHCE ol
— " | g P (4450)
. . . . == | new selection
 Builds on recent interest in A(1520)¢¢ with 14000 - ( ) T naa0s)
A(1520 BF and Angular analyses [PRL131.151801]  G12000f-" % G A(1520)
( )‘u‘u & y [EVOLLE-THESIS] 'S | i I A(1520 A(1600)
LFV studied in d fb- TN (160
° g ¥ e A(1690
FV studied in decays of b-mesons, . .00 S Flis e AlE0)
no published searches in b-baryons. [pri.123241802] | e A(1810)
6000f- ® | | " ,2.“‘ cete- A(1820)
. . - A(1830)
» Search for A(l), — A(1520)ue with b-baryon 4000 I:.:. 1 ~a- A(1890)
X < A(2100)
complementary to b-meson searches. R - A@2110)
A
9-4' 1- S 2 """”“' = - 26

pr [GeV]
2


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.222001
https://link.springer.com/article/10.1007/JHEP05(2020)040
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.091801
https://link.springer.com/article/10.1007/JHEP06(2023)073#citeas
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.151801
https://theses.hal.science/tel-04261588v1

Motivation -

b— st~

.J 10' T T T T T T T T T T T T T I T T T I T E
° +p— ) 10~ 2;. + y
FCNC b — sf7 ¢~ loops suppressed in SM ; il CLEO = e B Bo 5]
« B(AY > pK£T¢7) 3 x 1077 [HEP2020.40] Z0f v cor :
. L E 0%f = HHOD .
* Lepton Flavour Violation (LFV) only possible in SM 3 o« : R
via v oscillation (B ~ 0(107°9)) ;é 107 ORI I T 1
10~ é‘ [ m g " " [ ] -é
* Detection of LFV clear signature of NP 107 n 1
10—]0' | I | | | | | I | | | | | I | | | I 1 3
» New Phy Ahalysis Overview YEREER
introduc _ TJ); N
. . — o Ry
Reconstruct and select A} candidates in M(p*K~ute™) TR
final state using complete LHCb Run 1+2 dataset with e data
Le— total fit
Baryoni{ pjective to discover or set the first limit of: — beckgroun
 Builds or 0 [ o)
T A(1405)
A(1520) A} - A(1520)ute” i
1 A
. LFV stud| with signal region blinded to reduce analysis bias. e
! - ‘ =1 A(1800)
no published searches in b-baryons. [PRL123.241802] TR, s A(1810)
i T e e
* Search for A(l), — A(1520)ue with b-baryon 4000 : R
ey e A
complementary to b-meson searches. 2000y Yo | LR, M A@2110)
5 PRL122.222001] ™Mk [GeV]



https://link.springer.com/article/10.1007/JHEP05(2020)040
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.091801
https://link.springer.com/article/10.1007/JHEP06(2023)073#citeas
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.241802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.151801
https://theses.hal.science/tel-04261588v1
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.222001

Signature in the LHCb Run 1+2 Detector

Muon 1-5

10m Magnet

Tracking
VELO u
e

[LHCb Detector] 20m

HCAL

ECAL



https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227

Signature in the LHCb Run 1+2 Detector
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Events initially triggered on high-p; muon
* Select four high quality long tracks, originating from common displaced

vertex w/r to the Primary Vertex (PV)

* Each particle passes Particle-ldentification (PID) requirements




Signature in the LHCb Run 1+2 Detector
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Signature in the LHCb Run 1+2 Detector
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Slgnature in the LHCb Run 1+2 Detector
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A}, Candidates refined by Cut-Based + MVA Selection
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» Topological selection + cut based vetoes of Background resonances (¢, D°, ] /1) and
Semileptonic X — X'#fv, decays (A(C*H,D;—r) reduce background level significantly
* Remaining combinatorial component removed by MVA approach to draw on higher
order correlations
* Trained on pKl,tJ—reJ_r corrected simulation + upper sideband data with kinematic

and topological AY, A* and £ variables
* Further reduces background by 95% while retaining 90% of signal 9




Calculating B(A2 - A(1520)ute™)

Before Selection Chain Applied

Signal Dataset
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Measure B(A?, — A(1520),uie$)
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High-statistics control mode A% —>]/1/)(—> ,ui,ui)pK topologically similar to signal mode 10




Candidates / 86.5 MeV
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Calculating B(A2 - A(1520)ute™)

After Selection Chain Applied
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Data-Driven ¢ Correctlons
to Simulation ‘

Simulation mis-modelling/reconstruction
affects efficiency measurements
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Split Analysis into Distinct Categories to
calculate ;5041 & Econtro

* Detector, trigger and reco. differences at LHCb Magnet ECAL
between run 1 and 2. &
* Bremsstrahlung of electrons results in partial- YN
e 1

reconstruction of candidates
* Bespoke recovery algorithms reconstruct lost energy,
but can over-reconstruct

E, ) ‘

* Significant difference in efficiency for A% selection E,
with 0y and 1y
=~ Split analysis into

four categories: Category Efficiency (x107°)
* Runland2 Run 1 Run 2
* Oyandly pK pte™ 07 | 60.6+0.5 | 51.0 £ 0.3

pKpure™ 1v | 69.7+0.5 | 60.4+£0.3
pKputp— | 124.0£0.8 | 99.8 +£0.4

Zn'c+svl Wwr - (“'p(‘nta) * Wkin * WPID - Wirk * Wtrig

Ctot — <gen ’
Z()’(x“ Wr * (” pcnta) * Wkin
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A% — pKutet Full Selection MC Fits
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A}, - pKue Data after Full Selection

pKue Data R2 Brem - PID Default, MVA > 0.61 (Nominal)
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A% — pKutet Data Fits

Blinded Data Fit Procedure

using fixed parameters from ueSS
proxy dataset fits at looser WP

* Exclusive BG component(s) with fitted

with JohnsonSU (next slide)

Combinatorial with O(3) Chebyshev

Run 2 w/ Brem
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https://www.tensorflow.org/probability/api_docs/python/tfp/distributions/JohnsonSU
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https://gammacombo.github.io/

Summary

Search for LFV in AY — A(1520)(—~ pK)ute™

Analysis is significantly advanced

Comprehensive set of background samples prepared and studied

Extensive simulation correction chain using data-driven techniques

Initial Single Event Sensitivity Test:
« B(AY - A(1520)ute™) ~ 6 x 1077
* Final limit setting using GammaCombo planned

Final result will be world-first measurement/limit of this
mode
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