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Overview	
  
•  Introduc/on	
  

•  The	
  ALICE	
  detector	
  

•  Exclusive	
  J/ψ	
  photoproduc/on	
  in	
  ultra-­‐peripheral	
  p-­‐Pb	
  collisions	
  
–  at	
  forward,	
  semi-­‐forward,	
  and	
  central	
  rapidi/es	
  

•  Low-­‐pT	
  J/ψ	
  yield	
  excess	
  in	
  peripheral	
  Pb-­‐Pb	
  collisions	
  
–  at	
  forward	
  rapidi/es	
  in	
  Pb-­‐Pb	
  @	
  2.76	
  TeV	
  (RUN1)	
  
–  at	
  central	
  rapidi/es	
  in	
  Pb-­‐Pb	
  @	
  5.02	
  TeV	
  (RUN2)	
  

•  Summary	
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Ultra-­‐peripheral	
  collisions	
  
•  Ultra-­‐peripheral	
  collisions	
  (UPC):	
  impact	
  parameter	
  b	
  >	
  R1+R2	
  

–  hadronic	
  interac/ons	
  are	
  strongly	
  suppressed	
  
–  electromagne/c	
  interac/ons	
  are	
  dominant	
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The	process	we	are	interested	in

5

•  The	
  EM	
  field	
  of	
  protons	
  and	
  of	
  Pb	
  
nuclei	
  can	
  be	
  described	
  as	
  a	
  beam	
  of	
  
quasi-­‐real	
  photons.	
  

•  Number	
  of	
  photons	
  propor/onal	
  to	
  Z2	
  
	
  →	
  large	
  photon-­‐flux	
  from	
  Pb	
  ions	
  

•  Very	
  clean	
  experimental	
  signature	
  
–  vector	
  mesons	
  with	
  low	
  pT	
  
–  large	
  rapidity	
  gaps	
  

	
  

photon-­‐flux	
  is	
  	
  
well-­‐known	
  



Ultra-­‐peripheral	
  collisions	
  
•  Coherent	
  

–  Photon	
  couples	
  coherently	
  to	
  all	
  the	
  nucleons.	
  
–  J/ψ	
  <pT>	
  ≈	
  60	
  MeV/c.	
  
–  Target	
  nucleus	
  normally	
  does	
  not	
  break	
  up.	
  

•  Incoherent	
  
–  Photon	
  couples	
  to	
  a	
  part	
  of	
  the	
  nucleus.	
  
–  J/ψ	
  <pT>	
  ≈	
  500	
  MeV/c.	
  
–  Target	
  nucleus	
  normally	
  does	
  break	
  up.	
  

•  p-­‐Pb	
  and	
  Pb-­‐p	
  collisions:	
  
–  Photon	
  from	
  the	
  Pb	
  ion	
  interacts	
  with	
  the	
  proton.	
  
–  Flux	
  of	
  virtual	
  photons	
  of	
  Pb	
  is	
  enhanced	
  by	
  a	
  factor	
  of	
  Z2	
  rela/ve	
  to	
  pp.	
  
–  (Wγp)2	
  =	
  2	
  ×	
  MJ/ψ	
  ×	
  exp(-­‐y)	
  ×	
  Ep	
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ALICE	
  detector	
  

ZDC	
  
AD	
  

AD	
   ZDC	
  

V0	
  

In	
  RUN2	
  the	
  AD	
  
detector	
  was	
  added:	
  
→	
  enhanced	
  sensi/vity	
  
to	
  low	
  diffrac/ve	
  
masses	
  

see	
  also	
  CERN-­‐PH-­‐LPCC-­‐2015-­‐001	
  



Exclusive	
  J/ψ	
  photo-­‐produc/on	
  in	
  ALICE	
  
forward:	
  both	
  muons	
  in	
  the	
  
MUON	
  arm	
  
central:	
  two	
  electrons	
  in	
  the	
  
central	
  barrel	
  
semi-­‐forward:	
  one	
  muon	
  in	
  the	
  
MUON	
  arm	
  and	
  one	
   	
   	
  	
  	
  	
  	
  	
  	
  
muon	
  in	
  the	
  central	
   	
   	
  	
  	
  	
  	
  	
  	
  
barrel	
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central	
  

forward	
  

semi-­‐forward	
  



Exclusive	
  J/ψ	
  photoproduc/on	
  in	
  p-­‐Pb	
  	
  
forward:	
  	
  
•  ALICE	
  measurements	
  were	
  published	
  in	
  PRL	
  113	
  (2014)	
  232504,	
  
•  measurements	
  up	
  to	
  more	
  than	
  twice	
  highest	
  energy	
  reached	
  at	
  HERA.	
  
central:	
  
•  between	
  2	
  and	
  6	
  TOF	
  modules	
  triggered,	
  at	
  least	
  two	
  back-­‐to-­‐back,	
  
•  two	
  SPD	
  back-­‐to-­‐back	
  tracklets,	
  
•  no	
  ac/vity	
  in	
  V0	
  and	
  less	
  than	
  6	
  hits	
  in	
  outer	
  SPD	
  layer.	
  

semi-­‐forward:	
  
•  one	
  low-­‐pT	
  (>	
  0.5	
  GeV/c)	
  muon	
  in	
  the	
  MUON	
  spectrometer,	
  
•  in	
  Pb-­‐p:	
  signal	
  in	
  V0C,	
  
•  no	
  ac/vity	
  in	
  V0A,	
  <5	
  hits	
  in	
  V0C,	
  <6	
  hits	
  in	
  outer	
  SPD	
  layer,	
  
•  only	
  for	
  Pb-­‐p:	
  no	
  signal	
  in	
  V0A	
  beam-­‐gas	
  window.	
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NEW	
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Exclusive	
  J/ψ	
  photoproduc/on	
  in	
  p-­‐Pb	
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top:	
  mid-­‐rapidity	
  e+e-­‐,	
  μ+μ-­‐	
  

bonom:	
  semi-­‐forward	
  (μ+μ-­‐)	
  
	
  
blue	
  –	
  Crystal	
  Ball	
  +	
  Exp.	
  func/on	
  
red	
  	
  	
  –	
  Exponen/al	
  func/on	
   	
  

	
  (→	
  γγ	
  cont.	
  produc/on)	
  
	
  	
  
clean	
  signal	
  in	
  all	
  cases

	
  	
  

central	
  e+e-­‐	
  
105<Wγp<235	
  GeV	
  

central	
  μ+μ-­‐	
  

105<Wγp<235	
  GeV	
  

semi-­‐forward	
  
p-­‐Pb	
  	
  

45<Wγp<86GeV	
  	
  

semi-­‐forward	
  
Pb-­‐p	
  

287<Wγp<607GeV	
  	
  
(Wγp)2	
  =	
  2	
  ×	
  MJ/ψ	
  ×	
  exp(-­‐y)	
  ×	
  Ep	
  

	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  (Ep	
  =	
  4000	
  GeV)	
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ALI−PREL−144677

Signal	
  extrac.on	
  by	
  fit	
  to	
  templates	
  
•  exclusive	
  J/ψ	
  	
  
•  non-­‐exclusive	
  bkgd	
  obtained	
  from	
  data	
  
•  con/nuum	
  γγ	
  →	
  e+e-­‐,	
  μ+μ-­‐	
  
•  γ+Pb	
  

Exclusive	
  J/ψ	
  photoproduc/on	
  in	
  p-­‐Pb	
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The	
   width	
   of	
   the	
   pT	
   distribu/on	
  
decreases	
  with	
  energy	
  as	
   seen	
  already	
  
at	
  HERA. 	
  b	
  increases	
  in	
  exp(-­‐bpT2)	
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central	
  μ+μ-­‐	
  
	
  

105	
  <	
  Wγp	
  <	
  235	
  GeV	
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•  Agreement	
  with	
  HERA	
  data	
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  descrip/on	
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  models	
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New	
  RUN2	
  	
  data	
  will	
  
allow	
  ALICE	
  to	
  explore	
  
the	
  region	
  above	
  1	
  TeV:	
  

for	
  LHCb	
  measurements	
  in	
  pp	
  	
  
at	
  13	
  TeV	
  see	
  LHCb-­‐CONF-­‐2016-­‐007	
  

)2 (GeV/cµµm

1.5 2 2.5 3 3.5 4 4.5 5

2
C

o
u

n
ts

 p
e

r 
5

0
 M

e
V

/c

0

20

40

60

80

100

120

140

160
 = 8.16 TeVNNsALICE Performance, Pb-p 

-1 12.7 nb≈UPC, L 

 < 1 GeV/c
T

p

-4 < y < -2.5

 27± = 607 ψJ/N

ALI−PERF−115885

CCT	
  	
  
energy-­‐dependent	
  hot	
  
spot	
  model	
  
PLB766	
  (2017)	
  186	
  

JMRT	
  NLO	
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  formalism	
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  NLO	
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EPJC76	
  (2016)	
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STARLIGHT	
  
Parameteriza/on	
  of	
  HERA	
  
and	
  fixed-­‐target	
  data	
  
CPhC	
  212	
  (2017)	
  258	
  

NLO-­‐BFKL	
  
proton	
  impact	
  factor	
  from	
  
F2	
  HERA	
  data	
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CGC	
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models	
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low-­‐pT	
  	
  J/ψ	
  yield	
  excess	
  found	
  in	
  Pb-­‐Pb	
  @	
  2.76	
  TeV	
  

In	
  LHC	
  RUN1	
  ALICE	
  found	
  an	
  excess	
  in	
  the	
  J/ψ	
  
yield	
  for	
  low	
  pT	
  	
  in	
  peripheral	
  Pb-­‐Pb	
  collisions:	
  
•  This	
  excess	
  is	
  interpreted	
  as	
  coherent	
  photo-­‐

produc/on.	
  
•  Measured	
  cross-­‐sec/ons	
  (assuming	
  it	
  is	
  

produced	
  by	
  coherent	
  photoproduc/on):	
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Opposite	
  sign	
  di-­‐muon	
  pairs	
  in	
  the	
  ALICE	
  MUON	
  arm	
  
with	
  invariant	
  mass	
  around	
  the	
  J/ψ	
  mass.	
  
In	
  red:	
  STARLIGHT	
  MC	
  
	
  

In	
  this	
  presenta/on:	
  new	
  RUN2	
  data	
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  (2016)	
  222301	
  

low-­‐pT	
  excess	
  in	
  the	
  J/ψ	
  yield	
  in	
  Pb-­‐Pb	
  @	
  2.76	
  TeV	
  
Effect	
  of	
  this	
  excess	
  on	
  the	
  J/ψ	
  RAA:	
  
For	
  low	
  J/ψ	
  pT	
  the	
  J/ψ	
  RAA	
  becomes	
  
as	
  large	
  as	
  7.	
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PLB	
  777	
  (2018)	
  399-­‐405,	
  arXiv:1801.01677	
  

Calcula/on	
  with	
  photoproduc/on	
  +	
  hydro	
  



low-­‐pT	
  excess	
  in	
  the	
  J/ψ	
  yield	
  in	
  Pb-­‐Pb	
  @	
  2.76	
  TeV	
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Energy-­‐dependent	
  hot-­‐spot	
  model	
  calcula/ons:	
  
PRC	
  97	
  (2018)	
  024901	
  (Cepila	
  et	
  al.)	
  

GS	
  –	
  geometric	
  scaling	
  
GG	
  –	
  Gribov-­‐Glauber	
  
	
  
Best	
  agreement	
  for	
  
the	
  Gribov-­‐Glauber	
  

calcula/ons	
  



N	
  –	
  nucleus	
  
S	
  –	
  spectator	
  	
  

low-­‐pT	
  excess	
  in	
  the	
  J/ψ	
  yield	
  in	
  Pb-­‐Pb	
  @	
  2.76	
  TeV	
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PRC	
  97	
  044910	
  (S.R.	
  Klein	
  et	
  al.)	
  

more	
  model	
  calcula.ons	
  PRC	
  93	
  044912	
  (A.	
  Sczcurek	
  et	
  al.)	
  

green	
  –	
  ALICE	
  data	
  
gray	
  –	
  ALICE	
  exp.	
  
uncertain/es	
  

black–	
  standard	
  
UPC	
  approach	
  
blue	
  –	
  	
  upper	
  limit	
  
red	
  –	
  lower	
  limit	
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low-­‐pT	
  excess	
  in	
  the	
  J/ψ	
  yield	
  in	
  Pb-­‐Pb	
  @	
  5.02	
  TeV	
  
An	
  excess	
  in	
  the	
  J/ψ	
  yield	
  at	
  low	
  pT	
  has	
  also	
  been	
  
found	
  in	
  RUN2	
  data:	
  
•  Leu:	
  J/ψ	
  pT	
  in	
  peripheral	
  collisions	
  compared	
  to	
  UPC,	
  
•  Bonom:	
  corrected	
  yield	
  auer	
  subtrac/on	
  of	
  the	
  

hadronic	
  contribu/on	
  by	
  event	
  mixing.	
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low-­‐pT	
  excess	
  in	
  the	
  J/ψ	
  yield	
  in	
  Pb-­‐Pb	
  @	
  5.02	
  TeV	
  

Corrected	
  J/ψ	
  yields	
  vs.	
  J/ψ	
  pT	
  for	
  70-­‐90%	
  centrality	
  with	
  template	
  fits:	
  
•  coherent	
  +	
  incoherent	
  J/ψ;	
  con/nuum	
  γγ	
  →	
  e+e-­‐;	
  
•  coherent	
  +	
  incoherent	
  feed-­‐down	
  from	
  Ψ(2S).	
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50-­‐70%	
  centrality	
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  Appendix	
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low-­‐pT	
  excess	
  in	
  the	
  J/ψ	
  yield	
  in	
  Pb-­‐Pb	
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  5.02	
  TeV	
  

Agreement	
  with	
  all	
  models	
  except	
  GBW2017	
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GBW	
  2017	
  
γ	
  flux	
  with	
  nuclear	
  overlap	
  

GBW	
  2018 	
  	
  
γ	
  flux	
  corrected	
  

CGC	
  
color-­‐glass	
  condensate	
  
GC-­‐hs,	
  GS-­‐hs	
  
energy-­‐dependent	
  hot-­‐spot	
  
models:	
  
	
  	
  GC	
  –	
  geometric	
  scaling	
  
	
  	
  GG	
  –	
  Gribov-­‐Glauber	
  



Summary	
  
•  Exclusive	
  J/ψ	
  photoproduc/on	
  in	
  p-­‐Pb	
  collisions:	
  

–  The	
  ALICE	
  γp	
  center	
  of	
  mass	
  energy	
  range	
  is	
  from	
  20	
  GeV	
  to	
  700	
  GeV.	
  
–  New	
  RUN2	
  data	
  extends	
  this	
  energy	
  range	
  to	
  above	
  1	
  TeV.	
  
–  Agreement	
  with	
  HERA	
  data	
  and	
  with	
  LHCb	
  solu/ons	
  and	
  with	
  all	
  models	
  independent	
  of	
  the	
  

inclusion	
  of	
  satura/on.	
  

•  An	
  excess	
  in	
  the	
  J/ψ	
  yield	
  in	
  peripheral	
  Pb-­‐Pb	
  collisions	
  at	
  low	
  pT	
  was	
  found:	
  
–  Assuming	
  this	
  excess	
  is	
  produced	
  by	
  photoproduc/on	
  its	
  cross	
  sec/on	
  was	
  measured	
  both	
  

for	
  RUN1	
  and	
  RUN2	
  data	
  and	
  compared	
  to	
  model	
  calcula/ons.	
  
–  The	
  J/ψ	
  RAA	
  for	
  small	
  J/ψ	
  pT	
  becomes	
  as	
  large	
  as	
  7	
  due	
  to	
  this	
  effect.	
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low-­‐pT	
  excess	
  in	
  the	
  J/ψ	
  yield	
  

Corrected	
  J/ψ	
  yields	
  vs.	
  J/ψ	
  pT	
  for	
  50-­‐70%	
  centrality	
  with	
  template	
  fits:	
  
•  coherent	
  +	
  incoherent	
  J/ψ;	
  con/nuum	
  γγ	
  →	
  e+e-­‐;	
  
•  coherent	
  +	
  incoherent	
  feed-­‐down	
  from	
  Ψ(2S).	
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