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Introduc*on	  
•  why	  to	  study	  charged	  par1cle	  spectra?	  	  

•  ︎	  	  to	  understand	  proper1es	  of	  hot	  dense	  ma;er	  created	  in	  HI	  collisions	  
(Pb+Pb)	  and	  contribu1on	  of	  “cold”	  effects	  (p+Pb)	  

•  ︎	  	  to	  understand	  the	  mechanism	  of	  energy	  loss	  of	  partons	  	  
	  
•  Pb+Pb	  2011	  ATLAS	  data	  allow	  to	  extend	  previous	  measurements	  	  

•  p+Pb	  2013	  ATLAS	  data	  allow	  to	  check	  high	  pT	  CMS	  results	  

•  nuclear	  modifica1on	  factor:	  
	  

(pA) 



Results	  with	  RHIC	  energy	  
BRAHMS	   PHENIX	  

PHOBOS	  
d+Au	  

STAR	  

STAR	  Nuclear	  Physics	  A	  Volume	  757,	  Issues	  1-‐2	  ,	  8	  August	  2005,	  Pages	  102-‐183	  	  
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Transverse Momentum Distribution and Nuclear Modification Factor of Charged . . . 5
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Fig. 3: Transverse momentum dependence of the nuclear modification factor RpPb of charged particles measured in
p–Pb collisions at√sNN = 5.02 TeV. The ALICE data in |ηcms|< 0.3 (symbols) are compared to model calculations
(bands or lines, see text for details; for HIJING, DHC stands for decoherent hard collisions). The vertical bars
(boxes) show the statistical (systematic) errors. The relative systematic uncertainty on the normalization is shown
as a box around unity near pT = 0.

and systematic uncertainties. The total systematic uncertainty on the normalization, quadratic sum of the
uncertainty on ⟨TpPb⟩, the normalization of the pp data and the normalization of the p–Pb data, amounts
to 6.0%.

In Fig. 2 we compare the measurement of the nuclear modification factor in p–Pb to that in central (0–
5% centrality) and peripheral (70–80% centrality) Pb–Pb collisions at √sNN = 2.76 TeV [8]. RpPb is
consistent with unity for pT ! 2 GeV/c, demonstrating that the strong suppression observed in central
Pb–Pb collisions at the LHC [6–8] is not due to an initial-state effect, but rather a fingerprint of the hot
matter created in collisions of heavy ions.

The so-called Cronin effect [21] (see [22] for a review), namely a nuclear modification factor above unity
at intermediate pT, was observed at lower energies in proton–nucleus collisions. In d–Au collisions at√sNN = 200 GeV, RdAu reached values of about 1.4 for charged hadrons in the pT range 3 to 5 GeV/c
[23–26]. The present measurement clearly indicates a smaller magnitude of the Cronin effect at the LHC;
the data are even consistent with no enhancement within systematic uncertainties.

Data in p–Pb are important also to provide constraints to models. For illustration, in Fig. 3 the mea-
surement of RpPb at |ηcms|< 0.3 is compared to theoretical predictions. Note that the measurement is
performed for NSD collisions. With the HIJING [14] and DPMJET [12] event generators, it is estimated

Recent	  LHC	  results	  

•  There	  is	  no	  precise	  description	  for	  the	  dynamics	  of	  the	  peak	  	  
•  Centrality	  dependence	  have	  been	  shown	  by	  the	  ALICE	  experiment	  

HIN-‐12-‐017-‐pas	  
arXiv:1405.2737	  
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Pb+Pb	  &	  p+Pb	  @	  LHC	  and	  ATLAS	  

Inner	  Detector	  is	  used	  for	  
dNtrk/dηdpT	  within|η|<2.5	  
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Pb+Pb	  &	  p+Pb	  @	  LHC	  and	  ATLAS	  
Minimum	  Bias	  Scin*llators	  used	  for	  the	  event	  selec*on	  

2.1<|η|<3.9	  (not	  shown	  here)	  	  
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All	  calorimeters	  
are	  used	  for	  the	  diffrac*ve	  contribu*on	  

studies	  |η|<4.9	  

Pb+Pb	  &	  p+Pb	  @	  LHC	  and	  ATLAS	  
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Pb+Pb	  &	  p+Pb	  @	  LHC	  and	  ATLAS	  

LAr	  forward	  (FCal)	  
Used	  for	  the	  centrality	  determina*on	  

3.2<η<4.9	  (Pb-‐going	  direc*on)	  
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determination of centrality

centrality based on energy deposited in Forward Calorimeter –
3.1 < |⌘| < 4.9

model – based on Glauber calculation convoluted with p+p data

Petr Balek 16 August 2012 4 / 19

Centrality	  defini*on	  
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•  Centrality	  based	  on	  energy	  deposited	  in	  Forward	  Calorimeter	  –	  3.1	  <	  |η|	  <	  4.9	  
•  Model	  –	  based	  on	  Glauber	  calcula1on	  convoluted	  with	  p+p	  data	  
For	  p+Pb:	  
•  Pb-‐going	  FCal	  (side	  “A”)	  is	  used	  to	  characterize	  event	  centrality,	  it	  is	  more	  

sensi1ve	  to	  nuclear	  geometry	  in	  p+Pb	  
•  Gribov	  extension	  is	  evaluated	  for	  the	  centrality	  es1ma1ons	  
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event selection

used data 2010 and 2011:
minimum bias 2010 – 7µb�1, 50.7M events

I MBTS or ZDC

minimum bias 2011 – 7µb�1, 50.7M events
I total energy > 50GeV
I

or signal from ZDC+track

hard probes 2011 – 0.14 nb�1, 998M sampled events
I unprescaled jet trigger; anti-kT, ET > 20GeV

Petr Balek 16 August 2012 5 / 19

Data	  2010	  and	  2011	  are	  used:	  
•  minimum	  bias	  2010	  –	  7μb−1,	  50.7M	  events	  	  

•  MBTS	  or	  ZDC	  
•  minimum	  bias	  2011	  –	  7μb−1,	  50.7M	  events	  	  

•  ︎total	  energy	  >	  50	  GeV	  	  
•  ︎or	  signal	  from	  ZDC+track	  

•  to	  reconstruct	  high	  pT	  part	  of	  the	  spectrum,	  	  
hard	  probes	  2011	  is	  used	  –	  0.14nb−1,	  998M	  sampled	  events	  	  

•  ︎	  unprescalled	  jet	  trigger:	  an1-‐kT	  ,	  ET	  >	  20	  GeV	  	  

Pb+Pb	  event	  selec*on	  

	  2.1<|η|<3.9	  	  
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Charged	  par*cle	  spectra:	  Pb+Pb	  

•  Significant	  difference	  is	  visible	  
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RAA	  (0.5<pT<150	  GeV):	  Pb+Pb	  

•  The	  measurement	  is	  extended	  up	  to	  150	  GeV	  with	  be;er	  sta1s1cs	  
•  RAA	  shows	  strong	  pT	  dependence	  
•  RAA	  decreases	  with	  higher	  pT	  reaching	  a	  minimum	  at	  pT	  ≈	  7	  GeV,	  where	  the	  

charged-‐par1cle	  suppression	  is	  strongest	  	  
•  RAA	  shows	  good	  agreement	  with	  other	  experiments	  
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RAA:	  Pb+Pb	  

•  In	  all	  momentum	  intervals	  RAA	  decreases	  with	  ⟨Npart⟩	  
•  	  The	  decrease	  is	  strongest	  for	  the	  minimum	  (6.7<pT<7.7	  GeV)	  interval	  and	  

weakest	  in	  the	  plateau	  region	  	  
•  In	  the	  more	  central	  collisions	  the	  jet	  RAA	  reaches	  lower	  values	  	  

arXiv:1504.04337v1	  
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2012	  p+Pb	  pilot	  run	  is	  used	  for	  the	  measurements	  
Integrated	  Luminosity:	  1μb-‐1	  
	  
1.  Two	  scin1llator	  signals	  in	  the	  MBTS:	  
2.  Good	  1ming	  |Δt|<10ns	  

3.  Reconstructed	  vertex	  with	  at	  least	  two	  tracks	  of	  pT>100	  MeV.	  
	  
4.  Pileup	  during	  data	  taking	  was	  at	  the	  level	  of	  10-‐3	  
5.  Events	  with	  two	  good	  ver1ces	  were	  rejected,	  residual	  pile-‐up	  10-‐4	  

6.  A	  pseudorapidity	  gap	  on	  the	  lead	  going	  side	  of	  ΔηPb≤2.0	  	  	  
	  
Sample	  used	  in	  the	  analysis:	  2,131,219	  events.	  
This	  sample	  corresponds	  to	  98±2%	  of	  the	  inelas1c	  events.	  
	  	  

p+Pb	  event	  selec*on	  

	  2.1<|η|<3.9	  	  
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Charged	  par*cle	  spectra:	  p+Pb	  

•  To	  compare	  pPb	  (ycms=-‐0.465)	  and	  pp	  spectra,	  y*	  is	  used	  
•  Significant	  difference	  is	  observed	  	  

ATLAS-‐CONF-‐2013-‐107	  
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•  Spectra	  are	  used	  for	  RpPb	  	  

ATLAS-‐COM-‐CONF-‐2014-‐031	  
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Charged	  par*cle	  spectra	  high	  pT:	  p+Pb	  
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ATLAS	  RpPb	  

•  Shows	  pronounced	  so-‐called	  Cronin	  peak	  	  
•  RpPb	  at	  low	  pT	  shows	  strong	  varia1on	  with	  pT	  	  
•  Significant	  change	  in	  the	  interpreta1on	  with	  different	  centrality	  models	  

ATLAS-‐CONF-‐2013-‐107	  
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ATLAS	  RpPb	  

•  Shows	  shiu	  to	  the	  posi1ve	  y*	  with	  increasing	  centrality	  
•  So-‐called	  Cronin	  peak	  is	  more	  pronounced	  when	  centrality	  is	  higher	  

ATLAS-‐CONF-‐2013-‐107	  
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ATLAS	  RpPb	  

•  ATLAS	   have	   provided	   close	   to	   CMS	   results	  with	   higher	   enhancement	   then	   it	   is	  
expected	  for	  parton	  an1-‐shadowing	  

ATLAS-‐COM-‐CONF-‐2014-‐031	  
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ATLAS	  RpPb	  

•  For	  low	  pT	  values	  RpPb	  strongly	  correlate	  with	  y*	  &	  centrality	  
•  For	  higher	  pT	  values	  enhancement	  is	  present	  

ATLAS-‐COM-‐CONF-‐2014-‐031	  
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Conclusion	  
•  Pb-‐Pb	  and	  p-‐Pb	  spectra	  are	  measured	  within	  |η|	  <	  2.5	  and	  0.1GeV	  <	  pT	  <	  

150GeV	  	  
•  For	  PbPb:	  

•  The	  measurement	  is	  extended	  up	  to	  150	  GeV	  with	  be;er	  precision	  
•  Minimum	  seen	  at	  around	  7	  GeV,	  above	  show	  rise	  up	  to	  high	  pT	  for	  

the	  Pb+Pb	  measurement	  
•  RAA	  agrees	  with	  level	  of	  suppression	  measured	  in	  jets	  	  

•  For	  pPb:	  
•  RpPb	  at	  low	  pT	  shows	  strong	  varia1on	  with	  pT,	  rapidity	  and	  centrality	  

with	  a	  pronounced	  so-‐called	  Cronin	  peak	  
•  An	  enhancement	  at	  higher	  pT	  is	  observed	  
•  p+Pb	  high	  pT	  measurement	  agrees	  with	  CMS	  result	  

•  Obtained	  results	  show	  strong	  influence	  of	  hot	  &	  cold	  ma;er	  effects	  on	  
the	  charged	  par1cle	  produc1on	  with	  indica1on	  of	  needs	  to	  improve	  
centrality	  calcula1on	  models	  for	  future	  results	  
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Thank	  You	  !	  

E	  Shulga	   The	  15th	  Interna1onal	  Conference	  on	  Strangeness	  in	  Quark	  Ma;er	   22	  



Back	  Up	  Slides	  

E	  Shulga	   The	  15th	  Interna1onal	  Conference	  on	  Strangeness	  in	  Quark	  Ma;er	   23	  



E	  Shulga	   The	  15th	  Interna1onal	  Conference	  on	  Strangeness	  in	  Quark	  Ma;er	   24	  

Systema*cs:	  Pb+Pb	  
arXiv:1504.04337v1	  



•  RCP	  shows	  strong	  pT	  dependence	  
•  RCP	  decreases	  with	  higher	  pT	  reaching	  a	  minimum	  at	  pT	  ≈	  7	  GeV,	  where	  the	  

charged-‐par1cle	  suppression	  is	  stronger	  
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RCP:	  Pb+Pb	  
arXiv:1504.04337v1	  



•  pPb	  interac1ons	  produce	  an	  addi1onal	  coherent	  and	  photo-‐nuclear	  
component	  of	  events	  consistent	  with	  the	  excita1on	  of	  the	  proton	  

Removal	  of	  events	  with	  large	  η	  gaps	  

•  Full	  coverage	  |η|	  <	  4.9	  divided	  into	  Δη=	  0.2	  
intervals	  	  

•  Occupied	  interval	  ,	  contains	  reconstructed	  
tracks	  or	  calorimeter	  clusters	  with	  pT	  >	  200	  
MeV	  

•  ΔηPbgap	  =	  ΣΔηPbEmpty	  interval	  

•  Electromagne1c	  or	  diffrac1ve	  excita1on	  of	  
the	  proton	  typically	  produce	  ΔηPbgap>2	  (fgap	  
=	  6%	  )	  
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To	  model	  Npart	  distribu1on	  we	  used:	  	  
•  standard	  Glauber	  with	  σNN	  cross	  sec1on	  =	  70±5mb	  	  
•  Glauber-‐Gribov	  color	  fluctua1on	  models,	  with	  <σNN>	  cross	  sec1on	  =	  70±5mb	  

In	  Glauber-‐Gribov	  model:	  
•  σtot	  is	  considered	  frozen	  for	  each	  event	  
•  parameter	  Ω	  controls	  the	  amount	  of	  fluctua1ons	  	  
•  Ω	  is	  extracted	  from	  experimental	  data:	  0.55	  [PLB633	  (2006)	  245–252]	  and	  

1.01	  [PLB	  722	  (2013)	  347–354]	  

Glauber	  and	  Glauber-‐Gribov	  models	  
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ET	  distribu1on	  modeled	  by	  PYTHIA	  simulated	  taking	  into	  account	  FCal	  response	  in	  p
+Pb	  configura1on	  and	  were	  approximated	  by	  Gamma(k,θ)	  distribu1ons	  

Convolu1on	  of	  Npart	  Gamma(k,θ)	  was	  taken	  as	  Gamma(k(Npart),θ(Npart))	  	  
	  
We	  allowed:	  	   	   	  k(Npart)	  =	  k0+k1*(Npart-‐2);	   	  θ(Npart)	  =	  θ0+θ1*(log(Npart-‐1));	  
In	  WN	  :	   	   	  	  	  	   	   	  k(Npart)	  =	  k*Npart;	  	   	   	  θ(Npart)	  =	  θ;	  
	  
ET	  response	  for	  Npart	  was	  weigthed	  according	  to	  Glauber	  or	  Glauber-‐Gribov	  
model	  and	  fi;ed	  to	  the	  data	  

Construc*ng	  FCal	  ΣETPb	  response	  
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•  dNevt/dET	  obtained	  by	  summing	  the	  

gamma	  distribu1ons	  over	  different	  Npart	  
values	  weighted	  by	  P(Npart)	  

	  
Fits	  to	  the	  measured	  EPbT	  distribu1ons	  show	  
reasonable	  agreement	  over	  3	  orders	  of	  
magnitude	  in	  ET	  distribu1on.	  

FCal	  ET	  distribu*on	  fits	  
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•  Results	  produced	  with	  models	  are	  different	  
•  Standard	  Glauber	  has	  highest	  fluctua1ons	  of	  produced	  ET	  per	  par1cipant	  
•  Glauber-‐Gribov	  Ω=1.01	  has	  less	  ET	  fluctua1on	  and	  therefore	  gives	  highest	  Npart	  

Npart	  for	  different	  Glauber	  models	  
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Systema*cs:	  p+Pb	  (2012)	  
ATLAS-‐CONF-‐2013-‐107	  
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ATLAS	  RpPb	  

•  ATLAS	  in	  a	  good	  agreement	  with	  ini1al	  ALICE	  results	  	  
E	  Shulga	   The	  15th	  Interna1onal	  Conference	  on	  Strangeness	  in	  Quark	  Ma;er	   32	  

ATLAS-‐CONF-‐2013-‐107	  



E	  Shulga	   The	  15th	  Interna1onal	  Conference	  on	  Strangeness	  in	  Quark	  Ma;er	   33	  

Systema*cs:	  p+Pb	  (2013)	  
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ATLAS-‐COM-‐CONF-‐2014-‐031	  
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Ra*os:	  p+p	  (2013)	  
ATLAS-‐COM-‐CONF-‐2014-‐031	  



ATLAS	  RpPb	  

•  ATLAS	   have	   provided	   close	   to	   CMS	   results	  with	   higher	   enhancement	   then	   it	   is	  
expected	  for	  parton	  an1-‐shadowing	  

ATLAS-‐COM-‐CONF-‐2014-‐031	  
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