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The LHCb experiment
LHCb is the experiment devoted to heavy

flavours at the LHC.

Detector requirements:
Forward geometry to optimize acceptance

for bb pairs: 2 < η < 5
Tracking : optimal resolution for proper

time (∼ 45 fs) and momentum (< 1%
for p < 200 GeV/c)

Particle ID : excellent capabilities to select
exclusive decays

Trigger : high flexibility and bandwidth
(1 MHz at hardware level, up to 15 kHz
to disk)

JINST 3, (2008) S08005
Int.J.Mod.Phys.A30 (2015) 1530022

Some unique features are also attractive for heavy ion physics:
excellent detector performance, notably for heavy flavour
forward acceptance
possibility to run in fixed-target mode
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Key feature: detector performance and trigger
Extreme vertexing performance and excellent PID: ideal to reconstruct heavy
flavour states, disentangling charm and beauty components
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No rate limitations from trigger and DAQ for heavy ion runs:
large samples of MB events
heavy flavour triggers with low pT thresholds (∼ 1 GeV)

tracking saturates for most central PbPb collisions
á LHCb more suited for small collision systems (pA collisions)

crucial environment to understand cold nuclear matter effects and collectivity
in small systems

G. Graziani slide 3 QCD@work

https://doi.org/10.1007/JHEP11(2018)194
https://doi.org/10.1103/PhysRevD.99.052011
https://doi.org/10.1016/j.physletb.2017.09.058


Key feature: forward acceptance

Unique forward coverage at LHC

Sensitivity to small x (down to ∼ 10−6)
á gluon saturation
and to anti-shadowing region
Nicely complementing other LHC experiments (rapid-
ity dependence helps disentangling nuclear effects)
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Key feature: Fixed-target collisions
During Run 2, tiny amount of noble gas injected in the LHC beam
pipe thanks to the SMOG system.
Run2 targets: He, Ne, Ar with typical pressure ∼ 2 × 10−7 mbar
á luminosity up to 1030cm−2s−1

For Run 3, the system has been upgraded (SMOG2) to increase lu-
minosity and assortment of gas targets

Recorded collisions at
√
sNN =

√
2EbeamMp

68-110 GeV for Ebeam = 2.5− 6.5 TeV
á relative unexplored energy scale between SPS
and LHC experiments
At
√
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
á study nPDF in antishadowing/EMC region,
sensitive to intrinsic charm in nucleons

He target provides testbench for cosmic ray - interstellar medium collisions
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Overview of recent results

p-Pb collisions
Z production @8 TeV arXiv:2205.10213

D0 production @8 TeV arXiv:2205.03936

Charged particle production @5 TeV PRL 128(2022) 142004

π0 production @8 TeV arXiv:2204.10608, accepted by PRL

χc1(3872) production @8 TeV LHCb-CONF-2022-001

Pb-Pb collisions @5 TeV
Λ+
c /D0 ratio in peripheral collisions LHCb-PAPER-2021-046, in preparation

Quarkonia photoproduction in Ultra Peripheral Collisions arXiv:2206.08221

Fixed target collisions
Charm production in Pb-Ne @68 GeV LHCb-PAPER-2022-011 in preparation

Detached antiprotons in p-He @110 GeV arXiv:2205.09009
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https://arxiv.org/abs/2205.10213
https://arxiv.org/abs/2205.03936
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.142004
https://arxiv.org/abs/2204.10608
http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-CONF-2022-001.html
https://arxiv.org/abs/2206.08221
https://arxiv.org/abs/2205.09009


pPb collisions
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Z production in p-Pb @8 TeV
arXiv:2205.10213

Clean probe of initial state
Results based on about 250
(forward) and 150 (back-
ward) candidates from the 8
TeV data sample
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Z production: nuclear modification factor
arXiv:2205.10213

RpPb ≡
1

A

σpPb

σpp

(A = 208)

Hint for the expected ra-
pidity dependence from
nPDFs
Constraints on the nPDFs
at high rapidity
(x ∼ 10−4 to 10−3)
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D0 production: impact on nPDFs
Open charm production (D0 → K−π+ +cc) provides large statistics and can also be used to
probe initial state.
LHCb data are significantly more precise than nuclear PDF uncertainties: can constrain nPDF
down to x ∼ 10−6 if assuming negligible effect of final state interactions.

Example: nNNPDF set with or without D0 LHCb 5 TeV results

nNNPDF team, arXiv:2201.12363
Results have now been updated with the 8 TeV sample (20 times more statistics!)
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D0 production p-Pb @8 TeV
arXiv:2205.03936

Millions of D0 → K−π+ (+cc)
decays reconstructed

Measurement down to 0 pT
Prompt and b-decay components
cleanly separated
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D0 production: nuclear modification factor
arXiv:2205.03936

Precision measurement
of suppression at forward
rapidity and low pT,
consistent with 5 TeV
results and more accurate
than nPDF uncertainty

Enhancement at back-
ward rapidity: room for
final state effects
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Charged particle production p-Pb @5 TeV
PRL 128(2022) 142004

LHCb probes unprecedented
Bjorken-x range with forward
coverage:
Forward: 10−6 < x < 10−4

Backward: 10−3 < x < 10−1

Accurate measurements
(down to 2.8% syst. error on
x-section, 4.2% on RpPb)
Strong suppression at forward
rapidity and enhancement at
backward rapidity for
pT > 1.5GeV/c
No model can successfully de-
scribe the data across the full
rapidity range
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π0 production p-Pb @8 TeV arXiv:2204.10608,
accepted by PRL

First π0 result in forward rapidity at LHC
Important also as a step toward direct pho-
ton production
π0 candidates obtained from π0 → γcnvγcal

(avoid overlapping γs in ECAL)
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π0 nuclear modification factor arXiv:2204.10608,
accepted by PRL

Forward suppression
looks universal.
Can constrain nPDF
down to x ∼ 10−6

First observation of
Cronin-like π0 enhance-
ment in p-Pb, smaller
than the one observed for
charged particles.
This suggests mass order-
ing, consistent with radial
flow or baryon enhance-
ment from final state re-
combination
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χc1(3872)/ψ(2S) in p-Pb @8 TeV
LHCb-CONF-2022-001

Previous LHCb results showed evidence for
breakup of charmonia and bottomonia in
cold (?) nuclear medium in p-Pb collisions.
Study is now being extended to exotic
hadron χc1(3872), whose nature is still de-
bated
χc1(3872) and ψ(2S) reconstructed from
the same final state J/ψ (→ µ+µ−)π+π−

Comparison between p-p, p-Pb, Pb-p
systems
Prompt production disentangled from
b decays
Constraints on models of hadronization and
final state interactions
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χc1(3872)/ψ(2S) results LHCb-CONF-2022-001

Enhanced production of χc1(3872)
through coalescence?

Note that ratio decreases with multi-
plicity in p-p, where breakup in final
state seems to dominate
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Pb-Pb collisions

LHCb collected PbPb data at 5 TeV in
2015 ( about 10 µb) and in 2018 (230µb)
Tracking exhibits saturation at about 50%
centrality
Still interesting physics from Peripheral and
Ultra-Peripheral Collisions (UPC)

JINST 17 (2022) P05009

LHCbPlots2015
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Λ+
c /D0 ratio in peripheral Pb-Pb@5 TeV

LHCb-PAPER-2021-046, in preparation

Prompt charm baryon/meson ra-
tio studied in collisions with cen-
trality between 60 and 90%
b-hadron decay component sub-
tracted using impact parameter

Result is consistent with same measurement in p-Pb
inconsistent with ALICE results at central rapidity, even in p-p and p-Pb
. . . rapidity-dependent baryon enhancement? pT dependence similar to ALICE result
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Quarkonia photoproduction in UPC Pb-Pb @5 TeV
arXiv:2206.08221

Photoproduction of both J/ψ and ψ(2S)
vs rapidity and pT

Coherent and uncoherent production
cleanly resolved thanks to pT resolution
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UPC in Pb-Pb: cross-section results
arXiv:2206.08221

Sensitive to gluon PDF down to x ∼ 10−5

Reasonable agreement with models based on nPDF/CGC
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Fixed-target collisions

pNe pHe pAr pAr PbAr pHe pHe pNe pNe PbNe
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(at nominal SMOG pressure, 1022 POT correspond to 5/nb for 1 m of gas )

First papers from first physics runs in 2015 and 2016
Larger samples of pNe collisions (∼ 100nb−1) and PbNe collisions at same
energy collected in 2017 and 2018
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Charm production in Pb-Ne @68 GeV
LHCb-PAPER-2022-011, in preparation

D0 and J/ψ production
observed
D0 reference for study-
ing quarkonium modi-
fication inside nuclear
medium

clear decrease of J/ψ /D0 ratio with in-
creasing centrality, fitted with power law

σJ/ψ/σD0 ∝< Ncoll >
α′−1

Result α′ = 0.82±0.07 agrees with mea-
surements by NA50 PLB410 (1997) 337

No anomalous J/ψ suppression ex-
pected from QGP formation is observed

Preliminary
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Antiprotons from antihyperons in p-He @110 GeV
arXiv:2205.09009

p-He@110 GeV mimic cosmic ray- interstellar medium collisions at the energy scale relevant
for the AMS-02 measurements of antimatter in space
Prompt p measurement already constrained models of secondary cosmic p PRL 121 (2018), 222001

Measurements now
extended to antiprotons
produced by antihyperons
decays
Two complementary
approaches followed:
Inclusive measurements of
detached antiprotons using
impact parameter and p
identification
Exclusive measurement of
the dominant contribution:
Λ→ pπ+
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Detached Antiprotons in p-He: results
arXiv:2205.09009

Both approaches indicate larger anti-
hyperon production than predicted by
most commonly used hadronic mod-
els
Nice agreement of the
excl.Λ/incl.antihyperon ratio
with theoretical expectations
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Ready for Run3: the LHCb Upgrade
LHCB-TDR-012

LHCb has been almost totally refurbished for the LHC Run 3, starting right now
New vertexing/tracking detectors with higher granularity
á will increase centrality reach for HI collisions
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The Fixed Target Upgrade
LHCB-TDR-020

new fixed target device (SMOG2):
gas contained in 20 cm long stor-
age cell:
increase luminosity by ∼ 2 or-
ders of magnitude for the same
gas flux.
possibly inject other gas species
(2H, 2D, O, Kr. . . )

SMOG
~ 10   mbar on +/− 20 m

−7

−5
SMOG2

VErtex LOcator sensors

up to ~ 10   mbar on 20 cm
IP
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Prospects for Fixed Target at LHC energy
LHCB-PUB-2018-015

Fixed target events to be routinely
acquired simultaneously with p-p
data taking

Expect increase of the integrated
luminosities by three orders of
magnitudes, reaching O(100/pb):
first full scale fixed-target experi-
ment using LHC beams
Novel possibilities for nuclear
physics, study of 3D structure
functions. cosmic ray physics. . .
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Conclusions

LHCb became an important contributor to heavy ion physics (and cosmic ray
physics, too)
Latest results include the study of new probes (π0, exotic hadrons) and the
first results from nucleus-nucleus collisions in fixed target using LHC beams
Dramatic prospects for the LHC Run 3
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Additional Material
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J/ψ and ψ(2S) in pPb
JHEP 1603 (2016) 133
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Results from the smaller sample at 5 TeV show a stronger suppression for
ψ(2S), not expected from initial state effects or energy loss
Confirms similar findings from PHENIX, ALICE
Stay tuned for the update from 8 TeV data
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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. . .
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arXiv:1810.07655

. . . notably for Υ (3S) !
Smoking gun for
comovers?

R(Υ (2S))/R(Υ (1S))
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Understanding this effect is cru-
cial to a correct interpreta-
tion of QGP-induced sequential
quarkonia suppression observed
in PbPb

arXiv:1805.09215
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J/ψ in UPC PbPb: comparison with previous results
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p-He antiproton result LHCb-PAPER-2018-031PRL 121 (2018), 222001

Result for prompt p production
Accuracy better than 10 %, lower than
spread among models
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2015 Giesen et al., JCAP 1509, 023

�
posed to the olderdata. The curve labelled ‘fiducial’ assumes

the reference values for the different contributions to the uncertainties: best fit proton and helium
fluxes, central values for the cross sections,propagation and central value for the Fisk potential.

We stress however that the whole uncertainty band can be spanned within the errors.

than primary, �p/p flux. Notice that the shaded yellow area does not coincide with the Min-
Med-Max envelope (see in particular between 50 and 100 GeV): this is not surprising, as it
just reflects the fact that the choices of the parameters which minimize and maximize the p̄/p
secondaries are slightly different from those of the primaries. However, the discrepancy is not
very large. We also notice for completeness that an additional source of uncertainty affects the
energy loss processes. Among these, the most relevant ones are the energy distribution in the
outcome of inelastic but non-annihilating interactions or elastic scatterings to the extent they
do not fully peak in the forward direction, as commonly assumed [55]. Although no detailed
assessment of these uncertainties exists in the literature, they should affect only the sub-GeV
energy range, where however experimental errors are significantly larger, and which lies outside
the main domain of interest of this article.

Finally, p̄’s have to penetrate into the heliosphere, where they are subject to the phenomenon
of Solar modulation (abbreviated with ‘SMod’ when needed in the following figures“). We de-
scribe this process in the usual force field approximation [52], parameterized by the Fisk po-
tential φF , expressed in GV. As already mentioned in the introduction, the value taken by φF
is uncertain, as it depends on several complex parameters of the Solar activity and therefore
ultimately on the epoch of observation. In order to be conservative, we let φF vary in a wide
interval roughly centered around the value of the fixed Fisk potential for protons φpF (analo-
gously to what done in [25], approach ‘B’). Namely, φF = [0.3, 1.0] GV ' φpF ± 50%φpF . In
fig. 1, bottom right panel, we show the computation of the ratio with the uncertainties related

6

Significant shrinking of uncertainty for the predicted sec-
ondary antiproton flux from the use of LHCb and NA61
(p-p) new data (plus other improvements)

2019 Boudad et al., arXiv:1906.07119
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The case for LHC Fixed Target
Concluding slide from C. Vallée (convener of the PBC forum) at EPS 2019 (ECFA session)

from ESPP Update 2020
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