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Production:

Prompt:

Direct-hard:

Fragmentation:
Thermal:

Direct:
Decay:

Detection:

Directly:
Indirectly:

Photons

prompt __ nrdirect-hard frag
NEromPt _ + Nf

directly produced in the hard collisions, computed in
perturbative QCD (non-thermal).

originating from quark and gluon fragmentation.

are expected to be produced in QGP

th (G direct prompt
dN’Y erma = dN’YIreC o dN)y
all photons produced in hadron collisions except decays.

background from uncorrelated hadronic decays, eg. 7°.

photons are detected directly in e.g. the calorimeter.
via low invariant-mass e*e™ pairs

Alexander Neuwirth

Alice FSP 2022 September 28, 2022



Prompt photons

q Y q Y q
g q q g g q
a) Compton b) annihilation c) bremsstrahlung d) fragmentation
Prompt Fragmentation

P Real photons are important probes of the QGP (7, ;)

P NLO calculations exist JETPHOX, NNLOJET, MCFM, Berger/Gordon/Klasen)
P p,-distribution of inclusive photons well described > 4 GeV

P How reliable is the thermal photon interpretation?

P Scale and nuclear PDF uncertainties large at low p.

Alexander Neuwirth Alice FSP 2022 September 28, 2022



Gluon distribution

P Gluon PDF mainly constrained by jet production and indirectly in DIS experiments

P Gluons drive significant fraction of scatterings at the LHC — precise knowledge of
gluon PDFs is crucial (e.g. for gg — H)

P Probe low-z and @ ~ p7.region where gluon density is large

. . s o< A3x™ with A =0.
P Gluon saturation via balanced gluon - oo 03
splitting and gluon-gluon fusion

— Color Glass Condensate (CGC) model.

log(Q)

TDGLAP

BFKL
—
K/JIMWLK

log(x)

P Prompt photons provide an independent obeservable that gives direct access to gluon
density and are less affected by final state effects

P At LO the gluon distribution’s x-dependence is: = ~ 2%5 exp (—v)

— probe small z in low p%’j for large /s and y (forward rapidity).

Alexander Neuwirth Alice FSP 2022 September 28, 2022 3



Photon Fragmentation

P PDFs and fragmentation functions (FF) usually can not be computed in perturbative
theory.

P Operator product expansion separate short- and long distance contributions
P Factorized photon-hadronproduction cross section with undetected remains X

do g gy x(PasPB>Py) =

P
/ dx dwb dzfa/A( avﬂF)fb/B(xbﬂuF) do’abﬁcX(x PA7mbPB7 7ILLF> D’y/c(z MF)
PDFs

a,b,c

partonic cross section fragmentation

including photons from the partonic cross sections through

Dy (2 ) = 6(1— 2)

P 5 is not IR safe for identified partons, factorization theorems cancel these universal
(collinear) divergences®
1Collins, J. C. et al. Adv. Ser. Direct. High Energy Phys. 5, 1-91. arXiv: hep-ph/0409313 (1989).
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https://arxiv.org/abs/hep-ph/0409313

Photon Fragmentation
P Altarelli-Parisi gluon splitting kernels

1+ (1—2)2 1 1—2z
B(s) = Op— 0 Pyla) =204 |(7=5) =4A0-2)+ =
11 1
P Similar for photon splitting kernels with C'. — @? and C, — 0 (uncharged photon)
1+ (1—2)? ,
P (z) = Qg(z) P,,(z) = 0 (at leading order)
P Photon evolution equation
d «
2 _
”F&DW/C(ZMU‘F) - %P'yc(z)
D _ @ P 1 MF Dmeassured D _ t
7/q<z7:u’F> - % ( ) og ,US + ~v/q (zvlus) 'y/g(zmuF) = const.

P At NLO renormalization group equations couple splitting functions P, P, and P
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Photon Fragmentation
Measured:
P Prompt photons in eTe™ collisions (limited data)
P Prompt photons in hadronic collisions?
P In vector meson production, assuming dominating hadronic fluctuations of the

3. phad dra
photon at low scales (VMD)’: D37 (z, ug) = > 22Dy (2, 1)
9 _ 2 I
s V_p7w7¢ fV V/l S
Photon fragmentation functions pp — yXatvF =200 GeV with |y| < 0.35
LT 1. T T
r —-BFG | i FDF CTm FF BFGII E
—BFG I E
10%E E =
B GRVNLO E
E Hy=2GeV ] § 3
] 5" E
go direct j
P10°E 5 ]
b’:‘, F 30. 3
N = E
© 0.4 =
5 F E
10“‘E %0.: >>>>> 3
028 T E
F fragmentation
107 0.1+ 3
AW 0Ofe bl by by by 1
01 02 03 04 05 06 07 08 0.9 10 ! 5 10 15 20 25
z p, (GeV)

2Adare, A. et al. Phys. Rev. C 87, 054907. arXiv: 1208.1234 [nucl-ex] (2013).
3Klasen, M. & Kénig, F. Eur. Phys. ). C 74, 3009. arXiv: 1403.2290 [hep-ph] (2014).
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https://arxiv.org/abs/1208.1234
https://arxiv.org/abs/1403.2290

Photon isolation
Boost invariant definition:

Cone radius: R = \/A¢? + An? o
Activity in the cone: p*° = ZiAjKRmax Pl M‘

Isolation suppresses decay and fragmentation photons*:

LHC, pp - v, X @\[s=14 TeV, y=0 LHC, pp - v, _+X @\[s=14 TeV, y=0 (R, =04, E’* <4 GeV)

Colgion: < of — i <f
Copididns of of — f <f

Al e — iy g

subprocess fraction
subprocess fraction

Fraymsniziion y Annibilati =
G atonAgig =0

Fregmzsnzion
© 810 20 30 40 100 200 300 1000 © 810 20 30 40 100 200 300 1000
E{ (GeV) E{ (GeV)

“d’Enterria, D. & Rojo, J. Nucl. Phys. B 860, 311-338. arXiv: 1202.1762 [hep-ph] (2012).
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https://arxiv.org/abs/1202.1762

Quark Gluon Plasma

7
HIGH ENERGY QUARK GLUON
" " HADRON GAS
COLLIDING IONS GLASMA' PLASMA HADRONIZATION o s
48
th
'\ ! 1
:H?’-
protons colored particles hydrodynamic .
and neutrons  deconfinement expansion sl freezs cut Tt

P Thermal photons are produced by the constituents of the plasma (quarks and gluons)
P Probe properties of the QGP

P Medium decreases jet-momentum — jet quenching
P Suppressed back-to-back correlation

Alexander Neuwirth Alice FSP 2022 September 28, 2022 8



Prompt photon production at NLO in POWHEG

PbPb — y X at {5y = 2.76 TeV with |y] < 0.75

R L L I
9 ;V nPDF: CTEQ61x EPS09, FF: BFG set Il _:
E Scaled with <T,,> = 13 mb” 3
o 10 L ! t  ALICE 0-40% central 7
% E - — yprompl = ydirec( v eragm E
e 2 %i [ Viragm 1
g0 el = v =
JETE s = :
g r %g 4 Using BFG set| &
> 103 7@ prompt _
< E & — A exp(-pT/T) with T = 304 + 58 MeV 3
Zz . 3
a 100E 2 @ L E
- x ——— 3
10° E & " l =

10° s ; : : I 12 14
p, (GeV) 5

P Good agreement in higher p, perturbative region
P Photon probes the gluon density and QGP properties

>Klasen, M. et al. JHEP 10, 119. arXiv: 1307.7034 [hep-ph] (2013).
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https://arxiv.org/abs/1307.7034

Direct photon codes
Shower Monte Carlo Event Generators:

Integrators:

Code pp — Y pp — VJjJ pp — V7Y
POWHEG NLO+PS | [NLO+PS, this project] | [NLO+PS, not public]
Sherpa NLO+PS NLO+PS NLO+PS
MG5,HW7 | (NLO+PS) (NLO+PS) (NLO+PS)
Pythia LO LO
Code pp —J pp = Vjj pp — 7Y
NNLOJET[not public] | NNLO+FF(NNLO) [NLO] NNLO+FF(NNLO)
JETPHOX/DIPHOX NLO+FF(NLO) [LO] NLO+FF(NLO)
MCFM NLO+FF(LO) LO NLO+FF(LO), NNLO

Either FF or Parton showers (PS) is needed to generate physical results.

Alexander Neuwirth

Alice

FSP 2022

September 28, 2022
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POsitive Weight Hardest Emission Generator (POWHEG)

FKS subtraction:
P Divergence can be made explicit in dimensional regularization using - and
plus-distributions.
P Then they get cancelled between Reals and Virtuals.
P Soft divergences % =¢ — 0,inReal (p; - p;p; - pp,) " x &2
P Collinear divergences cos(0,;) = y,; — 1, inReal (p; - p;) " oc (1 —y;;)~
NLO Matching:
P NLO amplitude has n-particle (Born and Virtual) and n + 1-particle (Real) contributions
P POWHEG attaches first emission to n-particle state with a modified Sudakov factor
such that NLO accuracy is preserved.

1

AR<pT) ~ €Xp [_/d‘DR]We(kT(@B:¢’R> —pr)

P PS must generate radiation only from below the scale k. (— veto algorithm).

Alexander Neuwirth Alice FSP 2022 September 28, 2022 11



POsitive Weight Hardest Emission Generator (POWHEG)

a Y q Y q
Y
g q q g g q
a) Compton b) annihilation ¢) bremsstrahlung d) fragmentation
Prompt Fragmentation
POWHEG-NLO Pythia-Shower

P Separation between NLO and fragmentation contribution is non-trivial in NLO+PS

Alexander Neuwirth Alice FSP 2022 September 28, 2022 12



POsitive Weight Hardest Emission Generator (POWHEG)

Fragmentation contribution®:

P QED parton shower (g — ¢7), matched to NLO direct cont.

P Suppressed wrt. to QCD by «/a,, color factors, multiplicities
P Globally only 2% photons in total QCD+QED event samples
P Reweight QED radiation by C=50 (100), check independence

Renormalization and factorization scales:
» i = p, = pp™*? (from underlying Born process)

Born-level event generation cut:
» pp — v + X has coll. divergence at LO — impose p,. > pipin
P Influences events at low p, — region of interest for thermal v

Similar spike issue as for dijets:

P> Symmetrization of FS parton splitting (doublefsr = 1)

%Hoeche, S. et al. Phys. Rev. D 81, 034026. arXiv: 0912.3501 [hep-ph] (2010), Jezo, T. et al. JHEP 11, 033. arXiv:
1610.02275 [hep-ph] (2016).

Alexander Neuwirth Alice FSP 2022 September 28, 2022 13


https://arxiv.org/abs/0912.3501
https://arxiv.org/abs/1610.02275

Photon+jet production at NLO+PS

p-Pb - y+jet+X

10° = ‘ pl>3GeV *
F ————— <<
N == — ;ooser\ll < :‘:? <100 GeV
— + 22<n"<42
g |
= s
‘Sxﬁ 107 | i
3 F
-8 =+= pp 2.76 TeV nCTEQ15(np) %—
—*— p-Pb 5.02 TeV nCTEQ15(np) gg -
=% p-Pb 5.02 TeV nCTEQ15
=
106 - =% p-Pb 5.02 TeV EPPS16 ) g |
10 2x10%  3x107* 107 2x107°
xepe ’
P Forward photon and forward jet
P Always probed at very low z
» Ob ion of ph jet gi obs _ pre " +pirte ™
Observation o photon+jet gives access to Tp, = B o F—

P Important for global determination of nuclear PDFs (— nCTEQ).
P Eliminate scale uncertainties by taking ratios

"Klasen, M. et al. JHEP 03, 081. arXiv: 1709.04154 [hep-ph] (2018).
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https://arxiv.org/abs/1709.04154

Isolated photon + jet production with CMS
Proton-proton and proton-lead collisions®:
> \/Epp =2.76 TeV, L (Run 2013) = 5.3 pb~!
_ _ —1
> /s, p, = 5.02TeV, L (Run 2013) = 30.4 nb

Isolated photons:

P InR=./(An)%+ (Ap)? = 0.4, Eif° < 5 GeV

P No photons with |7 — nreck| < 0.02, |¢p7 — ¢!"°*| < 0.15
P pl. > 40 GeVand |7 < 1.44

Jets:

P Anti-k cluster algorithm with R = 0.3

» i< > 30 GeVand || < 1.6

Choice of PDFs:

» CTEQ 6.1 M S (p) and nCTEQ15-np (Pb, no pion data)

8Tech. rep. (CERN, Geneva, 2013). http://cds.cern.ch/record/1631991.
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http://cds.cern.ch/record/1631991

Transverse momentum ratio of jets over photons with CMS

Transverse momentum fraction of jet

1.5 - ' ' 40 GeV < p! < 50 GeV N
+ CMS pp 2.76 TeV
& CMS pPb5.02 TeV
o = ®  POWHEG+PYTHIA 2.76 TeV
2l 1o O POWHEG+PYTHIA 5.02 TeV
= e O PYTHIAHWING 5.02 TeV
' < 1.44
) $ ) $ ™) < 1.6, "1 > 30 Gev
05 - " ¥ wol> fx 7
o
¢y .
0.0 - s ¥ § 8 §ie o
0.0 05 1.0 15 2.0
Xy, 9
J
» POWHEG peak sharper/at higherz ;. = % than PYTHIA — CMS smear/resolution?
T

»AtLOz,, =1
P No significant cold nuclear effects
P Softer (and more) jets at large p -

Klasen, M. et al. JHEP 03, 081. arXiv: 1709.04154 [hep-ph] (2018).
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https://arxiv.org/abs/1709.04154

Mean jet transverse momentum fraction with CMS

Mean transverse momentum fraction of jet

+ CMSpp 2.76 TeV
& CMS pPb 5.02 TeV
10 b ® POWHEG+PYTHIA 2.76 TeV _|
S G- O  POWHEG+PYTHIA 5.02 TeV
A i O PYTHIA+HIJING 5.02 TeV
><% el m_7| <144
v oer M <1.6,1pf'1>30Gev
|AQ| > %n
8
0.8 |- % —
L L L L 1
40 60 80 100 120 140
pi (GeV) 10

P Higher pJ. — possible to produce > 1 jets (e.g. “Mercedes star’”) — falling (T,
P No Quark-Gluon-Plasma — not a sign of rescattering in the medium!

1%lasen, M. et al. JHEP 03, 081. arXiv: 1709.04154 [hep-ph] (2018).
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https://arxiv.org/abs/1709.04154

Azimuthal correlation of photons and jets with CMS

rad™)

>
2

.Jyd

P4

102 |

Azimuthal isolated photon-jet correlations

1F

o 107"
< F

* 0O @ & +

40 GeV < p: <50 GeV
CMS pp 2.76 TeV (PAS-HIN-13-006)
CMS pPb 5.02 TeV (PAS-HIN-13-006)
POWHEG+PYTHIA 2.76 TeV nCTEQ15 (pp)
POWHEG+PYTHIA 5.02 TeV nCTEQ15 (pPb)
PYTHIA+HIJING 5.02 TeV
JETPHOX with BFG Il 2.76 TeV nCTEQ15 (pp)
'l < 1.44 %
jet jet,

Y < 1.6, Ip!"| > 30 Gev %

@[
L2
O

[~
L
L *

n
w

Ag (rad)

11

P No significant cold nuclear effects, flatter distributions at large p.-
» POWHEG NLO + PYTHIA 8 PS describes data within errors
P JETPHOX does not describe the data below A¢ = 27/3, as the maximum number of

jets at NLO is two

Klasen, M. et al. JHEP 03, 081. arXiv: 1709.04154 [hep-ph] (2018).

Alexander Neuwirth
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https://arxiv.org/abs/1709.04154

Prel|m|nary Photo productlon with one jets

107 —+ Aot 10° A Todatn T T T T

= = 7 108 F AR T T T T
¢ ¢ F+— Aj-nlo-mefm = E+— Ajnlo-mcfm E
S s —»— Aj-lo-powheg & F+ Abopowheg
2 2 AFlo-pythia E £+ Aflopythia
£ 10t T 10t 3 E
3 £ 3
3 3

103 103 =

10% 10 =

10" 10"

1‘1‘ —+ —— H ‘ 'ij L: —

13E ‘uﬁﬁﬁw J i BE

B E e
g uf [ Nl AR g e
§ od et fopt K =

8 E E 88 E

o6 I 06

8¢ IR R R o

o 0 100 150 200 o

Pry [GeV]

P Fixed order without PS/FF

» 7 > 20 GeV cut

P Beyond LO photon and jet are no longer back to back
P Rapidity dependence visible for R > 7

Alexander Neuwirth Alice FSP 2022 September 28, 2022
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Preliminary: Leading order photo production with two jets

= 1 FF AfohdmT T 5 O FFAohdm T 1% Aol T T
] E— M S F-+— Aj-nlo-mcfm F-+— Ajnlo-mcfm
S i S B Ajlopowhes F-+— Ajilo-powheg
) o)
S 108 2 10t |
§ E |
3 z
3 3
103 107 -
107 10%
10" 10" =
. ) P O Y R O P TR A .
o o £ 100 150 200 50 200
Pry [GeV] prjn [GeV] prj2 [GeV]

P Improved sampling and/or more statistics needed
P High pr,j1 dependence dominated by Real correction/jet emission.
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Outlook:Photons

P Virtual corrections for photon+dijets must be calculated

P Requires use of automatization (FormCalc, RECOLA, MG5_aMC@NLO)
P Comparison with ALICE [yh] data??

P Comparison of isolation criteria

» Comparison of QCD/QED PS (PYTHIA, HERWIG, SHERPA)

P Indispensible baseline for corresponding QGP studies

12Acharya, S. et al. Phys. Rev. C 102, 044908. arXiv: 2005.14637 [nucl-ex] (2020).

Alexander Neuwirth Alice FSP 2022 September 28, 2022
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https://arxiv.org/abs/2005.14637

Outlook:Photons

Simulations for FOrward CALorimeter in ALICE (after LS3):

P Access to nPDFs at very small x

P Search for saturation and transition to QGP

P Ultraperipheral collisions and long-range correlations

P Fraction of events where Photon in FoCal, but Jets in ALICE?
Simulations for ALICE3:

P Focus will be on soft photons

P Observed cross sections much larger than predicted at low p;-
P However, non-perturbative region ...

Alexander Neuwirth Alice FSP 2022 September 28, 2022
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Outlook:Dileptons

g 706660000 4 §——~—soososooneg

q N q 7y

I I
P Application to low-mass dileptons in pp and pPb collisions
P Comparison with ALICE data?'3
P Dominated by light- and heavy-meson decays
P Analysis of multijet events in ALICE containing a dilepton
P Obtain new information on jet formation

13Acharya, S. et al. Phys. Rev. C 102, 055204. arXiv: 2005.11995 [nucl-ex] (2020).

Alexander Neuwirth Alice FSP 2022 September 28, 2022
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https://arxiv.org/abs/2005.11995

Z-boson + jet production: Multi-scale improved NLO (MiNLO)

103 )
10! | - ZJJ-MiNLO
= E = ATLAS +oxes .
c DO Z/y (»p*p7) + jet =107
Z - H
o 400 L PT > 45 GeV o 3
§.~ 10 solid: Perugia E = 10! Eo
% dashes: Tune A a g
glo-l = E % 100 P
® 3 P, > 30 GeV ===
1 s L5
3 H 3 ; TRRANANN ;
1 imiﬁ 3 Q i = B 3 \ ‘.\ )
I : I * 05 0 1 2 & 4
(] 1 2 3
14 N 15

AP(Z,jet) et

P NLO extension of the matrix element reweighting procedure employed in tree level
matrix element-parton shower merging algorithms.

P Resums to all orders the large logarithms that arise from kinematic configurations
involving disparate scales.

P MiNLO for prompt photon production in POWHEG requires implementation of analytic
resummed parts

14Alioli, S. et al. JHEP 01, 095. arXiv: 1009.5594 [hep-ph] (2011).
15Campbell, ). M. et al. JHEP 08, 005. arXiv: 1303.5447 [hep-ph] (2013).
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https://arxiv.org/abs/1009.5594
https://arxiv.org/abs/1303.5447

|
Thank you!
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Forward/Focal isolation

.§1_4; pp — v X,\s=14 TeV, y=4 .§1_4; pp — v X,\s=14 TeV, y=4
g C —qg—7q (Compton) g C 7 isolation: R=0.4, &,=0.1
=, A0 _ I = f —q g— 7Y q (Compton)
ol.2- —'qg -y g (annihilation) ol.2- —-qq— v g (annihilation)
§ r Fragmentation y § B Fragmentation y
st s+
2 [JETPHOX 1.1 (CTEQ6.6, p=E}) 2 [JETPHOX 1.1 (CTEQ6.6, p=E})
a0.8[- a0.8F
L - ——— e O O OO
0.6 0.6
0.4 0.4-
0_2/\ 0a
r R r
Y 5 10 15 20 25 30 35 40 45 Y 5 10 15 20 25 30 35 40 45
16 E! (GeV) E} (GeV)

16ALICE Collaboration, C.

Alexander Neuwirth Alice FSP 2022 September 28, 2022
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https://cds.cern.ch/record/2719928

Focal Powheg Setup

P generate 100 x 10000 Events (already 100GB with shower)
» bornktmin 1
» bornsup 10

Alexander Neuwirth Alice FSP 2022 September 28, 2022
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Transverse photon momentum dependence

S P ewe [T

¥ F—+— nfshower

< L

o

=

& 107 —=

g E

&

<

S

S
100 = -
10° -
B ﬂ*ﬁ
100 1 o
13 E E
1.2 -

s HiE | | |

= 1

& 09 FE ‘
0.8 £
07 E =
SSE 1 5 B =

.
15 20
pry [GeV]

» /S = 13TeV
Photon-Cuts:
»34<n’ <58

> 1<p)/GeV <40
Photon-Isolation:

P R° =04
P E°/GeV =5
Jet:

» 1.6 <n/ < 1.6 (to be changed to
FoCal/ALICE acceptance)

» 30 < pl/GeV
P AntiKt with R7 = 0.3

Alexander Neuwirth

Alice FSP 2022

September 28, 2022
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Azimuthal angle difference of photon and jet

Rivet’ " 7

do/dA® [pb / rad]
5
=
I

ol

0.5

>

1

1.5 2 2.5 3
A® [rad]

» /S = 13TeV
Photon-Cuts:
P»34<n <58

P 10 < p;/GeV < 40
Photon-Isolation:

P R° =04
P E°/GeV =5
Jet:

P —1.6 <7/ < 1.6 (to be changed to
FoCal/ALICE acceptance)

» 30 < p/GeV
P AntiKt with R7 = 0.3

Alexander Neuwirth

Alice FSP 2022

September 28, 2022

29



g
3

do/dad [pb / rad]

5 <pJ./GeV < 20
30 <p’,/GeV < 60

Isolation
Effect of the isolation(R'® = 0.4, E'*°/GeV = 2) on A¢ distribution:

5 <pJ./GeV < 20
20 <p’/GeV < 30

20 < p7./GeV < 40
30 < pk,/GeV < 60

SEarT=Toa) T T 7 T T T T PR T T T
pwgnoshover E pwgnozhow £ 105 - pwgnoshower 4
- pythiarlo NOTPOWHEG=TRUE] PR INOTPOWHEG-TRUE] 2 F+ pyihialo INOTPOWHEG-TRUE]
B g
3 3
3 3
S | | I
L 3 | | | |
2@ [rad] o P T 5.3
20 [rad] 20 [rad]
R T T T
[ pgno § [ T T 7 [ T T
b+ pythia- R [N(Y"’OWHEG TRUE] £ F-— pwg-noshower £ 0% b pwgnoshow o
S [ i NoTPowrEG-TRUE) S " B byibindo NOTPOWHEG-TRUE]
R 2
5 2
3 3
Ny by
3 5
S I | | e
[ a— 5
20 [rad] | | | |

3
A® [rad]

5 3
A® [rad]

2
5
-]
g
3

20 < p/GeV < 40
20 < p’,/GeV < 30

TP nteter T T T T
[ pwgnoshower
[+ pythia-lo [NOTPOWHEG=TRUE]

-

1 isolated

5 3
A® [rad]

[ PWE-owteF T T T T
F— pwgmnoshower
- pythia-lo [NOTPOWHEG=TRUE]

e




Diphoton generators

i Diagrams / order Isolaion
Name :(I::L i Various Reference
Bomn | Box (*) | | frag | 2 frag Cone | Frix.
g T. Binoth, .. Guillet, E. Pilon and M.
DIPHOX Yy NLO | LO | NLO | NLO Fixed order X X Werlen, Eur.Phys.J. C16 (2000) 31 |
X Z.Bern, L. Dixon, and C. Schmidt,
GAMMA2MC YY NLO | NLO - - Fixed order X Phys. Rev. D66 (2002) 0740 8.
RESBOS Yy NLO | NLO | LO - NLL X X lots of papers...
MCFM v | No | NO [ o | o2 Fixedorder | x [ x [)-Campbell.R.Ellis, C.-Willams, arXiv:
1105.0020
2gNNLO Yy |NNLO| NLO - - Fixed order X S. Catani et al, arXiv:1110.2375
PYTHIA/
HERWIG YY Lo Lo Ps PS - X X -
MLM matching
Yy+tup . /mIral /
ALPGEN i Lo - PS PS with PYTHIA/ X X home.cern.
o olets HERWIG
YY+X CKKW + S.Hoeche, S. Schumann, . Siegert,
SHEG jets = = = = truncated shower X X Phys.Rev.D81:034026,2010
L. d'Errico, P Richardson, arXiv:
POWHEG/H++ | yy+1 jet| NLO ? PS PS |truncated shower| X X 1106.3939
(diphoton code not public yet)
0 S.Tsuno et al,, Comput. Phys.
GR@PPA LA XY ? Ps PS LL-subtraction | X X Commun. 175, 665 (2006)
L= (no specific publi for diphoton yet)
Color code: . blue = event generator (*): formally, (N)LO of box diagram is (N)NNLO - call it (N)

LO blc contributes as much as NLO born...

https://indico.cern.ch/event/242419/contribution/19/attachments/412185/
572744/1HC France SCHWOERER.pdf
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