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�� SummarySummary
�� A L I C E  c o n s t rai n t sA L I C E  c o n s t rai n t s
�� H e av y I o n s  (H e av y I o n s  ( P bP b -- P bP b ))
�� p p  p p  an d  an d  p Ap A
�� L i g h t  I o n sL i g h t  I o n s
�� O p t i o n sO p t i o n s

See internal note ALICESee internal note ALICE--IN TIN T -- 2 0 0 12 0 0 1 -- 1 0  V 2 . 01 0  V 2 . 0
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SummarySummary
�� initial 4initial 4--5  y e ar s  5  y e ar s  (1HI ‘year’ = 10(1HI ‘year’ = 1066 ef f ec t i v e s )ef f ec t i v e s )
� regular p p running at √s =  1 4  T e V L  ~  1 0 29  an d <  3 x 1 0 3 0 c m -2s-1
� 2  - 3  y ears P b -P b L  ~  1 0 27 c m -2s-1
� 1  y ear p  - P b ‘ li k e’  (p ,  d o r α b e am s) L  ~  1 0 29 c m -2s-1
� 1  y ear li gh t  i o n s (e g A r-A r) L  ~ f ew  1 0 27   t o  1 0 29 c m -2s-1

�� other other o p tio nso p tio ns ,  d ep en d i n g  on  p hy s i c s  p ri ori ti es  &  res u l ts  ,  d ep en d i n g  on  p hy s i c s  p ri ori ti es  &  res u l ts  
� p p c o l l isio ns at √s =  5 . 5  T eV / n

� sh o rt e ne rgy  sc an o f  inte re st al so  to  p p  e x p ts ?  (c o nne c t to  T e v atro n ? )
� lo w er en ergy P b -P b

� p o ssi b ly f urt h er h i gh  en ergy  P b -P b
� p o ssi b ly  an o t h er li gh t  sy st em ( o ut o f O-O,  K r-K r,  A r-A r,  S n -S n )
� p o ssi b ly  an o t h er p A  sy st em
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ALICE constraintsALICE constraints
�� Luminosity with Ions (light or heavy)Luminosity with Ions (light or heavy)
� pile-u p in  TPC = >  M i n B i a s r a t e  <  8  k H z

� P b -P b :  L  <  1 0 27 A r -A r :  L  <  3 x 1 0 27   p-p:  L  <  1 0 29

� m u o n s p e c t r o m e t e r ‘ s t a n d-a lo n e’ :  R PC l i m i t  ~  5 0 -1 0 0  H z / c m 2
- c o n s i d e r e d  f o r  h i g h  s t a t i s t i c s  r u n s w i t h  l i g h t  i o n s  ( Y  s u p p r e s s i o n )
- ‘ s o f t ’  l i m i t ,  d e p e n d s  o n  R P C  p r o p e r t i e s  ( t r y i n g  t o  i m p r o v e )
- m a c h i n e  b a c k g r o u n d ( i n  p a r t i c u l a r  p p )  a  m a j o r  c o n c e r n  !

� P b -P b :  L  <  f ew  1 0 28 A r -A r :  L  ~  1 0 29    p-p:  L  <  5 x 1 0 3 1

�� Luminosity Luminosity p pp p ,  p,  p -- A  ‘ lik e’A  ‘ lik e’
� n o  p i l e -u p ( c lea n  ev en t s ,  lo w  da t a  v o lu m e)  = > M i n B i a s r a t e  <  8  k H z

� u n t r ig g er d M B  e v e n t s ,  la r g e r a t e ( k H z )
� p i l e -u p  T P C  <  2 0  ev en t s ,  n o  pile-u p in  S D D  = > M i n B i a s r a t e  <  2 0 0  k H z

� t r ig g er ed r a r e  e v e n t s ,  s m a ll r a t e ( H z )
� pp:  L  <  3 x 1 0 3 0 d-A r :  L  <  2 x 1 0 29    d-P b :  L  <  8 x 1 0 28

�� D A Q  limits:  B W  =  1 . 2 5  D A Q  limits:  B W  =  1 . 2 5  G b yteG b yte/ s to storage/ s to storage
� Pb :  2 0  H z  M B ,  2 0  H z  c e n t r a l + r a r e  t r i g g e r s ,  ~  1  k H Z  m u o n  a r m
� p p ,  d -A :  ~  1  k H z  ( l i m i t e d  b y  R / O  t i m e ,  TPC g a t i n g )
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H.I. Event samplesH.I. Event samples
�� global event properties (large xglobal event properties (large x--sec tions,  sof t proc esses)sec tions,  sof t proc esses)
� trigger on M B  a nd  c entra l ( ~  5 %  of  tota l  x -s ec tion)
� d a ta  s a m p l e limited by DAQ c a p a b il ity  f or M B  ra te >  4 0 0  H z

� P b -P b :  L  >  5  x  1 0 25 ( 5 %  of  d es ign L )
� one rea s on f or l a rge D A Q  b a nd w id th  of  A L I C E
� 1  ‘ ef f ec tiv e d a y ’  ( 1 0 5 s ) =  2 x 1 0 6 ev ts  @  2 0  H z

�� sem isem i--rare,  bu t rare,  bu t u ntriggerable u ntriggerable eventsevents
� eg Ω ,  h ea v y  q u a rk  m es ons  ( D ,  B ) h a d r.  &  s em i-l ep tonic  d ec a y s ,  
� trigger w ou l d  need  f u l l ,  good  onl ine rec ons tru c tion to b e s el ec tiv e

� ra te f or inc l u s iv e h a d rons / l ep tons  of  rel ev a nt p t > >  1 / ev ent !
� need s  la r g e s ta tis tic s of  M B / c entra l  ev ents  ( f ew  1 0 7 ev ts )

�� rare triggered  eventsrare triggered  events
� l ep ton p a irs  ( e,  µ),  h igh  p t p a rtic l es ,  j ets  >  1 0 0  G eV
� need  ma x  L u min o s ity ,  not l im ited  b y  D A Q  ( ‘ h igh  p riority ’  s c h em e)
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Base Program IBase Program I
�� start with heaviest ion, max. Energystart with heaviest ion, max. Energy
� Pb-Pb a t  5 . 5  T e V / A

� S t e p  1 : ~ d a y e v e n  a t  v e r y  l o w  i n i t i a l  L u m i n o s i t y
� f e w  1 0 3 - 1 0 5 e v e n t s  = >  g l o b a l  e v e n t  p r o p e r t i e s

� S t e p  2 : ~ w e e k ,  s t i l l  b e l o w  d e s i g n  L u m .
� s o m e  1 0 6 e v e n t s  = >  m o s t  o f  h a d r o n i c  s i g n a l s

� S t e p  3 : ~ m o n t h ( >  1 0 6 e f f e c t i v e  s ) ,  m a x  L u m .
� I n t e g r a t e d  l u m i n o s i t y  = >  r a r e  h a r d  s i g n a l s
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Statistics needed in Ion ProgramStatistics needed in Ion Program
�� Minimum: 6366 MB (382 central) eventsMinimum: 6366 MB (382 central) events
� few seconds at 1% design L

�� R H I C  in 20 0 0R H I C  in 20 0 0
� first collisions J u ne  1 2 ,  first P R L  su b m .  J u ly  1 9
( 2 nd :  A u g  2 4 ,  2 2 k  M B  e v e nts)
� ~  3  w e e k s ru n,  v e ry  low  L ,  >  1 0  P R L ’ s w ith in <  1  y e a r

� R H I C  w a s com m issione d  w ith  H I  !
�� S P S  in 1 9 86S P S  in 1 9 86
� first sp e ctru m  1  w e e k  b efor e sta rt of H I  ru n !
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Hadronic observablesHadronic observables
�� STAR, ~ 10STAR, ~ 1066 c e n t r a l  e v e n t s  ( O c t .  2 000 c e n t r a l  e v e n t s  ( O c t .  2 000 c o n fc o n f )  )  
� most global properties & h ad ron ic  observ ables

� ( partic le ratios & spec tra,  H B T ,  f low ,  … . ) :  T h ermod y n amic s & H y d rod y n amic s
�� s o m e  10s o m e  1077 e v t s  e v t s  n e e d e d  f o r  f u l l  n e e d e d  f o r  f u l l  h a d r o n i ch a d r o n i c p h y s i c sp h y s i c s
� pt spec tra >  5 -1 0  G eV
� Ω ,  c h arm,  beau ty ,  . .
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Rare Hard signalsRare Hard signals
�� need max need max L u mL u m,  max t i me,  max t i me

B B -->  J />  J / P s i  P s i  -->  e + e>  e + e --
(sec. vertex)(sec. vertex)
-- b  xb  x--secti o n ,  secti o n ,  
-- b  en erg y  l o ssb  en erg y  l o ss
-- J /J / P si  P si  su p p ressi o nsu p p ressi o n
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Need for Need for p p  p p  && p Ap A c ol l i s i on s  a t  L H Cc ol l i s i on s  a t  L H C
�� QGP analysis: study QGP analysis: study c h ang e sc h ang e s to  sig nalsto  sig nals
� measure same signal p p ->  p A ->  A A
� same p ro gram at  A G S ,  S P S ,  R H I C

�� b ase line : b ase line : p pp p r e ac tio nsr e ac tio ns
� c o mp ariso n running w it h  p p  t o  measure b asic  x-sec t io ns
� v ery  f ew  result s mak e NO ref erenc e t o  p p  
�p p e s s e n t i a l  p a r t  o f  b a s e  p r o g r a m .  Ne e d e d  t o a n a l y s e A A  d a t a  !

�� ‘ tr iv ial’  nuc le ar  m o dif ic atio ns: ‘ tr iv ial’  nuc le ar  m o dif ic atio ns: p Ap A
� init ial st at e s t r u c t u r e  f u n c t i o n s ( sh ad o w ing)

� large b ut  unk no w n gluo n sh ad o w ing at  L H C
� f ac t o r t w o  o r mo re unc ert aint y  in p Q C D x-sec t io ns
� f i n a l  s t a t e  i n t e r a c t i o n in c o ld  nuc lear mat t er ( q uark o nia,  j et s,  p t d ist rib ut io ns, . . )

� b ig ef f ec t s,  d irec t ly  relev ant  f o r ext rac t ing Q G P  relat ed  mo d if ic at io ns
� p A e s s e n t i a l  p a r t  o f  b a s e  p r o g r a m .  Ne e d e d  t o  a n a l y s e  A A  d a t a  !

� ev en mo re t h an at  S P S  ( mo re sh ad o w ing,  mo re emp h asis o n h ard  p ro b es ! )
�� num b e r  o f  g e nuine  p h ysic s to p ic s in num b e r  o f  g e nuine  p h ysic s to p ic s in p pp p ,, p Ap A
� p art o n sat urat io n,  d o ub le p art o n sc at t ering,  d if f rac t io n,  … ( no t  f urt h er d isc ussed )
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Example: pt SpectraExample: pt Spectra
�� measure pmeasure ptt(A A )/ p(A A )/ ptt((pppp))
� low/m e d  pt :  t h e r m o- &  h y d r od y n a m i c s
� a t  h i g h  pt s e n s i t i v e  t o ‘ j e t -q u e n c h i n g ’
� needs p p  da t a  t o  c o m p a r e

STARSTAR
X.N.Wang

soft/hard
tran si ti on ?

C E R N  - S P SC E R N  - S P S

�� c o mpl i c at i o n :  C ro n i n  ef f ec tc o mpl i c at i o n :  C ro n i n  ef f ec t
� f i n a l s t a t e  pa r t on  s c a t t e r i n g
� d e pe n d s  on  A ,  s q r t ( s )    
� needs p A  da t a  a t  L H C
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Example: Lepton PairsExample: Lepton Pairs
�� get confidence in simulation of ‘normal’ behaviorget confidence in simulation of ‘normal’ behavior
� need p p  a nd/ o r  p A  da t a  i n s a m e det ec t o r ,  s a m e a na l y s i s

No enhancement 
i n p p  and  p A  col l i s i ons
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Example: Strangeness Example: Strangeness 
�� Enhancement Enhancement 
co mp ar ed  to  co mp ar ed  to  p p  p p  and  and  p Ap A dduu

ss
s

+
=
2λ

factor ~2
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Gluon Structure FunctionsGluon Structure Functions

GRV94, MRST p structure functionsGRV94, MRST p structure functions Sh a d ow ing  pa ra m eteriz a tionsSh a d ow ing  pa ra m eteriz a tions

H a rd  processes ~  ( #H a rd  processes ~  ( # pa rtonspa rtons) 2) 2
unk now n structure functions m a j or rea son for e. g .  uncerta inty  inunk now n structure functions m a j or rea son for e. g .  uncerta inty  in d Nd N //d yd y
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Final State Interactions in NucleiFinal State Interactions in Nuclei
�� needs to be (re) measured at LHC for J/needs to be (re) measured at LHC for J/P siP si ,  Y ,  j ets, . .,  Y ,  j ets, . .

�� pA pA w a s  e s s e n t i a l  t o  e s t a b l i s h :w a s  e s s e n t i a l  t o  e s t a b l i s h :
� ‘normal’ suppression up to S-U
� ‘ab normal’ suppression in P b -P b
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Base Program IIBase Program II
�� detector commissioning and startdetector commissioning and start--u p  w ith  u p  w ith  p pp p
� few months at LHC start-u p , to get detector in shape & understood
� few week s b efore eac h i on ru n ,  ev en if  no pp data is needed ( af ter f ew  y ears)

� S P S  prax is,  to not w aste the short H I  run af ter l onger shut-dow n
�� comp arison ru nning comp arison ru nning p pp p ,  ‘,  ‘ p ’ Ap ’ A
� σ(AA) ~  A σ(p p ) - A4/3 σ(p p ) ( 1  central  A A  ev ent ~  2 0 0  - 1 0 0 0  pp ev ents)
� statistics u ntri g g ered :  f ew  1 0 9 ev ents ( error com parab l e to f ew  1 0 6 A A  ev ents)

� needs f ew  1 0 6 s @  up to 1  k H z  to tape
� pref erab l y  ‘ cl ean’  ev ents ( L  <  1 0 2 9 ) ,  onl y  0 . 3  P b y te ( v ersus 1 . 2  P b y te w ith pil e-up)

at f ew  1 0 3 0 >  9 0 %  of  hits are f rom  pil e-up !
� statistics tri g g ered ev ents ( eg Y ,  j ets. . )

� f ew  m onths as w el l ,  see b el ow

�� ‘ def au l t’  scenario:  ~  5  y ears‘ def au l t’  scenario:  ~  5  y ears p pp p ,  1  month  ‘,  1  month  ‘ p ’ A  p ’ A  
� pp running prob ab l y  m ore def ined b y  practical  considerations

� c hang e of d etec tor ov er tim e,  new p hy si c s q u esti ons to b e answ ered,  . .
� i n p rac ti c e: f ul l  running in earl y  y ears,  shorter runs l ater
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Luminosity RequirementsLuminosity Requirements

Rate Limited
( 2 0 0  k H z )

S o u r c e Limited

Lif e T ime Limited
( 4 h )  
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Nucleon LuminosityNucleon Luminosity
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YY--R a t e  R a t e  vsvs C o l l i s i o nC o l l i s i o n -- S y s t e mS y s t e m

PbPb-R e f e r e n c e

x  1 0  ( r u n n i n g  t i m e )

�� pp pp c o m pa r i s o n  d a t a :  ~  1  y e a r  n e e d e d  f o r  s t a t i s t i c sc o m pa r i s o n  d a t a :  ~  1  y e a r  n e e d e d  f o r  s t a t i s t i c s
� split between high and low L u m ino sity
� pp er r o r  <  P b-P b,  ~  c o m pa r a ble to  h ig h  L u m i A r -A r
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pA pA v e r s u s  v e r s u s  d Ad A
�� advantage of deuteron beamsadvantage of deuteron beams
� center of mass energy cl oser to A A  cms

� d-P b :  6 . 4  T eV p-P b :  8 . 8  T eV
� d-A r:  7  T eV  p-A r:  9 . 9  T eV

� sh i ft of m i d ra p i d i t y smal l er
� d-P b :  0 . 1 2  p-P b :  0 . 4 6
� d-A r:  0 p-A r:  0 . 3 5

� factor 2  l arg er c ro s s  s ec t i o n for h ard processes !

� i s o s p i n si mi l ar to nu cl ei  (l ess i mportant at L H C ,  onl y  for l arg e xF)
�� p A  p A  versus versus dA  dA  sti l l  bei ng di sc ussedsti l l  bei ng di sc ussed
� l arg er xF-rang e for P D F ’ s (pA ,  A p) ?
� prob l ems w i th  mu l ti pl e parton scatteri ng s ?  

�� L umi nosi ty  for 2 0 0  k H z  i nterac ti on rateL umi nosi ty  for 2 0 0  k H z  i nterac ti on rate
� d-P b :  7  x 1 0 28 cm-2 s-1

� d-A r:  2  x 1 0 29 cm-2 s-1
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�� energy density dependenceenergy density dependence
� scale parameter(s) of QGP physics 

� ε ,  Tc,  parton  d en sity,  v olu me,  impact parameter,  #  of participan ts. .
� all related  v ia n u clear g eometry (‘ Glau b er’  calcu lation )
� in v estig ate q u an titativ e (smooth) an d  q u alitativ e (threshold s) v ariation s

�� m o stl y do ne v ia  im pa ct pa ra m eter v a ria tio nm o stl y do ne v ia  im pa ct pa ra m eter v a ria tio n
�� specia l  ca ses need l igh t io ns instea dspecia l  ca ses need l igh t io ns instea d
� very peripheral : 

� d ifficu lt ex perimen tally (b ack g rou n d )
� low  statistics for hard  processes
� ‘ d iffu se’  g eometry (collid in g  n u clear tails)
� s c ale param et er for specific stru ctu res (if presen t)

� eg  N A 6 0  ex perimen t (J / Psi threshold  b ehav iou r)
�� L u m ino sity (L u m ino sity ( l igh tl igh t )  v ersu s energy density ()  v ersu s energy density ( h ea v yh ea v y)  ? ? ?)  ? ? ?
� g ood  statistics Y ’ ,  Y ’ ’  on ly possib le w ith lig ht ion s ! !

�� ch o ice o f  l igh t io ns:ch o ice o f  l igh t io ns:
� ‘ lig ht’  (eg  A r) for low est en erg y d en sity,  b u t choice mig ht chan g e after first ru n s !
� split in to lo w (8  k H z ,  TPC ) an d  hig h (2 0 0  k H z ,  mu on s) L u mi ru n

Base Program IIIBase Program III
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Energy DensityEnergy Density
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ExamplesExamples
�� Strangenes Strangenes 
� low statistics
at lar g e  b

�� l ep to n p ai rl ep to n p ai r
c o nti nu u mc o nti nu u m
� con n e ct to p p
v ia S -U

�� J /J / P si  P si  su p p ressi o nsu p p ressi o n
� low statistics,  lar g e  sy ste m atics at lar g e  b
� cr u cial r e g ion  to e stab lish  ‘ th r e sh old ’
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• A  m e a s u r e m e n t  o f c h a r m o n i a
m e l t i n g  i n  a  l i g h t e r  c o l l i s i o n  
s y s t e m  w i l l  c o n f i r m  o r  r u l e  o u t  
specific d e c o n f i n e m e n t m o d e l s

• A  s p e c i f i c  pr ed ict io n  :  
t h e  J / ψ s u p p r e s s i o n  p a t t e r n  i n  
I n -I n  c o l l i s i o n s  e x h i b i t s  a  b r e a k  
a t  a n  i m p a c t  p a r a m e t e r  ~  3 . 5  f m  
( M .  N a r d i  &  H .  S a t z )

Origin of Origin of C h a rm oniu m  C h a rm oniu m  S u p p re s s ionS u p p re s s ion
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Quarkonium Quarkonium p re d ic t ions  f or L H Cp re d ic t ions  f or L H C

Light ions are the best (only ?) Light ions are the best (only ?) 
w ay to sc an low  energy d ensities w ay to sc an low  energy d ensities 
(arou nd  the p hase transition)(arou nd  the p hase transition)
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Options: Energy scan Options: Energy scan 
�� pp pp a t  5 . 5  a t  5 . 5  T e VT e V
� interpolation Tevatron - top  L H C  s h ou l d  b e rath er reliab le

� d one at R H I C ,  ad d s  s om e ( b u t not m aj or)  s y s tem ati c  error
� c u rrentl y  l ook s  not very  u rg ent,  b u t I  m i g h t b e w rong . . .
� eventu al l y ,  s om e energ y  s c an w ill b e d one i n any  c as e at L H C

� w as  d one at S p p S ,  Tevatron
�� I o n s  a t  l o w e r  e n e r g yI o n s  a t  l o w e r  e n e r g y
� c onnec t to R H I C  res u l ts  ?
� s trong  c as e onl y  i f  s om e d ras ti c  c h ang es  b etw een R H I C  and  p eri p h eral  L H C
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Beam ConditionsBeam Conditions
�� pppp
� really low L u m i f o r M B  ev en t s  ( f ew  m o n t h s ) ,  b ec au s e o f :

� d a t a  q u a li t y ( n o  p i le-u p )
� d a t a  v olu m e ,  o f f li n e C P U ,  alread y ‘ p ro m i s ed ’  t o  L C G  p ro j ec t  !
� ~  s t a b le  c on d i t i on s at  b o t h  1 0 29 an d  f ew  1 0 3 0

� d i s p lac ed  b eam s ,  h i g h es t  p o s s i b le β*
� ac c ep t ab le b a c k g r ou n d ( b eam  g as )

� d at a q u ali t y,  d at a v o lu m e,  R P C  li m i t  !
� c u rren t ly u n d er i n v es t i g at i o n . . .  

�� P bP b -- P bP b
� m ax  i n t eg rat ed  lu m i n os i t y
� s t a b le  r a t e  d u ri n g  s p i ll as  f ar as  p o s s i b le

� s p ac e c h arg e ef f ec t s  i n  T P C
� b o t h  i s  v ery m u c h  h elp ed  b y β *  t u n i n g

� b et t er als o  f o r > 1  ex p eri m en t  
( q u en c h  li m i t  i n  m ac h i n e)


