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Observa(on	
  of	
  a	
  new	
  boson	
  

•  Nobel	
  Prize	
  2013	
  in	
  Physics	
  (8th	
  October	
  2013)	
  	
  

•  Observa.on	
  of	
  a	
  new	
  boson	
  consistent	
  with	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  the	
  SM	
  Higgs	
  boson	
  at	
  the	
  LHC	
  (4th	
  July	
  2012)	
  

Phys.	
  Le3.	
  B	
  716	
  (2012)	
  1-­‐29	
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Property	
  Measurements	
  

EW	
  gauge	
  bosons	
  
	
  	
  	
  	
  	
  	
  	
  Couplings	
  

	
  	
  	
  	
  	
  Fermion	
  
	
  	
  	
  	
  Couplings	
  

•  The	
  center	
  of	
  Higgs	
  analysis	
  is	
  property	
  measurements.	
  

•  Mass	
  (mH)	
  (and	
  width	
  (ΓH)	
  )　-­‐>	
  Mass	
  Measurement	
  

•  Quantum	
  numbers	
  JP	
  -­‐>	
  Spin-­‐Parity	
  Determina:on	
  

•  Couplings	
  to	
  fermions	
  and	
  bosons	
  -­‐>	
  Coupling	
  Measurements	
  

•  Self-­‐couplings	
  -­‐>	
  to	
  do	
  in	
  future	
  LHC	
  (Run	
  II	
  -­‐	
  )	
  

Higgs	
  Sector	
  :	
  

Self-­‐Couplings	
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  the	
  LHC	
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•  Dominant	
  produc.on	
  process	
  is	
  the	
  ggF	
  (87%)	
  and	
  VBF(7%).	
  

•  Dominant	
  decay	
  process	
  is	
  H-­‐>	
  bb	
  (57%)	
  and	
  H-­‐>WW*	
  (22%).	
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h`ps://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSec.onsFigures	
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Mass measurement categories

ATLAS

H	
  -­‐>	
  γγ	
  channel	
  
γγ	
  channel	
  :	
  	
  

	
  

•  Spin/CP	
  measurement	
  

	
  	
  	
  	
  	
  	
  	
  0+	
  vs	
  2+	
  	
  (spin-­‐1	
  hypothesis	
  is	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  excluded	
  by	
  Landau-­‐Yang	
  theorem)	
  

•  Mass	
  measurement	
  

	
  	
  	
  	
  	
   	
  high	
  energy	
  resolu.on	
  of	
  photon	
  

•  Coupling	
  measurement	
  
	
  sensi.ve	
  to	
  loop-­‐induced	
  BSM	
  	
  

arXiv:1406.3827	
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•  Spin/CP	
  measurement	
  

	
  	
  	
  	
  	
  	
  0+	
  vs	
  0-­‐,	
  0+	
  vs	
  1+/-­‐,	
  0+	
  vs	
  2+	
  test	
  

•  Mass	
  measurement	
  

	
  	
  	
  	
  	
  high	
  energy	
  resolu.on	
  of	
  leptons	
  

•  Coupling	
  measurement	
  

	
  	
  	
  	
  	
  sensi.ve	
  to	
  ggF	
  produc.on	
  but	
  	
  
	
  	
  	
  	
  	
  	
  poor	
  stat	
  for	
  the	
  VBF	
  produc.on	
  

arXiv:1406.3827	
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•  Spin/CP	
  measurement	
  

	
  	
  	
  	
  	
  	
  0+	
  vs	
  1+/-­‐,	
  0+	
  vs	
  2+	
  test	
  

•  Mass	
  measurement	
  

	
  	
  	
  	
  	
  -­‐>	
  broad	
  mass	
  peak	
  (two	
  neutrinos)	
  	
  

•  Coupling	
  measurement	
  

	
  	
  	
  	
  	
  -­‐	
  large	
  branching	
  frac.on,	
  thus	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  sensi.ve	
  to	
  ggF	
  and	
  VBF	
  produc.on	
  

	
  	
   	
  	
  

	
  Phys.	
  Le8.	
  B	
  726	
  (2013)	
  pp.	
  88-­‐119	
  



8	



Input	
  for	
  the	
  Higgs	
  Combina(on	
  

SUSY2014@	
  Manchester,	
  22th	
  July	
  2014,	
  K.	
  Yoshihara	
  

ln
(1

+S
/B

) w
. E

ve
nt

s 
/ 1

0 
G

eV

0
10
20
30
40
50
60
70

 [GeV]ττ
MMCm

60 80 100 120 140 160 180 200

w.
 D

at
a-

Bk
g.

0

10
=1.4)µ( ττ →(125)H
=1.8)µ( ττ →(110)H
=5.9)µ( ττ →(150)H

Data
=1.4)µ( ττ →(125)H

ττ →Z
Others
Fakes
Uncert.

ATLAS Preliminary
 VBF+Boostedττ →H

-1 L dt = 20.3 fb∫
 = 8 TeVs

H	
  -­‐>	
  ττ	
  channel	
  

 [GeV]bbm
50 100 150 200 250

W
ei

gh
te

d 
ev

en
ts

 a
fte

r s
ub

tra
ct

io
n

0

0.2

0.4

0.6

0.8

1
Data
VH(bb) (best fit)
VZ
Uncertainty

=1.0)µVH(bb) (

ATLAS Preliminary
 -1Ldt = 4.7 fb∫ = 7 TeV s

 -1Ldt = 20.3 fb∫ = 8 TeV s
0+1+2 lep., 2+3 jets, 2 tags
Weighted by Higgs S/B

H	
  -­‐>	
  bb	
  channel	
  	
  

•  Final	
  discriminant	
  (mass	
  distribu.on)	
  for	
  H-­‐>ττ	
  and	
  H-­‐>bb	
  channel.	
  

•  Fermion	
  channels	
  are	
  mainly	
  used	
  for	
  the	
  coupling	
  measurements.	
  	
  

ATLAS-­‐CONF-­‐2013-­‐108	
   ATLAS-­‐CONF-­‐2013-­‐079	
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  Measurement	
  

SUSY2014@	
  Manchester,	
  22th	
  July	
  2014,	
  K.	
  Yoshihara	
  

 [GeV]Hm
123 123.5 124 124.5 125 125.5 126 126.5 127 127.5

Λ
-2

ln

0

1

2

3

4

5

6

7

σ1

σ2

ATLAS
-1Ldt = 4.5 fb∫ = 7 TeV s

-1Ldt = 20.3 fb∫ = 8 TeV s

l+4γγCombined 
γγ →H 

l 4→ ZZ* →H 
without systematics

•  Improved	
  with	
  respect	
  to	
  the	
  previous	
  result:	
  125.5	
  ±	
  0.2	
  (stat)	
  +0.5-­‐0.6	
  (syst)	
  GeV,	
  	
  

	
  	
  	
  	
  	
  on	
  be`er	
  modeling	
  of	
  ATLAS	
  detector	
  geometry	
  in	
  simula.on.	
  	
  

arXiv:1406.3827	
  

 [GeV]Hm
123 123.5 124 124.5 125 125.5 126 126.5 127 127.5

)
=1

25
.3

6 
G

eV
)

H
(m

SM
σ/

σ
Si

gn
al

 y
ie

ld
 (

0

0.5

1

1.5

2

2.5

3

3.5

4 ATLAS
-1Ldt = 4.5 fb∫ = 7 TeV s

-1Ldt = 20.3 fb∫ = 8 TeV s

+ZZ*γγCombined 
γγ →H 

l 4→ ZZ* →H 

Best fit
68% CL
95% CL

•  Measured	
  mass	
  is	
  used	
  as	
  input	
  to	
  other	
  property	
  measurements	
  

•  Mass	
  measurements	
  using	
  γγ	
  and	
  ZZ*-­‐>4ℓ	
  channels.	
   New	
  

Compa:bility	
  :	
  	
  
2.0	
  σ	
  

*Main	
  syst.	
  uncertainty	
  is	
  	
  
	
  	
  on	
  energy	
  scale	
  (e.g.	
  	
  	
  	
  
	
  	
  material	
  effect/	
  non-­‐linearity)	
  (Combined)	
  



Spin-­‐Parity	
  Determina(on	
  

10	



•  SM	
  Higgs	
  boson	
  is	
  scalar	
  par.cle,	
  i.e.	
  JP	
  =	
  0+.	
  

•  Several	
  alterna.ve	
  specific	
  models,	
  JP	
  =	
  0-­‐,	
  1+,	
  1-­‐,	
  2+,	
  are	
  tested	
  against	
  

the	
  SM	
  Higgs	
  JP	
  =	
  0+	
  hypothesis,	
  using	
  angular	
  and	
  kinema.c	
  

distribu.ons	
  in	
  H	
  -­‐>	
  γγ,	
  H	
  -­‐>	
  ZZ*	
  -­‐>	
  4ℓ,	
  and	
  H	
  -­‐>	
  WW*	
  -­‐>	
  ℓνℓν	
  channels.	
  

•  For	
  spin-­‐2,	
  a	
  model	
  corresponds	
  to	
  a	
  graviton-­‐inspired	
  tensor	
  with	
  

minimal	
  couplings	
  to	
  the	
  SM	
  par.cles	
  is	
  chosen	
  (arXiv:1001.3396),	
  	
  

	
  	
  	
  	
  	
  	
  gg-­‐qq	
  frac.on	
  has	
  been	
  scanned	
  over	
  en.re	
  range.	
  	
  

Hypothesis	
   γγ	
   ZZ*	
  -­‐>	
  4ℓ	
   WW*-­‐>	
  ℓνℓν	
  

vs	
  0-­‐	
  	
   -­‐	
   ◯	
   -­‐	
  

vs	
  1+	
  	
   -­‐	
   ◯	
   ◯	
  

vs	
  1-­‐	
  	
   -­‐	
   ◯	
   ◯	
  

vs	
  2+	
  	
   ◯	
   ◯	
   ◯	
  

SUSY2014@	
  Manchester,	
  22th	
  July	
  2014,	
  K.	
  Yoshihara	
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•  Vary	
  unknown	
  qq	
  frac.on	
  of	
  produc.on	
  for	
  spin-­‐2.	
  

•  Other	
  hypotheses	
  have	
  been	
  excluded	
  at	
  97.8	
  %	
  CL.	
  

•  Consistent	
  with	
  SM	
  Higgs	
  JP	
  =	
  0+	
  hypothesis.	
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Global	
  Signal	
  Strength	
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Signal	
  strength	
  μ	
  defined	
  as:	
  

	
  	
  	
  μ=	
  σ・BR/σ・BR	
  theory	
  (SM)	
  

ATLAS-­‐CONF-­‐2014-­‐009	
  
•  Measured	
  signal	
  strength	
  μ	
  is	
  :	
  	
  

μdiboson	
  =	
  1.35±0.20	
  ,	
  	
  μfermion	
  =	
  1.09±0.35	
  	
  

which	
  corresponds	
  to	
  3.7	
  σ	
  evidence	
  for	
  decay	
  

into	
  fermions!	
  

ττ,ZZ*,WW*,γγ

ggF+ttH
µ

-2 -1 0 1 2 3 4 5 6

ττ
,Z

Z*
,W

W
*,

γγ VB
F+

VH
µ

-2

0

2

4

6

8

10 Standard Model
Best fit
68% CL
95% CL

γγ →H 
 4l→ ZZ* →H 

νlν l→ WW* →H 
ττ →H 

PreliminaryATLAS 
-1Ldt = 4.6-4.8 fb∫ = 7 TeV  s

-1Ldt = 20.3 fb∫ = 8 TeV  s

 = 125.5 GeVHm

•  Compa:ble	
  with	
  each	
  other	
  and	
  the	
  SM.	
  

•  Decompose	
  into	
  μggF+`H	
  and	
  μVBF+VH	
  

μggF+]H	
  	
  

μ V
BF

+V
H	
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μVBF+VH/μggF+`H	
  	
  Ra.o	
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ATLAS-­‐CONF-­‐2014-­‐009	
  

•  μVBF+VH/μggF+`H	
  is	
  meaningful	
  

observable,	
  since	
  the	
  ra.o	
  doesn’t	
  

depend	
  on	
  the	
  decay.	
  	
  

•  Infinite	
  uncertainty	
  on	
  H-­‐>ττ	
  due	
  to	
  

li`le	
  sensi.vity	
  to	
  the	
  ggF	
  process.	
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•  Test	
  the	
  sensi.vity	
  to	
  the	
  VBF	
  

produc.on	
  process	
  profiling	
  μVH	
  :	
  	
  

	
  	
  	
  	
  	
  which	
  corresponds	
  to	
  4.1	
  σ	
  evidence	
  

	
  	
  	
  	
  	
  for	
  the	
  VBF	
  produc.on	
  process.	
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Coupling	
  Measurement	
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Produc.on	
   Decay	
  

•  Signal	
  strength	
  (μ)　-­‐>	
  difficult	
  to	
  treat	
  

produc.on	
  and	
  decay	
  independently.	
  

•  Try	
  to	
  extract	
  couplings	
  strength	
  assuming	
  LO　

SM-­‐like	
  diagrams,	
  	
  zero-­‐width,	
  and	
  JP	
  =	
  0+.	
  	
  

•  Define	
  scale	
  factor	
  κ	
  for	
  each	
  coupling	
  (e.g.	
  κg	
  ,	
  

κγ	
  ,	
  κW	
  ,	
  κt	
  	
  …),	
  where	
  SM	
  :	
  κ2	
  =	
  1,	
  BSM	
  :	
  κ2	
  ≠	
  1.	
  

e.g.)	
  	
  	
  	
  	
  	
  ggF	
  -­‐>	
  H	
  -­‐>	
  γγ	
  

*	
  Allow	
  BSM	
  contribu.on	
  in	
  κH	
  (total	
  decay	
  width)	
  and	
  κg	
  and	
  κγ	
  loops.	
  

•	



•	



•	



•	



•	



•	



•	

∝	
  κV2	
   ∝	
  κτ/b2	
  

∝	
  κV2	
  

∝	
  κγ2	
  

∝	
  κγ2	
  ∝	
  κg2	
  

∝	
  κV2	
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Fermions	
  vs	
  (EW)	
  Gauge	
  bosons	
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Vκ

0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6

F
κ

-2

-1

0

1

2

3

4

 bb→H  bb→H 

ττ →H ττ →H 

 4l→H  4l→H 

νlν l→H νlν l→H 

γγ →H γγ →H 

 bb→H ττ →H 
 4l→H νlν l→H 
γγ →H Combined

SM Best Fit-1Ldt = 20.3 fb∫ = 8 TeV s

-1Ldt = 4.6-4.8 fb∫ = 7 TeV s
ATLAS Preliminary

Assume	
  common	
  coupling	
  strength	
  for	
  EW	
  gauge	
  bosons	
  κV	
  =	
  κW	
  =	
  κZ	
  ,	
  	
  

and	
  for	
  fermions	
  κF	
  =	
  κg	
  =	
  κb	
  =	
  κt	
  =	
  κτ	
  =	
  κZ	
  .	
  

FVλ

-1.5 -1 -0.5 0 0.5 1 1.5
)

FVλ(
Λ

-2
 ln

0

2

4

6

8

10 ATLAS Preliminary
-1Ldt = 4.6-4.8 fb∫ = 7 TeV, s

-1Ldt = 20.3 fb∫ = 8 TeV, s
b,bττ,ZZ*,WW*,γγ →Combined H

]VVκ,FVλ[

Observed

SM expected

ATLAS-­‐CONF-­‐2014-­‐009	
  

Combined	
  result:	
   κV	
  

κF	
  

λFV	
  =	
  κF/	
  κV	
  

*	
  No	
  assump.on	
  made	
  on	
  total	
  decay	
  width	
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Symmetry	
  Tests	
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•  Introduce	
  three	
  ra.os	
  λWZ	
  =	
  κW/	
  κZ	
  ,	
  λud	
  =	
  κu/	
  κd	
  ,	
  λℓq	
  =	
  κℓ/	
  κq	
  

•  Test	
  custodial	
  symmetry	
  and	
  ρ	
  parameter	
  (ρ	
  =	
  mW
2/mZ

2cosθW)	
  :	
  λWZ	
  	
  

•  Test	
  symmetry	
  of	
  up-­‐type	
  (ggF)	
  and	
  down-­‐type	
  (ττ,	
  bb)	
  fermions	
  (e.g.	
  2HDM)	
  :	
  λud	
  

•  Test	
  symmetry	
  of	
  quark	
  and	
  lepton	
  (currently	
  relying	
  on	
  H-­‐>ττ)	
  :	
  λℓq	
  

ATLAS-­‐CONF-­‐2014-­‐009	
  

WZλ

0.6 0.8 1 1.2 1.4 1.6

)
W

Z
λ(

Λ
-2

 ln

0

2

4

6

8

10 ATLAS Preliminary
-1Ldt = 4.6-4.8 fb∫ = 7 TeV, s

-1Ldt = 20.3 fb∫ = 8 TeV, s
b,bττ,ZZ*,WW*,γγ →Combined H

]ZZκ,FZλ,WZλ[

Observed

SM expected

λWZ	
  =	
  κW/	
  κZ	
  
duλ

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

)
duλ(

Λ
-2

 ln

0

2

4

6

8

10 ATLAS Preliminary
-1Ldt = 4.6-4.8 fb∫ = 7 TeV, s

-1Ldt = 20.3 fb∫ = 8 TeV, s
b,bττ,ZZ*,WW*,γγ →Combined H

]uuκ,duλ,Vuλ[

Observed

SM expected

lqλ

-2 -1 0 1 2

)
lqλ(

Λ
-2

 ln

0

2

4

6

8

10 ATLAS Preliminary
-1Ldt = 4.6-4.8 fb∫ = 7 TeV, s

-1Ldt = 20.3 fb∫ = 8 TeV, s
b,bττ,ZZ*,WW*,γγ →Combined H

]qqκ,lqλ,Vqλ[

Observed

SM expected

λud	
  =	
  κu/	
  κd	
   λℓq	
  =	
  κℓ/	
  κq	
  
•  No	
  sensi.vity	
  to	
  the	
  sign	
  for	
  fermion	
  test	
  but	
  couplings	
  are	
  in	
  good	
  agreement	
  

with	
  the	
  SM	
  expecta.on.	
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Probing	
  BSM	
  using	
  ggF-­‐>H-­‐>γγ	
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  July	
  2014,	
  K.	
  Yoshihara	
  

ATLAS-­‐CONF-­‐2014-­‐009	
  
•  H-­‐>γγ	
  is	
  sensi.ve	
  to	
  the	
  BSM	
  physics	
  (e.g.	
  H-­‐>invisibles	
  or	
  undetected	
  

par.cles)	
  via	
  loops.	
  

•  Case	
  1	
  :	
  Tes.ng	
  the	
  loops	
  (float	
  κg	
  and	
  κγ	
  ,	
  other	
  κi	
  s	
  are	
  fixed	
  to	
  be	
  the	
  SM)	
  

•  Case	
  2	
  :	
  Tes.ng	
  the	
  width	
  BRiu	
  (branching	
  frac:on	
  for	
  BSM)	
  defined	
  as	
  :	
  	
  

W,	
  t,	
  ?	
  

t,	
  b,	
  ?	
  

Fixing	
  other	
  Other	
  κi	
  s	
  to	
  be	
  the	
  SM	
  value	
  (=1)	
  	
  
but	
  floa.ng	
  κg	
  and	
  κγ	
  .	
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Probing	
  BSM	
  

iBR
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

) i
(B

R
R

-2
 ln

 
0

2

4

6

8

10

12

14
 PreliminaryATLAS

-1 Ldt = 4.6-4.8 fb0= 7 TeV, s

-1 Ldt = 20.3 fb0= 8 TeV, s

 ]i, BRgg, ag[
 : b, boo, ZZ*, WW*, aa Ah 

,b, boo, ZZ*, WW*, aa Ah 
 :T

miss ll + EAZh 

obs. exp.

obs. exp.

SUSY2014@	
  Manchester,	
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ATLAS-­‐CONF-­‐2014-­‐009	
  
ATLAS-­‐CONF-­‐2014-­‐010	
  

γκ

0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8

gκ

0.6
0.8

1
1.2
1.4
1.6
1.8

2
2.2
2.4 SM

Best fit
68% CL
95% CL

ATLAS Preliminary
-1Ldt = 4.6-4.8 fb∫ = 7 TeV, s

-1Ldt = 20.3 fb∫ = 8 TeV, s
b,bττ,ZZ*,WW*,γγ →Combined H

Case	
  1	
  (κg	
  ,	
  κγ)	
  	
  

Case	
  2	
  (κg	
  ,	
  κγ	
  ,	
  BRiu)	
  	
  κg	
  

κγ	
  

BRiu	
  <	
  0.41	
  (BRiu	
  <	
  0.37	
  in	
  Direct	
  search	
  

using	
  ZH-­‐>ℓℓ+MET.)	
  

95	
  %	
  C.L.	
  upper	
  limit	
  

BRiu	
  95%	
  CL	
  upper	
  limit	
  :	
  	
  

Case	
  1	
  :	
  	
  

Case	
  2	
  :	
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Summary	
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Parameter value
-2 -1 0 1 2

ATLAS Preliminary

-1Ldt = 4.6-4.8 fb∫ = 7 TeV s
-1Ldt = 20.3 fb∫ = 8 TeV s

 = 125.5 GeVHm

0.08-
0.08+=1.15Vκ σ1 

σ2 Fκ, VκModel: 
=10%

SM
p

0.15-
0.17+=0.99Fκ σ1 

σ2 

0.12-
0.14+=0.86FVλ σ1 

σ2 VVκ, FVλModel: 
=10%

SM
p

0.29-
0.14+=0.94WZλ σ1 

σ2 ZZκ, FZλ, WZλModel: 
=19%

SM
p

[0.78,1.15]∪[-1.24,-0.81]
∈ duλ                               

σ1 
σ2 

uuκ, Vuλ, duλModel: 
=20%

SM
p

[0.99,1.50]∪[-1.48,-0.99]
∈ lqλ                                

σ1 
σ2 

qqκ, Vqλ, lqλModel: 
=15%

SM
p

0.13-
0.15+=1.08gκ σ1 

σ2 
γκ, gκModel: 

=9%
SM

p

0.12-
0.15+=1.19γκ σ1 

σ2 

i,u, Bγκ, gκModel: 
=18%

SM
p

0.30-
0.29+=-0.16i.,u.BR σ1 

σ2 <0.41i.,u.BR
@ 95% CL 

Total uncertainty
σ 1± σ 2±

•  Updated	
  mass	
  measurement	
  :	
  

125.36	
  ±	
  0.41	
  GeV.	
  

•  Spin-­‐parity	
  of	
  the	
  new	
  boson	
  has	
  

been	
  tested	
  and	
  found	
  to	
  be	
  

consistent	
  with	
  the	
  SM	
  Higgs	
  boson.	
  	
  

•  Coupling	
  fit	
  in	
  the	
  context	
  of	
  the	
  LO	
  

SM-­‐like	
  framework	
  has	
  been	
  

performed.	
  	
  

•  No	
  significant	
  devia:on	
  from	
  the	
  

SM	
  so	
  far…	
  	
  	
  

•  More	
  results	
  in	
  Run-­‐1	
  being	
  

finalized	
  :	
  Stay	
  tuned!	
  

•  More	
  data	
  available	
  in	
  Run-­‐2	
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Bonus	
  Slides	
  

SUSY2014@	
  Manchester,	
  22th	
  July	
  2014,	
  K.	
  Yoshihara	
  



Spin-­‐Parity	
  Determina(on	
  

22	



The	
  SM	
  Higgs	
  boson:	
  JP	
  =	
  0+	
  

•	
  	
  The	
  strategy	
  is	
  to	
  falsify	
  the	
  other	
  hypothesis	
  (0-­‐,	
  1+,	
  1-­‐,	
  2+),	
  	
  

	
  	
  	
  	
  and	
  demonstrate	
  the	
  consistency	
  of	
  the	
  SM	
  hypothesis	
  

–	
  	
  Spin	
  0:	
  only	
  gluon	
  fusion	
  (gg)	
  produc.on	
  is	
  considered	
  

–	
  	
  Spin	
  1:	
  only	
  quark-­‐an.quark	
  (qq)	
  annihila.on	
  is	
  considered	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (Landau-­‐Yan	
  Theorem)	
  

–	
  	
  Spin	
  2:	
  a	
  model	
  corresponds	
  to	
  a	
  graviton-­‐inspired	
  tensor	
  with	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  minimal	
  couplings	
  to	
  SM	
  par.cles	
  is	
  chosen	
  (arXiv:1001.3396).	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  gg-­‐	
  qq	
  	
  	
  frac.on	
  has	
  been	
  scanned	
  over	
  en.re	
  range	
  

•	
  	
  See	
  distribu.ons	
  of	
  spin	
  &	
  parity	
  sensi.ve	
  variables	
  which	
  preserve	
  the	
  

	
  	
  	
  	
  discrimina.on	
  against	
  various	
  background	
  

SUSY2014@	
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  July	
  2014,	
  K.	
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Global	
  Signal	
  Strength	
  

SUSY2014@	
  Manchester,	
  22th	
  July	
  2014,	
  K.	
  Yoshihara	
  

ATLAS-­‐CONF-­‐2014-­‐009	
  

•  Signal	
  strength	
  μ	
  is	
  decomposed	
  into	
  two	
  produc.on	
  processes,	
  μggF+`H	
  

and	
  μVBF+VH	
  ,	
  fixing	
  the	
  cross	
  sec.on	
  ra.os	
  	
  of	
  ggF/`H	
  and	
  VBF/VH.	
  

•  4	
  channels	
  are	
  compa.ble	
  with	
  each	
  other	
  and	
  the	
  SM	
  expecta.on.	
  

ττ,ZZ*,WW*,γγ

ggF+ttH
µ

-2 -1 0 1 2 3 4 5 6

ττ
,Z

Z*
,W

W
*,

γγ VB
F+

VH
µ

-2

0

2

4

6

8

10 Standard Model
Best fit
68% CL
95% CL

γγ →H 
 4l→ ZZ* →H 

νlν l→ WW* →H 
ττ →H 

PreliminaryATLAS 
-1Ldt = 4.6-4.8 fb∫ = 7 TeV  s

-1Ldt = 20.3 fb∫ = 8 TeV  s

 = 125.5 GeVHm
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WIMP	
  Search	
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ATLAS-­‐CONF-­‐2014-­‐010	
  

•  Made	
  stronger	
  upper	
  limit	
  on	
  cross	
  sec.on	
  at	
  low	
  mχ	
  region	
  (mχ<63	
  GeV)	
  

 [GeV]χm
1 10 210 310

]2
 [c

m
-N
χ

σ

-5710

-5510

-5310

-5110

-4910

-4710

-4510

-4310

-4110

-3910

DAMA/LIBRA (99.7% CL)
CRESST (95% CL)
CDMS (95% CL)
CoGeNT (90% CL)
XENON10 (90% CL)
XENON100 (90% CL)
LUX (95% CL)

Scalar WIMP
Majorana WIMP
Vector WIMP

ATLAS Preliminary

Higgs portal model:
ATLAS (95% CL) in

-1dt = 4.6-4.8 fbL∫ = 7 TeV,  s
-1dt = 20.3 fbL∫ = 8 TeV,  s

,νlνl→WW*→4l, h→ZZ*→, hγγ→h
miss
Tll+E→bb, Zh→, hττ→h



Summary	
  of	
  SM	
  cross	
  sec(on	
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∫
L dt

[fb−1] Reference

W±W±jj EWK
fiducial

20.3 arXiv:1405.6241 [hep-ex]

ZjjEWK
fiducial

20.3 JHEP 04, 031 (2014)

t̄tZ
total

20.3 ATLAS-CONF-2014-038

t̄tW
total

20.3 ATLAS-CONF-2014-038

Zγ
fiducial, njet=0

4.6 PRD 87, 112003 (2013)

Wγ
fiducial, njet=0

4.6 PRD 87, 112003 (2013)

t̄tγ
fiducial

1.0 ATLAS-CONF-2011-153

HVBF
total

20.3 ATL-PHYS-PUB-2014-009

ZZ
total

4.6 JHEP 03, 128 (2013)

20.3 ATLAS-CONF-2013-020

WZ
total

4.6 EPJC 72, 2173 (2012)

13.0 ATLAS-CONF-2013-021

Wt
total

2.0 PLB 716, 142-159 (2012)

20.3 ATLAS-CONF-2013-100

HggF
total

4.8 ATL-PHYS-PUB-2014-009

20.3 ATL-PHYS-PUB-2014-009

γγ

fiducial
4.9 JHEP 01, 086 (2013)

WW
total

4.6 PRD 87, 112001 (2013)

20.3 ATLAS-CONF-2014-033

WW+WZ
total

4.7 ATLAS-CONF-2012-157

tt−chan
total

4.6 arXiv:1406.7844 [hep-ex]

20.3 ATLAS-CONF-2014-007

t̄t
total

4.6 arXiv:1406.5375 [hep-ex]

20.3 arXiv:1406.5375 [hep-ex]

Z
total

0.035 PRD 85, 072004 (2012)

W
total

0.035 PRD 85, 072004 (2012)

data/theory
0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2

LHC pp
√

s = 7 TeV

Theory

Data
stat
stat+syst

LHC pp
√

s = 8 TeV

Theory

Data
stat
stat+syst

Standard Model Production Cross Section Measurements Status: July 2014

ATLAS Preliminary

Run 1
√

s = 7, 8 TeV
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Data-­‐taking	
  during	
  2011-­‐2012	
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Mean Number of Interactions per Crossing
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ATLAS Online Luminosity

2012	
  

2011	
  

Higgs	
  	
  
Discovery	
  

4.7	
  l-­‐1	
  of	
  7TeV	
  data	
  and	
  	
  20.7	
  l-­‐1	
  of	
  8TeV	
  data	
  are	
  used	
  for	
  the	
  analyses.	
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ATLAS	
  Detector	
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ATLAS	
  Detector	
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The	
  ATLAS	
  detector	
  was	
  designed	
  with	
  discovery	
  of	
  the	
  Higgs	
  boson	
  in	
  mind.	
  

•  Precise	
  measurement	
  of	
  the	
  charged	
  par.cles	
  by	
  inner	
  detectors.	
  

•  Iden.fica.on	
  of	
  electrons	
  and	
  photons	
  against	
  QCD	
  jets.	
  

•  Herme.c	
  calorimeter	
  and	
  good	
  energy	
  resolu.on.	
  

•  e,	
  γ	
  :	
  1.5	
  %,	
  Muon	
  :	
  2-­‐3	
  %,	
  and	
  jets	
  :	
  8	
  %	
  @	
  pT	
  =	
  100	
  GeV	
  

•  	
  Muon	
  reconstruc.on	
  and	
  trigger	
  by	
  muon	
  spectrometer.	
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