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Abstract

The first study of J/ � production in proton-proton collisions with no additional
visible activity is presented. The data sample was collected from 2016 to 2018 at
a centre-of-mass energy of 13TeV with the LHCb detector, and corresponds to an
integrated luminosity of 5 fb�1. The J/ � candidates are reconstructed from the
decays of J/ and � into pairs of muons and kaons, respectively, detected within
the pseudorapidity region 2 < ⌘ < 5 and with pT > 200MeV. The data cannot be
described by a model that contains only nonresonant production. A model containing
five J/ � resonant states is considered, two of which are observed with significance
over 5 standard deviations. The product of the total fiducial cross-section and the
branching fractions for the decays to dimuons and dikaons is measured, as well as
the cross-sections for each component of the model.

To be submitted to Phys. Rev. Lett.
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The beauty of LHCb

𝛿𝑝
𝑝
< 0.5 − 1%

Converts stopping e,γ energy 
in scintillating signal.

Converts stopping 
hadron energy in 

scintillating signal.

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

• Unique coverage
• Rapidity
• Low transverse momentum

• Collider & Fixed Target modes
• Unique coverage
• Access lower COM energies at 

LHC
• SMOG2

• Enables fixed target mode
• Plethora of collision species 

• Resolution
• Precise vertex determination
• Powerful invariant mass resolution

• Particle Identification
• 𝑒, 𝜇, 𝜋, 𝐾, 𝑝, 𝛾 in 1 < 𝑝 < 100 GeV

• Unique forward instrumentation 
for heavy ion physics
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K. Carvalho Akiba et al 2018 JINST 13 P04017 

5 < 𝜂 < 9
HeRSCheL: High-Rapidity Shower Counters for LHCb
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inelastic

single diffraction

double diffraction

     CEP+UPC elastic

CEP+UPC inelastic

Elastic

Not in LHCb

p,Pb

LHCb rapidity coverage
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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 𝛾 + 𝛾 interactions
• Searches for glueballs + tetraquark states

• In this talk:
• Previous results
• Photoproduction of 𝐽/𝜓 & 𝜓(2𝑠) in Pb+Pb UPC
• Studies of 𝜂 & 𝜂′ in pp and pPb Collisions
• Looking Forward
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Figure 5: Di↵erential cross-sections compared to LO and NLO theory JMRT predictions [27, 28]
for the J/ meson (top) and the  (2S) meson (bottom). The inner error bar represents the
statistical uncertainty; the outer is the total uncertainty. Since the systematic uncertainty for
the  (2S) meson is negligible with respect to the statistical uncertainty, it is almost not visible
in the lower figure.

e�ciencies and purities, the second are systematic, and the third are due to the luminosity
determination.

As a cross-check and to confirm the improvements brought by HeRSCheL, the cross-
sections have been recalculated without imposing the HeRSCheL veto: consistent results
are obtained but with a larger systematic uncertainty of about 8%. While the extracted
signal contribution is comparable to Fig. 4 and well described by a single exponential
function with a consistent value of bsig = 5.92 ± 0.06GeV�2, the extracted proton-
dissociation component requires two exponential functions to describe the distribution.

To compare with theoretical predictions, which are generally expressed without fiducial
requirements on the muons, the di↵erential cross-sections for J/ and  (2S) mesons as
functions of the meson rapidity are calculated by correcting for the branching fractions to
muon pairs, B(J/ ! µ+µ�) = (5.961±0.033)% and B( (2S) ! µ+µ�) = (0.79±0.09)%
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Photoproduction measurements from CEP
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LHCb measurements cover a unique 
range in W with high precision
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for the J/ meson (top) and the  (2S) meson (bottom). The inner error bar represents the
statistical uncertainty; the outer is the total uncertainty. Since the systematic uncertainty for
the  (2S) meson is negligible with respect to the statistical uncertainty, it is almost not visible
in the lower figure.
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Figure 6: Compilation of photoproduction cross-sections for various experiments. The upper
(lower) plot uses the J/ ( (2S)) data.

and found to be in better agreement with the JMRT NLO rather than LO predictions. The
derived cross-section for J/ photoproduction shows a deviation from a pure power-law
extrapolation of H1 data, while the  (2S) results are consistent although more data are
required in this channel to make a critical comparison.
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Bottomonia photo-production cross-section in CEP

JHEP 1509 (2015) 084 

LO,NLO: JHEP 09 (2015) 084

Υ
pp   𝑠=7 TeV + 8 TeV

pp   𝑠=7 TeV + 8 TeVpp   𝑠=7 TeV + 8 TeV

ℒ = 2.9 fb-1

12/9/2023 10

Bottomonia photoproduction 
in CEP
• Access to Bottomonias 
Υ(𝑛𝑆)
•  𝑄! ≈ 25	GeV^2	
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Figure 2: Invariant dimuon mass spectrum for 7TeV and 8TeV data in the rapidity range
2 < y(⌥) < 4.5 (black points). The fit PDF is superimposed (solid blue line). The ⌥(1S, 2S, 3S)
signal components, used to derive weights, are indicated with a long-dashed (red) line, and the
non-resonant background is marked with a short-dashed (grey) line.

Table 1: Results of the invariant mass fits, within each rapidity interval.

Parameter 2 < y < 4.5 2 < y < 3 3 < y < 3.5 3.5 < y < 4.5
⌥(1S, 2S, 3S) yield 382 ± 26 146 ± 16 133 ± 16 94 ± 14

⌥(1S) fraction 0.71 ± 0.03 0.74 ± 0.05 0.72 ± 0.06 0.68 ± 0.07
⌥(2S) fraction 0.18 ± 0.03 0.16 ± 0.04 0.15 ± 0.05 0.26 ± 0.06

⌥(1S) mass ( MeV/c2) 9452.5 ± 3.3 9453.2 ± 4.3 9452.4 ± 5.6 9452.0 ± 9.0

background and �b ! ⌥� feed-down decays. These contributions are indistinguishable in
the invariant mass distribution.

The probability density function (PDF) used to model each ⌥(nS) signal peak is a
Gaussian function with modified tails (a double-sided crystal ball function [21]). The mass
di↵erences for the ⌥(2S)�⌥(1S) and ⌥(3S)�⌥(1S) resonances are taken from Ref. [22].
The ratios of the ⌥(2S) and ⌥(3S) resolutions with respect to the ⌥(1S) are fixed to
the ratio of their masses with respect to the mass of the ⌥(1S), following the procedure
used in previous ⌥ measurements using LHCb data [23]. The parameters that govern the
shapes of the tails are taken from simulation, as is the resolution of the ⌥(1S) resonance,
which varies from 35 MeV/c2 to 57 MeV/c2 in the di↵erent rapidity ranges. The yields of
the signal components are all free to vary independently.

A background PDF accounting for the non-resonant background is modelled using an
exponential shape where the slope and normalisation are allowed to vary.

The data are fitted in the whole rapidity range and in bins of rapidity. The fit results
are given in Table 1 and the fit in the full rapidity range is shown between 9 GeV/c2 and
12 GeV/c2 in Fig. 2.
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Figure 4: Measurements of exclusive ⌥(1S) photoproduction compared to theoretical predictions.
In (a), the ⌥(1S) cross-section in bins of rapidity is shown, compared to LO and NLO predictions.
The LHCb measurements are indicated by black points with error bars for uncorrelated errors,
and solid rectangles indicating the total uncertainty. In (b), the photon-proton cross-sections
extracted from the LHCb results are indicated by black points, where the statistical and
systematic uncertainties are combined in quadrature. The entire W -region in which these LHCb
measurements are sensitive is indicated. Measurements made by H1 and ZEUS in the low-W
region are indicated by red and blue markers, respectively [4, 5, 7]. Predictions from Ref. [1] are
included, resulting from LO and NLO fits to exclusive J/ production data. The filled bands
indicate the theoretical uncertainties on the 7 TeV prediction and the solid lines indicate the
central values of the predictions for 8 TeV. In (b) predictions from Ref. [2] using di↵erent models
for the ⌥(1S) wave function are included, indicated by ‘bCGC’.

The absorptive corrections and photon fluxes are computed following Ref. [1].
The three bins of ⌥(1S) rapidity chosen in this analysis correspond to ranges of W

for the W+ and W� solutions. The contribution to the total cross-section from the W�
solutions is expected to be small and is therefore neglected. The dominant W+ solutions
are therefore estimated assuming that they dominate the cross-section, and are shown in
Fig. 4b. The magnitude of the theoretical prediction for the W� solutions is added as
a systematic uncertainty. The good agreement with the NLO prediction seen in Fig. 4a
is reproduced. The LHCb measurements probe a new kinematic region complementary
to that studied at HERA [4,5, 7], as seen in Fig. 4b, and discriminate between LO and
NLO predictions. In Fig. 4b, the LHCb data are also compared to the predictions given in
Ref. [2] using models conforming to the colour glass condensate (CGC) formalism [28] that
take into account the t-dependence of the di↵erential cross-section. All agree well with the
data. The solid (black) and dotted (blue) lines correspond to two di↵erent models for the
scalar part of the vector-meson wave function.
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Coherent Incoherent 

Vector Meson Photoproduction in UPC of PbPb

Efficient separation of coherent and 
incoherent thanks to HeRSCheL
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JHEP06(2023)146

J/ψ, 𝝍 𝟐𝑺  photoproduction in UPC

• Excellent separation between coherent and incoherent 
components, thanks to 
• HeRSCHeL
• High pT resolution – allows measurement of 
𝑑𝜎/𝑑𝑝! at LHC
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Comparison with theoretical models

JHEP06(2023)146

𝐽/𝜓 𝜓(2𝑆)

𝐽/𝜓 𝜓(2𝑆)

𝐽/𝜓 and 𝜓(2𝑆) : Comparison With Theory
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Comparison with:
- LO pQCD
- NLO pQCD
- Color-dipole models 
- Gluon saturation models
- Sub-nucleonic 

fluctuations



Comparison with theoretical models
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JHEP06(2023)146

𝐽/𝜓 and 𝜓(2𝑆) : Comparison With Theory
Comparison with:
- LO pQCD
- Color-dipole models 
- Gluon saturation models
- Sub-nucleonic 

fluctuations

Future measurements will 
help distinguish model 
predictions



𝜂 and 𝜂′ in pp and pPb

• Clear identification of 𝜂 and 𝜂′ via invariant mass reconstruction in pPb 
• 𝜂 reconstructed from 𝛾 pairs identified in ECAL (clusters 𝑝! > 500 MeV + isolated from charged tracks)
• 𝜂′ reconstructed from 𝜂 candidates (500 < 𝑀"" < 600 MeV ) and charged pion pairs
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Figure 2: Example reconstructed M(⇡+⇡�⌘) distributions in forward pPb collisions atp
sNN = 8.16 TeV with 2.5 < yc.m. < 3.5. Distributions are shown for (left) 3 < pT < 4GeV

and (right) 7 < pT < 10GeV. Fit results are overlaid, including the mixed event and correlated
combinatorial background templates. The lower panels show the background-subtracted mass
distributions with the fit results overlaid.

convert to an e+e� pair in the detector material upstream of the LHCb magnetic field
region [49]. These converted photons are reconstructed as pairs of tracks. The tag electron
must be matched to a cluster in the ECAL and identified as an electron, and the cluster
e�ciency is the fraction of probe electrons matched to an ECAL cluster. The photon
identification e�ciency is studied using ⇡0 decays to two photons, where one photon is
a converted photon. The ⇡0 yields are extracted using a maximum-likelihood fit to the
diphoton mass spectrum following Ref. [19]. The photon identification e�ciency is then
the fraction of ⇡0 mesons for which the ECAL photon passes the photon identification
criteria. The charged pion reconstruction and identification performance is studied using
a tag-and-probe method with K0

S decays to ⇡+⇡� pairs.
The ⌘ and ⌘0 di↵erential cross sections in pp collisions at 8.16 TeV are estimated

by interpolating between the measured pp cross sections at
p

s = 5.02 and 13 TeV.
The interpolation is performed independently in each pT interval. The cross section is
interpolated using the functional form �(

p
s) = a (

p
s)

b
. This procedure is found to give

the correct yields to within 1% in simulated pp collisions at
p

s = 8.16 TeV generated
using Pythia. A linear interpolation in

p
s is also considered and provides less accurate

results in simulation.

4 Systematic uncertainties

The systematic uncertainties are summarized in Table 1. The largest source of systematic
uncertainty for the ⌘ di↵erential cross section in most pT regions is the detector material
budget. The material budget is proportional to the photon conversion probability, and
uncertainties in the material budget lead to uncertainties in the photon reconstruction
e�ciency. The photon conversion probability has been measured with an uncertainty
of 4%. This uncertainty is fully correlated between photons, resulting in a constant 8%
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Figure 1: Example reconstructed M(��) distributions in forward pPb collisions atp
sNN = 8.16 TeV with 2.5 < yc.m. < 3.5. Distributions are shown for (left) 1.5 < pT < 1.6GeV

and (right) 3.0 < pT < 3.2GeV. Fit results are overlaid, including the mixed event and correlated
combinatorial background templates. The lower panels show the background-subtracted mass
distributions with the fit results overlaid.

of uncorrelated and correlated background models provides a good description of the
background in simulated samples of ⌘ meson decays.

The ⌘0 candidate mass M(⇡+⇡�⌘) is determined using a kinematic fit with the decay
vertex constrained to a PV and M(��) fixed to the world-average ⌘ meson mass [44]. Exam-
ple fits from pPb collisions with 2.5 < yc.m. < 3.5 for 3 < pT < 4 GeV and 7 < pT < 10 GeV
are shown in Fig. 2. The ⌘0 meson signal is modeled using two Gaussian functions with a
common mean. The widths of the two Gaussian functions and their relative contributions
to the signal peak are determined from fits to simulation. The results of fits to simulated
events are used to impose Gaussian constraints in the fits to data. The uncorrelated
combinatorial background is modeled using mixed-event combinations of dipion and ⌘ can-
didates. Correlated combinatorial background makes a much smaller relative contribution
to the ⌘0 mass spectra than to that of the ⌘ meson and is modeled using the functional
form of Eq. 3 with x = M(⇡+⇡�⌘) with n = 1, m0 = 900 MeV, and m1 = 1000 MeV.

The signal yields are corrected for the e↵ects of the detector response using simulation.
The correction factors ✏ are determined using an iterative unfolding procedure. First,
correction factors are calculated for each pT interval. Hagedorn functions are then fit to
the corrected pT spectra in data and the true pT spectra in simulation [48]. The ratio of
these distributions is used to weight the true signal pT spectrum in simulation so that
the true pT spectrum of the simulated data matches the pT spectrum of the corrected
data. The procedure is then repeated using the weighted simulated data sample. For the
⌘ meson spectra, the procedure consistently converges after three iterations. Since the
momenta of the ⌘0 candidates are carried partially by charged particles, these candidates
are reconstructed with better momentum resolution than the ⌘ candidates. Furthermore,
the ⌘0 measurement is performed in pT intervals that are much larger than the pT resolution.
Consequently, only one iteration is used to determine the ⌘0 correction factors.

The ⌘ and ⌘0 reconstruction e�ciencies are calibrated using data. The ECAL cluster
reconstruction e�ciency is measured using a tag-and-probe method with photons that

4

10.1103/PhysRevC.109.024907

https://doi.org/10.1103/PhysRevC.109.024907


𝜂 and 𝜂′ in pp and pPb

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

102 3 4 5 6 7 8 9
pT [GeV]

0.5

1.0

1.5

R
pP

b

LHCbp
sNN = 8.16 TeV

°4.0 < yc.m. < °3.0

¥

¥0
º0

102 3 4 5 6 7 8 9
pT [GeV]

0.5

1.0

1.5

R
pP

b

LHCbp
sNN = 8.16 TeV

2.5 < yc.m. < 3.5

¥

¥0
º0

Figure 4: Measured ⌘ and ⌘0 nuclear modification factors in the (top) backward and (bottom)
forward regions. Error bars show the statistical uncertainties, while the boxes show the systematic
uncertainties except for the uncertainty associated with the luminosity, which is fully correlated
between measurements. The luminosity uncertainty is shown as a dark gray shaded box. The ⌘
and ⌘0 results are compared to the ⇡0 data from Ref. [19].

changes in experimental conditions illustrates the universality of fragmentation functions
in hadron collisions. The values of C⌘/⇡0

from this study are lower than the universal
average, with C⌘/⇡0

decreasing as absolute rapidity increases and as
p

s(NN) decreases.
The ratio of the ⌘ meson fragmentation function to that of the ⇡0 meson di↵ers with the
fragmenting parton species, so the variation seen in this measurement can be explained
by changes in the flavor of produced partons due to the kinematic dependence of parton
distribution functions [56]. Furthermore, the ratio of fragmentation functions varies with
z, the momentum fraction of the parton carried by the fragmentation product. The data
presented here occupy an extreme kinematic regime and provide access to previously
unexplored combinations of z and initial-state parton densities. As a result, these data will
provide new constraints in future global analyses of the ⌘ meson fragmentation function.
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and ⌘0 results are compared to the ⇡0 data from Ref. [19].
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in hadron collisions. The values of C⌘/⇡0

from this study are lower than the universal
average, with C⌘/⇡0

decreasing as absolute rapidity increases and as
p

s(NN) decreases.
The ratio of the ⌘ meson fragmentation function to that of the ⇡0 meson di↵ers with the
fragmenting parton species, so the variation seen in this measurement can be explained
by changes in the flavor of produced partons due to the kinematic dependence of parton
distribution functions [56]. Furthermore, the ratio of fragmentation functions varies with
z, the momentum fraction of the parton carried by the fragmentation product. The data
presented here occupy an extreme kinematic regime and provide access to previously
unexplored combinations of z and initial-state parton densities. As a result, these data will
provide new constraints in future global analyses of the ⌘ meson fragmentation function.
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Backward: 𝑃𝑏 →	LHCb

Forward: p→LHCb

Nuclear modification for 𝜂 and 𝜂′ in the 
backward and forward directions
• Consistent with 𝜋! at both forward and 

backward rapidity
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Figure 5: Measured R⌘0

pPb/R
⌘
pPb 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 pT. The results are compared to
predictions from EPOS4 with and without QGP-like e↵ects. The shaded and hatched regions
show the statistical 68% confidence-level regions of the predictions.

Table 2: Measured C⌘/⇡0
for each data set and rapidity region. The first uncertainty is statistical

and the second is systematic. The systematic uncertainties are approximately 90% positively
correlated between data sets.

�4.0 < yc.m. < �3.0 2.5 < yc.m. < 3.5
5.02 TeV pp 0.344 ± 0.006 ± 0.040 0.371 ± 0.006 ± 0.045
13 TeV pp 0.385 ± 0.006 ± 0.050 0.407 ± 0.006 ± 0.052

8.16 TeV pPb 0.346 ± 0.004 ± 0.043 0.386 ± 0.004 ± 0.047

6 Summary

This article reports the ⌘ and ⌘0 meson di↵erential cross sections at forward and backward
rapidity in pp collisions at

p
s = 5.02 and 13 TeV, as well as in pPb collisions atp

sNN = 8.16 TeV collected by the LHCb experiment. This is the first study of ⌘ meson
production at forward and backward rapidity at the LHC and the first study of ⌘0

meson production in high-energy proton-ion collisions. The measured di↵erential cross
sections are compared to predictions from Pythia8 and EPOS4. Neither event generator
successfully describes the measurements for every data set and rapidity region. This
disagreement reflects a lack of previously available light-hadron production data at LHC
energies and forward rapidity.

The ⌘ meson di↵erential cross sections are used to calculate the ⌘/⇡0 cross section
ratio. The measured ⌘/⇡0 ratios show evidence of deviation from the universal behavior
observed at central rapidity. This deviation indicates that these data are sensitive to
the ⌘ fragmentation functions in a complementary kinematic regime to previous studies
of ⌘ production in hadron collisions. The ⌘ and ⌘0 nuclear modification factors are also
reported. The measured nuclear modification factors of the ⇡0, ⌘, and ⌘0 mesons all agree
at both forward and backward rapidity for pT > 3 GeV. These data provide limits on the
mass dependence of nuclear e↵ects such as radial flow in pPb collisions. Consequently,
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• Near future
• Tetraquark production in CEP through 𝐽/𝜓 + 𝜙 in pp events produced 

through 𝛾 + 𝛾, photoproduction, and double pomeron interactions
• Invariant mass spectrum of K+K- pairs from A+A UPC
• Needs theoretical input to identify scalar and tensor meson nonets 

and glueballs
• Further future
• 𝜙 photoproduction in A+A UPC
• Covers gluon density at lower Q2 and x than 𝐽/𝜓

• 𝜌" photoproduction in A+A UPC
• Unique coverage and precision 

Exciting NEW Results coming SOON!
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Future Upgrades : New HeRSCheL 

Possible upgrade dedicated to UPC & CEP:
- Replace radiation damaged scintillators.
- Add another station

Possible Future Upgrades: Renewed HeRSCHeL
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Future Upgrades : Magnet Station

• Instrument the internal magnet walls with a scintillator-based soft particle tracker
• Tracking for pT>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 

Future Upgrades : Magnet Stations
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Summary
• LHCb is a powerful detector for forward physics

• Software-based trigger
• Excellent particle identification
• Unique coverage (rapidity and low-pT)

• Recent new results
• Photoproduction in PbPb UPC
• Measurements of scalar mesons

• Results coming soon!
• First measurement of exclusive 𝑋 → 𝐽/𝜓𝜙 in pp collisions 
• UPC K+K- production
• Unique look at UPC 𝜌+ production 

• Upgrades on the horizon
• Potential future upgrades dedicated to forward physics program!

• Improved HerSCHeL for UPC and CEP measurements
• Even lower pT tracking via Magnet Stations
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Figure 2: Invariant dimuon mass spectrum for 7TeV and 8TeV data in the rapidity range
2 < y(⌥) < 4.5 (black points). The fit PDF is superimposed (solid blue line). The ⌥(1S, 2S, 3S)
signal components, used to derive weights, are indicated with a long-dashed (red) line, and the
non-resonant background is marked with a short-dashed (grey) line.

Table 1: Results of the invariant mass fits, within each rapidity interval.

Parameter 2 < y < 4.5 2 < y < 3 3 < y < 3.5 3.5 < y < 4.5
⌥(1S, 2S, 3S) yield 382 ± 26 146 ± 16 133 ± 16 94 ± 14

⌥(1S) fraction 0.71 ± 0.03 0.74 ± 0.05 0.72 ± 0.06 0.68 ± 0.07
⌥(2S) fraction 0.18 ± 0.03 0.16 ± 0.04 0.15 ± 0.05 0.26 ± 0.06

⌥(1S) mass ( MeV/c2) 9452.5 ± 3.3 9453.2 ± 4.3 9452.4 ± 5.6 9452.0 ± 9.0

background and �b ! ⌥� feed-down decays. These contributions are indistinguishable in
the invariant mass distribution.

The probability density function (PDF) used to model each ⌥(nS) signal peak is a
Gaussian function with modified tails (a double-sided crystal ball function [21]). The mass
di↵erences for the ⌥(2S)�⌥(1S) and ⌥(3S)�⌥(1S) resonances are taken from Ref. [22].
The ratios of the ⌥(2S) and ⌥(3S) resolutions with respect to the ⌥(1S) are fixed to
the ratio of their masses with respect to the mass of the ⌥(1S), following the procedure
used in previous ⌥ measurements using LHCb data [23]. The parameters that govern the
shapes of the tails are taken from simulation, as is the resolution of the ⌥(1S) resonance,
which varies from 35 MeV/c2 to 57 MeV/c2 in the di↵erent rapidity ranges. The yields of
the signal components are all free to vary independently.

A background PDF accounting for the non-resonant background is modelled using an
exponential shape where the slope and normalisation are allowed to vary.

The data are fitted in the whole rapidity range and in bins of rapidity. The fit results
are given in Table 1 and the fit in the full rapidity range is shown between 9 GeV/c2 and
12 GeV/c2 in Fig. 2.
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pPb/R
⌘
pPb 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 pT. The results are compared to
predictions from EPOS4 with and without QGP-like e↵ects. The shaded and hatched regions
show the statistical 68% confidence-level regions of the predictions.

Table 2: Measured C⌘/⇡0
for each data set and rapidity region. The first uncertainty is statistical

and the second is systematic. The systematic uncertainties are approximately 90% positively
correlated between data sets.

�4.0 < yc.m. < �3.0 2.5 < yc.m. < 3.5
5.02 TeV pp 0.344 ± 0.006 ± 0.040 0.371 ± 0.006 ± 0.045
13 TeV pp 0.385 ± 0.006 ± 0.050 0.407 ± 0.006 ± 0.052

8.16 TeV pPb 0.346 ± 0.004 ± 0.043 0.386 ± 0.004 ± 0.047

6 Summary

This article reports the ⌘ and ⌘0 meson di↵erential cross sections at forward and backward
rapidity in pp collisions at

p
s = 5.02 and 13 TeV, as well as in pPb collisions atp

sNN = 8.16 TeV collected by the LHCb experiment. This is the first study of ⌘ meson
production at forward and backward rapidity at the LHC and the first study of ⌘0

meson production in high-energy proton-ion collisions. The measured di↵erential cross
sections are compared to predictions from Pythia8 and EPOS4. Neither event generator
successfully describes the measurements for every data set and rapidity region. This
disagreement reflects a lack of previously available light-hadron production data at LHC
energies and forward rapidity.

The ⌘ meson di↵erential cross sections are used to calculate the ⌘/⇡0 cross section
ratio. The measured ⌘/⇡0 ratios show evidence of deviation from the universal behavior
observed at central rapidity. This deviation indicates that these data are sensitive to
the ⌘ fragmentation functions in a complementary kinematic regime to previous studies
of ⌘ production in hadron collisions. The ⌘ and ⌘0 nuclear modification factors are also
reported. The measured nuclear modification factors of the ⇡0, ⌘, and ⌘0 mesons all agree
at both forward and backward rapidity for pT > 3 GeV. These data provide limits on the
mass dependence of nuclear e↵ects such as radial flow in pPb collisions. Consequently,
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HeRSCheL Tagging & Discrimination 
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Comparison with previous results

Luminosity unc. 2015 : 13%

Comparison With Theory & Other Results
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