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•  Latest	
  FCNC	
  results	
  from	
  ATLAS	
  and	
  CMS	
  
•  Short	
  descrip>on	
  of	
  
•  Selec>on	
  
•  Dominant	
  background	
  sources	
  
•  Analysis	
  strategy	
  
•  Dominant	
  uncertain>es	
  
•  Results	
  

•  Summary:	
  Where	
  are	
  we?	
  

Outline
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FCNCs in the Top Sector


3	
  

•  SM:	
  No	
  FCNC	
  at	
  tree	
  level,	
  very	
  low	
  contribu>ons	
  (GIM	
  suppression)	
  
•  Modeling	
  via	
  anomalous	
  couplings	
  in	
  effec>ve	
  Lagrangians	
  
•  Easier	
  comparison	
  using	
  branching	
  ra>os	
  

SM: B (t ! u/c+ g) . 10�12

SM: B (t ! u/c+H) . 10�15 SM: B (t ! u/c+ Z) . 10�14

SM: B (t ! u/c+ �) . 10�14
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t ! ug t ! cg

New	
  

•  1	
  isolated	
  e/µ	
  	
  
•  1	
  b-­‐tagged	
  jet	
  
•  Etmiss	
  and	
  mT(W)	
  cut	
  

arxiv:1509.00294	
  (submi`ed	
  to	
  EPJC)	
  

•  Neural	
  Network:	
  
•  Sober	
  top	
  pT	
  
•  High	
  pT	
  W	
  
•  Charge	
  

asymmetry:	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  higher	
  in	
  	
  
FCNC	
  w.r.t.	
  SM	
  

•  W+jets,	
  single	
  top,	
  	
  

p
s = 8TeV, 20.3 fb�1

•  1	
  isolated	
  µ	
  	
  
•  2-­‐3	
  jets	
  (≥1	
  b-­‐tag,	
  ≥1	
  veto)	
  
•  NN	
  for	
  QCD	
  Suppression	
  

CMS	
  PAS	
  TOP-­‐14-­‐007	
  

•  Several	
  neural	
  
networks:	
  
1.  SM	
  t-­‐channel	
  	
  

single	
  top	
  vs.	
  
backgrounds	
  

2.  tcg	
  FCNC	
  vs.	
  SM	
  
3.  tuc	
  FCNC	
  vs.	
  SM	
  	
  

•  1D/2D	
  limits	
  on	
  	
  
κtug/Λ	
  and	
  κtcg/Λ•  W+jets,	
  	
  	
  	
  	
  	
  ,	
  single	
  top	
  	
  

p
s = 7TeV, 5 fb�1
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t ! ug t ! cg

•  JER	
  
•  ETmiss	
  modeling	
  
•  Mul>jet	
  background	
  modeling	
  

New	
  

•  PDF	
  
•  Signal	
  modeling	
  

•  95%	
  CL	
  observed	
  (expected)	
  limits,	
  other	
  BR	
  set	
  to	
  0	
  

•  95%	
  CL	
  observed	
  (expected)	
  limits,	
  other	
  BR	
  set	
  to	
  0	
  

t
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B(t ! u+ g) < 3.55 · 10�4 (1.58 · 10�4)

B(t ! c+ g) < 3.44 · 10�3 (1.05 · 10�3)

B(t ! u+ g) < 4 · 10�5 (3 · 10�5)

B(t ! c+ g) < 17 · 10�5 (15 · 10�5)

arxiv:1509.00294	
  (submi`ed	
  to	
  EPJC)	
  

CMS	
  PAS	
  TOP-­‐14-­‐007	
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•  1	
  isolated	
  µ,	
  	
  
•  Jets	
  (max	
  1	
  b-­‐tag)	
  
•  1	
  high	
  pT	
  photon	
  
•  ETmiss	
  

CMS	
  PAS	
  TOP-­‐14-­‐003	
  

•  Data	
  driven	
  Wγ+jets	
  yield	
  
es>mate	
  	
  
via	
  fit	
  of	
  cos(W,γ)	
  

•  BDT	
  for	
  signal	
  vs.	
  background	
  
discrimina>on:	
  
•  Photon	
  pT	
  
•  b-­‐jet	
  pT	
  
•  µ	
  pT	
  +	
  5	
  others	
  

•  Wγ+jets,	
  W+jets,	
  	
  

p
s = 8TeV, 19.1 fb�1

•  Data	
  driven	
  	
  
background	
  es>mate	
  

•  95%	
  CL	
  observed	
  	
  
(expected)	
  limits	
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t ! Hc tt̄

•  3	
  or	
  2	
  (same	
  sign	
  of	
  
electric	
  charge)	
  	
  
isolated	
  leptons	
  (e,µ)	
  

•  Jets	
  
•  ETmiss	
  ,	
  HT	
  and	
  mass	
  cuts	
  
•  Z	
  veto	
  

•  Considering	
  
	
  

•  Data	
  driven	
  es>mate	
  
of	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  and	
  charge-­‐
misiden>fica>on	
  

•  WZ	
  (3L),	
  non-­‐prompt	
  leptons	
  (2L),	
  rare	
  SM	
  

p
s = 8TeV, 19.7 fb�1

•  Electron	
  charge	
  misiden>fica>on	
  
•  Lepton	
  misiden>fica>on	
  
•  Background	
  modeling	
  

95%	
  CL	
  limit	
  on	
  	
  
	
  

-­‐σ Exp.	
   +σ Obs.	
  

Trilepton	
   0.95	
  %	
   1.33	
  %	
   1.87	
  %	
   1.26	
  %	
  

Same	
  Sign	
  Dilepton	
   0.68	
  %	
   0.93	
  %	
   1.26	
  %	
   0.99	
  %	
  

Combined	
   0.65	
  %	
   0.89	
  %	
   1.22	
  %	
   0.93	
  %	
  

CMS	
  PAS	
  TOP-­‐13-­‐017	
  

Z ! 3`

H ! WW,ZZ, ⌧⌧

Also:	
  95%	
  CL	
  limit	
  of	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  in	
  PRD	
  90	
  (2014)	
  032006	
  (mul>lepton	
  final	
  states)	
  B(t ! c+H) < 1.3% (1.2%)

dilepton	
   trilepton	
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New	
  

JHEP	
  1406	
  (2014)	
  008	
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•  ≥2	
  photons	
  
•  Had:	
  ≥4	
  jets,	
  1	
  b-­‐tag	
  	
  
•  Lep:	
  1	
  isolated	
  e/µ,	
  ≥2	
  jets,	
  1	
  b-­‐tag	
  
•  Top	
  mass	
  cuts	
  

CMS	
  PAS	
  TOP-­‐14-­‐019	
  

•  Non-­‐resonant	
  di-­‐photon	
  
background	
  shape	
  from	
  data:	
  
fi`ed	
  by	
  func>on	
  with	
  lowest	
  
bias	
  on	
  test	
  data	
  

•  Max.	
  likelihood	
  fit	
  incl.	
  Hc	
  and	
  
Hu	
  

•  	
  Non-­‐resonant	
  di-­‐photon	
  BG,	
  	
  

t ! HqwithH ! ��

p
s = 8TeV, 19.7 fb�1

p
s = 7TeV, 4.7 fb�1

p
s = 8TeV, 20.3 fb�1

•  ≥2	
  photons	
  
•  Had:	
  ≥4	
  jets,	
  ≥1	
  b-­‐tag,	
  top	
  mass	
  cuts	
  
•  Lep:	
  1	
  isolated	
  e/µ,	
  ≥2	
  jets,	
  ≥1	
  b-­‐tag,	
  

mT(W)	
  and	
  top	
  mass	
  cuts	
  

•  	
  Non-­‐resonant	
  di-­‐photon	
  BG,	
  	
  

•  Non-­‐resonant	
  di-­‐photon	
  bkg.	
  
shape	
  from	
  data:	
  fi`ed	
  by	
  
func>on	
  with	
  lowest	
  bias	
  on	
  
smoothened	
  Sherpa	
  γγj	
  events	
  

•  Lep:	
  only	
  8	
  TeV	
  
•  Max.	
  likelihood	
  fit	
  of	
  combined	
  

Hc	
  and	
  Hu	
  (Lep:	
  event	
  coun>ng)	
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New	
  

t ! HqwithH ! ��

•  	
  	
  

•  95%	
  CL	
  observed	
  (expected)	
  limits	
  

•  	
  	
  

	
  
•  95%	
  CL	
  observed	
  (expected)	
  limits	
  

JHEP	
  06	
  (2014)	
  008	
  

CMS	
  PAS	
  TOP-­‐14-­‐019	
  

t¯t and t¯tHmodeling, photon ID

t¯t and t¯tHmodeling, photon ID

B(t ! u+H) < 0.42% (0.65%)

B(t ! c+H) < 0.47% (0.71%)

B(t ! H + q) < 0.79% (0.51%)
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New	
  

•  3	
  isolated	
  e,µ
•  2-­‐3	
  jets,	
  1-­‐2	
  b-­‐tags	
  
•  ETmiss	
  and	
  χ2	
  cut	
  (from	
  masses)	
  

arXiv:1508.05796	
  (submi`ed	
  to	
  EPJC)	
  

•  Backgrounds	
  from	
  simula>on,	
  
validated	
  in	
  dedicated	
  control	
  
regions	
  

•  CLS	
  limits	
  from	
  the	
  yields	
  
•  Limit	
  from	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  signal	
  	
  

(more	
  conserva>ve	
  
than	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  )	
  

•  	
  	
  	
  

p
s = 8TeV, 20.3 fb�1

•  3	
  isolated	
  e,µ	
  
•  ≥2	
  jets,	
  1	
  b-­‐tag	
  
•  ETmiss	
  and	
  mass	
  cuts	
  

Phys.	
  Rev.	
  Le`.	
  112	
  (2014)	
  171802	
  

•  Data	
  driven	
  background	
  es>ma>on	
  
by	
  yield	
  comparison	
  in	
  b-­‐tag	
  bins	
  
(0:	
  Diboson,	
  1:	
  FCNC,	
  2:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  )	
  	
  

•  CLS	
  limits	
  from	
  the	
  yields	
  
•  Combina>on	
  with	
  7	
  TeV	
  result	
  

•  	
  	
  	
  

t ! Zq in tt̄

p
s = 8TeV, 19.7 fb�1
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t ! Zq in tt̄

New	
  

•  Background:	
  b-­‐tagging	
  
•  Signal:	
  renormaliza>on/factoriza>on	
  

scale,	
  PDF	
  	
  

95%	
  CL	
  limit	
  on	
  	
   -­‐σ Exp.	
   +σ Obs.	
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expected,	
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•  Background	
  (domina>ng):	
  modeling	
  
•  Signal:	
  b-­‐tagging	
  
•  Both:	
  Jet	
  energy	
  scale	
  

95%	
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   -­‐σ Exp.	
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  (submi`ed	
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t ! Z + q

t ! Z + q
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•  FCNC:	
  Complex	
  final	
  states	
  with	
  tough	
  background	
  modeling	
  
•  S>ll	
  far	
  above	
  SM	
  predic>on,	
  but	
  BSM	
  sensi>vity	
  close	
  
•  Limited	
  by	
  signal	
  and	
  background	
  modeling	
  
•  No	
  sign	
  of	
  devia>ons	
  from	
  the	
  SM	
  yet	
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•  1	
  isolated	
  e/µ	
  (pT	
  >	
  25	
  GeV)	
  
•  Add.	
  φ	
  dep.	
  pT	
  cut	
  on	
  lepton	
  	
  
•  1	
  b-­‐tagged	
  jet	
  (ε	
  =	
  50%),	
  pT	
  >	
  30	
  GeV	
  	
  
•  ETmiss	
  >	
  30	
  GeV	
  
•  mT(W)	
  >	
  50	
  GeV	
  

•  1	
  isolated	
  µ	
  	
  
•  2-­‐3	
  jets,	
  pT	
  >	
  30	
  GeV	
  ,	
  1	
  b-­‐tag,	
  1	
  veto	
  
•  NN	
  for	
  QCD	
  Suppression	
  

•  FCNC	
  via	
  CompHEP	
  +	
  eff.	
  NLO	
  ext.	
  

•  FCNC	
  via	
  METOP	
  (NLO),	
  Leb	
  handed	
  tops	
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t ! u� t ! c�

t

g

b

W

µ

⌫

u/c
u/c

�

•  1	
  isolated	
  µ	
  (pT	
  >	
  26	
  GeV)	
  
•  Jets	
  w.	
  pT	
  >	
  30	
  GeV	
  ,	
  max	
  1	
  b-­‐tag	
  	
  
•  1	
  high	
  pT	
  photon	
  >	
  50	
  GeV	
  
•  ΔR(µ,γ)>0.7,	
  ΔR(b-­‐jet,γ)>0.7	
  
•  ETmiss	
  >	
  30	
  GeV	
  
•  130	
  GeV	
  <	
  mtop	
  <	
  220	
  GeV	
  

•  tuγ,	
  tcγ	
  signal	
  via	
  PROTOS	
  (LO)	
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t ! Hu t ! Hc tt̄
CMS	
  PAS	
  TOP-­‐13-­‐017	
  

•  3	
  or	
  2	
  (same	
  sign)	
  isol.	
  leptons	
  (e,µ),	
  
pT	
  >	
  20	
  GeV	
  (1st),	
  	
  >	
  10	
  GeV	
  (2nd	
  and	
  3rd)	
  

•  Jet	
  pT	
  >	
  30	
  GeV	
  
•  2L:	
  njet	
  >	
  2,	
  |mee	
  -­‐	
  mZ|	
  >	
  15	
  GeV,	
  
	
  	
  	
  	
  	
  	
  	
  	
  ETmiss	
  >	
  40	
  GeV,	
  [ETmiss,	
  HT]	
  cuts	
  
•  3L:	
  |ml+l-­‐	
  -­‐	
  mZ|	
  >	
  15	
  GeV,	
  	
  

|mlll	
  -­‐	
  mZ|	
  >	
  10	
  GeV	
  for	
  ml+l-­‐	
  >	
  40	
  GeV	
  

•  Signal	
  via	
  Pythia6	
   process trilepton Z removal � 2 jets

Rare 380.4 ± 11.9 54.3 ± 2.1 19.6 ± 1.4
WZ ! 3l⌫ 1451.9 ± 93.4 117.0 ± 7.6 15.8 ± 1.1
Non-prompt 613.4 ± 97.3 148.8 ± 25.7 49.4 ± 9.0
BG 2598.3 ± 135.5 339.4 ± 27.0 86.2 ± 9.3
Observed 2555 309 79
FCNH ! WW 27.9 ± 1.9 21.0 ± 1.5 14.4 ± 1.1
FCNH ! ⌧⌧ 9.1 ± 0.6 6.4 ± 0.4 4.4 ± 0.3
FCNH ! ZZ 2.9 ± 0.2 0.5 ± 0.0 0.4 ± 0.0

process same-sign dilepton Z removal � 2 jets MET-dependendent HT

Rare 512.3 ± 12.9 495.6 ± 12.5 225.5 ± 9.7 128.1 ± 6.4
WZ ! 3l⌫ 1080.1 ± 68.4 1041.9 ± 66.0 242.2 ± 15.4 83.9 ± 5.4
Charge MisID 4407.3 ± 881.7 521.1 ± 104.3 101.6 ± 20.3 32.1 ± 6.4
Non-prompt 10644.2 ± 1574.7 10493.7 ± 1568.4 1561.4 ± 248.9 409.8 ± 72.3
BG 16643.9 ± 1806.3 12552.3 ± 1573.5 2130.7 ± 250.6 654.3 ± 73.1
Observed 16790 12686 2032 631
FCNH ! WW 307.8 ± 19.2 295.4 ± 18.4 246.2 ± 15.4 112.2 ± 7.1
FCNH ! ⌧⌧ 82.0 ± 5.1 79.4 ± 4.9 65.0 ± 4.0 30.8 ± 1.9
FCNH ! ZZ 3.4 ± 0.2 3.2 ± 0.2 2.9 ± 0.2 1.1 ± 0.1

t
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t̄ W `
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h
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t
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t
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•  ≥2	
  photons,	
  (p1T	
  >	
  33	
  GeV,	
  p2T	
  >	
  25	
  GeV,	
  	
  
p1T	
  /mγγ	
  >	
  1/3,	
  p1T	
  /mγγ	
  >	
  1/3)	
  

•  Had:	
  ≥4	
  jets	
  (pT	
  >	
  20	
  GeV),	
  1	
  b-­‐tag	
  (ε=66%)	
  
•  Lep:	
  1	
  iso.	
  e/µ	
  (pT	
  >	
  20	
  GeV),	
  ≥2	
  jets,	
  1	
  b-­‐tag	
  
•  158	
  <	
  mt

γγ	
  <	
  202	
  GeV,	
  142	
  <	
  mt
SM	
  <	
  222	
  GeV	
  

•  ≥2	
  photons,	
  (p1T	
  >	
  40	
  GeV,	
  p2T	
  >	
  30	
  GeV)	
  
•  Had:	
  ≥4	
  jets	
  (pT	
  >	
  20	
  GeV),	
  ≥1	
  b-­‐tag	
  (ε=70%)	
  

156	
  <	
  mt
γγ	
  <	
  191	
  GeV,	
  130	
  <	
  mt

SM	
  <	
  210	
  GeV	
  
•  Lep:	
  1	
  iso.	
  e/µ	
  (pT	
  >	
  15/10	
  GeV),	
  ≥2	
  jets,	
  1	
  b-­‐tag,	
  

mT(W)	
  >	
  30	
  GeV	
  	
  
156	
  <	
  mt

γγ	
  <	
  191	
  GeV,	
  135	
  <	
  mt
SM	
  <	
  205	
  GeV	
  

•  FCNC	
  signal	
  via	
  	
  
Madgraph+Pythia	
  

•  FCNC	
  signal	
  via	
  	
  
Protos+Pythia	
  

J
H
E
P
0
6
(
2
0
1
4
)
0
0
8

t → cH (%) Data (events)

7 TeV 8 TeV 7 TeV 8 TeV

γγ selection 34.5 34.2 23683 118500

Njets ≥ 4 15.2 15.1 227 1349

Mass requirements 5.9 6.1 36 210

At least 1 b-tag 4.2±0.1 4.0±0.1 7 43

Table 1. Efficiency (in percent) for t → cH signal simulation and number of events for data, at√
s = 7 TeV and

√
s = 8 TeV for the hadronic selection, at different stages of the event selection.

The uncertainties on the efficiencies for the full selection, shown in the last row, are statistical only.
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Figure 2. Distribution of the invariant mass of the two photons, mγγ , for events passing the full
hadronic selection (see text for details). The Sγγj background sample is normalised to data.

The distribution of m2 is shown in figure 1(b). Only combinations for which m1 fulfills

the ∆m1 condition enter in this figure. The simulated signal distribution shows that the

peak associated with Top2 is broader than for Top1. The combinatorial background has

a shape similar to the distribution obtained with the Sγγj sample (normalised as for the

Top1 case). The chosen ∆m2 interval is [130,210] GeV. The ∆m1 and ∆m2 intervals are

determined on the basis of the mass resolutions observed in the simulation. The expected

significance is stable with respect to moderate variations of the mass criteria around the

chosen values. The reconstructed mass distributions of top candidates at
√
s = 7 TeV are

similar to the ones shown at 8 TeV, and the same mass intervals are used.

An overview of the hadronic selection at various stages of the analysis is shown in

table 1 for both the
√
s = 7 TeV and

√
s = 8 TeV samples.

The γγ mass (mγγ) spectrum for data after the complete selection is shown in figure 2

together with the corresponding distribution for the Sγγj sample. The latter shows a

satisfactory modeling of the background outside the expected signal mass range, as is also

the case at earlier stages of the analysis with much larger statistics.

– 9 –

J
H
E
P
0
6
(
2
0
1
4
)
0
0
8

Selection Hadronic Leptonic

Centre of mass energy 7 TeV 8 TeV 8 TeV

Trigger efficiency ±0.2 ±0.5 ±0.5

Photon identification ±9.3 ±4.6 ±2.4

Photon isolation ±3.0 ±1.0

Jet Energy Scale ±5.4 +7.4
−4.5

+3.2
−2.8

Jet Energy Resolution ±0.2 ±0.2

Jet Vertex Fraction ±1.0 ±1.0

b-tagging ±3.5 ±4.8 ±5.2

Lepton reco./ID/scale — — ±0.6

Emiss
T scale — — +1.4

−0.4

ISR/FSR +7.0
−3.0

+8.0
−2.0

Underlying event ±3.5 ±1.8

Combined uncertainty +14.1
−12.6

+13.1
−9.8

+10.6
−7.1

Table 4. Summary of experimental and generator (see text) uncertainties on the signal and SM
Higgs boson background yields (in percent, per event). The last row gives the sum in quadrature
of all these uncertainties.

• The systematic uncertainty associated with the Jet Energy Scale (JES) is determined

by changing by one standard deviation, in each direction and one at a time, each of

the parameters to which the energy scale is sensitive. The most sensitive parameters

are associated with pile-up and jet flavour. At 8 TeV the quadratic sum of the

uncertainties obtained from all variations gives a total effect on the expected signal

yield of (+7.4%,−4.5%). At 7 TeV the global effect is more symmetric (±5.4%). The

smaller JES uncertainty in the leptonic channel was obtained in the same way and

includes its impact on Emiss
T . The same methodology was used for the Jet Energy

Resolution (JER), whose uncertainty has a smaller impact on the signal yield.

• The systematic uncertainty associated with the JVF selection is estimated by vary-

ing the corresponding requirement within the boundaries resulting from dedicated

studies [77]. It amounts to 1% for both the hadronic and the leptonic selections. The

same uncertainty is also used at 7 TeV.

• In order to take into account the small differences in b-tagging efficiency between

data and simulation for each jet flavour (light, charm and bottom-quark jets) [50],

the nominal values of the associated scale factors are included in the event weights

of the simulated samples. Replacing the nominal scale factors by the values obtained

when adding (subtracting) their uncertainty induces variations of the expected signal

yield of the order of 5%.

– 15 –
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•  FCNC	
  signal	
  via	
  Madgraph	
  
with	
  	
  	
  t ! Z + u/c (50/50)

•  FCNC	
  signal	
  via	
  PROTOS	
  	
  
+	
  	
  	
  	
  	
  	
  pT	
  reweigh>ng	
  tt̄

4

requirements are obtained from MC. The overall contribution from WZ plus ZZ and Drell–Yan
backgrounds is estimated to be 1.4 ± 0.1 (stat.) ± 0.3 (syst.) events. The expected yield from
ttW, ttZ, tbZ, and tt backgrounds is 1.7 ± 0.8 (stat.) ± 0.4 (syst.) events. The uncertainty of the
b-tagging efficiency, measured in control data samples, and the uncertainty on the top-quark
mass requirement, estimated with MC simulation, contribute to the systematic uncertainty.
The estimated background yields are summarized in Table 2 and show a good agreement with
those obtained from MC simulation. The background estimations from data are used for the
final results.

Figure 2: Comparison between data and simulated events of the mZj (left), mWb (middle), and
2D scatter (right) distributions after the event selection prior to the top-quark mass require-
ments, which are shown as the dotted vertical lines (left, middle) and box (right). The data,
corresponding to an integrated luminosity of 19.7 fb�1, are represented by the points with er-
ror bars and the open histogram is the expected signal. The stacked solid histograms represent
the dominant backgrounds. The statistical uncertainties are not drawn. The last bin in each of
the left two plots contains all the overflow events.

Table 2: Expected number of signal t ! Zq events, background composition, and observed
events corresponding to an integrated luminosity of 19.7 fb�1 for all dilepton channels; back-
ground estimates included. The uncertainties in the background estimation include the statis-
tical and systematic components shown separately, in that order.

Process Estimation from data MC prediction
t ! Zq (B = 0.1%) — 6.4 ± 0.1 ± 1.3
WZ

1.4 ± 0.1 ± 0.3
0.9 ± 0.1 ± 0.3

ZZ < 0.1
Drell–Yan < 0.1
tt

1.7 ± 0.8 ± 0.4

0.7+1.1
�0.4 ± 1.2

ttZ 1.1 ± 0.1 ± 0.8
ttW 0.1 ± 0.1 ± 0.1
tbZ 0.3 ± 0.1 ± 0.2
Total background 3.1 ± 0.8 ± 0.8 3.2 ± 1.2 ± 1.5
Observed events 1 —

To calculate the expected upper limits, the systematic uncertainties from the dilepton trigger
efficiency, lepton selection efficiency [28], pileup modeling [34], b-jet tagging efficiency [33],
jet energy scale and missing transverse energy resolution [35] are included, with the b-jet tag-
ging efficiency being the dominant one for the background estimation. Additionally, several
sources of uncertainties in the signal yield are evaluated: the choice of PDFs, generator param-
eters, and uncertainty in the tt cross section. The major contributions come from the PDFs and

5

the generator parameters of the signal MC simulation. The prescription given in Ref. [36] is
used to determine the uncertainty from the CTEQ66 PDF error sets [37]. The uncertainty from
the generator parametrization is evaluated using CMS fast simulation [38] samples with dif-
ferent top-quark mass assumptions (±2 GeV), different parton-jet matching thresholds (30 GeV
and 60 GeV), and different event renormalization and factorization scales (varied between 1/4
and 4⇥ from their nominal value). In addition, there is a 2.6% uncertainty on the luminosity
measurement [39]. All these sources, summarized in Table 3, are combined in quadrature to
give a 20% relative uncertainty in the signal selection acceptance. The systematic uncertainties
in the background estimation are listed with the total background prediction given in Table 2.

Table 3: Summary of the systematic uncertainties for the signal selection acceptance.

Source Uncertainty %
Renormalization/factorization scales 12
Parton distribution functions 7
tt cross section 7
Parton matching threshold 6
Lepton selection 6
Trigger efficiency 5
b-tagging 5
Top-quark mass 4
Jet energy scale 4
Missing transverse energy resolution 3
Pileup modeling 3
Total 20

After applying all the criteria and adding all four channels, 3.1 ± 1.1 events are expected from
SM background processes and 1 event is observed in data. A 95% confidence level (CL) upper
limit on the branching fraction of the t ! Zq decay is determined using the modified frequen-
tist approach (CLs method [40, 41]). A summary of the observed and predicted yields and
limits is presented in Tables 2 and 4. The observed and expected 95% CL upper limits on the
branching fraction B(t ! Zq) are 0.06% and 0.10%, respectively.

These results are combined with the statistically-independent results of our previous search [16].
The systematic uncertainties on the signal efficiency estimation and the luminosity measure-
ments are taken as fully correlated. Since the background estimations are based on independent
samples, their systematic uncertainties are treated as uncorrelated, except for the uncertainties
on the top mass selection requirement due to the choice of PDF, which are also taken as fully
correlated. The combination with the 7 TeV b-tag analysis [16] gives a slightly lower expected
limit and hence is chosen as the reference result. The observed upper limit on B(t ! Zq) is
0.05%, with a median expectation of 0.09%, and with 1s and 2s ranges which are 0.06–0.13%
and 0.05–0.18%, respectively. The derived limits and their uncertainties are shown in Table 4.

In summary, a search for FCNC events in top-quark decays in tt events produced in proton-
proton collisions at

p
s = 8 TeV is presented. A sample of events with three leptons (e or µ) in

the final state and compatible with leptonic decays of a Z and W boson is selected from data
recorded with the CMS detector and corresponding to an integrated luminosity of 19.7 fb�1.
No excess of events above the background is observed. Combining this result with a previous
search corresponding to an integrated luminosity of 5.0 fb�1 at

p
s = 7 TeV, excludes a t ! Zq

branching fraction greater than 0.05% at a confidence level of 95%. This new limit, about four
times better than our previous one, has been achieved with a better background estimation,
increased cross section at higher energy and increased integrated luminosity. This new result

Source Background [%] Signal [%]
Background modelling 17 —
Signal modelling — 5.5
Leptons 4.7 2.9
Jets 7.7 4.9
b-tagging 3.9 7.2
Emiss

T
3.2 1.5

Luminosity 2.4 2.8
Statistical 8.1 1.5

Sample Yields
WZ 1.3± 0.2± 0.6
tt̄V 1.5± 0.1± 0.5
tZ 1.0± 0.1± 0.5
Fake leptons 0.7± 0.3± 0.4
Other backgrounds 0.2± 0.1± 0.1
Total background 4.7± 0.4± 1.0
Data 3
Signal efficiency [×10−4] 7.8± 0.1± 0.8

Z

Z


