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CPV in Higgs to di-taus decay

We want to study CP violation in Higgs di-tau decays  (we follow MJRM et al arXiv:2012.13922):h → τ+τ−

For each  decay, a decay plane can be formed by its decay products. The generic azimuthal
angle difference  between the two decay planes is a good observable for probing 

τ
δϕν Δ

τ± → ρ±ντ ( ≈ 25.5%)

Dominant channel:
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Neutrino azimuthal angle difference
The differential decay rate of the Higgs to di-taus can be expressed as

For   (spin 0 meson)τ± → π±ντ ( ≈ 10.8%)

|A | =
π2

16
≈ 0.62

For   (spin 1 meson)τ± → ρ±ντ ( ≈ 25.5%)

|A | =
π2

16 (
m2

τ − 2 m2
ρ

m2
τ + 2 m2

ρ )
2

≈ 0.12

Issue: Sensitivity loss to . Rest of the slides deal with this!Δ
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Energy correlators

Two gluons are produced in an 
entangled helicity state. Each gluon 
splits into a pair of partons

Following arXiv:2601.22248. Similar issue in  H → gg

g → qq̄ or g → gg z = Efinal /Einitial

Issue: Spin dependence in  disappears for soft splittings as it is proportional to .ALund(x) z(1 − z)

where  is the CP-violating phase of the  vertex.Δ Hgg

 Taken from arXiv:2601.22248 
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Energy correlators

Solution! Four-point energy-energy correlator (E4C)

E4C is given by ( )n ≥ 1

{  } correspond to the energies of the particles { } in one jet with energy  (similarly for ).Ei, Ej i, j Q1 Q2

Key point: The energy weighting selects hard, spin-retaining configurations, 
making  grow with , boosting the sensitivity to .AE4C(x = n) n Δ

Following arXiv:2601.22248 
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Q: Where does this expression come from?

We need to understand the energy dependence of the amplitude  for the  decayA h → τ+τ−

Neutrino azimuthal angle difference
In the  case (following arXiv:2601.22248 )H → gg

 is proportional to  ALund(x)
ALund(x) ∝ z(1 − z) =

Efinal

Einitital (1 −
Efinal

Einitial ) ∝
E2

f

Q2

making the simple energy weight   (or ) good enough for amplifying the spin correlation.E2
i En

i En
j

Does the same energy weight in  work for the  case?H → gg h → τ+τ−



7

Neutrino azimuthal angle difference
Following arXiv:1805.10552, for a single  decayτ → Vν

Where a dilution factor  is defined (also called analysing power):αV

αV =
ΓL − ΓT

ΓL + ΓT
= 2fL − 1

For  we have to take the square of  and integrate over the angle :h → τ+τ− αV θ

A = −
π2

16
α2

V

We need to amplify  
the longitudinally polarised 

’s! 

What’s the energy dependence  

of  the distribution for ?

ρ

ρL
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Neutrino azimuthal angle difference

Energy dependence

ρT : cos ̂θ = 0 → 2x − 1 = 0 → x = 1/2

ρL : |cos ̂θ | = 1 → 2x − 1 large → x = 1

Same energy splitting

All energy into one pion

Key insight 
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Neutrino azimuthal angle difference
This means that instead of using   we could use  :

En
i En

j

Q2n
1

En
k En

l

Q2n
2

w(n) ≡
|Eπ0 − Eπ− |n

En
beam

|Eπ0 − Eπ+ |n

En
beam

E4C(δϕν, n) = ∑
(i,j)∈ρ+

∑
(k,l)∈ρ−

∫
dσ
σ

|Ei − Ej |
n

mn
ρ

|Ek − El |
n

mn
ρ

δ(δϕν − (ϕν − ϕν̄))
Disclaimer:

Not Lorentz invariant, depends on 

the energies in the  rest frames.τ

The CPV  phase is encoded in the differential cross section. Carrying out the algebra: Δ
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Neutrino azimuthal angle difference
This means that instead of using   we could use  :

En
i En

j

Q2n
1

En
k En

l

Q2n
2

w(n) ≡
|Eπ0 − Eπ− |n

En
beam

|Eπ0 − Eπ+ |n

En
beam

E4C(δϕν, n) = ∑
(i,j)∈ρ+

∑
(k,l)∈ρ−

∫
dσ
σ

|Ei − Ej |
n

mn
ρ

|Ek − El |
n

mn
ρ

δ(δϕν − (ϕν − ϕν̄))
Disclaimer:

Not Lorentz invariant, depends on 

the energies in the  rest frames.τ

The CPV  phase is encoded in the differential cross section. Carrying out the algebra: Δ

Obs(δϕν, n) ≡
E4C(δϕν, n)

𝒩(n)
=

1
2π [1 − An cos(2Δ − δϕν)], An =

π2

16 (αeff
ρ (n))2

Where we have defined  and𝒩ν(n) ≡ ∫
2π

0
E4C(δϕν, n) dδϕν =

1
σ ∫ dσ w(n) |Eπ+ − Eπ0 |

mρ
∝ |cos ̂θ | ≡ |u |

f eff
L (n) =

fL ∫ 1
−1

PL(u) |u |n du

fL ∫ 1
−1

PL(u) |u |n du + (1 − fL) ∫ 1
−1

PT(u) |u |n du
.αeff

ρ (n) = 2f eff
L (n) − 1,

PT(u) =
3
4

(1 − u2),PL(u) =
3
2

u2,
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Neutrino azimuthal angle difference

Δ = 0



MC distributions (worked by Anjan)
(E4C implemented)

δϕν
Azimuthal angle diff.

Δ = 0 Δ = π/4

Not matching analytical distribution, debugging in progress



• Identified strategy for enhancing the CPV sensitivity in  decays.


• Found the energy dependence of the longitudinally polarised ’s.


• Define  for  dominant decay chain . 

• Apply same method to others distributions (coplanarity, polarimeter) (Mohamed).


• Get Monte Carlo results as in MJRM paper 2012.13922 (Anjan).


• Check implications for baryogenesis from the sensitivity to the CPV  phase.


• Check implications for measurements of  from .

h → τ+τ−

ρ

An h → τ+(ρ+ν̄τ) τ−(ρ−ντ)

Δ

sin2 θW AFB
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Current progress

July Aug Sept Oct Nov Dec

WG4 Generalize E4C for other 
angular distributions.

Implement MC 
for E4C

Evaluate more pheno within EPC and start 
draft. Present it at Zhuhai.

Finish pheno 
and submit 

paper to arXiv



Backup

14
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MC distributions (worked by Anjan)

Figure 1 from MJRM et al 2012.13922

(No E4C implemented)

δϕν :
δϕr :

Azimuthal angle diff. between decay planes 

Azimuthal angle diff. between polarimeter vectors r±



4 Questions
1. Scientific Question 

• Can the four-point energy-energy correlators (E4C) be use to improve the sensitivity to CPV in 
Higgs di-tau decays in the rho chain?


2. Importance 

• Define new observables that can probe CPV from NP with more sensitivity at future electron-
positron colliders.


• Connect the CPV from NP to baryogenesis.


3. What’s New? 

• First work exploiting the concept of E4C in the context of CP asymmetries in Higgs di-tau 
decays.


4. Implications  


• Probe or rule out NP models based on their particular CPV signatures at future colliders.
16
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Neutrino azimuthal angle difference

|A | =
π2

16 (
m2

τ − 2 m2
ρ

m2
τ + 2 m2

ρ )
2

≈ 0.12

We would like to enhance |A| for the dominant decay channel τ± → ρ±ντ

Energy correlators idea:

A → An A0 =
π2

16 (
m2

τ − 2 m2
ρ

m2
τ + 2 m2

ρ )
2

such thatFind

An > |A0 | for    n = 1, 2, 3, 4,...

The equivalent to  for   (spin 1 meson) would come fromObs(ϕ, x) ≡
E4C(ϕ, x)

𝒩(x)
τ± → ρ±ντ ( ≈ 25.5%)
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Energy correlators

Two gluons are produced in an 
entangled helicity state. Each gluon 
splits into a pair of partons

Following arXiv:2601.22248. Similar issue in  H → gg

g → qq̄ or g → gg z = Efinal /Einitial

Issue: Spin dependence in  disappears for soft splittings as it is proportional to .ALund(x) z(1 − z)

We can define a cut such that 
 is infrared safe and the 

azimuthal angle  between the splitting 
planes defines a Lund observable:

z > zcut = x
ϕ

where  is the CP-violating phase of the  vertex.Δ Hgg

 Taken from arXiv:2601.22248 
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Neutrino azimuthal angle difference
Following arXiv:1805.10552, for a single  decayτ → Vν

αV =
ΓL − ΓT

ΓL + ΓT
= 2fL − 1

For  we have to take the square of  and integrate over the polar angle :h → τ+τ− αV θ

Which we can match from our earlier expression

ΓL

ΓT
=

m2
τ

2m2
ρ

→ |A | =
π2

16 (
m2

τ − 2 m2
ρ

m2
τ + 2 m2

ρ )
2

A = −
π2

16
α2

V

αV =
|ML |2 − |MT |2

|ML |2 + |MT |2 =
ΓL − ΓT

ΓL + ΓT
= fL − fT = 2fL − 1

αV = 2fL − 1, fL =
ΓL

ΓL + ΓT
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Neutrino azimuthal angle difference
This means that instead of using  

En
i En

j

Q2n
1

En
k En

l

Q2n
2

We could use  
|Eπ0 − Eπ− |n

En
beam

|Eπ0 − Eπ+ |n

En
beam

With  we haveEπ+ + Eπ0 = Eρ

|Eπ+ − Eπ0 |
mρ

=
Eρ

mρ
|2x − 1 | ∝ |cos ̂θ | ≡ |u |

dΓ
du

=
dΓL

du
+

dΓT

du
= ΓLPL(u) + ΓTPT(u) = Γρ[fLPL(u) + (1 − fL)PT(u)]

And the total partial decay width of ’s into pions is ρ

PT(u) =
3
4

(1 − u2),PL(u) =
3
2

u2,
With


