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The beauty of LHCb

Converts stopping e,y energy
in scintillating signal.

LHCb Detector E| _
We_ight: 5,600 tonnes ethomagnetIC
Hont Calorimeter

ength: 20 m

RICH1

Unigue coverage

* Rapidity

* Low transverse momentum
Collider & Fixed Target modes

* Unique coverage
. ﬁﬁ%ess lower COM energies at

Vertex
Locator

SMOG2

» Enables fixed target mode
» Plethora of collision species

Resolution

* Precise vertex determination

* Powerful invariant mass resolution
vioon © Particle Identification
Hadronic Stations e e, u,m,K,p,yinl <p<100GeV

Tracking
Station

RICHZ2

Dipole .
Magnet Lracking Calorimeter « Unigue forward instrumentation
Stations Converts stopping for heavy ion physics
@ <05—1% hadron energy in y p y
p ' scintillating signal.

J. of Instr.,3(08):S08005, 2008
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The beautyof LHCb

Converts stopping e,y energy
in scintillating signal.

LHCDb Detector E| .
Weight: 5,600 tonnes eCtr:omagnetIC ———
Height: 10'm Calorimeter

ength: 20 m

RICH1

Vertex
Locator

Tracking RICH?2

Muon

Station | _
Dipole : Hadronic Stations
Magnet Tracking Calorimeter
Stations Converts stopping
@ < 05—1% hadron energy in
p scintillating signal.
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HeRSChel: High-Rapidity Shower Counters for LHCb
5<|nl <9

Hole radius
47mm
y

1 Hole radius
‘ LHCDb XX) 61mm

Cut-out
~108x230mm

600mm

Station B2
z=-114.0m

Station Bl
z=-19.7m

Station BO

z=-7.5m
K. Carvalho Akiba et al 2018 JINST 13 P04017
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LHCDb rapidity coverage
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HERSCHEL

p,Pb .
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Outline & Physics Topics

* Photoproduction (in pp and AA)
* Vector meson production

» Exotic states, scalar and tensor mesons
from P + P and ¥y + y interactions

» Searches for glueballs + tetraquark states

* |n this talk:
* Previous results
* Photoproduction of J /Y & Y(2s) in Pb+Pb UPC
« Studies of n & n' in pp and pPb Collisions
* Looking Forward
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Photoproduction measurements from CEP

LHCb measurements cover a unique
range in W with high precision
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Photoproduction measurements from CEP

LHCb measurements cover a unique photon energy Invariant mass of the photon-proton system
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Bottomonia photoproductlon
in CEP

* Access to Bottomonias

Y(nS)

QZ
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Vector Meson Photoproduction in UPC of PbPb

Pb Pb

Y
i
P P
-
PP/—»/ \Lb PB/ \,J’\b
Coherent Incoherent

Efficient separation of coherent and
incoherent thanks to HeRSChelL
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J/Q, Y(2S) photoproduction in UP
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* Excellent separation between coherent and incoherent

components, thanks to
« HeRSCHeL

* High py resolution — allows measurement of

do /dp; at LHC
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J/Y and Y (2S) : Comparison With Theory

JHEP06(2023)146

LHCb

PbPb /sxy = 5.02 TeV
Coherent .J /1 production

Luminosity unc. : 4.4%

1
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J/Y and Y (2S) : Comparison With Theory
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n and n’ in pp and pPb

x 10*
61 LHCb Dat'a
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* Clear identification of n and n' via invariant mass reconstruction in pPb

Candidates / 2 MeV

BG subtracted

10.1103/PhysRevC.109.024907

p—

=

» nreconstructed from y pairs identified in ECAL (clusters p; > 500 MeV + isolated from charged tracks)

* 1’ reconstructed from n candidates (500 < M,,,, < 600 MeV ) and charged pion pairs
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https://doi.org/10.1103/PhysRevC.109.024907

n and n’ in pp and pPb
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Backward: Pb —» LHCb
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1.5

0.5

10.1103/PhysRevC.109.024907

Nuclear modification for n and n’ in the

backward and forward directions

» Consistent with ©° at both forward and
backward rapidity
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https://doi.org/10.1103/PhysRevC.109.024907

n aﬂd 7’], in PP and pr 10.1103/PhysRevC.109.024907
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Figure 5: Measured RZ]/Pb /R)py, in the (left) backward and (right) forward regions. Error bars
show the statistical uncertainties, while the boxes show the systematic uncertainties. The
systematic uncertainties are approximately fully correlated in pr. The results are compared to
predictions from EPOS4 with and without QGP-like effects. The shaded and hatched regions

show the statistical 68% confidence-level regions of the predictions.
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https://doi.org/10.1103/PhysRevC.109.024907

Exciting NEW Results coming SOON!

* Near future
» Tetraquark production in CEP through J /Y + ¢ in pp events produced

through y + y, photoproduction, and double pomeron interactions
* |nvariant mass spectrum of K*K- pairs from A+A UPC
* Needs theoretical input to identify scalar and tensor meson nonets
and glueballs
* Further future
* ¢ photoproductionin A+A UPC
 Covers gluon density at lower Q2 and x than J /i
* p? photoproduction in A+A UPC
* Unigue coverage and precision

March 15, 2024 Brandenburg.89@osu.edu | LHC Forward Physics Meeting 17



Hole radius

47mm
w

Possible Future Upgrades: Renewed HeRSCHeL

Hole radius
LHCb x L 61mm

Cut-out
~108x230mm

goomm

Station B2
z=-114.0m

Station Bl

z=-19.7m Station BO

z=-7.5m

Possible upgrade dedicated to UPC & CEP:

Station F1
z=20.0m .
Station F2
. . . . z=114.0m
- Replace radiation damaged scintillators.
- Add another station
March 15, 2024
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Future : Magnet Stations
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MAGNET STATION
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* Instrument the internal magnet walls with a scintillator-based soft particle tracker
* Tracking for p;>50 MeV/c

* Essentialto 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
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Summary

» LHCb is a powerful detector for forward physics 10.1103/PhysRevC.109.024907
- Software-based trigger JHEP 1509 (2015) 084
« Excellent particle identification o | |

1.6 LHCb
pPb, \/sxn = 8.16 TeV

LHCb

§ 160;— 1.44 2.5 < Y, < 3.5 _
* Unigue coverage (rapidity and low-pT) = ¢ 2V ' .
o Total =
< of . = |
* Recent new results zowp 4T S 224 “Ros |
. . ) E Non-resonant background
* Photoproduction in PbPb UPC = 06/} Data

EPOS4, without QGP-like effects
771 EPOS4, with QGP-like effects

 Measurements of scalar mesons

L b 4 i o L L
11000 12000 0-23 1 3 6 7 & 9 10

* Results coming soon! m(w) (MeV/c?) pr [GeV]

. Luminosity unc. : 4.4%

* First measurement of exclusive X — J /Y ¢ in pp collisions JHEP06(2023)146

« UPC K+K- production S SR B-s e
, . 5 B e LA e

» Unigue look at UPC p" production Sk h

LO pQCD (GKSZ):

« Upgrades on the horizon

« Potential future upgrades dedicated to forward physics program!
* Improved HerSCHel for UPC and CEP measurements
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HeRSChel Tagging & Discrimination
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JHEP 10 (2018) 167

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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Comparison With Theory & Other Results
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