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Two mechanisms for photon production

D

Direct (point-like) Single and double resolved (collinear fragmentation)

Separation between them NOT physical in general  (beyond LO)

D

DD

collinear divergence Cancelled by fragmentation

Still talk about direct and resolved at NLO and beyond:
 MS factorization scheme (convention)
__ + frag. fact. scale

dependence of each term

- +



Standard Photon Isolation
�

�

q
Smooth Photon Isolation
S.Frixione

only soft emission allowed if collinear to photon

 no quark-photon collinear divergences
 no fragmentation component (only direct)
 Direct contribution well defined 1

More restrictive than usual cone : lower limit on cross section (close for small R)

In real (TH)life... how much different? NLO comparison
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CMS Higgs cuts at 7 TeV

if isolation tight enough, hardly any difference between standard and smooth cone

Standard: direct+fragmentation  (Diphox)



Check less inclusive observables: any significant difference?

Diphoton production
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Cone/Smooth ~ 1% effect at NLO
But Smooth allows to reach NNLO

were corrections are >40%   



Azimuthal Distribution

Still some statistical fluctuations (short run..)
Differences negligible compared
 to higher order effects !

Usually claimed that “fragmentation effects” large at small azimuth



Same feature for all distributions

Smooth cone @NLO ~ Cone @ NLO  1-2% level

Cone + LO fragmentation component worse than 5%
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Figure 5: χ(r) = ((1− cos(r))/(1− cos(R)))n as a function of r for different values of n.

unphysical results. At large values of n, the effect of the isolation is stronger and we obtain
therefore, smaller cross sections which their values show an independent behavior of ET max.

Cross sections as a function of n
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Figure 6: Cross sections in function on n, obtained using the Frixione isolation criterion. The
applied CMS cuts are described in the text.

At this point we can ask about the universality of the χ(r) function of Eq. (13). We propose
a set of new χ(r) functions which verify the properties of the Eqs. (12) and (11). The results
are condensate in Table (3.2), and are compared with the results obtained using the standard
cone isolation criterion and those obtained with the original form of χ(r). All the results are in
agreement except for the ii case, for which the weight of the large logarithmic terms becomes
dominant and we obtain an unphysical result.
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Isolation
∑

Ehad
T ≤ χ(r) σNLO

total (fb)

i Frixione 2GeV
(
1
2 −

1
2 cos(

πr
R )

)
3760

ii Frixione 2GeV
(
1
2 −

1
2 cos(

πr
R )

)0.5
3921

iii Frixione 2GeV r/R 3769
iv Frixione 2GeV (r/R)2 3731

v Frixione 2GeV
(

1−cos(r)
1−cos(R)

)
3724

v Standard 2GeV 1 3731

Table 2: Cross sections for the pp → γγ + X process at the LHC at NLO. The applied cuts are
described in the text. We show a comparison between cross sections obtained using different types
of χ(r) functions.

4 Plots

We have to unify the form in which all the plots are presented (TopDrawer).

4.1 CMS

Figure 7: Diphoton cross section as a function of the azimuthal separation of the two photons. Data from CMS [71] (
√
s = 7 TeV)

are compared to the NNLO calculation [28].

Figure 7 shows a measurement by CMS [71], of the diphoton cross section as a function of
the azimuthal angle ∆φγγ between the photons. The data are compared with our NLO and
NNLO calculations [28]. The acceptance criteria used in this analysis (

√
s = 7 TeV) require:

pharderT ≥ 23 GeV and psofterT ≥ 20 GeV. The rapidity of both photons is restricted to |yγ| ≤ 2.5,
and the invariant mass of the diphoton system is constrained to be Mγγ > 80GeV. The isolation
parameters have the values εγ = 0.05, n = 1 and R = 0.4.

The histograms in Fig. 7 show that the NNLO QCD results remarkably improve the theoretical
description of the CMS data throughout the entire range of ∆φγγ .
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Eric: that was proposed because it matches e+e- dynamics

In hadronic collisions better use something like
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Simple summary

• EXP: use (tight) Cone isolation

• TH: use smooth cone with same R and ETmax

More homework: try a few more profiles (distributions)

solid and well understood

accurate, better than using 
cone with LO fragmentation

Estimate TH isolation uncertainties
using different profiles in smooth cone



dσ/dMνν [dir=NLO,frag=NLO]
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In cases, using LO fragmentation component can make things look very strange...

Cone isolation (DIPHOX)


