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SoQ	
  QCD	
  /	
  Minbias	
  

Cross	
  sec>ons	
  included	
  in	
  Pythia8	
  for	
  13	
  
TeV	
  pp	
  collisions:	
  
56.79	
  mb	
  –	
  non	
  diffrac>ve	
  
12.83	
  mb	
  –	
  single	
  diffrac>ve	
  
8.798	
  mb	
  –	
  double	
  diffrac>ve	
  
	
  
3-­‐4	
  X	
  1014	
  such	
  collisions	
  already	
  
delivered	
  by	
  LHC	
  in	
  Run2…	
  
for	
  minimum	
  bias	
  we	
  consider	
  only	
  10X	
  
106	
  	
  events	
  

Useful	
  link:	
  ATLAS	
  note	
  on	
  tracking	
  performance	
  
hbps://cds.cern.ch/record/2037683?ln=en	
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SoQ-­‐QCD	
  interac>ons:	
  low	
  momentum	
  transfer.	
  
Important	
  also	
  	
  for	
  hard	
  interac>ons:	
  
•  PileUp	
  events	
  are	
  mostly	
  due	
  to	
  SoQ-­‐QCD	
  

interac>ons	
  
•  The	
  models	
  of	
  the	
  Underlying	
  event	
  are	
  tuned	
  by	
  

looking	
  at	
  SoQ-­‐QCD	
  data.	
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Defini>ons	
  

Measurement	
   of	
   the	
   mul>plicity	
   of	
   primary	
   charged	
   par>cles	
   using	
   about	
   169/μb	
   of	
   data	
  
recorded	
  at	
  13	
  TeV	
  (about	
  the	
  same	
  luminosity	
  used	
  in	
  previous	
  publica>ons).	
  
	
  

Primary	
  charged	
  par4cles:	
  those	
  with	
  life>me	
  τ	
  >	
  0.3	
  10-­‐10	
  s	
  directly	
  produced	
  in	
  pp	
  interac>ons	
  
or	
  coming	
  from	
  subsequent	
  decays	
  of	
  par>cles	
  with	
  shorter	
  life>me.	
  
Caveat:	
  par>cles	
  with	
  life>me	
  0.3	
  10-­‐10	
  s	
  <	
  τ	
  <	
  3.0	
  10-­‐10	
  s	
  (1	
  cm	
  –	
  10	
  cm)	
  are	
  not	
  included	
  in	
  the	
  fiducial	
  par>cle	
  
defini>on	
  (the	
  result	
  would	
  be	
  very	
  generator-­‐dependent).	
  	
  New	
  for	
  this	
  analysis.	
  
	
  

Fiducial	
  phase-­‐space:	
  events	
  containing	
  at	
  least	
  one	
  charged	
  par>cle	
  in	
  the	
  kinema>c	
  range	
  |η|
<2.5,	
  pT>500	
  MeV/c	
  .	
  
Other	
  phase	
  spaces	
  are	
  explored,	
  namely	
  
•  |η|<0.8,	
  pT>500	
  MeV/c	
  (for	
  comparison	
  with	
  CMS	
  and	
  ALICE,	
  not	
  in	
  the	
  conf	
  note	
  linked),	
  
•  |η|<2.5,	
   pT>100	
   MeV/c	
   (few	
   data	
   available,	
   model	
   predicOons	
   very	
   different,	
   Physics	
   dominated	
   by	
  

diffracOve	
  processes;	
  it	
  has	
  a	
  dedicated	
  analysis).	
  
	
  

The	
  result	
  of	
  the	
  analysis	
  is	
  in	
  the	
  form	
  of	
  these	
  distribu>ons:	
  
	
  
1
Nev

⋅
dNch

dη
1
Nev

⋅
1

2πpT
⋅
d 2Nch

dηdpT
1
Nev

⋅
dNev

dnch
pT  as a function of nch
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Reference	
  of	
  the	
  analysis	
  at	
  13	
  TeV:	
  	
  
hbps://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-­‐CONF-­‐2015-­‐028/	
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Monte	
  Carlo	
  and	
  simula>on	
  

•  Pythia8	
  A2	
  used	
  as	
  baseline	
  for	
  non-­‐diffrac>ve	
  (ND),	
  single-­‐	
  and	
  double-­‐diffrac>ve	
  
(SD	
  and	
  DD)	
  processes.	
  

•  Pythia8	
   Monash,	
   Herwig++	
   and	
   EPOS	
   used	
   to	
   assess	
   the	
   generator	
   and	
   tune	
  	
  
dependence	
  of	
  results.	
  

•  Pythia8	
  A2	
  samples	
  ran	
  with	
  Geant4	
  with	
  2.5%,	
  5%	
  and	
  10%	
  more	
  passive	
  material	
  
to	
  assess	
  the	
  dependence	
  on	
  the	
  material	
  descrip>on.	
  

MPI@LHC	
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Generator	
   Versio
n	
  

Tune	
   PDF	
   7	
  TeV	
  
MB	
  

Data	
  UE	
   From	
  

PYTHIA	
  8	
   8.185	
   A2	
   MSTW2008LO	
   yes	
   no	
   ATLAS	
  

PYTHIA	
  8	
   8.186	
   Monash	
   NNPDF23LO	
   yes	
   yes	
   Authors	
  

HERWIG++	
   2.7.1	
   UEEE5	
   CTEQ6L1	
   no	
   yes	
   Authors	
  

EPOS	
   3.4	
   LHC	
   -­‐	
   yes	
   no	
   Authors	
  

QGSJET-­‐II	
   II-­‐04	
   default	
   -­‐	
   yes	
   no	
   Authors	
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Event	
  and	
  track	
  selec>on	
  
Events	
  are	
  required	
  to	
  sa>sfy	
  these	
  criteria:	
  
o  to	
  fire	
  a	
  L1	
  MBTS	
  trigger	
  (side	
  A	
  or	
  C)	
  
o  to	
  contain	
  a	
  primary	
  vertex	
  
o  not	
  to	
  contain	
  a	
  second	
  vertex	
  with	
  

four	
  or	
  more	
  tracks	
  
o  to	
  have	
  at	
  least	
  one	
  good	
  track:	
  

•  |η|<2.5,	
  pT>500	
  MeV/c	
  	
  
•  having	
  the	
  IBL	
  hit	
  expected	
  to	
  be	
  there	
  
•  having	
  at	
  least	
  6	
  SCT	
  hits	
  
•  transverse	
  parameter	
  with	
  respect	
  to	
  the	
  beam	
  line:	
  
•  longitudinal	
  parameter	
  with	
  respect	
  to	
  the	
  primary	
  vertex:	
  
•  χ2	
  probability	
  greater	
  than	
  0.01	
  if	
  pT>10	
  GeV/c	
  (low	
  pT	
  tracks	
  removal,	
  1%	
  residual)	
  

d0 <1.5 mm
Δ(z0sinϑ ) <1.5 mm

Differences	
  between	
  
data	
  and	
  MC	
  accounted	
  

for	
  by	
  reweighOng.	
  
Informa>on	
  on	
  primaries	
  
retrieved	
  by	
  unfolding.	
  

MPI@LHC	
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Trigger	
  
The	
  trigger	
  efficiency	
  is	
  measured	
  over	
  a	
  data	
  sample	
  
selected	
   using	
   a	
   randomly-­‐seeded	
   control	
   trigger,	
  
filtered	
  at	
  the	
  HLT	
  (at	
  least	
  2	
  pixel	
  hits	
  with	
  TOT>20	
  b.c.,	
  at	
  
least	
  3	
  SCT	
  hits.	
  At	
  least	
  1	
  track	
  with	
  pT>200	
  MeV/c	
  with	
  long.	
  
impact	
   param	
   less	
   than	
   40	
   mm	
   with	
   respect	
   to	
   the	
   ATLAS	
  
nominal	
  centre).	
  
No	
   vertex	
   requirement	
   to	
   avoid	
   correla>on	
   with	
  
vertex	
  efficiency.	
  

Impact	
  parameter	
  
w.r.t.	
  the	
  beam	
  line.	
  

Systema>cs:	
  
1.  asymmetry	
  A/C	
  side	
  (1%	
  for	
  nsel=1	
  à	
  0.12%	
  syst.)	
  
2.  varia>ons	
  of	
  the	
  track	
  selec>on	
  (0.1%	
  syst.):	
  

a.  transv.	
  param.	
  removed;	
  
b.  cut	
  on	
  z	
  for	
  events	
  with	
  primary	
  vertex.	
  	
  

Huge	
  joint	
  efforts	
  by	
  MinBias	
  trigger	
  and	
  Tile	
  
groups	
  to	
  improve	
  the	
  apparatus	
  w.r.t.	
  Run	
  1.	
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Vertex	
  finding	
  
Tracks	
  used:	
  
•  pT>100	
  MeV	
  
•  at	
  least	
  1	
  Pixel	
  hit,	
  4	
  SCT	
  and	
  6	
  Silicon	
  hits	
  
•  transv.	
  and	
  long.	
  impact	
  parameters	
  with	
  respect	
  to	
  the	
  beam	
  spot	
  (BS):	
  

The	
  vertex	
  efficiency	
  is	
  however	
  parametrized	
  as	
  a	
  funcOon	
  of	
  the	
  selected	
  tracks	
  with	
  pT>500	
  MeV,	
  
i.e.	
  	
  

d0
BS < 4 mm, z0

BS <1000 mm, σ d0

BS < 5 mm, σ z0

BS <10 mm

nsel
BL and	
  computed	
  on	
  triggered	
  events.	
  

As	
  a	
  func>on	
  of	
  Δz	
  for	
  nselBL≥2	
   As	
  a	
  func>on	
  of	
  ηfor	
  nselBL=1	
  

SystemaOcs	
   considered:	
   non-­‐collision	
   beam	
   background	
   (esOmated	
   via	
   non-­‐colliding	
   bunches)	
  
subtracted.	
  ContribuOon	
  subtracted	
  taken	
  as	
  uncertainty	
  (0.1%).	
  

MPI@LHC	
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Background	
  to	
  events	
  and	
  tracks	
  

Event	
  backgrounds:	
  cosmic	
  rays	
  (10-­‐6),	
  beam-­‐induced	
  (10-­‐4),	
  mul>-­‐interac>ons	
  events	
  (2X10-­‐4).	
  	
  
Primary	
  track	
  backgrounds:	
  hadronic	
  interac>ons	
  in	
  the	
  material	
  (dominant)	
  and	
  decays	
  from	
  
strange	
  par>cles	
  (mostly	
  K0	
  and	
  Λ0).	
  Photon	
  conversions	
  are	
  negligible	
  at	
  this	
  energy.	
  

Secondaries	
  frac>on:	
  2.28%±0.56%	
  

MPI@LHC	
  2015	
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Strange	
  baryons	
  removal	
  

Differently	
  than	
  in	
  previous	
  analyses,	
  we	
  exclude	
  here	
  all	
  par>cles	
  with	
  mean	
  life>me	
  in	
  the	
  
range	
  30-­‐300	
  ps	
  and	
  their	
  decay	
  products	
  from	
  the	
  fiducial	
  phase	
  space	
  defini>on.	
  These	
  are	
  
mostly	
  charged	
  strange	
  baryons	
  which	
  decay	
  aQer	
  a	
  short	
  distance.	
  

SB	
  frac>on:	
  0-­‐3%	
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Track	
  reconstruc>on	
  
Track	
  reconstruc>on	
  efficiency	
  determined	
  from	
  the	
  simula>on.	
  

more	
  material	
  to	
  traverse	
  

more	
  sensi4ve	
  
layers	
  

Systema4c	
  uncertain4es:	
  track	
  selec>on,	
  material	
  (many	
  changes	
  to	
  be	
  accounted	
  for)	
  and	
  χ2	
  cut.	
  	
  

es>mated	
  with	
  the	
  	
  “N-­‐1”	
  method	
  

treated	
  together	
  with	
  the	
  
alignment-­‐related	
  uncertainty	
  

MPI@LHC	
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Correc>on	
  procedure	
  
The	
   correc>on	
   procedure	
   allows	
   to	
   intepret	
   the	
   observa>on	
   in	
   terms	
   of	
   primary	
  
par>cles.	
  It	
  is	
  based	
  on	
  weighOng	
  and	
  unfolding.	
  	
  
The	
  weigh4ng	
  is	
  performed	
  at	
  event	
  and	
  track	
  level.	
  

Systema>cs	
  accounter	
  for	
  in	
  the	
  unfolding	
  procedure:	
  

Vertex	
  and	
  trigger	
  systema>cs	
  are	
  neglected,	
  as	
  they	
  contribute	
  only	
  for	
  nsel=1	
  at	
  0.2%,	
  
and	
  there	
  the	
  track-­‐efficiency	
  and	
  non-­‐closure	
  systema>cs	
  are	
  4%	
  each.	
  
For	
  each	
  result	
  distribu>on,	
  the	
  non-­‐closure	
  is	
  assumed	
  as	
  systema>c.	
  

MPI@LHC	
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Results	
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•  Low	
  nch	
  not	
  well	
  

modelled	
  by	
  any	
  
MC;	
  large	
  
contribu>on	
  from	
  
diffrac>on	
  	
  

•  Models	
  without	
  
colour	
  reconnec>on	
  
(QGSJET)	
  fail	
  to	
  
model	
  scaling	
  with	
  
nch	
  very	
  well	
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Results	
  2/2	
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•  Models	
  differ	
  mainly	
  

in	
  normalisa>on,	
  
shape	
  similar	
  	
  

•  Excep>on	
  is	
  HERWIG	
  
tuned	
  en>rely	
  on	
  UE.	
  	
  

d2Nev/dηdpT	
  
•  Measurement	
  spans	
  

10	
  orders	
  of	
  
magnitude	
  	
  

•  Some	
  Models/Tunes	
  
give	
  remarkably	
  good	
  
predic>ons	
  (EPOS,	
  
Pythia)	
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0.9à13	
  TeV:	
  dNev/dnch	
  

Low	
   nch	
   not	
   well	
   modelled	
   by	
   any	
   MC;	
   the	
  
contribu>on	
   from	
   diffrac>ve	
   interac>ons	
   is	
  
more	
  relevant	
  there.	
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0.9à7.0	
  TeV	
  results:	
  hbp://arxiv.org/abs/1012.5104	
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0.9à13	
  TeV:	
  dNch/dη	
  

Difference	
  among	
  models	
  in	
  normalisa>on,	
  quite	
  simlar	
  shape.	
  
Track	
  mul>plicity	
   underes>mated	
  up	
   to	
   13	
   TeV	
   (overes>ma>on	
  
at	
  13	
  TeV).	
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0.9à7.0	
  TeV	
  results:	
  hbp://arxiv.org/abs/1012.5104	
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0.9à13	
  TeV:	
  d2Nch/dηdpT	
  

10	
  orders	
  of	
  magnitude	
  measurement…	
  
Disagreement	
  mostly	
  at	
  low	
  pT	
  and	
  high	
  pT	
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<pT>	
  vs	
  nch	
  

Shape	
   at	
   low	
   nch	
   sensi>ve	
   to	
   ND,	
   SD,	
   DD	
   frac>ons.	
  
Important	
   to	
   improve	
   models	
   there.	
   The	
   analysis	
   in	
   the	
  
phase	
  space	
  with	
  pT	
  >	
  100	
  MeV/c	
  will	
  be	
  important	
  to	
  this	
  
extent.	
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0.9à7.0	
  TeV	
  results:	
  hbp://arxiv.org/abs/1012.5104	
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Conclusions	
  

•  ATLAS’s	
  first	
  measurement	
  
of	
  charged	
  par>cle	
  
mul>plici>es	
  @	
  13	
  TeV,	
  pT	
  >	
  
500	
  MeV	
  has	
  been	
  
presented.	
  

•  Good	
  agreement	
  with	
  
predic>ons	
  from	
  various	
  
models,	
  in	
  spite	
  of	
  jumping	
  
by	
  a	
  factor	
  two	
  in	
  the	
  center-­‐
of-­‐mass-­‐energy.	
  

•  Together	
  with	
  the	
  0.9,	
  2.36,	
  
7	
  TeV	
  measurements,	
  this	
  
one	
  provides	
  a	
  good	
  set	
  of	
  
references	
  for	
  models	
  and	
  
generators.	
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