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@) Motivation

S/

« MC of LHCb Run3 have some potential misdescriptions
 Too idealized

« Missing materials

* Precise material description is vital to
« Lowering uncertainty for m, measurement [arxiv:2505.15582]
« Reducing background in searches for LLPS [PRL.116.251803]
* |dentifying jets from B & C quarks [JINST 10(2015)P06013]

* We need to probe this missing materials in Run3 simulation!

Jiahao Hu (CERN) Search for Missing Materials in LHCb Run3 Simulation



https://arxiv.org/abs/2505.15582
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.251803
https://iopscience.iop.org/article/10.1088/1748-0221/10/06/P06013

N Outline

LHCb simulatiomyariant Mass Spectrum of J/¢ = u*u~ (DalBun 3, V3 =13.6 TeV
—— et —_

Selected Events

g

Events / Bin

g

g

* Warm Up
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D) Selection & Fitof ] /Y — nu

e Selection
 cut are applied to select signal and reduce BKG noise

- Fit =
» Signal ~ Double Crystal Ball i BKG ratio |
n = : . o
« BKG ~ Exponential N >-87%
* Reweight s
* pr(J/¥), nJ/¥), nVPClusters | -:
« 1st order correction at generator o :
T Reweight ]
002F |
0.00" o'll 00 a0 600 o a0 600 -

Jiahao Hu (CERN) Search for Missing Materials in LHCb Run3 Simulation 6



NS/

&N SciFi Clusters %

e Cluster Number of Velo
 Already reweighted

L. Magnet SciFi
e Cluster Number of SciFi Tracker
 Data is busier than MC 7 RICHlle |
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&N SciFi Clusters %

NS/

e Cluster Number of Velo & missing materials?

 Already reweighted

e Cluster Number of SciFi
 Data iIs busier than MC

* Hint of missing materials between Velo~SciFi

LHCb Preliminary Run 3, Vs =13.6 TeV
EO.ISOJ_I_IIIIIIIIIIIIIIIIIIIIIIIIII_

2 |
L% f Data (sWeighted) ]
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© Outline 6%

X

Upstream track SciFi
Tl T2 T3
Z

* Tomography , uT
Velo
L DOWﬂStream traCkS |||@/E;:g—t;k—

Velo track Downstream trac

T track
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@) Tomography sk

« Tomography: A data-driven method to map the detector

« Reconstruct hadronic interaction vertices to create a map of material
distribution.

Track One

g 0k <l E
Track Two = 205 | . N
=l = - ]
Hadron g o -
Track Three - LA T E
-0~/ : & 'W\\_ — 10
...... =0 L0 DR T | =
Niracks 00 o T 0 T o0 !
— z [mm]
Secondary hadronic interactions Tomography of VELOINST 10(2018)P06008]
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https://iopscience.iop.org/article/10.1088/1748-0221/13/06/P06008

Tomography with Downstream Tracks (5%

« Tomography: A data-driven method to map the detector

« Reconstruct hadronic interaction vertices to create a map of material
distribution.

* In our study:

* K¢ >@ + 7+ -+ m (Hadronic Interaction)
e 2 < Npacts < 7, < Niepacks > = 2.6 .
* First study of the downstream tracks
» Combination with Davinci framework: |[Production]
* Carefully selected cut is applied to increase Ng;, /Ny

* €.0.. Ngracks =4, 0 = 0.9mm, o, = 11mm, Ng;/Nprs= 100%

Jiahao Hu (CERN) Search for Missing Materials in LHCb Run3 Simulation 11


https://lhcb-productions.web.cern.ch/ana-prod/productions/?wg=bandq&analysis=tomography_jpsisprucing

@) Tomography Plot S

LHCDb Data Run 3 (2024)
'g‘ 400 [ 1 1 1 1 I 1 1 1 1 ' 1 1 1 1 I 1 1 1 1 ' 1 1 1 1 I 1 1 1 1 5
£ B &
:- - Nracks = 2 4
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Ve
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Velo | | beampipe Rich1 UT 2 [mm]

* Velo, beampipe distinguishably seen
« UT, Rich1l can be seen but unclear
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() Tomography Plot: Velo

X/~
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[2012.10]

« Beampipe ring after exit window of the Velo
« Run3: 981.5+12.4 mm ~ good resolution
* Runl: 966.4 mm
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@) Material distribution comparison  §4&%

NS/
. LI'IICbISirpulaltioq Data vsl. MC Slecolndalry Vertex [I)is(rlibu}ionl — Run 3 (2024)
» Vertex number ~ Material budget coomf Sim10e {7 MC (ol
* SIm10d — SIm10f Eéoomf - Inconsistency!_f
* Zyix. 2300~2450mm => UT fibers alLayer . ]

« SIM10f UT material description improvedvr uT group |
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https://gitlab.cern.ch/lhcb-conddb/DDDB/-/merge_requests/133

@) Outline sk

X Upstream track SciFi
z Tl T2 T3
« Tomography velo VT
elo [ Tong track |

P T t raC kS Velo track W

\J - traﬁl
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() Tomography with Ttracks

S/

* K¢ > 7+ m+ -+ m (Hadronic Interaction)
* 2= ﬁtracks < 4.
 First study of the Ttracks
« Combination with Davinci framework: |Production]
« RK extrapolation from Javier's talk [indico]

* Working In progress to improve Ng;, /Ny, In real data
« Selection cut on vertices nPVs, y?/DOF, ...
« Selection cut on tracks pr, x?, ...

 Tomography with Ttrack pure MC signal

Jiahao Hu (CERN) Search for Missing Materials in LHCb Run3 Simulation 16


https://lhcb-productions.web.cern.ch/ana-prod/productions/?wg=bandq&analysis=tomography_jpsisprucing
https://indico.cern.ch/event/1535303/contributions/6460024/attachments/3063691/5418451/EMDM_RUN3_final_version.pdf

NS/

racks
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@) Reconstructed - beampipe S

Prelimi Run 3, v
E 150 {-H(Eb‘ -:e'|mll']a:_){‘_l ErrTT RIS "'I‘Jn' rrriTT

“ « Beampipe tomography Ttrack
* Migration of beampipe

— geometry [dddb-20150703]
/ ‘T e visible in Ttrack tomography!

T1() S

_ el
‘ :
1 10!
- W Mengzhen’s summer student

200 <100 0 100 200

X[mm] report supervised by Jibo [indico]
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https://gitlab.cern.ch/lhcb-conddb/DDDB/-/commit/76fcf02ff0a87bcbf38979a2c1d0f9e156b09f23
https://agenda.infn.it/event/31726/attachments/93462/127545/MCMaterialStudy.pdf

NS/

Outline

e Other Contributions
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50

First feedback of Sim10f S

Ny
. 020 LHCbPrellmlnary : | | : | : F{les vl 13. 6|Te\-l . 020 LHCbPrellmlnary : | | : : : : Rll.lr‘l 3, \/I?=13.6ITe\-/
5 Mag DOW” I Data (sWeighted) - 3 MagUp ! Data (sWeighted)
E i 3 =+~ siml0e (reweighted) ] E -+~ siml0e (reweighted) ]
TE“() 15+ : -+- siml0f (reweighted) _|] Téo 15 :_I-LI'" -+ = siml0f (reweighted) _
5 - § "'I"'_I... . s L ..-I-I 7
z i el ] z FrE-F|
- : L
L i—{..! '-q: i i § i--!_: ] | I..:
0.10F . - 0.10F ! H _
i ' E '_I-i_ i B F \ I-I—:
I L Ll ] [ LH{
i ~ g L-I_!'*'; - N :--I--! ro
0.05 - i_ i . LI_:I-I-. = 0.05 i l-I-I[_I__i —
: i i LI—E_I_I : : i ' I_I-,L*'i :
" . FHD - 1] oty -
[ = . _*1:_;'_‘-- - re ol e i
| | M i o T T R 1 - == B
0 20 40 60 | 0 20 40 60
nDownstreamTracks ' nDownstreamTracks

Sim10f consistency improved @)
« 22" Jul. Simulation meeting [indico].

« UT efficiency description improved in Sim10e—f [vR].

Jiahao Hu (CERN) Search for Missing Materials in LHCb Run3 Simulation 20


https://indico.cern.ch/event/1565012/#8-sim10f-feedback-using-the-j
https://gitlab.cern.ch/lhcb-conddb/SIMCOND/-/merge_requests/253

NS/

Outline

e Conclusion & Outlook
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@) Conclusion & Outlook S

 Run3 simulation shows missing materials between Velo& SciFi [Indico]

« Tomography - Downstream Tracks
 Decent a, SNR with multi-track combination
 Probed the UT’s material variation in Sim10e—-f

« Tomography - Ttrack
« Pure signal: good resolution for downstream structure

Upstream track
T T2 T3

ut

VELO — Long track
I
VELO track = Downstream track:
\j T track E

Jiahao Hu (CERN) Search for Missing Materials in LHCb Run3 Simulation 22


https://indico.cern.ch/event/1565012/#8-sim10f-feedback-using-the-j

&N Conclusion & Outlook

N/
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* All these variances crosscheck by documentations

« Tomography (Data vs. MC) in LHCb Run3 is a promising
method to search for missing materials!
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&N Conclusion & Outlook ﬁ%

S/

* OQutlook of this study
« More MC to reduce statistical error
 Further optimization of the combination strategy
e Cut to reduce BKG in Ttrack ...

LHCbSm Iat on__Datavs. MC Secondary Vertex Dlstrlbutlon Run 8 (2024)
£0.004F i J T =
_Cmore L | e o
z0003- MC?... -
o l ru :
i |||
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. - 0.001 : _
your IIStenlng! "Hhul_“\ 1!' M ]
CTVT P Ty ] [ Hunl.m!.ﬁ

. [N L
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Tvix [mm]
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&N LHCb detector

| |
|
|
| | Side View gear, HCAL va M5
M3
| Magner | seri  ricm2 M2 |
Tracker
RICHI J
..... UT,
Vertex
Locator
'-..A.\
[9) o
..l
| |
| |
| |
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@) Dataset: J/y - u"u~ %

* Real Data tuple
« 2024 Run3 J/Y —» u*tu~
« Block7 (MagDown) & production link
» Block8 (MagUp) & production link

 Monte Carlo sample
 Block7 (MagDown)
* Sim10e @ production link
 Sim10f @ production link
 Block8 (MagUp)
» Sim10e @ production link
 Sim10f @ production link

Jiahao Hu (CERN) Search for Missing Materials in LHCb Run3 Simulation 27


https://lhcb-productions.web.cern.ch/productions/?wg=bandq&analysis=quarkoniatomumu2024&dset=data_inclusive_withut_qqbar2mumu_bandq_turbopass_collision24_veloclosed_magdown_s24c3&ver=v1r1862
https://lhcb-productions.web.cern.ch/productions/?wg=bandq&analysis=quarkoniatomumu2024&dset=data_inclusive_withut_qqbar2mumu_bandq_turbopass_collision24_veloclosed_magup_s24c3&ver=v1r1817
https://lhcb-productions.web.cern.ch/productions/?wg=bandq&analysis=quarkoniatomumu2024&dset=mc_jpsi_nu7_6_magdown_w40_42_root_addgdvertex&ver=v1r3482
https://lhcb-productions.web.cern.ch/productions/?wg=bandq&analysis=quarkoniatomumu2024&dset=mc_jpsi_nu7_6_magdown_w40_41_root_addgdvertex&ver=v1r3453
https://lhcb-productions.web.cern.ch/productions/?wg=bandq&analysis=quarkoniatomumu2024&dset=mc_jpsi_nu7_6_magup_w40_42_root_addgdvertex&ver=v1r3482
https://lhcb-productions.web.cern.ch/productions/?wg=bandq&analysis=quarkoniatomumu2024&dset=mc_jpsi_nu7_6_magup_w41_42_root_addgdvertex&ver=v1r3482

) Dataset: Tomography S

e Hardonic Interaction

« Downstream Track
« 2~7-body vertex
» Sim10d MagUp @ production link

* TTrack
« 2~4-body vertex
» Sim10f MagDown & production link
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https://lhcb-productions.web.cern.ch/productions/?wg=bandq&analysis=tomography_jpsisprucing&dset=mc_incljpsi_nu6_3_magup_block1_w31_34_sim10d_root_hitruth&ver=v1r3527
https://lhcb-productions.web.cern.ch/productions/?wg=bandq&analysis=tomography_jpsisprucing&dset=mc_incljpsi_nu6_3_magup_block1_w31_34_sim10d_root_hitruth&ver=v1r3527

@) Selection

S/

« Selection cut are applied to select signal and reduce BKG noise

* General cut for Data/MC o s s
» pr(J/¥) > 2000 MeV, pr(ut) > 700 MeV i

6000 -

DLS (J/y) > 4 (focused on detached J/i) swof
PID, (1) > 5

* Kby (45) > 9 “I |
° XvTXx (]/lp) < 9 o w0 w000 I 3200M(#+;_5§193\;

DOF - LHICl?)SIimulqtiq ariant Mass Spectrum of J/i/— t* un 3, v5=136 lTev
* TOSHltl,DiMUOH (]/lp) =1 22000- | el By

o
e Cut for MC exclusively ’

« PDG true ID for u*, u=, J/y

" 1 L L | L 1 L 1 n L 1 n
2800 2900 3000 3100 3200 3300
Mu* =) MeV
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&) Tomography with Downstream Tracks %

@ EHCbSmult \Iirt x Resolutio (I s. 7-body Dec y) .
« BY - J/U + K, with Davinci framework Ssoof
* |/Y — up, Kg = 7 ...m (Hadronic Interaction) Z600f ]
ranks > = 2.6, selected cut applied 2|
< Myracks > = 2.6, selected cut applied 2} ]
Ntracks Signal/BKG 200 -
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D) Resolution by charge comb

Vertex Resolution vs, Charge Combination for 2-Body Decays

Vertex Resolution vs, Charge Combination for 4-Body Decays
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Resolution by charge comb

Jiahao Hu (CERN)

Vertex Resolution vs. Charge Combination for 6-Body Decays
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NS/

@) Material distribution comparison

* Vertex number ~ Material budget

« Sim10d —» Sim10f
* Zyix. 2200~2250mm => Rich1 ExitwWall
* Richl in Sim10f may missed some materials

wN

Rich1’s ExitWall in Run3

New Focal Plane

Quartz Window

Spherical

Flat Mirror

LHCb Simulation  Data vs. MC Secondary Vertex Distribution
T T S

Schematic of Rich1 in Run3
A. Papanestis et al 2020 JINST 15 C09022

Run 3 (2024)
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Jiahao Hu (CERN) Search for Missing Materials in LHCb Run3 Simulation
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N Reconstructed - beam

e

Run 3, V3

(=)

Number of Vertices / Bin

Z>6600 Mmm
Z< 7400 mm
R <180 mm

Jiahao Hu (CERN) ng Materials in LHCb Run3 Simulation 34




O Signal

S/

¢ FOI’ ntrack — 3

 Signhal Mask:
- TrackOne_TRUEORIGIN_V*==Track ! wo_ TRUEORIGIN_ V*==
TrackThree. TRUEORIGIN_V*, *represents X, Y, Z

. Track{n} TRUEID == 100 (hadronic interaction)

 BKG Mask:
« I(Signal Mask)
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Resolution %

Body ox/mm | o,/mm | o,/mm | Signal
number Entries

aN . Magnet
15% z>3000 mm
3 23 7 96 AN 5% z < 6800 mm
3%
“
number Entries UT
z>2300 mm
3 30 7 116 Z <2700 mm

4 26 6 100
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Resolution

Body ox/mm | g, /mm | o,/mm
number

3 36 11 160 z < 3000 mm

4 30 9 135
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