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Outline

- Introduction on fragmentation and isolation in photon processes

- Isolation for inclusive photons and diphotons at NLO
- Discretized Frixione prescription
- Generalized prescription
- Continuous versus discretized isolation
- Scale dependence

- Isolation for diphotons with Parton-shower Monte-Carlo
- Topology of fragmentation photons
- Hollow cone isolation
- Frixione isolation
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Fragmentation contribution
in photon processes
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Fragmentation contribution :
isolation

- Fragmentation is reduced by 
isolation requirement - although 
not completely

- Will not discuss here the 
complications of isolation requirement 
at isolation level

Inclusive photon production
Fragmentation

!   
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J. Ph. Guillet Photon production at hadronic colliders

The last PDF parametrisation that used the prompt photon data was MRST99 [11]. Since
then, the issue of the compatibility of NLO pQCD with photon measurements has been discussed
extensively. For example, the authors of Ref. [24] performed a systematic comparison of NLO
calculations with most of the available photon results by 2006 (see also Refs. [25,26] for previous
studies) and showed that collider isolated photon data was in reasonable agreement with the theo-
retical predictions. Indeed, as discussed in detail in [27], by (i) increasing the

√
s from fixed-target

to collider energies, and by (ii) requiring the photon to be isolated from any hadronic activity
within a given distance around its direction, one is left with an isolated-photon sample domi-
nated by energy scales away from non-perturbative effects (such as intrinsic-kT broadening [28]),
and where the uncertain contribution from photons issuing from the collinear fragmentation of
final-state partons [29] are significantly reduced. Figure 1 shows the relative contribution of the
three leading diagrams – direct Compton, direct quark-antiquark annihilation, and fragmenta-
tion – for inclusive (left) and for isolated (right) photon production in proton-antiproton (p-p̄) at
Tevatron (top) and in proton-proton (p-p) collisions at the nominal LHC energy (bottom). The
fragmentation-γ component, including the poorly known gluon–to–photon fragmentation func-
tion [30, 31] which dominates the low Eγ

T
part of the inclusive photon spectra, is significantly

reduced after application of isolation cuts and accounts only for less than 10–15% of the cross
sections at both energies. The right panels of Fig. 1 clearly indicate that the Compton component
is the dominant contribution to the isolated-γ spectra in wide ranges of the measured transverse
energy Eγ

T
, in particular for p-p collisions, thus guaranteeing their increased sensitivity to g(x,Q2).
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Figure 1: Relative contributions of the qg-Compton, qq̄-annihilation and fragmentation subprocesses in
inclusive (left) and isolated (right) prompt-photon production in p-p̄ (Tevatron at 1.96 TeV, top) and p-p
(LHC at 14 TeV, bottom) collisions at midrapidity. Results obtained at NLO with jetphox [32] using
NNPDF2.1 [33], theoretical scales set to µ = Eγ

T
, and BFG-II FFs [31] (see Sect. 3).
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Frixione prescription
for isolation criterion

- To completely suppress the 
fragmentation contribution at theoretical 
level, S. Frixione [arXiv:hep-ph/9809397] 
proposed to use a isolation requirement 
which cuts tighter in energy as the 
fragmentation photon gets closer to the 
parton

- Should be Infrared safe at all order

- Allowed isolation energy in a cone of 
ΔR must go monotonically to 0 :

" " ETiso(R) < f(R) 
# # f(R)→0 when ΔR→0

- Proposed functional form f(R): see right plot

- Exploration of Frixione isolation needed

http://arxiv.org/abs/hep-ph/9809397v1
http://arxiv.org/abs/hep-ph/9809397v1
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Isolation for inclusive photon and 
diphoton at NLO
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Study of Fragmentation at NLO 
with JetPhox and DiPhox

Some features of fragmentation at NLO in JetPhox and 
DiPhox :
- A fragmentation function Dq→γ(z) is used.
- BFG fragmentation function [Eur. Phys. J. C 2, 529–537 (1998)] : beyond leading log
- Collinearity of the photon and the quark remnant (angle information is lost)
- Fragmentation happens at some scale Mf
- Only the sum of direct and fragmentation cross-section has a physical 

meaning (because of Mf)
 

Concerns about the scale choice for Frixione isolation :
- Mf ~ pTγ natural choice but problematic if in small cones R<<1. Reliability of the 

calculation is questionnable
- Mf ~ R.pTγ might be preferable 
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Frixione isolation in γ+jet at NLO

Try discretized Frixione isolation criteria with JetPhox
- Only one criterion performs better than standard isolation (ε=0.05, n=1)
- Using 4 cones or 8 cones gives the same fragmentation fraction reduction within 

1%

moderately small R the reliability of the prediction is questionable. On the other hand, as2 D(z,MF ) ∼
log(MF /ΛQCD), with the choice MF ∼ RpγT the fragmentation contribution is suppressed compared
with MF ∼ pγT . The situation is improved regarding both scale dependence and unitarity, although it
does not solve the problem completely. One actually faces a multiscale problem: ΛQCD � RpγT � pγT ,
and a one-scale compromise is possibly insufficient depending on the kinematical regime explored. The
atypical choice MF ∼ RpγT has in principle to be supplemented by a resummation of the logarithmic R
dependence coming form outside the cone, if at all possible. At leading-logR (LLR) accuracy at least,
such a resummation is actually feasible, which furthermore allows to solve the apparent puzzle why scale
choices should be very different in the cases with isolation in a narrow cone vs. broad cone or without
isolation.

The concern about the discretized Frixione criteria is that the innermost cone size is quite small.
The choice for the fragmentation scale MF shall then arguably be MF ∼ O(Rminp

γ
T ). On the other

hand, as the allowed transverse energy deposit Eiso
T (Rmin) inside this cone is correspondingly small,

the width of the interval in the fragmentation variable on which the fragmentation function is convoluted
with the partonic cross section is restricted to a rather narrow range 0 < 1 − z < Eiso

T (Rmin)/p
γ
T ∼

�(Rmin/Rmax)n. This leads to a quite suppressed fragmentation contribution. The combination of the
two effects: a low fragmentation scale and a narrow z-range, is the discrete counterpart of the inhibition
of fragmentation by the continuous criterion. We may thus expect that the issue of the narrow cone is
less worrying for the reliability of the NLO calculation in this case than if only R were taken small while
keeping Eiso

T fixed. In order to assess the uncertainty on the fragmentation contribution we may perform
the calculation for the “arguably better” scale MF ∼ Rmin p

γ
T and compare it to the expectedly larger

result for the standard choice MF ∼ pγT /2.

2. ISOLATION FOR INCLUSIVE PHOTONS AND DIPHOTONS AT NLO
The study at NLO uses the Jetphox generator to calculate the inclusive photon cross section and Diphox
for the di-photon cross section. Details of how to use the software and to obtain predictions with errors
can be found in [11] and the selection criteria used are listed in the appendix. Previous results from Les
Houches [2] showed that the discretized Frixione isolation criteria did manage to reduce the fragmenta-
tion contribution, here we extend that study in several ways. Firstly the cross section returned has been
compared to that calculated from using the standard cone isolation, as used in current measurements. A
generalized form of the Frixione isolation is discussed, aimed to satisfy both the experimental and the
theoretical requirements on the isolation cut for different pT regimes. In addition the effects of changing
the number of cones used in the calculation and of choosing an ET cut, rather than relating it to the pho-
ton pT , are investigated. In addition, further complications to comparing theoretical and experimental
isolation calculations are discussed. Finally there are further brief studies using Jetphox to look at scale
and jet algorithm choices.

2.1 Discretized prescription
The parameters used to define different selections, according to Eq. 1, were:

a: �=0.05 n=0.2 b: �=1 n=0.2 c: �=1 n=1 d: �=0.5 n=1
e: �=0.05 n=1 f : �=1 n=0.1 g: �=1 n=0.5

where all but the last two were based on the previous study. In all cases R0 was chosen to be 0.4,
with R being set to either: 0.4, 0.3, 0.2, 0.1 or 0.4, 0.35, 0.3, 0.25, 0.2, 0.15, 0.1.

The comparison to the cone isolation in Fig. 2 shows that out of the chosen parameters only 1
set removes the fragmentation contribution more than what is removed by the cone algorithm, although

2The logarithmic behaviour holds in when MF � ΛQCD . In the non-perturbative regime instead no logarithm is expected
to develop and one expects rather a power-suppressed behaviour; see ref. [10] for more details.



H → γγ sensitivity studies using RooStats

H → γγ W.G. meeting
H → γγ W.G. meeting
Nicolas Chanon, ETH
Grégory Schott, KIT

Hugues Brun, Suzanne Gascon-Shotkin, Morgan Lethuillier, IPNL

ETH Zürich
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Generalized prescription
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Fig. 2: Left: Fragmentation fraction for the cone and Frixione isolation criteria. Right: The applied ET cut on the isolation

sum as a function of pT for the 0.4 cone or 0.1 cone in the Frixione criteria.

two are lower until high pT . It also shows that criteria b and f are not much better than applying no

isolation criteria at all. When altering Eq. 1 to use a fixed ET = 4GeV instead of pT,γ the results are

more promising but this is because it applies a cut in the 0.1 cone that is below the experimental accuracy

(of the order 100 MeV due to detector resolution/noise). Unfortunately Fig. 2 also shows that this is also

the case for the pT requirements, as case e (the only criteria to perform better than the standard cone)

also applies a cut that is not viable experimentally in the 0.1 cone.

There are some positive outcomes from these studies, firstly the Frixione criteria b and d maybe

useful criteria to use experimentally as they keep the fragmentation contribution similar and low in all

bins, which could help with understanding of the systematic errors/correlation between bins. Secondly

the comparison of the number of cones used in the Frixione criteria resulted in a difference of around 1%
on the total cross section and almost no effect on the fragmentation fraction. This means that it is fine to

use the lower number of cones case, and that the discrete Frixione criteria is most likely very similar to

that of the continuous version.

2.2 Generalized prescription
As seen previously, to remove the fragmentation contribution in the theory, a small value of ε is needed.

However, given the effects of finite resolution and granularity on the experimental description of the

isolation energy, a minimum threshold has to be allowed in the isolation cone, especially at low pT . A

typical value of 2-4 GeV is used as experimental cut, to optimize the rejection of hadronic background

coming from the decay of light mesons. Now, at high pT this cut might result too tight, particularly on

the theoretical side given that an isolation cut much smaller than the photon pT can cause large logs in

the calculations, this effect was not observed in the previous Les Houches study.

As a good compromise of these two requirements, it has been proposed [12] to extend the original

Frixione prescription (Eq. 1) to a more general form:

Eiso
T <

�
(E0)

k + (ε.pT )
k
�1/k � 1− cosR

1− cosR0

�n

(2)

where:
Add two extra-parameters for more flexibility :
- Allowed energy increasing at high pT
- Ensure that the allowed isolation energy has a non-zero plateau at low pT
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Generalized prescription
 in γγ+X at NLO

Tried generalized prescription 
with Diphox

- It is possible for reduce the 
fragmentation contribution further 
than the fixed cone criterion

- Fragmentation fraction at the per-
cent level are achievable
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Discrete vs continuous criterion
 in γγ+X at NLO

Compare continuous and discretized Frixione criteria in Diphox :
- Generally less than 10% difference in cross-section
- Only the low ΔΦ region is more affected (until 30% difference), because the 

fragmentation fraction is higher here
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Fragmentation scale dependence
 in γγ+X at NLO

Compared two fragmentation scales in Diphox :
- MF = Rmin.min(pT1,pT2) with Rmin =0.1
- MF = Rmax.min(pT1,pT2) with Rmax =0.4
- Very small scale dependence is observed (less than 5%)
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Fragmentation photons in parton-
shower Monte-Carlo
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Study of Fragmentation with 
parton-shower MC

Motivation
- Frixione isolation already studied or at least available in higher order codes 
(Jetphox/Diphox/Gamma2MC/Resbos, 2gNNLO)
- Data/theory comparisons of photon processes with Frixione isolation are 

needed
- How does the Frixione isolation impacts the fragmentation contribution in 

showered events ?

Fragmentation photons in Pythia
- QED radiation off the the quark or the gluon (ISR or FSR) during the 

showering process
- Leading log accuracy + momentum conservation
- Emission at non-zero angle : how ?
- Probability of photon emission follows the branching fraction (at a running scale) :

10.1.1 The evolution equations

In the shower formulation, the kinematics of each branching is given in terms of two
variables, Q2 and z. Somewhat different interpretations may be given to these variables,
and indeed this is one main area where the various programs on the market differ. Q2

has dimensions of squared mass, and is related to the mass or transverse momentum scale
of the branching. z gives the sharing of the a energy and momentum between the two
daughters, with parton b taking a fraction z and parton c a fraction 1− z. To specify the
kinematics, an azimuthal angle ϕ of the b around the a direction is needed in addition;
in the simple discussions ϕ is chosen to be isotropically distributed, although options for
non-isotropic distributions currently are the defaults.

The probability for a parton to branch is given by the evolution equations (also called
DGLAP or Altarelli–Parisi [Gri72, Alt77]). It is convenient to introduce

t = ln(Q2/Λ2) ⇒ dt = d ln(Q2) =
dQ2

Q2
, (162)

where Λ is the QCD Λ scale in αs. Of course, this choice is more directed towards the
QCD parts of the shower, but it can be used just as well for the QED ones. In terms of
the two variables t and z, the differential probability dP for parton a to branch is now

dPa =
�

b,c

αabc

2π
Pa→bc(z) dt dz . (163)

Here the sum is supposed to run over all allowed branchings, for a quark q → qg and
q→ qγ, and so on. The αabc factor is αem for QED branchings and αs for QCD ones (to
be evaluated at some suitable scale, see below).

The splitting kernels Pa→bc(z) are

Pq→qg(z) = CF
1 + z2

1− z
,

Pg→gg(z) = NC
(1− z(1− z))2

z(1− z)
,

Pg→qq(z) = TR (z2 + (1− z)2) ,

Pq→qγ(z) = e2
q

1 + z2

1− z
,

P�→�γ(z) = e2
�

1 + z2

1− z
, (164)

with CF = 4/3, NC = 3, TR = nf/2 (i.e. TR receives a contribution of 1/2 for each
allowed qq flavour), and e2

q and e2
� the squared electric charge (4/9 for u-type quarks, 1/9

for d-type ones, and 1 for leptons).
Persons familiar with analytical calculations may wonder why the ‘+ prescriptions’

and δ(1− z) terms of the splitting kernels in eq. (164) are missing. These complications
fulfil the task of ensuring flavour and energy conservation in the analytical equations. The
corresponding problem is solved trivially in Monte Carlo programs, where the shower evo-
lution is traced in detail, and flavour and four-momentum are conserved at each branching.
The legacy left is the need to introduce a cut-off on the allowed range of z in splittings, so
as to avoid the singular regions corresponding to excessive production of very soft gluons.

Also note that Pg→gg(z) is given here with a factor NC in front, while it is sometimes
shown with 2NC . The confusion arises because the final state contains two identical par-
tons. With the normalization above, Pa→bc(z) is interpreted as the branching probability

287

With z fraction of the quark 
momentum carried by the photon
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Pythia 2-prompt distribution : Δϕγγ

15
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- Pythia 2-prompt : Born, Box, 1-frag from γ+jet, 2-frag from dijet process
- Tail at low Δϕγγ populated only by fragmentation contribution in Pythia
- About ~50% of fragmentation contribution in Pythia (ISR/FSR), both at 

Tevatron and LHC

7 TeV, LHC

6

(d
at

a-
PY

T)
/P

YT

-0.5
0

0.5
1

1.5
2

2.5
3

(d
at

a-
PY

T)
/P

YT

-0.5
0

0.5
1

1.5
2

2.5
3

 Diphoton Data-15.4 fb
PDF uncertainty
Scale uncertainty

(d
at

a-
D

PX
)/D

PX

0
1
2
3
4

(d
at

a-
D

PX
)/D

PX

0
1
2
3
4

)2 Mass (GeV/c!!
0 50 100 150 200 250 300 350 400 450 500

(d
at

a-
R

SB
)/R

SB

-1
0
1
2
3
4
5

)2 Mass (GeV/c!!
0 50 100 150 200 250 300 350 400 450 500

(d
at

a-
R

SB
)/R

SB

-1
0
1
2
3
4
5

(d
at

a-
PY

T)
/P

YT

-0.6
-0.4
-0.2

0
0.2
0.4
0.6
0.8

1
1.2

(d
at

a-
PY

T)
/P

YT

-0.6
-0.4
-0.2

0
0.2
0.4
0.6
0.8

1
1.2

 Diphoton Data-15.4 fb
PDF uncertainty
Scale uncertainty

(d
at

a-
D

PX
)/D

PX

-0.5
0

0.5
1

1.5

(d
at

a-
D

PX
)/D

PX

-0.5
0

0.5
1

1.5

 (GeV/c)T P!!
0 20 40 60 80 100 120 140 160 180 200

(d
at

a-
R

SB
)/R

SB

-0.5
0

0.5
1

1.5

 (GeV/c)T P!!
0 20 40 60 80 100 120 140 160 180 200

(d
at

a-
R

SB
)/R

SB

-0.5
0

0.5
1

1.5

(d
at

a-
PY

T)
/P

YT

-1
0
1
2
3
4

(d
at

a-
PY

T)
/P

YT

-1
0
1
2
3
4  Diphoton Data-15.4 fb

PDF uncertainty
Scale uncertainty

(d
at

a-
D

PX
)/D

PX

-1
-0.5

0
0.5

1
1.5

2
2.5

3
3.5

(d
at

a-
D

PX
)/D

PX

-1
-0.5

0
0.5

1
1.5

2
2.5

3
3.5

 (rad)"#
0 0.5 1 1.5 2 2.5 3

(d
at

a-
R

SB
)/R

SB

0
2
4
6
8

 (rad)"#
0 0.5 1 1.5 2 2.5 3

(d
at

a-
R

SB
)/R

SB

0
2
4
6
8

FIG. 1: The measured differential cross sections compared with three theoretical predictions discussed in the text. The left
windows show the absolute comparisons and the right windows show the fractional deviations of the data from the theoretical
predictions. Fractional deviations for pythia refer to the γγ + γj calculation. Note that the vertical axis scales differ between
fractional deviation plots. The comparisons are made as functions of the diphoton mass (top), transverse momentum (middle)
and azimuthal angle difference (bottom). The shaded area around the data points indicates the total systematic uncertainty
of the measurement.

CDF result
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Non-collinearity of the 
fragmentation in Pythia

- One entry : ET of one gen 
candidate at a given ΔR from the 
photon

- Gen level without pile-up, after 
showering, hadronization and 
underlying-event (UE)

- Partonic have linear profile (UE)
- Fragmentation (ISR/FSR) and 

fake photons are peaked close to 
ΔR~0

- Madgraph γγ+jet has 
fragmentation as brem contribution 
at ME level => more away from the 
quark debris
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ETH Zürich

11/02/2011

Nicolas Chanon H → γγ sensitivity studies using RooStats 1 / 7

17

Isolation energies in cones
ΔR<0.1 and ΔR<0.4

- Define (normalized) isolation energy in a ΔR cone as ΣET,gencand/ET,γ
- Using narrower cones, discrimination against fragmentation photons (and neutral 
mesons) is increased
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ʻHollowʼ (or ʻcrownʼ) isolation

Table 1: Fraction represented by the 1-fragmentation and 2-fragmentation contributions for various Frixione isolation criteria

in Pythia two-prompt photon samples (with electromagnetic enrichment filter).

Criteria 1-frag fraction 2-frag fraction 1,2-frag fraction
Solid ∆R < 0.4, Eiso

T < 5 GeV 0.335 0.157 0.492

Hollow 0.1 < ∆R < 0.4, Eiso
T < 4 GeV 0.337 0.168 0.505

Frixione 8 cones, ET = 20 GeV, � = 0.05, n = 1.0 0.322 0.145 0.467

Frixione 8 cones, ET = 20 GeV, � = 0.05, n = 0.2 0.318 0.147 0.466

Frixione 8 cones, ET = 20 GeV, � = 1.0, n = 0.2 0.372 0.228 0.599

Frixione 8 cones, ET = 20 GeV, � = 1.0, n = 0.1 0.374 0.232 0.601

Frixione 8 cones, ET = 20 GeV, � = 1.0, n = 1.0 0.353 0.192 0.545

Frixione 8 cones, ET = 20 GeV, � = 1.0, n = 0.5 0.365 0.212 0.577

Frixione 8 cones, ET = 20 GeV, � = 0.5, n = 1.0 0.343 0.176 0.518

Table 2: Fraction represented by the 1-fragmentation contribution for various Frixione isolation criteria in Pythia two-prompt

photon samples (without enrichment filter).

Criteria 1-frag fraction
Solid ∆R < 0.4, Eiso

T < 5 GeV 0.455

Hollow 0.1 < ∆R < 0.4, Eiso
T < 4 GeV 0.458

Frixione 8 cones, ET = 20 GeV, � = 0.05, n = 1.0 0.420

Frixione 8 cones, ET = 20 GeV, � = 0.05, n = 0.2 0.419

Frixione 8 cones, ET = 20 GeV, � = 1.0, n = 0.2 0.514

Frixione 8 cones, ET = 20 GeV, � = 1.0, n = 0.1 0.519

Frixione 8 cones, ET = 20 GeV, � = 1.0, n = 1.0 0.489

Frixione 8 cones, ET = 20 GeV, � = 1.0, n = 0.5 0.503

Frixione 8 cones, ET = 20 GeV, � = 0.5, n = 1.0 0.465

Hollow cones : 
- allows energy in the inner-most cone around the photon
=> Try to enhance fragmentation contribution (assuming fragmentation is colinear)
- Also more similar to experimental isolation

- It works NLO and it impacts kinematics
http://indico2.lal.in2p3.fr/indico/getFile.py/access?contribId=35&sessionId=2&resId=0&materialId=slides&confId=1109

- Very small increase of fragmentation fraction at parton-shower level
- Possible explanation : criteria on ΔR<0.4 and ΔR<0.1 are more correlated in parton-

shower

http://indico2.lal.in2p3.fr/indico/getFile.py/access?contribId=35&sessionId=2&resId=0&materialId=slides&confId=1109
http://indico2.lal.in2p3.fr/indico/getFile.py/access?contribId=35&sessionId=2&resId=0&materialId=slides&confId=1109
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Frixione isolation

- Tried the same working points as those tested with JetPhox/Diphox previously
- The fragmentation fraction can be reduced by only 7% with respect to the 

standard isolation
- Will need to optimize the working points

Table 1: Purity of 1-fragmentation and 2-fragmentation contributions for various Frixion isolation criteria in Pythia two-prompt

photon samples (with electromagnetic enrichment filter).

Criteria 1-frag purity 2-frag purity 1,2-frag purity
Solid ∆R < 0.4, Eiso

T < 5 GeV 0.335 0.157 0.492

Hollow 0.1 < ∆R < 0.4, Eiso
T < 4 GeV 0.337 0.168 0.505

Frixione 8 cones, ET = 20 GeV, � = 0.05, n = 1.0 0.322 0.145 0.467

Frixione 8 cones, ET = 20 GeV, � = 0.05, n = 0.2 0.318 0.147 0.466

Frixione 8 cones, ET = 20 GeV, � = 1.0, n = 0.2 0.372 0.228 0.599

Frixione 8 cones, ET = 20 GeV, � = 1.0, n = 0.1 0.374 0.232 0.601

Frixione 8 cones, ET = 20 GeV, � = 1.0, n = 1.0 0.353 0.192 0.545

Frixione 8 cones, ET = 20 GeV, � = 1.0, n = 0.5 0.365 0.212 0.577

Frixione 8 cones, ET = 20 GeV, � = 0.5, n = 1.0 0.343 0.176 0.518

Table 2: Purity of 1-fragmentation contribution for various Frixion isolation criteria in Pythia two-prompt photon samples

(without enrichment filter).

Criteria 1-frag purity
Solid ∆R < 0.4, Eiso

T < 5 GeV 0.455

Hollow 0.1 < ∆R < 0.4, Eiso
T < 4 GeV 0.458

Frixione 8 cones, ET = 20 GeV, � = 0.05, n = 1.0 0.420

Frixione 8 cones, ET = 20 GeV, � = 0.05, n = 0.2 0.419

Frixione 8 cones, ET = 20 GeV, � = 1.0, n = 0.2 0.514

Frixione 8 cones, ET = 20 GeV, � = 1.0, n = 0.1 0.519

Frixione 8 cones, ET = 20 GeV, � = 1.0, n = 1.0 0.489

Frixione 8 cones, ET = 20 GeV, � = 1.0, n = 0.5 0.503

Frixione 8 cones, ET = 20 GeV, � = 0.5, n = 1.0 0.465



H → γγ sensitivity studies using RooStats

H → γγ W.G. meeting
H → γγ W.G. meeting
Nicolas Chanon, ETH
Grégory Schott, KIT

Hugues Brun, Suzanne Gascon-Shotkin, Morgan Lethuillier, IPNL

ETH Zürich
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Frixione isolation : performance

- BLACK : standard isolation in a 
cone ΔR<0.4

- BLUE : working points as those 
tested with JetPhox/Diphox 
previously (not optimized)

- GREEN : optimized working 
points found by scanning over ε 
and n in the Frixione functional 
form

- RED :  optimized working points 
found by re-optimizing each cut 
on the cones 0.1,0.2,0.3,0.4 (no 
functional form used)
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Conclusions / perspectives

NLO studies :
- Discretized Frixione isolation : independent of the number of cones used
- Generalized Frixione prescription allows to reduce significantly 

fragmentation fraction, while not cutting too tight at low pT : very promising
- Fragmentation fraction can be reduced at the per-cent level

Parton-shower studies :
- Isolation profile of fragmentation photons is not collinear anymore because of 

showering, hadronization
- 10% decrease in fragmentation fraction can be achieved at a cost of ~60% 

signal efficiency loss.
- Usual Frixione functional form has been found to be not completely optimal. 

Reoptimizing the cuts for each cones helps to increase signal efficiency

- More work is needed to make compatible isolation prescriptions at NLO and 
in parton-shower Monte-Carlo

- How to get closer to a parton-level isolation in showered events ?
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Fig. 77: Differential diphoton cross section as a function of ∆φ! ! at NNLO (blue) and at NLO (dotted black)
calculated with a preliminary result from the 2GAMMANNLO program, superimposed on results from CMS data
(points) from 2010 [311].

Fig. 78: Differential diphoton cross section as a function of ∆φ! ! at NNLO (blue) and at NLO (dotted black)
calculated with a preliminary result from the 2GAMMANNLO program, for the ’ATLAS’ (left) and ’CMS’ (right)
acceptance criteria.

supplementary hard jets) hadronised with PYTHIA [315], and lowest-order box events generated with
PYTHIA. Events have been reweighted to NLO with DIPHOX [300] (NLO Born and single- and double-
fragmentation contributions) and GAMMA2MC [306] (NLO box contributions). It should be noted that
the MADGRAPH !!+jets process includes the fragmentation contribution at the matrix-element level as a
bremsstrahlung contribution, while DIPHOX includes the full treatment of the fragmentation function at
NLO. This study should be repeated with 2GAMMANNLO.

In order to reproduce most of the kinematic features of the NLO processes, it has been found that
it is sufficient to perform a 2D reweighting with a K-factor K(qT,!! ,M!! ), where qT,!! is the transverse
momentum of the diphoton system and M!! its invariant mass [297]. The K-factors K(qT,!! ,M!!) are
computed by applying the ’Loose’ kinematical cuts with ET,!1 > 20 GeV and ET,!2 > 20 GeV. An
isolation criterion

∑
ET < 5 GeV in a cone ∆R < 0.3 around the photons is applied at parton level

and
∑

ET < 7 GeV at generator level. The K-factors have been computed for bins of 4 GeV in qT,!!

120
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- Δϕ shown for illustration (in Pythia, low Δϕ tail is populated only with frag)
- Frixione isolation seems to reduce slightly the fragmentation contribution (numbers 
next slide) with respect to standard isolation
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Table 1: Purity of 1-fragmentation and 2-fragmentation contributions for various Frixion isolation criteria in Pythia two-prompt

photon samples (with electromagnetic enrichment filter).

Criteria 1-frag purity 2-frag purity 1,2-frag purity
Solid ∆R < 0.4, Eiso

T < 5 GeV 0.335 0.157 0.492

Hollow 0.1 < ∆R < 0.4, Eiso
T < 4 GeV 0.337 0.168 0.505

Frixione 8 cones, ET = 20 GeV, � = 0.05, n = 1.0 0.322 0.145 0.467

Frixione 8 cones, ET = 20 GeV, � = 0.05, n = 0.2 0.318 0.147 0.466

Frixione 8 cones, ET = 20 GeV, � = 1.0, n = 0.2 0.372 0.228 0.599

Frixione 8 cones, ET = 20 GeV, � = 1.0, n = 0.1 0.374 0.232 0.601

Frixione 8 cones, ET = 20 GeV, � = 1.0, n = 1.0 0.353 0.192 0.545

Frixione 8 cones, ET = 20 GeV, � = 1.0, n = 0.5 0.365 0.212 0.577

Frixione 8 cones, ET = 20 GeV, � = 0.5, n = 1.0 0.343 0.176 0.518

Table 2: Purity of 1-fragmentation contribution for various Frixion isolation criteria in Pythia two-prompt photon samples

(without enrichment filter).

Criteria 1-frag purity
Solid ∆R < 0.4, Eiso

T < 5 GeV 0.455

Hollow 0.1 < ∆R < 0.4, Eiso
T < 4 GeV 0.458

Frixione 8 cones, ET = 20 GeV, � = 0.05, n = 1.0 0.420

Frixione 8 cones, ET = 20 GeV, � = 0.05, n = 0.2 0.419

Frixione 8 cones, ET = 20 GeV, � = 1.0, n = 0.2 0.514

Frixione 8 cones, ET = 20 GeV, � = 1.0, n = 0.1 0.519

Frixione 8 cones, ET = 20 GeV, � = 1.0, n = 1.0 0.489

Frixione 8 cones, ET = 20 GeV, � = 1.0, n = 0.5 0.503

Frixione 8 cones, ET = 20 GeV, � = 0.5, n = 1.0 0.465

Table 1: Purity of 1-fragmentation and 2-fragmentation contributions for various Frixion isolation criteria in Pythia two-prompt

photon samples (with electromagnetic enrichment filter).

Criteria 1-frag purity 2-frag purity 1,2-frag purity
Solid ∆R < 0.4, Eiso

T < 5 GeV 0.335 0.157 0.492

Hollow 0.1 < ∆R < 0.4, Eiso
T < 4 GeV 0.337 0.168 0.505

Frixione 8 cones, ET = 20 GeV, � = 0.05, n = 1.0 0.322 0.145 0.467

Frixione 8 cones, ET = 20 GeV, � = 0.05, n = 0.2 0.318 0.147 0.466

Frixione 8 cones, ET = 20 GeV, � = 1.0, n = 0.2 0.372 0.228 0.599

Frixione 8 cones, ET = 20 GeV, � = 1.0, n = 0.1 0.374 0.232 0.601

Frixione 8 cones, ET = 20 GeV, � = 1.0, n = 1.0 0.353 0.192 0.545

Frixione 8 cones, ET = 20 GeV, � = 1.0, n = 0.5 0.365 0.212 0.577

Frixione 8 cones, ET = 20 GeV, � = 0.5, n = 1.0 0.343 0.176 0.518

Table 2: Purity of 1-fragmentation contribution for various Frixion isolation criteria in Pythia two-prompt photon samples

(without enrichment filter).

Criteria 1-frag purity
Solid ∆R < 0.4, Eiso

T < 5 GeV 0.455

Hollow 0.1 < ∆R < 0.4, Eiso
T < 4 GeV 0.458

Frixione 8 cones, ET = 20 GeV, � = 0.05, n = 1.0 0.420

Frixione 8 cones, ET = 20 GeV, � = 0.05, n = 0.2 0.419

Frixione 8 cones, ET = 20 GeV, � = 1.0, n = 0.2 0.514

Frixione 8 cones, ET = 20 GeV, � = 1.0, n = 0.1 0.519

Frixione 8 cones, ET = 20 GeV, � = 1.0, n = 1.0 0.489

Frixione 8 cones, ET = 20 GeV, � = 1.0, n = 0.5 0.503

Frixione 8 cones, ET = 20 GeV, � = 0.5, n = 1.0 0.465

Reference working 
points from Les 
Houches 2009


