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CMS	  Data	  taking
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• Total	  29.4/9	  delivered	  to	  CMS	  detector

• 7	  TeV	  analysis

➡New	  result	  from	  Muon	  Q	  
Asymm.	  4.7/D	  full	  data	  2011

➡ DY	  differenEal:	  4.5(Mu),	  4.8(Ele)/9	  full	  2011	  
data	  

➡ Electron	  Q	  Asymm.	  840/pb	  data	  2011

• Low	  Pile	  Up	  (Av.	  3	  bunch	  crossing)	  8	  TeV	  Special	  
run:	  

➡ 19/pb	  in	  the	  beginning	  of	  2012	  data	  taking
➡ W/Z	  cross	  secEon
➡ DY	  (muon)	  pT	  differenEal	  cross	  secEon
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Measurement	  of	  the	  Muon	  Charge	  
Asymmetry	  in	  inclusive	  W	  produc5on	  at	  7	  TeV
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MoEvaEon

4

•Electron	  Charge	  Asymmetry
➡ PRL	  109	  (2012)	  111806	  
➡ 840/pb	  at	  7	  TeV
➡ pT	  >35	  GeV/c,	  11	  Bins	  of	  |η|<2.4
➡ very	  precise	  (4-‐5%)	  to	  theory	  predicEons

≻
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• Overall	  excess	  of	  W+	  over	  W-‐	  due	  to	  the	  presence	  
of	  two	  valence	  u-‐quarks	  in	  the	  proton

• Muon	  Charge	  Asymmetry	  on	  eta

➡ High	  precision	  than	  boson	  

• Full	  2011	  7	  TeV	  dataset	  amount	  to	  4.7/9

➡ Measurement	  with	  20	  M	  W	  bosons
• high	  precision	  than	  previous	  measurement



SangEun	  Lee

Muon	  Q	  Analysis
• For	  beger	  resoluEon	  for	  MET	  distribuEons,	  several	  

correcEon	  techniques	  are	  applied

• Muon	  momentum	  scale	  correc0on:	  

➡ Due	  to	  misalignment	  and	  mis-‐modeling	  of	  
magneEc	  field

➡ The	  correcEon	  is	  derived	  from	  <1/pT>	  in	  
(η,𝜙,Q)	  using	  Z	  events

➡ Effect	  on:	  acceptance	  region,	  missing	  
transverse	  energy	  (MET)

➡ CorrecEons	  applied	  to	  data	  and	  MC

• Drell-‐Yan	  sample	  NormalizaEon	  correcEon

➡ Mass	  dependent	  k-‐factor	  derived	  to	  match	  data	  
normalizaEon	  in	  DY	  control	  region
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MET	  correcEons

6

u = �MET �
X

pT

Define	  Hadronic	  Recoil	  to	  study	  MET
taking	  advantage	  of	  well	  defined	  lepton

ParameterizaEon,	  for	  recoil	  w/	  1st	  
order,	  for	  resoluEon	  w/	  sqrt	  kn

• 	  𝚽	  modula0on	  correc0on	  in	  data	  and	  MC
➡ Caused	  by	  deviaEon	  b.t.w.	  interacEon	  point	  

and	  detector	  coordinates
➡ To	  make	  	  𝚽	  (MET)	  flat
➡ Fit	  on	  u||	  and	  u⊥	  with	  	  A(n)cos(𝜙-𝜙0(n))

• 	  	  	  Hadronic	  Recoil	  correc0on	  in	  MC
➡ To	  match	  recoil	  and	  resolu0on	  to	  data
➡ Parallel	  recoil	  esEmated	  for	  each	  of	  4	  |η|	  bins	  

from	  a	  leading	  jet	  
➡ Parallel	  &	  Perpendicular	  resoluEon	  in	  each	  n-‐

verEces	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
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Signal	  ExtracEon
•FiYng	  MET	  distribu0ons

➡ Binned	  Maximum	  likelihood	  for	  11	  bins,	  |η|
<2.4

➡ MC	  templates	  used
➡ FloaEng:	  Number	  of	  W	  and	  QCD	  events
➡ Fixing:	  
• Ra)o	  of	  QCD+	  and	  QCD-‐	  to	  control	  region	  (CR)	  value

• DY	  and	  @bar	  normaliza)on	  (+correc)ons	  to	  CR	  )

• W-‐>TauNu	  normalized	  to	  W-‐>MuNu

• True	  charge	  asymmetry	  applying	  the	  charge	  
dependent	  efficiency	  raEo	  (rW+/W-‐)

➡ Muon	  efficiency	  from	  Tag-‐and-‐Probe	  
technique	  with	  Z	  control	  sample
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Muon	  Charge	  Asymmetry
• Measurement	  precision	  0.2-‐0.4	  %	  per	  bin

• Dominant	  systemaEcs:

➡ Efficiency	  raEo	  ϵ+/ϵ-‐
➡ QCD	  NormalizaEon
➡ Muon	  Scale	  (for	  pT>35	  analysis)
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• Good	  agreement	  with	  CT10,	  NNPDF	  and	  HERA,	  worse	  
with	  MSTW

• New	  MSTW	  shows	  significant	  improvement
➡ Flexible	  input	  parameterisaEon
➡ Deuteron	  correcEon

• Data	  uncertainty	  is	  much	  smaller	  than	  the	  PDF	  one
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Comparison	  to	  Electron	  channel

• In	  good	  agreement

• Electron	  and	  current	  muon	  results	  are	  
largely	  independent	  (common	  
systemaEcs	  are	  negligible)

➡ Complementary	  input	  for	  global	  
PDF	  analysis

• Can	  make	  significant	  contribuEon	  to	  
global	  PDF	  analysis
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Measurements	  of	  DifferenEal	  and	  Double	  
DifferenEal	  Drell-‐Yan	  Cross	  Sec5ons	  in	  PP	  

collisions	  at	  7	  TeV

10
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Analysis

11

• Muon	  Channel

➡ Muon	  in	  fiducial	  volume:	  pT	  >14,	  9	  GeV/c,	  |η|  <2.4	  	  
➡ Dominant	  backgrounds	  are	  esEmated	  in	  data-‐driven	  ways,	  

Top	  (e-‐μ),	  QCD	  (ABCD),	  others	  from	  MC
➡ Muon	  momentum	  scale	  &	  resoluEon	  applied	  to	  data	  and	  

MC
• Electron	  Channel

➡ Electron	  in	  fiducial	  volume:	  pT	  >	  20,	  10	  GeV/c,	  |η|<2.5
➡ All	  Electron	  channel	  background	  from	  data-‐driven	  ways:	  

QCD	  and	  W+Jets	  from	  fake	  rate,	  others	  from	  e-‐μ
➡ Electron	  energy	  scale	  applied	  to	  Et	  and	  smearing	  to	  MC

• Efficiency	  correcEon	  using	  MC

➡ Take	  into	  account	  the	  difference	  between	  data	  and	  MC	  
using	  tag-‐and-‐probe	  method

• CorrecEon	  for	  detector	  resoluEon	  and	  FSR	  effects:

➡ Unfolding	  with	  matrix	  inversion	  technique

� =
N

A · ✏ · ⇢ · L

CMS-‐PAS-‐SMP-‐13-‐003
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dσ/dM	  Results

12

FEWZ	  calculaEon	  with	  stat+PDF	  (blue)
,	  +	  EWK	  correcEon	  uncer.	  (green)

• With	  full	  phase	  and	  within	  detector	  accep.,	  at	  
pre(post)-‐FSR
➡ 40	  mass	  bins	  (15-‐1500	  GeV/c2)	  taking	  

advantage	  of	  the	  CMS	  detector
➡ Test	  significant	  NNLO	  contribuEon	  below	  40	  

GeV
• Combined	  (BLUE)	  DY	  invariant	  mass	  spectrum	  in	  

full	  phase	  space

• Cross	  secEon	  normalized	  to	  the	  Z	  peak	  
(60<Inv.M<120	  GeV/c2)
➡ Cancel/reduce	  systemaEc	  uncertainEes

• StaEsEcal	  uncertainty:	  <2%,	  systemaEc	  
uncertainty:	  <12%	  up	  to	  200	  GeV/c2

• Dimuon	  and	  dielectron	  are	  compaEble	  within	  
uncertainEes:	  𝟀2/ndof	  =	  1.1

• Good	  agreement	  with	  FEWZ	  NNLO	  expectaEon	  
of	  CT10	  PDF

CMS-‐PAS-‐SMP-‐13-‐003
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	  	  	  	  	  	  	  	  	  	  dσ2/dMdY
• Within	  the	  detector	  acceptance	  to	  reduce	  the	  model	  

dependence	  using	  6×24=132	  mass-‐rapidity	  bins

• InteresEng	  for	  PDF	  constraints,	  especially	  d	  quark	  and	  
anEquark

• Good	  agreement	  with	  most	  of	  PDFs	  but	  deviaEons	  
shown	  at	  low	  and	  high	  mass	  regions
➡ PotenEal	  constraint	  to	  PDFs	  expected	  from	  the	  

results

13

All	  of	  the	  exis0ng	  NNLO	  
PDFs

CMS-‐PAS-‐SMP-‐13-‐003
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W	  and	  Z	  Cross	  SecEon	  at	  8	  TeV

14
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IntroducEon
• Update	  to	  previous	  measurement	  with	  36/pb	  at	  7	  TeV

• Using	  special	  run	  with	  low	  pileup(3)	  amount	  to	  18.7±0.9/pb

➡ Un-‐prescaled	  trigger	  with	  low	  pT	  thr.
➡ Suitable	  MET	  resoluEon	  for	  data-‐driven	  QCD	  esEmaEon

• Fiducial	  volume:	  pT	  >	  25	  GeV,	  |η|<2.1(mu),	  2.5(e)

• Using	  Tag-‐and-‐Probe	  in	  Z	  sample	  for	  efficiency

• Electron	  energy,	  Muon	  momentum	  scale	  correcEons

• Recoil	  method	  to	  correct	  for	  the	  MET

• Z→μμ(ee)	  boson	  yield	  extracEon:	  

➡ 4	  categories	  from	  each	  muon	  (electron)	  ID
➡ Add	  events	  from	  categories

• W	  boson	  extracEon:	  template	  fizng

➡ QCD	  template	  from	  QCD	  dominant	  region

• Acceptance:	  POWHEG	  NLO	  MC

15
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Results

• Theory	  uncertainty	  interpreted	  as	  a	  68%	  CL

• Z	  cross	  secEon	  is	  limited	  to	  a	  dilepton	  mass	  range	  
of	  60	  to	  120	  GeV/c2	  

• Measurements	  are	  consistent	  between	  the	  
electron	  and	  muon	  channels,	  and	  in	  agreement	  
with	  NNLO	  cross	  secEon	  calculaEons

• Inclusive	  electron,	  muon,	  and	  combined	  cross	  
secEon

• TheoreEcal	  predicEon	  w/	  FEWZ	  MSTW	  NNLO	  PDF

16

Stat.	  (back)	  +Syst.	  (red)	  +	  lum	  (green)

CMS-‐PAS-‐SMP-‐13-‐003
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Results	  (cont’d)
• W	  vs.	  Z	  x-‐sec.:	  ellipses	  illustrate	  the	  68%	  coverage	  

for	  total	  uncertainEes

• W+	  vs.	  W-‐	  x-‐sec	  in	  agreement	  to	  theory	  within	  1σ

• Cross	  secEon	  comparison	  to	  previous	  results	  from	  
CMS	  and	  other	  experiment

➡ Good	  agreement	  with	  theory	  predicEons	  at	  
NNLO	  for	  both	  at	  7	  and	  8	  TeV

17
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Measurement	  of	  the	  Transverse	  
Momentum	  distribu5on	  of	  Z	  bosons	  
decaying	  to	  dimuons	  in	  pp	  collisions	  

at	  sqrt(s)	  =	  8	  TeV

18
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Z	  pT	  differenEal	  cross-‐secEon
• Transverse	  momentum	  qT	  of	  dimuon	  system	  has	  

important	  role

➡ Non	  perturba0ve	  predicEon	  of	  sok	  gluon	  
emission	  in	  low	  qT

➡ Perturba0ve	  QCD	  predic0on	  for	  hard	  gluon	  
radiaEon	  in	  the	  iniEal	  state	  in	  the	  high	  qT	  
range

• Low	  PU	  data	  sample	  of	  pp	  collisions	  at	  8	  TeV	  in	  
2012,	  similar	  PU	  condiEon	  to	  2010	  analysis

• Similar	  methods	  used	  as	  DY	  dσ/dM

➡ e-‐μ	  method,	  fake	  muon	  raEo	  from	  QCD
• ResoluEon	  &	  FSR	  Unfolding	  with	  inverse	  matrix	  

technique

• Several	  Pythia	  tunes	  tested	  for	  the	  underlying	  
events	  in	  the	  low	  qT

19
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W	  &	  Z	  producEon	  Summary

• Presented

➡ The	  first	  release	  of	  W	  Muon	  Charge	  Asymmetry	  at	  7	  TeV	  with	  4.7/D	  full	  data	  2011	  with	  
high	  precision	  results	  0.2-‐0.4	  %	  per	  bin

➡ W	  Electron	  Charge	  Asymmetry	  at	  7TeV	  with	  840/pb	  parEal	  data	  2011
➡ DY	  mass,	  mass	  and	  rapidity	  differenEal	  cross	  secEon	  at	  7	  TeV	  with	  4.5(Mu),	  4.8(Ele)/9	  full	  

2011	  data
➡ W/Z	  cross	  secEon	  at	  8	  TeV	  with	  19/pb
➡ DY	  (muon)	  pT	  differenEal	  cross	  secEon	  at	  8	  TeV	  with	  19/pb

• With	  high	  precision,	  in	  good	  agreement	  to	  theory	  predicEon	  within	  error.

➡ high	  precision	  results	  contribute	  to	  theory	  calculaEons

• We	  are	  planning	  to	  get	  beger	  results	  at	  8	  TeV	  data	  with	  more	  data	  20/9	  taken	  in	  2012,	  cf.	  5/
9	  in	  2011
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Back-‐UP	  Slides
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Measurement	  of	  the	  Electron	  Charge	  
Asymmetry	  in	  Inclusive	  W	  ProducEon	  

in	  pp	  Collision	  at	  sqrt(s)	  =	  7	  TeV

22
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Analysis

• correcEons	  on	  Hadronic	  Recoil,	  energy	  scale	  and	  resoluEon

• Signal	  ExtracEon	  by	  Ext.	  binned	  Max.	  Likelihood	  fit	  with	  templates	  floaEng	  N(QCD)	  and	  N(Sig
+EWK)

• QCD	  template	  from	  AnE-‐SelecEon	  of	  Data

• Charge	  misid(w)	  measured	  in	  data	  from	  same-‐sign/opposite-‐sign	  Z	  boson	  yield

• RelaEve	  efficiency	  from	  Tag-‐and-‐Probe	  using	  Z	  sample

23

• 840/pb	  parEally	  collected	  in	  2011

• Electron	  pT	  >35	  GeV/c,	  11	  bin	  of|η|	  
<	  2.4

• Electron	  with	  same	  charges	  with	  
three	  different	  algorithm	  to	  
suppress	  systemaEc	  from	  mi-‐charge	  
measurement  [GeV]TE
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Results

• 11	  bins	  result	  with	  factor	  2	  precision	  than	  
previous	  6	  bins,	  error	  with	  stat.+syst

• PDF	  uncertainty	  using	  PDF	  reweighEng	  
technique	  corresponding	  68%	  CL

• 4	  PDFs	  interfaced	  to	  MCFM	  (NLO)

➡ data	  are	  in	  good	  agreement	  with	  
HeraPDF,	  CTEQ,	  and	  NNPDF	  while	  MSTW	  
is	  systemaEcally	  lower

• Very	  precise	  (4-‐5%)	  theory	  predicEons

• SystemaEc	  errors	  from	  Efficiency	  raEo,	  Signal	  
MET	  shape	  (CTEQ6.6),	  recoil	  correcEons

• PU	  insensiEve	  for	  using	  of	  data-‐driven	  MET	  
templates
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Muon	  Charge	  Asymm.	  Syst.	  Err
• Units	  in	  Percent
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DY	  1/σ	  dσ/dM	  Syst.	  Err
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unit	  (%) Low	  massLow	  mass Peak	  regionPeak	  region High	  massHigh	  mass

Luminosity 2.22.22.22.22.22.2

mu ele mu ele mu ele

Energy	  Scale	  corr. -‐-‐ <2.5 -‐-‐ <19 -‐-‐ 3-‐8

Backgrounds <4 <7 0.1 0.1 15 33

Unfolding <0.5 2-‐3 3 <13 0.5-‐3 3-‐6

Efficiency	  scale 2 2 <1.5 <1	   2 1.5

FSR	  correcEon 0.5 <3	   1.5 2-‐6 0.5 10-‐15

Modeling(MC	  NNLO	  rew.) 1010 <0.5<0.5 2-‐32-‐3

PDF 2.5-‐3 2-‐3 2-‐2.5 2 0.5-‐1.5 0.5-‐3
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DY	  1/σ	  d2σ/dMdY	  SystemaEc	  Err
• Backgrounds

➡ 4-‐5%	  off	  the	  Z-‐peak,	  increasing	  up	  to	  15%	  in	  the	  last	  mass	  bin

• Momentum	  scale	  correcEon	  and	  unfolding

➡ within	  1%

• Efficiency	  scale	  factors

➡ 1.5-‐3%,	  up	  to	  10%	  in	  the	  first	  mass	  bin
• FSR	  correcEon

➡ within	  1%,	  2-‐6%	  in	  the	  FSR	  region	  growing	  at	  high	  rapidity
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W/Z	  cross	  secEon	  UncertainEes
• Theory	  Uncertainty

➡ determined	  as	  funcEon	  of	  W	  boson	  pT,	  following	  the	  strength	  of	  the	  strong	  coupling:	  Non-‐
perturbaEve,	  Resummed,	  PerturbaEve

• Affect	  of	  higher	  order	  perturbaEve	  terms

➡ Calculate	  FEWZ	  (NNLO)	  Acceptance

• Affect	  of	  NNLO+higher	  order	  resummed	  terms

➡ Compare	  Acc.	  difference	  for	  Resbos	  vs.	  Powheg
➡ Resbos	  is	  an	  NNLO+NNNLL	  calculaEon

• PDF	  uncertainEes	  comparing	  NNPDF/MSTW/CTEQ:	  dominant	  theoreEcal	  uncertainty

• FSR	  uncertainEes+O(α)	  EWK	  uncertainEes

➡ Compare	  Horace	  w/	  and	  w/o	  O(α)	  EWK	  correcEons
➡ Compare	  Horace	  FSR	  w/	  Pythia	  FSR
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DY	  pT	  differenEal	  xsecEon	  Error
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