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A Review NLO Calculations

[https://arxiv.org/abs/0803.2231v1]
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A Review of NLO Calculations:
The Jet Function

Observables are required to be infrared safe, i.e. the observable’s value
does not depend on the number of soft/collinear final-state hadrons.
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A Review of NLO Calculations:

Subtraction Methods
ONLO _ O_NLO{m—i—l} + O,NLO{m}
l m+1 l (m l
- / [do® — do?] + / [doV + doB ®1] do” pQ) Y (D-F
m+1 m dipoles

Y (D-F™)p) = {Z[Z'Df,.k(p)F'}'":’(ﬁ)+I>:’,(p>F}’"’<;ﬁ)+'D mF}”"(p)}

dipoles i | k#ij

+Z {Z DE@F™ (3) + D (p)F\™ (3) + (a & b)} } . (65)

k#i
There is a mismatch between the dipole kinematics and the born kinematics.
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A Review of NLO Calculations:

Subtraction Methods

SNLO  _ / IR +/ SV
m+1
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+ {Z DEP)FS™ (5) + D (p)Fy™ (3) + (a b)} } . (65)

i k#i

There is a mismatch between the dipole kinematics and the born kinematics.
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A Review of NLO Calculations:

A typical run of a calculation using subtraction methods.

Dipole event K Born event

S X N O O O O O R

Histogram bins
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A Review of NLO Calculations:

A typical run of a calculation using subtraction methods.

dO’/dm]] (pb/GeV)

Ratio to HJets++

10

—— HIJETS,27 TeV
—— VBEFNLO,27 TeV

\

°o = N
Ul o= U1 N U1 W

T i T

Q

Missed binning is an issue.

Possible remedies:

« Bin Smearing (?)

* Fuzzy Cuts (?)

« Cuts on the dipole phase
space (?)

« Higher Statistics resulting
in higher costs.

* Does anybody know what
will happen at NNLO?
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Forward Branching Phase Space Generator

The philosophy is to optimize both the jet function and phase space at the same
time. The clever idea is to construct the real emission phase space from the born
phase space. This approach has been advocated by the N-jettiness slicing.

d¢(m—|—1) ‘MR‘Qﬁ”ji)

~—

N-jettiness Subtractions for NNLO QCD Calculations
By Jonathan Gaunt, Maximilian Stahlhofen, Frank J. Tackmann, Jonathan R. Walsh.
arXiv:1505.04794 [hep-ph]. 10.1007/JHEPQ09(2015)058.JHEP 1509 (2015) 058.
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Forward Branching Phase Space Generator

The first step is to partition the phase of the real radiation according to a jet
algorithm. For this we need to define the jet algorithm.
1. Resolution function: d;; = d(p;,p;)
2. Partons with the smallest resolution will be clustered until

min;;(di;) > deut (exclusive jet cross section) or a certain jet multiplicity
is reached.
The second step is to introduce a partition of one:

1_29 = dyin

dinin = minij(CZij) = ming; (d(p;, p;))
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Forward Branching Phase Space Generator

The dcut can alslo be included.
N

1= Z Q(CZ]n — CZmin) (e(dmm < dcut) =+ e(dmln > dcut))

O, (Q; {p}) = d—1(Q; {p}) x d g ({P}{P})

?ffﬁé {p}{p}) = 2‘9 = dmin) dmin < Cz\CUt)d®£{)]ps({ﬁ}|{p})

Now, to work out the phase space maps. _amE  WichiTa STaTE
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Born Phase Space (V+1 parton kinematics)

/ = ?M
5 (0,0, 4, 30) ]

1 / @
ﬁff ) = ﬁ(i) (Sin ¢i, cos ¢, sinh 7, cosh ﬁi)
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Born Phase Space (V+1 parton kinematics)

diadind®(papss Q. (Phn) = (g1 g (H dpy dind; p<T>> xdilgx ©(1—i1)0(1—#) ,
=1

(2.5)
with
T = —Zﬁ(qé)
i=1

o1 — (i)
Tq = —= | Gre + e’

. L (. _ ~ () _p,

Tp = — | dpe™ M + e ", 2.6
b 5 ( T ;pT ) ( )
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Final State Forward Branching Phase Space

%— \/ Q:Qaﬁab:ﬁa+ﬁb:pa+pb+ap%27
-

DJ = pi12 + Oépfz, pfg = (p1 + p2)L

(k Rapidity and transverse
momentum is left invariant.

9

dp1

(2m)°

AN (py, py; Q, p1,p2) = dPo(Pa, Pr; Q, Pr) X [ 5(19%)] X J(ps,p1) -
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Final State Forward Branching Phase Space
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Final State Forward Branching Phase Space
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Initial State Forward Branching Phase Space

— Type 1

Type | \/

LQ_QK pJ:ﬁJ7pab:ﬁab_ap%7Q:Q_ﬁ{_(l_*_a)p%
%LLZ/ Jet momentum is invariant.

d p1
(2m)3

d®5" (pay pb; Q, 07, 1) = P2 (Pa, Po; @, Hy) X [ 5(19%)] x J(Q,p1) -
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Initial State Forward Branching Phase Space

— Type 1

Type | \/ Qr =Qr—pl,Qr=Qr— (1+a)pk

LQ_Q"\ . Pab = Pab — @pfa Py =DJ
A
LLKU\ Jet momentum is invariant.

)+ 0F- QP
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Initial State Forward Branching Phase Space
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Initial State Forward Branching Phase Space

- Type 11

Type \/

LQ-QK Q = Q, Pab = Pab — pT, s =Py —p1 — (L +a)py
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)
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Initial State Forward Branching Phase Space

- Type 11

LQ_QK Pab = Pab — Oép%7 Q=0Q
//LL&U\ Vector boson momentum is invariant.
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Initial State Forward Branching Phase Space

- Type 11
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Simple Application: Generator for V+1 jet
Production

AY = (i —ny)° + (6 — b))
1 = @(R — A12) + @(Alg — R)

0-jet, 1-jet, 2-jet
1 =O(R—A12)+0(A12—R)x (0(ph, — p1) + O(pi — L)) x (O(ph, —p3) +O(py — L)) -

1-jet exclusive
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Simple Application: Generator for V+1 jet
Production

d(I) eeeeeeee (pa7pb7Q p17p2) — dq)?)(paapba Q p1, p2)
x [O(R— A2) + O(A12 — R) (O(pl,, — p1)O(ps —pl.) + O, —p3)O(1 —pl.))]

= d®5(pa, Pr; Q, D) X [(;i%)lg 5(29%)]
X [O(R — Ap2) I (D, p1)d (M ({p}2 — {p}2))

+6(A12 = B) (O] < plin)OWS > pliuy) + (1 2)) T (Q,p1)d(M™ ({p}2 — {p}2))] -
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Simple Application: Generator for V+1 jet

Production
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V+1 jet at NLO using DYRAD

Higher order corrections to jet cross-sections in hadron colliders
W.T. Giele (Fermilab), E.W.Nigel Glover (Durham U.), David A.
Kosower (CERN & Saclay)

*Nucl.Phys. B403 (1993) 633-670
*e-Print: hep-ph/9302225 | PDF

—=S3F= | WICHITA STATE

ulSll : UNIVERSITY



https://inspirehep.net/author/profile/Giele%252C%2520W.T.%3Frecid=33945&ln=en
https://inspirehep.net/search%3Fcc=Institutions&p=institution:%2522Fermilab%2522&ln=en
https://inspirehep.net/author/profile/Glover%252C%2520E.W.Nigel%3Frecid=33945&ln=en
https://inspirehep.net/search%3Fcc=Institutions&p=institution:%2522Durham%2520U.%2522&ln=en
https://inspirehep.net/author/profile/Kosower%252C%2520David%2520A.%3Frecid=33945&ln=en
https://inspirehep.net/search%3Fcc=Institutions&p=institution:%2522CERN%2522&ln=en
https://inspirehep.net/search%3Fcc=Institutions&p=institution:%2522Saclay%2522&ln=en
http://arxiv.org/abs/hep-ph/9302225
http://arxiv.org/pdf/hep-ph/9302225.pdf

V+1 jet at NLO using DYRAD

DYRAD MC is an NLO MC that used phase space slicing for the
computation of NLO corrections in the perturbative QCD for vector

boson plus 0 and 1 jet. Our starting point for the FBPS MC was
DYRAD MC.
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V+1 jet at NLO using FBPS

do™({(pr:n, ¢)i} Z fule ) Jlez) Mg ({(pr.n, 9):})

2812

0 0 = 5 Jol2DI22) ) (4 (o, m, )

2812

s12 fa(@1) fo(i2) MO L (pr,m, 0)i}, k3>>

X(””“”’"’d)”}) RSy ey MO [z 0):)

K-factors at the level of Born events.
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V+1 jet at NLO using FBPS

Building off the DYRAD MC framework we have implemented the
CUBA library (http://www.feynarts.de/cuba/) in order to take advantage of

hyperthreading.

The FBPS MC allows the the computation of cross-sections and
kinematics distributions at LO and NLO for the V+1 jet production at
hadron colliders such as the LHC experiment. The FBPS MC can be
used to compute kinematics distributions for a fixed Born jet rapidity, jet
transverse momentum, and vector boson rapidity.

The FBPS MC uses phase space slicing for the moment.
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V+1 jet at NLO using FBPS

Input parameters:
1. Collider Energy: 14 TeV

2. PDF Choice: CT14nlo
3. Renormalization and Factorization: Partonic CMS Energy
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V+1 jet at NLO using FBPS

Validation of slicing
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V+1 jet at NLO using FBPS
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V+1 jet at NLO using FBPS
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V+1 jet at NLO using FBPS
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V+1 jet at NLO using FBPS in the CLOUD

Since, we can compute a local K-factor for a given Born kinematic ,
it is straightforward to perform single core computations via the CLOUD such
as the OPEN SCIENCE GRID.

For this, we have developed a Docker container for the FBPS MC.

Hence, kinematic distributions are in fact now represented by numerical functions.
There are pros and cons to this approach.
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V+1 jet at NLO using FBPS in the CLOUD

%dockerhub Explore  Repositories  Organizations Get Help ~ drtmfigy ~ ‘

Repositories drtmfigy / fbps Using 0 of 1 private repositories. Get more

General Tags Builds Timeline Collaborators Webhooks Settings

exactauthor:T.Martini.1 - Search Results - INSPIRE-HEP

® drtmfigy/fbps Docker commands

This repository does not have a description 7 To push a new tag to this repository,

@ Last pushed: 4 months ago docker push drtmfigy/fbps:tagname

Tags

This repository contains 1 tag(s).

) ®© 4 months ¢

latest

See all
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V+1 jet at NLO using FBPS in the CLOUD
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V+1 jet at NLO using FBPS
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V+1 jet at NLO using FBPS
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Outlook

« The FBPS generator allows for the re-weighting of Born
events and generation of n exclusive jets.

* Issues of missed binning in histograms is absent.
 In principle one can determine local K-factors that only
require a 3d integration over the phase space of the real

emission contributions for a given Born kinematic.

» Future outlook: NNLO examples
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