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•  The	   ATLAS	   detector	   is	   a	   mul>-‐purpose	   detector	   with	   a	   tracking	   system	   ideal	   for	   the	  
measurement	  of	  par>cles	  kinema>cs	  
•  New	  Insertable	  B-‐Layer	  (IBL)	  added	  to	  the	  tracking	  system	  during	  Long	  Shutdown	  1	  

	  

•  In	  this	  talk	  	  
•  Focus	  on	  13	  TeV	  results	  and	  comparison	  for:	  

•  Minimum	  Bias	  Analysis	  
•  Underlying	  events	  

•  Focus	  on	  0.9	  and	  7	  TeV	  results	  and	  comparison	  for:	  
•  Bose-‐Einstein	  CorrelaGon	  

•  Not	  covered	  here	  but	  in	  another	  specific	  talk:	  
•  Two-‐par>cle	  correla>on	  and	  ridge	  effect	  



•  Inclusive	   charged-‐par>cle	   measurements	   in	   pp	   collisions	   provide	   insight	   into	   the	  
strong	  interac>on	  in	  the	  low	  energy,	  non-‐perturba>ve	  QCD	  region	  

•  Inelas>c	  pp	  collisions	  have	  different	  composi>ons	  

	  
	  
•  Main	  source	  of	  background	  when	  more	  than	  one	  interac>on	  per	  bunch	  crossing	  

•  Perturba>ve	  QCD	  can	  not	  be	  used	  for	  peripheral	  interac>ons	  
•  ND	  described	  by	  QCD-‐inspired	  phenomenological	  models	  (tunable)	  
•  SD	  and	  DD	  hardly	  described	  and	  liUle	  data	  available	  

	  
Goal:	  	  

Measure	  spectra	  of	  unfolded	  primary	  charged	  parGcles	  
	  
Inclusive	  measurement	  –	  do	  not	  apply	  strong	  model	  dependent	  correc>ons	  
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MulGplicity	   <pT>VS	  MulGplicity	  Tracks	  VS	  pT	  Tracks	  VS	  η	  

September	  1-‐5,	  2015	  

Published	  results	  at	  0.9,	  2.76,	  7	  TeV	  (hUp://arxiv.org/abs/1012.5104)	  

•  Previous	  tunes	  under-‐es>mated	  the	  rate	  of	  charged	  par>cles,	  their	  mul>plicity	  and	  mismodelled	  their	  pT	  
spectrum	  

•  New	  analysis	  performed	  with	  13	  TeV	  data	  (June	  2015)	  -‐	  ATLAS-‐CONF-‐2015-‐028	  
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•  Accepted	  on	  single-‐arm	  Minimum	  Bias	  Trigger	  Scin>llator	  (MBTS)	  
•  Primary	  vertex	  (2	  tracks	  with	  pT	  >100	  MeV)	  
•  Veto	  on	  any	  addi>onal	  ver>ces	  with	  ≥	  4	  tracks	  
•  At	  least	  one	  selected	  track:	  

•  pT	  >	  500	  MeV	  and	  |η|	  <	  2.5	  (note	  track	  reconstruc>on	  runs	  with	  100	  MeV)	  
•  At	  least	  1	  Pixel	  hit	  
•  At	  least	  6	  SCT	  hits	  
•  IBL	  hit	  required	  	  
•  |d0BL|	  <	  1.5	  mm	  (transverse	  impact	  parameter	  w.r.t	  beam	  line)	  
•  |Δz0sinϑ|	  <	  1.5	  mm	  (Δz0	  is	  the	  difference	  between	  track	  z0	  and	  vertex	  z	  posi>on)	  
•  Track	  fit	  χ2	  probability	  >	  0.01	  for	  tracks	  with	  pT	  >	  10	  GeV	  
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Using	  the	  two	  13	  TeV	  low	  mu	  	  
(<μ>	  ~	  0.005)	  runs:	  

168	  μb-‐1	  
8,870,790	  events	  selected,	  with	  
106,353,390	  selected	  tracks!	  

ATLAS-‐CONF-‐2015-‐028	  
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•  Systema>c	  uncertainty	  dominated	  by	  the	  knowledge	  of	  the	  material	  distribu>on	  	  
•  Mul>ple	  methods	  used	  to	  constrain	  the	  uncertainty	  	  

•  Hadronic	  Interac>on	  Rate	  
•  Photon	  Conversion	  Rate	  
•  SCT	  Extension	  Efficiency	  

•  Systema>cs	  on	  tracking	  efficiency	  evaluated	  from	  simulated	  samples	  -‐>	  1.1%	  at	  η=0	  	  
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•  Non	  primary	  tracks	  are	  the	  biggest	  
background	  	  

•  Rate	  measured	  in	  data	  by	  performing	  a	  fit	  
to	  the	  transverse	  impact	  parameter	  
distribu>on	  

	  	  
•  2.2%	  ±	  0.6%	  of	  reconstructed	  tracks	  

within	  the	  signal	  region	  	  

•  High	  pT	  tracks	  	  

•  Measurable	  frac>on	  of	  the	  tracks	  
originate	  from	  low	  pT	  tracks	  (scaUering,	  
in	  flight	  decays)	  	  

•  Ability	  to	  select	  and	  remove	  these	  tracks	  
assessed	  in	  data	  	  

•  At	  most	  1%	  of	  tracks	  between	  30-‐50	  GeV	  	  

ATLAS-‐CONF-‐2015-‐028	  
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•  Par>cles	  with	  life>me	  30	  ps	  <	  τ	  <	  
300	  ps	  (strange	  baryons)	  are	  no	  

longer	  considered	  primary	  par>cles	  
in	  the	  analysis,	  decay	  products	  are	  
treated	  like	  secondary	  par>cles	  	  

	  

•  Low	  reconstruc>on	  efficiency	  
(<0.1%)	  and	  large	  varia>ons	  in	  
predicted	  rates	  lead	  to	  a	  model	  

dependence	  	  
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•  Trigger	  and	  Vertex	  efficiency:	  event-‐wise	  correc>on	  

	  
	  
•  Tracking	  efficiency:	  track-‐wise	  correc>on	  

•  Bayesian	  unfolding	  to	  correct	  both	  nch	  and	  pT	  
	  
	  

•  Mean	  pT	  vs	  nch	  bin-‐by-‐bin	  correc>on	  of	  average	  pT,	  then	  nch	  migra>on	  
	  

secondary	  tracks	  

strange	  baryons	  

outside	  kinema>c	  range	  

ATLAS-‐CONF-‐2015-‐028	  
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dNch/dη	   d2Nev/dηdpT	  

ATLAS-‐CONF-‐2015-‐028	  

•  Models	  differ	  
mainly	  in	  

normalisa>on,	  
shape	  similar,	  
excep>on	  is	  

HERWIG	  tuned	  
en>rely	  on	  UE	  

•  Measurement	  
spans	  10	  orders	  
of	  magnitude	  	  

•  Some	  Models/
Tunes	  give	  

remarkably	  good	  
predic>ons	  

(EPOS,	  Pythia)	  	  
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dNev/dnch	   <pT>	  VS	  nch	  

ATLAS-‐CONF-‐2015-‐028	  

•  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	  



 [GeV]s

310 410

 =
 0

 
η  

η
 / 

d
ch

N
 d⋅ 

ev
N

1/

1

1.5

2

2.5

3

3.5

4
 1≥ chn > 500 MeV, 

T
p

PreliminaryATLAS 
Data
PYTHIA8 A2
PYTHIA8 Monash
HERWIG++ UE-EE5
EPOS LHC
QGSJET II-04

September	  1-‐5,	  2015	   V.	  Cairo	   12	  

The	  mean	  number	  of	  charged	  par>cles	  increases	  by	  a	  factor	  of	  2.2	  from	  
0.9	  TeV	  to	  13	  TeV!	  
•  Analysis	  of	  addi>onal	  phase	  spaces	  is	  ongoing:	  	  

•  Reduced:|η|<	  0.8	  for	  comparison	  to	  the	  various	  detectors	  	  
•  Extended:	  pT	  >	  100	  MeV	  to	  really	  test	  diffrac>ve	  regime	  	  	  

ATLAS-‐CONF-‐2015-‐028	  
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•  The	  underlying	  event	   (UE)	   is	  defined	  as	   the	  ac>vity	  accompanying	  
any	  hard	  scaUering	  in	  a	  collision	  event:	  	  
•  Partons	   not	   par>cipa>ng	   in	   a	   hard-‐scaUering	   process	   (beam	  

remnants)	  
•  mul>ple	  parton	  interac>ons	  (MPI)	  
•  Ini>al	  and	  final	  state	  gluon	  radia>on	  (ISR,	  FSR)	  

•  These	  soy	  interac>ons	  cannot	  be	  calculated	  with	  perturba>ve	  QCD:	  	  
•  Free	  parameters	  to	  be	  tuned	  using	  data	  	  

•  Leading	  object	  can	  be	  defined	  variously:	  	  
•  Leading	  jet	  ,	  Z	  (pT),	  Leading	  track	  in	  Minimum	  Bias	  like	  events	  	  
	  

•  Preliminary	  13	  TeV	  analysis	  based	  on	  leading	  track:	  	  
•  same	   dataset	   and	   same	   event	   and	   track	   selec>on	   as	   the	  

MinBias	  analysis	  with	  an	  addi>onal	  requirement:	  leading	  track	  
with	  a	  pT	  of	  at	  least	  1	  GeV	  

•  Results	   presented	   at	   detector	   level,	   without	   any	   correc>on	  
(the	  width	  of	  the	  vertex	  distribu>on	  along	  the	  z	  axis	   in	  MC	  is	  
reweighted	  to	  match	  the	  data)	  

•  The	  tracking	  efficiency	  uncertainty	  is	  about	  2%	  or	  less	  
•  No	  correc>on	  for	  secondary	  tracks	  is	  performed	  	  

sensi>ve	  to	  the	  underlying	  event	  

close	  to	  leading	  object	  

recoil	  of	  the	  leading	  object	  	  

Leading	  object	  
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The	  tracks	  corresponding	  to	  the	  leptons	  forming	  the	  
Z-‐boson	  candidate	  are	  excluded.	  

•  Not	  perfect	  agreement	  between	  data	  and	  simula>on,	  Herwig	  beUer	  than	  Pythia	  (old	  tunes)	  
•  For	  Z-‐boson,	  good	  descrip>on	  given	  by	  Sherpa,	  followed	  by	  PYTHIA	  8,	  ALPGEN	  and	  POWHEG	  
•  Mul>-‐leg	  and	  NLO	  generator	  predic>ons	  are	  closer	   to	   the	  data	   than	  most	  of	   the	  pure	  parton	  shower	  

generators	  -‐>	  these	  regions	  are	  affected	  by	  the	  addi>onal	  jets	  coming	  from	  the	  hard	  interac>on	  

hUp://arxiv.org/abs/1409.3433	  hUp://arxiv.org/abs/1406.0392	  

ΣpT	  for	  underlying	  events	  vs	  leading	  jet	  and	  Z	  pT:	  

Leading	  Jet	  	   Z-‐boson	  
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Track	  density	  and	  ΣpT	  for	  underlying	  events	  vs	  leading	  jet	  or	  leading	  track	  or	  Z	  pT:	  

hUp://arxiv.org/abs/1409.3433	  

•  Data	  are	  compa>ble	  between	  the	  different	  defini>ons	  
•  Transi>on	  between	  leading	  track	  and	  jet	  
•  In	  the	  track	  density	  distribu>on,	  Z-‐bosons	  and	  jets	  agree	  well	  at	  high	  pT	  
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•  Good	  Data/MC	  agreement	  with	  MinBias	  Tune	  (A2)	  at	  pT-‐lead	  >	  1	  GeV	  
•  Good	  Data/MC	  agreement	  with	  Underlying	  Event	  Tunes	  (Herwig++,	  Monash,	  A14)	  at	  

pT-‐lead	  >	  5	  GeV	  

ATL-‐PHYS-‐PUB-‐2015-‐019	  
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•  None	  of	  the	  models	  describes	  the	  ini>al	  rise	  well	  
•  From	  10	  GeV	  quite	  good	  descrip>on	  for	  the	  UE	  Tunes	  	  
•  EPOS	  15%	  off	  in	  the	  plateau	  	  

ATL-‐PHYS-‐PUB-‐2015-‐019	  
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•  Par>cle	  correla>ons	  play	  an	  important	  role	  in	  the	  understanding	  of	  mul>par>cle	  produc>on	  
•  Correla>ons	  between	   iden>cal	   bosons,	   called	  Bose-‐Einstein	   CorrelaGons	   (BEC),	   are	   a	  well-‐

known	  phenomenon	  in	  high-‐energy	  and	  nuclear	  physics	  	  

•  They	  represent	  a	  sensi>ve	  probe	  of	  the	  space-‐>me	  geometry	  of	  the	  hadroniza>on	  region	  and	  
allow	   the	   determina>on	   of	   the	   size	   and	   the	   shape	   of	   the	   source	   from	  which	   par>cles	   are	  
emiUed	  

•  Studies	  of	  one-‐dimensional	  BEC	  effects	  in	  pp	  collisions	  in	  the	  kinema>c	  range	  pT	  >	  500	  MeV	  
and	  |η|	  <	  2.5	  at	  centre-‐of-‐mass	  energies	  of	  0.9	  and	  7	  TeV	  are	  presented	  

•  The	   studies	   are	   extended	   to	   the	   region	   of	   high-‐mul>plici>es	   available	   thanks	   to	   the	   high-‐
mul>plicity	  track	  trigger	  

Four-‐momenta	  of	  two	  
iden>cal	  bosons	  

Reference	  density	  func>on	  
constructed	  to	  exclude	  BEC	  effects	  

Two-‐par>cle	  density	  
func>on	  

The	  BEC	  effect	  is	  usually	  described	  by	  
a	  func>on	  with	  two	  parameters:	  

•  effec>ve	  radius	  R	  
•  strength	  parameter	  λ	  

In	  this	  studies,	  the	  density	  func>on	  is	  
calculated	  for	  like-‐sign	  charged-‐

par>cle	  pairs,	  with	  both	  the	  ++	  and	  -‐-‐	  
combina>ons	  included	  

arXiv:1502.07947	  
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•  Two	  parameteriza>ons	  of	  the	  Ω(λ,QR)	  func>on	  have	  been	  inves>gated:	  

Goldhaber,	  spherical	  shape	  with	  a	  Gaussian	  distribu>on	  of	  the	  source	  

Exponen>al,	  radial	  Lorentzian	  distribu>on	  of	  the	  source	  

arXiv:1502.07947	  

overes>mate	   of	  
ρ	  →	  π+π−	  decays	  
in	   the	   Monte	  
Carlo	  simula>on	  

Consistent	  with	  CMS	  and	  ALICE	  results	  
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•  Mul>plicity	  dependence	  (only	  the	  exponen>al	  fit	  is	  shown)	  

•  The	   λ	   parameter	   decreases	  
with	  mul>plicity,	  faster	  for	  0.9	  
TeV	  than	  for	  7	  TeV	  interac>ons	  

•  λ	  =	  0	  -‐>	  fully	  correlated	  
•  λ	  =	  1-‐>	  chao>c	  

•  The	   R	   parameter	   increases	   with	  
mul>plicity	   up	   to	   about	   nch	   ≃	   50	  
independently	   of	   the	   center	   of	   mass	  
energy	  

•  For	  higher	  mul>plici>es,	   the	  measured	  R	  
parameter	  is	  observed	  to	  be	  independent	  
of	   mul>plicity	   -‐>	   satura>on	   at	   nch~	   70	  
observed	  for	  the	  first	  >me!	  

arXiv:1502.07947	  
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ATLAS:	  good	  benchmark	  to	  study	  so^	  QCD!	  
	  
•  Minimum	  Bias	  Studies:	  

•  Charged	  Par>cle	  Mul>plici>es	  @	  13	  TeV	  	  
•  pT	  >	  500	  MeV,	  |η|	  <	  2.5	  available	  results	  (ATLAS-‐CONF-‐2015-‐028)	  
	  	  	  	  	  The	  models	  have	  given	  solid	  predic>ons	  for	  the	  latest	  centre	  of	  mass	  energy	  
•  pT	  >	  100	  MeV,	  |η|	  <	  2.5	  ongoing	  studies	  
•  pT	  >	  500	  MeV,	  |η|	  <	  0.8	  ongoing	  studies	  

•  Underlying	  Event	  Studies:	  
•  Needed	  for	  tuning	  of	  the	  soy	  part	  of	  Monte	  Carlo	  simula>on	  
•  Latest	  studies	  done	  at	  7	  TeV:	  leading	  jet	  (Eur.Phys.J.	  C74	  (2014)	  2965)	  and	  Z	  (Eur.Phys.J.	  C74	  (2014)	  2965)	  
•  New	  comparisons	  for	  Underlying	  Event	  with	  13	  TeV	  (ATL-‐PHYS-‐PUB-‐2015-‐019)	  

•  reasonable	  agreement	  of	  tunes	  used	  in	  ATLAS	  Monte	  Carlo	  with	  new	  data	  

•  ParGcle	  ProducGon	  Studies:	  	  
•  Bose-‐Einstein	  Correla>ons	  of	  same	  sign	  par>cles	  (arXiv:1502.07947,	  submiUed	  to	  EPJC)	  

•  satura>on	  effect	  in	  the	  effec>ve	  radius	  observed	  for	  large	  nch	  	  
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•  Evaluated	  from	  Data	  

•  Dependence	  on	  kinema>c	  quan>>es	  has	  been	  studied:	  	  
•  negligible	  pT-‐dependence	  
•  visible	  nsel-‐dependence	  
•  negligible	  systemaGc	  uncertainGes	  
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•  The	  Λ	  hyperons	  are	  spin-‐1/2	  par>cles	  and	  their	  polariza>on	  is	  characterized	  by	  a	  polariza>on	  
vector	  P.	  Its	  component,	  P,	  transverse	  to	  the	  Λ	  momentum	  is	  of	  interest	  since	  for	  hyperons	  
produced	  via	  the	  strong	  interac>on	  parity	  conserva>on	  requires	  that	  the	  parallel	  component	  
is	  zero	  	  

•  Huge	  Λ	   sample	   allows	   to	   measure	  Λ	   polarisa>on	   P	   by	   measuring	   the	   decay	   angle	   cosθ* 	  
between	  the	  decay	  proton	  and	  Λ	  flight	  direc>ons	  	  

•  P(Λ)	  =	  (1	  +	  αP	  cosθ*);	  Decay	  asymmetry	  :	  α	  =	  0.642	  ±	  0.013	  	  
•  Results:	  	  

•  P(Λ)	  =	  −0.010	  ±	  0.005(stat)	  ±	  0.004(syst)	  	  
•  P(Λ)	  =	  	  	  0.002	  ±	  0.006	  (stat)	  ±	  0.004(syst)	  

•  Consistent	  to	  previous	  measurement	  which	  expect	  a	  degrada>on	  of	  the	  Λ	  polarisa>on	  at	  
high	  energy	  	  

	  

arXiv:1502.07947	  

Λ	  transverse	  polariza>on	  

xF=pz/pbeam,	  with	  pz	  z-‐component	  of	  the	  
Λ	  momentum	  and	  pbeam	  =	  3.5	  TeV	  	  
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•  The	  difference	   in	   the	  >me	  of	   the	  MBTS	  hits	  on	  each	   side	  of	   the	  detector.	   Events	   triggered	  on	  UNPAIRED	  beams	  
(only	  one	  of	  the	  two	  beams	  present	  at	  the	  detector	  collision	  point)	  are	  shown	  in	  red.	  Events	  triggered	  in	  PAIRED	  
beams	  (both	  beams	  present	  at	  the	  detector	  collision	  point)	  are	  shown	  in	  black.	  The	  large	  central	  peak	  in	  the	  PAIRED	  
distribu>on	   comes	   from	   collisions,	   and	   the	   smaller	   peaks	   away	   from	   0	   ns	   are	   caused	   by	   non-‐collision	   beam	  
background.	  The	  MBTS	  >me	  difference	  was	  fit	  with	  the	  sum	  of	  five	  Gaussians.	  The	  central	  peak	  (sum	  of	  3	  Gaussians	  
shown	  with	  a	  doUed	  red	  line)	  is	  subtracted	  off,	  and	  the	  remaining	  contribu>ons	  are	  used	  to	  normalise	  the	  number	  
of	  observed	  events	  from	  non-‐collision	  beam	  background.	  
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•  The	  η	  dependence	  in	  nBL	  =	  1	  varies	  from	  81-‐93%	  for	  large	  |η|	  to	  small	  values	  

•  Taken	  in	  account	  in	  the	  correc>on	  procedure	  	  
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•  Non	  primary	  tracks	  are	  the	  biggest	  background	  	  

•  Rate	  measured	  in	  data	  by	  performing	  a	  fit	  to	  
the	  transverse	  impact	  parameter	  distribu>on	  

	  	  
•  2.2%	   ±	   0.6%	   of	   our	   reconstructed	   tracks	  

within	  the	  signal	  region	  	  

•  High	  pT	  tracks	  	  

•  measurable	   frac>on	   of	   the	   tracks	   originate	  
from	   low	   pT	   tracks	   (scaUering,	   in	   flight	  
decays)	  	  

•  the	  ability	  to	  select	  and	  remove	  these	  tracks	  
was	  assessed	  in	  data	  	  

•  At	  most	  1%	  of	  tracks	  between	  30-‐50GeV	  	  

ATLAS-‐CONF-‐2015-‐028	  
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•  Models	   differ	   mainly	   in	  
normalisa>on,	  shape	  similar	  	  
•  Excep>on	   is	   HERWIG	  

tuned	  en>rely	  on	  UE	  
	  	  

•  Some	   Models/Tunes	   give	  
remarkably	   good	   predic>ons	  
(EPOS,	  Pythia)	  	  

•  Low	  nch	  not	  well	  modelled	  by	  
any	   MC;	   large	   contribu>on	  
from	  diffrac>on	  	  

•  Models	   w i thout	   co lour	  
reconnec>on	   (QGSJET)	   fail	   to	  
model	   scaling	   with	   nch	   very	  
well	  	  

dNev/dnch	   <pT>	  vs.	  nch	  

dNch/dη	   d2Nev/dηdpT	  
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SystemaGc	  uncertainGes	  (details	  in	  the	  next	  slides):	  
	  
•  N-‐1	  cut	  efficiencies	  (MC	  versus	  data)	  for	  the	  number	  of	  hit	  requirements:	  0.5%	  systema>c	  

•  N-‐1	  cut	  efficiency	  for	  χ2	  prob.	  Cut:	  0.5%	  systema>c	  for	  pT	  >	  10	  GeV	  	  

•  Material	  descrip>on	  (dominant):	  

a.  Material	  constrained	  to	  ±5%	  from	  Run	  1	  à1%	  (1.5%)	  systema>c	  in	  the	  central	  
(forward)	  region	  	  

b.  Studies	  of	  conversions	  and	  secondary	  ver>ces	  from	  hadronic	  interac>ons	  indicate	  
missing	  material	  in	  the	  IBL	  leading	  to	  ~1%	  systema>c	  	  

c.  SCT	  extension	  efficiency	  indicates	  possible	  missing	  material	  in	  the	  region	  |η|	  >	  2.2	  à 
5%	  systema>c	  

b.	  and	  c.	  combined	  linearly	  and	  then	  add	  in	  quadrature	  with	  a.	  
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•  All	  Pixel	  hit	  requirements	  and	  all	  SCT	  hit	  requirements	  removed	  for	  the	  N-‐1	  test	  

•  Large	  differences	  are	  observed	  at	  high	  pT	  for	  the	  efficiency	  of	  both	  cuts,	  this	  is	  the	  result	  of	  a	  
high	  frac>on	  of	  poorly	  measured	  tracks	  entering	  the	  denominator	  when	  loosening	  the	  cuts	  

0.5%	  	  
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•  Badly	  measured	  low	  momentum	  charged	  par>cles	  are	  some>mes	  reconstructed	  as	  a	  high	  momentum	  track	  

•  These	  tracks	  are	  a	  sizeable	  frac>on	  at	  high	  reconstructed	  pT	  because	  of	  the	  steeply	  falling	  pT	  distribu>on	  and	  
they	  are	  caused	  by	  interac>ons	  and	  mul>ple	  scaUering	  with	  the	  material	  -‐>	  usually	  have	  a	  bad	  χ2	  fit	  probability	  

•  A	  cut	  on	  χ2	  probability	  of	  P( ︎χ2,	  ndof)	   ︎	   >	  0.01	   is	  applied	   for	   tracks	  with	  pT	  >	  10	  GeV	   to	   remove	  bad	  measured	  
tracks	  

•  The	  uncertainty	  on	  the	  remaining	  amount	  of	  mis-‐measured	  tracks	  has	  been	  determined	  to	  be	  less	  than	  0.2%	  at	  
10	  GeV	  rising	  up	  to	  7%	  above	  above	  50	  GeV	  

•  The	  uncertainty	  in	  the	  efficiency	  of	  the	  cut	  is	  assessed	  to	  be	  to	  0.5%	  below	  50	  GeV	  and	  5%	  above	  50	  GeV	  	  
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•  Hadrons	  have	  a	  high	  probability	  of	  hadronic	   interac>ons	  with	   the	  material	  of	   the	  
inner	   detector	   -‐>	   the	   track	   reconstruc>on	   efficiency	   is	   heavily	   dependent	   on	   the	  
material	  distribu>on	  in	  the	  detector	  

•  Studies	  during	  Run-‐1	   indicate	   that	   the	  material	   in	   the	  pixel	  detector	  and	   the	  SCT	  
and	  TRT	  is	  known	  to	  a	  5%-‐level	  or	  beUer	  	  

Now:	   new	   beam	   pipe,	   included	   the	   IBL,	   and	   the	   pixel	   patch	   panels	   updated	   -‐>	   it	   is	  
necessary	  to	  re-‐es>mate	  the	  material	  in	  the	  Inner	  Detector	  	  
	  
Three	  data-‐driven	  methods	  are	  used	  to	  es>mate	  the	  material	  systema>c	  uncertainty:	  	  
	  
•  Hadronic	  Interac>ons	  Rate	  
•  Photon	  Conversions	  Rate	  
•  SCT	  Extension	  Efficiency	  
	  

A	   detailed	   measurement	   of	   the	   material	   in	   the	   new	   beam	  
pipe	   has	   been	   performed	   with	   X-‐rays	   and	   the	   material	   has	  
been	  measured	  to	  a	  precision	  of	  1%.	  Therefore	  no	  addi>onal	  
uncertainty	  is	  considered	  due	  to	  the	  new	  beam	  pipe.	  
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•  Discrepancy	  >	  2%	  in	  Data/MC	  comparison	  in	  the	  high	  eta	  regions	  (due	  to	  more	  than	  10%	  of	  
extra	  material	  missing	  in	  simula>on)	  

•  ~	  2%	  in	  the	  SCT	  Extension	  Efficiency	  -‐>	  
	  	  	  	  	  	  ~	  5%	  in	  the	  Tracking	  Efficiency	  
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•  MinBias	   is	   an	   early	   analysis:	   alignment	   of	   the	   ID	   is	   subop>mal	   due	   to	   limited	  data	   and	  >me	  needed	   to	  
refine	  the	  alignment	  	  

•  Detector	  misalignments	  can	  be	  divided	  into	  two	  general	  categories:	  	  
•  χ2	  invariant	  deforma>ons	  

	  can	  not	  be	  assessed	  with	  limited	  amounts	  of	  data	  and	  a	  conserva>ve	  es>mate	  	  
	  based	  on	  the	  weak	  modes	  ini>ally	  present	  in	  Run	  I	  has	  been	  used	  

•  deforma>ons	  that	  impact	  the	  fit	  quality	  	  
	  largely	  removed	  with	  early	  Run-‐2	  data,	  and	  thus	  remaining	  misalignments	  can	  	  
	  be	  quan>fied	  by	  comparing	  the	  track-‐hit	  residuals	  in	  data	  and	  MC	  simula>on	  

Misalignments	  have	  no	  measurable	  effect	  on	  the	  track	  reconstruc>on	  efficiency	  or	  the	  acceptance	  of	  tracks	  
in	   MinBias	   selec>on.	   The	   largest	   impact	   of	   ID	   misalignments	   is	   on	   the	   measured	   momentum	   of	   the	  
reconstructed	  tracks:	  
•  Random	  misalignments	  -‐>	  smearing	  of	  the	  momentum	  resolu>on	  
•  systema>c	  misalignments	  -‐>	  bias	  the	  reconstructed	  momentum	  	  

Both	   categories	   impact	   the	   measured	   momentum	   distribu>on	   of	   tracks.	   Four	   effects	   are	   considered	   to	  
es>mate	  the	  systema>c	  uncertainty	  due	  to	  detector	  alignment	  	  

Negligible	  on	  Tracking	  Efficiency!	  
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•  The	   two	   uncertain>es	   from	   the	  missing	  material	   in	   the	   IBL	   and	   in	   the	   forward	   region	   are	  
added	  linearly	  and	  symmetrised	  then	  combined	  quadra>cally	  with	  the	  uncertainty	  from	  the	  
constraint	  from	  Run	  1	  

•  This	  gives	  a	  total	  of	  1.1%	  in	  the	  most	  central	  region	  and	  6.5%	  in	  the	  most	  forward	  region	  
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hUp://arxiv.org/pdf/1012.5104v2.pdf	  dNch/dη	  

•  Models	  differ	  mainly	  in	  normalisa>on,	  shape	  similar	  
•  Track	  mul>plicity	  underes>mated	  
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hUp://arxiv.org/pdf/1012.5104v2.pdf	  

•  Large	  disagreement	  at	  low	  pT	  and	  high	  pT	  	  

d2Nev/dηdpT	  
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hUp://arxiv.org/pdf/1012.5104v2.pdf	  

•  Low	  nch	  not	  well	  modelled	  by	  any	  MC;	  large	  contribu>on	  from	  diffrac>on	  	  

dNev/dnch	  
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hUp://arxiv.org/pdf/1012.5104v2.pdf	  

•  Pythia8	  with	  hard	  diffrac>ve	  component	  give	  best	  descrip>on	  	  
•  Shape	  at	  low	  nch	  sensi>ve	  to	  ND,	  SD,	  DD	  frac>ons	  especially	  when	  using	  a	  100	  MeV	  selec>on	  	  

<pT>	  vs.	  nch	  

The	  measurement	  of	  ⟨pT⟩	  as	  a	  func>on	  of	  charged	  mul>plicity	  at	  s	  =	  
2.36	  TeV	  is	  not	  shown	  because	  different	  track	  reconstruc>on	  methods	  
are	  used	  for	  determining	  the	  pT	  and	  mul>plicity	  distribu>ons	  



September	  1-‐5,	  2015	   V.	  Cairo	   41	  

hUp://arxiv.org/pdf/1012.5104v2.pdf	  

•  Pythia8	  with	  hard	  diffrac>ve	  component	  give	  best	  descrip>on	  	  
•  Shape	  at	  low	  nch	  sensi>ve	  to	  ND,	  SD,	  DD	  frac>ons	  especially	  when	  using	  a	  100	  MeV	  selec>on	  	  

<pT>	  vs.	  nch	  
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hUp://arxiv.org/pdf/1012.5104v2.pdf	  <pT>	  vs.	  nch	  
The	  measurement	  of	  ⟨pT⟩	  as	  a	  func>on	  of	  charged	  
mul>plicity	  at	  s	  =	  2.36	  TeV	  is	  not	  shown	  because	  different	  
track	  reconstruc>on	  methods	  are	  used	  for	  determining	  
the	  pT	  and	  mul>plicity	  distribu>ons	  
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hUp://arxiv.org/abs/1406.0392	   Leading	  Jet	  	  
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hUp://arxiv.org/abs/1409.3433	  
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hUp://arxiv.org/abs/1406.0392	   Leading	  Jet	  	  
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hUp://arxiv.org/abs/1409.3433	  
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ATL-‐PHYS-‐PUB-‐2015-‐019	  
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•  Systema>cs	   on	   lambda	   and	   R	   for	   the	   exponen>al	   fit	   of	   the	   two	   par>cle	   double-‐ra>o	  
correla>on	  func>on	  R2(Q)	  

arXiv:1502.07947	  
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•  Results	  

arXiv:1502.07947	  
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•  Results	  

arXiv:1502.07947	  
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arXiv:1502.07947	  
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arXiv:1502.07947	  
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arXiv:1502.07947	  
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