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  pp	
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  at	
  7TeV	
  pp	
  
–  neutral	
  pions	
  at	
  5TeV	
  pPb	
  vs.	
  pp	
  

ü Plans	
  
–  LHC	
  Run2	
  
–  Etc.	
  
	
  

3	




Physics	
  Mo8va8on	
  of	
  LHCf	
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Recent	
  progress	
  on	
  UHECR	
  observa.on	
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RHIC	
 FCC	


D’Enterria	
  et	
  al.,	
  APP,	
  
35,98-­‐113,	
  2011	
  	


Kampert	
  and	
  Unger,	
  APP.,	
  2012	




Observa.on	
  of	
  UHECRs	


Fluorescence	
  
	
  	
  	
  	
  Detector	


	
  	
  Surface	
  
	
  	
  	
  	
  	
  	
  Detector	


6	




Problems	
  in	
  the	
  CR	
  data	
  interpreta.on	


InterpretaCon	
  of	
  AS	
  observaCons	
  needs	
  help	
  of	
  
MC	
  simulaCon	
  –	
  hadronic	
  interacCon	
  model	
  
=>	
  model-­‐originated	
  uncertainty	
  or	
  even	
  discrepancy	
  
ü Energy	
  

–  ESD	
  >	
  EFD	
  :	
  discrepancy	
  
–  missing	
  energy	
  (μ,ν)	
  in	
  FD	
  :	
  uncertainty	
  

ü Mass	
  
– Mass	
  vs.	
  Xmax	
  in	
  FD:	
  uncertainty	
  
– Mass	
  vs.	
  e/μ	
  or	
  μ	
  excess	
  in	
  SD	
  :	
  discrepancy	


It	
  is	
  evident	
  that	
  our	
  knowledge	
  of	
  hadronic	
  
interacCon	
  relevant	
  to	
  CR	
  is	
  missing	
  something	
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Experimental	
  Setup	
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The	
  LHC	
  forward	
  experiment	
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ATLAS 
LHCf Arm#1	


LHCf Arm#2	


140m	
  

Two	
  independent	
  detectors	
  at	
  
either	
  side	
  of	
  IP1	
  	
  (Arm#1,	
  Arm#2	
  )	
  

Charged	
  parCcles	
  (+)	
  
Beam 

Charged	
  parCcles	
  (-­‐)	
  

Neutral	
  	
  
par.cles	
  

Beam	
  pipe	
  

96mm	


ü  All	
  charged	
  parCcles	
  are	
  swept	
  by	
  dipole	
  magnet	
  
ü  Neutral	
  parCcles	
  (photons	
  and	
  neutrons)	
  arrive	
  at	
  LHCf	
  
ü  η>8.4	
  (to	
  infinity)	
  is	
  covered	




LHCf	
  Detectors	


Arm#1	
  Detector	
  
20mmx20mm+40mmx40mm	
  
4	
  XY	
  SciFi+MAPMT	
  

Arm#2	
  Detector	
  
25mmx25mm+32mmx32mm	
  
4	
  XY	
  Silicon	
  strip	
  detectors	
  

ü  Imaging	
  sampling	
  shower	
  calorimeters	
  
ü  Two	
  calorimeter	
  towers	
  in	
  each	
  of	
  Arm1	
  and	
  Arm2	
  	
  
ü  Each	
  tower	
  has	
  44	
  r.l.	
  of	
  Tungsten,16	
  sampling	
  scinCllator	
  and	
  4	
  

posiCon	
  sensiCve	
  layers	
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Detector	
  performance	
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Arm2	




Opera.on	
  with	
  manipulator	
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beam	


neutrals
	


Data	
  taking	
  posiCon	
Garage	
  posiCon	




2ry	
  par.cle	
  flow	
  at	
  colliders	
  
mulCplicity	
  and	
  energy	
  flux	
  at	
  LHC	
  14TeV	
  collisions	
  

	
 Energy	
  Flux	
  

All	
  parCcles	


neutral	


ü  LHCf	
  covers	
  the	
  peak	
  of	
  energy	
  flow	
  
ü  √s=14	
  TeV	
  pp	
  collision	
  corresponds	
  to	
  Elab=1017eV	
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Mul.plicity	
  	
  



LHCf	
  Status	

ü  Done	
  

–  0.9,	
  2.76,	
  7	
  TeV	
  pp	
  collision,	
  5	
  TeV	
  pPb	
  collision	
  data	
  taking	
  
–  Photon	
  spectra	
  at	
  0.9	
  and	
  7TeV	
  published	
  
–  π0	
  spectra	
  at	
  7	
  TeV	
  published	
  
–  Performance	
  at	
  0.9	
  and	
  7TeV	
  published	
  
–  π0	
  and	
  UPC	
  spectra	
  at	
  5TeV	
  pPb	
  submioed	
  to	
  PRC	
  (public	
  on	
  arXiv	
  

and	
  CDS)	
  

ü  On	
  going	
  
–  Neutron	
  spectra	
  at	
  7TeV	
  (to	
  be	
  published	
  soon)	
  
–  Rad-­‐hard	
  detector	
  upgrade	
  for	
  13	
  TeV	
  pp	
  

ü  Plan	
  
–  13TeV	
  pp	
  collision	
  in	
  2015	
  	
  
–  0.5TeV	
  pp	
  at	
  RHIC	
  (LOI	
  submioed	
  =>	
  operaCon	
  with	
  PHENIX	
  under	
  

discussion)	
  
–  Discussions	
  for	
  light	
  ion	
  collision	
  at	
  RHIC	
  and	
  LHC	
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Results	
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Publica.on	
  Summary	


JINST,	
  9,	
  	
  
P03016	
  (2014)	


	
  
arXiv:1403.7845	
  	
  
[nucl-­‐ex](2014)	
  

	


to	
  be	
  submiaed	
  
soon	
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Photon	
  spectra	
  @	
  7TeV	
  (Data	
  vs.	
  Models)	
  	


DPMJET	
  3.04	
  	
  QGSJET	
  II-­‐03	
  	
  SIBYLL	
  2.1	
  	
  EPOS	
  1.99	
  	
  PYTHIA	
  8.145	


Adriani	
  et	
  al.,	
  PLB,	
  703	
  (2011)	
  128-­‐134	

Around	
  0	
  degree	
  (On	
  axis)	
 Off	
  axis	


LHCf	
  7TeV	
  pp	
  photon	




900GeV	
  vs.	
  7TeV	
  

ü  Comparison	
  in	
  the	
  same	
  pT	
  range	
  (pT<0.13xF	
  	
  GeV/c)	
  
ü  Normalized	
  by	
  #	
  of	
  events	
  XF	
  >	
  0.1	
  
ü  StaCsCcal	
  error	
  only	
  
ü  Comparison	
  with	
  2.76TeV,	
  13TeV	
  (and	
  RHIC	
  500GeV)	
  are	
  planned	
  

XF	
  spectra	
  :	
  900GeV	
  data	
  vs.	
  7TeV	
  data	
  

Preliminary	
  

Data	
  2010	
  at	
  √s=900GeV	
  
(Normalized	
  by	
  the	
  number	
  	
  
	
  of	
  entries	
  in	
  XF	
  >	
  0.1)	
  
Data	
  2010	
  at	
  √s=7TeV	
  (η>10.94)	
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LHCf	
  900GeV	
  and	
  7TeV	
  pp	
  photon	




π0	
  analysis	
  	
  
•  π0	
  candidate	
  
•  599GeV	
  &	
  419GeV	
  photons	
  in	
  25mm	
  

and	
  32mm	
  tower,	
  respecCvely	
  
•  M	
  =	
  θ√(E1xE2)	
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Longitudinal	
  development	


Lateral	
  development	


Silicon	
  X	


Silicon	
  Y	


Small	
  	
  
Cal.	


Large	
  
Cal.	


m 140
=

R
θ

I.P.1 
θ

γ1(E1) 

γ2(E2) 

140m R 

LHCf	
  7TeV	
  pp	
  π0	
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Adriani	
  et	
  al.,	
  PRD,	
  86,	
  092001	
  (2012)	


π0	
  pT	
  distribu.on	
  in	
  different	
  
rapidity	
  (y)	
  ranges	


LHCf	
  7TeV	
  pp	
  π0	




5.02TeV	
  pPb	
  collision	
  	
  
π0	
  at	
  p-­‐remnant	
  side	
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LHCf	
  5TeV	
  ppb	
  π0	


(0.5x)	
  UPC	
  
calcula.on	


LHCf	
  data	
  vs.	
  UPC	
  calcula.on	




5.02TeV	
  pPb	
  collision	
  	
  
π0	
  at	
  p-­‐remnant	
  side	
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LHCf	
  5TeV	
  ppb	
  π0	


LHCf	
  data	
  (UPC	
  subtracted)	
  vs.	
  models	




5.02TeV	
  pPb	
  collision	
  	
  
π0	
  at	
  p-­‐remnant	
  side	
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LHCf	
  5TeV	
  ppb	
  π0	
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LHCf	
  5TeV	
  ppb	
  π0	
 RHIC	
  200GeV	
  d-­‐Au,	
  STAR	
  CollaboraCon	
  
Adams	
  et	
  al.,	
  PRL	
  97	
  (2006)	
  152302.	
  

η=2.2	


η=3.2	


η=4.0	




25	


LHCf	
  5TeV	
  ppb	
  π0	
 RHIC	
  200GeV	
  d-­‐Au,	
  STAR	
  CollaboraCon	
  
Adams	
  et	
  al.,	
  PRL	
  97	
  (2006)	
  152302.	
  

LHCf	
  5TeV	
  pPb	
  
π0	
  RpPb	
  	
  
8.9<η<9.0	




7TeV	
  pp	
  neutron	


preliminary	

preliminary	
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LHCf	
  7TeV	
  pp	
  neutron	


ü Sys-­‐error	
  to	
  be	
  updated	
  
ü Energy	
  resoluCon	
  40%,	
  posiCon	
  resoluCon	
  0.1-­‐1	
  mm	
  are	
  unfolded	
  
ü DetecCon	
  efficiency,	
  PID	
  efficiency,	
  purity	
  are	
  corrected	




Origin	
  of	
  0	
  degree	
  neutrons	


diffracCve	
  
remnant	
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Ostapchenko,	
  QGSJET	
  II	
 Pierog,	
  EPOS	


LHCf	
  7TeV	
  pp	
  neutron	




Origin	
  of	
  0	
  degree	
  neutrons	
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LHCf	
  7TeV	
  pp	
  neutron	


LHCf	
  data	
  
EPOS	
  total	
  
EPOS	
  diffrac.ve	




Plan	
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LHC	
  RUN2	


slide	
  discussed	
  in	
  the	
  LHC	
  Machine	
  Commioee	
  on	
  11	
  Dec	
  2013	
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LHC	
  RUN2	


slide	
  discussed	
  in	
  the	
  LHC	
  Machine	
  Commioee	
  on	
  11	
  Dec	
  2013	
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Summary	

ü  LHCf	
  is	
  dedicated	
  to	
  measure	
  0	
  degree	
  neutral	
  parCcles	
  at	
  LHC	
  IP1	
  

to	
  improve	
  the	
  cosmic-­‐ray	
  AS	
  modeling	
  
ü  LHCf	
  succeeded	
  data	
  taking	
  at	
  LHC	
  0.9,	
  2.76	
  and	
  7TeV	
  pp,	
  and	
  5TeV	
  

pPb	
  collisions	
  
ü  Following	
  results	
  were	
  published	
  (or	
  soon	
  published)	
  

•  photons	
  at	
  0.9	
  and	
  7TeV	
  pp	
  collisions	
  
•  π0	
  at	
  7TeV	
  pp	
  collisions	
  
•  neutrons	
  at	
  7TeV	
  pp	
  collisions	
  
•  π0	
  at	
  5TeV	
  pPb	
  collisions	
  and	
  nuclear	
  modificaCon	
  factor	
  

ü  √s	
  dependence	
  of	
  spectra	
  is	
  important	
  to	
  extrapolate	
  beyond	
  the	
  
LHC	
  (13TeV	
  pp	
  and	
  RHICf)	
  

ü  Special	
  low	
  luminosity	
  run	
  (with	
  vdM	
  scan)	
  is	
  planned	
  at	
  the	
  early	
  
phase	
  of	
  RUN2	
  

ü  Light	
  ion	
  collisions	
  at	
  LHC	
  and	
  FCC	
  are	
  clearly	
  interesCng	
  future	
  for	
  
CR	
  physics.	
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Backup	
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Par.cle	
  Iden.fica.on	


ü PID	
  (EM	
  shower	
  selecCon)	
  
–  Select	
  events	
  <L90%	
  threshold	
  and	
  mulCply	
  P/ε	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ε	
  (photon	
  detecCon	
  efficiency)	
  and	
  P	
  (photon	
  purity)	

–  By	
  normalizing	
  MC	
  template	
  L90%	
  to	
  data,	
  ε	
  and	
  P	
  for	
  certain	
  L90%	
  
threshold	
  are	
  determined.	
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EM	
 hadron	


hadron	


EM	


L90%	

L90%	




ConfirmaCon	
  of	
  xF	
  scaling	
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Preliminary	
  

Phase	
  space	
  of	
  LHC	
  
900GeV	
  data	


Phase	
  space	
  of	
  LHC	
  
7TeV	
  data	


Events	
  selected	
  from	
  
very	
  narrow	
  phase	
  
space	
  to	
  compare	
  with	
  
900GeV	
  result	


p T (
Ge

V/
c)

 

p T (
Ge

V/
c)

 
E (GeV) E (GeV) 

Color	
  map:	
  photon	
  producCon	
  rate	
  
Red	
  triangle:	
  LHCf	
  acceptance	


RHICf	
  500GeV	
  

100 200 E (GeV) 0 

p T (
Ge

V/
c)

 

1 

2 

LHCf@RHIC=RHICf	
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9.6cm 

140m	


longitudinal[cm]
-2000 -1500 -1000 -500 0 500 1000 1500 2000

tra
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20
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BBC

LH
Cf

18m	


LHC	


RHIC	
  	


Why	
  RHIC?	


10cm	




•  RHIC	
  500GeV	
  pp	
  collision	
  
•  3x107	
  inelasCc	
  collisions	
  (DAQのinefficiency

を考えて15分の測定)	
  
•  現行LHCf検出器を使った場合	
  
	


RHICfで期待される結果	
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前方photonスペクトル	


前方中性子	
  
スペクトル	


DPMJET3	

QGSJET	
  II	


Photon	
  pair	
  
不変質量分布	


π0スペクトル	
  



arXiv:1401.1004	
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LHCf	
  
(2cmx2cm)	
  

High	
  mulCplicity	
  calorimeter	
  by	
  Silicon	
  pad	
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mulCplicity	
  at	
  0	
  degree	


原子核衝突では、小型カロリーメー
タでも多重入射は避けられない	


カロリーメータの「ピクセル化」で多
重入射の測定を可能にする	




LHCfの場合	
  
(2cmx2cm)	
  

High	
  mulCplicity	
  calorimeter	
  by	
  Silicon	
  pad	
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超前方カロリーメータにおける多重度	


原子核衝突では、小型カロリーメー
タでも多重入射は避けられない	


カロリーメータの「ピクセル化」で多
重入射の測定を可能にする	


Silicon	
  pad	
  used	
  in	
  the	
  Astro-­‐H	
  X-­‐ray	
  
satellite,	
  SDG	
  detector	
  
　　　　　　　　　　↓	
  

R&D	
  ongoing	
  	
  



Covering	
  η	
  gap	


ZDC/
LHCf	
  

beam	
  
(black	
  solid)	
  

ZDC/
LHCf	
  

neutral	


IP	


Roman	
  
Pot	
  

elasCc	
  
（black	
  dashed）	


Dipole	
  magnet	


beam	
  pipe	


Central	
  detector	


forward	
  detectors@central	
  
(CMS	
  HF,	
  LHCb,	
  TOTEM	
  T2,	
  CMS	
  CASTOR)	


TOTEM	
  RP	


D1	
  spectroscopy	
  
with	
  	
  

RP	
  calorimeter	
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