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Unique kinematics in heavy-ion collider and fixed target mode Unique forward kinematics in heavy-ion collider mode
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I 2016 pPb run at Ô
sNN = 8.16 TeV:

- 109 minimum bias collisions in pPb and Pbp mode
- 34 nb≠1 in pPb+Pbp for heavy-flavour/other probes processed in HLT:
¥ 0.5 million J/Â in pPb, Pbp each

I Ion-ion: 10 µb≠1 PbPb and 0.4 µb≠1 XeXe
æ 2018 PbPb aiming for a factor 10 more

I heavy-ion and low-x with inclusive and exclusive production channels
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 pPb  target

Reminder on LHCb Fixed Target
LHCb as a fixed target experiment, thanks to the SMOG internal gas target

pA collisions at unique en-
ergy scale

p
sNN ⇠ 100 GeV

Unique coverage for (n)PDF
at large x

slide 2
pPb run (2016) at √sNN = 8.16 TeV: 
- 109 minimum bias collisions in pPb and Pbp mode 
- 34 nb−1 luminosity acquired (i.e.  ≈ 0.5 million J/ψ in 
pPb and Pbp each)  

︎Ion-ion:  

-10 μb−1 PbPb (2015) and 0.4 μb−1 XeXe → 2018 
PbPb a factor >20

Fixed target pp, pA, Pb-p or Pb 
A collisions at the poorly 
explored energy of √s ~ 100 GeV  
and high Bjorken-x

LHCb is a unique spectrometer in HEP due to its forward geometry
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D0 production in pPb collisions at 5.02 TeV

D0 production in pPb collisions at 5.02 TeV:
precision data

LHCb-PAPER-2017-015, JHEP 10 (2017) 090.
I strong suppression at forward rapidity, modification factor at backward

rapidity close to 1, increasing in most backward bins
I nuclear PDFs EPJC 77 (2017) & color glass condensate calculation PRD91 (2015)

no.11, 114005 accounting for observations
coherent energy-loss JHEP 1303 (2013) 122 qualitatively similar expectation

I assuming no other e�ect:
constraining nPDFs in unexplored area at low-x , see PRL 121, 052004 (2018)
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strong suppression wrt 
pp at forward rapidity 
(shadowing region)

increasing in the most 
backward bins         
(anti-shadowing region)

LHCb data already used to constrain nPDFs in the unexplored region at low-x              
(PRL 121 (2018) 052004)

JHEP 10 (2017) 090

Both cross section (left) and Nuclear Modification Factor (right) 
are fairly described by nPDFs and Color Glass Condensate 
calculations

HF are unique probes in HI collision: 

• mQ >> ΛQCD allows perturbative calculations 

• tprod << tQGP experiences the whole time evolution of the collision
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Λc production in pPb collisions at 5.02 TeV

�c production in pPb collisions at 5.02 TeV:
test of charm fragmentation
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I input for hadronisation phenomenology: crucial comparison with other
collision systems

I hadronisation pattern of cc̄ similar to model tuned to pp
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�c production in pPb collisions at 5.02 TeV:
test of charm fragmentation

]2c) [MeV/+π−Kp(m
2250 2300 2350

)2 c
C

an
di

da
te

s /
 (3

 M
eV

/

0

500

1000

1500

2000

2500

3000 data

total
+
cΛ

background
forward

=5 TeVNNsPb p
LHCb preliminary
(a)

))+
cΛ(IP

2χ(
10

log
4− 2− 0 2 4

C
an

di
da

te
s /

 0
.2

5

0

500

1000

1500

2000

2500

3000

3500

=5 TeVNNsPb p
LHCb preliminary

* < 4.0y1.5 < 
c <10 GeV/

T
p2 < (a)

forward

Data
Background
Prompt

b-from-+
cΛ

Fit

]c [GeV/
T
p

2 4 6 8 10

0
D/+ c

ΛR

0

0.2

0.4

0.6

EPS09LO
EPS09NLO
nCTEQ15
data

(a)

* < 4.0y1.5 < 
=5 TeVNNsPb p

LHCb preliminary

]c [GeV/
T
p

2 4 6 8 10
0

D/+ c
ΛR

0

0.2

0.4

0.6

EPS09LO
EPS09NLO
nCTEQ15
data

(d)

2.5−* < y4.5 < −
=5 TeVNNsPb p

LHCb preliminary

LHCb-PAPER-2018-021, in preparation.

I input for hadronisation phenomenology: crucial comparison with other
collision systems

I hadronisation pattern of cc̄ similar to model tuned to pp
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Λc 3-body decay: test of charm fragmentation 

In the ratio most of the nPDF uncertainties cancel out 

Important input for hadronization phenomenology: crucial comparison with other 
collision systems  

Hadronisation pattern of cc similar to model tuned to pp (R~0.3), same discrepancy 
high-pT and forward rapidity 

LHCb-Paper-2018-021, arXiv:1809.01404

_



Non-prompt J/Â production in pPb collisions at 8.16 TeV:
precision data on beauty
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LHCb-PAPER-2017-014, PLB 774 (2017) 159.

I suppression at forward rapidity, modification factor at backward rapidity
close to 1

I first precise b-production measurement in pPb down to 0 p T

I crucial input for PbPb phenomenology
I assuming no other e�ect:

constraining nPDFs in unexplored area at low-x , see PRL 121, 052004 (2018)
CERN LHC seminar 2018 Michael Winn, LHCb Collaboration 23/33
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J/ψ production in pPb collisions at 8.16 TeV
Prompt production

Prompt J/Â production in pPb collisions at 8.16 TeV:
precision nuclear modification

]2c [MeV/-µ+µM
3000 3050 3100 3150 3200

 )2 c
C

an
di

da
te

s /
 ( 

6 
M

eV
/

0

200

400

600

800

1000

1200 LHCb

p=8.16 TeV: PbNNs

c < 7 GeV/
T
p6 < 

3.5− < y*4.0 < −

 [ps]Zt
0 5 10

C
an

di
da

te
s /

 ( 
0.

15
 p

s )

1

10

210

310

410 LHCb

p=8.16 TeV: PbNNs

c < 7 GeV/
T
p6 < 

3.5− < y*4.0 < −

LHCb-PAPER-2017-014,PLB 774 (2017) 159.

I strong suppression at forward rapidity: increasing from 0.5 at lowest pT
reaching 1 at highest pT

I nuclear PDFs EPJC77 (2017) 1 & Color Glass Condensate calculations PRD91

(2015) no.11, 114005 accounting for observations
coherent energy-loss JHEP 1303 (2013) 122 accounting for rapidity dependence

I assuming no other e�ect:
constraining nPDFs in unexplored area at low-x , see PRL 121, 052004 (2018)
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Prompt J/Â production in pPb collisions at 8.16 TeV:
precision nuclear modification
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I strong suppression at forward rapidity: increasing from 0.5 at lowest pT
reaching 1 at highest pT

I nuclear PDFs EPJC77 (2017) 1 & Color Glass Condensate calculations PRD91

(2015) no.11, 114005 accounting for observations
coherent energy-loss JHEP 1303 (2013) 122 accounting for rapidity dependence

I assuming no other e�ect:
constraining nPDFs in unexplored area at low-x , see PRL 121, 052004 (2018)
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strong suppression at forward rapidity:                                                                        
increasing from 0.5 at lowest pT                                                     
reaching 1 at highest pT 

︎nPDFs & Color Glass Condensate calculations account for 
observations 

for rapidity dependence (not shown here) also the coherent 
energy-loss accounts for observation

Non-prompt production

PLB 774 (2017) 159

first precise b-production measurement in pPb 
down to pT~0 

︎suppression at forward rapidity, modification 
factor close to 1 at backward rapidity  

crucial input for the HI phenomenology︎ 

Very valuable constraint of nPDFs in unexplored area at low-x   (PRL 121, 052004 (2018)) 
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Figure 12: Ratio of ⌥ (1S) to nonprompt J/ cross-sections as a function of y⇤ integrated over
pT, for pPb and Pbp collisions.
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Υ(1S): suppressed forward, compatible with unity backward (within nPDF uncertainties)  

︎Υ(1S)/J/ψ-from-b similar in pp & in pPb/Pbp: 
→ naive approximate expectation in pure nuclear PDF & coherent energy-loss 
→ ‘additional’ suppression for the ground state seems limited 

Clean separation of the three nS states 

Υ(nS) in HI: probe of deconfinement
arXiv:1810:07655

9 10 11
310×

]2c) [GeV/−µ+µ(M
0

100

200

300

400

500

600

)2 c
C

an
di

da
te

s /
 (2

0 
M

eV
/ LHCb Pbp=8.16 TeV, NNs

)nS(ϒ
Background
Total

9 10 11
310×

]2c) [GeV/−µ+µ(M
0

100
200
300
400
500
600
700
800

)2 c
C

an
di

da
te

s /
 (2

0 
M

eV
/ LHCb p=8.16 TeV, PbNNs

)nS(ϒ
Background
Total

Figure 1: Invariant-mass distribution of µ+µ� pairs from the (left) pPb and (right) Pbp samples
after the trigger and o↵line selections.

In addition, the ratio of ⌥ (1S) to non-prompt J/ cross-sections in proton-lead collisions
is measured in the same way. The double ratio

R
⌥ (nS)/⌥ (1S)
(pPb|Pbp)/pp =

R(⌥ (nS))pPb|Pbp
R(⌥ (nS))pp

(5)

compares the ratio R(⌥ (nS)) in pPb or Pbp collisions to R(⌥ (nS)) in pp collisions.

4 Event selection

The candidates reconstructed in the trigger are further filtered by means of an o✏ine
selection. In the o↵line selection, muon tracks are required to have pT > 1GeV/c, to
be in the geometrical acceptance of the spectrometer (2.0 < ⌘ < 5.0), to satisfy PID
requirements, and to have a good track-fit quality. The dimuon invariant-mass distribution
of o↵line-selected candidates is shown in Fig. 1 for the pPb and Pbp samples.

The dimuon invariant-mass distribution is fitted with an exponential function for
the background and three separate peaking functions, each consisting of the sum of two
Crystal Ball functions [47] for the ⌥ (nS) peaks. The shape parameters of the double
Crystal Ball functions (n and ↵) are fixed to the values obtained in the simulation. The
yields of ⌥ (1S), ⌥ (2S), ⌥ (3S) mesons in the pPb and Pbp samples are summarised in
Table 1. The probability that the background can produce a fluctuation greater than or
equal to the excess observed in data is calculated as the local p-value. For the exponential-
background-only fits in the range of ±100MeV/c2 around the expected ⌥ (3S) mass peak,
the local p-values are below 10�13 in pPb sample and below 10�7 in Pbp sample.

4

Bottomonia in pPb@8 TeV arXiv:1810.07655, accepted by JHEP

Clean separation of three
nS states

“Comover” model predicts
large final-state effects,
larger for excited states
and in backward direction
Ferreiro and Lansberg, JHEP 10 (2018) 094

Patterns observed in data
support this picture. . .

Backward
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Figure 6: Nuclear modification factors of the (left) ⌥ (1S) and (right) ⌥ (2S) mesons as a function
of y⇤ integrated over pT for the forward and backward samples. The bands correspond to the
theoretical predictions for the nCTEQ15 and EPPS16 NNPDF sets, and the comovers model as
reported in the text.

function modification via EPS09 at leading order [6], and the nCTEQ15 set already
described.

The measurements and the calculations are shown in Figs. 6 and 7. For the ⌥ (1S) state
the nuclear modification factor is about 0.5 (0.8) at low pT in the forward (backward)
region, and is consistent with unity for pT larger than 10 GeV/c, as predicted by the
models. As a function of rapidity, RpPb is consistent with unity in the Pbp region at
negative |y⇤|, while a suppression is observed in the pPb region, where it averages around
0.7, consistent with the models analysed. The nuclear modification factor for ⌥ (2S) is
smaller than ⌥ (1S), which is consistent with the comovers models. The corresponding
numerical results can be found in Appendix C. The same trend as for the ⌥ (1S) state is
observed for the ⌥ (2S)state, although the suppression seems more pronounced for the
⌥ (2S)state, as already observed by other experiments [22], especially in the backward
region.

The forward-backward asymmetry is evaluated only for the ⌥ (1S) meson as a function
of pT and y⇤, see Fig. 8, whereas for the ⌥ (2S) meson it is integrated over both y⇤ and pT
as shown in Fig. 9. The corresponding numerical results can be found in Appendix D.3

The ratio of the cross-sections of ⌥ (2S) and ⌥ (1S) mesons as a function of pT,
integrated over y⇤, and as function of y⇤, integrated over pT, are shown in Fig. 10. The
corresponding numerical results can be found in Appendix E. The ratios confirmed a
larger suppression for the excited states with respect to the ground state observed in
proton-lead collisions compared to pp collisions [49]. For the ⌥ (3S) state, due to the
limited size of the data sample, only an integral ratio is measured. In the determination
of the ratio R(⌥ (nS)), most of the systematic uncertainties cancel, except that related to

3In the forward-backward ratio, the systematic uncertainty related to branching ratios cancels.

10

LHCb-PAPER-2018-035, arXiv:1810:07655

RpPb for  Υ(1S) RpPb for  Υ(2S)
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Figure 11: Double ratios for (left) ⌥ (2S) and (right) ⌥ (3S). The bands correspond to the
theoretical prediction for the comovers model as reported in the text.

Table 3: Ratio R(⌥ (nS)) in pp, pPb, and Pbp samples. The uncertainties are combinations of
statistical and systematical components.

Sample R(⌥ (2S)) R(⌥ (3S))
pp 2.0<y⇤ < 4.0 0.328± 0.004 0.137± 0.002
pp �4.5<y⇤ <�2.5 0.325± 0.004 0.137± 0.002

pPb 2.0<y⇤ < 4.0 0.282± 0.050 0.11± 0.02
Pbp �4.5<y⇤ <�2.5 0.296± 0.070 0.06± 0.02

8 Summary

The production of ⌥ (nS) states is studied in proton-lead collisions at
p
sNN = 8.16 TeV

using data collected by the LHCb detector in 2016. The cross-sections, nuclear modification
factors and forward-backward ratios are measured double-di↵erentially (⌥ (1S)) and single-
di↵erentially (⌥ (2S)). The ratios of the production cross-sections of the di↵erent ⌥ (nS)
states are also measured as functions of transverse momentum and rapidity in the nucleon-
nucleon centre-of-mass frame. The results are consistent with previous observations and
with the theoretical model calculations, indicating some suppression of ⌥ (nS) production
in proton-lead collisions, more pronounced for the excited ⌥ states.
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Patterns observed in data support the comover picture 

Its understanding is crucial for the correct interpretation of the QGP-induced sequential 
suppression observed in PbPb collisions (CMS arXiv:1805.09215) 

�(nS) suppression patterns in pPb and Pbp collisions atÔsNN = 8.16 TeV

LHCb preliminary LHCb-PAPER-2018-035, in preparation.

I additional suppression of excited states observed in inclusive collisions:
significant for �(3S) in Pbp

æ factorisation with respect to final state broken
I in qualitative agreement with models invoking late time interactions in

pPb/Pbp

PLB749 (2015) 98-103, NPA 943 (2015) 147-158, PRC 97, 014909 (2018)

I comprehensive understanding: ingredient for ion-ion collisions
æ upcoming prompt Â(2S) LHCb measurement at 8.16 TeV will
contribute

CERN LHC seminar 2018 Michael Winn, LHCb Collaboration 27/33

Comovers theory model predicts large final-
state effects, larger for excited states and in 
backward direction (JHEP 10 (2018) 094)

Additional suppression for exited 
states, in particular for (3S)

RpPb(Υ(2S))/RpPb(Υ(1S)) RpPb(Υ(3S))/RpPb(Υ(1S))

LHCb-PAPER-2018-035, arXiv:1810:07655
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•  Exclusive vector meson production via γ-pomeron scattering  

• ︎Sensitive to generalised gluon distributions for Bjorken-x ∈ 10-2 -10-5  

• For small qq at leading twist, leading ln(1/x), t→0: σ ∝ (gluon-PDF)2 

•  LHCb well suited for exclusive production studies with Pb-beams: resolution, 
PID & very forward detector (HerSCheL)  

Ultra-Peripheral PbPb collisions: 

γ-probe of the nucleus

_

Large cross-sections due to the large e.m. field (photon flux 
grows with Z2) of the 2 nuclei
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Figure 2: Distribution of log(p2T) of dimuon candidates after all requirements have been applied.

The orange line represents the fit to the data points; the blue line shows the coherent contribution

and the green (black) line shows the incoherent and feed-down (nonresonant) component. A fit is

performed to data using three di↵erent templates obtained from the STARlight event generator.

and selection e�ciencies.123

The e�ciency of the hardware trigger is determined from simulated events. It is124

compared to the e�ciency obtained with a data-driven method on a smaller data sample125

selected by independent triggers, and the di↵erence taken as systematic uncertainty.126

The e�ciency of the software stage trigger is cross-checked by an independent estimation127

in data. Here, events are selected with a di↵erent trigger requirement. The e�ciencies are128
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Figure 3: Di↵erential cross-section for coherent J/ production compared to di↵erent phe-

nomenological predictions. The LHCb measurements are shown as points, where inner and outer

error bars represent the statistical and the total uncertainties respectively.

6 Conclusions and prospects189

The coherent J/ production cross-section times branching fraction in PbPb collisions at190 p
sNN = 5TeV, corresponding to an integrated luminosity of about 10µb�1, is measured191

to be � = 5.3±0.2 (stat)±0.5 (syst)±0.7 (lumi)mb. The measurement uses J/ mesons192

reconstructed in the dimuon final state with reconstructed pT < 1GeV and 2.0 < y < 4.5,193

where muons are detected within the pseudorapidity region 2.0 < ⌘ < 4.5. The cross-194

section is also measured in five bins of J/ rapidity and the results are compared to195

predictions from di↵erent phenomenological models.196

There are ongoing studies to increase the pseudorapidity coverage by using the197

HeRSCheL forward shower counters [27]. The HeRSCheL counters were used in198

Ref. [21], resulting in lower backgrounds. A reduction of the incoherent background is199

expected after vetoing significant energy detected in HeRSCheL, as shown in Fig 4.200

Acknowledgements201

We express our gratitude to our colleagues in the CERN accelerator departments for the202

excellent performance of the LHC. We thank the technical and administrative sta↵ at the203

LHCb institutes. We acknowledge support from CERN and from the national agencies:204

CAPES, CNPq, FAPERJ and FINEP (Brazil); MOST and NSFC (China); CNRS/IN2P3205

(France); BMBF, DFG and MPG (Germany); INFN (Italy); NWO (Netherlands); MNiSW206

and NCN (Poland); MEN/IFA (Romania); MinES and FASO (Russia); MinECo (Spain);207

SNSF and SER (Switzerland); NASU (Ukraine); STFC (United Kingdom); NSF (USA).208

7

UPC for J/ψ in PbPb collisions at 5.02 TeV

Coherent (whole nucleus) J/ψ production can be well separated from incoherent (γ-nucleons) part 

Coherent photo production cross section sensitive to nPDF 

Covered rapidity range and precision can well constrain the models (2018 data taking gives a big 
boost) 

Mantysaari model without subnucleonic fluctuations disfavoured —> crucial input for HI

LHCb-CONF-2018-003



Prompt p̄-production in pHe collisions at ÔsNN = 110 GeV

LHCb-PAPER-2018-031, arXiv:1808.06127

I proton beam 1 hits He-gas pressure O(10≠7) mbar

I p̄ momentum: 12-110 GeV/c p̄ transverse momentum: 0.4-4 GeV/c

lower bound: RICH K≠-threshold

I prompt: excluding weak hyperon decays
I trigger: activity in scintillator + > 1 track at software stage
I event vertex: -700< z < 100 mm
I simulation: minimum bias EPOS LHC PRC 92, 034906 (2015)

CERN LHC seminar 2018 Michael Winn, LHCb Collaboration 7/33
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LHCb is the only experiment able to run both in 
collider and in fixed-target mode



SMOG, a successful idea and a pseudo-target
System for Measuring Overlap with Gas (SMOG) has been thought for precise luminosity 
measurements by beam gas imaging, but then it served as a “pseudo-target” producing 
interesting resultsSMOG: the LHCb internal gas target

The System for Measuring Overlap with Gas
(SMOG) allows to inject small amount of no-
ble gas (He, Ne, Ar, . . . ) inside the LHC
beam around (⇠ ±20 m) the LHCb collision
region
Expected pressure ⇠ 2⇥ 10�7 mbar

Originally conceived for the luminosity determination
with beam gas imaging JINST 9, (2014) P12005
Became the LHCb internal gas target for a rich and var-
ied fixed target physics program
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gas injection at 
the nominal IP

SMOG samples on tape
2012 First pilot runs with p and Pb beams on Neon
2015 Several data samples with He, Ne and Ar targets acquired during special runs (e.g. VdM

scans) with limited beam intensity and without interference with pp data taking
2016 Other special runs with helium gas
2017 First high-intensity SMOG run currently ongoing, with proton beam of nominal intensity

on Neon. Acquiring simultaneously beam-gas collision (when beam1 bunches cross the
detector without colliding) and beam-beam collisions for standard LHCb physics (up to 742
non colliding and 1094 colliding bunches)
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Data taking SMOG 2015-2017

!11
A very successful data taking just concluded
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Cosmic Antiprotons
Precision AMS-02 measurements of p/p ratio in 
cosmic rays at high energies is an indirect search 
for Dark Matter (PRL 117, 091103 (2016)) 

Data hint for a possible excess, and milder energy 
dependence than expected  

Prediction for p/p ratio from spallation of primary 
cosmic rays on interstellar medium (H and He) is 
presently limited by uncertainties on p production 
cross-sections 

• Large uncertainties (∼ factor 2) on cross-sections from models of hadronic 
interactions  

• Empirical parameterizations mostly based on SPS pp data, but no previous 
measurement of p production in p-He  

• Scaling violations at √sNN~100 GeV is poorly constrained

Inputs to Cosmic Ray Physics I

AMS02 results provide unprecedented accuracy for measurement of p/p ratio in cosmic rays
at high energies PRL 117, 091103 (2016)

hint for a possible excess, and milder en-
ergy dependence than expected
prediction for p/p ratio from spallation
of primary cosmic rays on intestellar
medium (H and He) is presently limited
by uncertainties on p production cross-
sections, particularly for p-He
no previous measurement of p production
in p-He, current predictions vary within a
factor 2
the LHC energy scale and LHCb +SMOG
are very well suited to perform this mea-
surement

Giesen et al., JCAP 1509, 023 (2015)
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The LHC energy scale and LHCb +SMOG is very well suited to this measurement
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Uncertainties are smaller than model 
spread 

EPOS+LHC_tuning underestimate the p-
production 

… but then the visible inelastic cross 
section is compatible with EPOS-LHC: 

      —> discrepancy: p yield/event  

!13

Natural pHe extensions: 

- inclusive p from hyperon decays  

-charged π,K,p spectra  

-√sNN=87 GeV data 
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Figure 3: Antiproton production cross-section per He nucleus as a function of momentum,
integrated over various pT regions. The data points are compared with predictions from
theoretical models. The uncertainties on the data points are uncorrelated only, while the shaded
area indicates the correlated uncertainty.
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EPOS+LHC

EPOS+LHC

EPOS+LHC

e↵ect of migration between kinematic bins due to resolution e↵ects is found to be negligible.
A major di↵erence between the fixed-target configuration and the standard pp-collision
data taking in LHCb is the extension of the luminous region. As a consequence, the result
is checked to be independent of zPV within the quoted uncertainty in all kinematic bins.
Furthermore, the results do not show any significant dependence on the time of data
taking.

The p production cross-section is determined in each kinematic bin from a sample of
33.7 million reconstructed pHe collisions, yielding 1.5 million antiprotons as determined
from the PID analysis. In Fig. 3, the results, integrated in di↵erent kinematic regions, are
compared with the prediction of several models: EPOS-LHC [19], the pre-LHC EPOS
version 1.99 [26], HIJING 1.38 [27], the QGSJET model II-04 [28] and its low-energy
extension QGSJETII-04m, motivated by p production in cosmic rays [29]. The results are
also compared with the PYTHIA6.4 [30] prediction for 2⇥ [�(pp ! pX) + �(pn ! pX)],
not including nuclear e↵ects. The shapes are well reproduced except at low rapidity, and
the absolute p yields deviate by up to a factor of two. Numerical values for the double-
di↵erential cross-section d2�/dp dpT in each kinematic bin are available in Appendix A.

The total yield of pHe inelastic collisions which are visible in LHCb is determined
from the yield of reconstructed primary vertices and is found to be compatible with
EPOS-LHC: �LHCb

vis /�EPOS�LHC
vis = 1.08± 0.07± 0.03, where the first uncertainty is due to

the luminosity and the second to the PV reconstruction e�ciency. The result indicates
that the significant excess of p production over the EPOS-LHC prediction, visible in
Fig. 3, is mostly due to the p multiplicity.

In summary, using a pHe collision data sample, corresponding to an integrated
luminosity of 0.5 nb�1, the LHCb collaboration has performed the first measurement of
antiproton production in pHe collisions. The precision is limited by systematic e↵ects
and is better than a relative 10% for most kinematic bins, well below the spread among
models describing p production in nuclear collisions. The energy scale,

p
sNN = 110GeV,

and the measured range of the antiproton kinematic spectrum are crucial for interpreting
the precise p cosmic ray measurements from the PAMELA and AMS-02 experiments by
improving the precision of the secondary p cosmic ray flux prediction [11, 31].
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Fundamental contribution able to 
shrink the background uncertainties in 

dark matter searches in space 

Phys. Rev. Lett. 121 (2018), 222001 (arXiv:1808.06127)
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Charm production in fixed targets Charm production in fixed targets
arXiv:1809.01404, subm. to PRL
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LHCb results in good agreement with NLO NRQCD fit (J/ψ, left) and NLO 
pQCD predictions (cc, right) and other measurements 

Submitted to PRL (arXiv:1810.07907)

D0J/ψ
First LHCb charm samples from:  

pHe@69 GeV (7.6 ± 0.5 nb-1) and 

pAr@110 GeV (few nb-1)
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Good agreement of phenomenological predictions with y*-shape, poor in pT (not 
shown here) … gluon dominance? 

HELAC-ONIA, designed and tuned for collider data, underestimate the J/ψ (D0) 
pHe-cross section by a factor 1.78 (1.44)

Submitted to PRL (arXiv:1810.07907)
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HELAC-ONIA does not contain 
intrinsic charm contribution  

No evidence for sizeable valence-
like intrinsic charm contribution 

-2.53 < y* < -1.73 

 0.17 < x2 < 0.37

Submitted to PRL (arXiv:1810.07907)
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Increase of the luminosity by up to 2 orders of magnitude using the same gas load as 
SMOG 

Injection of  

New Gas Feed System will give a strong improvement on the luminosity determination 

Well defined interaction region upstream the nominal IP: strong background reduction 
and also the possibility to run in parallel with pp collisions 

H2, D2, He, N2, O2, Ne, Ar, Kr, Xe

A real storage cell - SMOG2 - will 
be installed during the LHC LS2 
and start taking data from 2021

inside the LHC primary vacuum
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LHCb developed a lively and fast growing heavy-ion program, with 
very specific capabilities and unique acceptance at a hadron 
collider 

Much more data from Run 2 to be analyzed and substantial 
development of the program in the next future with an upgraded 
spectrometer and a real storage cell

Conclusions
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Heavy-Ion and Fixed-Target collisions at LHCb offer a 
unique opportunity for a laboratory for QCD and 

astroparticle in unexplored kinematic regions

Conclusions

LHCb developed a lively and fast growing heavy-ion program, with 
very specific capabilities and unique acceptance at a hadron 
collider 

Much more data from Run 2 to be analyzed and substantial 
development of the program in the next future with an upgraded 
spectrometer and a real storage cell

Pasquale Di Nezza


