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ALICE	
  Status	
  in	
  2012	
  

•  Overall	
  very	
  good	
  performance	
  throughout	
  the	
  year	
  
–  Despite	
  some	
  issues	
  with	
  machine	
  background	
  
–  Reference	
  p-­‐p	
  data	
  sample	
  ~doubled	
  

•  Physics	
  harvest	
  from	
  the	
  2011	
  run	
  con5nues	
  
–  new	
  details	
  on	
  proper5es	
  of	
  Quark	
  Gluon	
  Plasma	
  (QGP)	
  
with	
  photons,	
  open	
  charm,	
  quarkonia,	
  jets	
  and	
  par5cle	
  
correla5ons...	
  (only	
  few	
  examples	
  shown	
  today)	
  

•  Very	
  useful	
  pilot	
  p-­‐Pb	
  run	
  from	
  the	
  LHC:	
  
–  Already	
  3	
  ALICE	
  papers	
  submiVed	
  
–  Important	
  findings	
  (!)	
  
–  Large	
  appe5te	
  for	
  the	
  2013	
  run	
  –	
  community	
  in	
  
an5cipa5on	
  of	
  the	
  large	
  sta5s5cs	
  data	
  

ALICE,	
  LHC	
  Jamboree	
  2012,	
  M.	
  Ploskon	
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Hot	
  QCD	
  in	
  laboratory	
  
=>	
  Heavy-­‐ion	
  collisions	
  at	
  the	
  LHC	
  

•  QCD	
  (la[ce)	
  predicts	
  a	
  
phase	
  transi5on	
  from	
  
hadronic	
  maVer	
  to	
  a	
  
deconfined	
  phase	
  at	
  high	
  
temperatures	
  

•  QGP	
  at	
  µ~0	
  similar	
  to	
  	
  early	
  
Universe	
  (~few	
  first	
  µs)	
  

•  First	
  signals	
  of	
  QGP	
  from	
  
SPS	
  and	
  RHIC	
  

•  LHC:	
  detailed	
  studies	
  of	
  
QGP	
  exploi5ng	
  wealth	
  and	
  
abundance	
  of	
  [hard]	
  probes	
  
(heavy-­‐quarks,	
  jets,	
  quarkonia…)	
  

ALICE,	
  LHC	
  Jamboree	
  2012,	
  M.	
  Ploskon	
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De-­‐confined	
  Quark-­‐Gluon	
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QCD	
  phase	
  diagram	
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QGP	
  ProperJes	
  (Example	
  #1)	
  

ALICE,	
  LHC	
  Jamboree	
  2012,	
  M.	
  Ploskon	
  

Produc5on	
  cross-­‐sec5on	
  
of	
  photons	
  in	
  central	
  Pb-­‐

Pb	
  collisions	
  
	
  

Photons	
  shining	
  from	
  the	
  
plasma	
  (thermal	
  emission)	
  	
  

	
  
the	
  LHC	
  Quark-­‐Gluon	
  
Plasma	
  is	
  the	
  hoVest	
  	
  
man-­‐made	
  maVer	
  
Inverse	
  slope	
  of	
  the	
  exponen5al	
  fit	
  (pT<2	
  GeV/c):	
  304	
  +/-­‐	
  51	
  MeV	
  

pT	
  (GeV/c)	
  

QuanJfying	
  QGP	
  radiaJon	
  with	
  photons	
  –	
  QGP	
  glows	
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Charm	
  quark	
  suppression	
  

QGP	
  properJes	
  (Example	
  #2):	
  	
  
Charm	
  suppression	
  ó	
  Jet	
  quenching	
  

•  D-­‐mesons	
  measured	
  at	
  mid-­‐rapidity	
  via	
  
hadronic	
  decays	
  

•  RAA	
  -­‐	
  suppression	
  paVern	
  (ra5o	
  of	
  yield	
  
in	
  Pb-­‐Pb	
  to	
  yield	
  in	
  proton-­‐proton)	
  
shows	
  a	
  strong	
  deficit	
  (jet	
  quenching)	
  

•  Quenching:	
  charm	
  at	
  high-­‐pT	
  similar	
  to	
  
light	
  flavor	
  

	
  

•  Possible	
  hint	
  of	
  colour	
  charge	
  effects	
  at	
  
low-­‐pT	
  (below	
  10	
  GeV/c)	
  
–  =>	
  need	
  beVer	
  precision	
  (outlook	
  for	
  

next	
  years	
  and	
  upgraded	
  detector)	
  

ALICE,	
  LHC	
  Jamboree	
  2012,	
  M.	
  Ploskon	
  

Studies	
  for	
  colour	
  charge	
  and	
  mass	
  dependence	
  of	
  parton	
  energy	
  loss	
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J/ψ suppression at forward rapidity in Pb-Pb collisions at √sNN = 2.76 TeV 5
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Fig. 2: (Color online) Inclusive J/ψ RAA as a function of the mid-rapidity charged-particle density (top) and
the number of participating nucleons (bottom) measured in Pb-Pb collisions at √sNN = 2.76 TeV compared to
PHENIX results in Au-Au collisions at √sNN = 200 GeV at mid-rapidity and forward rapidity [4, 5, 20]. The
ALICE data points are placed at the dNwch/dη |η=0 and 〈N

w
part〉 values defined in Table 1.

J/ψ	
  suppression	
  

QGP	
  ProperJes	
  (Example	
  #3):	
  J/ψ	
  

•  Inclusive	
  J/ψ yield	
  lost	
  in	
  central	
  
Pb-­‐Pb	
  collisions	
  as	
  compared	
  to	
  
equivalent	
  number	
  of	
  p-­‐p	
  collisions	
  	
  

–  Quarkonia	
  “melts”	
  within	
  QGP	
  

•  LHC:	
  Less	
  suppression	
  than	
  at	
  RHIC	
  
and	
  flat	
  centrality	
  dependence	
  

•  =>	
  in-­‐medium	
  ccbar	
   	
   	
   	
  
	
  	
  	
  	
  	
  	
  recombina5on?	
  	
  

•  Important:	
  beVer	
  knowledge	
  of	
  
ini5al	
  state	
  effects	
  crucial	
  –	
  cold	
  
nuclear	
  maVer	
  /	
  shadowing	
  /	
  
satura5on	
  

ALICE,	
  LHC	
  Jamboree	
  2012,	
  M.	
  Ploskon	
  

J/ψ	
  measured	
  with	
  forward	
  muon	
  arm	
  
	
   	
   	
  J/ψ—>µ+µ-­‐	
  

Event	
  centrality	
  

Phys.	
  Rev.	
  LeV.	
  109.072301	
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J/ψ	
  suppression	
  

Event	
  centrality	
  

QGP	
  ProperJes	
  (3/3):	
  J/ψ	
  

ALICE,	
  LHC	
  Jamboree	
  2012,	
  M.	
  Ploskon	
  

J/ψ	
  measured	
  with	
  forward	
  muon	
  arm	
  
	
   	
   	
  J/ψ—>µ+µ-­‐	
  

New:	
  high	
  staJsJcs	
  2011	
  data	
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•  Inclusive	
  J/ψ yield	
  lost	
  in	
  central	
  
Pb-­‐Pb	
  collisions	
  as	
  compared	
  to	
  
equivalent	
  number	
  of	
  p-­‐p	
  collisions	
  	
  

–  Quarkonia	
  “melts”	
  within	
  QGP	
  

•  LHC:	
  Less	
  suppression	
  than	
  at	
  RHIC	
  
and	
  flat	
  centrality	
  dependence	
  

•  =>	
  in-­‐medium	
  ccbar	
   	
   	
   	
  
	
  	
  	
  	
  	
  	
  recombina5on?	
  	
  

•  Important:	
  beVer	
  knowledge	
  of	
  
ini5al	
  state	
  effects	
  crucial	
  –	
  cold	
  
nuclear	
  maVer	
  /	
  shadowing	
  /	
  
satura5on	
  



Fresh	
  off	
  the	
  press:	
  Results	
  from	
  p-­‐Pb	
  

Few	
  hours	
  of	
  stable	
  beams	
  at	
  
low	
  luminosity	
  
	
  

√sNN=5.02	
  TeV	
  
	
  

Recorded	
  ~2M	
  min-­‐bias	
  events	
  
(acer	
  event	
  selecJon)	
  
	
  

THANK	
  YOU	
  LHC	
  CREW!	
  

ALICE,	
  LHC	
  Jamboree	
  2012,	
  M.	
  Ploskon	
  

p-­‐A:	
  Address	
  cold	
  nuclear	
  effects	
  and	
  calibrate	
  
findings	
  related	
  to	
  hot	
  QGP	
  

A	
  p-­‐Pb	
  collision	
  at	
  ALICE	
  side-­‐view	
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“CalibraJon”	
  measurement	
  –	
  dNch/dη	



ALICE,	
  LHC	
  Jamboree	
  2012,	
  M.	
  Ploskon	
  

Basic	
  measurement	
  allows	
  to	
  
discriminate	
  between	
  models	
  
	
  
Data	
  favors	
  models	
  that	
  
incorporate	
  shadowing	
  	
  
	
  
Satura5on	
  models predict	
  
much	
  steeper	
  η-­‐dependence	
  
not	
  seen	
  in	
  the	
  data	
  
	
  

Pb	
   p	
  
c.m. frame shifted by Δy = -0.465 

ALICE:	
  arXiv:	
  1210.3615	
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Cold	
  nuclear	
  maoer	
  effects	
  vs.	
  	
  
jet	
  quenching	
  in	
  Pb-­‐Pb…	
  

ALICE,	
  LHC	
  Jamboree	
  2012,	
  M.	
  Ploskon	
  

Compa5ble	
  with	
  unity	
  
above	
  2-­‐3	
  GeV/c	
  
	
  
=>	
  Binary	
  scaling	
  is	
  
preserved,	
  no	
  evidence	
  of	
  
ini5al	
  state	
  effects	
  
	
  
Jet	
  quenching	
  in	
  Pb-­‐Pb	
  
collisions	
  is	
  a	
  final	
  state	
  
effect	
  (parton	
  energy	
  loss)	
  

RaJo	
  =	
  parJcle	
  yield	
  in	
  p-­‐Pb	
  per	
  single	
  N-­‐N	
  collision	
  /	
  parJcle	
  yield	
  in	
  proton-­‐proton	
  	
  

ALICE:	
  arXiv:	
  1210.4520	
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Two-­‐parJcle	
  long	
  range	
  correlaJons:	
  
The	
  ridge	
  in	
  high-­‐mulJplicity	
  events	
  

ALICE,	
  LHC	
  Jamboree	
  2012,	
  M.	
  Ploskon	
  

ALICE	
  p-­‐Pb	
  

•  ALICE:	
  qualitaJvely	
  similar	
  
observaJon	
  as	
  compared	
  to	
  CMS	
  

•  Despite	
  smaller	
  rapidity	
  coverage	
  	
  
•  Elongated	
  structure	
  seen	
  in	
  high-­‐
mulJplicity	
  events	
  

•  Direct	
  comparison	
  with	
  CMS	
  to	
  
follow	
  

•  Next:	
  quanJficaJon	
  of	
  the	
  finding…	
  

Correla5ons	
  for	
  pairs	
  of	
  trigger	
  and	
  associated	
  par5cles,	
  pT,trig>pT,assoc,	
  as	
  
f(Δϕ,Δη),	
  defined	
  as	
  associated	
  yield	
  per	
  trigger	
  par5cle	
  

Azimuthal	
  s
epara5

on	
  

Long	
  range	
  correlaJon	
  
qualitaJvely	
  similar	
  to	
  CMS	
  

arXiv:1212.2001 	
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ALICE:	
  ExtracJon	
  of	
  ridge	
  properJes	
  

ALICE,	
  LHC	
  Jamboree	
  2012,	
  M.	
  Ploskon	
  

Method:	
  from	
  the	
  high-­‐mulJplicity	
  yield	
  subtract	
  	
  
the	
  jet	
  yield	
  in	
  low-­‐mulJplicity	
  events	
  (no	
  ridge)	
  

High	
  mulJplicity	
  event	
  class	
   Low	
  mulJplicity	
  event	
  class	
  

Azimuthal	
  s
epara5

on	
  

Analysis	
  in	
  mul5plicity	
  classes	
  defined	
  by	
  the	
  total	
  charge	
  in	
  VZERO	
  detector	
  	
  
(away	
  from	
  the	
  central	
  region)	
  

	
  

<dNch/dη>	
  ~	
  7	
  <dNch/dη>	
  ~	
  35	
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ALICE INTERNAL ONLY 8

Fig. 3: Left: Associated yield per trigger particle in Dj and Dh for pairs of charged particles with
2 < pT,trig < 4 GeV/c and 1 < pT,assoc < 2 GeV/c in p–Pb collisions at

p
sNN = 5.02 TeV for the 0–20%

multiplicity class, after subtraction of the associated yield obtained in the 60–100% event class. Top
right: The associated per-trigger yield after subtraction (as shown on the left) projected onto Dh averaged
over |Dj| < p/3 (black circles), |Dj �p| < p/3 (red squares), and the remaining area (blue triangles,
Dj <�p/3, p/3<Dj < 2p/3 and Dj > 4p/3). Bottom right: as above but projected onto Dj averaged
over 0.8 < |Dh |< 1.8 on the near side and |Dh |< 1.8 on the away side. Superimposed are fits containing
a cos(2Dj) shape alone (black dashed line) and a combination of cos(2Dj) and cos(3Dj) shapes (red
solid line). The blue horizontal line shows the baseline obtained from the latter fit which is used for
the yield calculation. For comparison, the subtracted associated yield applying the same procedure on
HIJING shifted to the same baseline is also shown. The figure shows only statistical uncertainties.
Systematic uncertainties are mostly correlated and affect the baseline. Uncorrelated uncertainties are
less than 1%.

|Dh | < 1.2; b) the residual near-side peak above the ridge is also removed from the away side
accounting for the general pT -dependent difference of near-side and away-side jet yields due
to the kinematic contraints and the detector acceptance, which is evaluated using the lowest
multiplicity class; and c) the lower multiplicity class is scaled before the subtraction such that no
residual near-side peak above the ridge remains. The resulting differences in v2 (up to 15%) and
v3 coefficients (up to 40%) when applying these approaches have been added to the systematic
uncertainties.

The coefficients v2 and v3 are shown in the left panel of Fig. 4 for different event classes. The
coefficient v2 increases with increasing pT, and shows only a small dependence on multiplicity .
In the 0–20% event class, v2 increases from 0.06±0.01 for 0.5 < pT < 1 GeV/c to 0.12±0.02
for 2 < pT < 4 GeV/c, while v3 is about 0.03 and shows, within large errors, an increasing trend
with pT. Reference [33] gives predictions for two-particle correlations arising from collective
flow in p–Pb collisions at the LHC in the framework of a hydrodynamical model. The values
for v2 and v3 coefficients, as well as the pT and the multiplicity dependences, are in qualitative
agreement with the presented results.

DRAFT v0.84 $Revision: 631 :$ $Date: 2012-12-01 16:02:43 +0100 (Sat, 01 Dec 2012) :$

ExtracJon	
  of	
  ridge	
  properJes	
  

ALICE,	
  LHC	
  Jamboree	
  2012,	
  M.	
  Ploskon	
  

High	
  mulJplicity	
  event	
  class	
   Low	
  mulJplicity	
  event	
  class	
  

Azimuthal	
  s
epara5

on	
  

Analysis	
  in	
  mul5plicity	
  classes	
  defined	
  by	
  the	
  total	
  charge	
  in	
  VZERO	
  detector	
  	
  
(away	
  from	
  the	
  central	
  region)	
  

	
  

<dNch/dη>	
  ~	
  7	
  <dNch/dη>	
  ~	
  35	
   Remaining	
  correlaJon:	
  	
  
two	
  twin	
  long	
  range	
  structures	
  

The	
  method:	
  from	
  the	
  high-­‐mulJplicity	
  yield	
  subtract	
  	
  
the	
  jet	
  yield	
  in	
  low-­‐mulJplicity	
  events	
  (no	
  ridge)	
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Twin	
  ridge	
  structure	
  uncovered	
  

ALICE,	
  LHC	
  Jamboree	
  2012,	
  M.	
  Ploskon	
  

ALICE INTERNAL ONLY 8

Fig. 3: Left: Associated yield per trigger particle in Dj and Dh for pairs of charged particles with
2 < pT,trig < 4 GeV/c and 1 < pT,assoc < 2 GeV/c in p–Pb collisions at

p
sNN = 5.02 TeV for the 0–20%

multiplicity class, after subtraction of the associated yield obtained in the 60–100% event class. Top
right: The associated per-trigger yield after subtraction (as shown on the left) projected onto Dh averaged
over |Dj| < p/3 (black circles), |Dj �p| < p/3 (red squares), and the remaining area (blue triangles,
Dj <�p/3, p/3<Dj < 2p/3 and Dj > 4p/3). Bottom right: as above but projected onto Dj averaged
over 0.8 < |Dh |< 1.8 on the near side and |Dh |< 1.8 on the away side. Superimposed are fits containing
a cos(2Dj) shape alone (black dashed line) and a combination of cos(2Dj) and cos(3Dj) shapes (red
solid line). The blue horizontal line shows the baseline obtained from the latter fit which is used for
the yield calculation. For comparison, the subtracted associated yield applying the same procedure on
HIJING shifted to the same baseline is also shown. The figure shows only statistical uncertainties.
Systematic uncertainties are mostly correlated and affect the baseline. Uncorrelated uncertainties are
less than 1%.

|Dh | < 1.2; b) the residual near-side peak above the ridge is also removed from the away side
accounting for the general pT -dependent difference of near-side and away-side jet yields due
to the kinematic contraints and the detector acceptance, which is evaluated using the lowest
multiplicity class; and c) the lower multiplicity class is scaled before the subtraction such that no
residual near-side peak above the ridge remains. The resulting differences in v2 (up to 15%) and
v3 coefficients (up to 40%) when applying these approaches have been added to the systematic
uncertainties.

The coefficients v2 and v3 are shown in the left panel of Fig. 4 for different event classes. The
coefficient v2 increases with increasing pT, and shows only a small dependence on multiplicity .
In the 0–20% event class, v2 increases from 0.06±0.01 for 0.5 < pT < 1 GeV/c to 0.12±0.02
for 2 < pT < 4 GeV/c, while v3 is about 0.03 and shows, within large errors, an increasing trend
with pT. Reference [33] gives predictions for two-particle correlations arising from collective
flow in p–Pb collisions at the LHC in the framework of a hydrodynamical model. The values
for v2 and v3 coefficients, as well as the pT and the multiplicity dependences, are in qualitative
agreement with the presented results.

DRAFT v0.84 $Revision: 631 :$ $Date: 2012-12-01 16:02:43 +0100 (Sat, 01 Dec 2012) :$

Further	
  invesJgaJons	
  reveal:	
  	
  
•  the	
  full	
  modulaJon	
  is	
  (1)	
  di-­‐jets	
  and	
  (2)	
  the	
  

double-­‐ridge	
  structure	
  –	
  nothing	
  more	
  
•  Same	
  yield	
  near	
  and	
  away	
  side	
  for	
  all	
  classes	
  of	
  

pT	
  and	
  mulJplicity	
  suggest	
  a	
  common	
  
underlying	
  process	
  

ALICE INTERNAL ONLY 8

Fig. 3: Left: Associated yield per trigger particle in Dj and Dh for pairs of charged particles with
2 < pT,trig < 4 GeV/c and 1 < pT,assoc < 2 GeV/c in p–Pb collisions at

p
sNN = 5.02 TeV for the 0–20%

multiplicity class, after subtraction of the associated yield obtained in the 60–100% event class. Top
right: The associated per-trigger yield after subtraction (as shown on the left) projected onto Dh averaged
over |Dj| < p/3 (black circles), |Dj �p| < p/3 (red squares), and the remaining area (blue triangles,
Dj <�p/3, p/3<Dj < 2p/3 and Dj > 4p/3). Bottom right: as above but projected onto Dj averaged
over 0.8 < |Dh |< 1.8 on the near side and |Dh |< 1.8 on the away side. Superimposed are fits containing
a cos(2Dj) shape alone (black dashed line) and a combination of cos(2Dj) and cos(3Dj) shapes (red
solid line). The blue horizontal line shows the baseline obtained from the latter fit which is used for
the yield calculation. For comparison, the subtracted associated yield applying the same procedure on
HIJING shifted to the same baseline is also shown. The figure shows only statistical uncertainties.
Systematic uncertainties are mostly correlated and affect the baseline. Uncorrelated uncertainties are
less than 1%.

|Dh | < 1.2; b) the residual near-side peak above the ridge is also removed from the away side
accounting for the general pT -dependent difference of near-side and away-side jet yields due
to the kinematic contraints and the detector acceptance, which is evaluated using the lowest
multiplicity class; and c) the lower multiplicity class is scaled before the subtraction such that no
residual near-side peak above the ridge remains. The resulting differences in v2 (up to 15%) and
v3 coefficients (up to 40%) when applying these approaches have been added to the systematic
uncertainties.

The coefficients v2 and v3 are shown in the left panel of Fig. 4 for different event classes. The
coefficient v2 increases with increasing pT, and shows only a small dependence on multiplicity .
In the 0–20% event class, v2 increases from 0.06±0.01 for 0.5 < pT < 1 GeV/c to 0.12±0.02
for 2 < pT < 4 GeV/c, while v3 is about 0.03 and shows, within large errors, an increasing trend
with pT. Reference [33] gives predictions for two-particle correlations arising from collective
flow in p–Pb collisions at the LHC in the framework of a hydrodynamical model. The values
for v2 and v3 coefficients, as well as the pT and the multiplicity dependences, are in qualitative
agreement with the presented results.

DRAFT v0.84 $Revision: 631 :$ $Date: 2012-12-01 16:02:43 +0100 (Sat, 01 Dec 2012) :$

Azimuthal	
  separa<on	
  

Remaining	
  correlaJon	
  described	
  by	
  finite	
  
amplitudes	
  of	
  Fourier	
  terms	
  

First	
  explana5ons	
  are	
  being	
  put	
  forward:	
  	
  
•  Hydrodynamics	
  –	
  arXiv:	
  1112.0915	
  
•  Colour	
  Glass	
  Condensate	
  –	
  arXiv:1211.3701	
  

Similar	
  observaJons	
  in	
  Pb-­‐Pb	
  are	
  
ascribed	
  to	
  collecJve	
  effects!	
  

ALICE:	
  arXiv:1212.2001
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ALICE	
  Upgrades	
  Plans	
  

ALICE,	
  LHC	
  Jamboree	
  2012,	
  M.	
  Ploskon	
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ALICE	
  Upgrades	
  Plans	
  

ALICE,	
  LHC	
  Jamboree	
  2012,	
  M.	
  Ploskon	
  

High-­‐energy	
  heavy-­‐ion	
  physics	
  :	
  
	
  

•  Transi5on	
  from	
  exploratory	
  
phase	
  to	
  high-­‐precision	
  
measurements	
  of	
  QGP	
  

	
  =>	
  charm	
  and	
  beauty	
  era	
  	
  
	
  

ALICE	
  Upgrade	
  LeVer	
  of	
  Intent	
  
presents	
  long-­‐term	
  plan	
  for	
  high-­‐
luminosity	
  LHC,	
  based	
  on:	
  

	
  
•  Ambi5ous	
  physics	
  programme	
  
•  Improvements	
  for	
  heavy-­‐flavor,	
  

low-­‐pT	
  and	
  high	
  rate	
  capabili5es	
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ALICE	
  Upgrades	
  Plans	
  

ALICE,	
  LHC	
  Jamboree	
  2012,	
  M.	
  Ploskon	
  

LHCC	
  	
  On	
  September	
  27,	
  the	
  LHCC	
  has	
  endorsed	
  the	
  ALICE	
  Upgrade	
  LoI	
  
and	
  ITS	
  CDR.:	
  
“The	
  LHCC	
  commends	
  this	
  joint	
  approach	
  to	
  heavy	
  ion	
  physics	
  and	
  endorses	
  the	
  
upgrade	
  plans	
  of	
  the	
  ALICE	
  collabora>on.	
  The	
  commi@ee	
  is	
  looking	
  forward	
  to	
  
the	
  seeing	
  the	
  detailed	
  technical	
  solu>ons	
  presented	
  in	
  the	
  respec>ve	
  TDRs.”	
  	
  

	
  

ALICE	
  looking	
  forward	
  to	
  an	
  exciJng	
  long-­‐term	
  future!	
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Fully Reconstructed Jet RAA 
0-10% Centrality 

!  Biased pp reference 

!  Biased Pb-Pb 

!  Jets are suppressed in 
a pT dependent 
manner 

Bias/Unbiased 
pp in Pythia 
~0.85 for  
30-40 GeV/c 
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Instead	
  of	
  summary…	
  many	
  more	
  results!	
  

ALICE,	
  LHC	
  Jamboree	
  2012,	
  M.	
  Ploskon	
  

Jet	
  RAA	
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  D	
  ellipJc	
  flow	
  

Charmonia: does it flow? 
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•  Need a precise measurement for a strong conclusion, for 
comparison with open charm and with models 

•  Separate prompt component 
•  Measurements at forward and central rapidity 

 (GeV/c)
T

p
0 2 4 6 8 10 12 14 16 18

2v

-0.2

-0.1

0

0.1

0.2

0.3

0.4

|>2.0η∆Charged hadrons, EP, |
 binsφ∆, EP 2 0D
 binsφ∆, EP 2 

+
D

 binsφ∆, EP 2 
*+

D

=2.76 TeVNNsPb-Pb    

Centrality 30-50%

Empty box: syst. from data

Filled box: syst. from B feed-down

ALI−PREL−33613

J/ψ	
  ellipJc	
  flow	
  

Proton/pion	
  raJo	
  within	
  jets	
   (GeV/c)
T

p
2 4 6 8 10 12 14

0
 /
 D

+ s
 D

0

0.5

1

1.5

2

2.5

 5.4% BR unc. (not shown)±

: Pb-Pb Preliminary, pp JHEP 01 (2012) 128 0      D

: Pb-Pb Preliminary, pp arXiv:1208.1948 s
+D

 = 2.76 TeVNNsPb-Pb at 

stat. unc.

syst. unc.

 = 7 TeVspp at 

stat. unc.
syst. unc.

ALI−DER−44038partN

0 100 200 300 400

)
ω

 +
 

ρ(
/N

φ
N

0

0.5

1

1.5
 = 2.76 TeVNNsALICE Pb-Pb 

= 2.76 TeVsALICE pp 

 > 2 GeV/c
T

p

 < 4y2.5 < 

ALI−PREL−43838

Low-­‐mass	
  di-­‐muon	
  spectra	
  in	
  Pb-­‐Pb	
  
⇒  Ra5o	
  of	
  yields:	
  φ	
  /	
  ω+ρ	



ALI-PREL-43588
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effect	
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Photo	
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  J/ψ	
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  electrons:	
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  v2	
  

Event	
  shape	
  engineering	
  
+	
  many	
  PID	
  v2	
  results	
  

p , K, and p production in central Pb–Pb collisions at
p

sNN = 2.76 TeV 5

Fig. 2: (color online) Mid-rapidity particle ratios, compared to RHIC results and predictions from thermal models
for central Pb-Pb collisions at the LHC (combined statistical and systematic errors).

K/p = 0.149± 0.010, is similar to the lower energy values and agrees with the expectations from the
thermal model [7]. However, the ratio p/p = 0.046± 0.003, is significantly lower than expected, by a
factor ⇠1.5–1.9 (p/p' 0.07� 0.09 for [7] and [17] respectively). The two models differ mainly in the
hadron mass spectrum implementation, but were both successful in describing RHIC data. The compar-
ison with RHIC data also hints at a slight decrease of the p/p ratio with energy (by a factor ⇠1.2), while
essentially no change was predicted. The thermal models proved to be very successful over a wide range
of energies (from

p
sNN= 2 GeV to

p
sNN = 200 GeV [9, 7, 6, 10]): such a large difference for one of the

most abundantly produced particle species was therefore unexpected. In retrospect, some disagreement
between data and the thermal model is also apparent in the RHIC data, with the proton measurements
being about 20% lower than predictions [6, 46, 47]. However, this difference was not considered to
be significant, because of the differences between model implementations, model uncertainties [48] and
experimental uncertainties in the subtraction of secondary particles in the RHIC experiments. This is-
sue will likely be clarified by a thermal analysis including strange and multi-strange baryons at the LHC.
Current speculations are that final state interactions in the hadronic phase, in particular via the large cross
section channel for antibaryon-baryon annihilation [42], could explain the significant deviation from the
usual thermal ratios. A similar conclusion is implied by the HKM model, where p/p = 0.052, consistent
with our measurement [39]. An alternative scenario conjectures the existence of flavor and mass depen-
dent pre-hadronic bound states in the QGP phase, as suggested by recent lattice QCD calculation and
QCD-inspired models [49, 50].

In summary, we presented the first measurements of p , K, and p production in central Pb-Pb collisions atp
sNN = 2.76 TeV at the LHC. The pT distributions are harder than previously measured at RHIC. They

are well described by hydrodynamic models including a refined description of the late fireball stages.
Fitting the spectra with a hydro-inspired blast wave model results in the highest radial flow parameter
ever measured, hbTi=0.65 ± 0.02. The integrated particle ratios were compared with expectations from
thermal models. While the K/p ratio was found to agree with these expectations, p/p is a factor & 1.5
lower.
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providing the theoretical calculations and for the useful discussion and to colleagues from the BRAHMS,
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•  Need a precise measurement for a strong conclusion, for 
comparison with open charm and with models 

•  Separate prompt component 
•  Measurements at forward and central rapidity 
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Fig. 2: (color online) Mid-rapidity particle ratios, compared to RHIC results and predictions from thermal models
for central Pb-Pb collisions at the LHC (combined statistical and systematic errors).

K/p = 0.149± 0.010, is similar to the lower energy values and agrees with the expectations from the
thermal model [7]. However, the ratio p/p = 0.046± 0.003, is significantly lower than expected, by a
factor ⇠1.5–1.9 (p/p' 0.07� 0.09 for [7] and [17] respectively). The two models differ mainly in the
hadron mass spectrum implementation, but were both successful in describing RHIC data. The compar-
ison with RHIC data also hints at a slight decrease of the p/p ratio with energy (by a factor ⇠1.2), while
essentially no change was predicted. The thermal models proved to be very successful over a wide range
of energies (from

p
sNN= 2 GeV to

p
sNN = 200 GeV [9, 7, 6, 10]): such a large difference for one of the

most abundantly produced particle species was therefore unexpected. In retrospect, some disagreement
between data and the thermal model is also apparent in the RHIC data, with the proton measurements
being about 20% lower than predictions [6, 46, 47]. However, this difference was not considered to
be significant, because of the differences between model implementations, model uncertainties [48] and
experimental uncertainties in the subtraction of secondary particles in the RHIC experiments. This is-
sue will likely be clarified by a thermal analysis including strange and multi-strange baryons at the LHC.
Current speculations are that final state interactions in the hadronic phase, in particular via the large cross
section channel for antibaryon-baryon annihilation [42], could explain the significant deviation from the
usual thermal ratios. A similar conclusion is implied by the HKM model, where p/p = 0.052, consistent
with our measurement [39]. An alternative scenario conjectures the existence of flavor and mass depen-
dent pre-hadronic bound states in the QGP phase, as suggested by recent lattice QCD calculation and
QCD-inspired models [49, 50].

In summary, we presented the first measurements of p , K, and p production in central Pb-Pb collisions atp
sNN = 2.76 TeV at the LHC. The pT distributions are harder than previously measured at RHIC. They

are well described by hydrodynamic models including a refined description of the late fireball stages.
Fitting the spectra with a hydro-inspired blast wave model results in the highest radial flow parameter
ever measured, hbTi=0.65 ± 0.02. The integrated particle ratios were compared with expectations from
thermal models. While the K/p ratio was found to agree with these expectations, p/p is a factor & 1.5
lower.
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p-­‐Pb	
  at	
  the	
  LHC	
  vs	
  RHIC	
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  M.	
  Ploskon	
  

•  Qsat	
  larger:	
  satura5on	
  in	
  perturba5ve	
  (few	
  GeV)	
  regime?	
  
•  Larger	
  energy:	
  lower	
  x	
  at	
  same	
  rapidity	
  
•  Larger	
  energy:	
  kinema5c	
  limit	
  is	
  farther	
  away	
  	
  

(Note:	
  kinema5c	
  limit	
  pT=5	
  GeV	
  @	
  η	
  =	
  3.5	
  for	
  RHIC)	
  

21	
  


