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Outline

--- LHCb experiment overview

--- Results discussed in this talk

Prompt charged particle production in pp and pPb

Nuclear modification factor of neutral pion production in pPb

Measurement of the Z boson production cross-section in pPb

--- Summary
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LHCb is a single arm spectrometer fully instrumented in the forward region (2.0<η<5.0)
Designed for heavy flavour physics and also exploited for general purpose physics

[Int. J. Mod. Phys. A 30, 1530022 (2015)]

VELO
~20μm IP resolution

Tracking (magnet)
0.4%-0.6% momentum resolution (0.2-100 GeV)

Muon
ε~97% for misID~2%

Collision

Rich
ε(k→k)~95% for (π→k)~5%

SMOG
Herschel
Forward counters
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Run 1 Run 2

Pb-Pb 2018

p-Pb 2016
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This talk



Murilo Santana Rangel (UFRJ) Diffraction and Low-x (24-30 September 2022)                                   6

→pp and pPb data at 5 TeV

→Prompt charged candidates (τ>0.3x10-10s)
Well reconstructed tracks (long): 
0.2 < pT < 8.0 GeV/c and p > 2 GeV/c
-4.8 < η < -2.5 (backward region)
2.0 < η < 4.8 (forward region)

→Nch: Number of charged candidates corrected (purity and efficiency) is used to calculate the double 
differential cross-section and the nuclear modification factor.

→Systematic uncertainties are dominated by:
tracking efficiencies (hadron vs muon)
particle composition in simulation

Prompt charged particle production
Phys.Rev.Lett. 128 (2022), 142004

JINST 10 (2015) P02007

https://doi.org/10.1103/PhysRevLett.128.142004
https://doi.org/10.1088/1748-0221/10/02/P02007
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Prompt charged particle production
Phys.Rev.Lett. 128 (2022), 142004

5 and 13 TeV results are consistent, showing 
an increase in the cross-section at 13 TeV of 
a factor 1 to 3, depending on pT

[JHEP 01 (2022) 166]

https://doi.org/10.1103/PhysRevLett.128.142004
https://link.springer.com/article/10.1007/JHEP01(2022)166
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Prompt charged particle production
Phys.Rev.Lett. 128 (2022), 142004

Models:

+ EPPS16+DDS
JHEP 09, 138 (2014) 

+ CGC
PRD 88, 114020 (2013)

+pQCD+MS
PRD 88, 054010 (2013)

No model can describe 
data in both regions

Strong suppression at forward rapidities and low pT / Enhancement at backward region

https://doi.org/10.1103/PhysRevLett.128.142004
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Prompt charged particle production
Phys.Rev.Lett. 128 (2022), 142004

Experimental proxies for x and Q2

Continuous evolution across experiments
ALICE [JHEP 11 (2018) 013]
and
CMS [JHEP 04 (2017) 039]

From small-x to large-x

Forward measurement probing unexplored x

https://doi.org/10.1103/PhysRevLett.128.142004
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→pPb data at 8.16 TeV 
→pp samples at 5 TeV and 13 TeV (8 TeV is constructed by interpolating both samples)

→π0(→γγ) candidates reconstructed with one ECAL and one converted photon

→π0(→γγ) yield is obtained using binned maximum likelihood
fits in each pT region.

Background: combinatorial background and photons 
that are combined with its own bremsstrahlung radiation
Signal: two-sided Crystal Ball function (tails fixed from
simulation)
 

Nuclear modification factor of neutral pion production in pPb
arXiv:2204.10608 (accepted in PRL)

ηCM = ηlab − 0.465

https://arxiv.org/pdf/2204.10608.pdf
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Systematic uncertainties are dominated by fit model and pp 
reference cross-section interpolation.

Nuclear modification factor of neutral pion production in pPb
arXiv:2204.10608 (accepted in PRL)

https://arxiv.org/pdf/2204.10608.pdf
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Backward:
- nPDF (reweigthed with LHCb D0 5TeV**) 
underestimates observed enhancement

- Less pronounced than the charged 
hadron results (mass dependence?)

nPDF: JHEP 05 (2020) 037
CGC: Phys. Rev. D88 (2013) 114020

Forward:
- CGC L0 shows similar trend but 
underestimates suppression

- nPDF (reweigthed with LHCb D0 5TeV**) 
agrees with data

-  compatible with charged hadron results.

Nuclear modification factor of neutral pion production in pPb
arXiv:2204.10608 (accepted in PRL)

**D0 measurement at 8.16 TeV provides 
further constraining [arXiv:2205.03936]

https://arxiv.org/pdf/2204.10608.pdf
http://arxiv.org/abs/2205.03936
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→ pPb data at 8.16 TeV 

→ Z(→μμ) candidates
2.0 < η(μ) < 4.5 and pT(μ) > 20 GeV and 60 < M(μμ) < 120 GeV

→ Background from heavy-flavor or mis-identification is found to be less than 0.3%
→ Systematic uncertainties dominated by efficiency (2.5%) and luminosity (2.5%)

Measurement of the Z boson production cross-section in pPb
arXiv:2204.10608 (accepted in JHEP)

https://arxiv.org/pdf/2204.10608.pdf
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→ Differential cross-section

                                                        , where

+ Forward region is better described by 
PowhegBOX calculations, but there is 
space for further model constraining.

+ Backward region is underestimated by 
predictions similar to 5 TeV analysis 
JHEP 09 (2014) 030

Measurement of the Z boson production cross-section in pPb
arXiv:2204.10608 (accepted in JHEP)

https://arxiv.org/pdf/2204.10608.pdf
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→ The ratio of the production cross-sections between forward and backward directions

→ The nuclear modifications are different for forward (small Bjorken-x) and backward (large Bjorken-x) rapidity.

RFB is found to be 0.78±0.10
Nuclear shadowing suppression at small-x 

Good agreement with the EPPS16 and nCTEQ15
Data provides constraining power (10-5 < x < 10-4)

Differential cross-sections show similar trends.

Measurement of the Z boson production cross-section in pPb
arXiv:2204.10608 (accepted in JHEP)

https://arxiv.org/pdf/2204.10608.pdf
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Summary

--- LHCb experiment collected data in pp/pPb collisions with unique coverage

--- We presented
Charged hadron production in pPb
First neutral pion production measurement in forward and backward rapidities
First measurement of the differential Z-boson production cross-section in the forward region

--- Measurements already can constrain models of different nuclear effects
Sample size limitation will be improved with Run3 data

--- Other measurements not shown can be found here

Thank you

https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary_IFT.html
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BACKUP
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Prompt charged particle production
Phys.Rev.Lett. 128 (2022), 142004

https://doi.org/10.1103/PhysRevLett.128.142004
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Nuclear modification factor of neutral pion production in pPb
arXiv:2204.10608

https://arxiv.org/pdf/2204.10608.pdf
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**D0 measurement at 8.16 TeV provides further constraining [arXiv:2205.03936]

http://arxiv.org/abs/2205.03936
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Measurement of the Z boson production cross-section in pPb
arXiv:2204.10608

https://arxiv.org/pdf/2204.10608.pdf
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Measurement of the Z boson production cross-section in pPb
arXiv:2204.10608

https://arxiv.org/pdf/2204.10608.pdf
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Measurement of the Z boson production cross-section in pPb
arXiv:2204.10608

https://arxiv.org/pdf/2204.10608.pdf
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Measurement of the Z boson production cross-section in pPb
arXiv:2204.10608

https://arxiv.org/pdf/2204.10608.pdf
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The gas target upgrade - SMOG2
LHCC-2019-0051/LHCb TDR 20

o 20cm long storage cell, 5mm radius around 
the beam, just upstream the VELO
o possibly inject other gases
o Up to x100 higher gas density with same gas 
flow of current SMOG
o Faster switch between gas species

http://cdsweb.cern.ch/record/2673690
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LHCb Upgrade I
CERN-LHCC-2012-007

New VELO 
(Pixel Detector)

UT 
(new silicon tracker)

SciFi 
(new scintillating fibre tracker)

New mirrors and 
photon detectors

New readout electronics 
for the entire detector
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http://cds.cern.ch/record/1443882?ln=en
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LHCB-PUB-2014-027

 ❈ Increase instantaneous luminosity: 
4 × 1032 → 2 × 1033 cm-2 s-1

 ❈ Replacement of tracking detectors
  ♯ finer granularity to cope with higher particle density
  ♯ new front-end electronics compatible with 30 MHz 
readout

 ❈ Remove hardware trigger stage and operate software 
trigger at 30 MHz input rate with 5 x more pileup than Run 2.

 ❈ Prospects for integrated luminosity for heavy-ion
PbPb 0.5/nb
pPb 150/nb

LHCb Upgrade I
CERN-LHCC-2012-007

http://cds.cern.ch/record/1670985
http://cds.cern.ch/record/1443882?ln=en
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