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Accessing low-x phenomena
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• : exchanged moments between interacting partons
• x: momentum fraction of the parton with respect to nucleus

Q2

Q2 ∼ m2 + p2
T, x ∼

Q
sNN

e−η

•LHCb coverage • Forward,   
• Backward, 

10−6 ≤ x ≤ 10−4

10−3 ≤ x ≤ 10−1

Unique acces to low-x physics

LHCb particular capabilities
• Charged and neutral hadron production at small-x
• Capability to study one system in a wide range of x values:

• Forward/Backward comparison
• Possible access to the saturation region Non-lineal dynamics→
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Figure 1: Kinematic coverage of LHCb and other experiments for pPb collisions in terms of the
fractional momentum, x, of the nucleon in the target and the squared parton-parton invariant
mass, Q

2. The kinematic range is taken from measurements of RpPb for charged particles
performed at the ALICE [8], CMS [9], ATLAS [11], BRAHMS [12], PHOBOS [14], PHENIX [13]
experiments. The saturation region is shown for Pb nuclei estimated from considerations in [4,5].

is ideal to observe saturation e↵ects.47

This note presents the measurement of prompt charged particle spectra in pPb collisions48

at
p

sNN = 5.02 TeV and in pp collisions at
p

s = 5 TeV. The pPb measurement covers a49

pseudo-rapidity range of �5.3 < ⌘cms < �2.5 and 1.6 < ⌘cms < 4.3, where ⌘cms represents50

the pseudo-rapidity measured in the nucleon-nucleon centre-of-mass system. The pp51

measurement spans over 2 < ⌘cms < 4.8. There is no previous determination of charged52

particle spectra in the mentioned pseudo-rapidity ranges in proton-lead collisions at53

the LHC and, therefore, this study will provide invaluable information for the tuning54

of Monte-Carlo generators. In addition, these measurements allow to make the first55

determination of the nuclear modification factor for charged particles at
p

sNN = 5 TeV in56

the �4.8 < ⌘cms < �2.5 and 2.0 < ⌘cms < 4.3 ranges, allowing to test CNM e↵ects down57

to x ⇠ 10�6.58
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How to probe low-  processes?x

3

• Instrumented to detect neutral/charged hadrons


• Excellent performance in  and  collisionspPb pp
Unique access to the 

saturation region with LHCb

• This talk  light hadron production measurements to tests of nuclear effects→
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• Lighter particles provide access to the lowest x

Q2 ∼ m2 + p2
T, x ∼ Q

sNN
e−η

: exchanged momentum between interacting 
partons

: momentum fraction of  parton

Q2

x Pb

- forward, 

- backward, 

10−6 ≲ x ≲ 10−4

10−3 ≲ x ≲ 10−1
p Pb pPb

forward

• LHCb 
coverage:

backward
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Low-x phenomena
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• QCD evolution with ln(1/x) is modeled by BFKL equations
• Due to unitarity, the saturation of gluon PDF’s is required Color Glass Condensate

QCD based effective field theory which includes:
• Linear BFKL evolution 
• Non-linear process; saturation

Ann.Rev.Nucl.Part.Sci.60:463-489,2010 
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Phys.Rev.D 103 (2021) 1, 014013 

• Nuclear effects can be measured with the nuclear modification factor:

RpPb(η, pT) =
1
A

d2σpPb(η, pT)/dpTdη
d2σpp(η, pT)/dpTdη

, A = 208

https://www.annualreviews.org/doi/10.1146/annurev.nucl.010909.083629
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.014013
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About LHCb
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The LHCb detector

 2

Single arm spectrometer fully instrumented in pseudorapidity range 2 < ! < 5

Unique in this range

❖ Excellent resolution down to pT~0.

❖ Excellent particle identification.

❖ Excellent primary vertex determination.

Samuel Belin samuel.belin@cern.ch 

LHCb experiment
• General purpose detector
• Single-arm fully instrumented spectrometer in 

• pp, pPb, PbPb and fixed target modes
• Momentum resolution: 

• Primary vertex resolution:  
• ECAL energy resolution: arXiv:2008.11556

 

η ∈ [2, 5]

Δp/p = 0.5 − 1 % , p ∈ [2, 200] GeV/c
∈ [10, 35] μm

13.5 % / E/GeV ⊕ 5.2% ⊕ (0.32 GeV)/E

JINST 3 (2008) S08005

https://arxiv.org/abs/2008.11556
http://dx.doi.org/10.1088/1748-0221/3/08/S08005
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Charged hadron production in pPb and pp
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Nuclear modification factor RpPb(η, pT) =
1
A

d2σpPb(η, pT)/dpTdη
d2σpp(η, pT)/dpTdη

, A = 208
PhysRevLett.128.142004

Prompt charged particles cross section

d2σ
dpTdη

=
1
ℒ

⋅
Nch(η, pT)

ΔpTΔη

 Prompt charged particle yield
: Integrated luminosity of the dataset

 Bin size

Nch :
ℒ
Δη, ΔpT :

Prompt charged particles
Mean proper lifetime, , larger than :

 
τ τ > 1 cm/c

π−, K−, p, Ξ−, Σ+, Σ−, Ω−, e−, μ−(+cc)
Produced in primary interaction or without long-lived ancestors

, Datasets:sNN = 5 TeV
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Charged hadron production in  and pPb pp
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arXiv:2108.13115

• Datasets at 


• Measure  in common  range 

sNN = 5 TeV

RpPb η

    
d2σ

dpTdη
pPb, pp

= 1
ℒ ⋅ Nch(η, pT)

ΔpTΔη

: prompt charged particle yieldNch

: bin sizeΔη, ΔpT
: integrated luminosity of the datasetℒ

Beam Acceptance Luminosity
pp 2 < ⌘ < 4.8 3.49± 0.07 nb�1

pPb 1.6 < ⌘ < 4.3 42.73± 0.98µb�1

Pbp �5.2 < ⌘ < �2.5 38.71± 0.97µb�1
<latexit sha1_base64="u+wrrd3HN/Lc0Tv0m7u/a/l27Xo="></latexit>

• Measure prompt charged particles:


• Long-lived charged particles:    
π−, K−, p, Ξ−, Σ+, Σ−, Ω−, e−, μ−(+cc.)

- long-lived particles (lifetime )

- produced in primary interaction or without 

long-lived ancestors

> 30 ps

Nuclear modification factor     ,      → RpPb(η, pT) = 1
A

d2σpPb(η, pT)/dpTdη
d2σpp(η, pT)/dpTdη

A = 208
Accepted by PRL

ALICE-PUBLIC-2017-005

2013

2015

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.142004
https://cds.cern.ch/record/2270008?ln=es
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•  : selected long tracks

• : signal purity

• : reconstruction efficiency

• : selection efficiency

Ncandidates

P

εreco

εsel

Charged hadron production in pPb and pp

7

•  measured with long tracks with:Nch

p > 2 GeV/c, 0.2 < pT < 8 GeV/c

Nch = Ncandidates P
εrecoεsel

Figure from JINST 10 (2015) 02, P02007 

Dominated by two systematic uncertainties:

• Particle fraction  abundance in pPb
• Tracking efficiency and purity in boundary  bins

(π, K, p)
(η, pT)

PhysRevLett.128.142004

2015 JINST 10 P02007

Figure 1. Tracking detectors and track types reconstructed by the track finding algorithms at LHCb.

In the simulation, pp collisions are generated using PYTHIA 6.4 [10] with a specific LHCb
configuration [11]. Decays of hadronic particles are described by EVTGEN [12], in which final
state radiation is generated using PHOTOS [13]. The interaction of the generated particles with
the detector and its response are implemented using the GEANT4 toolkit [14, 15] as described in
ref. [16]. Hit inefficiencies, e.g. due to dead channels, are typically in the range 1-2% and are in-
cluded in the simulation. Differences in the positioning of the sensors between data and simulation
are at the level of 0.5mm. Both effects have a negligible impact on the tracking efficiency. The
simulated events used in this study are required to contain at least one J/y ! µ+µ� decay.

Differences in the response of the detectors in simulation and data could potentially lead to
a different behaviour of the track reconstruction. The hit efficiencies have been measured in data
using tracks. For the different subdetectors, they range from 98-100%. Dead channels are included
in the simulation, using an average over the data taking period. From simulations it is known that
the (high) hit efficiency does not have any impact on the track reconstruction, as the algorithms have
been written to be robust against small hit inefficiencies. The size of the sensitive detector elements
are known very accurately and the positioning of the sensitive elements in the simulation is accurate
at the level of 0.5mm. Compared to the overall size of the tracking system, any inaccuracy at this
level has negligible impact on the acceptance of the detector.

3 Track reconstruction at LHCb

Owing to the design of the LHCb detector, which consists of tracking detectors mainly outside the
magnetic field, charged particle tracks are in approximation straight line segments in the upstream
part (VELO and TT) and in the downstream part (T stations). Figure 1 shows an overview of the
different track types defined in the LHCb reconstruction: VELO tracks, which have hits in the
VELO; upstream tracks, which have hits in the two upstream trackers; T tracks, which have hits in
the T stations; downstream tracks, which have hits in TT and the T stations; and long tracks, which
have hits in the VELO and the T stations. The latter tracks can additionally have hits in TT.

If a particle is reconstructed more than once, as different track types, only the track best suited
for analysis purposes is kept. Hereby, long tracks are preferred over any other track type, upstream
tracks are preferred over VELO tracks, and downstream tracks are preferred over T tracks. The

– 3 –

https://iopscience.iop.org/article/10.1088/1748-0221/10/02/P02007
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.142004
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Charged hadron production in pPb and pp
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• Also measurement at  for pp

• Down to very low 

sNN = 13 TeV

pT

d2σ
dpTdη

=
1
ℒ

⋅
Nch(η, pT)

ΔpTΔη

Prompt charged particles cross section results:
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PhysRevLett.128.142004

JHEP 01 (2022) 166

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.142004
https://link.springer.com/article/10.1007/JHEP01(2022)166
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Charged hadrons : ForwardRpPb
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• Nuclear modification factor results: RpPb(η, pT) =
1
A

d2σpPb(η, pT)/dpTdη
d2σpp(η, pT)/dpTdη

, A = 208

• Strong suppression   at forward and low 
• Growing up to 1 at high  
• High precision in comparison with theoretical calculations 

( ∼ 0.3) pT
pT

Models:
• EPPS16+DDS: JHEP09(2014)138
• CGC (LO):  PhysRevD.88.114020 

• CGC NLO: Better agrement arXiv:2112.06975 

PhysRevLett.128.142004
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• Nuclear modification factor:    RpPb(η, pT) = 1
A

d2σpPb(η, pT)/dpTdη
d2σpp(η, pT)/dpTdη

, A = 208

Charged hadrons : forward regionRpPb
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arXiv:2108.13115
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Models

- EPPS16+DDS: JHEP09(2014) 138


- CGC (LO): PR D88, 114020


✴CGC NLO: better agreement with data arXiv:2112.06975

Models:• Strong suppression at forward , down 
to  at low  and most forward 
rapidity


• Discrepancy at low  with CGC LO 
calculation

η
∼ 0.3 pT

pT

https://link.springer.com/article/10.1007/JHEP09(2014)138#citeas
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.114020
https://arxiv.org/abs/2112.06975
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.142004
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Models:
• EPPS16+DDS: JHEP09(2014)138

• Undervalues enhancement effect
• pQCD+MS: PR D88(2013) 054010    

• Multiple scattering effects
• Reproduces tendency at most backward region and pT > 2.5 GeV/c

• Enhancement at backwards, 
• Pseudo-rapidity dependent shape  
• No current model describe data

pT > 1.5 GeV/c

Charged hadrons : BackwardRpPb

10

PhysRevLett.128.142004
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• Nuclear modification factor:    RpPb(η, pT) = 1
A

d2σpPb(η, pT)/dpTdη
d2σpp(η, pT)/dpTdη

, A = 208

Charged hadrons : backward regionRpPb
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- EPPS16+DDS:

- does not reproduce enhancement


- pQCD+MS (MS = Multiple Scattering effects): 
- same calculation reproduces enhancement in 

 collisions at PHENIXAup PL B740(2015) 23

Models:

• Enhancement at backward for 
, as observed by 

PHENIX in 


• Observed a  dependence of the 
enhancement shape

pT > 1.5 GeV/c
Aup
η

JHEP09(2014) 138

PR D88(2013) 054010 PR C101 (2020) 034910

LHCb

https://link.springer.com/article/10.1007/JHEP09(2014)138#citeas
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.054010
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.142004
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expx expx

2.5−<η3.0<−LHCb,   <3.0η2.5<−LHCb,
3.0−<η3.5<−LHCb,   <3.5η3.0<−LHCb,
3.5−<η4.0<−LHCb,   <4.0η3.5<−LHCb,
4.0−<η4.5<−LHCb,   <4.3η4.0<−LHCb,
4.5−<η4.8<−LHCb,   <2.5η2.0<−LHCb,
0.3−<η1.3<−ALICE, <1.0η1.0<−CMS, 

Q2
exp ≡ m2 + p2

T and xexp ≡
Qexp

sNN
e−η • Approximations to 

•  the center of each bin
(x, Q2)

(η, pT)

• Continuous evolution of  with  between 
backward, central and forward region

• LHCb data expands the tendency in the
  phase space

RpPb xexp

(xexp, Q2
exp)

Charged hadrons: RpPb(xexp, Q2
exp)

11

• Averaged mass, m = 256 MeV

PhysRevLett.128.142004

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.142004
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Neutral pion production in pPb and pp

12

• Neutral pion production is important first step to perform direct photon measurements
• Particularly sensitive to cold nuclear matter (CNM) effects nuclear parton distribution functions (nPDFs) 
• First production measurement in forward and backward rapidities at LHC

→
π0

Kinematic coverage:
•
•  Both photons in the detector
•

1.5 < pT < 10.0 GeV/c
2.5 < η < 3.5 →
−4.0 < η < − 3.0

Data sets:
pPb and Pbp data at 

pp reference constructed with and interpolation between  and 

sNN = 8.16 TeV
sNN = 5 TeV sNN = 13 TeV

Technique:
• Reconstructing the neutral pion with one converted photon and one ECAL photon, 

Better momentum resolution than using only ECAL  
• Use  as cross-check and efficiency calibration

π0 → γcnvγcal →
π0 → γcalγcal

arXiv:2204.10608

Óscar Boente García 07/04/2022Studies of low-  phenomena at LHCbx

• New measurement of  production cross-section: 

- Disentangle effects from different hadrons  understand enhancement in backward

- Input to fragmentation functions (hadronization)

- Additional constrains to nPDFs and test of saturation effects

- Input needed for direct photon production measurement

π0

→

Neutral pion production in  and pPb pp

11

• Datasets:


-   and  data at 


-  reference constructed with  and  datasets

pPb Pbp 8.16 TeV
pp 5 13 TeV

• Detection technique fully independent from charged 
particle analysis:


- Measure 


✴ use  as cross-check and 
efficiency calibration

π0 → γcnvγcal

π0 → γcalγcal

1.5 < pT < 10.0 GeV/c

2.5 < ηCM < 3.5

−4.0 < ηCM < − 3.0

Kinematic coverage:   

 LHCb-PAPER-2021-053 
(in preparation)

https://arxiv.org/abs/2204.10608
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Neutral pion production in pPb and pp

13

•  yields extracted from binned maximum likelihood fits to di-photon mass spectra in bins of the  :
• Two-sided Crystal Ball:

• Tail parameters from MC
• Gaussian parameters are left free 

π0 π0 pT

Combinatorial background:
• Correlated: ’s are produced in a jet with other ’s
• Uncorrelated: Combining converted photons with 

ECAL photos from uncorrelated underlying event  

π0 π0

Bremsstrahlung: Combination of converted photons with bremsstrahlung radiation

Modeled using charged tracks from MC 

• Both background models are validated by fitting to only-background MC
• Data corrected by reconstruction efficiency and finite momentum resolution using MC

arXiv:2204.10608

https://arxiv.org/abs/2204.10608
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Neutral pion production in pPb and pp
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dσ
dpT

• Neutral pion cross-section result,

• Total uncertainty less than in most  intervals:
• Main systematic uncertainty sources: 

• Fit model and pp interpolation

6 % pT

π0
Table 1: Summary of relative uncertainties. The stated ranges give the minimum and maximum
value of the associated uncertainty across all pT bins and both ⌘CM bins. The d�/dpT ranges
cover the uncertainties for each of the pPb and pp samples. All sources of systematic uncertainty
are fully correlated across pT bins.

Source d�/dpT [%] RpPb [%]
Fit model 2.0–12.6 0.9–15.8
Unfolding 0.3–6.4 0.4–6.4
Interpolation � 0.9–4.5
Material 4.0 �
E�ciency 1.3–1.9 1.9–2.1
Luminosity 2.0–2.6 2.2–2.3
Total systematic 5.4–15.0 4.3–17.4
Statistical 1.0–9.6 1.4–9.1

cross sections have an additional 4% uncertainty due to uncertainties in the detector176

material budget. This uncertainty is fully correlated between datasets and cancels in the177

nuclear modification factor.178

The nuclear modification factors are presented in Fig. 3. The results show a Cronin-like179

enhancement at backward pseudorapidity and a strong suppression at forward pseudora-180

pidity. These measurements are compared to next-to-leading order pQCD calculations [47]181

using the EPPS16 [3] and nCTEQ15 [4] nPDF sets and the DSS14 ⇡0 fragmentation182

functions [48]. The nPDFs have been reweighted to incorporate LHCb D0 production183

data [49–51], resulting in much smaller uncertainties than calculations using the nominal184

EPPS16 and nCTEQ15 nPDFs [51]. The measurement uncertainties in the forward region185

are much smaller than the nPDF uncertainties, indicating that this measurement could186

provide powerful constraints on nPDFs at low x. In addition, the forward results present187

tension with the CGC calculation [52]. The enhancement in the backward direction188

between 2 and 4 GeV is larger than the enhancement predicted by the pQCD calcula-189

tion. This excess suggests that e↵ects not described by nPDFs may contribute to the190

enhancement.191

The ⇡0 modification factor is also compared to the charged-particle nuclear modification192

factor measured by LHCb in pPb collisions at
p

sNN = 5.02 TeV [15]. The forward193

⇡0 measurement agrees with the charged-particle measurement. The enhancement at194

backward ⌘CM is much smaller than the enhancement seen for charged particles at LHCb.195

Because the unidentified charged particle measurement includes heavier mesons and196

baryons, this ordering could indicate a mass-dependent enhancement consistent with197

radial flow or baryon enhancement from final state recombination [23]. Studies of protons198

and heavier unflavored mesons, such as ⌘ and ⌘0 mesons, could help di↵erentiate between199

these explanations.200

In conclusion, the ⇡0 nuclear modification factor is measured at forward and backward201

rapidities in pPb collisions at
p

sNN = 8.16 TeV. The measured nuclear modification factor202

has a total uncertainty of less than 6% in most bins, which will provide strong constraints203

on models of nuclear structure and particle production in heavy ion collisions. In particular,204

the forward measurement is sensitive to nPDFs for x as low as 10�6 and could provide205

useful constraints in future nPDF fits. Furthermore, the backward measurement shows206

6

arXiv:2204.10608

https://arxiv.org/abs/2204.10608
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Supplementary material for LHCb-PAPER-2021-053
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Figure A1: Forward results compared to pQCD predictions [1] using the EPPS16 [2] and

nCTEQ15 [3] nPDF sets, as well as a CGC calculation [4]. The data error bars show the

statistical uncertainties, while the open boxes show the pT-dependent systematic uncertainties.

The solid gray boxes show the overall normalization uncertainties from the luminosity estimate

and e�ciency correction factors.

Figure A2: Backward results compared to pQCD predictions [1] using the EPPS16 [2] and

nCTEQ15 [3] nPDF sets. The data error bars show the statistical uncertainties, while the open

boxes show the pT-dependent systematic uncertainties. The solid gray boxes show the overall

normalization uncertainties from the luminosity estimate and e�ciency correction factors.

A1

Neutral pion : ForwardRpPb

15

• Suppression down to 
• Compatible with charged hadron results

0.6

RpPb(pT) =
1
A

dσpPb/dpT

dσpp/dpT
, A = 208
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,
p

sNN = 5 TeV, 3.0 < �CM < 3.5

Figure A3: Forward results compared to charged-particle data from Ref. [5]. The data error

bars show the statistical uncertainties, while the open boxes show the pT-dependent systematic

uncertainties. The solid gray boxes show the overall normalization uncertainties from the

luminosity estimate and e�ciency correction factors. The vertical error bars on the charged

particle results show the combined systematic and statistical uncertainties.

Figure A4: Backward results compared to charged-particle data from Ref. [5]. The data error

bars show the statistical uncertainties, while the open boxes show the pT-dependent systematic

uncertainties. The solid gray boxes show the overall normalization uncertainties from the

luminosity estimate and e�ciency correction factors. The vertical error bars on the charged

particle results show the combined systematic and statistical uncertainties.

A2

arXiv:2204.10608

Comparing with theory

• CGC LO underestimates suppression, but follows the tendency
Phys. Rev. D 88, 114020

• In agreement with NLO pQCD nPDFs (reweighted with LHCb D0 data)
JHEP1710(2017)090  JHEP05(2020)037 

• Constrain nPDFs computation at low pT

https://arxiv.org/abs/2204.10608
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.114020
https://link.springer.com/article/10.1007/JHEP10(2017)090
https://link.springer.com/article/10.1007/JHEP05(2020)037
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Figure A5: Forward results compared to pQCD predictions [1] using versions of the EPPS16 [2]

and nCTEQ15 [3] nPDF sets that are reweighted to incorporate LHCb D0
production data [6,7],

as well as a CGC calculation [4]. The data error bars show the statistical uncertainties, while

the open boxes show the pT-dependent systematic uncertinaties. The solid gray boxes show

the overall normalization uncertainties from the luminosity estimate and e�ciency correction

factors.
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Figure A6: Backward results compared to pQCD predictions [1] using versions of the EPPS16 [2]

and nCTEQ15 [3] nPDF sets that are reweighted to incorporate LHCb D0
production data [6,7].

The data error bars show the statistical uncertainties, while the open boxes show the pT-dependent

systematic uncertainties. The solid gray boxes show the overall normalization uncertainties from

the luminosity estimate and e�ciency correction factors.

A3

Neutral pion : BackwardRpPb

16

RpPb(pT) =
1
A

dσpPb/dpT

dσpp/dpT
, A = 208

• Enhancement of production in pPb with respect to 
pp in backward region at intermediate Cronin-like enhancement ?
• Less pronounced than in charged particles:

• Mass-dependent enhancement consistent with
radial flow or baryon enhancement from final state recombination

π0

pT →

Comparing with theory
• Excess over reweighted nPDFs predictions: 

JHEP1710(2017)090  JHEP05(2020)037

• More contributions to enhancement ? 

Figure A3: Forward results compared to charged-particle data from Ref. [5]. The data error

bars show the statistical uncertainties, while the open boxes show the pT-dependent systematic

uncertainties. The solid gray boxes show the overall normalization uncertainties from the

luminosity estimate and e�ciency correction factors. The vertical error bars on the charged

particle results show the combined systematic and statistical uncertainties.
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Figure A4: Backward results compared to charged-particle data from Ref. [5]. The data error

bars show the statistical uncertainties, while the open boxes show the pT-dependent systematic

uncertainties. The solid gray boxes show the overall normalization uncertainties from the

luminosity estimate and e�ciency correction factors. The vertical error bars on the charged

particle results show the combined systematic and statistical uncertainties.

A2

arXiv:2204.10608

https://link.springer.com/article/10.1007/JHEP10(2017)090
https://link.springer.com/article/10.1007/JHEP05(2020)037
https://arxiv.org/abs/2204.10608
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Direct -hadron correlationsγ

Gluon saturation search in LHCb - Cesar da Silva 2

Gluon Probe : Inverse Compton

Gluon saturation search in LHCb - Cesar da Silva 4

Background Subtraction

• Boost Decision Tree for Isolated 
Photons

• Data driven subtraction of remaining 
background in the away-side peak

Gluon saturation search in LHCb - Cesar da Silva 2

Gluon Probe : Inverse Compton
• One of the most direct ways to access the gluon PDF
• Inverse Compton signal will show up as an away-side peak in -hadron correlations
• Minimal activity around the photon, isolated photon

γ

Boost Decision Tree for Isolated Photons

Compton or direct

Background:
• Neutral decays
• Fragmentation
• Bremsstrahlung
• Thermal

Gluon saturation search in LHCb - Cesar da Silva 3

Background Contributions

+Background

Ongoing work !
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Summary

18

• LHCb measurements provided unique access to low-x physics:
•Measurement of charged hadron production in pPb and pp collisions,

 PhysRevLett.128.142004 NEW PRL! 

•Measurement of  production in  pPb and pp collisions, arXiv:2204.10608 NEW!π0

Compatible results from different approach

• Precise data to:
• Constrain nPDF’s Better modeling nuclear effects
• Tune saturation models and non-lineal effects
• Understand enhancement in 

→

x ∼ 10−2

icorredo@cern.ch 

More LHCb results will come in the future Stay tuned→

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.142004
https://arxiv.org/abs/2204.10608
mailto:icorredo@cern.ch
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LHCb constrains in nPDFs

19

JHEP10(2017)090• Impact of LHCb measurements in the nNNPDFs arXiv:2201.12363
• From LHCb  production in pPb at  

• Important reduction of uncertainties down to . Specially gluon nPDFs

D0 sNN = 5 TeV
x ∼ 10−6
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EXTRA!

Using neural networks (NN)

of reweighting may di↵er from those obtained after a fit in those cases where the figure of merit used to
compute the weights is di↵erent from that used for fit minimisation. For instance, if the �2 function used for
reweighting does not account for the cross-section positivity and the A = 1 free-proton boundary condition
constraints as in Eq. (3.5).

4 Results

In this section we present the main results of this work, namely the nNNPDF3.0 global analysis of nuclear
PDFs. First of all, we discuss the key features of the variant of nNNPDF3.0 without the LHCb D-meson
data, and compare it with the nNNPDF2.0 reference. Second, we describe the outcome of the reweighting of
a nNNPDF3.0 prior set with the LHCb D-meson data, which defines the nNNPDF3.0 default determination,
and the resulting constraints on the nuclear modification factors. Third, we study the goodness-of-fit to
the new datasets incorporated in the present analysis and carry out representative comparisons with exper-
imental data. Fourth, we study the A-dependence of our results and assess the local statistical significance
of nuclear modifications. Finally, we compare the nNNPDF3.0 determination with two other global analyses
of nuclear PDFs, EPPS16 and nCTEQ15WZ+SIH.

The stability of nNNPDF3.0 with respect to methodological and dataset variations is then studied
in Sect. 5, while its implications for the ultra high-energy neutrino-nucleus interaction cross-sections are
quantified in Sect. 6. Furthermore, representative comparisons between the predictions from nNNPDF3.0
and experimental data from pPb collisions can be found in App. C.

4.1 The nNNPDF3.0 (no LHCb D) fit

We present first the main features of the nNNPDF3.0 variant that excludes the LHCb D meson data (from
both pp and pPb collisions), following the strategy indicated in Sect. 3. In the following, this variant is
denoted as nNNPDF3.0 (no LHCb D). This fit di↵ers from nNNPDF2.0 due to three main factors: i) the
significant number of new datasets involving D, Cu, and Pb targets, ii) the improved treatment of A = 1
free-proton PDF boundary condition, and iii) the automated optimisation of the model hyperparameters.

The comparison between the nNNPDF2.0 and nNNPDF3.0 (no LHCb D) fits is presented in Fig. 4.1 at
the level of lead PDFs and in Fig. 4.2 at the level of nuclear modification ratios, defined as

R(A)
f (x, Q) ⌘

f (N/A)(x, Q)
Z
Af (p)(x, Q) + (A�Z)

A f (n)(x, Q)
, (4.1)

where f (N/A), f (p), and f (n) indicate the PDFs of the average nucleon N bound in a nucleus with Z protons
and A � Z neutrons, the free-proton, and the free-neutron PDFs respectively, see App. A for an overview
of the conventions and notation used throughout this work. In both cases, the results display the 68% CL
uncertainties and are evaluated at Q = 10 GeV.

First of all, the two determinations are found to be consistent within uncertainties for all the nPDF
flavours in the full range of x for which experimental data is available. The qualitative behaviour of the
nuclear modification ratios defined in Eq. (4.1) is similar in the two determinations, with the strength of the
small-x shadowing being reduced (increased) in the quark (gluon) nPDFs in nNNPDF3.0 (no LHCb D) as
compared to the nNNPDF2.0 analysis. From Fig. 4.2, one also observes how the large-x behaviour of the
nuclear modification factors for the quark PDFs is similar in the two fits, while for the gluon one finds an

increase in the strength of anti-shadowing peaking at x ' 0.2. These di↵erences in R(A)
g reported between

nNNPDF3.0 (no LHCb D) and nNNPDF2.0 can be traced back to the constraints provided by the CMS
dijet cross-sections in pPb, which will be further discussed in Sect. 5.3. One also finds that uncertainties
in the small-x region, x

⇠
< 10�3, where neither of the two fits includes direct constraints, are increased in

nNNPDF3.0. This is a consequence of the improved implementation of the A = 1 proton PDF boundary
condition discussed in Sect. 3.2, as will be further studied in Sect. 5.1.

Furthermore, in the region where the bulk of experimental data on nuclear targets lies, x
⇠
> 10�3, the

uncertainties on the quark nPDFs of lead are also basically unchanged between the two analyses. The
impact of the new LHC W and Z production measurements in nNNPDF3.0 is mostly visible for the up and
down anti-quark PDFs, both in terms of a shift in the central values and of a moderate reduction of the
nPDF uncertainties. The increase in the central value of the total strangeness is related to the inclusion of
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https://link.springer.com/article/10.1007/JHEP10(2017)090
https://arxiv.org/abs/2201.12363

