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Analysis	  carried	  out	  within	  the	  Minimum	  Bias	  and	  Underlying	  Event	  LHC	  Working	  Group	  



INEL>0	  class	  -‐	  Defini2on	  

•  INEL>0	  class	  of	  events	  used…	  
–  Selec2ng	  the	  events	  with	  at	  least	  one	  charged	  par2cle	  in	  |η|	  <	  0.8	  and	  pT	  >	  

pT,	  cut	  
•  …where	  the	  charged	  mul2plicity	  distribu2on	  from	  primary	  par2cles	  

(excluding	  weak	  decays	  from	  strange	  par2cles)	  is	  determined	  by	  the	  
number	  of	  charged	  primary	  par2cles	  in	  the	  same	  η	  and	  pT	  range	  
–  Tracks	  in	  |η|	  <	  0.8	  and	  pT	  >	  pT,	  cut	  

•  Same	  analysis	  carried	  out	  by	  ATLAS	  and	  CMS	  	  

•  pT,	  cut	  set	  at	  0.5,	  1.	  GeV,	  for	  the	  results	  in	  common	  among	  the	  
experiments	  

•  In	  addi2on,	  pT,cut	  	  at	  	  0.15	  GeV	  considered,	  as	  	  this	  is	  ALICE	  intrinsic	  pT,cutoff	  

•  From	  this	  selec2on,	  dNch/dη	  and	  mul2plicity	  distribu2ons	  were	  obtained	  	  	  
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Details	  on	  the	  ALICE	  detector	  in	  the	  backup	  



Mul2plicity	  Analysis	  –	  Response	  Matrix	  	  

•  Unfolding	  technique	  used	  (see	  EPJ	  C68	  (2010)	  89)	  to	  determine	  the	  true	  
mul2plicity	  star2ng	  from	  the	  measured	  one	  (χ2	  minimiza2on	  with	  
regulariza2on)	  
–  To	  take	  into	  account	  detector	  resolu2on	  effects	  
–  Response	  Matrix	  (R)	  represents	  the	  probability	  that	  a	  collision	  with	  true	  

mul2plicity	  “t”	  is	  measured	  as	  an	  event	  with	  mul2plicity	  “m”	  
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√s	  =	  7	  TeV,	  pT,cut	  =	  0.15	  GeV/c	  
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•  In	  order	  to	  reduce	  the	  effects	  of	  low	  
sta2s2cs,	  and	  to	  extend	  the	  response	  
matrix	  to	  higher	  mul2plicity,	  a	  
parameteriza2on	  of	  the	  response	  
matrix	  was	  obtained	  and	  used	  at	  
higher	  mul2plici2es	  
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dNch/dη	  Analysis	  –	  Correc2ons	  	  	  

•  Following	  the	  same	  method	  used	  for	  the	  previous	  ALICE	  dNch/dη	  
measurements	  

•  Basically:	  

	  to	  which	  the	  following	  correc2ons	  have	  to	  be	  applied:	  
1.  Track-‐to-‐par2cle	  correc2on	  

•  Track	  level	  
2.  Vertex	  reconstruc2on	  correc2on	  

•  Track	  and	  event	  level	  
3.  Event	  selec2on	  (or	  Trigger	  bias)	  correc2on	  

•  Track	  and	  event	  level	  
	   	  to	  take	  into	  account	  detector	  effects,	  	  
	   	  resolu2on,	  decays,	  event	  selec2on	  efficiency…	  

•  The	  difference	  in	  strangeness	  content	  between	  data	  and	  Monte	  Carlo	  
was	  taken	  into	  account	  in	  the	  correc2on	  procedure	  (as	  for	  the	  
Mul2plicity	  analysis)	  
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Systema2cs:	  <pT>	  vs	  Mul2plicity	  

•  Many	  systema2c	  uncertainty	  sources	  studied	  (see	  backup)	  

•  In	  par2cular:	  
–  Monte	  Carlo	  descrip2on	  of	  <pT>	  vs	  Mul2plicity	  not	  fully	  sa2sfactory	  
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-  Important	  for	  Mul2plicity	  distribu2on	  
analysis	  where	  correla2on	  between	  
<pT>	  and	  mul2plicity	  plays	  a	  
fundamental	  role	  

-  Verified	  at	  Monte	  Carlo	  level	  
-  Negligible	  at	  900	  GeV,	  important	  at	  

7	  TeV,	  especially	  in	  the	  lowest	  pT,cut,	  
in	  the	  high	  mul2plicity	  region	  

-  Taken	  into	  account	  at	  7	  TeV	  unfolding	  
data	  with	  two	  different	  Monte	  Carlo	  
(ATLAS-‐CSC,	  Perugia-‐0)	  and	  adding	  an	  
extra	  systema2c	  uncertainty	  (up	  to	  
10%,	  5%,	  10%	  at	  high	  mul2plicity	  for	  
pT,cut	  =	  0.15,	  0.5,	  1.0	  GeV/c)	  	  
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Mul2plicity	  distribu2ons	  –	  MC	  Comparison	  –	  I	  
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√s	  =	  0.9	  TeV,	  pT,cut	  =	  0.15	  GeV/c	  

•  Best	  Monte	  Carlo	  Descrip2on	  by	  Phojet	  
•  EPOS,	  Pythia8	  (4c)	  and	  Perugia-‐2011	  deviate	  by	  50%	  at	  high	  mul2plicity	  
•  EPOS	  is	  the	  best	  at	  very	  low	  mul2plicity	  

chN
0 5 10 15 20 25 30 35 40 45

)
ch

N
P(

-610

-510

-410

-310

-210

-110  > 0.15 GeV
T
p| < 0.8, ! = 0.9 TeV, |s

ALICE pp
Atlas CSC (306)
D6T (109)
A (100)
Perugia-0 (320)
Pythia8 (1)

chN
0 5 10 15 20 25 30 35 40 45

R
at

io
 D

at
a/

M
C

0

0.5

1

1.5

2
chN

0 5 10 15 20 25 30 35 40 45

)
ch

N
P(

-610

-510

-410

-310

-210

-110  > 0.15 GeV
T
p| < 0.8, ! = 0.9 TeV, |s

ALICE pp

Perugia-2011 (350)

Phojet

EPOS LHC

Pythia8 (4C)

chN
0 5 10 15 20 25 30 35 40 45

Ra
tio

 D
at

a/
M

C
0

0.5

1

1.5

2

ALICE
-‐PUBL

IC-‐201
3-‐001

	  



Mul2plicity	  distribu2ons	  –	  MC	  Comparison	  –	  II	  
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√s	  =	  7	  TeV,	  pT,cut	  =	  0.5	  GeV/c	  

•  Best	  Monte	  Carlo	  Descrip2on	  by	  EPOS	  
•  Perugia-‐2011	  within	  20%	  
•  ATLAS-‐CSC	  within	  30%	  up	  to	  mul2plicity	  30	  
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Mul2plicity	  distribu2ons	  –	  MC	  Comparison	  –	  III	  	  
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√s	  =	  7	  TeV,	  pT,cut	  =	  1.0	  GeV/c	  

•  Best	  Monte	  Carlo	  Descrip2on	  by	  Pythia8	  (1),	  EPOS	  
•  Perugia-‐2011	  within	  30%,	  but	  deviates	  by	  10%	  at	  low	  mul2plicity	  

chN
0 5 10 15 20 25

)
ch

N
P(

-510

-410

-310

-210

-110
 > 1.00 GeV

T
p| < 0.8, ! = 7 TeV, |s

ALICE pp
Atlas CSC (306)
D6T (109)
A (100)
Perugia-0 (320)
Pythia8 (1)

chN
0 5 10 15 20 25

R
at

io
 D

at
a/

M
C

0

0.5

1

1.5

2
chN

0 5 10 15 20 25

)
ch

N
P(

-510

-410

-310

-210

-110
 > 1.00 GeV

T
p| < 0.8, ! = 7 TeV, |s

ALICE pp

Perugia-2011 (350)

Phojet

EPOS LHC

Pythia8 (4C)

chN
0 5 10 15 20 25

Ra
tio

 D
at

a/
M

C
0

0.5

1

1.5

2

ALICE
-‐PUBL

IC-‐201
3-‐001

	  



-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

η
/d

c
h

N
d

0.5

1

1.5

2

2.5

3

3.5

4

 > 0.15 GeV
T

p| < 0.8, η = 0.9 TeV, |s

ALICE pp Atlas CSC (306)

D6T (109) A (100)

Perugia-0 (320) Perugia-2011 (350)

Pythia8 (1) Pythia8 (4C)

Phojet EPOS LHC

ηPseudorapidity 
-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

D
a
ta

/M
C

1

1.2

/d
ch

Nd

0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2

 > 0.50 GeV
T
p| < 0.8,  = 0.9 TeV, |s

ALICE pp Atlas CSC (306)
D6T (109) A (100)
Perugia-0 (320) Perugia-2011 (350)
Pythia8 (1) Pythia8 (4C)
Phojet EPOS LHC

Pseudorapidity 
-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

Da
ta

/M
C

1

1.2

dNch/dη	  –	  0.9	  TeV	  

EPS	  2013	  -‐	  QCD	  session	   C.	  Zampolli	  –	  ALICE	   10	  

√s	  =	  0.9	  TeV,	  pT,cut	  =	  0.15	  GeV/c	   √s	  =	  0.9	  TeV,	  pT,cut	  =	  0.5	  GeV/c	  

Best	  Monte	  Carlo	  descrip2on:	  
•  pT,cut	  =	  0.15	  GeV:	  EPOS	  and	  PHOJET	  
•  pT,cut	  =	  1.0	  GeV:	  (backup):	  Perugia-‐0,	  

A100,	  Pythia8	  (4c),	  Perugia-‐2011	  

•  pT,cut	  =	  0.5	  GeV:	  EPOS,	  ATLAS-‐CSC,	  
Perugia-‐0	  
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√s	  =	  7	  TeV,	  pT,cut	  =	  0.15	  GeV/c	   √s	  =	  7	  TeV,	  pT,cut	  =	  0.5	  GeV/c	  

Best	  Monte	  Carlo	  descrip2on:	  
•  pT,cut	  =	  0.15	  GeV:	  EPOS,	  ATLAS-‐CSC,	  Perugia-‐2011	  
•  pT,cut	  =	  1.0	  GeV:	  (backup):	  EPOS,	  Perugia-‐0,	  A100,	  

Pythia8	  (1),	  	  

•  pT,cut	  =	  0.5	  GeV:	  EPOS	  
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Monte	  Carlo	  Comparison	  –	  Summary	  	  
√s	  (TeV)	   pT,	  cut	  (GeV/c)	   MulUplicity	   dNch/dη	  

0.9	  

0.15	   Phojet	  
EPOS	  
Phojet	  

0.5	  
EPOS	  

Perugia-‐0	  

EPOS	  
ATLAS-‐CSC	  
Perugia-‐0	  

1.0	  

A100	  
D6T	  

Perugia-‐2011	  
Pythia8	  (1)	  
Pythia8	  (4c)	  

A100	  
Perugia-‐0	  

Perugia-‐2011	  	  
Pythia8	  (4c)	  

7	  

0.15	  
EPOS	  

Perugia-‐2011	  

EPOS	  
ATLAS-‐CSC	  

Perugia-‐2011	  

0.5	  
EPOS	  

Perugia-‐2011	  
EPOS	  

1.0	  
EPOS	  

Perugia-‐2011	  
Pythia8	  (1)	  

EPOS	  
A100	  

Perugia-‐0	  
Pythia8	  (1)	  

EPS	  2013	  -‐	  QCD	  session	   C.	  Zampolli	  –	  ALICE	   12	  

Quali
taUve

	  summary	  



Mul2plicity	  –	  Comparison	  with	  ATLAS	  –	  0.9	  TeV	  

•  Comparison	  with	  ATLAS	  in	  the	  case	  of	  pT,cut	  =	  0.5	  and	  1.0	  GeV/c	  	  
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•  ALICE	  and	  ATLAS	  in	  agreement	  within	  10%	  up	  to	  intermediate	  mul2plicity;	  20%	  
at	  high	  mul2plicity	  

•  ALICE	  measures	  up	  to	  higher	  mul2plici2es	  than	  ATLAS	  

√s	  =	  0.9	  TeV,	  pT,cut	  =	  0.5	  GeV/c	   √s	  =	  0.9	  TeV,	  pT,cut	  =	  1.0	  GeV/c	  
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Mul2plicity	  –	  Comparison	  with	  ATLAS	  –	  7	  TeV	  

•  Comparison	  with	  ATLAS	  in	  the	  case	  of	  pT,cut	  =	  0.5	  and	  1.0	  GeV/c	  	  
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•  ALICE	  and	  ATLAS	  in	  agreement	  within	  10%	  almost	  over	  the	  whole	  spectrum	  
•  ATLAS	  goes	  to	  higher	  mul2plici2es	  than	  ALICE	  	  

√s	  =	  7	  TeV,	  pT,cut	  =	  0.5	  GeV/c	   √s	  =	  7	  TeV,	  pT,cut	  =	  1.0	  GeV/c	  
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•  Comparison	  with	  ATLAS	  in	  the	  case	  of	  pT,cut	  =	  0.5	  and	  1.0	  GeV/c	  	  

•  Plots	  already	  presented	  within	  the	  MB&UE	  LHC	  Working	  Group	  
•  ALICE	  lower	  by	  ~2%	  wrt	  ATLAS	  and	  CMS	  for	  the	  lowest	  pT,cut	  	  
•  Very	  good	  agreement	  for	  pT,cut	  =	  1.0	  GeV	  

√s	  =	  0.9	  TeV,	  pT,cut	  =	  0.5	  GeV/c	   √s	  =	  0.9	  TeV,	  pT,cut	  =	  1.0	  GeV/c	  
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•  Comparison	  with	  ATLAS	  in	  the	  case	  of	  pT,cut	  =	  0.5	  and	  1.0	  GeV/c	  	  

•  Plots	  already	  presented	  within	  the	  MB&UE	  LHC	  Working	  Group,	  ALICE	  points	  updated	  
•  ALICE	  lower	  by	  ~2%	  wrt	  ATLAS	  and	  CMS	  for	  the	  lowest	  pT,cut	  	  
•  Very	  good	  agreement	  for	  pT,cut	  =	  1.0	  GeV	  

√s	  =	  7	  TeV,	  pT,cut	  =	  0.5	  GeV/c	   √s	  =	  7	  TeV,	  pT,cut	  =	  1.0	  GeV/c	  
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Summary	  and	  Conclusions	  

•  INEL>0	  class	  considered	  for	  charged	  par2cle	  mul2plicity	  and	  pseudorapidity	  density	  
distribu2ons	  

–  Selec2ng	  events	  with	  at	  least	  1	  charged	  primary	  par2cle	  in	  |η|<	  0.8,	  pT	  >	  pT,cut	  (0.15,	  0.5,	  
1.0	  GeV/c)	  

–  Coun2ng	  only	  the	  charged	  primary	  par2cles	  sa2sfying	  the	  same	  requirement	  

•  Monte	  Carlo	  descrip2on	  of	  the	  measurements	  generally	  not	  very	  sa2sfactory	  
–  Different	  behaviour	  depending	  on	  the	  energy	  of	  the	  system,	  of	  the	  pT,cut	  and	  some2mes	  

of	  the	  measurement	  
–  EPOS	  (LHC)	  seems	  to	  be	  the	  Monte	  Carlo	  generator	  that	  in	  general	  best	  describes	  the	  

data	  
•  Consistent	  treatment	  of	  cross-‐sec2on	  calcula2on	  and	  par2cle	  produc2on	  including	  

energy	  conserva2on	  
•  Final	  states	  of	  the	  scapering	  described	  as	  flux	  tubes,	  eventually	  cons2tu2ng	  bulk	  

maper	  which	  thermalizes	  and	  expands	  collec2vely	  (hydrodynamically	  –	  sta2s2cal	  
decay	  +	  flow),	  or	  escape	  and	  hadronize	  as	  	  jets	  

•  See	  Phys.Rev.	  C74	  (2006)	  044902,	  Phys.Rev.	  C85	  (2012)	  064907,	  Phys.	  Rev.	  Lep.	  109,	  
102301	  (2012),	  arXiv:1306.0121	  

•  Comparison	  with	  ATLAS	  and	  CMS	  (for	  dNch/dη)	  presented	  
–  Very	  good	  agreement,	  within	  systema2cs	  
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Summary	  and	  Conclusions	  

•  INEL>0	  class	  considered	  for	  charged	  par2cle	  mul2plicity	  and	  pseudorapidity	  density	  
distribu2ons	  

–  Selec2ng	  events	  with	  at	  least	  1	  charged	  primary	  par2cle	  in	  |η|<	  0.8,	  pT	  >	  pT,cut	  (0.15,	  0.5,	  
1.0	  GeV/c)	  

–  Coun2ng	  only	  the	  charged	  primary	  par2cles	  sa2sfying	  the	  same	  requirement	  

•  Monte	  Carlo	  descrip2on	  of	  the	  measurements	  generally	  not	  very	  sa2sfactory	  
–  Different	  behaviour	  depending	  on	  the	  energy	  of	  the	  system,	  of	  the	  pT,cut	  and	  some2mes	  

of	  the	  measurement	  
–  EPOS	  (LHC)	  seems	  to	  be	  the	  Monte	  Carlo	  generator	  that	  in	  general	  best	  describes	  the	  

data	  
•  Consistent	  treatment	  of	  cross-‐sec2on	  calcula2on	  and	  par2cle	  produc2on	  including	  

energy	  conserva2on	  
•  Final	  states	  of	  the	  scapering	  described	  as	  flux	  tubes,	  eventually	  cons2tu2ng	  bulk	  

maper	  which	  thermalizes	  and	  expands	  collec2vely	  (hydrodynamically	  –	  sta2s2cal	  
decay	  +	  flow),	  or	  escape	  and	  hadronize	  as	  	  jets	  

•  See	  Phys.Rev.	  C74	  (2006)	  044902,	  Phys.Rev.	  C85	  (2012)	  064907,	  Phys.	  Rev.	  Lep.	  109,	  
102301	  (2012),	  arXiv:1306.0121	  

•  Comparison	  with	  ATLAS	  and	  CMS	  (for	  dNch/dη)	  presented	  
–  Very	  good	  agreement,	  within	  systema2cs	  

EPS	  2013	  -‐	  QCD	  session	   C.	  Zampolli	  –	  ALICE	   18	  

More	  MulBplici
ty	  measurem

ents	  by	  
ALICE	  to

	  come	  

•  More	  ene
rgies,	  h

igher	  st
aBsBcs,

	  differen
t	  

mulBplici
ty	  esBm

ators,	  m
ore	  eve

nt	  class
es…	  



“so	  many	  out-‐of-‐the-‐way	  things	  had	  happened	  lately,	  that	  Alice	  had	  
begun	  to	  think	  that	  very	  few	  things	  indeed	  were	  really	  impossible.”	  

L.	  Carrol,	  Alice’s	  Adventures	  In	  Wonderland	  

•  SubmiWed:	  
-  arXiv:1304.0347	  
-  arXiv:1307.1094	  (pp,	  Pb-‐Pb,	  p-‐Pb)	  
-  arXiv:1307.1249	  

•  Published:	  
-  Eur.	  Phys.	  J.	  C	  (2010)	  65:	  111-‐125	  
-  Eur.	  Phys.	  J.	  C	  (2010)	  68:	  345–354	  
-  Eur.	  Phys.	  J.	  C	  (2010)	  68:	  89–108	  
-  Phys.	  Rev.	  LeW.	  105,	  252301	  (2010)	  
-  Phys.	  Rev.	  LeW.	  106,	  032301	  (2011)	  
-  Phys.	  Rev.	  LeW.	  110,	  032301	  (2013)	  

ALICE	  results	  on	  the	  same	  subject	  (pp,	  Pb-‐Pb,	  p-‐Pb):	  



Backup	  



Outline	  

•  Defini2ons	  

•  The	  ALICE	  detector	  

•  Analysis	  strategy	  
–  Mul2plicity	  distribu2ons	  

–  Mul2plicity	  densi2es	  

•  Results	  
–  Mul2plicity	  distribu2ons	  

–  Mul2plicity	  densi2es	  

•  Conclusions	  
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The	  ALICE	  Experiment	  
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•  A	  Large	  Ion	  Collider	  Experiment	  is	  the	  experiment	  at	  the	  CERN	  Large	  
Hadron	  Collider	  (LHC)	  dedicated	  to	  heavy-‐ion	  physics	  
–  The	  ulUmate	  goal	  is	  the	  study	  of	  the	  Quark	  Gluon	  Plasma	  (QGP)	  	  

•  Characterized	  by	  a	  very	  low	  intrinsic	  pT	  cut-‐off	  and	  very	  low	  material	  
budget	  
–  Important	  role	  played	  in	  the	  LHC	  pp	  physics	  program	  

•  so{	  QCD	  
•  Monte	  Carlo	  tuning	  
•  Reference	  to	  Pb-‐Pb	  

•  p-‐Pb	  collisions	  fundamental	  
to	  interpret	  Pb-‐Pb	  	  
–  Disentangle	  between	  ini2al	  

and	  final	  state	  effects	  	  
–  Low-‐x	  phyiscs	  

CMS	  

ATLAS	  

LHCb	  

A	  Large	  Ion	  Collider	  Experiment	  

LHC	  

9	  Km	  



The	  ALICE	  Detector	  
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ITS	  
Vtx,	  low-‐pT	  trk,	  

trigger	  

TPC	  
Tracking	  

L3	  magnet	  
B	  =	  0.5	  T	  

V0 
Trigger	   Detectors:	  18	  

Tracking:	  7	  
PID:	  6	  
Calo:	  5	  

ALICE	  Tracking,	  √s	  =	  0.9	  TeV	  

Phys.	  Lep
.	  B	  693	  

(2010)	  53–68	  



ALICE	  ITS,	  TPC,	  V0	  
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•  The	  Inner	  Tracking	  System	  -‐	  ITS	  (|η|	  <	  0.9)	  
–  Six	  layers,	  three	  technologies:	  SPD,	  SDD,	  SSD	  
–  Primary	  and	  secondary	  vertex	  reconstruc2on	  

–  Tracking	  +	  standalone	  reconstruc2on	  
–  PID	  via	  dE/dx	  (SDD+SSD	  analog	  read-‐out)	  
–  Trigger	  provided	  by	  SPD	  Fast-‐OR	  

•  MB,	  high	  mul2plicity,	  topologies	  	  

•  The	  Time	  Projec2on	  Chamber	  –	  TPC	  
–  Efficient	  tracking	  (~80%)	  in	  |η|	  <	  0.8,	  σ(pT)/pT	  ~	  5%	  (simula2on,	  current	  

performance	  within	  expecta2ons)	  

–  Momentum	  resolu2on	  (TPC+ITS)	  σ(pT)/pT	  <	  2.5%	  up	  to	  10	  GeV/c	  

–  Two-‐track	  resolu2on	  <	  10	  MeV	  
–  PID	  (truncated	  mean	  over	  a	  max	  of	  159	  signals)	  with	  σdE/dx	  ~5%	  (isolated	  

tracks,	  max	  number	  of	  clusters)	  

–  Space-‐point	  resolu2on	  0.8	  (1.2)	  mm	  in	  xy	  (z)	  

ALICE	  Tracking	  

Phys.	  Lep
.	  B	  693	  (2010)	  53–68	  

900	  GeV	  



ALICE	  ITS,	  TPC,	  V0	  
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•  The	  Inner	  Tracking	  System	  -‐	  ITS	  (|η|	  <	  0.9)	  
–  Six	  layers,	  three	  technologies:	  SPD,	  SDD,	  SSD	  
–  Primary	  and	  secondary	  vertex	  reconstruc2on	  

–  Tracking	  +	  standalone	  reconstruc2on	  
–  PID	  via	  dE/dx	  (SDD+SSD	  analog	  read-‐out)	  
–  Trigger	  provided	  by	  SPD	  Fast-‐OR	  

•  MB,	  high	  mul2plicity,	  topologies	  	  

•  The	  VZERO	  detector	  
–  Two	  arrays	  (VZERO-‐A,	  

VZERO-‐C)	  of	  32	  scin2llators	  
each,	  at	  2.8	  <	  η	  <	  5.1	  and	  
-‐3.7	  <	  η	  	  <	  -‐1.7	  

–  Providing	  trigger,	  
luminosity	  and	  centrality	  
(PbPb,	  pPb)	  measurement,	  
event	  plane,	  charged-‐
par2cle	  mul2plicity	  at	  
forward	  rapidity	  
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MBOR	  trigger	  –	  used	  here	  –	  
defined	  as	  a	  hit	  in	  either	  the	  SPD	  
or	  in	  either	  VZERO-‐A	  or	  VZERO-‐C	  



Mul2plicity	  Analysis	  –	  χ2	  Minimiza2on	  

•  χ2	  minimiza2on	  with	  regulariza2on	  

•  Two	  regulariza2ons	  tried	  
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-  Constant	  rela2ve	  “fluctua2ons”	  
	  Used	  mainly	  for	  systema2c	  

studies	  

-  Minimal	  rela2ve	  curvature	  
	  Preferred	  and	  used	  for	  the	  

results	  showed	  here	  

Regulariza2on	  damped	  at	  low	  mul2plicity	  
where	  data	  do	  not	  follow	  the	  constraint	  	  



Mul2plicity	  Analysis	  –	  Event	  Selec2on	  Efficiency	  	  
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•  Correc2on	  for	  event	  selec2on	  efficiency	  applied	  
in	  unfolded	  (true)	  mul2plicity	  variable	  

√s	  =	  0.9	  TeV,	  	  
pT,cut	  =	  0.15	  GeV/c	  

√s	  =	  0.9	  TeV,	  	  
pT,cut	  =	  0.5	  GeV/c	  

√s	  =	  0.9	  TeV,	  	  
pT,cut	  =	  1.0	  GeV/c	  

√s	  =	  7	  TeV,	  	  
pT,cut	  =	  0.15	  GeV/c	  

√s	  =	  7	  TeV,	  	  
pT,cut	  =	  0.5	  GeV/c	  

√s	  =	  7	  TeV,	  	  
pT,cut	  =	  1.0	  GeV/c	  

ALICE-‐PUBLIC-‐2013-‐001	  



Systema2c	  Uncertain2es	  
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•  Both	  for	  Mul2plicity	  Distribu2ons	  and	  dNch/dη	  	  
–  Track	  cuts	  (including	  primary	  selec2on)	  

–  Par2cle	  composi2on	  

–  Diffrac2on	  (SD,	  ND,	  DD	  frac2ons)	  
–  Material	  Budget	  

–  Pile-‐up	  
–  Event	  selec2on	  efficiency	  

–  Tracking	  (ITS	  and	  TPC)	  efficiency	  difference	  between	  data	  and	  MC	  
–  Strangeness	  	  

•  For	  Mul2plicity	  Distribu2ons	  only	  
–  Unfolding	  

•  Bias	  	  
–  Deriva2ve	  used	  for	  determining	  the	  bias	  affected	  by	  low	  sta2s2cs	  in	  the	  

high-‐mul2plicity	  bins	  (see	  G.	  Cowan,	  Conf.	  Proc.	  C	  0203181	  (2002)	  248)	  

•  Regulariza2on	  
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Mul2plicity	  
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√s	  =	  0.9	  TeV,	  pT,cut	  =	  0.15	  GeV/c	   √s	  =	  0.9	  TeV,	  pT,cut	  =	  0.5	  GeV/c	   √s	  =	  0.9	  TeV,	  pT,cut	  =	  1.0	  GeV/c	  

Spectrum	  limit	  defined	  taking	  into	  account	  the	  measured	  spectrum	  and	  the	  efficiency	  
from	  the	  response	  matrix	  	  

√s	  =	  7	  TeV,	  pT,cut	  =	  0.15	  GeV/c	   √s	  =	  7	  TeV,	  pT,cut	  =	  0.5	  GeV/c	   √s	  =	  7	  TeV,	  pT,cut	  =	  1.0	  GeV/c	  
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Mul2plicity	  distribu2ons	  –	  MC	  Comparison	  –	  IV	  	  
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√s	  =	  0.9	  TeV,	  pT,cut	  =	  0.5	  GeV/c	  

•  Best	  Monte	  Carlo	  Descrip2on	  by	  EPOS,	  Perugia-‐0	  up	  to	  mul2plicity	  	  =	  15	  
•  ATLAS-‐CSC,	  Perugia-‐2011,	  Pythia8	  (4c)	  within	  20%,	  beper	  than	  EPOS	  and	  

Perugia-‐0	  for	  mul2plicity	  in	  [15,	  20]	  
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Mul2plicity	  distribu2ons	  –	  MC	  Comparison	  –	  V	  

EPS	  2013	  -‐	  QCD	  session	   C.	  Zampolli	  –	  ALICE	   31	  

√s	  =	  0.9	  TeV,	  pT,cut	  =	  1.0	  GeV/c	  

•  Best	  Monte	  Carlo	  Descrip2on	  by	  D6T,	  A100,	  Perugia-‐2011,	  Pythia8	  (4c),	  Pythia8	  (1)	  
•  Perugia-‐0	  prepy	  good	  but	  seems	  to	  underes2mate	  at	  high	  mul2plici2es	  
•  Phojet,	  EPOS	  prepy	  far	  especially	  at	  high	  mul2plici2es	  
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Mul2plicity	  distribu2ons	  –	  MC	  Comparison	  –	  VI	  
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√s	  =	  7	  TeV,	  pT,cut	  =	  0.15	  GeV/c	  

•  Best	  Monte	  Carlo	  Descrip2on	  by	  EPOS	  and	  Perugia-‐2011	  	  
•  EPOS	  good	  along	  the	  whole	  spectrum	  
•  All	  the	  others	  prepy	  far	  
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dNch/dη	  –	  pT,cut	  =	  1	  GeV/c	  
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√s	  =	  0.9	  TeV,	  pT,cut	  =	  1.0	  GeV/c	   √s	  =	  7	  TeV,	  pT,cut	  =	  1.0	  GeV/c	  

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

η
/d

c
h

N
d

0.2

0.4

0.6

0.8

1

1.2

 > 1.00 GeV
T

p| < 0.8, η = 0.9 TeV, |s

ALICE pp Atlas CSC (306)

D6T (109) A (100)

Perugia-0 (320) Perugia-2011 (350)

Pythia8 (1) Pythia8 (4C)

Phojet EPOS LHC

ηPseudorapidity 
-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

D
a
ta

/M
C

1

1.2

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

η
/d

c
h

N
d

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

 > 1.00 GeV
T

p| < 0.8, η = 7 TeV, |s

ALICE pp Atlas CSC (306)

D6T (109) A (100)

Perugia-0 (320) Perugia-2011 (350)

Pythia8 (1) Pythia8 (4C)
Phojet EPOS LHC

ηPseudorapidity 
-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

D
a
ta

/M
C

0.8

1

1.2

1.4

ALICE
-‐PUBL

IC-‐201
3-‐001

	  


