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ATLAS Questions for Higgs to 
Diphoton Interference & Width:

Part 1: Interferometry in pp ! ��

Original idea: Martin Phys.Rev.D.88.013004 [arXiv:1303.3342], Dixon, Li
Phys.Rev.Lett.111.111802 [arXiv:1305.3854]

LO Interference of pp ! �� & pp ! H ! ��:
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gg � �� technically begins at next-to-next-to-leading
order (NNLO), but it is greatly enhanced by the large
gluon parton distribution function (PDF) at small x.)
Here we present the dominant NLO corrections to the
interference between the Higgs signal and background in
QCD.

Figure 1 shows, first, the leading-order (LO) contri-
bution to the interference [denoted by LO (gg)] of the
resonant amplitude gg � H � �� with the one-loop
continuum gg � �� amplitude mediated by the five
light quark flavors. We also include the tree-level pro-
cess qg � ��q, whose interference with qg � Hq � ��q
[denoted by LO (qg)] is at the same order in �s as the
leading gg � H � �� interference, although suppressed
by the smaller quark PDF. It was already considered in
refs. [6, 7]. The contribution from qq̄ � Hg � ��g is
numerically tiny [6, 7] and we will neglect it.

Finally, fig. 1 depicts the three types of continuum am-
plitudes mediated by light quark loops that we include in
the dominant NLO corrections [denoted by NLO (gg)]:
the real radiation processes, gg � ��g and qg � ��q
at one loop, and the virtual two-loop gg � �� process.
All these amplitudes are adapted from refs. [18–20]. The
soft and collinear divergences in the real radiation pro-
cess are handled by dipole subtraction [21, 22]. Although
the contribution from qg � ��q via a light quark loop is
not the complete contribution to this amplitude, it forms
a gauge-invariant subset and it is enhanced by a sum over
quark flavors, so that it gives a significant contribution
to the interference at finite Higgs transverse momentum.

NLO (gg): +

+ +

LO (gg): H LO (qg):

FIG. 1. Representative diagrams for interference between the
Higgs resonance and the continuum in the diphoton channel.
The dashed vertical lines separate the resonant amplitudes
from the continuum ones.

In order to parametrize possible deviations from the
SM in the coupling of the Higgs boson to the massless
vector boson pairs gg and ��, we adopt the notation of
ref. [23] for the e�ective Lagrangian,
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where bg,� are defined to absorb all SM contributions, and
cg,� di�er from 1 in the case of new physics. We divide
the lineshape for the Higgs boson into a pure signal term

and an interference correction, written schematically in
the narrow-width approximation (NWA) as,
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The signal factor S is proportional to c2
gc

2
� , while the

real and imaginary parts of the interference terms, R
and I, are proportional to cgc� . We take the resonance
mass to be mH = 125 GeV and the SM width to be
�SM

H = 4 MeV [24]. In the NWA, the integral of the cross
section over the resonance is given by �S/(2m2

H�H) and
�I/(2mH) for signal and interference respectively. Note
that R has a di�erent dependence on the Higgs width
and couplings than does the integrated signal, i.e. cgc�

versus c2
gc

2
�/�H . Hence any e�ect due to R could be used

to constrain �H independently of the Higgs couplings.
The theoretical lineshapes (2) and (3) are very nar-

row, and strongly broadened by the experimental reso-
lution. The main e�ect of the real term R after this
broadening is to shift the apparent mass slightly [5]. Fol-
lowing ref. [5], we model the experimental resolution by
a Gaussian distribution. Although a definitive study of
the apparent mass shift has to be performed by the ex-
perimental collaborations, using a complete description
of the resolution and the background model, we estimate
it as follows: For the distribution in the diphoton invari-
ant mass M , the likelihood of obtaining N events with
M = M1, M2, . . . , MN is,
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����
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where �L is the integrated luminosity. Variables with
tildes denote the prediction of the “experimental model,”
a pure Gaussian with a variable mass parameter m̃H . For
the true distribution, obtained by convoluting the sum
of eqs. (2) and (3) with a Gaussian of the same width,
� = 1.7 GeV, we use variables without tildes.

To fit for the shifted mass, we minimize the test statis-
tic t = �2 lnL with respect to m̃H . We derived the
following equation determining the mass shift �mH �
m̃H � mH :
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where � � �/�m̃H . Because d�
dM in the denominator

should include the large continuum background, which is
roughly constant throughout the range of consideration,
eq. (5) reduces to a simple least-squares fit. The mass
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FIG. 1. Representative diagrams for interference between the
Higgs resonance and the continuum in the diphoton channel.
The dashed vertical lines separate the resonant amplitudes
from the continuum ones.
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where bg,� are defined to absorb all SM contributions, and
cg,� di�er from 1 in the case of new physics. We divide
the lineshape for the Higgs boson into a pure signal term
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The signal factor S is proportional to c2
gc

2
� , while the

real and imaginary parts of the interference terms, R
and I, are proportional to cgc� . We take the resonance
mass to be mH = 125 GeV and the SM width to be
�SM

H = 4 MeV [24]. In the NWA, the integral of the cross
section over the resonance is given by �S/(2m2
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to constrain �H independently of the Higgs couplings.
The theoretical lineshapes (2) and (3) are very nar-

row, and strongly broadened by the experimental reso-
lution. The main e�ect of the real term R after this
broadening is to shift the apparent mass slightly [5]. Fol-
lowing ref. [5], we model the experimental resolution by
a Gaussian distribution. Although a definitive study of
the apparent mass shift has to be performed by the ex-
perimental collaborations, using a complete description
of the resolution and the background model, we estimate
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N�

i=1

d�̃

dM

����
M=Mi

, (4)

where �L is the integrated luminosity. Variables with
tildes denote the prediction of the “experimental model,”
a pure Gaussian with a variable mass parameter m̃H . For
the true distribution, obtained by convoluting the sum
of eqs. (2) and (3) with a Gaussian of the same width,
� = 1.7 GeV, we use variables without tildes.
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where � � �/�m̃H . Because d�
dM in the denominator

should include the large continuum background, which is
roughly constant throughout the range of consideration,
eq. (5) reduces to a simple least-squares fit. The mass
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gg � �� technically begins at next-to-next-to-leading
order (NNLO), but it is greatly enhanced by the large
gluon parton distribution function (PDF) at small x.)
Here we present the dominant NLO corrections to the
interference between the Higgs signal and background in
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Figure 1 shows, first, the leading-order (LO) contri-
bution to the interference [denoted by LO (gg)] of the
resonant amplitude gg � H � �� with the one-loop
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Finally, fig. 1 depicts the three types of continuum am-
plitudes mediated by light quark loops that we include in
the dominant NLO corrections [denoted by NLO (gg)]:
the real radiation processes, gg � ��g and qg � ��q
at one loop, and the virtual two-loop gg � �� process.
All these amplitudes are adapted from refs. [18–20]. The
soft and collinear divergences in the real radiation pro-
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the contribution from qg � ��q via a light quark loop is
not the complete contribution to this amplitude, it forms
a gauge-invariant subset and it is enhanced by a sum over
quark flavors, so that it gives a significant contribution
to the interference at finite Higgs transverse momentum.
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FIG. 1. Representative diagrams for interference between the
Higgs resonance and the continuum in the diphoton channel.
The dashed vertical lines separate the resonant amplitudes
from the continuum ones.
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the apparent mass shift has to be performed by the ex-
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where �L is the integrated luminosity. Variables with
tildes denote the prediction of the “experimental model,”
a pure Gaussian with a variable mass parameter m̃H . For
the true distribution, obtained by convoluting the sum
of eqs. (2) and (3) with a Gaussian of the same width,
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Introduction

The total line shape for H→ɣɣ  we expect due to continuum interference is the sum of 

BW (ggH) + Continuum Interference + BW (VBF,VH,ttH)

where the size of the continuum interference depends among other things on µggH , σContinuum , the pT of the 
Higgs and the Width of the Higgs. 

We are thinking of performing an analysis of the mass shift in a split of a low pT  and a high pT  region and 
one idea is to perform a direct fit for the width using this line shape and a combined fit in both regions.  

To do so, we need to have an error estimate on the line shape though.

Also want to consider other scenarios, but the range of questions stay about the same. 

Part 2: Example fits

 [GeV]γγm
110 120 130 140 150 160

 / 
0.

25
 G

eV
ev

en
ts

N

0

20

40

60

80

100

120

140

160

180

200

220

240
310×

  InternalATLAS  = 4.07 MeV,SMHΓ × = 1 HΓ

 = 14 TeVs,  -1 dt = 3.0 abL ∫  < 30 GeV
γγT

p

 [GeV]γγm
110 115 120 125 130 135 140

 / 
0.

25
 G

eV
ev

en
ts

N

-1000

0

1000

2000

3000

4000

5000
  InternalATLAS  = 4.07 MeV,SMHΓ × = 1 HΓ

 = 14 TeVs,  -1 dt = 3.0 abL ∫  < 30 GeV
γγT

p
After background subtraction Data

Fit to data
γγ→HUndisturbed 

Interference correction
γγ→HCorrected 

(left) m�� spectrum for 3/ab assuming ECFA purity; (right) subtracted Higgs mass peak for � = �SM
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(left) subtracted Higgs mass peak for � = 50 ⇥ �SM ; (right) subtracted Higgs mass peak for � = 600 ⇥ �SM ;
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Questions

✴ What uncertainties source were considered for σContinuum  & σggH  ? (scale, PDF?)

✴ Higher order corrections are large in gg → H, do you think these changes are covered by the usual 
scale variations?

✴ The quark initial diagrams are formally at leading order; what effort would be needed to bring 
this up to NLO?

✴ How does the summed line-shape change if these uncertainty sources are varied? 

✴ How should we deal with µ?

✴ Magnitude of the interference scales with ~1 / √ µ (relative to the BW term). Since used NLO 
cross section σggH  and NNLO/NNLL cross section will be very different, should one try to use a 
relative µ to correct for the line shape?

✴ Alternatively one could assume µ = 1 for the interference contribution. But not very 
satisfactorily. 

✴ Which approach do you think is more satisfactorily form a theory point of view? 

✴ Linked to the question of µ: The continuum diphoton production cross section is measured, but of 
course cannot be split into the gg →ɣɣ contribution. To get a bit a feeling for the dependence on 
σContinuum one could take the measured cross section and ‘split’ the gg →ɣɣ out from the expected 
ratios for all production modes. What would be the effect on the interference if this value would be 
found very different from the value of σContinuum used in the interference?
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