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Direct Search of Higgs CP
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CP even
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CP odd
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• boost invariance


• no top decay information


• only  contribute (t channel)


• CP-even: flat distribution
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Collins, Soper 1977

ϕC : < ⃗p t × ⃗p t , ⃗p g1
× ⃗p g2

> in Higgs rest frame b4 :
pz

t pz
t

∣ pt ∣ ∣ pt ∣

Δϕlab : ∣ ϕ(t) − ϕ(t ) ∣ϕCS : <
⃗pt

| pt |
−

⃗pt

| pt |
,

⃗pg1

| pg1
|

−
⃗pg2

| pg2
|

> t tin     rest frame

Gunion, He 1996

Buckley, Gonçalves 2015

This work
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The distribution is boost invariant. 
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Flat Distribution

cos ϕC dependence

 dependence:  or cos2 ϕC (pt1 ⋅ pp1
)(pt2 ⋅ pp2

) (pt1 ⋅ pp2
)(pt2 ⋅ pp1

)
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Flat Distribution

cos ϕC dependence

(pt1, pt2) → (pt1, − pt1) or (pt2, − pt2)

 dependence:  or cos2 ϕC (pt1 ⋅ pp1
)(pt2 ⋅ pp2

) (pt1 ⋅ pp2
)(pt2 ⋅ pp1

)

7



Flat Distribution
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Flat Distribution

cos ϕC dependence

(pp1
, pp2

) → (pp1
, − pp2

)

 dependence:  or cos2 ϕC (pt1 ⋅ pp1
)(pt2 ⋅ pp2

) (pt1 ⋅ pp2
)(pt2 ⋅ pp1

)
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Simulation
 channel ( )H → bb̄ tt̄ → bb̄ℓ+ℓ−νν̄

 channel ( )H → γγ tt̄ → bb̄jjℓ±ν

14 TeV LHC 3000 fb−1

4b + 2ℓ + MET

background: , , ...tt̄bb̄ tt̄bj tt̄cc̄

background: tt̄γγ

2b + 1ℓ + 2γ + MET

lepton fake the top quark

reconstruct the top quark
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Results
CP even
CP odd
ttbb

ttbj
ttcc
ttcj
ttjj

H → bb
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Results
CP even
CP odd
ttγγH → γγ
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Results

1-sigma
2-sigma
cross section
constraint

(a) ϕC
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Results (w/· events number)
(a) ϕC
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Summary
Combining              and              channelH → bb H → γγ

needs 2700  to exclude pure CP oddfb−1

1σ CL exclusion

2σ CL exclusion

5σ CL exclusion
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Thank you! 
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Simulation
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Simulation
pℓ

T > 15 GeV , pℓ1
T > 25 GeV , ∣ ηℓ ∣ < 2.4 ,

p j
T > 30 GeV , ∣ η j ∣ < 2.4 .

For  and  channels: e+e− μ+μ−

pmiss
T > 40 GeV , |mℓ+ℓ− − mZ | > 15 GeV , mℓ+ℓ− > 20 GeV .

D = − 39.78 − 8.30 log Lbb − 0.02 log2 Lbℓ+ + log2 Lbℓ− < 0

 channel ( )H → bb̄ tt̄ → bb̄ℓ+ℓ−νν̄

 channel ( )H → γγ tt̄ → bb̄jjℓ±ν

−2 log Lbℓ − 2 log Lbℓν − 2 log Lℓν − 2 log Ljj − 2 log Lbjj

14 TeV LHC

σ(tt̄H ) = 613.7 fb(cos2 ξ + 0.446 sin2 ξ)

Br(H → γγ) = 0.2270 % ((0.282 cos ξ − 1.282)2 + 0.185 sin2 ξ)

Br(H → bb̄) = 0.5824
Br(t → bℓ+ν) = 0.2134
Br(t → bjj) = 0.6741
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Simulation
 channel ( )H → bb̄ tt̄ → bb̄ℓ+ℓ−νν̄

 channel ( )H → γγ tt̄ → bb̄jjℓ±ν

14 TeV LHC 3000 fb−1

4b + 2ℓ + MET

background: , , ...tt̄bb̄ tt̄bj tt̄cc̄

background: tt̄γγ

2b + 1ℓ + 2γ + MET

lepton fake the top quark

reconstruct the top quark

10 signal 3 background

440 signal 3000 background
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Simulation
 channel ( )H → bb̄ tt̄ → bb̄ℓ+ℓ−νν̄
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B-Tagging Efficiency
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Results
CP even
CP odd
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Results
CP even
CP odd
ttγγ

H → γγ
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Results

ϕC
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Recent Observables

CMS-HIG-17-034 CERN-PH-EP-2015-114

CERN-TH-2002-054 
R. Piano, et al. 1959

π0 → γγ
τ± → ρ±ντ → π±π0ντ

H → ZZ → 4ℓ

H → ττ

VBF VH production

25



CP even

CP odd

ttbb

0.0 0.5 1.0 1.5
0.00

0.05

0.10

0.15

0.20

0.25

ϕC

��
��
���
��
��

���
���
��
��
�

-1.0 -0.5 0.0 0.5 1.0
0.0

0.1

0.2

0.3

b4

��
��
���
��
��

���
���
��
��
�

0.0 0.5 1.0 1.5
0.00

0.05

0.10

0.15

0.20

ϕCS

��
��
���
��
��

���
���
��
��
�

0 1 2 3
0.0

0.1

0.2

0.3

0.4

Δϕlab

��
��
���
��
��

���
���
��
��
�

26


