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What	  are	  ultra-‐peripheral	  collisions	  (UPC)?	  
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Ultra-peripheral collisions (UPC) 

ü  The	  EM	  field	  of	  fast	  charged	  parGcles	  
can	   be	   viewed	   as	   a	   beam	   of	   quasi	  
real	  photons	  
	  
The	  virtuality	  of	  the	  emiTed	  photons	  
is	   	   restricted	   by	   the	   radius	   R	   of	   the	  
source	  	  to	  be	  around	  (hc/2π	  R)2,	  	  

	  

γ  from	  Pb:	  Q2	  ≈	  (30	  MeV)2	  

R1	  

4	  

b	  

R1+R2<b	  à	  UPC	  

R2	  

ü  For	   collisions	   at	   impact	   parameters	  
(b)	  larger	  than	  the	  sum	  of	  the	  radii	  of	  
the	   incoming	   parGcles,	   hadronic	  
interacGons	   are	   suppressed	   and	   EM	  
interacGons	  dominate	  
	  
PhotoproducGon	   processes	   can	   be	  
cleanly	   studied	   in	   hadron	   colliders	  
using	  
	  
	  Ultra-‐peripheral	  collisions	  (UPC),	  

ü  The	   LHC	   accelerates	   charged	  
parGcles:	  protons	  or	  lead	  ions	  



UPC processes 
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ü  One	  possibility	  to	  select	  UPC	  is	  to	  study	  exclusive	  processes:	  
1.  Measure	  the	  complete	  exclusive	  final	  state	  
2.  Make	  sure	  there	  is	  nothing	  else	  in	  the	  detector	  

ü  ALICE	  has	  measured	  the	  following	  UPC	  processes	  with	  the	  lead	  nucleus	  as	  
the	  photon	  source:	  
1.  ConGnuum	  di-‐lepton	  producGon	  in	  photon-‐photon	  interacGons	  

	  
This	  is	  a	  standard	  QED	  process,	  but	  with	  a	  strong	  coupling:	  	  αZ	  ~	  0.6	  
Interest	  from	  theory	  to	  know	  the	  size	  of	  higher	  order	  contribuGons	  
	  

2.  Exclusive	  photoproducGon	  of	  vector	  mesons	  off	  proton	  or	  off	  Pb	  
	  targets	  
	  
This	   process	   allows	   us	   to	   study	   the	   energy	   evoluGon	   of	   the	   cross	  
secGon	  at	  a	  fixed	  scale	  (related	  to	  the	  mass	  of	  the	  vector	  meson),	  this	  
give	  us	  insight	  into	  the	  QCD	  structure	  of	  the	  targets	  	  



ALICE	  and	  UPC	  
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UPC	  at	  mid	  rapidity	  with	  ALICE	  
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UPC	  central	  barrel	  trigger:	  
	  2010:	  	  	  (1)	  no	  hits	  in	  VZERO	  	  	  (2)	  ≥2	  hits	  in	  SPD	  (3)	  	  2	  ≤	  TOF	  hits	  	  
	  2011:	  	  	  (1)	  no	  hits	  in	  VZERO	  	  	  (2)	  ≥2	  hits	  in	  SPD	  (3)	  	  2	  ≤	  TOF	  hits	  ≤	  6	  	  +	  back-‐to-‐back	  topology	  	  	  
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ü  The	   measurement	   of	  	  
dE/dx	  performed	  by	   the	  
TPC	   a l lows	   a	   c lear	  	  
separaGon	  of	  
	  
	  

electrons	  
	  

muons/pions	  



UPC	  at	  forward	  rapidity	  with	  ALICE	  
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UPC	  forward	  trigger:	  
	  2011:	  	  	  (1)	  no	  hits	  in	  VZERO-‐A	  	  (2)	  	  hits	  in	  VZERO-‐C	  (3)	  	  single	  	  muon	  with	  pT>1	  GeV/c	  
	  2013:	  	  	  (1)	  no	  hits	  in	  VZERO-‐A	  	  (2)	  	  hits	  in	  VZERO-‐C	  (3)	  	  di-‐muon	  each	  with	  pT>0.5	  GeV/c	  



UPC	  measurements	  	  in	  p-‐Pb	  
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Exclusive	  J/ψ producGon	  in	  p-‐Pb	  

Clean	  signals,	  small	  background	  

ALICE:	  PRL	  113	  (2014)	  23,	  232504	  

The	  photon	  source	  is	  known:	  it	  is	  the	  lead	  ion	  in	  >	  95%	  of	  the	  cases	  →	  rapidity	  of	  the	  J/ψ 
measures	  Wγp,	  the	  center	  of	  mass	  energy	  of	  γp	  system	  



Exclusive	  J/ψ producGon	  in	  p-‐Pb:	  cross	  secGons	  
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ü  ALICE	  data	  reaches	  more	  than	  twice	  the	  largest	  energy	  reached	  at	  HERA	  
ü  ALICE	  data	  alone	  compaGble	  with	  a	  power	  law	  with	  exponent	  ~0.67±0.06	  
ü  Exponent	  is	  compaGble	  with	  those	  from	  H1	  (0.67±0.03)	  and	  ZEUS	  (0.69±0.02±0.03)	  	  

x~10-‐2	  

x~10-‐5	  

No	  change	  in	  the	  behavior	  of	  the	  cross	  secGon	  observed	  from	  HERA	  to	  LHC	  

ALICE:	  PRL	  113	  (2014)	  23,	  232504	  



Exclusive	  J/ψ producGon	  in	  p-‐Pb:	  LHCb	  soluGons	  
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(*)	  LHCb	  measured	  exclusive	  J/ψ	  producGon	  in	  pp	  collisions.	  ExtracGon	  of	  result	  in	  γp	  not	  trivial	  
and	  model	  dependent	  	  See	  discussions	  in	  LHCb	  publicaGons	  

ALICE	  fit	  compaGble	  with	  soluGons	  
extracted	  from	  LHCb	  data(*)	  

ALICE:	  PRL	  113	  (2014)	  23,	  232504	  



Measurements	  in	  Pb-‐Pb	  
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Coherent	  ρ	  producGon	  

Coherent	  and	  incoherent	  J/ψ producGon	  

Coherent	  ψ(2s)	  producGon	  

Coherent	  J/ψ	  in	  peripheral	  events	  



Coherent	  ρ	  producGon	  
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ü  2010	  data	  
ü  Decay	  into	  π+π-

ü  Coherent:	  photon	  couples	  to	  full	  nuclei:	  VM	  has	  very	  low	  transverse	  momentum	  
ü  Incoherent:	  photon	  couples	  to	  one	  nucleon:	  VM	  has	  low	  transverse	  momentum	  

ü  Transverse	  momentum	  less	  than	  150	  MeV/c	  to	  reject	  incoherent	  	  contribuGon

ALICE,	  arXiv	  1503.09177,	  Accepted	  by	  JHEP	  



Coherent	  ρ	  producGon:	  cross	  secGon	  
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L.	  Frankfurt,	  M.	  Strikman,	  M.	  Zhalov	  (GDL):	  QM	  Glauber	  +	  DL	  fit	  to	  HERA	  data	  	  

V.P.	  Gonçalves,	  M.V.T.	  Machado	  (GM):	  Color	  dipole	  model	  with	  CGC-‐like	  saturaGon	  

S.R.	  Klein,	  J.	  Nystrand	  	  (STARLIGHT):	  Classical	  Glauber	  model	  +	  fit	  to	  HERA	  data	  

ALICE,	  arXiv	  1503.09177,	  Accepted	  by	  JHEP	  

ü  Somehow	  surprising	  agreement	  with	  Starlight	  
ü  Disagreement	  with	  GDL	  model	  may	  be	  explained	  by	  inelasGc	  nuclear	  shadowing	  

(see	  	  arXiv	  1506.07150)	  
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Coherent	  and	  incoherent	  J/ψ producGon:	  cross	  secGons	  

L.	  Frankfurt,	  M.	  Strikman,	  M.	  Zhalov	  (GDL1):	  QM	  Glauber	  +	  DL	  fit	  to	  HERA	  data	  	  

T.	  Lappi,	  H.	  Mäntysaari	  :	  color	  dipole	  model	  with	  saturaGon	  +	  Glauber	  

S.R.	  Klein,	  J.	  Nystrand	  	  (STARLIGHT):	  Classical	  Glauber	  model	  +	  fit	  to	  HERA	  data	  

V.P.	  Gonçalves,	  M.V.T.	  Machado	  (GM):	  Color	  dipole	  model	  with	  CGC-‐like	  saturaGon	  

Adeluyi	  and	  Bertulani,	  (AB):	  LO	  pQCD	  +	  K-‐factor	  +	  nuclear	  PDFs	  

Cisek,	  Szczurek,	  Schäfer	  (CSS):	  Color	  dipole	  model	  with	  unintegrated	  gluon	  distribuGon	  

x~10-‐2	   x~10-‐3	  

ALICE:	  Phys.LeT.	  B718	  (2013)	  1273-‐1283	  and	  Eur.	  Phys.	  J.	  C	  (2013)	  73:2617	  	  
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Direct	  observaGon	  of	  (moderate)	  gluon	  shadowing	  



Coherent	  ψ(2s)	  producGon	  

ü  Measured	  decay	  channels:	  
ψ(2s)→l+l- and	  ψ(2s)→J/ψπ+π- 	  

ü  Few	  signal	  events	  with	  almost	  no	  background	   18	  

ALICE:	  arXiv	  1508.05076	  



Coherent	  ψ(2s)	  producGon:	  cross	  secGon	  
Both	  impulse	  

approximaGons	  should	  
be	  equal	  …	  	  

Do	  nuclear	  effects	  affect	  
differently	  1S	  and	  2S	  

states?	  
Need	  more	  precise	  data!	  

19	  

Strong	  shadowing	  is	  
disfavoured	  …	  
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Coherent	  J/ψ	  producGon	  in	  peripheral	  collisions	  

Clear	  excess	  in	  the	  yield	  at	  low	  
pT	  for	  peripheral	  collisions	  

20	  

ALICE,	  arXiv	  1506.08805	  



Coherent	  J/ψ	  producGon	  in	  peripheral	  collisions	  

If	  excess	  were	  from	  hadronic	  producGon,	  
the	  RAA	  would	  reach	  up	  to	  7!	  	  

21	  

If	  photo-‐producGon	  is	  assumed	  as	  the	  
underlying	  interacGon	  we	  obtain	  

Centrality	  class	   	  Cross	  secNon	  (μb)	  

0-‐10	  %	   <318	  

10-‐30%	   <290	  

30-‐50%	   73±44-‐27+26	  

50-‐70%	   58±16-‐10+8	  

70-‐90%	   59±11-‐10+7	  

No	  theoreGcal	  calculaGons	  available	  for	  
coherent	  photoproducGon	  in	  peripheral	  

collisions	  

ALICE	  prelim
inary	  



Summary	  and	  Outlook	  
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PhotoproducGon	  in	  ALICE	  
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ü  LHC	  Run1	  
ü  ALICE	  has	  measured	  the	  exclusive	  producGon	  of	  vector	  mesons	  from	  the	  ρ  to	  the	  

ψ(2S);	  this	  is	  covering	  masses	  from	  a	  non	  to	  a	  perturbaGve	  QCD	  regime.	  	  
ü  It	   has	   studied	   photoproducGon	   off	   protons,	   reaching	   more	   than	   twice	   the	   Wγp	  

than	  HERA,	  as	  well	  as	  coherent	  and	  incoherent	  producGon	  off	  nuclei,	  including	  the	  
direct	   observaGon	   of	   gluon	   shadowing	   and	   the	   observaGon	   of	   coherent	   like	  
producGon	  in	  peripheral	  Pb-‐Pb	  collisions.	  

ü  SGll	  to	  come	  with	  Run	  1	  data:	  
ü  Measurements	   of	   J/ψ  exclusive	   producGon	   at	   central	   and	   semi-‐forward	  

rapidiGes	  with	  p-‐Pb	  (Pb-‐p)	  data	  	  
ü  ProducGon	  of	  other	  vector	  mesons	  both	  in	  p-‐Pb	  and	  Pb-‐Pb	  UPC	  

S	  T	  A	  Y	  	  	  T	  U	  N	  E	  D	  !	  

ü  LHC	  Run2	  
ü  We	   are	   ready	   to	   collect	   new	   data	   with	   a	   substanGal	   increase	   in	   luminosity	   and	  

increase	  in	  energy	  reach	  
ü  We	  have	  installed	  the	  new	   	  AD	  detectors	  to	  improve	  the	  exclusivity	  condiGon	  and	  

the	  purity	  of	  the	  trigger	  
ü  We	  plan	  to	  explore	  new	  vector	  mesons	  and	  other	  photo-‐producGon	  processes	  



Back	  up	  
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The	  AD	  detector	  
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ü  Modules	   of	   plasGc	   scinGllator	   read	  
out	  with	  PMTs	  

ü  Time	  resoluGon	  below	  1	  ns	  allows	  to	  
reject	  out	  of	  Gme	  background	  

ü  Enlarges	   ALICE	   geometric	   rapidity	  
coverage	  to	  	  
ü  -‐6.9	  <	  η	  <	  -‐4.9	  
ü  4.7	  <	  η	  <	  6.3	  

ü  It	   increases	   ALICE	   reach	   to	   tag	   low	  
mass	  diffracGve	  events	  

ü  It	   also	   Increase	   ALICE	   capability	   	   to	  
impose	   veto	   in	   extra	   acGvity	   for	  
exclusive	  processes	  in	  UPC	  


