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The LHCb detector
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LHCb: JINST 3 (2008) S08005
LHCb performance IJMPA 30 (2015) 1530022

• One-arm spectrometer at LHC fully instrumented in


• Designed for heavy flavour physics but acts as a general-purpose detector in the forward region

2 < η < 5

VELO 
Vertex reconstruction

Tracking System

Muon System 
Muon identification

Magnet

Calorimeters

RICH detectors 
            separationp/K /π

Unique capabilities in 

HEAVY-ION PHYSICS 

• Precision down to very low pT

• Excellent dimuon mass resolution

• Excellent hadron ID

• Precise vertexing, reconstruction and 

tracking

✓ ECAL resolution:

1% ⊕ 10 %

E [GeV] ✓  

✓  Miss-ID:


ε(μ → μ) ∼ 97 %

ε(π → μ) ∼ 1 − 3 %
✓ Decay time resolution ~45 fs

✓ IP reconstruction: (15 + 29

pT [GeV] ) μm

✓  

✓  Miss-ID:


ε(K → K ) ∼ 95 %

ε(π → K ) ∼ 5 %

✓Momentum resolution:    

Δp/p = 0.5 − 1 %
(5 GeV/c − 100 GeV/c)
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• Access to high Bjorken-    region in the 
target nucleon 


• Can probe: antishadowing/EMC region, 
intrinsic heavy quark content in nucleons

Fixed-target mode
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Unique Fixed-Target configuration at the LHC

➢ Exploits fixed-target like geometry of LHCb

➢ SMOG system: initially for luminosity, now physics

➢ Gas injection at VErtex LOcator (VELO)

➢ p-gas and ion-gas collisions with many targets: He, 

Ne, Ar and more in the future 

• Energies in centre-of-mass system:

x

sNN = 68.8 GeV, 86.6 GeV, 110.4 GeV

‣ Covers gap between SPS (20 GeV) and RHIC (200 GeV)
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Collider mode at LHCb
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• Unique perspectives due to forward acceptance


• Access to low (pPb) and medium (Pbp) Bjorken-    region


• Data from different runs & configurations:

x

PbPb ✓ Detector saturation in 
most central collisions

year
pPb/Pbp 2013

PbPb 2015
pPb/Pbp 2016

XeXe 2017
PbPb 2018

sNN

8.16 TeV

210 μb−1

ℒ
1.6 nb−1

10 μb−1

34 nb−1

0.4 μb−1

5.02 TeV
5.02 TeV

5.02 TeV
5.44 TeV

p pPb Pb PbPb
Backward configurationForward configuration



Collider mode results:
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• Heavy flavour production in pPb:
- B-hadron production in pPb
-           production in pPb  
-       production in pPb
   

• Exclusive photo nuclear         production in UPC in PbPb

Λ+
c

Υ(ns)

J/ψ

JHEP 02 (2019) 102
JHEP 11 (2018) 194

Phys. Rev. D99 052011 (2019)

LHCb-CONF-2018-003

http://arxiv.org/abs/arXiv:1809.01404
http://arxiv.org/abs/arXiv:1810.07655
https://arxiv.org/abs/1902.05599
www.apple.es
https://cds.cern.ch/record/2320135?ln=en
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• Kinematic range:
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• Data sample: pPb 2016,                              (30x data Run I)                   


• Uses exclusive decay modes for    ,        and       production

B hadron production in pPb
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Phys. Rev. D99 052011 (2019)
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Table 1: Signal yields in the pT range 2 < pT < 20GeV/c, and the rapidity range 1.5 < y < 3.5
for pPb and �4.5 < y < �2.5 for Pbp.

Decay pPb Pbp

B
+! D

0
⇡
+ 1943± 58 1824± 64

B
+! J/ K

+ 883± 32 905± 33
B

0! D
�
⇡
+ 1155± 39 886± 34

⇤
0
b! ⇤

+
c ⇡

� 484± 24 397± 23

The signal mass distribution is described by a Crystal Ball (CB) function [42] for
the B

+! J/ K
+, B0! D

�
⇡
+ and ⇤0

b! ⇤
+
c ⇡

� decays. For the B
+! D

0
⇡
+ decay an

additional Gaussian function is needed to give a satisfactory fit quality, and the extra
Gaussian function shares the central value with the CB function. The tail parameters
for the CB function and the proportions between the CB and the Gaussian components
are fixed to values obtained from fits to the signal decays in simulation. The mean and
width of the Gaussian core in the CB function, and the width of the separate Gaussian
component are free parameters determined from data. The combinatorial background is
described by an exponential function.

The contribution of misidentified background from B
+! D

0
K

+, B0! D
�
K

+ and
⇤

0
b! ⇤

+
c K

� (B+! J/ ⇡
+) decays, where the K

+ (⇡�) meson is reconstructed as a ⇡+

(K�) candidate, is described by an empirical function obtained using fully reconstructed
simulated events. Due to the small branching fraction of the misidentified background
compared to the signal mode and the PID requirement, the contribution relative the
signal mode is expected to be below 5% at maximum. A systematic uncertainty is
assigned to quantify the e↵ect of misidentified background on the yield of the signal
decay. For the B

+! D
0
⇡
+ decay, the partially reconstructed backgrounds of B ! D

⇤
⇡
+

with D
⇤ ! D

0
� or D

⇤ ! D
0
⇡
�/0, and B ! D

0
⇢
0,+ decays with ⇢

0,+ ! ⇡
+
⇡
�,0 are

modeled with polynomials convolved with a Gaussian resolution function, following the
method described in Ref. [43]. The partially reconstructed backgrounds of B! D

�
⇢
0,+

and ⇤
0
b! ⇤

+
c ⇢

� (B! J/ K
⇤0,+) decays, with ⇢

0,± ! ⇡
±
⇡
⌥,0 (K⇤0,+ ! K

+
⇡
�,0), in

the B
0! D

�
⇡
+ and ⇤0

b! ⇤
+
c ⇡

� (B+! J/ K
+) mass distributions are described by a

threshold function [44] convolved with a Gaussian function to account for the resolution
e↵ect. The resolution function is the same as that of the Gaussian kernel of the signal
component.

The yields for each component in the fit model are free parameters determined from
data. The signal yields for each decay model considered in this analysis are summarised in
Table 1 for the kinematic range 2 < pT < 20GeV/c and 1.5 < y < 3.5 (�4.5 < y < �2.5)
in the pPb (Pbp) sample. The mass distributions and the fit projections are shown in
Figs. 1, 2, 3 and 4 for the decays B+! D

0
⇡
+, B+! J/ K

+, B0! D
�
⇡
+ and ⇤0

b! ⇤
+
c ⇡

�

respectively.

3.3 E�ciency

The total e�ciency is the product of the e�ciency of the geometrical acceptance of
the detector, the reconstruction-selection, the PID and the trigger requirements. These
e�ciencies, except for the PID e�ciency, are evaluated using samples of simulated signal

5

2 < pT < 20 GeV/c

1.5 < y* < 3.5

−4.5 < y* < − 2.5

B+ B0 Λ0
b

• Double-differential cross-
sections,        ,        and 
baryon-to-meson ratio

RpPb RFB

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.052011
www.apple.es
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• Suppression at forward rapidity decreasing with     , no suppression in 
backward


• Good agreement with nonprompt        data and nPDFs


• Consistent with        of       hadron


• Ratio            consistent with measurement in pp collisions in forward, 
tensions in backward

RpA D0

pT

J/ψ

Λ0
b /B0
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JHEP 04 (2009) 065, 
EPJ C77 (2017) 1, 

CPC. 198 (2016) 238

Phys. Rev. D99 052011 (2019)

B hadron production in pPb
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.052011
www.apple.es
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• Quarkonium suppression probes deconfinement in PbPb


•            sequential suppression observed in PbPb by CMS and ALICE


            production in pPb
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JHEP 11 (2018) 194

Υ(nS)
Υ(nS)

RFB

Important to explore CNM effects in pPb to understand results
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‣ Differential analysis with 
2016 sample


‣ Measured differential 
cross-sections,         and         
ff.    for all           states 


‣            signal in forward 
and backward rapidities 

RpPb

Υ(3S)

Υ(nS)RFB

J
H
E
P
1
1
(
2
0
1
8
)
1
9
4

9 10 11

]2c) [GeV/−µ+µ(M

0

100

200

300

400

500

600

)
2 c

C
an

d
id

at
es

 /
 (

2
0

 M
eV

/ LHCb Pbp=8.16 TeV, NNs

)nS(ϒ
Background
Total

9 10 11

]2c) [GeV/−µ+µ(M

0

100

200

300

400

500

600

700

800

)
2 c

C
an

d
id

at
es

 /
 (

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 offline selections.

Samples Υ (1S) Υ (2S) Υ (3S) L
pPb 2705± 87 584± 49 262± 44 12.5 nb−1

Pbp 3072± 82 679± 54 159± 39 19.3 nb−1

Table 1. Yields of Υ (1S), Υ (2S), Υ (3S) mesons in pPb and Pbp samples as given by the fit. The
uncertainties are statistical only.

4 Event selection

The candidates reconstructed in the trigger are further filtered by means of an offline

selection. In the offline selection, there must be at least one PV reconstructed and each

PV must have at least four tracks measured in the vertex detector. For events with multiple

PVs, the PV that has the smallest χ2
IP with respect to the Υ (nS) candidate is chosen. Here,

χ2
IP is defined as the difference between the vertex-fit χ2 calculated with the Υ (nS) meson

candidate included in or excluded from the PV fit. Each muon track is required to have

pT > 1GeV/c, to be in the geometrical acceptance of the spectrometer (2.0 < η < 5.0), to

satisfy PID requirements, and to have a good track-fit quality. The dimuon invariant-mass

distribution of offline-selected candidates is shown in figure 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 [49] for the Υ (nS) peaks. The shape parameters of the double Crystal Ball

functions (n and α) are fixed to the values obtained in the simulation. The yields of

Υ (1S), Υ (2S), Υ (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 Υ (3S) mass peak, the local

p-values are below 10−13 in pPb sample and below 10−7 in Pbp sample.

– 5 –

https://link.springer.com/article/10.1007/JHEP11(2018)194
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JHEP 11 (2018) 194
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            production in pPbΥ(nS)
                               and            RΥ(1S)

pPb RΥ(2S)
pPb

                      
ℜΥ(ns)/Υ(1s)

(pPb|Pbp)/pp =
R(Υ(nS))pPb|Pbp

R(Υ(nS))pp

• Double ratio of           and               
f.        over           in pp 
and  pPb|Pbp


• Consistent with comovers 
model

Υ(2S)
Υ(3S) Υ(1S)

EPS16: Eur. Phys. J. C (2017) 77: 163 

EPS09: JHEP 04 (2009) 065, arXiv:0902.4154

nCTEQ15: Phys. Rev. D93 (2016) 085037

Comovers: arXiv:1804.04474; Phys. Lett. B749 


(2015) 98, arXiv:1411.0549 Υ(2S)/Υ(1S) Υ(3S)/Υ(1S)

• Forward: suppression for both 
states, compatible with nPdFs 


• Backward: enhanced suppression 
for           , predicted by 
nPdFs+comovers

Υ(2S)

https://link.springer.com/article/10.1007/JHEP11(2018)194
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• Measured                                        


‣ Consistent with expectations from pp 
data (~0.3)


‣ Comparison with nPDFs, hint of 
discrepancy at high      in the forward 
region 

• 2013 pPb                      data sample


• Reconstruct with

Prompt        production in pPb
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JHEP 02 (2019) 102

Λ+
c

D0

RΛ+
c /D0 = σΛ+

c
/σD0
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sNN = 5 TeV

Λ+
c → pK−π+

RFB = σ(y* > 0)/σ(y* < 0)

*y
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EPS09LO: Comput. Phys. Commun. 184 (2013) 2562 

EPS09NLO: Comput. Phys. Commun. 198 (2016) 238 

nCTEQ15: Phys. Rev. D93 (2016) 085037

similar suppression as  

for charm hadronisation mechanism
• Measured              

https://link.springer.com/article/10.1007/JHEP02(2019)102
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Coherent         photo-production in PbPb in UPC
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LHCb-CONF-2018-003• Interaction between the electromagnetic 
field of the ions


• First result with PbPb sample with small 
luminosity 


• Very good prospects with 2018 data 
sample

J/ψ

σ = 5.3 ± 0.2(stat) ± 0.5(syst) ± 0.7(lumi) mb

ℒ = 0.4 μb−1

• Models:
Cepilla et al. PRC 97 024901 (2018) 
Goncalves et al. PRD 96 094027 (2017) 
Guzey et al. PRC 93 055206 (2016)  
Mäntysaari et al.B 772 (2017) 832 
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https://cds.cern.ch/record/2320135?ln=en


Fixed-target results
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• Antiproton production in pHe
- Phys. Rev. Lett. 121 (2018) 222001

• Charm production in fixed target
- Phys. Rev. Lett. 122 (2019) 132002

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.222001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.132002
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�
posed to the olderdata. The curve labelled ‘fiducial’ assumes

the reference values for the di↵erent 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 di↵erent from those of the primaries. However, the discrepancy is not
very large. We also notice for completeness that an additional source of uncertainty a↵ects 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 a↵ect 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 �F , expressed in GV. As already mentioned in the introduction, the value taken by �F

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 �F vary in a wide
interval roughly centered around the value of the fixed Fisk potential for protons �p

F (analo-
gously to what done in [25], approach ‘B’). Namely, �F = [0.3, 1.0] GV ' �p

F ± 50% �p
F . In

fig. 1, bottom right panel, we show the computation of the ratio with the uncertainties related

6

• Motivation comes from dark matter 
searches in cosmic rays


• Hint of a possible excess in 10-100 GeV 
kinetic energy range

Antiproton production in pHe
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c < 1.5 GeV/
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p̄

K−

π−

     production in pHe never directly 
measured at these energies

p̄

• Data from pHe 2016 at 


• Kinematic range: 

sNN = 110 GeV

12 < p < 110 GeV/c
pT > 0.4 GeV/c

- Phys. Rev. Lett. 121 (2018) 222001

p̄ K− π−

pe−

‣ RICH detectors separate     from      and 


‣ Luminosity from        elastic scattering

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.222001
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• Comparison of the result with MC generators:

Antiproton production in pHe 
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-  EPOS LHC


-  EPOS 1.99


- QGSJET-II-04


- QGSJETII-04m


-  HIJING 1.34


- PYTHIA 6.4

p̄

• Error bar smaller than predictions spread


• EPOS LHC underestimates      production


Decisive contribution to reduce 
background uncertainties in dark 

matter searches

- Phys. Rev. Lett. 121 (2018) 222001

https://arxiv.org/abs/1306.0121
https://arxiv.org/abs/0905.1198
https://arxiv.org/abs/1010.1869
https://arxiv.org/abs/1502.04158
https://arxiv.org/abs/nucl-th/9502021
https://arxiv.org/abs/hep-ph/0603175
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.222001
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‣ Access nPDF in anti-shadowing region


‣ Probe intrinsic charm in the nucleon

Charm production in fixed target
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Phys. Rev. Lett. 122 (2019) 132002

• Coverage of unique region at 
LHC due to unique kinematics

Large Bjorken-x 
in the target

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.132002
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Data are also compared with phenomenological parametri-
zations, interpolated to the present data energies, based on
Refs. [12,50]. Solid and dashed red lines are obtained with
linear and logarithmic interpolations, respectively, between
the results from the E789 (pAu,

ffiffiffiffiffiffiffiffi
sNN

p ¼ 38.7 GeV) [51],
HERA-B (pC,

ffiffiffiffiffiffiffiffi
sNN

p ¼ 41.5 GeV) [52], and PHENIX (pp,ffiffiffi
s

p
¼ 200 GeV) [53] experiments. The differential yields of

J=ψ as functions of y" and pT , obtained from pAr data, are
also shown in Fig. 3. Since the luminosity measurement is
not available, only differential distributions with arbitrary
normalization are shown.
The D0 differential cross sections per target nucleon

obtained for the pHe dataset, as functions of y" and pT , are
shown in Fig. 4 and given in Ref. [36]. The HELAC-ONIA
predictions underestimate the measured total cross section.
The HELAC-ONIA predictions are rescaled by a factor
1.44 in Fig. 4 to compare the shape of the distributions.
Differential yields, with arbitrary normalization, of D0 as
functions of y" and pT obtained from pAr data are also
shown.
In fixed-target configuration, the LHCb acceptance gives

access to the large Bjorken-x region of the target nucleon
(up to x ∼ 0.37 for D0 mesons). In this region, because
of the small number of nucleons in the helium nucleus,

nuclear effects affecting cc̄ pairs are expected to be
small. On the other hand, as suggested in Refs. [18,19],
the intrinsic charm contribution, based on a valencelike
parton distribution, can be substantial at large Bjorken-x.
Using the approximation for x, the fraction of the nucleon
momentum carried by the target parton,

x ≃
2mcffiffiffiffiffiffiffiffi
sNN

p expð−y"Þ; ð1Þ

wheremc ¼ 1.28 GeV=c2 is themass of thecquark [54], the
Bjorken-x range x ∈ ½0.17; 0.37& is obtained for the most
backward bin. In this range any substantial intrinsic charm
contribution should be seen in the pHe results. As shown in
Figs. 3 and 4, no strong differences are observed between
pHedata and the theoretical predictionswhichdonot include
any intrinsic charm contribution. Therefore, within uncer-
tainties, no evidence of substantial intrinsic charm content of
the nucleon is observed in the data. Future measurements
with larger samples andmore accurate theoretical predictions
will permit us to performmore quantitative studies, including
the double-differential ½y"; pT& production cross section.
In summary, we report the first measurement of heavy

flavor production in fixed-target configuration at the LHC.
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FIG. 4. Differential D0 production cross sections for (top) pHe and differential D0 yields for (bottom) pAr collisions, as a function of
(left) center-of-mass rapidity y" and (right) transverse momentum pT . The data points mark the bin centers. The quadratic sum of
statistical and uncorrelated systematic uncertainties are indicated by the vertical black lines. The correlated systematic uncertainties are
indicated by the gray area. Theoretical predictions are described in the text. The lower panel of each plot shows the ratio of data to
HELAC-ONIA pp predictions.
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• Cross-section measurements in agreement with 
theoretical predictions


• Shape of differential cross-sections compared 
with HELAC-ONIA model predictions (rescaled) 
without intrinsic charm
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This measurement
LHCb• Data from 2016: 


• Cross-sections with                     and 


• Scaling      cross-section with global fragmentation 
ratio

Charm production in fixed target
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pHe at 


pAr at

J/ψ → μ+μ− D0 → K−π+

σ86.6 GeV
J/ψ = 1225.6 ± 62.0(stat.) ± 81.6(syst) nb/nucleon

σ86.6 GeV
D0 = 156.0 ± 4.6(stat.) ± 12.3(syst) μb/nucleon

D0

σ86.6 GeV
cc̄ = 287.8 ± 8.5(stat.) ± 25.7(syst) μb/nucleon

sNN = 86.6 GeV

sNN = 110.4 GeV

f(c → D0) = 0.542 ± 0.024

D0

NLO pQCD: Nucl. Phys. B373 (1992) 295 

  (pp) CT14NLO: Phys. Rev. D93 (2016) 033006  
(pHe) CT14NLO+nCTEQ15: Phys. Rev. D93 (2016) 085037  

x ∼ [0.17, 0.37]No evidence for large valence-like intrinsic 
charm contribution

Phys. Rev. Lett. 122 (2019) 132002

http://dx.doi.org/10.1016/0550-3213(92)90435-E
http://dx.doi.org/10.1103/PhysRevD.93.033006
http://dx.doi.org/10.1103/PhysRevD.93.085037
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.132002
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• Latest measurements with heavy ions at LHCb have been reported:


- Fixed-target mode:    


- pPb and PbPb: 

Summary and outlook
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‣ Coherent         production in UPC PbPb collisions

‣ Heavy flavour production in pPb (      ,  B hadron,           )

J/ψ
Λ+

c Υ(nS)

‣      production in pHe

‣ Charm production

p̄

‣ 2018 PbPb data sample to be analysed! (x20 data w.r.t 2015)


‣ Studies in view of Run3/4 with new detector (Prospects in LHCb-CONF-2018-005)


‣ Upgrade of SMOG system for Run3

• Not everything covered, full list here

• Prospects for the future…

- More gases, including H2 for 
reference


- Up to a factor 100 more in 
integrated luminosity

Much more to come in pPb & PbPb & fixed target at LHCb!

http://cds.cern.ch/record/2648625?ln=en
http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary_IFT.html


Backup slides
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• Current centrality reach in PbPb limited to 
~50% due to VELO and tracking system 
saturation


• Limit for current measurements in PbPb


• Studies with 2018 data set

Centrality in PbPb

�19

• After Upgrade-I:


- Improved performance in VELO and 
tracking system 


- Upgrade of SMOG system

- More gases, including H2 for 
reference


- x 10 - 100 integrated luminosity

- Precise determination of the 

pressure
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Preliminar yields from 2018 PbPb run
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• Solution:       elastic 
scattering
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• Luminosity determination in fixed-target configuration not trivial


• Not possible to measure directly gas pressure inside VELO
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Antiproton production in pHe

pe−

- Phys. Rev. Lett. 121 (2018) 222001

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.222001
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Nuclear modification factor in pPb

�22

• Nuclear modification factor: scaled ratio between particle production 
cross-sections in pPb collisions and pp collisions 

Deviations from unity ! Cold Nuclear Matter Effects (CNM)

RX
pPb(η*, pT) = 1

A

d2σX
pPb/dpTdη*

d2σX
pp/dpTdη*

A = 208

• Many different sources: initial state effects (nPdF), coherent parton energy loss, 
interaction with comovers, pT broadening…


• CNM effects must be disentangled from QGP          Importance of pPb collisions   


