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Wealth of data shown at this conference
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Coming soon isobars at 200 GeV, 8 TeV pPb, low √s beams

Collision energy and beam species
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Constraining gluon (n)PDFs
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Yen-Jie Lee (MIT)

Summary

19Dijet pseudorapidity in pp and pPb @ 5 TeV

EMC
Anti-shadowing

Shadowing

Shadowing

Anti-shadowing

• Precision measurements of dijet η in pp and pPb from CMS
• Data from pp collisions and NLO calculations are not in good agreement

• Ratios of pPb and pp reference: Reduce the dependence of the nPDF
extraction on the pp NLO calculation and experimental uncertainties

• Significant modifications of dijet η in pPb observed. The data in 
different pT

ave bins provide strong constraints on the (gluon) nPDF

CMS-PAS-HIN-16-003

Yen-Jie Lee (MIT)

Dijet η in pp vs. pT
ave (boosted to match pPb)

12Dijet pseudorapidity in pp and pPb @ 5 TeV

• NLO calculations with both and MMHT14 PDFs are too wide compared to data
• MMHT14 gives a slightly better description of pp data

Small Q2 ~ 1600

Large Q2

~ 4x104
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CMS 
Prelim.

Y.J. Lee (CMS)

Precision measurements of ηdijet = (η1+η2)/2∝0.5 log(xp/xpB) + ηCM 

ηdijet   Theoretically:     can be calculated in pQCD 
Experimentally: “avoid” fragmentation and hadronization effects 

Neither PDFs nor nPDFs gives good fit across whole range
ηdijet as function pT has given access to Q2 dependencies 



Charmonium cross-section in pp!
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•  Good understanding of charmonium cross section for √s = 0.2 – 13 TeV 

Theory: 
PRL 106 (2011) 042002 
PRL 113 (2014) 192301  
JHEP 1210 (2012) 137   

  

J/ψ  
pp @ 200 GeV#

J/ψ  
pp @ 500 GeV#

J/ψ  
pp @ 13 TeV#

ψ(2S)  
pp @ 13 TeV#
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Constraining HF pp cross-sections
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D0 measurement down to 0 pT 
Access to total charm cross-section 

Key for detailed regeneration considerations

Charm quark production 
well understood in pp

Grazia Luparello HP2016 - Wuhan (China), 23 - 27 September 2016 

Open-heavy flavours in pp and p-Pb collisions

3

Charm and beauty quarks are produced in partonic scattering 
processes with large Q2 transfer -> production cross sections 
can be calculated with perturbative QCD factorisation approach 

๏ Multiplicity-integrated measurements 
๏ Test of pQCD predictions in pp collisions 
๏ Assess Cold Nuclear Matter (CNM) effects in p-Pb 

collisions 
๏ Modification of parton densities in nuclei, kT-

broadening, parton energy loss in CNM 
๏ Possible final-state effects in p-Pb collisions?

arXiv:1605.07569

cc

Charmonium cross-section in pp!
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Good description 
of charmonium 
production from 
0.2 to 13 TeV ALICESTAR

ALICE

C. Da Silva (PHENIX), 
G. Luparello (ALICE), 
Y. Yang (STAR)       

Integrated B→J/Ψ 
fraction 

independent of  √s
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HF production versus event activity
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G. Luparello (ALICE)

HF Electron vs. Multiplicity!

07/01/2016 Rongrong Ma, sQM 2016 9 

•  New measurements for production of HF decayed electron 
–  Mid-rapidity multiplicity: stronger-than-linear 
–  Backward multiplicity:  linear 

•  Different from pp collision ! role of CNM, Ncoll 
•  No significant change for pT > 4 GeV/c (>50% b->e contribution) 

Heavy Flavor Yield vs. Multiplicity!

07/01/2016 Rongrong Ma, sQM 2016 7 

•  Self-normalized heavy-flavor 
yield increases stronger-than-
linearly than event multiplicity 
–  Interplay between soft and hard 

processes 
•  Similar trend is observed at 

RHIC and LHC 
–  Fundamental underlying 

mechanism. MPI? 
•  Models on the markets 

–  Percolation: high energy 
density suppresses soft more 
than hard processes 

–  EPOS3+hydro: is it applicable 
at RHIC? 

–  PYTHIA8: strong dependence 
on tunes 

ALICE: 
PLB 712 (2012) 165 
JEHP 09 (2015) 148 
Model: 
PRC 86 (2012) 034903   

STAR preliminary 

Self normalized yields grows faster than event 
activity at both LHC and RHIC 

Soft vs hard processes competing? 
MPI at work?

Also seen in p+Pb 
NPE show no difference above/below 4 GeV/c 

b behaves like c 

Results depend on where event activity measured 
Physics or ill defined reference?

pp

p+Pb p+Pb



Hard Probes 2016 ALICE Overview X. Zhang
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Particle production vs. Event Multiplicity
21

ALI-PUB-106878

pp at 7 TeV

• Open question for strangeness production at 
the LHC — onset of QCD-phase transition in 
small system?

ALICE
JHEP 09 (2015) 148

ALICE arXiv:1606.07424

Helen Caines - Yale 

Strangeness saturation in pp?
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O. Busch (ALICE)

Steep rise in strangeness yields per π 
as function of event activity 

Strong function of strangeness content 

Trend in pp same as that in p+Pb with 
smooth transition to Pb+Pb 

Not reproduced by models  

Is this increase dependent on pT and/or 
event activity definition as for HF?



R
D(z)

 in different jet p
T
 intervals

An enhancement of R
D(z)

 in the z region 0.3-0.8 for high p
T
 jest.

11

Shaded bands:  uncorrelated or partially correlated systematic errors.

Lines: the R
D(z) 

evaluated using extrapolation with HERWIG++ 

p
 +

 P
b

 /
 p

p

p+Pb measurement is compared to pp reference constructed based on 
extrapolation from 2.76 TeV pp data using Pythia MC.

ATLAS-CONF-2015-022

Update on the charged hadron R
pPb

Enhancement not present when interpolate reference 
replaced by 5 TeV data.

Talk by P. Balek

Helen Caines - Yale 

Minbias RpPb 
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Consistent with 
nPDF expectations

Hard Probes 2016 ALICE Overview X. Zhang
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Small Systems 20

• Small systems

• pp collisions: QCD vacuum, baseline for heavy-ion and p–Pb collisions

• p–Pb collisions: quantify Cold Nuclear Matter (CNM) effects — nuclear 
modified PDF, kT-broadening coherent energy loss of partons in nuclear 
medium…
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Charged particles |ηCMS|<0.3

Charged particle jets 
|η|<0.5 HF muons

2.5<yCMS<3.54, -4<yCMS<-2.96
ALICE Phys. Rev. Lett. 110 (2013) 082302

• RpPb consistent with unity — strong suppression observed in central Pb–Pb 
collisions at mid-rapidity and forward rapidity is due to the QCD medium

ALICE
Eur. Phys. J. C76 (2016) 271

Ta-Wei Wang (MIT), B meson production in HI collisions in CMS , Hard Probe 2016 (Wuhan, China)

B RpA

26

• pp reference: FONLL prediction (no pp data yet at this energy)
• Measurement of B+ B0 and B0s

• Function of pT

RFONLLpA vs pT of B0sRFONLLpA vs pT of B0RFONLLpA vs pT of B+

Phys. Rev. Lett. 116, 032301 (2016)

Nothing enormously unexpected is occurring!

Grazia Luparello HP2016 - Wuhan (China), 23 - 27 September 2016 

RpPb of electrons from open heavy-flavour hadron decays

6

๏ RpPb of electrons from decays of charm and beauty hadrons and from beauty hadrons only compatible 
with unity within uncertainties 

๏ Compatible with different models simulating cold nuclear matter effects and models considering final 
state effects in p-Pb collisions

Phys. Lett. B 754 (2016) 81-93 arXiv:1609.03898  

b (→c) → e 

P. Balek (ATLAS), A. Dubla (ALICE), M. Dumancic (ATLAS), 
T. Okubo (ALICE), B. Schmidt (LHCb), X. Zhu (LHCb)Z boson in pp and p+Pb systems 

•  Z boson production with decay via muon channels studied in pp 5TeV 
data 
•  Cross section in the fiducial volume of  66<Mµµ<116 GeV, |yZ|<2.5 is:  

                590±9 (stat.) ±11 (syst.) ±32 (lumi.) pb 
•  In good agreement with the NNLO calculation using the CT14 PDF: 

                               573.77+13.94
-15.96 pb 

•  RpPb extracted using the old p+Pb result and new pp reference data 
•  Enhancement in the Pb-going direction (negative yZ) and depletion in the p-going 

direction (positive yZ) – observation consistent with nPDF predictions 

Overview of ATLAS results, Sept 23rd, 2016 7 

ATLAS-CONF-2016-107 
Phys. Rev. C 92, 044915 (2015) 

See Mirta Dumancic’s talk 

Nuclear Modification Factor 𝑅p−Pbp0

25/09/2016 Tsubasa Okubo / Hard Probes 2016 12

• No reconstructed pp reference available for 𝑠 = 5.02 TeV
→ Using published p0 spectra in pp collisions at 𝑠 = 2.76 TeV and 𝑠 = 7 TeV for
interpolation with power law

• 𝑅p−Pbp0 is consistent with unity above 2 GeV/c and agrees with model predictions.

Prompt 𝐷0 nuclear modification factor in 𝑝Pb 

LHCb-CONF-2016-003 

•  Extrapolated 𝑝𝑝 data at 𝑠 = 5 TeV for reference  
•  Nuclear modification factor smaller at forward rapidity 
•  Measurements consistent with theoretical predictions 

X. Zhu, D0 production in LHCb, HP2016 12 

𝑝T < 8 GeV/𝑐 

2016/09/24 

Forward 
Backward 

MNR with CTEQ6M+EPS09NLO: Nucl. Phys. B373 (1992) 295, JHEP 10 (2003) 046, JHEP 04 (2009) 065 

D0
π0

z

h±



Comover Dissociation of Quarkonium

18

PHENIX: arXiv:1609.06550

Approximate comover density:  𝝆𝒄𝒐 ∝ 𝒅𝑵
𝒅𝒚 / 𝑺𝑻

from AMPT

transverse size 
from Glauber MC

RHIC and LHC data 
from small systems 

consistent with comover 
interpretation

Helen Caines - Yale 

Charmonia in p+A

8

p+Pb: 
Prompt J/ψ  : 

Forward   - strong suppression 
   Backward - no suppression 
Consistent with shadowing expectations 
(Errors allow for some energy loss) 
  
Prompt Ψ(2S):  
   More suppressed than J/ψ  

Unpredicted suppression for backward 
rapidities

Nuclear modification factor (j 2k )
t_uv =

1
w×

yH_uv y[⁄
yH__ y[⁄

1223/09/2016

• Prompt l(mn): more suppressed than i/j, intriguing suppression in backward rapidity
→ Energy loss+shadowing don’t explain j(2k) suppression in backward rapidity,
requiring other mechanism  (Comovers?)

• l mn from b: suppression consistent with that of i/j	from b, as expected

[∗ [∗

Prompt From b

Hard	Probes	2016	(Yanxi	ZHANG)

JHEP 03 (2016) 133 

Small systems data from 
LHC and RHIC consistent 

with co-mover interpretation

A. Drees (PHENIX), B. Schmidt (LHCb)

p+Al, p+Au, He3+Au: 
Ψ(2S) more suppressed backwards  

Need another mechanism:
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The p+Pb ridge and event activity

9

Two particle angular correlations
• Projected on Δë for	ΔY in range 2 < |ΔY| < 2.9 (excluding jet peak)
• Subtraction of the Zero Yield At Minimum (ZYAM)

arXiv:1512.00439 

•Near-side correlation yield increases with event activity 
•More pronounced in backward configuration, due to larger 

event activity in backward configuration

For same absolute event activity, near-side correlation 
yield compatible in the forward and backward samples

Correlation yield in percentile of event class

Correlation yield in absolute event class 
(same number of velo hits)

Hard	Probes	2016	(Yanxi	ZHANG) 1923/09/2016

Increasing ïñ

Increasing event activity

Away-sideNear-side

The ridge seen at large η  
the same magnitude forward and 
backward if same absolute local UE 
activity selected

S. Milov (ATLAS), 
Y. Zhang (LHCb)

×1.51

v2 from template

Sasha Milov             Correlations in small systems with ATLAS        HP2016, Wuhan, China          Sept 25, 2016 14

arXiv:1609.06213

pp results are the same at 5.02 TeV and 13 TeV

and very close to 2.76 TeV [PRL 116 (2016) 172301]

p+Pb start at the same v2 as pp, than grows while pp is constant

Very similar pT dependencies at all measured √s in pp

and in p+Pb where it is ~50% higher

pp 
   vn : no dependence on event activity 
   vn : same for 5.02 and 13 TeV 

 v4/v22 : no dependence on event activity 

p+Pb  
   vn : rise with event activity 

v4/v22  : no dependence on event activity

Ridge in pp and p+Pb systems 

• Shape of pT-dependence of v2 is consistent between  
p+Pb and pp systems (scaled by 1.51) 

•  v4/v2
2 ratio flat with Nch, higher for pp than p+Pb 

•  Hint of the common origin of ridge in the two systems? 

Overview of ATLAS results, Sept 23rd, 2016 21 

See Sasha Milov’s talk 

arxiv:1609.06213 

See Sasha Milov’s talk 

Suggestive of common origin



If v2 has origin in elliptic flow c2{4} must be negative (                       )

Helen Caines - Yale 

Hydrodynamic flow or not in p+Pb?

10

Tension between CMS and ATLAS on cumulant results 

S. Milov (ATLAS)

Multi-particle cumulants in pp 

•  Weak energy dependency to cumulants, however systematically higher c2{4} 
measured at 13TeV at low Ntrk, at higher Ntrk this trend is reversed 

•  In Method 1: cumulants positive therefore no evidence of collective behavior 
•  In Method 2: negative cumulants over a broad range of Ntrk values 
•  PYTHIA confirms a negative contribution of fluctuations in Method 2 
•  Conclusion: c2{4} in pp is sensitive to the choice of event class 

•  Multi. fluctuations and non-flow could give a negative contribution to c2{4} 
•  Premature to conclude on collectivity w/o quantify influence of these effects 

Overview of ATLAS results, Sept 23rd, 2016 23 

ATLAS-CONF-2016-106 

See Sasha Milov’s talk 

Multi-particle cumulants in pp 
•  Multi-particle correlations in azimuthal angles measured in pp collisions 

•  Two collisions energies explored: 5 (28 pb-1) and 13TeV (75 nb-1) 
•  Using well-established Q-cumulant method 
•  Expressed in terms of c2{4} which relates directly to elliptic flow v2{4} 

•  Tool to assess collective nature of the pp system  

Overview of ATLAS results, Sept 23rd, 2016 22 

Cumulants are extracted for reference 
particles (Ntrk

ref): 
•  0.3<pT<3 GeV 
•  0.5<pT<5 GeV 
using two methods: 
Method 1: fixed Ntrk

ref multiplicity (avoids 
multiplicity fluctuations) 
Method 2: events are selected using Ntrk
(pT>0.4 GeV) 

ATLAS-CONF-2016-106 

Study Q-Cumulants as function of event activity

Use different methods to determine 
event activity 

Method 1: strict single track class 
(no multiplicity 
fluctuations in events) 

Method 2: has multiplicity   
                  fluctuations

Results depend on how event activity defined

c2{4} only negative when method involving multiplicity fluctuations used



Grazia Luparello HP2016 - Wuhan (China), 23 - 27 September 2016 

D meson - charged particle angular correlations

13

arXiv:1605:06963

๏ pp and p-Pb baseline-subtracted correlations 
are consistent within uncertainties

5 < pT (D) < 8 GeV/c 8 < pT (D) < 16 GeV/c
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D-hadron correlations in p+Pb

11

No need to include flow term in 
background 

Correlations are the same in 
pp and p+Pb after 
background subtraction 

No evidence of any change in 
jet properties

arXiv:1605:06963 

G. Luparello (ALICE)

Are D’s also “flowing” in p+A?

More data needed to perform 
study in event activity classes



π0 integrated RAA in 3He+Au collisions 
l  Integrated RAA has been plotted with ones in d+Au 

l  At higher Npart, d+Au and 3He+Au show very similar Npart dependence 

l  At lower Npart, d+Au collisions show more enhancement 
–  More Cronin effect, or less suppression (energy loss) 

2016-09-24 T. Sakaguchi, HP2016@Wuhan, China 13 

Produced by 
Nicole Apadula 

Helen Caines - Yale 

RdA,AA in asymmetric systems at RHIC

12

Centrality dependence of jet and π0 
suppression in d+Au, He+Au, Cu+Au  

suppressed in central 
enhanced in peripheral 

Similar suppression for Npart>12

T. Sakaguchi (PHENIX), S, Zharko (PHENIX)

How to explain Npart behavior?

π0 at √s=200 GeV
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Direct thermal photons

13

What is vn at other √s and in small systems?

W. Fan (PHENIX), D. Lodato (ALICE), C. Yang (STAR)

Hard Probes 2016 ALICE Overview X. Zhang

Direct Photons in Pb–Pb Collisions
9
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ALI−PUB−97914

• Low-pT: 2.6σ excess w. r. t. models in 0–20% central — thermal contribution

• Teff = 304 ± 11(stat.) ± 40 (syst.) MeV in central Pb–Pb collisions at 2.76 TeV

• 30% higher than at RHIC (Au–Au at √sNN=200 GeV)

ALICE Phys. Lett. B754 (2016) 235

PLB754 (2016) 235

Direct virtual photon invariant yields 

9/23/16� Hard Probes 2016, Wuhan China, B. Huang ��

Paquet: (2+1)D hydrodynamic evolution. 
Rapp: Elliptic thermal fireball evolution� 

H. van Hees, C. Gale, and R. Rapp [Phys. Rev. C 84, 054906 (2011)] 
H. van Hees, M. He, and R. Rapp [Nucl. Phys. A 933, 256 (2015)] 
J.-F. Paquet et al., [Phys. Rev. C 93, 044906 (2016)] 

!  pT>6 GeV/c: dominated by initial hard-
parton scattering. 

 
!  pT 1-3 GeV/c: dominated by thermal 

radiation from models. 

!  Data are consistent with both models 
for all the centralities except 40-80%. 

At RHIC and LHC there is an excess at low pT 

: thermal contribution 

Slope at LHC 30% higher than at RHIC as expected from hotter source
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Direct photons at RHIC

14

Total yield and excess yield

2016/9/23 Chi Yang, Hard Probes 2016, Sep. 22-27, Wuhan, China

PHENIX collaboration
[Phys. Rev. C 91, 064904 (2015)]

H. van Hees, C. Gale, and R. Rapp 
[Phys. Rev. C 84,  054906 (2011)]

H. van Hees, M. He, and R. Rapp 
[Nucl. Phys. A 933, 256 (2015)]

J.-F. Paquet et al., 
[Phys. Rev. C 93, 044906 (2016)]
private communications

[arXiv:1607.01447]

18Early emission for yield 
Late emission for flow

W. Fan (PHENIX), C. Yang (STAR)

Failure to simultaneously reproduce 
PHENIX spectra and vn 

Tension between 
PHENIX and STAR



RAA for J/psi 
•  RAA measured for prompt and non-prompt 

J/ψ production 
•  Strong J/ψ suppression 
•  As a function of pT: 0.2-0.4 for prompt (small 

rise for high pT), 0.3 for non-prompt (flat) 
•  As a function of Npart: drop from 0.8-0.2 with a 

similar trend for both components 
•  Striking similarity in the suppression pattern 

Overview of ATLAS results, Sept 23rd, 2016 12 

See Sebastian Tapia’s talk 
See Jorge Lopez’ poster 
 

ATLAS-CONF-2016-124 

Helen Caines - Yale 

RAA at 5 TeV

15

Hard Probes 2016 ALICE Overview X. Zhang
ALI-PREL-113513

22

Jets and parton energy loss

Motivation: understand parton energy loss by tracking the gluon radiation

Qualitatively two scenarios: 
1) In-cone radiation: RAA = 1, change of fragmentation 
2) Out-of-cone radiation: RAA < 1

Jet RAA in Pb–Pb Collisions at 5.02 TeV
12

• Jet: a spray of particles from hard parton fragmentation — get closer access 
to parton energy

• Out-of-cone radiation: energy loss in jet cone

➡ Jet yield suppression, di-jet energy imbalance, 
jet-jet/hadron-jet acoplanarity…

• In-cone radiation: medium modified fragmentation

➡ Jet shape broadening, modification of transverse 
energy profile…

• Charged-particle jet RAA at 5.02 TeV

• Consistent with RAA of charged particles and 
charged-jet RAA at 2.76 TeV 

0-10%

10-30%

30-40%

50-90%

Charged Jets

A. Batty (CMS), M. Knichel (ALICE), J. Sun (CMS), S. Tapia Araya (ATLAS),  
T-W. Wang (CMS), H. Yokohama (ALICE), Z. Zhang (ALICE)

D0 and charged hadrons 
and B mesons!

Jing Wang (MIT), D meson RAA in PbPb collisions with CMS, HP2016 (Wuhan) 21

D0 RAA in PbPb collisions at 5.02 TeV

• Comparison with charged hadrons [1]
• Similar suppression in a wide 

kinematic range

|y| < 1, Centrality 0-100%

[1] CMS-PAS-HIN-15-015

[2] CMS-PAS-HIN-16-011
CMS-PAS-HIN-16-001
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Centrality 0-100%

 (5.02 TeV PbPb)-1bµ (5.02 TeV pp) + 350.68 -127.7 pb

CMS
Preliminary

 and lumi.AAT
uncertainty

 |y| < 2.4+ BAAR

 |y| < 1.00 DAAR

 charged hadrons |y| < 1.0AAR
• Comparison with B+ meson [2]

Ta-Wei Wang (MIT), B meson production in HI collisions in CMS , Hard Probe 2016 (Wuhan, China)
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p
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R
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1
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1.4 CMS Preliminary
 = 2.76 TeVNNsPbPb 

Cent. 0-100%
|y| < 2.4

ψNon-prompt J/

Nuclear modification factor

13

• B+ pT 10~15 GeV → J/ψ pT 8~10 GeV

• Results compatible with each other within uncertainty

CMS-PAS-HIN-12-014B —> J/ψ

Non-prompt J/ψPrompt J/ψ

Strong suppression in 
central events 

At very high pT (>200 
GeV/c) approaches 1 

Not significantly different 
to values at 2.76 TeV

13

Comparison of the two energies

p Similar suppression at forward rapidity at 5.02 TeV and at 2.76 TeV  
     for both central and peripheral collisions within uncertainties

Centrality: 0-10% Centrality: 60-80%

HF Muons
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Charm-medium interactions 

16

 A. Dubla (ALICE), Q. Hu (ATLAS), L. Ma (STAR), 
J. Sun (CMS), J. Wang (CMS), Y. Wang (STAR), 
G. Xie (STAR), L. Zhou (STAR)

At low pT: 
RAA ~ 1.5 at RHIC 
(similar result for HF 
electrons) 

 RAA  ~ 0.6 at LHC 
) c (GeV/

T
p 

0 5 10 15 20 25 30 35 40

A
A

R

0

0.2

0.4

0.6

0.8
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1.4
ALICE

 = 2.76 TeV
NN

s0-10% Pb-Pb, 

|<0.5y |
+

, D*
+

, D
0

Average D
-extrap. reference

T
pwith pp 

TAMU elastic
Cao, Qin, Bass
MC@sHQ+EPOS
POWLANG
BAMPS el.
BAMPS el.+rad
PHSD

07/01/2016 Rongrong Ma, sQM 2016 20 

 (GeV/c)
T

p
1 10 210

AA
 R0 D

0

0.2

0.4

0.6

0.8

1

1.2

1.4

 (5.02 TeV PbPb)-1bµ (5.02 TeV pp) + 404 -125.8 pb

CMS
Preliminary

Centrality 0-10%
|y| < 1

0 DAAR
 charged hadronsAAR

M. Djordjevic
0CUJET3.0 D

S. Cao et al.
PHSD w/ shadowing 
PHSD w/o shadowing 
I.Vitev (g=1.8-2.0)

 and lumi.AAT
uncertainty

D Meson Suppression in AA!

•  High pT: suppressed by a factor ~5 in central AA collisions ! Strong 
charm-medium interaction 

•  Low pT: RAA ~ 1.5 at RHIC while RAA ~ 0.6 at LHC ! Shadowing? 
•  Different models can qualitatively describe the data. Need better 

precision and more measurements. 

PRL 113 (2014) 142301 JHEP 03 (2016) 081 

STAR 0.2 TeV ALICE 2.76 TeV CMS 5.02 TeV

Charm v2 and v3 at LHC 
(HF leptons also reveal v2) 

Jian Sun

Summary

Hard Probes 2016 19
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|y| < 1.0
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Open box: other syst.

Theory prediction for prompt D
LBT
TAMU

L. Pang
CUJET3
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Theory prediction for prompt D
LBT

v Prompt D0 v2 and v3 is measured for 
centrality 0-10%, 10-30% and 30-50%
§ First measurement of D0 v3

§ Positive v2 in both low and high pT ranges
§ Positive v3 in low pT range

v The prompt D0 v2 and v3 is compared 
with these of charged particle
§ Low pT: vn (prompt D0) < vn (charged particle)
§ High pT: vn (prompt D0) ≈ vn (charged particle)

v The results provide important input for 
theoretical studies

Jian Sun

Summary

Hard Probes 2016 19
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Theory prediction for prompt D
LBT

v Prompt D0 v2 and v3 is measured for 
centrality 0-10%, 10-30% and 30-50%
§ First measurement of D0 v3

§ Positive v2 in both low and high pT ranges
§ Positive v3 in low pT range

v The prompt D0 v2 and v3 is compared 
with these of charged particle
§ Low pT: vn (prompt D0) < vn (charged particle)
§ High pT: vn (prompt D0) ≈ vn (charged particle)

v The results provide important input for 
theoretical studies   High pT suppression + flow 

Strong charm-medium 
interactions at LHC and RHIC 

Are we seeing effects of flow + shadowing?

Summary 

15 Guannan Xie� Hard Probes 2016, Wuhan, China�

 (GeV/c)
T

Transverse Momentum p
0 1 2 3 4 5 6 7 8

AAR

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8 Au+Au 200GeV, 0-10%
 20140D
 2010/110D

p+p uncert.

 (GeV/c)
T

Transverse Momentum p
0 1 2 3 4 5 6 7

2v
0.05−

0

0.05

0.1

0.15

0.2

0.25

0.3

Non-flow est.Au+Au 200GeV, 0-80%
 EP0D

sK

•  First measurement of D0 RAA using STAR HFT. 
•  D0 v2 is finite and lower than that of light quarks for 1< pT < 4.0 GeV/c in 0-80% 

centrality bin 
•  Data favor model where charm quarks flow 
•  D0 v2 and RAA can be simultaneously described by models with values of 2πTxD 

between 2 and ~12, and differences between models need to be resolved 

STAR Preliminary� STAR Preliminary�

Enhanced Ds production at RHIC 



Comparison	to	Models	vs	pT	

•  c	 •  RAA	calcula.on	is	extended	to	pT	=	12	
GeV/c	

•  We	observe	less	suppression	at	low	
pT,	as	expected	from	models	with	a	
strong	regenera.on	component	

•  Hint	of	an	increase	of	the	RAA	with	
respect	to	√sNN	=	2.76	TeV	is	
observed	between	2	and	6	GeV/c	

Victor	Feuillard	-	Hard	Probes	2016	 22	24	September	2016	

Helen Caines - Yale 

J/ψ suppression

17
07/01/2016 Rongrong Ma, sQM 2016 28 

 J/ψ Flow in AA!

•  Finite J/ψ v2 at the LHC ! 
sizable regeneration 
contribution 

•  J/ψ v2  ~ 0 at RHIC above 2 
GeV/c ! regeneration 
contribution is small 

•  Need to reduce uncertainties 
on the measurements 

 PRL 111 (2013) 052301 
PRL 111 (2013) 162301 

•  J/ψ v2: another constraint on regeneration 
–  Primordial: little or zero v2 

– Regenerated: inherit v2 of the constituent charm quarks 

Hints of v2 
low pT expectation: 
only regenerated show flow from thermal c quarks

/	17	

J/ψ	RAA	vs.	Npart�
q  RHIC	vs.	LHC		

§  pT	>	0	GeV/c:	less	suppressed	in	central	collisions	at	the	LHC		
						è	larger	regenera*on	contribu*on	due	to	higher	charm	quark	cross-sec*on	
§  pT	>	5	GeV/c:	more	suppressed	in	central	collisions	at	the	LHC	
						è	larger	dissocia*on	rate	due	to	higher	medium	temperature	

q  Data	vs.	transport	models	(dissocia*on	+	regenera*on	effects)	
§  pT	>	0	GeV/c:	both	models	can	describe	the	centrality	dependence	at	RHIC,	but	

tend	to	overes*mate	suppression	at	LHC	
§  pT	>	5	GeV/c:	there	is	tension	among	data	and	models	

Yi	Yang		2016	September	24	@	HP2016	 			15	

CMS:	JHEP	05	(2012)	063		
ALICE	:	PLB	734	(2014)	314		
PHENIX	:	PRL	98	(2007)	232301		

Transport	model:	
Model	I	at	RHIC:	PLB	678	(2009)	72		
Model	I	at	LHC:	PRC	89	(2014)	054911		
Model	II	at	RHIC:	PRC	82	(2010)	064905		
Model	II	at	LHC:	NPA	859	(2011)	114		

�

pT	>	0	GeV/c�

pT	>	5	GeV/c�

E. Chapon (CMS), V. Feuillard (ALICE), Y. Yang (STAR)

 Low pT: LHC5 > LHC2.76 > RHIC - decreasing regeneration; less c quarks 
High pT:                    LHC2.76 < RHIC - decreasing dissociation;  cooler medium   

Precise vn measurements needed 
to confirm flowing charm



Ratio of excited ϒ states to the ground state 

9/25/16 Zaochen Ye for STAR Collaboration 12

World-wide p+p: PRC 88 (2013) 067901
CMS: PRL 109 (2012) 222301
CMS: JHEP 04 (2014) 103

Ratio of ϒ(2S+3S)/ϒ(1S)
at RHIC may have less 
suppression than that at 
LHC?

Data taken in 2016 will double the statistics.

CL. = 95%

Helen Caines - Yale 

ϒ suppression

18

5 TeV 
ϒ(3s): No evidence in data 
ϒ(2s): Consistent with 0 in central events 
ϒ(1s): Hint that RAA,2.76 < RAA,5 

Less suppression of ϒ(2s+3s)/ϒ(1s) 
at RHIC

Regeneration of bottom?

〉
part

N〈
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A
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0.2
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0.8

1

1.2

 < 4y, 2.5 < -µ
+

µ →(1S) ϒALICE, Inclusive 

 10%± = 5.02 TeV, Preliminary                             global sys.= 
NN

sPb-Pb 

 13%± = 2.76 TeV, (PLB 738 (2014) 361-372)     global sys.= 
NN

sPb-Pb 

ALI-PREL-108609

17

Measurements at "##� =5.02 TeV and 2.76 TeV
are compatible within uncertainties.

233(5.02	TeV,	0-90%)= 0.40 ± 0.03("bcb. ) ± 0.04("Q"b. )
233(2.76	TeV,	0-90%) = 0.30 ± 0.05("bcb. ) ± 0.04("Q"b. )

Υ(1s) 233 @ "##� =5.02 TeV and 2.76 TeV:
centra l i ty dependence

G. Fronze (ALICE), Y. Kim (CMS), Z. Ye (STAR)

!(2S)	double	ratio	vs	centrality

24-Sep-16 Yongsun	Kim 15

• DR	approaches	to	unity	in	the	
most	peripheral	bins

• Relatively	flat	across	mid-central	
events

• In	0-5%	bin,	!(2S)	signal	is	
consistent	to	zero	as	well	as	
Y(3S)
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Comparison between pp and MC

Compared pp data to PYTHIA and MADGRAPH NLO models.
MADGRAPH NLO is in good agreement with data

CMS-PAS-HIN-15-013

Helen Caines - Yale 

Colorless high pT triggers

19

B. Cole (ATLAS), C.Mc Ginn (CMS), K.Tatar (CMS)

Hard Probes 2016Kaya Tatar 17

Comparison with photon+jet results

Z+jet at 5.02 TeV vs photon+jet at 2.76 TeV

       Photon rapidity : |ηγ| < 1.44

Same kinematic selections for jets. 

Agreement within statistical uncertainties

CMS-PAS-HIN-13-006

photon+jet results at 5.02 TeV :

Chris McGinn's talk in the next session

CMS-PAS-HIN-15-013

Now have results for 
both γ and Z triggers! 

Significant change in xJ    
distribution 

No angular deflection 

Christopher McGinn 15
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Results: Mean xJγ as a function pTγ

• Mean of jet-photon momentum ratio as function of photon pT 
• As photon pT increases, the difference in the mean 

increases between central PbPb and pp

Christopher McGinn 1

Photon-Jet Correlations in pp and PbPb 
collisions at 5.02 TeV with CMS

Hard Probes 2016 
Wuhan, China 

On behalf of the CMS experiment at the LHC
Christopher McGinn 1

Photon-Jet Correlations in pp and PbPb 
collisions at 5.02 TeV with CMS

Hard Probes 2016 
Wuhan, China 

On behalf of the CMS experiment at the LHC

PAS-HIN- 
16-002

Gamma-Jet in 5.02 TeV Pb+Pb collisions

• Start with 0-10% centrality bin:
– Compare measured, background-subtracted 

1/Nγ dN/dxj for inclusive pairs with Δφ > 7π/8.

– to PYTHIA8+GEANT + Pb+Pb data overlay 

– and to 5.02 TeV pp data (previous slide)
⇒See clear modification (downward shift) in central 

Pb+Pb due to energy loss of  balance jets 
27
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Gamma-Jet in 5.02 TeV Pb+Pb collisions

• Start with 0-10% centrality bin:
– Compare measured, background-subtracted 

1/Nγ dN/dxj for inclusive pairs with Δφ > 7π/8.

– to PYTHIA8+GEANT + Pb+Pb data overlay 

– and to 5.02 TeV pp data (previous slide)
⇒See clear modification (downward shift) in central 

Pb+Pb due to energy loss of  balance jets 
27
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Saturday, September 24, 16

Gamma-Jet in 5.02 TeV Pb+Pb collisions

• Look at Δφ distribution for 0-10% centrality
– pT

jet > 50 GeV to limit combinatoric contribution
– compare to PYTHIA8 + GEANT + data overlay, pp data
⇒same disagreement with PYTHIA8 as seen for pp
⇒agreement between 0-10% Pb+Pb and pp

27
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ATLAS

ATLAS

Results do not change 
(within errors) if either Z 

or γ used

Z-jet γ-jet γ-jet

γ-jet

Z-jet



Doga Gulhan - Report from CMS

Di-b-jet vs. inclusive flavour dijet

Flavor 
excitation

Flavor 
creation

Gluon 
splitting

PbPb
0-10% 

inclusive 
dijet

di-b-jet

Contamination from gluon splitting processes are suppressed 

Parallel  
C.C. Peng(Sat)28

70% 9% 21%

CMS-PAS-HIN-16-005

Doga Gulhan - Report from CMS

Di-b-jet vs. inclusive flavour dijet

Flavor 
excitation

Flavor 
creation

Gluon 
splitting

PbPb
0-10% 

inclusive 
dijet

di-b-jet

Contamination from gluon splitting processes are suppressed 

Parallel  
C.C. Peng(Sat)28

70% 9% 21%

CMS-PAS-HIN-16-005

Helen Caines - Yale 

Di-(b-)jet momentum imbalance

20

C.C.Peng (CMS), R. Slovak (ATLAS)

Doga Gulhan - Report from CMS

Di-b-jet vs. inclusive flavour dijet

Flavor 
excitation

Flavor 
creation

Gluon 
splitting

Contamination from gluon splitting processes are suppressed 

Parallel  
C.C. Peng(Sat)29

No significant difference in the 
imbalance of dijets for heavy 
flavour and inclusive flavour

CMS-PAS-HIN-16-005

70% 9% 21%

Di-jet imbalance not significantly different for 
di-b-jets and inclusive di-jets

Hard Probes 2016 - Radim Slovak 12

Dijet asymmetry measurement

    p
T1

 dependence 0-10 %

● Central collisions show a 
significant p

T1
 dependence

● Pb+Pb collisions become 
similar to pp at high p

T1

● Significant difference in the 
path-length?

● Flavor efects?

ATLAS-CONF-2015-052

Hard Probes 2016 - Radim Slovak 12

Dijet asymmetry measurement

    p
T1

 dependence 0-10 %

● Central collisions show a 
significant p

T1
 dependence

● Pb+Pb collisions become 
similar to pp at high p

T1

● Significant difference in the 
path-length?

● Flavor efects?

ATLAS-CONF-2015-052

Di-jet asymmetries become 
similar for pp and Pb+Pb at 
very high lead jet pT

di-b-jets suppresses 
gluon splitting 
contribution 



Splitting function in pp 
PYTHIA8 and HERWIG reproduce the pp data within 5-10% 

Opposite trend for PYTHIA and HERWIG 

Marta Verweij 16 

CMS-PAS-HIN-16-006 

Splitting function in pp 
PYTHIA8 and HERWIG reproduce the pp data within 5-10% 

Opposite trend for PYTHIA and HERWIG 

Marta Verweij 16 

CMS-PAS-HIN-16-006 

Helen Caines - Yale 

Subjet shared momentum fractions

21

“Groom” jet into two 
subjets

120<pT<140 GeV/c

K. Kauder (STAR), M. Verweij (CMS)

No change at RHIC for either of the “hard core” 
di-jets

Marta Verweij 23 

Jet pT dependence 
Modification gets weaker when increasing jet pT 

Due to normalization, cannot distinguish between increase at low zg or 
suppression at high zg 

Marta Verweij 23 

Jet pT dependence 
Modification gets weaker when increasing jet pT 

Due to normalization, cannot distinguish between increase at low zg or 
suppression at high zg 

Significant change at LHC for inclusive jets 
140<pT<200 GeV/c

Results not necessarily 
contradictory many differences

Future: explore angular dependence to 
probe subjets color (de)coherence 

Good agreement between pp data and models

“Hard 
core”  
di-jet



Helen Caines - Yale 

Access to virtuality?

22Doga Gulhan - Report from CMS

• Parton flavor More quark jets

Boson-jet Absolute Eloss and more

• Varying virtuality  
Z mass makes virtuality higherdijet

Z-jet !-jet

• Absolute Eloss Parton pT and - before quenching

19

Higher jet mass → higher virtuality  

24th Sept 2016 C. Bianchin - Jet mass p-Pb and Pb-Pb in ALICE 13

Pb-Pb results

Z triggers           → higher virtuality

Studies are just beginning at LHC 
- no large differences observed for Z vs γ 
triggers

ALICE

Theoretical expectation1 that higher 
virtuality probes different length 
scale of the medium 

Experimentally do higher jet mass/
Z trigger events show different 
amount of quenching compared to 
low mass/other triggers with same 
jet pT? 

[1] Majumder, Putschke PRC 2016 

C. Bianchin (ALICE), D.Gulhan (CMS)

Promising avenue of exploration



  

Jet pT dependence of jet structure

18

Increasing jet p
T
 

Jet |η| < 2.1

No significant 
dependence on jet pT.

Hint of small 
decrease of the 
modification at low 
 and high z for the 
highest pT jets

   
ATLAS-CONF-2015-055

Jet p
T
 > 100

Hard Probes 2016 - Radim Slovak 14

Jet fragmentation ratios

Centrality dependence
● Enhancement at low   

and high p
T

● Suppression at 
intermediate p

T

Jet p
T
 dependence

● No significant 
dependence on jet p

T

Rapidity dependence
● Hint of rapidity 

dependence
● Consistent with 

prediction in arXiv: 
1504.05169

Ratios of D(p
T
) for 4 centralities in 4 p

T
 bins 

ATLAS-CONF-2015-055

See Martin Rybar talk, Sat 24th

24th Sept 2016 C. Bianchin - Jet mass p-Pb and Pb-Pb in ALICE 16

Ratio Pb-Pb/p-Pb

Slope of ratio indicates that Pb-Pb distribution is 
shifted towards smaller masses wrt p-Pb

● Large uncertainties, propagated as uncorrelated →need further studies 
to determine possible correlations between the two data sets

Helen Caines - Yale 

Hints that quenched jets are collimated

23

Subjet zg more imbalanced 

 

C. Bianchin (ALICE), M. Rybar (ATLAS), 
M. Verweij (CMS), X. Zhang (ALICE)

Jet mass shifts to lower values 

Marta Verweij 23 

Jet pT dependence 
Modification gets weaker when increasing jet pT 

Due to normalization, cannot distinguish between increase at low zg or 
suppression at high zg 

Marta Verweij 23 

Jet pT dependence 
Modification gets weaker when increasing jet pT 

Due to normalization, cannot distinguish between increase at low zg or 
suppression at high zg 

Radial momentum 
shifts to lower values

Hard Probes 2016 ALICE Overview X. Zhang
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c < 60 GeV/jet,ch
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X
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�R(i, jet)

p–Pb at 5.05 TeV
Pb–Pb at 2.76 TeV

Data: Pb–Pb / p–Pb
PYTHIA: 2.76 TeV / 5.02 TeV

• Jet mass: Pb–Pb distribution is shifted towards 
smaller masses w. r. t. p–Pb collisions — 
indicate large angle out-of-cone radiation in the 
medium

• Radial momentum (g) — pT-weighted jet width

• g shifted towards lower values in Pb–Pb data 
relative to PYTHIA — indication of more 
collimated jet cores in data

Jet mass
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Systematic Pb-Pb

ALI-PREL-113390

For the first time the fully 
corrected jet shapes are 
measured in Pb–Pb collisions

Suggest Pb+Pb inclusive 
jets have “harder cores” 

than pp jets of same energy

Enhanced 
yield at 
high z 



Jet peak momentum distribution Aj>0.22

9/23/2016 Dragos Velicanu - Hard Probes 2016 18

PbPb PbPbpp

Jet peak momentum distribution Aj>0.22

9/23/2016 Dragos Velicanu - Hard Probes 2016 18

PbPb PbPbpp

Jet peak momentum distribution Aj>0.22

9/23/2016 Dragos Velicanu - Hard Probes 2016 18

PbPb PbPbpp

Comparisons to theory

Huijun Ge, for the PHENIX Collaboration, HP2016, Wuhan, Sep 23-27, 2016
12

Linear Boltzmann Transport
- kinetic description of parton
propagation
- hydro description of medium 
evolution
- track thermal recoil partons & 
their further interactions in 
medium
Jet transport in medium + jet 
induced medium excitations
- He, Luo, Wang and Zhu, arXiv: 
1503.03313v2 (2015)
- He, Luo, Wang and Zhu, arXiv:1503.0331;     

Modified Leading Log 
Approximation
Modeling the energy loss in the 
medium as an increased parton
splitting probability
- Borghini and Wiedemann, arXiv: hep-
ph/0506218 (2005)

Transition not at fixed ξ

Comparisons to theory
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Linear Boltzmann Transport
- kinetic description of parton
propagation
- hydro description of medium 
evolution
- track thermal recoil partons & 
their further interactions in 
medium
Jet transport in medium + jet 
induced medium excitations
- He, Luo, Wang and Zhu, arXiv: 
1503.03313v2 (2015)
- He, Luo, Wang and Zhu, arXiv:1503.0331;     

Modified Leading Log 
Approximation
Modeling the energy loss in the 
medium as an increased parton
splitting probability
- Borghini and Wiedemann, arXiv: hep-
ph/0506218 (2005)

Transition not at fixed ξ

uvv = 	
»… À… 

»ππ

Modification factor: IAA on away side

14

l Away-side	suppressed	at	high	OP (uvv ≈	0.6)

ü Energy	loss	in	medium

l Enhancement up to	uÕÕ ~	5	at	lowOP
ü mP broadening?

ü medium-excitation?
ü fragments	from	radiated gluons?

arXiv:1608.07201

												Y =
S

TUVWX
∫ _q∆t	

Modification	factor:	IAA on	away	sideHard	Probes	2016,	Sept.23-27,	2016,	Wuhan,	China

ALICE	di-hadron	paper:Phys.Rev.Lett.108:092301,2012

Helen Caines - Yale 

How the lost energy re-emerges

24

Jet-Track: 
   Particles emerge at large angles  

(larger than typical jet cones at LHC)

H. Ge (PHENIX), X. Peng (ALICE), 
D.Velicanu (CMS), X. Zhang (ALICE)

γ-hadron

New results confirm enhancement starts 
below: 

  ~2 GeV/c at RHIC 
  ~3 GeV/c at LHC 
(similar conclusion for strangeness in jet)

Energy “restored” at 
low pT not low zT!

π0-hadron

Subleading (Pb+Pb - pp)

Jet peak momentum distribution Aj>0.22

9/23/2016 Dragos Velicanu - Hard Probes 2016 18

PbPb PbPbpp

Aj > 0.22
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Interplay of medium with jets

25

Nearside low pT di-hadron correlations 
Broadening in Δη 
Depletion of yield near Δη= 0 

Interpreted as due to strong 
longitudinal and radial expansion 

Near-side depletion

In central collisions at low p
T

: depletion around (�',�⌘) = (0,0)
Per trigger yield is corrected for two-track inefficiencies
The area of the depletion is excluded from the fit
Characterized by Fit-Data

Total yield in %

�⇥
-1 0 1

�⇥
d

a
s
s
o

c

N
d

t
r
i
g

N1

0

0.2

0.4

0-10%

Data

Peak from fit

= 2.76 TeV

NN

sALICE, Pb-Pb 

c< 3 GeV/

T,trig

p2 < 

c< 2 GeV/

T,assoc

p1 < 

/2⇤| < ⌅⇥|

4% scale

uncertainty

Monika Kofarago Near-side jet peak broadening in Pb-Pb collisions 12 / 18

K. Burka (ATLAS), K. Jiang (STAR),    
M. Kofarago (ALICE), Q. Wang (CMS)

Quan	Wang	 HardProbes	2016,	Wuhan	
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Summary	

Ø v2{SP},	v3{SP}	and	v2{4,6,8}	up	to	100	GeV/c	
Ø Non-zero	v2	observed	at	very	high	pT	
Ø v2{4,6,8}	show	mulK-parKcle	nature	at	high	pT	
Ø v3{SP}	is	consistent	with	zero	for	pT	>	30	GeV/c	
Ø Strongly	correlated	high	pT	v2	and	low	pT	v2	

30	

v2(low pT) highly correlated to v2(highly  pT) 
Increasing pT flattens slope of correlation  
Initial state effect? 

Inter-jet correlation >> intra-jet correlation 
Significant kT and/or flow deflection

vn now observed up to n=7 and up to 25 GeV 
    No significant difference from 2.76 to 5 TeV

v2low

Kun Jiang 13

Intra-jet and inter-jet correlation width

• Away side: inter-jet correlation >> intra-jet 
correlation → significant kT and/or flow deflection.

• Intra-jet correlation: s near = away and no centrality 
dependence → little jet modification?

• Requirement of a trigger (pT > 3 GeV/c) and two 
associated particles (2 < pT < 3 GeV/c) bias towards 
unmodified jets?

Off-diagonal projection: intra-jet correlations (|S|<0.35)
Diagonal projection: inter-jet correlations (0<D<0.35) Df1=f1-fTrig

D
f 2

=f
2-f

Tr
ig

Unmodified
Di-jets

Deflected jets
or kT effect

Conical 
emission

STAR preliminary

S = (Df1+Df2)/2-, D = (Df1-Df2)/2

Hard Probes 2016, Wuhan, China 

Studies of medium’s response to jets starting



Excess radiation 23

Hard Probes 2016 - Patrick Sellheim - 24/09/2016

HADES
Preliminary

Excess yield scales like
≈A1.3

part

The excess yield rises 
with the size of the 
collision system.

Helen Caines - Yale 

Low mass di-lepton excess

26

J. Butterworth (STAR), T. Gunji (ALICE), 
P. Sellheim (HADES)Connection to fireball lifetime 

9/23/16 Hard Probes 2016, Wuhan China, B. Huang 

!  Integrated excess yield normalized by dNch/dy, is proportional to lifetime of fireball 
from 17.3 – 200 GeV.  

Given that total baryon density is nearly constant and emission rate is dominant in the near Tc region. 
 
R. Rapp, H. van Hees PLB 753 (2016) 586-590 

In Au+Au excess scales 
as A1.3part

Low mass excess∝ fireball lifetime  
for large range of beam energies and 
centralities

Looking forward to adding HADES, 
BES-II and LHC data into trend plots 

Results suggest excess due to total baryon driven medium effects
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Very low pT J/𝛹

27

W. Zha (STAR)

Large excess seen for peripheral events 
RAA ~ 20  

Excess decreases with centrality 
Opposite of hadronic production 
expectations (Npart scaling) 

J/y dN/dt distribution for Au+Au 40-80%

Wangmei Zha HP2016

Au+Au
200 GeVAu+Au 200 GeV

UPC r0 

9 Similar structure to that in UPC case!
9 Indication of interference!

9 Interference shape from calculation for UPC case
PRL 84 2330 (2000)

9 Similar slope parameter!
9 Slope from STARLIGHT prediction in UPC case 

– 196 (GeV/c)-2

9 Slope w/o the first point: 199 ± 31(GeV/c)-2 

c2/𝑁𝐷𝐹 = 1.7/2
9 Slope w/ the first point: 164 ± 24(GeV/c)-2 

c2/𝑁𝐷𝐹 = 5.9/3

ρ0 cross-section as a function of the 
momentum transfer squared (𝑡 ≈ 𝑝𝑇2) 
from STAR UPC measurements.

Phys. Rev. C 77 4910 (2008)

� The slope from the exponential 
fit reflects the size and shape 
of target.

11

Slope of t~pT2 consistent with expectations 
from coherent photon-nucleon interaction  

reflects size and shape of Au nucleus 

J/y yield at very low pT versus centrality

Wangmei Zha HP2016

9Low pT J/y from hadronic production is expected to increase 
dramatically with Npart.

9No significant centrality dependence of the excess yield!
9No significant difference between Au+Au and U+U collisions.

30 – 40%

10Coherent photon-nucleus production 
even when nucleus disintegrates?

Slope ~190 (GeV/c)-2

(Similar effect seen by ALICE)
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Summary

28

Need to go home and digest further all the data shown 

 Thanks for inviting me to Wuhan! 
(I hope to see outside of the hotel next visit)



Helen Caines - Yale 29

THE END
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pp Spectra 

30

How are slopes changing between species and sqrt(s)?

Ta-Wei Wang (MIT), B meson production in HI collisions in CMS , Hard Probe 2016 (Wuhan, China)

pp cross section

9

• N: raw yields of the mass fitting
• Acc ϵ: selection efficiency estimated 

from simulation
• BR: branching ratio obtained from PDG 

• L: Luminosity of the pp 5 TeV data

CMS-PAS-HIN-16-011

B-meson

Ta-Wei Wang (MIT), B meson production in HI collisions in CMS , Hard Probe 2016 (Wuhan, China)

pp cross section

11

arXiv:1609.00873

pp 13 and 7 TeV results
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RpPb of high-pT hadrons 
•  Hint of enhancement of particle production at high-

pT in Run-1 data where pp yields were interpolated 
from 2.76 and 7TeV 

•  Now with new pp 5TeV data, spectra of charged 
particles with pT up to 100GeV measured 
•  Nuclear modification factor RpPb for old p+Pb data  

(ATLAS-CONF-2014-029) extracted using new pp spectra 
•  Huge improvement in reducing systematic uncertainties 

(earlier dominated by interpolation) 
•  RpPb is flat and consistent with unity 

Overview of ATLAS results, Sept 23rd, 2016 8 

ATLAS-CONF-2016-108 

See Petr Balek’s talk 
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X
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:1

60
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B suppression at RHIC

31

B-meson RAA 

9/20/16 Nuclear Modification of B-mesons in CuAu collisions 13 

No pp reference at 200 GeV in the same pT and rapidity at this moment. 
 
Assuming FB/J� (pp)=0.1 from world p+p data at J/� pT=1.5 GeV/c. 
 
In this assumption, RAA from Cu- and Au-going data consistent to binary scaling 
of B-mesons: no B-meson destruction, no thermal production in the QGP 

RAA(B �meson) =
F

CuAu
B/J 

F

pp
B/J = 0.1

RAA(incl.J/ )

I.Vitev	

R
B A
A

⇣ F
p
p

B
/
J
 
=

0.
1⌘

Cu+Au  200 GeV 1.2<|y|<2.2 

No suppression in Cu+Au for B-meson in foward or backward region  at 
low pT

Cesar Luiz da Silva (PHENIX) 
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Ds in A+A

32

Elliptic flow 𝐯𝟐

2016/9/24 Long Zhou / USTC & BNL

• First measurement of 𝐷𝑠 v𝟐 in heavy-ion experiment.

16

Long Zhou (STAR)

Ds v2 at RHIC

𝐷𝑠/𝐷0 ratio: RHIC vs. LHC 

2016/9/24 Long Zhou / USTC & BNL

• Consistent with ALICE, they following the same trend. 
• Need measurements with better precision. 

Pb+Pb (ALICE:JHEP03(2016)082)

15

PYTHIA expectation

Ratio enhanced compared to 
pp at RHIC and the LHC 
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vn behavior in asymmetric systems 

33

v2 in high multiplicity p+Au
Tiny drops of QGP?

12

Initial  
state

Final  
state

Data-Theory 
comparison 

confirms 
hydrodynamic 
collective flow

An opportunity for heavy ion theory being tackled now
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First time measured - HP scoops

34

Zg measurements in p+p and Au+Au 

9/23/16� Hard Probes 2016, Wuhan China, B. Huang ���

!  p+p HT Run6 
Results from trigger and recoil jets are 
consistent with PYTHIA. 

!  No significant modification of 
the splitting function found in 
Au+Au. 

CMS observed signification 
modification in most central, 
but in quite different kinetic 
range. 

Constrains E-loss models, more theory input needed. 

First measurement of zg at RHIC  
zg for di-jets with “hard cores”. Kolja Kauder Sun 11:00 

Jets 

STAR STAR CMS 

20-30 GeV/c 25-30 GeV/c 
�40-��0 GeV/c 

Ta-Wei Wang (MIT), B meson production in HI collisions in CMS , Hard Probe 2016 (Wuhan, China)

Mass Spectra

7

pp 5TeV PbPb 5TeV

First direct reconstruction of B meson in PbPb collision
CMS-PAS-HIN-16-011

)2 (GeV/cKµµm
5 5.1 5.2 5.3 5.4 5.5 5.6 5.7 5.8 5.9 6

)2
En

tri
es

 / 
(5

 M
eV

/c

0

10

20

30

40

50 Data
Fit

 Signal+B
Combinatorial

 Xψ J/→B 
/nDOF: 60.84/44 = 1.382χ

 PreliminaryCMS  = 5.02 TeVNNsPbPb 

 < 15.0 GeV/c
T

10.0 < p

Centrality 0-100%

|y| < 2.4

)2 (GeV/cKµµm
5 5.1 5.2 5.3 5.4 5.5 5.6 5.7 5.8 5.9 6

)2
En

tri
es

 / 
(5

 M
eV

/c

0

100

200

300

400

500

600 Data
Fit

 Signal+B
Combinatorial

 Xψ J/→B 
/nDOF: 48.00/44 = 1.092χ

 PreliminaryCMS  = 5.02 TeVNNspp 

 < 15.0 GeV/c
T

10.0 < p

Centrality 0-100%

|y| < 2.4

B-meson

Jet zg

Elliptic flow 𝐯𝟐

2016/9/24 Long Zhou / USTC & BNL

• First measurement of 𝐷𝑠 v𝟐 in heavy-ion experiment.

16

Ds v2

Jian Sun

Summary
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Theory prediction for prompt D
LBT

v Prompt D0 v2 and v3 is measured for 
centrality 0-10%, 10-30% and 30-50%
§ First measurement of D0 v3

§ Positive v2 in both low and high pT ranges
§ Positive v3 in low pT range

v The prompt D0 v2 and v3 is compared 
with these of charged particle
§ Low pT: vn (prompt D0) < vn (charged particle)
§ High pT: vn (prompt D0) ≈ vn (charged particle)

v The results provide important input for 
theoretical studies

D v3Flow harmonics in Pb+Pb at 5.02TeV 
•  Flow harmonics vn measured up to n=7  

via SP/EP and 2PC methods 
•  Kinematic range: 0.5<pT<25GeV, |η|<2.5 and 

centrality 0-80% 
•  First measurement of v7 in 0-60% centrality 
•  Significant v2 even at highest pT 
•  Very weak pseudorapidity dependence 
•  Results very consistent with Run-1 

measurements at 2.76TeV 

Overview of ATLAS results, Sept 23rd, 2016 18 

ATLAS-CONF-2016-105 

v7


