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Higgs EFT investigation of JCP properties
used to exclude J = 1, 2 and pure pseudoscalar 0−
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All in the H → VV (∗) decay channels!
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V ∗V ∗ → H production (VBF) for spin-0

LV
0 =

{
cακSM

[ 1

2
gHZZ ZµZ

µ + gHWW W+
µW−µ]− 1

4

[
cακHγγgHγγ AµνA

µν + sακAγγgAγγ Aµν Ã
µν]

−
1

2

[
cακHZγgHZγ ZµνA

µν + sακAZγgAZγ Zµν Ã
µν]− 1

4

[
cακHgg gHgg Ga

µνG
a,µν + sακAgg gAgg Ga

µν G̃
a,µν]

−
1

4

1

Λ

[
cακHZZ ZµνZ

µν + sακAZZ Zµν Z̃
µν]− 1

2

1

Λ

[
cακHWW W+

µνW
−µν + sακAWW W+

µνW̃
−µν]

−
1

Λ
cα
[
κH∂γ Zν∂µA

µν + κH∂Z Zν∂µZ
µν +

(
κH∂W W+

ν ∂µW
−µν + h.c.

)]}
X0

F. Maltoni, K. Mawatari, M. Zaro [arXiv:1311.1829]
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What about interaction with fermions?

Parameter value
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More thorough study during LHC run II, especially t̄tH
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Effective Lagrangian for top quark Yukawa

LSM ∼ −mt
v Q̄L · ΦtR + h.c. , L6 ∼ − 1

Λ2 Φ†Φ Q̄L · Φ tR + h.c .
for single Higgs processes, put all Φ = v except one Φ = X0

and (easily) pass from gauge to mass basis

Lt
0 = −ψ̄t

mt

v

(
cακHtt + isακAtt γ5

)
ψt X0 ,

JCP = 0+ (SM operator) JCP = 0−

α = CP-mixing angle

κ = Coupling strength modifier

SM → (cα = 1, κHtt = 1)
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Effective Lagrangian for Gluon Fusion

Problem: GF is loop-induced

NLO virtual is 2-loop ⇒ not automated!

LO

NLO virtual
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Effective Lagrangian for Gluon Fusion

Solution: use EFT! Assume top heavier than GF external states
This is an example of SM EFT for scales < 2mt

= i αS
3πv

δa1a1 (pµ1
2 pµ2

1 − gµ1µ2p1 · p2)× F
(

m2
H

2m2
t

)
F (0) = 1

no decoupling!

Match to H-gluons effective Lagrangian

LH−glu = −1

4
gHgg G

a
µνG

a,µνH , gHgg = − αS

3πv

p1, µ1, a1 p2, µ2, a2

H

= −i gHgg δ
a1a2

(
pµ1

2 pµ2
1 − gµ1µ2 p1 ·p2

)
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Effective Lagrangian for Gluon Fusion

Lglu0 = −1
4

[
cα κHgg gHgg G

a
µνG

a,µν + sα κAgg gAgg G
a
µνG̃

a,µν
]
X0

p1, µ1, a1 p2, µ2, a2

H

p1, µ1, a1

p2, µ2, a2

p3, µ3, a3

H

p1, µ1, a1

p2, µ2, a2 p3, µ3, a3

p4, µ4, a4

H

p1, µ1, a1 p2, µ2, a2

A

p1, µ1, a1

p2, µ2, a2

p3, µ3, a3

A

Going to NLO

appear explicitly in the EFT

gHgg → gHgg

(
1 + 11

4
αs
π

+O
(
α2
s

))
,

gAgg = αs
2πv

to all orders in αs
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Code Feynman rules, UV and R2 counterterms
in UFO model HC NLO X0 (public)

UFO ⇒ MG5 aMC@NLO ⇒ Results

Ready to play the HC game!
(i.e. study the top-quark Yukawa in production channels)
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The Higgs Characterisation game
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The Higgs Characterisation game

Is he bald? ⇔ pT distribution in GF
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The Higgs Characterisation game

Colorful dress? ⇔ cos θ`j in tH
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The Higgs Characterisation game

Does he have a beard? ⇔ ∆η`` in tt̄H
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The Higgs Characterisation game

not him! The Higgs!
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Gluon Fusion H+2jets production
FD, F. Maltoni, K. Mawatari, B. Page, M. Zaro [arXiv:1407.5089]

(vintage plots from a ton of papers by Del Duca, Oleari, Zeppenfeld et al., since 2001)
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GF H+2jets
pj
T > 30 GeV, |ηj | < 4.5
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GF H+2jets
mjj > 250 GeV
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SM VBF modulation doesn’t change
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GF H+2jets
mjj > 500 GeV
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∆φjj analogous to BSM interaction in VBF
(see e.g. [hep-ph/0312184], [hep-ph/0703202] or [arXiv:1212.0843])

F. Demartin (UCLouvain) MLEUGM 22.12.2015 16 / 23



t̄tH production
FD, F. Maltoni, K. Mawatari, B. Page, M. Zaro [arXiv:1407.5089]

Can a boosted-Higgs analysis (H → bb̄ , pT (X0) > 200 GeV )
be sensitive to CP?
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t̄tH undecayed top quarks
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t̄tH top decay products in the lab frame! (w/ spin-correlations)

p`T > 20 GeV, pbjet
T > 30 GeV, |η| < 2.5
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t̄tH top decay products in the lab frame! (w/ spin-correlations)

p`T > 20 GeV, pbjet
T > 30 GeV, |η| < 2.5

cos θ(jb,jb-)

0
+
 (SM) 

0
-
 

0
±
 

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.10

0.11

-1.0 -0.5 0.0 0.5 1.0

pp→tt
-
X0   at the LHC13                  (shape comparison)

NLO+HERWIG6
acceptance cuts only

M
a

d
G

ra
p

h
5

_
a

M
C

@
N

L
O

cos θ(l
+
,l

_

)

0
+
 (SM) 

0
-
 

0
±
 

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.10

0.11

-1.0 -0.5 0.0 0.5 1.0

pp→tt
-
X0   at the LHC13                  (shape comparison)

NLO+HERWIG6
acceptance cuts only

M
a

d
G

ra
p

h
5

_
a

M
C

@
N

L
O

pH
T > 200 GeV

cos θ(jb,jb-)

0
+
 (SM) 

0
-
 

0
±
 

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.10

0.11

-1.0 -0.5 0.0 0.5 1.0

pp→tt
-
X0   at the LHC13                  (shape comparison)

NLO+HERWIG6
pT(X0) > 200 GeV

M
a

d
G

ra
p

h
5

_
a

M
C

@
N

L
O

cos θ(l
+
,l

_

)

0
+
 (SM) 

0
-
 

0
±
 

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.10

0.11

-1.0 -0.5 0.0 0.5 1.0

pp→tt
-
X0   at the LHC13                  (shape comparison)

NLO+HERWIG6
pT(X0) > 200 GeV

M
a

d
G

ra
p

h
5

_
a

M
C

@
N

L
O

F. Demartin (UCLouvain) MLEUGM 22.12.2015 20 / 23



t-channel tH production
FD, F. Maltoni, K. Mawatari, M. Zaro [arXiv:1504.00611]
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Higgs characterisation: inclusive observables
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tH and other rare processes

further lift 2 degeneracies:
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α↔ π − α
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Thanks for your attention

and happy celebrations!
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