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The reference: D in pp

• D0 measured to pT=0

• Any hope for the theory uncertainties to decrease in the future?
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D in p-Pb

• D0 to pT=0 also in p-Pb

• Binary scaling of total charm cross 

section seems to hold in p-Pb

‣ yet beware of large uncertainties


• RpPb compatible with CNM models
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D at forward rapidity in p-Pb

• LHCb measured sizable suppression at forward rapidity independent of pT

• Consistent with shadowing (EPS09)
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https://cds.cern.ch/record/2138946


B at forward rapidity in p-Pb

• Measured via non-prompt charmonia

• No strong modifications at forward nor backward y
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High-pT B in p-Pb
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• No strong CNM effects for pT>10 GeV

‣ also for inclusive B via non-prompt J/ψ

‣ anything happening towards low pT?

CMS, PRL 116 (2016) 032301

CMS-PAS-HIN-14-009 

ATLAS, PRC 92 (2015) 034904

https://inspirehep.net/record/1390110
http://inspirehep.net/record/1387813
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High-pT B in p-Pb
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• CMS fully reconstructed B+, B0 and B0s

• No strong CNM effects for pT>10 GeV


‣ also for inclusive B via non-prompt J/ψ

‣ anything happening towards low pT?

CMS, PRL 116 (2016) 032301

CMS-PAS-HIN-14-009 

ATLAS, PRC 92 (2015) 034904

https://inspirehep.net/record/1390110
http://inspirehep.net/record/1387813
http://inspirehep.net/record/1373747


 [GeV]
T

p
10 15 20 25 30

FBR

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6 ATLAS
-12013 p+Pb, 28.1 nb

= 5.02 TeVNNs

ψNonprompt J/
|y*| < 1.94

Data [GeV/c]
T

p
0 2 4 6 8 10 12 14 16

FBR

0.5

0.6

0.7

0.8

0.9

1

1.1

| < 0.9
CM

0 < |y

| < 1.5
CM

0.9 < |y

| < 1.93
CM

1.5 < |y

ψNon-prompt J/

 (pPb 5.02 TeV)-134.6 nbCMS Preliminary

CMS

 [GeV/c]
T

p
0 2 4 6 8 10 12 14 16

FBR

0.5

0.6

0.7

0.8

0.9

1

1.1

| < 0.9
CM

0 < |y

| < 1.5
CM

0.9 < |y

| < 1.93
CM

1.5 < |y

ψNon-prompt J/

 (pPb 5.02 TeV)-134.6 nbCMS Preliminary

High-pT B in p-Pb
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• CMS fully reconstructed B+, B0 and B0s

• No strong CNM effects for pT>10 GeV


‣ also for inclusive B via non-prompt J/ψ

‣ anything happening towards low pT?

CMS, PRL 116 (2016) 032301

CMS-PAS-HIN-14-009 

ATLAS, PRC 92 (2015) 034904

https://inspirehep.net/record/1390110
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D RAA in Pb-Pb

• At RHIC: RAA>1 at low pT a sign of radial flow, what about LHC?

• Mass ordering at low pT (as expected for QGP energy loss)

• Indication of less suppression for Ds (canonical suppression of s in pp)

• Heavy and light flavor exhibit same suppression at high pT 8
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D RAA vs. v2

• Collisional energy loss models produce a lot of v2 but overestimate RAA

• Adding radiational energy loss helps for RAA but underestimates v2
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J/ψ & D v2 scaling?
• ALICE found “hint of v2”


‣ as expected for recombination


• CMS measured significant v2

‣ though only above 6.5 GeV/c

‣ measurement also for 3<pT<6.5 GeV/c

‣ high-pT v2 → path-length dependent 

suppression


• Taking all results together

‣ J/ψ has non-zero v2


• Comparison to light hadrons and D

• What about the nq scaling?


‣ approximate scaling for D (charm flows 
as much as the light quark?)


‣ no such scaling for J/ψ above 1 GeV

‣ I am completely ignoring uncertainties ☺
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submitted to JHEP, arXiv:1509.06888

 = 2.76 TeVNNsPbPb 

Cent. 0-10%

“High-pT” D RAA

• CMS reconstructed D mesons down to pT=2.5 GeV

‣ slight discrepancy with ALICE in Pb-Pb at 2.76 TeV when using the same reference


• Run-II: D0 trigger with online reconstruction in the HLT

‣ extending measurement to 2 to 100 GeV
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“High-pT” D RAA

• CMS reconstructed D mesons down to pT=2.5 GeV

‣ slight discrepancy with ALICE in Pb-Pb at 2.76 TeV when using the same reference


• Run-II: D0 trigger with online reconstruction in the HLT

‣ extending measurement to 2 to 100 GeV
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B RAA

• Clear mass ordering for pT>7 GeV

• Difference between D and B well explained by quark mass dependence of 

energy loss
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• No significant modification of bottom jets in p-Pb within large uncertainty  
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• Suppression of b jets in Pb-Pb as strong as light jets

‣ might see mostly gluon splitting, need to look for b dijets…  
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The GUT of heavy-ion physics
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The GUT of heavy-ion physics
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The GUT of heavy-ion physics
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The GUT of heavy-ion physics

14

gluons

light quarks

charm

bottom

in
te

ra
ct

io
n 

st
re

ng
th

 w
ith

 Q
G

P

pT



The GUT of heavy-ion physics
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Quarkonia
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• Measured RpA at forward and backward rapidity

‣ no pp data at 5 TeV, reference from interpolation

‣ ALICE and LHCb roughly agree

‣ strong suppression at forward


• agreement with shadowing only, but also with models that include parton energy loss


‣ no strong suppression/enhancement in the backward region

http://inspirehep.net/record/1251898
http://inspirehep.net/record/1251899
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High-pT J/ψ in p-Pb

• No significant CNM effects at high pT (none expected)

‣ discrepancy between ATLAS and CMS at intermediate pT (<10 GeV)?


• RpPb based on interpolation with large uncertainties

‣ wait for update based on pp measurement at proper energy
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• Backward: suppression of ψ(2S), 
none for J/ψ

‣ J/ψ maybe enhanced in central p-Pb


• Forward: suppression of ψ(2S) 
and J/ψ almost the same


• Comover interaction model 
qualitatively describes patterns
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also see: LHCb, JHEP 03 (2016) 133
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ψ(2S) in p-Pb

https://inspirehep.net/record/1426826


High-pT ψ(2S) in p-Pb

• At high pT and midrapidity: hint of opposite behavior of ψ(2S) to J/ψ double 
ratio in peripheral p-Pb collisions

‣ disappears in central collisions

19

 [GeV]FCal
TE

0 20 40 60 80

)
ψ

(J
/

pP
b

R
(2

S)
)/

ψ(
pP

b
R

0

0.5

1

1.5

2

2.5

3
ATLAS Preliminary
Prompt Double Ratio

 < 30 GeV
T
p10 < 

* < 1.5 y-1.5 < 
 = 5.02 TeVNNs+Pb p

 = 2.76 TeVs pp

ATLAS-CONF-2015-023

http://cdsweb.cern.ch/record/2029577


10 The ALICE Collaboration

〉partN〈
0 50 100 150 200 250 300 350 400

AA
R

0

0.2

0.4

0.6

0.8

1

1.2

1.4
 = 2.76 TeVNNsALICE Pb-Pb 

 13%±            global syst.= c>0 GeV/
T
p|<0.8, y, |-e+ e→ ψJ/

 15%±     global syst.= c<8 GeV/
T
p<4, 0<y, 2.5<-µ+µ → ψJ/

Fig. 3: (Color online) Centrality dependence of the nuclear modification factor, RAA, of inclusive J/⇥
production in Pb-Pb collisions at ⌃sNN = 2.76TeV, measured at mid-rapidity and at forward-rapidity.
The point to point uncorrelated systematic uncertainties are represented as boxes around the data points,
while the statistical ones are shown as vertical bars. Global correlated systematic uncertainties are quoted
directly in the legend.

Figure 3 shows the inclusive J/⇥ RAA at mid- and forward-rapidity as a function of the num-
ber of participant nucleons ⇤Npart⌅. Statistical uncertainties are shown as vertical error bars,
while the boxes represent the various uncorrelated systematic uncertainties added in quadra-
ture. At forward-rapidity a clear suppression, independent of centrality, is observed for ⇤Npart⌅
> 70. Although with larger uncertainties, the mid-rapidity RAA shows a suppression of the J/⇥
yield too. The centrality integrated RAA values are R0%�90%

AA = 0.72±0.06(stat.)±0.10(syst.)
and R0%�90%

AA = 0.57±0.01(stat.)±0.09(syst.) at mid- and forward-rapidity, respectively. The
systematic uncertainties on both RAA values include the contribution arising from ⇤TAA⌅ calcu-
lations. This amounts to 3.4% of the computed ⇤TAA⌅ value and is a correlated systematic un-
certainty common to the mid- and forward-rapidity measurements. PHENIX mid- (|y| < 0.35)
and forward-rapidity (1.2 < |y| < 2.2) results on inclusive J/⇥ RAA at ⌃sNN = 0.2TeV exhibit
a much stronger dependence on the collision centrality and a suppression of about a factor of
three larger in the most central collisions [8].

The measured inclusive J/⇥ RAA includes contributions from prompt and non-prompt J/⇥; the
first one results from direct J/⇥ production and feed-down from ⇥(2S) and �c, the second one
arises from beauty hadron decays. Non-prompt J/⇥ are different with respect to the prompt
ones, since their suppression or production is insensitive to color screening or regeneration
mechanisms. Beauty hadron decay mostly occurs outside the fireball, and a measurement of the
non-prompt J/⇥ RAA is therefore connected to the beauty quark in-medium energy loss (see [37]
and references therein). At mid-rapidity, the contribution from beauty hadron feed-down to the
inclusive J/⇥ yield in pp collisions at

⌃
s = 7TeV is approximately 15% [38]. Thus, the prompt

Open vs. Hidden HF in AA
• A brief reminder: Sequential melting a la Satz:


‣ less closed than open HF

‣ not: less closed HF in AA than in pp


• At RHIC: open charm scales with Ncoll → RAA(J/ψ) = J/ψ / D in PbPb

‣ ignoring the large uncertainties on open charm

20

no low pT open HF data at LHC yet!

Inclusive J/ψ

Inclusive J/ψ

Satz, arXiv:1303.3493

http://arxiv.org/abs/1303.3493


in nuclear matter is presumably continuous. Measurements of charmonia relative
to open charm in pA up to highest energies (RHIC, LHC) are therefore of great
importance.

First applications of the in-medium charmonium study based on the relative survival
of charmonia vs. open charm were started last year, using LHC data from ALICE and
CMS [25–28]. In Fig. 4(a), we show mid-rapidity ALICE data for J/ψ production at
intermediate transverse momenta, compared to open charm production in a similar
kinematic region. In Fig. 4(b), the comparison is extended to larger transverse
momenta, using CMS data for J/ψ production. In both cases, J/ψ production
relative to pp results, scaled by the number of collisions, decreases with increasing
centrality, as seen by the corresponding RAA values.
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Figure 4: LHC data from ALICE and CMS [26–28], comparing J/ψ production to
open charm production at intermediate (a) and high (b) transverse momenta

This decrease has at times been considered as suppressed J/ψ production. However,
that is incorrect: the corresponding RAA for open charm production, as determined
through D measurements, shows within errors the same behavior. In other words,
the reduction of the J/ψ is in complete agreement with that of open charm; there
is neither suppression nor enhancement, the fraction of the produced cc̄ pairs going
into J/ψ production has remained in the AA collisions considered here the same as
in the corresponding pp interactions:

RAA(J/ψ) =
NAA(J/ψ)

ncNpp(J/ψ)
=

NAA(cc̄)

ncNpp(cc̄)
= RAA(cc̄), (3)

with nc denoting the scaling factor for the number of collisions at the corresponding
centrality. We therefore have

NAA(J/ψ)

NAA(cc̄)
=

Npp(J/ψ)

Npp(cc̄)
= gcc̄→J/ψ. (4)

6

Open vs. Hidden HF in AA: high pT

• But how to compare open and closed HF with pT cuts?

‣ not trivial to select kinematic region of interest: same quark pT, same hadron pT,…?


• Similar suppression for “high-pT” D and J/ψ 
(energy loss rather than screening?)
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RHIC LHC
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J/ψ in Pb-Pb

• First time that J/ψ are less suppressed at low pT than high pT


• Also visible in rAA = ⟨pT⟩AA/⟨pT⟩pp


• Models including regeneration component describe data well
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ψ(2S) in Pb-Pb
• Puzzling results from CMS


‣ high pT and midrapidity: as 
expected


‣ more forward rapidity and pT>3 
GeV: hint of relative enhancement


‣ Data not precise enough to 
conclude yet


• ALICE data not precise enough 
either to confirm or rule out


• What will happen at 5 TeV?

• Regeneration in hadronic phase 

would favor ψ(2S):

‣ PBM and K. Redlich, 

EPJ C16 (2000) 519

‣ Xiaojian Du and R. Rapp, 

NPA 943 (2015) 147
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CMS, PRL 113 (2014) 262301
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ψ(2S) in Pb-Pb
• Puzzling results from CMS


‣ high pT and midrapidity: as 
expected


‣ more forward rapidity and pT>3 
GeV: hint of relative enhancement


‣ Data not precise enough to 
conclude yet


• ALICE data not precise enough 
either to confirm or rule out


• What will happen at 5 TeV?

• Regeneration in hadronic phase 

would favor ψ(2S):

‣ PBM and K. Redlich, 

EPJ C16 (2000) 519

‣ Xiaojian Du and R. Rapp, 

NPA 943 (2015) 147

23

CMS, PRL 113 (2014) 262301

ALICE, arXiv:1506.08804
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ϒ in p-Pb

• Observed suppressions consistent with shadowing

• LHCb and ALICE results seem to give different message but agree within 

uncertainties

24

110 ALICE Collaboration / Physics Letters B 740 (2015) 105–117

Fig. 4. Nuclear modification factor of inclusive Υ (1S) in p–Pb collisions at √sNN = 5.02 TeV as a function of rapidity. The vertical error bars represent the statistical uncer-
tainties and the open boxes the uncorrelated systematic uncertainties. The full boxes around RpPb = 1 show the size of the correlated uncertainties. Also shown are several 
model calculations: (left) parton energy loss [25] with and without EPS09 shadowing at NLO and CEM with EPS09 shadowing at NLO [62]; (right) CGC based [26] and CSM 
with EPS09 shadowing at LO [28]. For the latter the effect of variation in the shadowing and EMC curves is highlighted as described in the text. (For interpretation of the 
colours in this figure, the reader is referred to the web version of this article.)

the ratios were obtained by quadratically combining the system-
atic uncertainties entering in each element of Eq. (3). Nevertheless, 
since the decay kinematics of the two Υ states are close, the sys-
tematic uncertainties on tracking, trigger and matching efficiency, 
estimated for the same detector in the same working conditions, 
cancel out in the ratio. The results are:
[
Υ (2S)/Υ (1S)

]
pPb(−4.46 < ycms < −2.96)

= 0.26 ± 0.09(stat) ± 0.04(syst),
[
Υ (2S)/Υ (1S)

]
pPb(2.03 < ycms < 3.53)

= 0.27 ± 0.08(stat) ± 0.04(syst).

The same ratio has been measured by ALICE in pp collisions 
at 

√
s = 7 TeV in the rapidity range 2.5 < ycms < 4.0 [64] and 

is 0.26 ± 0.08(tot), where the uncertainty is the quadratic sum 
of the statistical and systematic uncertainties. The LHCb Collab-
oration has measured the same ratio in pp collisions at 

√
s =

2.76, 7 and 8 TeV and as a function of rapidity in the range 2.0 <
ycms < 4.5 [49,56,57]. The measured [Υ (2S)/Υ (1S)] is found to 
be, within uncertainties, independent of 

√
s and rapidity. For 

pT < 15 GeV/c (14 GeV/c for 8 TeV) the measured values in the 
range 3.0 < ycms < 3.5 are 0.22 ± 0.03(tot), 0.24 ± 0.02(tot) and 
0.25 ± 0.01(tot) for 

√
s = 2.76, 7 and 8 TeV, respectively. Our mea-

sured ratio [Υ (2S)/Υ (1S)] in p–Pb collisions is compatible with 
the same ratio in pp collisions. Within our uncertainties, there is 
therefore no evidence of a different magnitude of CNM effects for 
the Υ (2S) with respect to the Υ (1S). At mid-rapidity, however, 
the CMS Collaboration has measured the double ratio, i.e. the ra-
tio [Υ (2S)/Υ (1S)] in p–Pb divided by that in pp collisions, to be 
0.83 ± 0.05(stat) ± 0.05(syst), suggesting a stronger suppression of 
the Υ (2S) than of the Υ (1S) in p–Pb collisions [35].

The inclusive Υ (1S) RpPb integrated over the backward or for-
ward rapidity ranges, are compared to several model calculations 
in Fig. 4. In the left panel, the results are compared to a next-to-
leading order (NLO) CEM calculation using the EPS09 parameter-
ization of the nuclear modification of the gluon PDF (commonly 
referred to as gluon shadowing) at NLO [62] (blue shaded band) 
and to a parton energy loss calculation [25] with (green shaded 
band) or without (red band) EPS09 gluon shadowing at NLO. In 
the case of the CEM + EPS09 calculation, the band reflects the un-
certainties of the calculation, dominated by the ones of the EPS09 
parameterization [19]. In the cases of the parton energy loss model 

calculations, the bands represent the uncertainty from the EPS09 
parameterization or from the parton transport coefficient and the 
parameterization used for the pp reference cross section. None of 
the calculations fully describe the backward and forward rapidity 
data and all tend to overestimate the observed Υ (1S) RpPb. The 
parton energy loss with EPS09 calculation reproduces the Υ (1S) 
RpPb at forward rapidity but tend to overestimate it at backward 
rapidity. The opposite trend is found if only parton energy loss is 
considered.

In the right panel, the results are compared to a calculation of 
a 2 → 2 production model (gg → Υ g) at leading order (LO) us-
ing the EPS09 shadowing parameterization also at LO [28]. Two 
bands are shown to highlight the uncertainties linked to two dif-
ferent effects. The extent of the blue band shows the EPS09 LO 
related uncertainties in the shadowing region, i.e. at low xBj. The 
red band shows the uncertainty in the EMC region, i.e. at high xBj. 
As the authors of [28] discuss, the gluon nPDF is poorly known 
in this region and the Υ (1S) RpPb at backward rapidity could add 
useful constraints to the model calculations. It is worth noting that 
the two blue bands in the left and right panels of Fig. 4 differ by 
their central curve and the extent of the uncertainties. The two 
approaches are similar and although the production models used 
are different, most of the difference comes from the usage of the 
NLO or LO EPS09 gluon shadowing parameterizations. It can be ar-
gued that using an NLO parameterization is more appropriate than 
an LO one, however it is worth remarking that other gluon shad-
owing parameterizations [20,21] (also at NLO) are available and 
that the uncertainty band of the EPS09 LO parameterization prac-
tically includes them. Therefore, the blue uncertainty band in the 
right panel of Fig. 4 can be considered as including the uncertainty 
due to different gluon shadowing parameterizations. The backward 
rapidity Υ (1S) RpPb disfavours the strong gluon anti-shadowing in-
cluded in the EPS09 parameterization. In the right panel of Fig. 4, 
a calculation based on the CGC framework coupled with a CEM 
production model is also shown (green shaded band) for positive 
ycms. It is worth noting that this calculation, although only slightly 
underestimating the Υ (1S) RpPb, is not able to reproduce the J/ψ
RpPb in the same rapidity range [36].

The quantity RFB is defined as the ratio of the nuclear modifica-
tion factors at forward and at backward rapidities in a range sym-
metric with respect to ycms = 0. It can be computed directly from 
the ratio of the cross sections (see Eq. (1)) of Υ (1S) at forward 
and backward rapidities. RFB is therefore independent of σΥ (1S)

pp . 
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ϒ(nS)/ϒ(1S) Double Ratio in pPb
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• Pb-Pb: PRL 109 (2012)

‣ slightly different rapidity (|yCM|<2.4)

‣ 2011 pp dataset

!

• Double ratios in p-Pb larger than in PbPb

‣ suggests additional final effects in PbPb

‣ but: model dependent extrapolation from 

pPb to PbPb


!

• p-Pb vs pp: 

‣ double ratio less than unity 

(significance <3σ)

http://dx.doi.org/10.1007/JHEP04(2014)103


ϒ(nS)/ϒ(1S) vs. “event activity”
Measure event activity at


• Forward rapidity (4<|ηlab|<5.2)

‣ ∑ET in Hadronic Forward Calorimeter 

‣ weak dependence

‣ independent sets consistent with flat
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Single Ratios corrected for 
acceptance and efficiency
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ϒ(nS)/ϒ(1S) vs. “event activity”
Measure event activity at


• Forward rapidity (4<|ηlab|<5.2)

‣ ∑ET in Hadronic Forward Calorimeter 

‣ weak dependence

‣ independent sets consistent with flat


• Midrapidity (|ηlab|<2.4))

‣ Ntracks: multiplicity in silicon tracker

‣ significant decrease with multiplicity


• Two options to explain results at 
midrapidity:

‣ ϒ affects multiplicity


• ground states comes with 2 tracks more 
than excited state


‣ multiplicity affects ϒ

• activity around the ϒ breaks the state 

(comovers?)


• Consequences for PbPb?! 27
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Figure 7.16: PbPb nuclear modification factor R
AA

in PbPb collisions at p
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2.76 TeV, as a function of the ⌥ pT and y. Theoretical curves obtained from anisotropic
hydrodynamics from [152].

ϒ(nS) in Pb-Pb
• At the LHC, ϒ(1S) already suppressed 

in semi-peripheral collisions

‣ at RHIC only in central collisions


• ϒ(1S) suppression in most central 
collisions might be larger than just 
lack of feed-down

‣ feed-down fraction 30–40% but large 

uncertainties


• More suppression at forward than at 
midrapidity

‣ Same story as charmonia at RHIC?

‣ recombination also for bottomonia

‣ ~2 bb pairs per event but 10x smaller 

closed/open ratio than charm


• Note on Y(2S), CMS measured:

!
‣ stat. hadronization: 0.032 28

_
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measured by ALICE [144] and CMS [47] in PbPb collisions at p
sNN = 2.76 TeV for

the most central collisions is about three times that measured at PHENIX [145] and
PHOBOS [146] at RHIC in AuAu collisions at p

sNN = 200 GeV. In that sense, one
does expect a sizeably different ⌥ suppression at LHC and RHIC, however not as large
as the increase in center of mass energy.

The CMS ⌥ data of the present analysis can be compared to RHIC data in a similar
rapidity range: the STAR Collaboration has published in [132] a AuAu measurement of
⌥ suppression at p

sNN = 200 GeV, exhibiting a lesser suppression at equivalent N
part

.
It is exciting to see that recently, this AuAu data has been supplemented by reports of
a slightly more pronounced ⌥ suppression in UU data at the same energy, involving a
larger number of participants than in AuAu [147]. The suppression seen in AuAu and
UU by the STAR experiment is compared as a function of N

part

in Figure 7.12.
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Figure 7.12: PbPb nuclear modification factor R
AA

as a function of the number of
participating nucleons. Data from CMS and STAR [132, 147] in AuAu and UU atp

sNN = 200 GeV and 193 GeV, respectively. ALICE data is gathered in centrality
bins [0-20%], [20-90%].

Within large uncertainties, the suppression seen by the STAR collaboration in the
most central point (the 10% most central UU events) finds close compatibility with
several high-N

part

CMS points, from N
part

= 200 and above. Additionally, the sup-
pression seen in STAR at N

part

⇠ 200 is about the same as what is reported by CMS
in the most peripheral bin. These two observations are giving interesting insight on the

�(⌥ (2S))

�(⌥ (1S))
= 0.09± 0.02(stat.)± 0.02(syst.)± 0.01(glob.)

(Andronic, NPA 931 (2014) 135)

https://inspirehep.net/record/1318374
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PHOBOS [146] at RHIC in AuAu collisions at p

sNN = 200 GeV. In that sense, one
does expect a sizeably different ⌥ suppression at LHC and RHIC, however not as large
as the increase in center of mass energy.

The CMS ⌥ data of the present analysis can be compared to RHIC data in a similar
rapidity range: the STAR Collaboration has published in [132] a AuAu measurement of
⌥ suppression at p

sNN = 200 GeV, exhibiting a lesser suppression at equivalent N
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Within large uncertainties, the suppression seen by the STAR collaboration in the
most central point (the 10% most central UU events) finds close compatibility with
several high-N

part

CMS points, from N
part

= 200 and above. Additionally, the sup-
pression seen in STAR at N

part

⇠ 200 is about the same as what is reported by CMS
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Summary
• Things I didn’t have time to talk about:


‣ (di)leptons from semileptonic HF decays

‣ D-hadron correlations

‣ Multiplicity dependence of HF production… 


• Open Heavy Flavor

‣ p-Pb data consistent with gluon shadowing

‣ mass dependent heavy quark energy loss models well observed D and B RAA

‣ high pT charm looks “light”


• Quarkonia

‣ p-Pb: quarkonium data point towards some kind of comover effects

‣ Pb-Pb: some form of regeneration seems present, precise measurements of excited 

states crucial to kill models

‣ Is the ϒ(1S) the new J/ψ?


• Last but not least:

‣ interesting program started at LHCb using SMOG: LHCb as a fixed-target 

experiment at midrapidity with p-gas and Pb-gas collisions in RHIC energy range
29
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ALICE: D centrality dependence in 
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ALICE: D-h correlations in pp and p-Pb
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Heavy Flavor Jets in p-Pb

• No significant modification of charm jets in p-Pb

• No significant modification of bottom jets in p-Pb within large uncertainty  

of pp reference
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ALICE: D-h correlations
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Model comparison: D vs Ds RAA
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Electrons from HF decays
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High-pT ψ(2S) in p-Pb

43

 [GeV]
T
p

10 15 20 25 30

pP
b

R

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2
ATLAS Preliminary

 = 5.02 TeVNNs+Pb p
(2S)ψPrompt 

* < 1.5y-1.5 < 

*y
1.5− 1− 0.5− 0 0.5 1 1.5

pP
b

R

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2
ATLAS Preliminary

 = 5.02 TeVNNs+Pb p
(2S)ψPrompt 

 < 30 GeV
T
p10 < 

>partN<
0 5 10 15 20 25

pP
b

R

0.6

0.8

1

1.2

1.4

1.6

1.8

2
ATLAS Preliminary

 = 5.02 TeVNNs+Pb p
ψPrompt J/

 = 0)σωGlauber (

* < 1.5 y-1.5 < 
 < 30 GeV

T
p10 < 

Data
  Data (No Bias Correction)



High-pT ψ(2S) in p-Pb

43

 [GeV]
T
p

10 15 20 25 30

pP
b

R

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2
ATLAS Preliminary

 = 5.02 TeVNNs+Pb p
(2S)ψPrompt 

* < 1.5y-1.5 < 

*y
1.5− 1− 0.5− 0 0.5 1 1.5

pP
b

R

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2
ATLAS Preliminary

 = 5.02 TeVNNs+Pb p
(2S)ψPrompt 

 < 30 GeV
T
p10 < 

>partN<
0 5 10 15 20 25

pP
b

R

0.6

0.8

1

1.2

1.4

1.6

1.8

2
ATLAS Preliminary

 = 5.02 TeVNNs+Pb p
ψPrompt J/

 = 0)σωGlauber (

* < 1.5 y-1.5 < 
 < 30 GeV

T
p10 < 

Data
  Data (No Bias Correction)

>partN<
0 5 10 15 20 25

p
P

b
R

0.5

1

1.5

2

2.5

3
ATLAS Preliminary

 = 5.02 TeVNNs+Pb p
(2S)ψPrompt 

 = 0)σωGlauber (
* < 1.5 y-1.5 < 
 < 30 GeV

T
p10 < 

Data
  Data (No Bias Correction)



ϒ(nS) in Pb-Pb
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Figure 7.16: PbPb nuclear modification factor R
AA

in PbPb collisions at p
sNN =

2.76 TeV, as a function of the ⌥ pT and y. Theoretical curves obtained from anisotropic
hydrodynamics from [152].

7.3. Discussions 183

measured by ALICE [144] and CMS [47] in PbPb collisions at p
sNN = 2.76 TeV for

the most central collisions is about three times that measured at PHENIX [145] and
PHOBOS [146] at RHIC in AuAu collisions at p

sNN = 200 GeV. In that sense, one
does expect a sizeably different ⌥ suppression at LHC and RHIC, however not as large
as the increase in center of mass energy.

The CMS ⌥ data of the present analysis can be compared to RHIC data in a similar
rapidity range: the STAR Collaboration has published in [132] a AuAu measurement of
⌥ suppression at p

sNN = 200 GeV, exhibiting a lesser suppression at equivalent N
part

.
It is exciting to see that recently, this AuAu data has been supplemented by reports of
a slightly more pronounced ⌥ suppression in UU data at the same energy, involving a
larger number of participants than in AuAu [147]. The suppression seen in AuAu and
UU by the STAR experiment is compared as a function of N

part

in Figure 7.12.
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Figure 7.12: PbPb nuclear modification factor R
AA

as a function of the number of
participating nucleons. Data from CMS and STAR [132, 147] in AuAu and UU atp

sNN = 200 GeV and 193 GeV, respectively. ALICE data is gathered in centrality
bins [0-20%], [20-90%].

Within large uncertainties, the suppression seen by the STAR collaboration in the
most central point (the 10% most central UU events) finds close compatibility with
several high-N

part

CMS points, from N
part

= 200 and above. Additionally, the sup-
pression seen in STAR at N

part

⇠ 200 is about the same as what is reported by CMS
in the most peripheral bin. These two observations are giving interesting insight on the
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evolution of the QGP-induced suppression with higher energy densities, and should be
investigated further: for example, additional dAu data at RHIC would help to clarify
the effect of cold nuclear matter on ⌥ production at RHIC energies. Indeed, this is at
the moment subject to large uncertainties [132]. Additionally, one can wonder what is
the status of excited state suppression at RHIC. Since the onset of ⌥(1S) suppression
is visible in RHIC data in more central events than in LHC data (because the energy
density is smaller at RHIC than at LHC for a given N

part

), the suppression of ⌥(2S),
⌥(3S) should also be ’shifted’ to higher energy densities.

So far, we are still lacking a comparison with another experiment for our new
R

AA

(⌥) result as a function of pT . Keeping in mind that the bottomonium and char-
monium families have quite different masses, hence different Q2, one could compare
the pT -dependence of the suppression seen in inclusive J/ events recorded with AL-
ICE [78] with the flat suppression seen in our ⌥ measurement. This comparison is
shown in 7.13, and can be extended to higher charmonium pT using the CMS results
of [81].
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Figure 7.13: Comparison of the ⌥(1S), ⌥(2S) and J/ nuclear modification factors in
the CMS measurement [81] and with ALICE inclusive J/ data from [78], as a function
of transverse momentum.

It is interesting to see that J/ and ⌥ seem to behave very differently at low
momenta at the LHC. At high-pT the suppression is independent of pT for both
species. When reducing the pT of the quarkonium pair, the suppression remains about



LHCb: Prospects with SMOG

• System for Monitoring the Overlap with Gas


• Injection of noble gas in interaction region

• Provides Pb-gas and p-gas collisions with √sNN in RHIC energy regime
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Prospects of LHCb heavy ion studies
• Fixed target beam configuration implements the SMOG

System for Measuring the Overlap with Gas
! Injection of noble gas into interaction region

! Allows to study p or Pb-Gas collisions at different [íí

• LHCb also collected PbPb collisions in 2015, more data are expected in next years
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