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LHCb in fixed-target configuration
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Key feature: the SMOG system
“Fixed-target like” geometry very well suited for. . . fixed-target physics!

The System for Measuring Overlap with Gas (SMOG) al-
lows to inject small amount of noble gas in the LHC beam
pipe around (⇠ ±20 m) the LHCb collision region.
Turns LHCb into a fixed-target experiment!
Possible targets: He, Ne, Ar, and more in the future
Typical pressure ⇠ 2 ⇥ 10�7 mbar
Ë luminosity up to 1030cm�2s�1

Collisions at
p
sNN =

p
2EbeamMp

41-110 GeV for Ebeam = 0.9 � 6.5 TeV
Ë relative unexplored energy scale between SPS
and LHC experiments
at

p
sNN = 110 GeV, c.m. rapidity is

�2.8 < y⇤ < 0.2 backward detector with
access to large x value in target nucleon,
for different nuclear targets
Ë study nPDF in antishadowing/EMC region,
possible intrinsic heavy quark content in
nucleons

G. Graziani slide 5 Kruger 2018

• One-arm spectrometer at LHC fully 
instrumented in 


• Unique fixed-target configuration at LHC:

- Gas injection into LHC primary vacuum 

thanks to SMOG system


- Circulating LHC beams produce  or  
collisions


- Achieve collisions at  

✴ Relatively unexplored energy range


- Covers  in center-of-mass 
system

2 < η < 5

pA PbA

sNN ∼ 100 GeV

−2.5 ≲ y* < 0

Samples collected in during Run 2:

LHCb Run 1/2 detector: JINST 3, S08005 (2010), 
Int.J.Mod.Phys.A 30 (2015) 07, 1530022

LHCb Upgrade I (Run 3): JINST 19 (2024) P05065

Beam-gas 
interaction profile

https://doi.org/10.1088/1748-0221/3/08/S08005
https://doi.org/10.1142/S0217751X15300227
https://doi.org/10.1088/1748-0221/19/05/P05065
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• Open charm: produced at early stage of the 
collision  Access nuclear parton structure


• Probing Bjorken- :

- Significant valence quark contribution   

test charm hadronisation mechanisms

- Medium dependence

- Probe intrinsic charm in the nucleon


• Most recent open-charm measurement with 
largest Run 2 sample of  collisions: 

→
x ≈ 0.02 − 0.3

→

pNe
ℒpNe = 21.7 ± 1.4 nb−1

Probing nuclear structure with charm
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 D0 → K−π+

EPJ C83 (2023) 6, 541

 D0 → K+π−

https://doi.org/10.1140/epjc/s10052-023-11641-5
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Open charm production and asymmetry
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• Measure production and ,  production asymmetry


- Probe of charm hadronization in the high-  region  , 


• Vogt predictions including and excluding intrinsic charm (IC)


• MS prediction including IC and recombination with valence quark


• More statistics is needed for double-differential measurements
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𝒜prod =
Ycorr(D0) − Ycorr(D0)
Ycorr(D0) + Ycorr(D0)

LHCb data: EPJ C83 (2023) 6, 541

PHSD: PRC 96 (2017) 014905 FONLL: PRL 95 (2005) 122001 

Increasing x

http://www.apple.com/uk
http://www.apple.com/uk
https://doi.org/10.1140/epjc/s10052-023-11641-5
https://doi.org/10.1103/PhysRevC.96.014905
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.95.122001
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Quarkonium production in medium
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• Quarkonium dissociation in Quark Gluon Plasma (QGP):

- Need to measure full spectra of charmonia states 

( ) to correlate with feed-down 
contributions


• Charmonia recombination: expected at LHC energies and at 
low , competes with dissociation

J/ψ → χc → ψ(2S)

pT

• Non-QGP nuclear effects also play a role, also 
expected in medium-size systems:

- Initial and final-state effects

- Excited-to-ground state suppression observed in 

medium size systems (proton-nucleus)

✴ Final-state effects? Nuclear absorption, comover 

interaction or hot medium hypothesis

Kara Mattioli (LLR/CNRS)

Motivation: Quarkonia “melting” as a 
signature of QGP (2/2)

J/ψ “recombination” in a QGP

c

c

c

c

c
c

Individual c and c quarks can also recombine to form charmonium bound states as the 
temperature of the QGP medium cools, which partly counteracts the suppression from 
melting
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The observable we use to measure the suppression 
of particles in PbPb compared to pp collisions is 
the nuclear modification factor, RAA:

high Npart:  
head-on “central” 

collisions, where the 
most QGP is formed

low Npart: 
“peripheral”

collisions, where less 
QGP is formed

x-axis: # of particles participating 
in the collision

< 1: J/ψ suppression in PbPb 

J/ψ yield in PbPb
J/ψ yield in pp x Avg. # of interactions 

in PbPb
RAA (J/ψ)= 

PLB 766 (2017) 212-224

Recombination in QGP Dissociation in QGP 

Breakup due to co-moving 
particles

c c

c

c

Nuclear absorption
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•  in  and  collisions 
at 


•  ratio: key probe of final-state effects:

- Limited by statistical uncertainties in , 

unreachable in  with Run 2 data


•  production ratio in  and :

- Used  as a proxy of total charm cross-section

- Significant  dependence  experiences 

additional nuclear effects with respect to 

J/ψ, ψ(2S) → μ+μ− pNe PbNe
sNN = 68.5 GeV

ψ(2S)/J/ψ
pNe

PbNe
J/ψ /D0 pNe PbNe

D0

pT → J/ψ
D0

Quarkonia in  and  collisionspNe PbNe

6

1 10 210
A

0.8

1

1.2

1.4

1.6

1.8

2

2.2  [
%

]
ψ

J/
σ

(2
S)

ψ
σ  × 

-
µ+

µ
→

ψ
J/B

-
µ+

µ
→

(2
S)

ψB

LHCb

 = 68.5 GeVNNsNe  pLHCb 
 = 29.1 GeVNNsd  p, ppNA51 

 = 29.1 GeVNNsW  pAg, pCu, pAl, pBe, pNA50 
 = 27.4 GeVNNsPb  pW, pAg, pCu, pAl, pBe, pNA50 

 = 38.8 GeVNNsSi  pE771 
 = 38.8 GeVNNsAu  pE789 

0 2 4 6 8
 [GeV/c]

T
p

0

0.01

0.02

0.03

0.04 0
D
σ/

ψ
J/
σ

LHCb

 [-2.29,0]∈*y

Nep = 68.5 GeV NNs
Stat. + uncorr. syst.

Correlated

0 2 4 6 8
]c [GeV/

T
p

0

5

10

15

20

25

30

35

40
3−10×

0
D
σ/

ψ
J/
σ

LHCb = 68.5 GeV PbNeNNs
Stat. + uncorr. syst.
Correlated

 [-2.29,0]∈*y

  ratio:ψ(2S)/J/ψ

: Eur.Phys.J.C 83 (2023) 7, 625

: Eur. Phys. J. C83 (2023) 658

pNe
PbNe

  ratio:J/ψ /D0

https://doi.org/10.1140/epjc/s10052-023-11608-6
https://doi.org/10.1140/epjc/s10052-023-11674-w
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1 10 210
collN
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D
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 0.05±' = 0.76 α

 ratio in  collisionsJ/ψ/D0 PbNe
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Eur. Phys. J. C83 (2023) 658

• Assuming:  and :





•  experiences additional nuclear effects with respect to 

-   is compatible with NA50 values from proton-nucleus collisions (PLB 410 (1997) 337)


• Ratio with respect to   does not show within current precision indications of anomalous 
suppression in  
- Larger luminosities and larger system size are needed!

σAB
D0 = σpp

D0 × AB σAB
J/ψ = σpp

J/ψ × ABα

σAB
J/ψ

σAB
D0

=
σpp

J/ψ

σpp
D0

× ABα−1 = C × ABα−1

α < 1 ⟹ J/ψ D0

α
⟨Ncoll⟩

PbNe

 (functional form expected from 
nuclear absorption)

10 210 310
AB

2−10

0
D
σ/

ψ
J/
σ

LHCb  = 68.5 GeVNNs
Nep
PbNe

 0.04± = 0.86 α

: beam nuclear mass number

: target nuclear mass number

A
B

https://doi.org/10.1140/epjc/s10052-023-11674-w
http://dx.doi.org/10.1016/S0370-2693(97)00915-5
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SMOG2: high-density gas target for Run 3
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arXiv:2305.10515 
• New fixed-target device SMOG2


- storage cell, increase effective luminosity with the 
same gas flow in a  wide region


- gain in luminosity up to  factor


• Possibility to inject new gases:   (  reference), 
 (isospin violation),  and larger nuclei ( , ) 


• Fast switch between gases, can be done during 
LHC operation

20 cm
× 100

H2 RAB
D2 O2 Kr Xe

SMOG2 cellLHC beam

VELO 

(VErtex LOcator)

arXiv:2407.14200

 z

 x

Proton beam direction

z ∈ [−541, − 341] mm

Transversal view of the LHCb interaction region

SMOG2 location
z ≈ 0

More SMOG2 details in poster by F. Fabiano 

https://arxiv.org/abs/2305.10515
https://arxiv.org/abs/2407.14200
https://indico.cern.ch/event/1339555/contributions/6040965/
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Two independent interaction regions
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• Separate beam-beam and beam-gas 
interaction regions

- Enables simultaneous data-taking with 

- Massive increase in luminosity in fixed-

target configuration 

• Precise luminosity determination: direct 
control of the gas density in storage cell 

- Aiming for  systematic uncertainty

pp

< 2 %

Table 2: Expected yields of reconstructed events for selected processes using fixed-target data
samples acquired with SMOG during the LHC Run 2, and possible with SMOG2 during Run 3
(using as an example the pAr sample according to the scenario in Table 1).

SMOG SMOG SMOG2
published result largest sample example
pHe@87 GeV pNe@69 GeV pAr@115 GeV

Integrated luminosity 7.6 nb�1
⇠ 100 nb�1

⇠ 45 pb�1

syst. error on J/ x-sec. 7% 6 - 7% 2 - 3 %
J/ yield 400 15k 15M
D0 yield 2000 100k 150M
⇤+

c yield 20 1k 1.5M
 (2S) yield negl. 150 150k
⌥ (1S) yield negl. 4 7k
Low-mass Drell-Yan yield negl. 5 9k
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Figure 9: Expected reconstructed pT spectrum for J/ in pAr collisions, using 45 pb�1 of
SMOG2 data. Error bars, barely visible, represent the statistical uncertainties.

at 7 TeV [59], scaling the pp cross-section by a factor 0.008 calculated by means of
PYTHIA8 [60], and assuming a nuclear absorption factor of 0.6.

Production of Drell-Yan muon pairs can be measured in LHCb above the J/ mass, as
demonstrated in pp collisions [61], and gives access to the sea quark PDFs. The fixed-target
LHCb configuration allows a substantial increase of the kinematic reach with respect to
past fixed-target experiments, as shown in Figure 10. As a benchmark, we consider the
production cross-section for di-muon masses between 5 and 9 GeV/c2 in pAr collisions,
requiring muons to have momentum above 10 GeV and pT above 3 GeV. The cross-section
has been measured to be about 300 pb for pp collisions at 7 TeV in Ref. [61]. Assuming
the same experimental e�ciency and scaling the pp production cross-section by a factor
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Possible scenario for 3 year data-taking, 
from LHCb-PUB-2018-015

arXiv:2407.14200  position of primary vertices in a beam-beam bunch crossing:z

http://cds.cern.ch/record/2649878/files/LHCb-PUB-2018-015.pdf
https://arxiv.org/abs/2407.14200
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 collisions from the 2023 ion runPbAr
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• 2023 was a challenging year, LHC incident at VELO (vertex detector) 
vacuum:

- VELO and gas-storage cell remained open  gas pressure at Run 2 

levels, reduced tracking acceptance


• VELO issue successfully fixed and ready now for 2024  run


• Used 2023 run to evaluate performances of new tracking system at 
higher detector occupancies of  collisions:

- Able to reconstruct tracks down to most central  collisions

→

PbAr

PbAr
PbAr

Data from 40 mins of data-taking:
2023 Global Event Cut

30% − 0 %

LHCb-FIGURE-2023-030

NEW!
NEW!

 Ne

 Ar

 Pb

 Pb

→

→

 A = 20

 A = 40

https://cds.cern.ch/record/2883088
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Centrality in  and  collisionsPbNe PbAr
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LHCb-FIGURE-2023-030

 in Run 2PbNe
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Expect to reach an 
 with Ncoll ≈ 350 PbAr

 in 2023PbAr

• ECAL energy used to determine centrality at LHCb


• Maximum ECAL energy reach increased of a factor x2 
with  collisions with respect to PbAr PbNe

, PbNe sNN = 69 GeV

, PbNe sNN = 69 GeV

NEW!

https://cds.cern.ch/record/2883088
http://10.1088/1748-0221/17/05/P05009


Óscar Boente García Charm production in LHCb fixed-target mode 23/09/2024

Studying quarkonia in QGP in PbAr
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EPJC 39, (2005) 335-345 
PRL 94, 082301 (2005) 

Unique setup to probe and 
understand quarkonia 

dissociation in the QGP

• Central  collisions reach an energy density 
close to that of SPS fixed-target experiments 

 first indication of “anomalous” suppression

PbAr

→

σ5.5 TeV
cc ≈ 10 × σ200 GeV

cc ≈ 100 × σ70 GeV
cc ≈ 1000 × σ20 GeV

cc

- Larger statistics from SMOG2 and improved 
tracking efficiency with respect to Run 2


- Baseline from  and  collisions 


- Expect no significant charm recombination

(At , only 1  pair produced per collision)

pH2 pAr

sNN = 70.6 GeV cc

https://link.springer.com/article/10.1140/epjc/s2004-02107-9
https://doi.org/10.1103/PhysRevLett.94.082301
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• LHCb approaching nominal conditions:

- VELO fully closed, and all sub-detectors 

commissioned and integrated in the 
data-chain


- Running at  and with good 
DAQ efficiency


- Gas injection in SMOG2 has become a 
routine operation at LHCb, injecting by 
default at almost every fill

μpp = 4.4

SMOG2 data-taking in 2024 
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SMOG2 data collected until 19/09
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• Data from  collisions collected this August with SMOG2


• Studying  decay channel for first production measurements:

- Collected during nominal proton-proton physics run

- Huge increase in statistics! From 24K to 1.2M collected in half the time! 

- Physics performance of 2024 data achieving that of Run 2

pAr
D0 → K−π+

Open-charm in  collisions from 2024pAr
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LHCb-FIGURE-2024-023

 of injection88 h

NEW!

Run 2 largest sample -  pNe
 of injection167 h

2024 August sample - pAr

 ≈ 11000 D0

 D0 + D0

≈ 1.2 M

https://lbfence.cern.ch/alcm/public/figure/details/3987
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• Collected also large samples of  collision data!

- Crucial for  determinations


• Dimuon spectrum shows clean signals for  and !

- Physics performances achieving those of Run 2


• Aiming for an early study the  ratio to probe cold nuclear effects in different systems

pH2

RpA
J/ψ → μ+μ− ψ(2S) → μ+μ−

ψ(2S)/J/ψ

Quarkonia in  collisions from 2024pH2
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LHCb-FIGURE-2024-023
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NEW!

 of injection167 h  of injection39 h
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https://lbfence.cern.ch/alcm/public/figure/details/3987
https://doi.org/10.1140/epjc/s10052-023-11608-6
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• LHCb in its fixed-target mode provides a unique environment to study charm production 
in a variety of collision systems in an unexplored region of the phase-space


• Recent measurements with Run 2 data provide unique inputs:


-  and  production and asymmetry in  collisions probes nuclear partonic structure 
and hadronisation in an unexplored regime


- Charmonium production in  and  collisions tests the presence of nuclear effects 
and the presence of a hot nuclear medium


• The new gas storage target SMOG2 is a huge step forward:

- Allow for simultaneous data-taking with nominal proton-proton


- Increase up to a factor  in statistics, higher precision


- Allow for injection of new gases; a data sample with  is already available


• Highly successful LHCb operations in 2024:

- Demonstrated that we are able to run simultaneously with proton-proton operations

- Physics performances in fixed-target collisions similar to those in proton-proton and 

achieving those of Run 2


- We are ready for the ion run at the end of 2024  Aiming to collect a large  sample

D0 D0 pNe

pNe PbNe

× 100
H2

→ PbAr

Conclusions

16



Backup

17


