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A	  Fixed-‐Target	  ExpeRiment	  (AFTER)	  
using	  the	  LHC	  beams	  

Rune	  Elgaard	  Mikkelsen	  
PhD	  student	  at	  

FCPPL,	  April	  8th	  2014	  
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KinemaLcs	  

LHC	  7	  TeV	  proton	  beam	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  :	  pp,	  pd	  ,pA	  
	  Comparable	  to	  RHIC	  energies	  
s ~115GeV

LHC	  2.76	  TeV	  lead	  beam	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  :	  Pb-‐p,	  PbA	  
	  Between	  SPS	  and	  top	  AA	  RHIC	  energies	  
s ~ 72GeV

The	  COM-‐frame	  is	  moving	  at	  Y=4.8	  
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Beam	  extracLon	  

Is	  being	  tested	  by	  LUA9	  at	  the	  LHC	  beam	  
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Physics	  opportuniLes	  

Spin	  physics,	  PDF	  and	  nuclear	  PDF	  at	  large	  xB,	  
heavy	  quarkonium,	  cold	  nuclear	  maaer	  
effects,	  W/Z	  producLon	  near	  threshold	  
	  

Ultra-‐Peripheral	  Collisions, 	  	  
diffracLve	  physics, 	  QGP	  studies,	  High-‐	  
precision	  heavy-‐quarkonium	  studies,	  
Jets	  

	  	  
	  	  

7	  TeV	  proton	  beam	   2.76	  TeV	  lead	  beam	  
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Physics	  opportuniLes	  

Spin	  physics,	  PDF	  and	  nPDF	  at	  large	  xb	  
heavy	  quarkonium,	  cold	  nuclear	  maaer	  
effects,	  W/Z	  producLon	  near	  threshold	  
	  

UPC,	  	  diffracLve	  physics,	  QGP	  studies,	  
High	  precision	  heavy	  quarkonium,	  Jets	  

	  	  
	  	  

7	  TeV	  proton	  beam	   2.76	  TeV	  lead	  beam	  
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LHCb-‐like	  detector	  

Beam	  
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LHCb-‐like	  detector	  

VELO	  

Tracking	  
system	  

Muon	  
detectors	  

ElectromagneLc	  
calorimeter	  
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Detector	  performances	  
used	  for	  the	  fast	  simulaLon	  
Photon-‐Energy	  resoluLon:	  	  
	  
	  
Muon-‐momentum	  resoluLon:	  	  
	  

Fast	  SimulaLon	  
p-‐p	  collisions	  

ΔE E = 20% E

	  Analysis	  cuts	  
	  
	  	  or	  

Δp p =1%

2 <η < 5
	  	  Geometry:	  

pT
µ >1.8 GeV / c

pT
µ1 > 0.56 GeV / c

pT
µ2 > 0.48 GeV / c
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First	  Studies	  

pT
µ > 0.5 GeV / c

PYTHIA	  v.	  8.183,	  process:	  Charmonium:gg2QQbar[3S(1)]g	  at	  	  
Pile-‐up	  not	  included	  

s =115GeV



PYTHIA	  v.	  8.183,	  process:	  Charmonium:gg2QQbar[3S(1)]g	  at	  	  
Pile-‐up	  not	  included	  
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Underlying	  event	  	  	  	  	  	  

L = 25pb−1

s =115GeV

pT
µ >1.8 GeV / c

pT
µ1 > 0.56 GeV / c

pT
µ2 > 0.48 GeV / c

J /ψ



)2 (GeV/cµµM_
2 2.5 3 3.5 4 4.5 5

 in
 th

ou
sa

nd
s

2
Co

un
ts

 p
er

 5
0 

M
eV

/c

-110

1

10

210

 > 1.8 GeV/c, orµ
T

p

 > 0.48 GeV/c2
µ

T
p

 > 0.56 GeV/c, and1
µ

T
p

 < 5
µ

d2 < 

 < 4.5µµ2 < Y

Pions decaying before:

no cut

150 m

15 m

1.5 m

 eventssEffect of pion decay cuts on combinatorial background of 500k J/

PYTHIA	  v.	  8.183,	  process:	  Charmonium:gg2QQbar[3Si(1)]g	  at	  
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Underlying	  event	  
L = 25pb−1

A	  few	  hours	  of	  data	  taking	  with	  1	  m	  H2	  target	  

s =115GeV

J /ψ

pT
µ >1.8 GeV / c

pT
µ1 > 0.56 GeV / c

pT
µ2 > 0.48 GeV / c
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Minimum	  bias	  

15	  m	  cut	  

pT
µ >1.8 GeV / c

pT
µ1 > 0.56 GeV / c

pT
µ2 > 0.48 GeV / c

2 <η < 5
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χc → γJ /ψ→ (γ )µµ
Branching	  raLos	  at	  100	  %	  

χc1

pT
µ >1.8 GeV / c

pT
µ1 > 0.56 GeV / c

pT
µ2 > 0.48 GeV / c

3.062GeV / c2 <Mµµ < 3.12GeV / c
2

pT
γ > 0.65 GeV / c

pγ > 5 GeV / c

No	  vertex	  cuts	  
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Track	  mulLplicity	  
In	  p+A	  collisions	  with	  AFTER	  vs	  LHCb	  collider	  

By	  Z.	  Yang	  using	  HIJING	  	  

Proton	  beam	  on	  lead	  target.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  per	  nucleon	  pair,	  with	  LHCb	  set-‐up	  s =115GeV
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Conclusions	  
•  State-‐of-‐the-‐art	  detectors	  should	  have	  no	  problem	  to	  work	  in	  the	  fixed-‐target-‐mode	  

environment	  at	  the	  LHC	  
	  

•  First	  simulaLons	  to	  evaluate	  the	  performance	  are	  on-‐going	  (and	  very	  promising)	  
	  

•  New	  collaboraLon	  with	  Tsinghua	  U.	  	  both	  for	  fast	  simulaLons	  and	  for	  full	  simulaLons	  
using	  LHCb	  
	  

•  Theory	  survey	  of	  the	  total	  	  	  	  	  	  	  	  	  	  cross	  secLon	  from	  
•  	  fixed-‐target	  to	  LHC	  energies	  with	  IHEP	  Beijing	  

J /ψ
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Thanks	  for	  your	  aaenLon	  
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