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Heavy ions in ATLAS/CMS
General purpose detectors (fully instrumented at mid-rapidities) can
reconstruct heavy ion events, up to the most central PbPb collisions
Exploiting the full potential of LHC luminosity
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Large luminosities enabled first observations of rare processes.
Noticeable examples: light-by-light scattering in PbPb (ATLAS),

top production in pPb (CMS)
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Large luminosities enabled first observations of rare processes.
Noticeable examples: light-by-light scattering in PbPb (ATLAS),

top production in pPb (CMS)

Nature Physics 13 (2017) 852
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Heavy ions in LHCbTracking saturates for most central PbPb collisions
è LHCb more suited for smaller collision systems.
Still, crucial environment to understand cold
nuclear matter effects and collectivity
in small systems
Unique forward coverage at LHC, with excellent
performance for heavy flavours down to 0 pT

Sensitivity to small x (down to ∼ 10−5)
è gluon saturation
and to anti-shadowing region

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

(2015) 1530022
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Fixed target collisions in LHCb
The System for Measuring Overlap with Gas (SMOG) allows to in-
ject small amount of noble gas in the LHC vacuum
Turns LHCb into a fixed-target experiment!
Possible targets: He, Ne, Ar, and more in the future
Typical pressure ∼ 2× 10−7 mbar è up to L ∼ 1030cm−2s−1

Collisions at
√
sNN = 69-110 GeV

(Ebeam = 2.5− 6.5 TeV) è relative unexplored en-
ergy scale between SPS and LHC experiments
At
√
sNN = 110 GeV, c.m. rapidity is

−2.8 < y∗ < 0.2 è backward detector with
access to large x value in target nucleon, sensi-
tive to antishadowing/EMC region and intrinsic
heavy quark content in nucleons
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Outline
Heavy ion (and fixed target) submitted papers since last La Thuile conference:

ATLAS 13 (+ 3 prelim.)
CMS 16 (+ 1 prelim.)
LHCb 5 (+ 1 prelim.)

A wide range of observables, with the main goals of
characterising the properties of quark gluon plasma (QGP)
understand collectivity in particle production across system size
from pp to PbPb

A biased selection in this talk, focused on:
Heavy flavours

Sequential quarkonia suppression in PbPb and pPb
Open heavy flavours in PbPb and pPb
Flow of quarkonia in PbPb and pPb

Electroweak probes
W/Z boson production in PbPb and pPb

γ-tagged jets
Ultra-peripheral collisions (UPC)

Fixed target results
Charm production at large Bjorken-x

“cosmic” collisions pHe→ antiprotons
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Reconstruction of Heavy Flavours
Rich heavy flavour samples collected by the three experiments, thanks to the large integrated
luminosities and the excellent vertexing and particle id performance.
Prompt charm and charm-from-b components can be disentangled

ψ(′) in PbPb EPJ C78 (2018) 762
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Sequential quarkonia suppression in PbPb/pPb

Suppression of quarkonia states from colour
screening is the classical (predicted 1986) signa-
ture for QGP formation;
important to distinguish prompt and non-prompt
charmonia, as the latter are expected to be formed
outside the QGP;
charmonia regeneration is also expected to be im-
portant at LHC energies (not for bottomonia);
parton energy loss in the medium can also affect
the suppression pattern.

Observable is the nuclear modification factor RAA =
YieldAA/ < Ncoll >

Yieldpp

Cold nuclear matter (CNM) effects need to be also taken into account: initial state effects
(nPDF), coherent parton energy loss, interaction with comovers, pT broadening. . .
measurement in pPb as a reference for CNM effects
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Charmonia suppression in PbPb EPJ C78 (2018) 762

Measurement of RAA for prompt and non-prompt
J/ψ and ψ(2S)

Strong J/ψ suppression, decreasing at large pT in similar
way for prompt, non-prompt J/ψ and light charged parti-
cles. Hint for common parton energy loss mechanism?
Double ratioRAA(ψ(2S))/RAA(J/ψ) consistent with se-
quential suppression for prompt particles
Increase of double ratio at large multiplicity could be due
to relatively larger regeneration of ψ(2S)
Some tension with the earlier CMS result. 2018 data
should clarify the situation.  [GeV]
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Bottomonia suppression in PbPb
PLB 790 (2019) 270
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Spectacular bottomonium sequential suppression observed by CMS
Hydro model [Krouppa Strickland, Universe 2 (2016) 16], implementing color screening and tuned
on charged-hadron measured spectra and flow, was able to predict data, but
sizeable CNM effects are not excluded in other models
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Same measurements in pPb
arXiv:1805.02248, accepted by PLB
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RpPb for open beauty
arXiv:1902.05599

Clean signals in four
exclusive B decay modes:
Decay pPb Pbp

B +→ D0π+ 1958± 54 1806± 55
B +→ J/ψK+ 883± 32 907± 33
B 0→ D−π+ 1151± 38 889± 34

Λ0
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− 484± 24 399± 23
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Suppression observed at forward rapidity and low pT, com-
patible with results from non-prompt J/ψ
è consistent with nPDF (shadowing)
Similar pattern observed for hidden and open charm
Rapidity dependence can also be explained by coherent par-
ton energy loss
Arleo and Peigné, JHEP 03 (2013) 122
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J/ψ flow in PbPb
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Azimuthal anisotropies are key observables to inves-
tigate interaction of the heavy flavour probes with the
hot medium
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J/ψ flow in pPb!!
PLB 791 (2019) 172

PRL121 (2018) 082301

More surprising is the observation of such collective behaviour of heavy flavours in smaller
collision systems:
sizeable v2 for prompt J/ψ and D0 in pPb measured by CMS in high-multiplicity events
QGP in small systems?? Strong initial state momentum correlations?
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Electroweak Probes: W/Z
W/Z boson production provides information on the initial state, as decay products are not
interacting strongly with the medium

CMS-PAS-HIN-17-007
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Photon-tagged jet energy loss PLB 789 (2019) 167

High-pT photons, unmodified by the medium, can be used to tag
the initial pT of a recoiling jet
Measure gamma-jet pT asymmetry xJγ ≡ pT

jet/pT
γ

after unfolding detector effects
Peripheral PbPb collisions similar to pp : peak for balanced events
Strong modification in central collisions; double-peak structure in-
dicating strong event-by-event fluctuations
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Ultra-Peripheral Collisions
UPC provide a flux of quasi-real photons probing the nu-
clear structure
PbPb and pPb collisions exploit the large γ flux ∝ Z2

For exclusive production of heavy flavour states, pQCD cal-
culations are possible
Sensitive to nPDF down to x ∼ 10−5 (for y up to 5) p

Pb

p

Pb

γ
b

b
g g

Υ

arXiv:1809.11080

CMS observed first Υ signal in pPb UPC
Sensitive to photon-proton energy 91 < Wγp < 826 GeV, filling the gap between HERA and
LHCb (pp ) measurements
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J/ψ in UPC PbPb LHCb-CONF-2018-003

LHCb observed a clean J/ψ signal (and hint
for ψ(2S)) in PbPb
Coherent and incoherent J/ψ photo-
production can be distinguished from pT
shape
Limited statistics, but precision of the mea-
surement demonstrated
Very good prospects with 2018 data
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Dimuon photoproduction in non-UPC PRL 121 (2018) 212301

Dimuons photoproduced on top of hadronic collisions, identified through the acoplanarity α
and pT asymmetry A

α ≡ 1− |φ
+ − φ−|
π

; A ≡ |pT
+ − pT−|

|pT+ + pT−|
Significant broadening of the acoplanarity is observed in most central collision
è a novel clean probe of the QGP medium!
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Light-by-light Scattering PRL 121 (2018) 212301

14 events observed by CMS, with 11.1± 1.1 signal
and 4.0±1.2 background events expected; confirms
ATLAS’s discovery
Result is used to set a limit on contribution from
axion-like particle (ALP)
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Charm production in Fixed targets arXiv:1809.01404, accepted by PRL

First charm samples from pHe@69 GeV (7.6± 0.5 nb−1) and pAr@110 GeV (few nb−1)
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Pumplin, Lai, Tung, PRD75 054029

G. Graziani slide 21 LaThuile 2019



Cosmic Antiprotons
PRL 121 (2018), 222001

25 30 35 40
]c [GeV/p

20
40
60
80

100
120
140
160
180
200
220

/G
eV

]
c

b µ
 [

p
/dσd

LHCb
 Xp →pHe 

 = 110 GeVNNs

c < 0.7 GeV/
T

p 0.4 < 

20 30 40 50
]c [GeV/p

20

40

60

80

100

120

140

/G
eV

]
c

b µ
 [

p
/dσd

LHCb
 Xp →pHe 

 = 110 GeVNNs

c < 1.2 GeV/
T

p 0.7 < 

20 40 60 80 100
]c [GeV/p

5

10

15

20

25

30

35

/G
eV

]
c

b µ
 [

p
/dσd

DATA

EPOS LHC

EPOS 1.99

QGSJETII-04

QGSJETII-04m

HIJING 1.38

PYTHIA 6.4

LHCb
 Xp →pHe 

 = 110 GeVNNs

c < 2.8 GeV/
T

p 1.2 < 

Precision AMS-02 measurements of p/p ratio in
cosmic rays at high energies, indirect search for
Dark Matter

�
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

AMS02, PRL 117, 091103 (2016)

Giesen et al., JCAP 1509, 023 (2015)

Prediction for p/p ratio from spallation of primary
cosmic rays on intestellar medium (H and He) is
presently limited by uncertainties on p produc-
tion cross-sections
First σ(pHe → pX) measurement performed by
LHCb with SMOG
Accuracy below 10% in all kinematic bins, well
below spread among models
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Fixed target upgrade(s)
LHCb approved an upgraded gas target (SMOG2), consisting in a storage cell located in the
proximity of the interaction point, to be be operational already in Run 3 (2021)

allows larger gas density where
needed è increase luminosity by
up to 2 orders of magnitudes with
same gas flow
more gas species possible: hydro-
gen and deuterium, heavier gas (Kr,
Xe)
precise control of gas density

Physics prospects summarized in
LHCB-PUB-2018-015

More proposals for the future (see Physics Beyond Colliders forum):
polarized gas target
solid target coupled with bent crystal, to study electric and magnetic moments of charmed
baryons
solid microstrip target
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https://cds.cern.ch/record/2649878


Heavy ions in future LHC Runs

Requirements and prospects for developing HI physics at the LHC have been
summarised by the four LHC experiments within the HL-LHC workshop:
report of WG5 in arXiv:1812.06772
Proposed large increase in available luminosities, taking profit of upgrades of
the experiments and of the HL-LHC
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https://arxiv.org/pdf/1812.06772.pdf


Conclusions

ATLAS, CMS and LHCb are complementing ALICE in bringing
breakthrough advances to the understanding of relativistic heavy ion collisions
through a wealth of observables, exploting the complementarity of the
detectors
Much more results not covered here, notably on jet quenching and flow of
light particles.
Summary of all HI results can be found at these web pages:

ATLAS: twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavyIonsPublicResults

CMS: cms-results.web.cern.ch/cms-results/public-results/publications/HIN/index.html

LHCb: lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary_IFT.html
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