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Outline 

Lianliang	  Ma	  @the	  2nd	  CLHCP	  WS 

•  Introduction to Higgs at LHC  
•  SM Higgs results with 13 TeV data 

ü  Hàγγ 
ü  HàZZ* 
ü  HàWW* 
ü  Hàττ (only MSSM Higgs results, no mention in this talk.) 
ü  Hàµµ 
ü  Hàbb 
ü  ttH, Hàbb, Hàmultilepton 
ü  Di-Higgs searches 

•  Results from HL-LHC 3000 fb-1 

•  Summary 
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Higgs	  Produc:on	  at	  mH	  =	  125	  GeV 
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Higgs	  Produc:on	  at	  mH	  =	  125	  GeV 

Lianliang	  Ma	  @the	  2nd	  CLHCP	  WS 

²  87.2%:	  gluon-‐gluon	  fusion	  (ggF)	  
²  	  	  6.8%:	  vector	  boson	  fusion	  (VBF)	  
²  	  	  4.1%:	  WH/ZH	  
²  	  	  0.9%:	  TH	  
² Observed	  modes:	  ggF	  and	  VBF	  
²  Cross	  sec:ons	  increase	  from	  Run	  I	  

to	  Run	  II	  by	  a	  factor	  of	  2	  to	  3.9	  (TH)	  
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Higgs	  Boson	  Decays 

Lianliang	  Ma	  @the	  2nd	  CLHCP	  WS 
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² bb	  largest	  BR,	  huge	  background	  
² WW:	  high	  rate	  but	  worse	  resolu>on	  

in	  lvlv	  
² ττ:	  VBF	  is	  beCer	  for	  bkg.	  suppression	  
² γγ	  and	  ZZ:	  good	  mass	  resolu>on	  
² μμ:	  clean,	  but	  >ny	  BR	  
² γγ,	  ZZ,	  WW,	  ττ	  observed	  in	  Run	  I	  

(significance	  >5σ)	  
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Data	  Collected	  by	  ATLAS	  and	  CMS 

Lianliang	  Ma	  @the	  2nd	  CLHCP	  WS 
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Data	  Collected	  by	  ATLAS	  and	  CMS 

Lianliang	  Ma	  @the	  2nd	  CLHCP	  WS 

Day in 2016
18/04 16/05 13/06 11/07 08/08 05/09 03/10 31/10

]
-1

To
ta

l I
nt

eg
ra

te
d 

Lu
m

in
os

ity
 [f

b

0

10

20

30

40

50  = 13 TeVs     ATLAS Online Luminosity
LHC Delivered

ATLAS Recorded
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7/16 calibration

²  Pileup	  with	  <μ>	  =	  24.2,	  slightly	  higher	  
than	  8	  TeV	  data	  <μ>	  =	  20.7	  

²  Results	  in	  this	  talk	  is	  based	  on	  ICHEP	  
2016	  results	  with	  Lumi	  <=	  14.8	  ]-‐1	  

*Delivered	  
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Higgs	  Results	  with	  ATLAS+CMS	  Run	  I 

Lianliang	  Ma	  @the	  2nd	  CLHCP	  WS 

Phys.	  Rev.	  Le+.	  114,	  191803	   J.	  High	  Energy	  Phys.	  08	  (2016)	  045	  

²  ggF	  results	  in	  reach	  of	  the	  
theore>cal	  uncertain>es	  	  

² WH/ZH/CH	  with	  large	  uncertainty	  
² Mass:	  125.09±0.24GeV	  used	  for	  

Higgs	  mass	  in	  Run	  II	  
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Lianliang	  Ma	  @the	  2nd	  CLHCP	  WS 

Run	  II	  Results	  from	  ATLAS	  and	  CMS 

Only	  selected	  results	  presented	  in	  this	  talk!	  
All	  references	  are	  hyperlinked.	  
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Hàγγ：Analysis	  Overview 

Lianliang	  Ma	  @the	  2nd	  CLHCP	  WS 

²  Signature:	  2	  isolated	  photons,	  narrow	  peak	  on	  falling	  background	  
²  Events	  Categorized	  in	  produc>on	  modes,	  signal	  extracted	  from	  the	  fit	  on	  mγγ	  

	  	  	  	  	  	  	  	  	  ATLAS	  (13):	  2	  CH	  ,	  5	  VH,	  2	  VBF,	  4	  ggF;	  	  CMS	  (8):	  2	  CH,	  2	  VBF,	  4	  untagged	  based	  on	  BDT	  score	  

²  Backgrounds:	  SM	  γγ	  (78.9%),	  γ-‐jet	  (18.6%),	  di-‐jet(2.5%)	  [numbers	  from	  ATLAS]	  
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Hàγγ：Analysis	  Overview 
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²  Signature:	  2	  isolated	  photons,	  narrow	  peak	  on	  a	  falling	  background	  
²  Events	  categorized	  in	  produc>on	  modes,	  signal	  extracted	  from	  the	  fit	  on	  mγγ	  

	  	  	  	  	  	  	  	  	  ATLAS	  (13):	  2	  CH	  ,	  5	  VH,	  2	  VBF,	  4	  ggF;	  	  CMS	  (8):	  2	  CH,	  2	  VBF,	  4	  untagged	  based	  on	  BDT	  score	  

²  Backgrounds:	  SM	  γγ	  (78.9%),	  γ-‐jet	  (18.6%),	  di-‐jet(2.5%)	  [numbers	  from	  ATLAS]	  

ATLAS-‐CONF-‐2016-‐067	   CMS-‐PAS-‐HIG-‐16-‐020	  
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Hàγγ:	  Signal	  Strength 

Lianliang	  Ma	  @the	  2nd	  CLHCP	  WS 

Signal Strength
2− 1− 0 1 2 3 4 5

Run-1
µ

Run-2
µ

ggH
µ

VBF
µ

VH
µ

ttH
µ

ATLAS Preliminary
-1 = 13 TeV, 13.3 fbs

Total

  0.26−
 0.28+ = 1.17  

Run-1
µ

  0.20−
 0.22+ = 0.85  

Run-2
µ

  0.28−
 0.29+ = 0.59  

ggH  
µ

  0.71−
 0.80+ = 2.24  

VBF  
µ

  1.05−
 1.27+ = 0.23  

VH   
µ

  0.99−
 1.26+ = -0.25  

ttH  
µ

ATLAS	   CMS	  
Run	  II	  	   0.85+0.22-‐0.20	   0.95+0.21-‐0.18	  
Run	  I	   1.17+0.28-‐0.26	   1.14+0.26-‐0.23	  

CMS:	  Eur.	  Phys.	  J.	  C	  74	  (2014)	  3076	  
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Hàγγ：Cross	  Sec>on 

Lianliang	  Ma	  @the	  2nd	  CLHCP	  WS 

Inclusive	   	  	  σFiducial	  [a]	   SM	  predic:on	  [a]	  

ATLAS	  (13.3	  ]-‐1)	  	   	  	  43.2	  ±	  14.9(stat)	  ±	  4.9	  (syst)	  

	  	  	  CMS	  (12.9	  ]-‐1)	   	  	  73.8	  ±	  3.8	  69−22
+16 (stat)−6

+8 (syst)

62.8−4.4
+3.4 (N3LO+ XH )

Fiducial	  and	  differen>al	  X-‐sec>on:	  the	  most	  model-‐independent	  measurements	  
of	  the	  Higgs	  proper>es,	  corrected	  for	  detector	  inefficiency	  and	  resolu>on.	  
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Hàγγ：Cross	  Sec>on 

Lianliang	  Ma	  @the	  2nd	  CLHCP	  WS 
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	  	  	  CMS	  (12.9	  ]-‐1)	   	  	  73.8	  ±	  3.8	  69−22
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Fiducial	  and	  differen>al	  X-‐sec>on:	  the	  most	  model-‐independent	  measurements	  
of	  the	  Higgs	  proper>es,	  corrected	  for	  detector	  inefficiency	  and	  resolu>on.	  
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HàZZ*:	  Analysis	  Overview 

Lianliang	  Ma	  @the	  2nd	  CLHCP	  WS 

² Signature:	  2	  pairs	  of	  isolated,	  oppositely	  charged,	  same	  flavor	  leptons	  
(e,μ),	  narrow	  peak	  on	  a	  flat	  background	  

² All	  produc>on	  modes	  ,	  and	  signal	  yield	  from	  fit	  in	  m4l	  distribu>on	  
² Dominant	  Syst.:	  luminosity	  and	  lepton	  scale-‐factors	  (<	  stat.	  uncert.)	  	  
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HàZZ*:	  Analysis	  Overview 

Lianliang	  Ma	  @the	  2nd	  CLHCP	  WS 

² Signature:	  2	  pairs	  of	  isolated,	  oppositely	  charged,	  same	  flavor	  leptons	  
(e,μ),	  narrow	  peak	  on	  a	  flat	  background	  

² All	  produc>on	  modes	  ,	  and	  signal	  yield	  from	  fit	  in	  m4l	  distribu>on	  
² Dominant	  Syst.:	  luminosity	  and	  lepton	  scale-‐factors	  (<	  stat.	  uncert.)	  	  

 (GeV)l 4m
70 80 90 100 110 120 130 140 150 160 170

Ev
en

ts
 / 

4 
G

eV

0

5

10

15

20

25

30

35

40

45
 Data
 H(125)

*γZZ, Z→q q
*γZZ, Z→ gg

 Z+X

 (13 TeV)-112.9 fbCMS Preliminary

ATLAS-‐CONF-‐2016-‐079	   CMS-‐PAS-‐HIG-‐16-‐033	  
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HàZZ*:	  Cross	  Sec:on	   

Lianliang	  Ma	  @the	  2nd	  CLHCP	  WS 

Fiducial	  cross	  sec:on	   σFiducial	  [a]	   SM	  predic:on	  [a]	  

ATLAS	  (14.8	  ]-‐1)	  	  

	  	  	  CMS	  (12.9	  ]-‐1)	   2.53	  ±	  0.13	  2.29−0.64
+0.74 (stat)−0.23

+0.30 (syst)

4.54−0.90
+1.02 3.07−0.25

+0.21
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HàZZ*:	  Cross	  Sec:on	   

Lianliang	  Ma	  @the	  2nd	  CLHCP	  WS 
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Combina:on	  of	  Hàγγ	  and	  HàZZ* 

Lianliang	  Ma	  @the	  2nd	  CLHCP	  WS 
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Combina:on	  of	  Hàγγ	  and	  HàZZ* 
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² ATLAS:	  larger	  cross	  sec>on	  than	  the	  predic>on	  
at	  7/8	  TeV,	  ZZ	  higher	  at	  13	  TeV,	  but	  γγ	  is	  lower	  

² CMS	  has	  quite	  consistent	  results	  between	  ZZ	  
and	  γγ.	  
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HàWW*:	  Analysis	  Overview 

Lianliang	  Ma	  @the	  2nd	  CLHCP	  WS 

Fit regions
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CMS:	  	  	  	  	  2.3	  ]-‐1,	  0-‐jet	  &	  1-‐jet,	  cut-‐based	  in	  2D	  of	  mll	  vs	  mT
H	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  observed	  0.7σ	  (2.0σ	  expected)	  for	  ggF	  

	  ATLAS:	  	  5.8	  ]-‐1,	  VBF	  &	  WH,	  BDT-‐based	  analysis	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  observed	  1.9σ	  (1.2σ	  expected)	  for	  VBF,	  0.8σ	  (0.2σ	  expected)	  for	  WH	  

0-‐jet	  

CMS-‐PAS-‐HIG-‐15-‐003	   ATLAS-‐CONF-‐2016-‐112	  
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HàWW*:	  Analysis	  Overview 
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Fit regions
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CMS:	  	  	  	  	  2.3	  ]-‐1,	  0-‐jet	  &	  1-‐jet,	  cut-‐based	  in	  2D	  of	  mll	  vs	  mT
H	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  observed	  0.7σ	  (2.0σ	  expected)	  for	  ggF	  

	  ATLAS:	  	  5.8	  ]-‐1,	  VBF	  &	  WH,	  BDT-‐based	  analysis	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  observed	  1.9σ	  (1.2σ	  expected)	  for	  VBF,	  0.8σ	  (0.2σ	  expected)	  for	  VH	  

0-‐jet	  

CMS-‐PAS-‐HIG-‐15-‐003	   ATLAS-‐CONF-‐2016-‐112	  
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Hàμμ	  Analysis 

Lianliang	  Ma	  @the	  2nd	  CLHCP	  WS 

•  Clean	  channel,	  sensi>ve	  for	  H	  coupling	  to	  the	  2nd	  genera>on	  fermion	  
•  7	  categories:	  VBF,	  2	  ημ	  ×3	 pTμμ	  (low,	  medium,	  high)	  	  
•  A	  narrow	  bump	  on	  top	  of	  con>nuous	  mμμ	  	  (Z/γ*àμμ)	  

Limit	  on	  μ	  at	  95%	  C.L.	   ATLAS	  Run	  II	   ATLAS	  Run	  I	   ATLAS	  Run	  II	  +	  I	   CMS	  Run	  I	  

Observed	  (x	  σSM)	   4.4	   7.1	   3.5	   7.4	  

Expected	  	  (x	  σSM)	   5.5	   7.2	   4.3	   6.5	  

ATLAS-‐CONF-‐2016-‐041	  
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Hàbb:	  	  VH	  Analysis 
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Ø  Establish	  Higgs	  signal	  in	  bb	  final	  state,	  determine	  b-‐quark	  Yukawa	  coupling	  
Ø  Higgs	  produc>on	  modes	  considered:	  	  	  WH/ZH,	  VBF;	  	  CH;	  tH(CMS-‐PAS-‐HIG-‐16-‐019)	  

WH/ZH	  analysis:	  	  	  
•  Leptons	  from	  W/Z	  decays	  for	  event	  trigger	  and	  background	  suppression	  
•  MVA	  for	  each	  channel	  with	  2	  SR’s:	  2jets-‐2tags,	  	  3jets-‐2tags	  	  
•  Main	  backgrounds:	  W/Z	  +	  heavy	  flavor,	  Cbar	  

ATLAS-‐CONF-‐2016-‐091	  
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Hàbb:	  	  VH	  Results 
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Significance	  obs.	  (exp.):	  
•  ATLAS	  (	  13	  TeV):	  	  	  	  	  	  	  	  0.4σ	  (1.9σ)	  
•  ATLAS+CMS	  (8	  TeV):	  2.6σ	  (3.7σ)	  



Hàbb:	  	  VH	  Results 

Lianliang	  Ma	  @the	  2nd	  CLHCP	  WS 

Significance	  obs.	  (exp.):	  
•  ATLAS	  (	  13	  TeV):	  	  	  	  	  	  	  	  0.4σ	  (1.9σ)	  
•  ATLAS+CMS	  (8	  TeV):	  2.6σ	  (3.7σ)	  
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ATLAS-‐CONF-‐2016-‐063	   CMS-‐PAS-‐HIG-‐16-‐003	  

•  Trigger:	  γ+4jets	  in	  ATLAS,	  SingleB	  and	  DoubleB	  in	  CMS	  
•  MVA,	  fit	  on	  mbb:	  3	  signal	  regions	  in	  ATLAS,	  7	  regions	  in	  CMS	  
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ATLAS-‐CONF-‐2016-‐063	   CMS-‐PAS-‐HIG-‐16-‐003	  

•  Trigger:	  γ+4jets	  in	  ATLAS,	  SingleB	  and	  DoubleB	  in	  CMS	  
•  MVA,	  fit	  on	  mbb:	  3	  signal	  regions	  in	  ATLAS,	  7	  regions	  in	  CMS	  
•  Obs.	  (exp.)	  limit:	  4.0	  (6.0)×σSM	  	  by	  ATLAS;	  3.0	  (5.0)×σSM	  	  by	  CMS	  
•  CMS	  13	  TeV	  and	  8	  TeV	  combina>on:	  3.4	  (2.3)×σSM,	  

	   µ =1.3−1.1
+1.2
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TH	  candidate	  evt.	  
ee0τhad+	  3	  b-‐jets	  +	  6	  l-‐jets	   
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TH:	  Analysis	  Overview 

Lianliang	  Ma	  @the	  2nd	  CLHCP	  WS 

Direct	  measurement	  top-‐quark	  Yukawa	  coupling:	  
•  CH,	  Hàbb	  
•  CH,	  Hàmul>lepton	  (WW*,	  ZZ*,	  ττ)	  
•  CH,	  Hàγγ	  (included	  already	  in	  the	  Hàγγ	  analysis)	  

CH,	  Hàbb:	  1	  lep,	  MET,	  4	  b-‐jets,	  2	  l-‐jets	   4	  lep,	  MET,	  2	  b-‐jets	  
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TH,	  Hàbb 
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Ø  Events	  categorized	  based	  on	  number	  of	  leptons,	  jets	  and	  b-‐jets:	  	  
	  	  	  	  	  14	  regions	  in	  	  ATLAS	  and	  CMS	  by	  (X-‐lepton,	  Y-‐jets,	  Z-‐btags)	  	  	  
Ø  Main	  bkg.:	  C+heavy	  flavour,	  difficult	  to	  predict	  from	  MC	  
Ø  Dominant	  syst.:	  signal	  and	  bkg.	  modeling,	  JES,	  b-‐tagging	  
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TH,	  Hàbb 
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Ø  Events	  categorized	  based	  on	  number	  of	  leptons,	  jets	  and	  b-‐jets:	  	  
	  	  	  	  	  14	  regions	  in	  	  ATLAS	  and	  CMS	  by	  (X-‐lepton,	  Y-‐jets,	  Z-‐btags)	  	  	  
Ø  Main	  bkg.:	  C+heavy	  flavour,	  difficult	  to	  predict	  from	  MC	  
Ø  Dominant	  syst.:	  signal	  and	  bkg.	  modeling,	  JES,	  b-‐tagging	  
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•  ATLAS	  with	  13.2	  ]-‐1	  

µ = 2.1−0.9
+1.0

µ = −2.0−1.8
+1.8

CMS-‐PAS-‐HIG-‐16-‐004	  

ATLAS-‐CONF-‐2016-‐080	  
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TH,	  Hàmul:lepton 
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•  Signature:	  2-‐4	  leptons	  (τhad),	  	  >=	  2-‐jets	  and	  >=	  1	  b-‐jet.	  ATLAS	  has	  one	  
more	  category	  of	  4-‐lepton	  than	  CMS.	  

•  Signals	  mainly	  from	  HàWW*	  and	  Hàττ,	  small	  from	  HàZZ*.	  
•  Main	  backgrounds:	  CW/CZ,	  non-‐prompt	  bkg.	  (Cbar)	  
•  Dominant	  syst.:	  es>ma>ons	  for	  fake	  lepton	  and	  non-‐prompt	  bkg.	  

ATLAS-‐CONF-‐2016-‐058	   CMS-PAS-HIG-16-022 	  
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TH	  Combina:on 
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ATLAS-‐CONF-‐2016-‐068	  

17/12/2016 34 

•  Similar	  results	  between	  Run	  I	  and	  Run	  
II	  by	  ATLAS.	  

•  Obs.	  (exp.)	  significance	  in	  ATLAS:	  2.8σ	  
(1.8σ),	  	  1.5σ	  observed	  from	  Run	  I.	  



TH	  Combina:on 
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TTHCombMoriond2016	  ATLAS-‐CONF-‐2016-‐068	  

•  Similar	  results	  between	  Run	  I	  and	  Run	  
II	  by	  ATLAS.	  

•  Obs.	  (exp.)	  significance	  in	  ATLAS:	  2.8σ	  
(1.8σ),	  	  1.5σ	  observed	  from	  Run	  I.	  
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•  Obs.	  (exp.)	  limit	  on	  μCH	  :	  	  
	  	  	  	  	  	  3.0	  (1.2)	  from	  ATLAS,	  	  
	  	  	  	  	  	  2.1	  (1.8)	  from	  CMS.	  



Di-‐Higgs	  Searches 

Lianliang	  Ma	  @the	  2nd	  CLHCP	  WS 

Searches	  with	  bbγγ,	  bbττ,	  WWγγ,	  and	  bbbb	  by	  ATLAS,	  	  	  
	  	  	  	  	  bbγγ,	  bbττ,	  mul>lepton,	  and	  mul>lepton+photons	  by	  CMS	  

h

h

h
h

h
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Di-‐Higgs	  Searches 
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Searches	  with	  bbγγ,	  bbττ,	  WWγγ,	  and	  bbbb	  by	  ATLAS,	  	  	  
	  	  	  	  	  bbγγ,	  bbττ,	  mul>lepton,	  and	  mul>lepton+photons	  by	  CMS	  

h

h

h
h

h

hhàbbbb	   hhàbbττ	  
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Di-‐Higgs	  Search	  Results 
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ATLAS	   ppàhhàγγWW*  
13.3 fb-1 

ppàhhàbbbb 
10.1 fb-1 

ppàhhàbbγγ 
3.2 fb-1 

ATLAS-‐CONF-‐2016-‐071	   ATLAS-‐CONF-‐2016-‐049	   ATLAS-‐CONF-‐2016-‐004	  

Obs.	  limit	  on	  σ	  at	  95%	  
C.L.	  	  

24.4	  ]	   330	  ]	   10.3	  ]	  

x	  >mes	  SM	  predic>on	   747	  	  	   29	   117	  
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Di-‐Higgs	  Search	  Results 
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CMS	   ppàhhàbblvlv	  
2.30	  a-‐1	  

ppàhhàbbbb	  
2.32	  b-‐1	  

ppàhh	  àbbττ	  	  
12.9	  a-‐1	  

CONF	  NOTE	   CMS-‐PAS-‐HIG-‐16-‐024	   CMS-‐PAS-‐HIG-‐16-‐026	   CMS-‐PAS-‐HIG-‐16-‐028	  

Obs.	  limit	  on	  σ	  at	  95%	  
C.L.	  	  

167	  ]	   3.88	  pb	   508	  ]	  

x	  >mes	  of	  SM	  predic>on	   400	   342	   200	  

ATLAS	   ppàhhàγγWW*  
13.3 fb-1 

ppàhhàbbbb 
10.1 fb-1 

ppàhhàbbγγ 
3.2 fb-1 

ATLAS-‐CONF-‐2016-‐071	   ATLAS-‐CONF-‐2016-‐049	   ATLAS-‐CONF-‐2016-‐004	  

Obs.	  limit	  on	  σ	  at	  95%	  
C.L.	  	  

24.4	  ]	   330	  ]	   10.3	  ]	  

x	  >mes	  SM	  predic>on	   747	  	  	   29	   117	  

Larger	  dataset	  and	  combined	  analysis	  can	  improve	  the	  sensi>vity.	  

17/12/2016 39 



The	  High-‐Luminosity	  LHC	  (HL-‐LHC) 
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High	  Luminosity	  Projec:ons 
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ATL-‐PHYS-‐PUB-‐2014-‐016	  

17/12/2016 41 

•  HL-‐LHC	  can	  improve	  by	  a	  factor	  of	  2–3,	  without	  the	  
inclusion	  of	  theore>cal	  systema>c	  uncertain>es	  	  

•  The	  hashed	  areas	  indicate	  the	  increase	  in	  error	  due	  
to	  current	  theory	  systema>c	  uncertain-‐	  >es.	  



High	  Luminosity	  Projec:ons 
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ATL-‐PHYS-‐PUB-‐2014-‐016	   CMS-‐NOTE-‐2013-‐002	  

Ø  Scenario	  1:	  all	  systema>c	  uncertain>es	  are	  
le�	  unchanged.	  

Ø  	  Scenario	  2:	  the	  theore>cal	  uncertain>es	  are	  
scaled	  by	  a	  factor	  of	  1/2,	  while	  other	  
systema>c	  uncertain>es	  are	  scaled	  by	  the	  
square	  root	  of	  the	  integrated	  luminosity.	  
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•  HL-‐LHC	  can	  improve	  by	  a	  factor	  of	  2–3,	  without	  the	  
inclusion	  of	  theore>cal	  systema>c	  uncertain>es	  	  

•  The	  hashed	  areas	  indicate	  the	  increase	  in	  error	  due	  
to	  current	  theory	  systema>c	  uncertain-‐	  >es.	  



²  	  LHC	  Run	  I	  made	  the	  discovery	  of	  Higgs	  boson:	  	  

	  	  	  	  	  	  mH	  =	  125.09	  ±	  0.24	  GeV,	  consistent	  with	  spin	  0,	  even	  parity,	  	  

	  	  	  	  	  	  and	  the	  SM	  couplings	  to	  bosons	  and	  fermions	  

²  	  Higher	  precision	  results	  will	  be	  released	  in	  early	  2017,	  with	  more	  

than	  36	  ]-‐1	  datasets	  have	  been	  collected	  by	  ATLAS	  and	  CMS	  

²  looking	  forward	  to	  	  exi>ng	  new	  results,	  besides	  beCer	  results	  on	  
Higgs	  measurement.	  

Lianliang	  Ma	  @the	  2nd	  CLHCP	  WS 

Summary 
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Thanks! 

17/12/2016 44 



Higgs	  Produc:on 
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Hàγγ:	  ATLAS 
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Hàγγ:	  VBF	  Comparison 
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Hàγγ:	  Weighted	  in	  ATLAS 
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Ra>o:	  5000/150	  =	  33	  >mes	  	  
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Hàγγ:	  Weighted	  in	  CMS 
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Hàγγ:	  CMS 
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Hàγγ	  (3) 
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ATLAS:	  Differen>al	  cross	  sec>ons	  are	  
measured	  in	  bins	  of	  the	  diphoton	  transverse	  
momentum,	  the	  rapidity	  of	  the	  diphoton	  
system,	  the	  cosine	  of	  the	  angle	  between	  the	  
beam	  axis	  and	  the	  photons	  in	  the	  Collins–
Soper	  frame,	  the	  jet	  mul>plicity,	  the	  
transverse	  momentum	  of	  the	  leading	  jet	  for	  
events	  with	  at	  least	  one	  jet	  (H	  +	  1jet	  events),	  
and	  the	  azimuthal	  angle	  between	  the	  leading	  
two	  jets	  and	  the	  invariant	  mass	  of	  the	  leading	  
two	  jets	  in	  events	  with	  at	  least	  two	  jets	  (H	  +	  
2jet	  events).	  	  

The	  fiducial	  phase	  space	  defini>ons	  at	  par>cle-‐level	  are	  
chosen	  to	  match	  the	  defini>ons	  at	  detector	  level.	  The	  
correc>on	  factor	  is	  0.77	  in	  the	  baseline	  region	  and	  is	  
dominated	  by	  the	  photon	  reconstruc>on	  and	  iden>fica>on	  
efficiency.	  The	  correc>on	  factor	  also	  accounts	  for	  migra>ons	  
caused	  by	  the	  finite	  photon	  energy	  resolu>on	  and	  removes	  
a	  small	  frac>on	  of	  events	  that	  originate	  from	  Dalitz	  decays.	  
No	  correc>on	  is	  applied	  to	  the	  data	  for	  signal-‐background	  
interference.	  The	  correc>on	  factor	  is	  different	  in	  fiducial	  
regions	  defined	  by	  associated	  jet	  ac>vity	  and	  ranges,	  for	  
example,	  from	  0.63	  for	  Njets	  =	  0	  to	  1.20	  for	  Njets	  >	  2.	  
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TH,	  Hàbb	  in	  CMS 
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TH,	  Hàbb	  in	  ATLAS 
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TH,	  Hàmul:lepton	  in	  ATLAS 
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TH,	  Hàmul:lepton	  in	  CMS 
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