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Fixed-target programme at LHCb: SMOG

Detached  in pHe at  p̄ sNN = 110 GeV

Good agreement with R. Vogt’s predictions with (1%) 
or without Intrinsic Charm contribution


The first measurement at SMOG of the  to  
ratio is in agreement with other results at small A

ψ(2S) J/ψ

• Depends strongly on pT

Production ratio  vs.  and y*J/ψ / D0 pT
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• Compatible with no dependence on rapidity

• Suppression of  bound states: measure charmonium together with the overall charm quark production 
• The production of  mesons reflects a large fraction of the overall charm quark production 
•   acts as a reference for studying quarkonium modification inside nuclear medium

cc̄
D0

D0

 and  in PbNe collisions at 68.5 GeVD0 J/ψ
LHCb-PAPER-2022-011

In preparation

preliminary preliminary

Fixed-target measurements at LHCb  are possible thanks to the 
SMOG device (System for Measuring the Overlap with Gas)


Injection of noble gases at a pressure of  mbar in the 
VELO


Conceived for precise luminosity measurements based on the 
beam-imaging  technique

O(10−7)

SMOG datasets and results

New results: 
• Charmonia production in pNe collisions at 68.5 GeV 
•  and  production in PbNe collisions at 68.5 GeV 
• Detached antiproton production in pHe collisions at 

110 GeV

J/ψ D0
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Previous SMOG results: 
‣ Charm production in pAr, pHe collisions 

‣ Prompt antiproton in pHe collisions at 
110 GeV

Phys. Rev. Lett. 122 (2019) 132002

Phys. Rev. Lett. 121 (2018) 222001

JINST 17 (2022) P02018

New technical publication: 
• A Neural-Network-defined Gaussian Mixture Model for PID with SMOG data 
• Centrality determination in heavy-ion collisions with the LHCb detector arXiv:2111.01607

JINST 17 (2022) P02018

New measurements in  
fixed-target collisions at LHCb

Frontiers in Nuclear and Hadronic Physics, Holderness (USA), August 7 - 12, 2022 

Shinichi Okamura, on behalf of the LHCb collaboration (sokamura@cern.ch)

Improve the interpretation of  suppression by 
measuring charmonium yields together with the 

 production 
 


 ratio strongly depends on   and no 
significant dependence on  [2]

cc̄

D0

σJ/ψ /σD0 pT
y*

The energy deposited in the EM calorimeter is 
used to determine the centrality classes 


No anomalous suppression that could indicate 
the formation of a deconfined medium 

Ncoll

and
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sNN = 68.5 pNe

J/ψ D0 sNN = 68.5
p sNN = 110

The uncertainties on the  production limit the interpretation of 
cosmic  data (AMS, PAMELA)  

Extend the first measurement of prompt  in pHe collisions at 
 GeV including contributions from detached  [3] 

The generators underestimate the  (anti-hyperon) contribution to 
the overall  production


Increased  contributions compared to data at   GeV 
 

Underestimation of detached  contribution in cosmic ray models

p̄
p̄

p̄
sNN = 110 p̄

Λ̄
p̄

H̄ sNN = 10

p̄

Physics opportunities [5] 

Intrinsic heavy-quark  

p-Gas collisions: nPDFs, gluon 
anti-shadowing at large x, CNM 
effects 

Pb-Gas collisions: QGP formation, 
rapidity scan at lower energy, 
quarkonium sequential suppression  

Input to astrophysics 

Rich and unique fixed-target research programme 
became possible during the LHC Run 2


Dedicated SMOG runs at LHCb, exploiting only the 
LHC non-colliding bunches


Previous SMOG results: first measurements of charm 
production in pNe and measurements of antiproton 
production in pHe
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Kinematic conditions for fixed-target collisions at LHC
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Complementarity is the key!

• Partial overlap with RHIC kinematics

• 12 GeV Jlab probes large-G at small HI

• EIC will mainly focus at small-G and large HI

J4 ≈
K
233
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JM =
6D
∗

5OJ 6D
∗ ~J> − J4 < -

In the fixed-target configuration
LHCb allows to cover mid-to-large J
at intermediate K4 and negative JM.

 and  in PbNe at J/ψ D0 sNN = 68.5 GeV

LHCb and 
SMOG 

Fixed-target kinematics

Backward to mid rapidity coverage in the c.m. frame


High-x of the nucleon target at intermediate 
corresponding to large and negative  

Poorly explored kinematic region


Q2

xF

The upgraded fixed-target: SMOG2
SMOG2: a storage cell, installed upstream of the VELO, 
and a new gas feed system (GFS) [4] 

Precise determination of the target density (luminosity) 
and increment of the gas density by up to two order of 
magnitude


More gas species including  and ,  and  in 
addition to noble gases


Run in parallel with collider mode, thanks to well 
displaced interaction regions and high tracking efficiency

H2 D2 N O2

Charmonium in pNe at sNN = 68.5 GeV

Cold Nuclear Matter effects (CNM) that can suppress 
charmonium production: nuclear absorption, comover 
scattering, and modification of the parton flux


HELAC-ONIA parametrisation underestimates the  
differential cross-section, as a function of  and  [1]

J/ψ
y* pT

• Depends strongly on pT

Production ratio  vs.  and y*J/ψ / D0 pT
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• Compatible with no dependence on rapidity

• Suppression of  bound states: measure charmonium together with the overall charm quark production 
• The production of  mesons reflects a large fraction of the overall charm quark production 
•   acts as a reference for studying quarkonium modification inside nuclear medium
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 and  in PbNe collisions at 68.5 GeVD0 J/ψ
LHCb-PAPER-2022-011

In preparation

preliminary preliminary

1 10 210
A

1

1.2

1.4

1.6

1.8

2

2.2

  [
%

]
ψ

J/
σ -

µ+
µ

→
ψ

J/
BR

(2
S)

ψ
σ -

µ+
µ

→
(2

S)
ψ

BR

LHCbNep = 68.5 GeV NNs
LHCb data

 = 29.1 GeVNNsNA51 p-p, d,  
 = 29.1 GeVNNsNA50 p-Be, Al, Cu, Ag, W,  

 = 27.4 GeVNNsNA50 p-Be, Al, Cu, Ag, W, Pb, 
 = 38.8 GeVNNsE771 p-Si  
 = 38.8 GeVNNsE789 p-Au  

210  [GeV]NNs

210

310

 X
) [

nb
/n

uc
le

on
]

ψ
 J

/
→

N
 

p(
σ

LHCb
Nep = 68.5 GeV NNs
Hep = 86.6 GeV NNs

other experiments

• Total  cross-section: extrapolation to full phase space using Pythia8+CT09MCS PDF, assuming forward-backward symmetry. 

•  shows a power-law dependency with the center-of-mass energy  

•  to  production ratio in good agreement with other proton-nucleus measurements at small values of target atomic mass 
number, A. 

• The first measurement of  to  production ratio with SMOG 

J/ψ
sNN

ψ(2S) J/ψ

ψ(2S) J/ψ
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Charmonia in pNe collisions at 68.5 GeV
LHCb-PAPER-2022-014

In preparation

preliminary preliminary

A

Exclusive 
• All considered generators significantly 

underestimate the  contribution to the 
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• Generators underestimate the anti-hyperon 

contribution to  production p

Exclusive / Inclusive 
• Well reproduced by EPOS-LHC 
• Mutual validation of the two complementary 

approaches

Detached antiproton in pHe collisions at 110 GeV
LHCb-PAPER-2022-006

In preparation

preliminarypreliminarypreliminary

• The results confirm an increased  contributions compared to  GeV 
• Indicate a sizable underestimation of detached  contribution in most hadronic production models used in cosmic ray physics

H sNN ∼ 10
p

RH̄ =
σ(pHe → H̄X → p̄X))

σ(pHe → p̄promptX)

Exclusive 
• All considered generators significantly 

underestimate the  contribution to the 
 production
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Detached antiproton in pHe collisions at 110 GeV
LHCb-PAPER-2022-006

In preparation

preliminarypreliminarypreliminary

• The results confirm an increased  contributions compared to  GeV 
• Indicate a sizable underestimation of detached  contribution in most hadronic production models used in cosmic ray physics

H sNN ∼ 10
p

RΛ̄ =
σ(pHe → Λ̄X → p̄π+X))

σ(pHe → p̄promptX)
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[4] LHCb collaboration, “LHCb SMOG Upgrade”, CERN-LHCC-2019-005, May 2019, https://cds.cern.ch/record/2673690/ 

[5] A. Bursche et al., “Physics opportunities with the fixed-target program of the LHCb experiment using an unpolarized gas 
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Figure 4: J/ /D0 ratio as a function of Ncoll. The fit with C 0 ⇥ hNcolli↵
0�1 on PbNe data

only, results in ↵0 = 0.82± 0.07. The error bars represent the quadratic sum of statistical and
uncorrelated systematic uncertainty while the boxes correspond to the correlated systematic
uncertainty.
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• Depends strongly on pT

Production ratio  vs.  and y*J/ψ / D0 pT
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• Compatible with no dependence on rapidity

• Suppression of  bound states: measure charmonium together with the overall charm quark production 
• The production of  mesons reflects a large fraction of the overall charm quark production 
•   acts as a reference for studying quarkonium modification inside nuclear medium
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