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OVERIEW

® Background and motivation
® Analysis strategy :
® Data and Monte Carlo samples QEE WG meeting
® Normalisation

® Reconstruction

® Monte Carlo corrections
* Selections

o Kificiencies

* Signal & control regions

* Background studies
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Background

® The Standard Model (SM) 1s incomplete: questions
remain about the nature of dark matter, dark
energy, matter-antimatter asymmetry, aspects of
the Big Bang, etc.

® Many extensions of the SM propose a hidden
sector of particles to answer these questions, which
can interact with SM particles via portals, for
example the Higgs portal

* A hidden Higgs couples to the standard Higgs

® The coupling strength determines the lifetime
of the particle

o Particles with very weak couplings are known as
Feebly Interacting Particles (FIPs)
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® Feasibility of using 1 tracks as focus of analysis

- 0 - Ry LHCb % —— Fit Y
demonstrated with A and K decaying 6-7.6 m g0l 660 [\ o ko | 5350
from PV using Run 2 data [Eur. Phys. ]. C 77,181 2 t  Data = 300
(2017)19 [EUI‘. Phys. ] C 85., { (2025)] E 5250
L . S < 200
® See also talks from Giorgia and Javier at BandQ % N
. © 1 — Fit
meeting - S
- - 0000000000 1001 ¢ Data }
® This means FIPs decaying up to 7.6 m become 1050 1100 1150 1200 1250 5000 5500 6000
. m(pr ~) [MeV/c?] m(J/¢¥A) [MeV/c?]
plausible targets of searches
Y LHCb —— Fit ) —— Fit
® Chauenges % 6" fr Background % 40001 6 fb~— | Background
< 6000- }  Data S }{ Data
¢ (Combinatorics = 00
e Momentum and vertex resolution < < -
3 <R
. QO @)
o (Completely new region of phase space
- 1000-
® For details in Run 3 see talk at general 400 600 800 1000 5000 5500
m(r 7 ~) [MeV/c? m(J/YK2) [MeV/c?]

performance meeting 5


https://doi.org/10.1140/epjc/s10052-017-4679-y
https://doi.org/10.1140/epjc/s10052-017-4679-y
https://doi.org/10.1140/epjc/s10052-024-13686-6
https://indico.cern.ch/event/1531858/
https://indico.cern.ch/event/1535303/
https://indico.cern.ch/event/1512222/contributions/6468780/attachments/3057632/5406152/physics_with_ttracks_gpm.pdf
https://indico.cern.ch/event/1512222/contributions/6468780/attachments/3057632/5406152/physics_with_ttracks_gpm.pdf
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® Search for (pseudo-)scalar particles produced in b — s
decays, where the b hadronises to a B or B* and ¢ decays to

dimuon
® Muon ID helps to control background

o Using | tracks unlocks higher lifetimes and therefore
weaker couplings compared to Long and Downstream

(8

Fig. 1 One-loop diagrams contributing to b — shj in R¢ gauge

® Search mclusively 1.e. search is only for a particle decaying to
two muons in the magnet region, rather than reconstructing
B meson

* No hypothesis, reconstructing or matching made with
accompanying strange hadron — higher efficiencies

* [xclusive search also being considered in parallel for
improved mass resolution and to serve as cross check
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https://link.springer.com/article/10.1140/epjc/s10052-020-8240-z
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o In HLTT, trigger is independent (T1S) of dimuon
candidate

® Therelore largely depends on the accompanying
strange hadron, and underlying event

® Fully inclusive in HLT1

* [n HLT2, trigger on (1TOS) dimuon candidate via a

dedicated trigger line
(HI2QEE_HtoMuMu_ TTFull)

* Iinal offline selection to be performed with an
MVA approach (either NN or BDT)

400 A
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200 A
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H_END_VZ

Estimated for B¥ — KTH'( — pp) sample,
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HIt1TrackMVADecision
HIt1TwoTrackMVADecision
HIt1D2KKDecision

HIt1D2KPiDecision

HIt1D2PiPiDecision
HIt1DiMuonHighMassDecision
HIt1DiMuonLowMassDecision
HIt1DiMuonSoftDecision
HIt1KsToPiPiDecision
HIt1LowPtMuonDecision
HIt1LowPtDiMuonDecision
HIt1SingleHighPtMuonDecision
HItl1TrackMuonMVADecision
HIt1DiMuonNolIP_SSDecision
HIt1DiMuonDrellYan_VLowMassDecision
HIt1DiMuonDrellYan_VLowMass_SSDecision
HIt1DiMuonDrellYanDecision
HIt1DiMuonDrellYan_SSDecision
HIt1Det)psiToMuMuPosTagLineDecision
HIt1Det)psiToMuMuNegTagLineDecision
HItlTrackElectronMVADecision
HIt1SingleHighPtElectronDecision
HIt1DiElectronDisplacedDecision
HIt1SingleHighEtDecision
HIt1DiPhotonHighMassDecision
HIt1Pi02GammaGammaDecision
HIt1DiElectronHighMass_SSDecision
HIt1DiElectronHighMassDecision
HIt1DiMuonNolPDecision

(] HIt2QEE_BtoKH_MuMu_excl|TTDecision
] HIt2QEE_BtoKstarOH_MuMu_excITTDecision
[ HIt2QEE_HtoMuMu_TTFullDecision



e Normalise to B — J/yK_ where the K{ — zrris reconstructed using T tracks

® bb cross sections and fragmentation fractions in B meson drop out
® Only relative variations in T track reconstruction efficiencies are taken into account
o Will have to be binned in pr, 1 in order to account for kinematic differences

* Control sample collected and being studied in parallel for electric and magnetic dipole moment
measurements



® Analysis is performed blind e e

. . . . %;:06 :—\(_s=13TeV,139fb'1 ] —1 § go.s :—\E=13Tev,139fb" ] : § go.s_— s_;'_:ev ._--.;::. -'.::_ﬁ_ - 110 :2
* A predetermined signal region will be excluded S B 17 | A*‘”E"fcﬁ
from the analysis, and only opened at end of review - sEEe | Fry ; o
0zl 02l ‘_.f':':'& L{x;$.1+ I*“_',._'T-_'_:._ )
: - - i [ EE L O L
* Signal region to be determined by plane of two | SRR W IS "‘j’“ i
. . . D AR S ar
uncorrelated variables with a good signal- o o
background separation (ABCD method, see e.g. —> e
https://arxiv.org/pdf/2203.01009) (WIP) . e I
. . . . . 0.3_ : 0.3_ 102§ 03 B A ) ;§
® This region is required to accurately estimate the IR | S
background in the signal region using a data-driven ., =
r h % 0 1 % "1 2 3 4 5
approac . -
(e) ()

10


https://arxiv.org/pdf/2203.01009
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® Data collected in September and October of 2024
(corresponding to ¢3 and ¢4 sprucing blocks)

o c3:n=4.4,hitl_pp forward then_matching,
Moore vH5r12, 2.1 (b-1

® c4:n=5.3,
hitl_pp forward_then_matching and_downst
ream 200kHz, Moore vH55r13, 1.2 fb-1

® |nc3 unblinded 104..5 pb-1(304800:304902)

and in ¢4 154..7 pb-1 (308245:308335 ) for
developing the analysis

12

Integrated Recorded Luminosity (fo™)

: |
<Data Samples

—i
o

o
I

= 2024 (13.6 TeV): 9.56 fb™
== 2023 (13.6 TeV): 0.37 fb™"
2022 (13.6 TeV): 0.82 fb™
== 2018 (13 TeV): 2.19 fb™"
== 2017 (13 TeV): 1.71 b~
== 2016 (13 TeV): 1.67 fb™
- 2012 (8 TeV): 2.08 fb™
== 2011 (7 TeV): 1.11 fb™"

-

Sep

Nov
Month of the year
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~Monte Carlo Samples

. . . . . S
® Main exclusive decays dominating the production .
. . - K*
process to be simulated in order to study the S o s
. . X j—
variation of the HLLT'1 efficiency, as well as any £ o0 K
.. : : : < 0.1 L — Ky
variations of the kinematics of the ¢ particle ® 0.05 |
| — Toftal
(expected to be small) 00— I | — Inclusive
-0 1 2 3 4 5
o Cocktail decfile being prepared, relative fractions Scalar mass [GeV]
to be reweighed alter production [Decfiles! 2294
e B+ and BO, scalars with a lifetime of 3 ns and masses Process BR(m; = 0)/0"  closing mass [GeV] izf;e;a;:jvzzfs
0{0.25,0.5,0.75,1,1.5,2.5,3.5,4,4.5GeV, BY = ¢K[(1270)  9.1%;-10" 3.82 100k
. . Bt — ¢K ;" (700) 7.6-107" 4.27 -
depending on the accompanying kaon B - oK (80) 478 107 28 200k
— O_1p U :
_— : : : Bt — ¢K, (1430 3.0-107" 3.85 100k
* |ifetime can be reweighed offline using B+ §K3,+El410§ 2,108 . 101 3.57 100K
_ o Bt — ¢K**(1680) 1.3755 - 1071 3.26 100k
W = Tgen/ Thew *exp(—1/ Thew 1/ Tgen) Bt = oKt (1430) 81102 3.82 100k
Bt — ¢K;(1400) 1.6199. 1072 2.28 100k
Bt — ¢t 1.3%53 - 1072 5.14 100k

13


https://gitlab.cern.ch/lhcb-datapkg/Gen/DecFiles/-/merge_requests/2294

U /4

~Monte Carlo Samples 0

5',
* Some locally generated samples used for . 1 K
> | L — K
development, B O - K*(892)( —» Kn)H'( — uu) % 0-50 _k
(? | — Ky
. < 0.10 L — Ky
e Same as for plots shown in FIPs@LHCb B o os! |~
. — Total
W()I'kSh()p 00— N1 TN | — Inc::I?Jsive
0 1 2 3 4 5
® Corresponding to ¢4 conditions Scalar mass [GeV]
® dddb tag: dddb-20240427
, Process BR(mg4 = 0)/6% closing mass [GeV] generated events
* conddb tag: sim10-2024.03.4-v1.2-mu100 ¢ per mass value
Bt — ¢K; (1270) 9.1%55 107! 3.82 100k
S BT — ¢K; " (700) 7.6-107" 4.27 -
® ocometry version: run3/2024.()1.2-v00.00 Bt gKot(g02) 479101 e 200k
. . Bt — ¢gK* 43716 -1071 4.79 100K
® These samples used for early studies and efficiency B* — ¢K;" (1430) 3.0-1071 3.85 100k
. . Bt — ¢K**(1410) 2.119¢. 10! 3.57 100k
estimates (shown in later plots) BY = ¢K*7(1680)  1.3703.10" 3.26 100k
Bt — ¢K ;" (1430) 8.1-1072 3.82 100k
Bt — ¢K;(1400) 1.6199. 1072 2.28 100k
Bt — ¢t 1.3%53 - 1072 5.14 100k

14


https://cds.cern.ch/record/2923551/files/main.pdf
https://indico.cern.ch/event/1451530/contributions/6252331/
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Normalisation

e Normaliseto B — J/y( — uu)K g ( — zz) where the K g is reconstructed using T tracks

® bb cross sections and fragmentation fractions in B meson drop out

* Number of signal events given by:
NS — QCZ XUbE XfBo,iXBR(BO’i —> ¢X)XBR(¢ —> //l+//t_)><€

€sig,t0t(T’ m) = Gsig,geo(T’ m) X €sio HLT1-TIS X €sig HLT2-TOS X €sig, MVA- and where

int sien.tot(Z> 1), where

€sig,HLT2—TOS = €sig,HLT2—recostructi0n X €sig,HLT2—selection

® Number of control channel events given by:
N. = gint X Op} XfBO X BR(BO —> J/‘PKS) X BR(J/‘I’ —> Il/t+//t_) X BR(KS —> 7Z'+7T_) X €

cC where

cc,tot?
€cc,tot(T’ m) — €cc,geo X €cc,HLT1—TIS(KS) X €CC,HLT2—TOS(KS) X €cc,ofﬂin69 and where
€CC,HLT2—TOS(KS) — cc,HLT2—recostruction(K,) X GCC,HLTZ—selection(KS)

16
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Data unifomityintun/blinded regions

!

\ \ ~ ]
. & i e PN y .
- | ek S N2 )
T / Pk ' - . ) o
A ' R Ny
YL . >
’ . v
7 AL - - '._‘ _.. '..- '\‘ ,/
. e ¢ y
" > Y y ' y
-~ 1%L .. -
(R A N \ § ‘
. N\ ’ . \,
\ " N\ LA

S —

Histogram of nPVs Histogram of nFTClusters

¢ ChﬁCk Uﬂbllﬂdﬁd I’GglOﬂ COI'I'@SpOﬂdS tO 0.175 3 Runin r;nge 304800:304902 0.00014 /ﬁl[:l Run in r«'=\ngeI 304800:304902

[ Out of Range [ Out of Range

blinded region for ¢3, by comparing event £y
level variables in/out of the unblinded run f %11
range in the control sample g o JJ \

* Distributions agree well ij i
I

0.025 0.00002 \
S -

® To do: check for ¢4, muon system variables -

0.075 0.00006

0.000 0 2500 5000 7500 10000 12500 15000 17500 20000
0 5 10 15 20 nFTClusters
nPVs
| ] | | | r T T T | i. | | |
(] Runinrange 304800:304902 0.008 a [ Run in range 304800:304902 | [ Run in range 304800:304902
0.00025 [ Out of Range 1 JL (] Out of Range 0.004 [ Out of Range H
j 0.007 IJ Ll
0.00020 0.006
J L 0.003
o 0.005 o
= 0.00015 > &
L g 0.004 : LI & 0.002
0.00010
P LL 0.003 y
0.00005 0.002 .Ha 0.001
1\ 0.001
0.00000 k;
0 5000 10000 15000 20000 25000 30000 0.000 0.000
nBClustiers 0 200 400 600 800 1000 1200 0 1000 2000 3000 4000 5000 6000 7000 8000
nLongTracks nTTracks
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® Check event level
variables in the two

different blocks
* Differ, as expected
® Check the candidate

kinematics in the two

different blocks
® Show good

agreement

Events

Events/100 MeV

Events/100 mm

0.03 Entries 1104638
Mean 154.6
0.025 Std Dev 86.76
0.02 Entries 546947
Mean 128.9
0015 Std Dev 73.68
0.01
0.005
0 y ¢+ 2 b s 00010001, 1 1
0 100 200 300 400 500 600 700 800
nLongTracks
- I
10 1:E Entries 1104638
- Mean 2442
i StdDev 1268
10 E_ T
- Entries 546947
Al Mean 2491
107 Std Dev 1321

10~

107

2000 4000 6000 8000 100001200014000160001800020000

0
H_DTF_PT (MeV)
F |
_ Entries 1104638
~ Mean 3485
102 Std Dev 1554
- Entries 546947
B Mean 3554
- Std Dev 1575
107

10~

llllll

=

Ll lll'll

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

H_DTF_BPVVDZ (mm)

19

Events

Events/10 mm

W

N

&a 007 |
g Entries 546947 Entries 1104638
I'S 0.06 Mean 29.86 Mean 36.95
’ Std Dev 32.06 Std Dev 37.12
0.05
0.04
0.03
0.02
001
0 1 1 1 1
0 50 100 150 200 250 300 350 400
nDownTracks
0.07F [
- Entries 1104638
0.06 :— Mean 1.533
- Std Dev 1.471
0.05F . I
- Entries 546947
- Mean 1.519
0.04 StdDev 1472
0.03F
0.02F
001
0 - 1 1 raifil EPEPEE BPRPETS B ,h.J 1
-10 8 -6 -4 -2 0 2 4 6 8 10
H_DTF_LOGBPVIPCHI2
I
Entries 1104638
Mean 2619
- StdDev 2144
10 I
Entries 546947
Mean 283.6
103 StdDev 2304
107

0 ‘ 200 400 600 800 1000 1200 1400 1600 180(.)‘2‘000
H_DTF_BPVVDRHO (mm)

Events

Events

Events

0.04 Entries 546947 Entries 1104638
. Mean 2993 Mean 480.7
0.035 Std Dev 544 Std Dev 7349
0.03
0.025
0.02
0015
0.01
0.005
O |
1072 107! 1 10
I
Entries 1104638
-1 Mean 3911
10 Std Dev 4.609
I
i Entries 546947
5 Mean 3.786
Std Dev 4.542
102
107
2 [EPEPEPE EPEPEPE BPEPEPIE EPEPEPEE B BTN AR PR RPN
0 2 4 6 8 10 12 14 16 18 20
H_DTF_DTFCHI2
- I
~ Entries 1104638
102 Mean  -10.17
= Std Dev 1.798
C [
-3 Entries 546947
107 g Mean -10.25
- StdDev 1841

1074

1070

=20

-18 -16

-14

-12

-10 -8

6 -4 -2

0

log(1-DIRA)




W

" B . 4
- ALTo 24
Dt B (_\.
\‘\\ | M
. . a.‘ 4 -
= R
-5 "
S e -k'>.
I eisg -~ ‘:&
i '
~ e *V\. :y

-
P —— |
."' ‘\-
™ .', - ~—
‘__\V ",

> I v
A
-

{.,_'.‘.' 3 4 [ b -
!,.'.-‘.:.‘ \"- H ',' } -
™. O S > l‘ ":‘l .
: ‘ T . j ._'I"‘/.
\ ATy ,. L |
b | " - '4, - - .
i 't : 2 A
|\ t q 1N
e "n-.-".,": / \ b "‘—-_“_ .
- -;:"_,:_. ".J‘ L ! e -
‘ "-j‘ 3 ) ,vc' N B ' ’ 4 ! -

> J 'l'
NG S MK

2024 (13.6 TeV)
I 1 1 1 1 I I I I I I I 1 Ll Ll I 1 1 1 1 I I I 1 I I I
] LHCb Simulation [ Simplified vertex fit, m, = 0.5 GeV

i (1 Simplified vertex fit, m, = 0.15 GeV

_ 1 Simplified vertex fit, m, = 0.25 GeV

— (1 Simplified vertex fit, m, = 0.35 GeV -

® Mass resolution degrades as the mass of the LLP | - SHT
INCreases -

a.ll.

1 Full fit with PV constraint, m, = 0.35 GeV  _|

® The average muon momentum increases, which - ;
leads to a lower momentum resolution - :

® This means the search window has to be wider as the .' éj .
. 0 1000 2000 3000 4000 5000
mass 1mmcreasc M (ppe) [MeV]
N 2024 (B6TEV)
® The background decreases exponentially with mass, Z | LHCDSimation :
so impact of this should be reduced =" ]
&) - i
: : : : : 400 | .
o WIP: investigating ways to improve mass resolution : '

with kinematic fitting for exclusive selection (see 300
e.g. talk from last Friday’s RTA-DPA general 200
meetng)

i —— Simplified vertex fit ]
100 —  Full fit with PV constraint -
B 1 1 1 I L 1 1 l 1 1 I 1 1 l 1 1 1 7]
20 1000 2000 3000 4000

M(ppt) [MeV]


https://indico.cern.ch/event/1535136/
https://indico.cern.ch/event/1535136/
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Openimgangle dependence n

0.9 e ® 05GeV s

0.8 F 15 Gev -

- ® 25Gev -
0.7F ® 35GeV 3
0.6 | -

0.5F
0.4F
0.3F
0.2F
0.1F

® Assumption in the seeding that track points to
origin

Track Reco Eff. over Recon'ble

o | arger mass LLPs have higher (-values, and
therefore opening angles, meaning the tracks point
less to the origin 09 . e’ I 3

- ® 05GevV .
0.8 F 15 GeV - T 3
GO i ase :
0.6 F
0.5F
04F
0.3F
0.2F
0.1F

* [or a given opening angle, dimuon reconstruction
efficiency 1s approximately the same

Track Reco Eff. over Recon'ble

21



*

* PID less performant than for Longand B - S o
Downstream, but muon ID still shows ., Eﬂ NE e =
good performance % a 0 e {“

® PID calibration will be an important N
consideration: never done before for .=t L
T tracks _ — :

+ Planis touse same calbration samples + ==t 20 SmmsON L Semm
and methods for Long and/or T on s m- owos +1 o ORO VX 725.5m - s ) Thons - ORIG VT 2>5.5m- SHUON
Downstream tracks, if there 1s no fl
vertex z dependence - L %

MUONLLMU-MUONLLBG ECALPIDMU+HCALPIDMU

HCALPIDMU

* c.g. identily calibration signal with
Long tracks, compute PID Talk from Andrea 20/2/25 adding Calo ID to T tracks for 2025
variables for standalone T segment,
then use for calibration

22


https://indico.cern.ch/event/1515245/contributions/6376737/attachments/3018500/5324582/PIDe.pdf

® PID less performant than for LLong and
Downstream, but muon ID stll shows
good performance

o PID calibration will be an important
consideration: never done before for
T tracks

® Plan is to use same calibration samples
and methods for Long and/or
Downstream tracks, if there 1s no
vertex z dependence

* c.g. identily calibration signal with
Long tracks, compute PID
variables for standalone T segment,
then use for calibration

e minus MUONLLBG  mu_plus ISMUON
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— 0 J. U . o e
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*

.00

10?1 -
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i

ORIG VTX Z> 2 and <=3
ORIG VTX Z >3 and <=4
ORIG VIX Z>4and <=5
ORIG VIX Z>5and <=6
ORIG VTX Z>6and <=7
ORIG VTX Z>7
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® Previously reported on unexpected bump in the
data

e Corresponds to hot spot in x of tracks at first
measurement, but doesn’t disappear when
removing hotspot

o Could be areconstruction artefact — to be
further investigated
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* Sull under study

® Plan is to reweight distributions using the control sample control sample for taking into account data - MC
discrepancies

* Following similar strategy to B — 4u

® Reweight for track multiplicity

® Then reweight simulation with s-weighted data in regions of p and n
® Then reweight also for LLP vertex variables

® Then apply weights from control sample to the signal sample

28
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HLT2 selectlons

Quantity Cut

Seed track M VA topological filter

Single track MVA score P > 0.5 Combination cuts

Track pair MVA score P>0.8 z at YZ-intersection 1500.0 < zy, < 8000.0 mm
Track cuts Distance of closest approach dca < 400.0 mm

Ghost probability Pyhost < 0.6 DOCA x? X3, < 20000.0

Muon log-likelihood difference LL,— LLpg > —5 Vertex cuts

Muon correlated X2 xz,corr < 10.0 Vertex z Zvertex < 8

Muon identification isMuon Pointing angle (DIRA) DIRA > 0.9996
Transverse momentum pT > 750 MeV Vertex x? Xeortox < 20.0
Momentum p > 5000 MeV IP wrt primary vertex d(‘?" V' < 150.0 mm
Number of hits Nhigs > 10 IP x? wrt primary vertex X(%OBPV < 200.0

Track x? Xirack < 15.0 Vertex vg, vdp > 80.0 mm
Combined ALL(u — ) PID, > —10.0 Mass 0.0 < m < 100000.0 MeV
Combined ALL(K — ) PIDg < 10.0

Combined ALL(p — ) PIDp < 12.0

Impact parameter y? x%P > 25.0

30
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® Developing MVA to separate signal and
background

® Considering PyTorch NN and CatBoost

o Uses as features kinematic, topological and P1D
variables that can discriminate signal and

background
® [eature selection still to be pruned

® Use the unblinded data as background, signal taken
from MC

® Need to ensure data MC agreement (W1P)

® [stimate can reduce background to < 1 event /pb-!
keeping 60% of signal (O(20) events after catboost
cut of > (0.995)
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Probability Distributions for Signal and Background

102 - W Train Signal
. . ] BN Train I}ackground
® Developing MVA to separate signal and | = retsonal

background

Density

e Considering PyTorch NN and CatBoost

o Uses as features kinematic, topological and P1D
variables that can discriminate signal and

baCkgr()und o 0.0 0.2 0.4 0.6 0.8 1.0

Predicted Probability

® Feature selection still to be pruned F e Spere S >
® Use the unblinded data as background, signal taken
from MC
® Need to ensure data MC agreement (WIP)
® Fstimate can reduce background to <1 event /pb-! -
keeping 60% of signal (O(20) events alter catboost
CUI Of > 0.995) ,,,/’, : ggfnztelrl\z::rea = 0.996213)
32 o'ooj..:) 0.2 0.4 0.6 0.8 1.0

False Positive Rate



~=Difline sel

® Developing MVA to separate signal and

background
e Considering PyTorch NN and CatBoost
o Uses as features kinematic, topological and P1D
variables that can discriminate signal and
background
® [eature selection still to be pruned

e Use the unblinded data as background, signal taken 7

from MC
® Need to ensure data MC agreement (W1P)

® Fstimate can reduce background to <1 event /pb-!
keeping 60% of signal (O(20) events after catboost

cut of > 0.995)
33
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Effici

Ve
A,
)
QE)
oyt ==
H T [ 4]
2 103
e (5 ffica =
cnerator cut ¢ 1C1€ncy e
’J RN
| EEEDEERy
i
® (enerator cuts correspond to: i
# tightCut.Preambulo += [ .:::;:iiﬁi
# "from GaudiKernel.SystemOfUnits import GeV, MeV, mrad, meter, millimeter", --:::::EEE
# "inAcc = in_range ( 0.0 , GTHETA , 0.500 ) & ( GFAEVX ( GVZ, 100 * meter ) < 8000. * millimeter)',
# ]
# tightCut.Cuts = {
# '[H_10]cc' : 'inAcc' , 100
# }

1.0 2.0 3.0
Mass (GeV)
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® Reconstructibility efficiency

e Corresponds to fraction of tracks reconstructible
as 1 tracks

Lifetime [ns]

® Of course all tracks reconstructible as Long and
Downstream are also reconstructible as T tracks
but this is not considered here

* Something to be investigated for future

36

Efficienciess

—_ N W B~ U N J oo O

[L.HCb Simulation

(s=13.6 TeV u=15.3

1 2 3
Mass [Ge V]

Efficiency [%]



o HLLTI efficiency
* |Independent of the dimuon decay
o |argely depends on the associated kaon

e Shown here for
BY — K*(892)( — Kn)H'( — uu)

o Will vary for other modes, to be reevaluated with
the cocktail MC when available

Lifetime [ns]

31

Clenciesgi
EffiGi 5=

[LHCb Simulation
(s=13.6 TeV u=15.3

—_ DD W B~ U N o0 O

Mass [Ge V]

44

Efficiency [%]



o HLLT2 efficiency wrt HLT1

® Room for future improvement here for 2025-2026

Lifetime [ns]

® |n particular with the seed track MVA topological
filtering

* (Have retuned the model to boost efficiencies by
30%, butissues with truth matching mean not
implemented yet)

38

[LHCb Simulation
(s=13.6 TeV u=5.3

—_ N W B~ U N J oo O
I

1 | 2 3
Mass [GeV]

34
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Efficiency [%]



¢ Total efficiencies:
o With respect to reconstructible (left) and generated events (right)

e Offline selection efticiencies still WIP

— —_— Py
= LHCb Simulation | X X -
> [5=13.6 TeV w =53 o =
= ° 32 2 0.01
;0:): 7 12 % ‘= .
5 10 — |
9
4
103
3 3
7
2
6
1 | | | i i
1 2 3 i !
Mass [Ge V] 1.0 2.0 3.0

| Mass (GeV)
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2000 —
’g - e iz{";:;’%; 250 ~ 2000p 200
o g 150 = Background (data) -z j"'35= Tog 1 g 1800  Signal (MC) '180
e Work still in progress to o E g 200 o 1600 160
. . . E 1400 E 1400 140
identify suitable s ‘ 50 £ 1200 o
uncorrelated variables to 5 O 2 1000F 100
. . o 800F {100 | 800F- 20
define signal region for R, S0E = ooof- 60
an 400;_ 50 ml 400;— 40
A_BCD meth()d 200F- = . i) 200F- 20
O-...I...I...I... _-__-__ - .. = I O O: | ral s | L L L1 y aa bl a1l a4 O
o -10 -8 -6 4 2 0 ¥ 4 6 8 10 -10 -8 -6 -4 -2 0 2 4 6 8 10
N.eed to be uncorrelat.ed Sup MUONCATBOOST mup_ MUONCATBOOST
with each other and with the Signal (MC)
. 2000p . 2000¢
MVA I'@SpOIlSG E 1800 E 1800 !160
o 1600F- g 1600F- :i- 140
o ' > 1400F- 1400F- 8 —{120
Signal regions may be e o : "
well separated before 2 1000F 2, 1000F
| 800F | 800F
MVA cut bllt not after E 600;— E 600;—
T 400F- ' 400F-
200;— - 200;—
—1-0 —8“—6“—4 —2HOIIlZHI:ll.lé.l.é.“lO 91-0 —|8—l6—l4 —2”0.”2.“4.l.él..é.“10 0

mup MUONCATBOOST mup MUONCATBOOST
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3000

35000

® Background expected to be dominated by
combinatorial and material interactions

30000

o
IIII|IIIIIIIIIIIIIIlIIIIIIIII

25000

e Mainly located around beam pipe o

-500 15000

. . . 10000

® Signal is much more dispersed throughout the
VOhlIIlG ~15000= =565 ~3006 5000 4000 5000 6000 7000 8000 °

z vertex position (mm)

e Work sull underway to classity background in MC 1500

— requires very high statistics due to tight trigger 51000 _
selections 2 ok
* |ong term plan to do a detailed tomography of 0 —
magnet region — may not be required for 2024 _500 &
study but precise mapping will be required for 1000 é_(Si 0
larger statistics e ghdb ; O

2000 4000 6000 8000
z vertex position (mm)

-
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* Plots show projected sensitives for 1 fb-!, 25 fb-1
and 300 [b-! using the 2024 triggers, assuming
same efliciencies for all channels as for the
BY - K*(892)( — Kn)H'( — uu) sample, not
accounting for background or offline selection
clficiency

o With T tracks can make a significant impact on low
coupling/high lifetime limits
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* Good progress made on:

Analysis strategy

Understanding reconstruction

Selections

Efficiency estimates

* Still to do/in progress:

Full MC sample generation

Control channel studies

Detailed momentum resolution and mass resolution studies

Data—MC reweighing
MVA optimisation
Background studies
PID calibration

107°
107’
107°
1077
10—10
10—11
10—12
10—13
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