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Outline

Introduction: How to probe the Higgs couplings

H → γγ (with F. Bishara, R. Harnik, D. Robinson, J.
Shu, J. Zupan)

H → γZ (with M. Farina and D. Robinson)

Conclusions: Very nice theoretically!
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Introduction
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The basic idea

Using rates we probe absolute values

We want also the relative phases and Dirac structures
of the couplings.

When we have several types of couplings, often they
are related to PV

How do we explore the presence of several couplings?
We need interference

Where can we exploit interference effects?

Use the rate: qb → Htq′

Angular dependence: H → 4ℓ

We may look for charge asymmetry: H → τµ
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Parity and angular dependence

We need two PV “things” to probe PV

LEP: AF B(e+e− → bb̄) ∝ gegb

SLC: ALR(e+e− → bb̄) ∝ Pegb

Triple products: K → π+π−e+e− ∝ ǫ1234gK

Remarks:

Intermediate particles can be on-shell or off-shell

The information is carried by the intermediate particle
polarization
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The golden mode H → ZZ∗

As Roni told us, it is in fact H → 4ℓ

At the end we look for the angular distributions

We can tell if the Higgs is a scalar of pseudo-scalar

What is the meaning of such a test?

Lets assume we had H → Zstableℓ
+ℓ−

Could we look for PV Higgs couplings?

Could we tell if the Higgs is a scalar of
pseudo-scalar?
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C, P, and CP

Two “kinds” of CP observable: CV-like and PV-like

aCP (B → Kπ)

Triple products

Remarks:

The Higgs sector of the SM is P, C and CP symmetric

Looking for PV observables is a nice way to probe
BSM physics

In many cases PV observables are also CPV ones
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H → γγ
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The basic of H → γγ

L ∼ c HFµνF µν + c̃ HFµνF̃ µν

In the SM c = 1 and c̃ ≈ 0

How can we look for c̃ 6= 0?

EDM: The Higgs and one photon are off-shell

H → 4ℓ: The photons are off-shell

Can we do it when the Higgs and γs are on-shell?
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History

π0
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Dalitz and double Dalitz

Yang suggested converted photons, but double Dalitz
was done experimentally

Dalitz π0 → γe+e−

Double Dalitz π0 → e+e−e+e−
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Dalitz and double Dalitz

Yang suggested converted photons, but double Dalitz
was done experimentally

Dalitz π0 → γe+e−

Double Dalitz π0 → e+e−e+e−

Now we just replace

π → H
Roni (et al.) first suggested converted photons

Then Roni (et al.) suggested double Dalitz
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The BH process

Main point: The conversion process is a (partial)
measurement of the polarization

Looking for angular distribution. We can construct an ǫ
observable
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Can we do it?

Short answer: No

Long answer: Well, you know, in 30 years we will have
the Nimatron, the ILC, CLIC, and then it will be done

Many problems

Tiny opening angle, O(me/E)

Small correlation: (1/3)4

Unlike the rate, we cannot substruct the
background

EDM bounds imply c̃/c . 10−2
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H → γZ
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Main idea

L ∼ cV HZµZµ + cHZµνZµν + c̃HZµνZ̃µν

Can we look for c̃?

H → γZ → γℓ+ℓ− is a planar process

Like in H → γγ we can use converted photons and get
an ǫ

In principle using hadronic Z decays we can look for c̃

Since the Z couplings are PV, we can use FB

asymmetry Korchin, Kovalchuk

Our idea: use interference with the BG to make the
event non-planar and construct an ǫ

Y. Grossman Radiative Higgs decays Korea, Sep. 18, 2014 p. 15



What to look for?

The BG introduces a new direction to the problem

PP → γℓ+ℓ−

Not planar

Construct ǫ product that sensitive to c̃/c

The BG amplitude is of O(5%)

The BG in H → γγ can be important

Can we do it?

Short answer: No

Long answer: Well, you know...
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Conclusions
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Conclusions

Angular distributions are important

Is there anything that we can do beside H → 4ℓ?

It is not so simple, but we have to keep on thinking
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