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• Something about experimental situation

• Naturalness – hints from data

• Relevant further incoming data

Plan
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Diphoton event
ATLAS Public results webpage
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DISCLAIMER:

error bars remain big

QCD uncertainties

speculation premature..?

Experimental situation
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Experimental situation
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Higgs to Z (or W), to leptons

big tree-level (longitudinal) coupling

not good probe of new physics

2.2 Decays into electroweak gauge bosons

2.2.1 Two body decays

Above the WW and ZZ kinematical thresholds, the Higgs boson will decay mainly into pairs

of massive gauge bosons; Fig. 2.9a. The decay widths are directly proportional to the HV V

couplings given in eq. (2.2) which, as discussed in the beginning of this chapter, correspond

to the JPC = 0++ assignment of the SM Higgs boson spin and parity quantum numbers.

These are S–wave couplings, ∼ !ε1 · !ε2 in the laboratory frame, and linear in sin θ, with θ

being the angle between the Higgs and one of the vector bosons.
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Figure 2.9: Diagrams for the Higgs boson decays into real and/or virtual gauge bosons.

The partial width for a Higgs boson decaying into two real gauge bosons, H → V V with

V = W or Z, are given by [32, 145]
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GµM3

H
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(2.27)

with δW = 2 and δZ = 1. For large enough Higgs boson masses, when the phase space factors

can be ignored, the decay width into WW bosons is two times larger than the decay width

into ZZ bosons and the branching ratios for the decays would be, respectively, 2/3 and 1/3

if no other decay channel is kinematically open.

For large Higgs masses, the vector bosons are longitudinally polarized [159]

ΓL

ΓL + ΓT
=

1 − 4x + 4x2

1 − 4x + 12x2

MH!MV−→ 1 (2.28)

while the L, T polarization states are democratically populated near the threshold, at x =

1/4. Since the longitudinal wave functions are linear in the energy, the width grows as the

third power of the Higgs mass, Γ(H → V V ) ∝ M3
H . As discussed in §1.4.1, a heavy Higgs

boson would be obese since its total decay width becomes comparable to its mass

Γ(H → WW + ZZ) ∼ 0.5 TeV [MH/1 TeV]3 (2.29)

and behaves hardly as a resonance.
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Higgs to Diphoton in the SM

e.g.    Djouadi ’05

2.3 Loop induced decays into γγ, γZ and gg

Since gluons and photons are massless particles, they do not couple to the Higgs boson

directly. Nevertheless, the Hgg and Hγγ vertices, as well as the HZγ coupling, can be

generated at the quantum level with loops involving massive [and colored or charged] particles

which couple to the Higgs boson. The Hγγ and HZγ couplings are mediated by W boson and

charged fermions loops, while the Hgg coupling is mediated only by quark loops; Fig. 2.14.

For fermions, only the heavy top quark and, to a lesser extent, the bottom quark contribute

substantially for Higgs boson masses MH >∼ 100 GeV.
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Figure 2.14: Loop induced Higgs boson decays into a) two photons (Zγ) and b) two gluons.

For masses much larger than the Higgs boson mass, these virtual particles do not decouple

since their couplings to the Higgs boson grow with the masses, thus compensating the loop

mass suppression. These decays are thus extremely interesting since their strength is sensitive

to scales far beyond the Higgs boson mass and can be used as a possible probe for new charged

and/or colored particles whose masses are generated by the Higgs mechanism and which are

too heavy to be produced directly.

Unfortunately, because of the suppression by the additional electroweak or strong cou-

pling constants, these loop decays are important only for Higgs masses below ∼ 130 GeV

when the total Higgs decay width is rather small. However, these partial widths will be

very important when we will discuss the Higgs production at hadron and photon colliders,

where the cross sections will be directly proportional to, respectively, the gluonic and pho-

tonic partial decay widths. Since the entire Higgs boson mass range can be probed in these

production processes, we will also discuss the amplitudes for heavy Higgs bosons.

In this section, we first analyze the decays widths both at leading order (LO) and then

including the next–to–leading order (NLO) QCD corrections. The discussion of the LO

electroweak corrections and the higher–order QCD corrections will be postponed to the next

section.
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loop-level coupling – small

good probe of new physics

many papers on specific models

Tuesday, November 27, 2012



Higgs to Diphoton in the SM

e.g.    Djouadi ’05
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Higgs to Diphoton in the MSSM

The virtuality of the final state gauge boson allows to kinematically open this type of decay

channels in some other cases where they were forbidden at the two–body level

H → AZ∗ → A(H)f f̄ , H → H±W±∗ → H±f f̄ ′ , H± → AW±∗ → Aff̄ ′

A → HZ∗ → Hff̄ , A → H±W±∗ → H±f f̄ ′ , H± → HW±∗ → Hff̄ ′ (2.22)

At low tan β values, the branching ratio for some of these decays, in particular H± → AW ∗,

can be sizable enough to be observable.

Finally, let us note that the direct radiative corrections to the H± → AW decays have

been calculated in Ref. [215]. They are in general small, not exceeding the 10% level, except

when the tree–level partial widths are strongly suppressed; however, the total tree–level plus

one–loop contribution in this case, is extremely small and the channels are not competitive.

The same features should in principle apply in the case of H± → hW and A → hZ decays.

2.1.3 Loop induced Higgs decays

The γγ and γZ couplings of the neutral Higgs bosons in the MSSM are mediated by charged

heavy particle loops built up by W bosons, standard fermions f and charged Higgs bosons

H± in the case of the CP–even Φ = h, H bosons and only standard fermions in the case of

the pseudoscalar Higgs boson; Fig. 2.8. If SUSY particles are light, additional contributions

will be provided by chargino χ±
i and sfermion f̃ loops in the case of the CP–even Higgs

particles and chargino loops in the case of the pseudoscalar Higgs boson.
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Figure 2.8: Decays of the h, H, A bosons into two photons or a photon and a Z boson.

In the case of the gluonic decays, only heavy quark loops contribute, with additional

contributions due to light squarks in the case of the CP–even Higgs bosons h and H ; Fig. 2.9.
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Figure 2.9: Loop induced decays of the neutral MSSM Higgs bosons into two gluons.

In this subsection, we will discuss only the contributions of the SM and H± particles,

postponing those of the SUSY particles, which are assumed to be heavy, to the next section.

91

      Most superpartners decrease the partial width

light stau would be an exception, but seems very light
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Change h-b-b coupling, to decrease total width?

   Also seems difficult, WW and ZZ seem to stay

e.g. Zeune’s talk

Tuesday, November 27, 2012



BMSSM (Beyond the MSSM)

CMSSM, NMSSM, GNMSSM, ....

who needs a new MSSM acronym?

This one is different (but not new): 

no new particles compared to the MSSM,
but allow small corrections to the Lagrangian 

due to new physics at a few TeV.

If diphoton enhancement stays,
we now have two measurements where 

the MSSM seems to not naturally fit the data.
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Abandon supersymmetry?

Then what?

Resonance seems to be a fundamental scalar.

Hierarchy problem now sharpest it has ever been.
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MSSM

(BMSSM)

parameter
space

tanβ, µ, . . .

ci

BMSSM (Beyond the MSSM)

O1 =
c0

M

�
d
2
θ (H2 · H1)2 + h.c.
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s=w,y
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2
θ Tr(Wα
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BMSSM lightest Higgs mass
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Beyond the MSSM (BMSSM)

• modifies Higgs sector, but also 
             charginos and neutralinos (hence dark matter)

• scaling dimension 4 and 5

our BMSSM subset = MSSM + 

�1 = −µ∗c0

M
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Beyond the MSSM (BMSSM)

our BMSSM subset = MSSM + 

• neglects baryon, lepton number violating operators
• neglects dim-5 operators in squark/slepton sector
• neglects extra CP violation: make coefficients real
• neglects dim-6 operators in Kähler potential (1/M2)

�1 = −µ∗c0

M
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Beyond the MSSM (BMSSM)

what should M be?

Let us allow 3 TeV and up. 

(Too low values will give tension with
various experimental bounds, but because of 

preserved symmetries (e.g. custodial)
fairly low scales should be possible.)

�1 = −µ∗c0

M
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Contrast the MSSM: no interesting mass scales
between the TeV and GUT scale!

Beyond the MSSM (BMSSM)
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Phenomenology

effective
operators

mixing
angle

additions
to rates

c0, c1, c2

fix Higgs

mass

Rγγ(c1, c2)c0(δ, c1, c2) α(c1, c2)

Tuesday, November 13, 2012
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Thursday, November 15, 2012

Higgs to Diphoton in the BMSSM

Γγγ

ΓSM
γγ

1

tanβ = 3, M = 5 TeV
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Higgs to Diphoton in the BMSSM

Γγγ

ΓSM
γγ

1

tanβ (M = 5 TeV)
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Higgs to gamma-Z in the BMSSM

tanβ = 3 tanβ = 7

ΓγZ

ΓSM
γZ

ΓγZ

ΓSM
γZ

fix excess in gamma-gamma: “predicts” gamma-Z
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ZTZT coupling?
Figure 2.12: The decay width of the Higgs boson into longitudinal gauge bosons as a function
of the ratio MH/2MV (left) and the distribution with respect to the invariant mass of the
off–shell gauge boson in the decays H/A → ZZ∗ for MH = MA = 150 GeV (right).

Figure 2.13: The azimuthal dependence in the decays H/A → ZZ → 4µ± (left) and H/A →
WW → 4f for CP–even and CP–odd Higgs bosons with masses MH = MA = 300 GeV.
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e.g.    Djouadi ’05

perhaps “pseudoscalar Higgs measurements” useful?

Tuesday, November 27, 2012



Conclusions

• easy to get Higgs-to-diphoton enhancement in 
supersymmetric effective theory (BMSSM)

• correlates with other measurements

• enhancements (especially if also in other channels) 
could indicate nonminimal physics at a few TeV

• dark matter implications? (e.g. direct higgsino-
gaugino coupling with fixed coefficient)
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