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The LHC beauty detector Runs 1 & 2

Converts stopping e,y energy

in scintillating signal. J. of Instr.,3(08):S08005, 2008
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* Dedicated to Flavor Physics
e, umK,p,y, particle identification in 1<p<100 GeV/c
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HeRSCheL detector: high-rapidity shower counters for LHCb
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Herschel Detector Discrimination
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o The Figure of Merit (left) is a x? quantity that includes hits from all twenty counters and
accounts for correlations among counters based on activity above the noise

o By subtracting the background, an exclusive sample of signal events is obtained

o The p3 distribution of dimuons (right) with and without the requirement on the log(x?)
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Trigger Conditions for UPC events

* long track (tracks with hits 1n all tracking detectors)
* SPD hits (ECAL raw hits) <2000

* Event selected by software

* NO pre-scale

Data sets
2015 PbPb 5 TeV 4 ubl
2018 PbPb 5 TeV 214 ,ub'l

2023 PbPb 5 TeV

~210 ub?
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LHCb has detector coverage and particle identification for an entire UPC program

* Photoproduction of vector mesons

e scalar and tensor mesons from pomeron+pomeron and
Yy interactions
Glueball and tetraquark searches

* Non-resonant spectrum

Pb Pb

BSM : T g-2 with hadron decays and lepton p;<<5 GeV/c y%f
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Rapidity coverage

Not in LHCb LHCb
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J/Y, YP(2S) Photo-production cross-section in CEP
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https://doi.org/10.1007/JHEP11(2013)085

J/Y, YP(2S) Photo-production cross-section in CEP
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https://doi.org/10.1007/JHEP11(2013)085

Bottomonia photo-production cross-section in CEP
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2010 Data
ChiC0 from SuperChiC MC

P-wave cha rmonia LHCb-CONF-2011-022

S0 | | ChiC2 from SuperChiC MC
. .

LHCb ChiC from Psi’ Starlight MC
a0 Preliminary
T \s=7TeVData

Number of events per 20 MeV

305—
202—
105—
ot , : L 4
3.2 3.4 3.6 3.8
ChiC Mass (GeV/c?)
Data Result
Oy oo byt p=y (2 < Mgy M=, My < 4.5) =9.3£22+3.54+1.8 pb SuperChic
Oer st ity (2 < M Ty Ty < 4.5) = 164 £ 53+£58+3.2pb  0ye0 = 14 pb
Oz iyt (2 < Mps Mu—y My < 4.5) =28.0+£54+£9.7+5.4 pb Tyxc1 = 10 plfactor 2 uncertainty)
Oyc2 — 3 pb
Discrepancy for g, can come from inelastic contamination. arXiv:hep-ph/0909.4748

New measurement using HeRSCheL on target. .



Double J/ll) productlon ).Phys.G41 (2014)115002
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Photo-production in PbPb UPC
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Vil y*
i i
P P
.
Pb___»—""—,Pb Pb__»—®—,Pb

JHEP 07 (2022) 117



J/Y, Y(2S) photoproduction in UPC
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Comparison with theoretical models
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Comparison with theoretical models
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Comparison with previous results

6.5 eI o r [T
: -~ LHCDb 2015data
6.0 T LHC —&— ALICE data
5.5 PbPb /sy = 5.02 TeV —%— CMS data
—5( ' Coherent .J/1 production wem e STARIight
L Y. TR Luminosity unc. : 4.4% LO pQCD (GKSZ):
é 4.5 \ uminosity unc. 2015 : 13% :Iﬁ};‘gog
¥* 4 . O X I nPDF unce.
> 35 NLO pQCD (FEGLP):
— s P PS21
~J3.0 B Srate vaciatin
3 2 5 Colour-dipole:
i E -~ bCGC+BG (GMMNS)
—2.0 | --- bCGC+GLC (GMMNS)
-8 {5 -+~ IP-SAT+BG (GMMNS)
X 4t -+~ [P-SAT+GLC (GMMNS)
1.0 LHCb 2015: [JHEP07(2022) "'f —a—Is fluct. +BG (MSL)
" ALICE: [Phys.Lett.B798(2019)134926] '/j/Jf 0.8 s 120 fluct. +BG (MSL)
0.5 E cMS: [arXiv: 2303.16984] . 5w TS
OO E i1 11 L1 1 1 r 3 9o v L o v o 3 | -=- GBW+BT (KKNP)

. -+~ GBW+POW (KKNP)
0 1 2 3 4 D oo KST+BT (KKNP)
% -=- GG-hs+BG (CCK)

12/9/2023 17



Results coming up

* Near future
* Tetraquark production in CEP J/Y + ¢ events
* ¥ + ¥, photoproduction, double pomeron interaction

* Mass spectrum of K"K~ pairs in UPC
* Photoproduction, double pomeron interaction, y + y
* Needs theoretical input to 1dentify scalar and tensor meson nonets
and glueballs
* Further future
* ¢ photoproduction in UPC
» Covers gluon density at lower Q? and x than J/y



The LHCDb Upgrade I
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Detector performance in 2023 PbPb run
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HOIe radius

Future Upgrades : New HeRSCheL
_

Hole radius
61mm

Cut-out
~108x230mm

Station B2
Z=-114.0m Station B1
Zz=-19.7m Station BO
z=-7.5m
Station F1
z=20.0m _
Station F2
z=114.0m
Replace radiation damaged scintillators.
Add another station
12/9/2023
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Future Upgrades : Magnet Station
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* |Instrument the internal magnet walls with a scintillator-based soft particle tracker

* tracking p;>50 MeV/c

Essential to complete the UPC program

high-statistics low-mass vector, scalar and tensor mesons

Exotic hadrons with multiple decay products

Low-mass dielectrons and photon conversions

* Loogking for US institutions to join a DOE proposal, installation starting during LS3 )



Take away

* LHCD 1s 1deal for UPC studies. The sky is the limit, thanks to
* Software-based trigger
* Excellent particle identification
* Low-p tracking

* Results limited to quarkonia photoproduction so far, but other measurements are very
close to be released

 LHCDb 1s a new detector now and ready for Run3
* Future upgrades dedicated to UPC

 LHCb heavy 10n 1s a good example of a high data/people ratio
* Heartbreaking opportunities missing because of the lack of people to do analysis

* Upgrade 1b and II are very good opportunities to be part of the LHCb HI program
and make UPC physics as one of the most relevant in particle physics



