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Predic(ng	the	future…?	A	quiz.	
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● Fluctuations in initial state lead to e-
by-e fluctuating symmetry planes

● Odd harmonics are not zero
● Triangular flow (v3 harmonic)

● Weak centrality dependence
● Vanishes as expected when 

measured wrt reaction plane
● Similar pT dependence for all vn

● Higher harmonics provide 
additional constraints on η/s

●  η/s small, similar as at RHIC

v2

v3

Alver, Roland, 2010

What	these	pictures	have	to	do	with	each	other?	

Time	axis	
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Basic	problem	with	measuring	collisions	
•  Sensi(vity	to	τ is	limited	–	in	

par(cular,	with	an	interac(ng	
system	where	large	part	of	
informa(on	“thermalizes”	
–  “Recent	complexity”:	long	range	
correla(ons	in	pp	and	pA	collisions;	
strangeness	from	pp	to	pA…	

•  Task	is	to	iden(fy/measure	
observables	related	exclusively/
pre-dominantly	with	a	par(cular	
stage	of	the	collision	
–  Note	of	an	“inverted	logic”:		heavy-
ion	collisions	became	a	reference	
for	pA	(collec(vity/flow;	
hydrodynamics;	flavor	
produc(on…)	
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Reasons	for	“not	be	feasibly	tested”	
•  Physics	

–  Low	produc(on	cross-sec(ons	/	low	magnitude	effects	
–  Thermaliza(on,	hydrodynamiza(on…	
–  Holding	on	to	*rwong*	observables	(!?!)	
–  Structure	of	the	proton	/	fluctua(ons	(in	hadronic	collisions)	

•  Instrumenta(on	/	data	sources	
–  SPS?,	LEP?,	HERA?	LHC,	RHIC,	eIC,	LHeC,	FCC	

•  New	data	vs.	re-analysis	of	data	on	tape	?	
–  Beam	availability	at	working	facili(es	
–  Variety	of	collision	systems	(needed?)	
–  Experimental	acceptance	
–  Sta(s(cs/	and	related	systema(c	uncertain(es	
–  Knowledge	of	background	sources	
–  Detector	performance	/	understanding	(constantly	improving!)	
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Sensi(vity	to	τ=0	/	par(cle	produc(on	
•  Constrains	to	PDFs	/	hard	processes	
– New	LHC	data	soon:	W,	Z,	[di]-jets,	c,	b	…	t-quark	
– RHIC	pA,	dAu	but	also	pp;		

•  Limited	outlook	extended	with	sPHENIX	(?)	
– Heavy-flavor	produc(on	

•  “new”	caveat:	secondary	c,b	within	parton	shower	
•  New	LHC	data	-	mul(ple	parton	interac(ons	
– Psi/DY;	associated	charm	produc(on	(Psi	+	D)	
– Double	parton	scagering:	4-jet,	W+jj,	DY,	γγ	
– Coun(ng	sources	/	2-par(cle	correla(ons	/	UE	
analysis	a	la	UA1	
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Jets	–	example	on	limi(ng	uncertain(es	

Yen-Jie Lee (MIT)

Jet RpPb at 5 TeV

11Initial Stages 2016

• Sensitivity of all inclusive / charged / b / c- jet RpPb: limited by the systematical 
uncertainties and the interpolated reference

• Need to use REAL PP REFERENCE, reduce the relative jet energy uncertainty 
between pp and pPb data to <<1% level (also jet resolution uncertainty)

x1

x2

Yen-Jie	Lee	(Tuesday)	
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Q-Onia	and	DY:	LHCb/theo.	projec(on	Double ratio R /DY
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Spectacular difference between shadowing and coherent energy loss

Significantly reduced nPDF uncertainty because of the correlation
between gluon and sea quark nPDF individual sets

François Arleo (LLR) Shadowing v. Energy Loss on DY HEP2016 Workshop 21 / 23

Figure 4: Ratio of nuclear modification factor for J/ production and Drell Yan
production in pPb collisions at 5.02TeV for di↵erent shadowing models (DSSZ,
EPS09, nCTEQ15) and energy loss model, as a function of rapidity y.

the factor for J/ production is shown in Fig. 4 for di↵erent shadowing and
energy loss models. While for shadowing e↵ects, the ratio is about 1, for the
energy loss model it departs strongly from unity at high rapidity, i.e. in the
LHCb acceptance. Therefore, measurements of Drell-Yan production in this
region will provide a unique opportunity to test the energy loss model. The
LHCb experiment is the ideal place to perform it as, owing to the capabilities
of its VELO detector, it will be possible to decrease significantly the back-
ground coming from bb̄ production. From preliminary results obtained in pp

collisions at 7TeV [12], it is estimated that a total of about 1000 candidates
would be reconstructed in the 2016 dataset of proton-lead collisions at 8TeV.

6 Fixed target physics

While yields for heavy ion studies are maximized at 8 TeV, LHCb would
also profit of additional data taken at

p
sNN = 5 TeV. In particular, in the

configuration where beam 1 is the proton beam, we could use the SMOG
system [13] with Helium gas to measure antiproton production (and possibly
�, e+ and charm) in collisions of 4 TeV protons on He nuclei at rest. This
measurement, that will be also performed during the pp run for a proton
beam energy of 6.5 TeV, is of great importance for its astroparticle implica-
tions, since collisions of primary protons on interstellar medium (H and He)
are the main expected source of antiprotons in cosmic rays. A pPb run at
5 TeV would give the opportunity to perform the measurement at a di↵er-
ent proton energy, exploring the most interesting energy range, and with a
reduced number of bunches with respect to pp runs, allowing to minimize

5

LHCb	prospects:	Shadowing	(DSSZ,	EPS09,	nCTEQ15)	
vs.	energy	loss	model	
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Charm	in	pA	–	“Cold”	Nuclear	Mager	
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Theory	with	CNM	only:	 Theory	with	small	QGP:	

Need	to	reduce	uncertain(es	–	down	to	lowest-pT	
More	differen(al	measurements?	/	correla(ons?	

PRL	113	(2014)	232301	
arXiv:1605.07569	

Elena	Bruna	



What	aspects	of	the	ini.al	stages	will	not	be	feasibly	tested	in	the	near	future?	

Small-τ	Pre-equilibrium	/	off	equilibrium?	
•  Development	of	the	radial	flow	in	pre-equilibrium	(see	
U.Heinz	yesterday’s	talk)	

•  High	sta.s.cs	vn[N]	cumulant	/	fit	measurements	for	
small	mul.plici.es	in	pp,	pA;	peripheral	AA	(trouble	due	
to	photo-produc(on?)	

•  Evolu(on:	look	closer	at	mini-jets	(SRC	with	jet	
reconstruc(on	at	unreasonable	low-pT?)	ó	study	their	
“disolving”	structure	as	a	func(on	of	mul(plicity		

•  Correlate	sou	(mul(plicity)	with	hard	par(cle	produc(on	
ó	semi-inclusive	measurements	–	a	way	to	improved	
rela(on	to	impact	parameter	(?);	off	jet	UE	ac(vity	(?)	
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Par(cle	correla(ons	
•  ATLAS	–	fit	method	–	access	to	low-

mul(plici(es	(Brian	Cole,	Monday)	
–  v4/v2	=>	stronger	non-linear	coupling	in	pp?	
–  v2(pT)	caling	in	pp,	pPb,	PbPb	

•  Complementary	(new)	methods	on	
correla(ons	(ALICE)	

pp and p+Pb v4/v2
2

• ATLAS E-by-E 
measurements
in Pb+Pb have
shown non-linear
hydrodynamic
coupling between
v4 and v2

⇒ non-linear v4 
varies as v2

2

• Look at v4/v2
2 in pp and p+Pb collisions

– in p+Pb, though v2 and v4 both vary with multiplicity
⇒the ratio is constant. 

– not surprisingly, in pp the ratio is also constant
⇒but is higher than in p+Pb collisions
⇒Naively: stronger non-linear coupling in pp

23

rec
chN

0 100 200

2 2
/v

4v

2

4

=5.02 TeV
NN

sp+Pb 

=13 TeVspp 

ATLAS Preliminary

<20
 rec,periph

 chN≤0

|<5.0η∆2.0<|

<5.0 GeV
a,b

T
0.5<p

Probing(novel(long,range(correla/on(phenomena(
in(pPb(collisions(with(iden/fied(par/cles(at(CMS(

Zhenyu'Chen'(Rice'University)'
for'the'CMS'Collabora:on'

'
Hot'Quarks'Workshop'2014'

'

1'

16$23/05/16$ Maxime$Guilbaud$–$Latest$news$on$high$mul*plicity$p6p$$collisions$at$CMS$–$IS2016$

offline
trkN

0 50 100 150

2v 0.05

0.10  = 13 TeVspp 

 < 3.0 GeV/c
T

0.3 < p
| < 2.4η|

PreliminaryCMS 

|>2}η∆{2, |2v
|>2}η∆{2, |sub

2v

{4}2v
{6}2v
{8}2v
{LYZ}2v

offline
trkN

0 100 200 300

2v

0.05

0.10  = 2.76 TeVNNsPbPb 

 < 3.0 GeV/c
T

0.3 < p
| < 2.4η|

offline
trkN

0 100 200 300

2v

0.05

0.10  = 5 TeVNNspPb 

 < 3.0 GeV/c
T

0.3 < p
| < 2.4η|

!  Comparison$between$v2{2},$v2{4}$and$v2{6}$in$p6p$and$p6Pb:$
"  v2{2}/v2{4}$(p6p)$≤$v2{2}/v2{4}$(p6Pb)$!'Related'to'IS'fluctua@ons'

! One$possible$explana*on:$PRL'112'(2014)'082301'
"  smaller$v2{2}/v2{4}$#$Less'IS'fluctua@ng'sources''
"  S*ll$true$before$subtrac*on#$Upper'limit$
'

CMS	cumulants	
-  v2{2}/v2{4}	less	

fluctua(on	sources	
-  How	do	higher	{N}	

drop	with	mul(plicity?			

Maxime	Guilbaud,	Monday	
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Other	direc(ons…	
•  “Resolving”	HIC/QGP	may	help	to	unfold	the	sequence	of	stages	

–  Quality	data	+	systema(c	analysis	of	collision/ini(al/QGP/HGas	
parameters	yields	first	results	(S.	Bass	et	al.)	

–  Energy	loss	in	small	systems	(?)	
–  New	data	in	pA	on	low-pT	charm	produc(on	(RpPb,	v2)	
–  AA:	Heavy-quark	produc(on	&	in-medium	propaga(on	(transport	

coefficients	–	details	on	longitudinal	drag…)	
–  Event	shape	engineering		

•  Crucial	“final-state”	component:	understanding	of	hadroniza.on/
par.cle-iza.on	process	
–  How	to:	Fields/quanta/entropy	=>	pions,	…	

•  n-quanta	to	m	!=	n	par(cles	–	v2	damping	effects;	mul(-pion	HBT	/	large	
coherence	effects	?	

•  Test	of	coalescence	in	the	charm	sector	(Ds,	Λc)	
–  Looking	forward	to	eIC	data		

•  More	on	photo	produc(on	(see	Wednesday)	
–  Challenging	example:	Nuclear	wave	func(on	with	di-jet	produc(on	in	

UPC	
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Par(cle	produc(on	

M. Floris SQM 2015 - ALICE Overview

Strangeness in p-Pb collisions

22

Strangeness enhancement in p-Pb collisions! 
• Ξ reaches the Pb-Pb (Grand Canonical?) value 
• Lift of canonical suppression? Poor GC fit in p-Pb

Ξ/π Ω/π

M. Nicassio, Fri 17:20 

•  Spectra	and	blast-wave	fits	as	a	func(on	
of	mul(plicity	ó	radial	flow	systema(cs	

•  Role	of	strange	flavor:	shape	in	pA	(and	
or	pp)	–	high	mul(plici(es	(need	data)	

Probing(novel(long,range(correla/on(phenomena(
in(pPb(collisions(with(iden/fied(par/cles(at(CMS(

Zhenyu'Chen'(Rice'University)'
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'
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!  Low$mul*plicity$subtrac*on$applied$

!  Clear$mass$splimng$observed$up$to$2$GeV/c$

!  Clearer$effect$in$p6p$than$in$p6Pb$(or$Pb6Pb)$

! Where'does'this'come'from?'
"  Connected$to$radial$flow$
"  p6p$is$a$more$explosive$system$
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Di-leptons	and	γ	not	pris(ne	anymore…	
•  However	s(ll	interes(ng	in	the	direc(on	of	resolving	QGP…	
•  Experimentally	difficult	measurements	

–  Di-leptons	in	LHC	AA	(=>	Run-3	sta(s(cs)	
•  Sources	in	mul(ple	stages	(flow	from	pre-equilibrium;	di-

leptons	in	pre-equilibrium?	–	control	of	charm;	rho	
broadening	–	see	B.	Jacak	talk)	

•  Thermal	photons	in	pA	(difficult	measurement)	=>	v2?	
Rapp	et	al.	

Au+Au@200	GeV	
minimum	bias	

Direct photon production in Pb-Pb ALICE Collaboration
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Fig. 6: (Color online) Comparison of model calculations from Refs. [59–62] with the direct photon spectra in
Pb–Pb collisions at √sNN = 2.76 TeV for the 0–20% (scaled by a factor 100), the 20–40% (scaled by a factor
10) and 40–80% centrality classes. All models include a contribution from pQCD photons. For the 0–20% and
20–40% classes the fit with an exponential function is shown in addition.

QCD. All models include the contribution from pQCD photons, however, different parameterizations are
used. The model of van Hees et al. [60] is based on ideal hydrodynamics with initial flow (prior to ther-
malization) [65]. The photon production rates in the hadronic phase are based on a massive Yang-Mills
description of gas of π , K, ρ , K∗, and a1 mesons, along with additional production channels (including
anti-/baryons) evaluated with the in-medium ρ spectral function [19]. Bremsstrahlung from π–π and K–
K̄ is also included [66], in the calculation shown here together with π–ρ–ω channels recently described
in Ref. [67]. The space-time evolution starts at τ0 = 0.2 fm/c with temperatures T0 = 682, 641, 461 MeV
for the 0–20%, 20–40%, and 40–80% classes, respectively, at the center of the fireball. The calculation
by Chatterjee et al. [61, 68] is based on an event-by-event (2+1D) longitudinally boost invariant ideal
hydrodynamic model with fluctuating initial conditions. An earlier prediction with smooth initial con-
ditions was presented in Ref. [69]. Hadron gas rates are taken from the massive Yang-Mills approach
of Ref. [19]. Bremsstrahlung from hadron scattering is not included. The hydrodynamic evolution in
the model of Chatterjee et al. starts at τ0 = 0.14 fm/c with an average temperature at the center of the
fireball of T0 ≈ 740 MeV for the 0–20% class and T0 ≈ 680 MeV for the 20–40% class. The calculation
by Paquet et al. [59] uses event-by-event (2+1D) longitudinally boost invariant viscous hydrodynamics
[70] with IP-Glasma initial conditions [71]. Viscous corrections were applied to the photon production
rates [59, 72, 73]. The same hadron gas rates as described above for the calculation by van Hees et al.
are used. The hydrodynamic evolution starts at τ0 = 0.4 fm/c with an initial temperature (averaged over

13
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Few	remarks	on	instrumenta(on	
•  ATLAS	tracking	upgrade	=>	η=4	(LHC	

Run-3)	–	see	outlook	for	correla(ons	in		
Jiangyong	Jia	and	Mingliang	Zhou	(Thu)	

•  ALICE	forward	calorimeter	(LHC	Run-3)	
–  Now:	LHCb	DY,	di-muons	(?)	

•  sPHENIX	(=>	Dave,	Today)	

Rezaeian, PLB 718, 1058 

η= 4 
Dieter	Roehrich	
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	NYTimes		
Instead	of	an	outlook:	
	
-	When	you	should	start	
worrying	about	talks	like	
this	one?	
-	Whenever	you	like.	
However,	interes(ng	
data	are	in	the	near	
future	AND	a	number	of	
aspects	of	ini(al	stages	
will	be	feasibly	tested!	
-	Good	ques(on	is	how	
and	when?	Answer	
unclear…	
-	Do	we	understand	all	
the	aspects	of	the	
already	made	
measurements?	
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Addi(onal	slides	
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Instead	of	conclusions	

What/Who	was	here	first?	


