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INntroduction

Goal: Generalisation of g - subtraction Ry
for processes with |ets.
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Outline

g7 - subtraction and resummation

Generalising g to processes Involving jets

Definrtion of N — k;]ess

[IESS
kT

All orc

er and hon-
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berturbative behaviour of
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g7 - Subtraction And Resummation

* ¢ = transverse momentum of resolved system (system already present at LO)
» If no jets are present at LO then g > 0 ensures that at N"LO only IR divergences of N”_ILO—type appear

» Thus, g7 can be used as a slicing variable at NNLO. (Catani, Grazzini (2007) [0703012))

« MATRIX: pp = V, H, vy, Vy,VV, tt,yry, HH, bb (Grazzni Kalweit, Wiesemann (2017) [1711.06631])

» Has been used at N3LO for Higgs production (Billis, Dehnadi, Ebert, Michel, Tackmann (2021) and Drell-Yan[2102.08039))

(el Ciehiemann, Glover, Huss, rang, Zhu (202 1)[2107.09085])(Chen, Gehrmann, Glover; Huss, Monni, Re, Rottoll, Torrielli 22050565 1
(L amaeda Ciert, Ferreral 2103.049741)

» BUIT, it there are jets, g no longer regulates all NLO type IR-divergences!

Jiirg Haag / HP2 2022 ;
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—How [o Deal With |ets

* We want something that smoothly captures the N to N+ 1| jet transition.

* We want a variable that is g for the O jet case and for ISC radiation

* We want the variable to scale like relative transverse momentum in all soft collinear regions
* We want something (continuously) global

» N-jettiness (Stewart, Tackmann, Waalewijn (2010)[1004.2489]) Is the only well-studied player in the game, but O-

jettiness Is not g and does not scale as a transverse momentum.

* N-jettiness-subtraction at NNLO (Gaunt, Stahlhofen, Tackmann, Walsh (2015)[1505.04794])

* |-jettiness at NNLO forV+jet (Boughezal, Focke, Liu, Petriello (2015) [1504.021317])(Boughezal, Campbell, Ellis, Focke, Giele, Liu,
Petriello (2016)[1512.012917)

Jiirg Haag / HP2 2022
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Defining k>

. Remember the ky - jet clustering algorithm: d;; = min(pl-,T,pj,T)\/Ay2 + AP? ~ I’ET

NESS
kT

I [ Dioecss winiere We reduire IV or more |ets we can define [V — as follows:

= min({p; 7}, D )

. For a configuration of N 4+ 1 massless coloured partons we can define N — k2>

+ For ISC radiation N — k;'>° is the transverse momentum of the hard system.
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Defining k>

. Remember the &y - jet clustering algorithm: d; = min(pl-,T,pj,T)\/Ay2 + Ap? ~ I’ET

S Dloccss Whiere We reduire /Y or more |ets we can define [V — k?ess as follows:

. For a configuration of N + 1 massless coloured partons we can define N — k2> = min({p; 1}, . )

+ For FSC radiation along a jet, N — k> |

that et

s the relative transverse momentum of the hard system wrt

| | kness
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Defining k>

. Remember the ky - jet clustering algorithm: d;; = min(p; 7, pj,T)\/Ay2 + Ap? ~ I}T

1855
kT

e iele e require IY or more jets we can define N — as follows:

=min({pi,T}, D )

. For a configuration of N + 1 massless coloured partons we can define N — k<>

+ For ISC radiation N — kj®>> is the transverse momentum of the hard system.

[Iess
kT

& 0l 7> radiation along a jet, [N — s the relative transverse momentum of the hard system wrt that jet

» For soft radiation the situation Is more Involved

Jiirg Haag / HP2 2022



Defining k>

» For a configuration of N + k partons, one runs the kt-algorithm unti

N + 1 partons remain.

P
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Defining k>

» For a configuration of N + k partons, one runs the kt-algorithm unti

N + 1 partons remain.

. We again determine min({p, 7}, . )
d, d;
. Ifitis a —, define kness — ’
D D min(d;, d;p)

‘ kness
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Defining k>

» For a configuration of N 4+ k partons, one runs the kt-algorithm until N + 1

hartons remain.

14}
. We again determine min({p; 1}, Dl] ) e

- Ifitis a p;, define k™ = (p; + Predr

(Prec Is the total momentum of the

particles clustered with the beam)
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Defining k>

» For a configuration of N 4 k partons, one runs the kt-alsorithm until N + 1 partons remain.

. We again determine min({p; 7}, e )
dij dl]

. Ifitis a —, define kj=>° = —
D D

- Ifitis a p;, define k™ = (p; + Prec)r (Prec is the total momentum of the particles clustered with
the beam)

[IESS
kT

- Note: If all emissions are ISC, s again the | gp| of the hard system!

Jiirg Haag / HP2 2022 .



k> as a slicing variable

[IES5

. VWe have analysed the small r behaviour of JdHRdaR®(r— L) for general processes of thc T

op > N e | colorless

* [he pieces containing powers of log(r) give rise to the k7*>>-slicing counter-terms

ae dkDESS 2D, P
. T 1 2 Z . Zya Z Cin(D?) - Y T, Tyln 2 b
T Kk} kness oy 9,

X 8,050 (1 —21) 6 (1 — 25) +26 (1 — 2) 6,,PSY () +26 (1 — z;) 5acPc(zz?( )} ®dAiJ(r)ldeetS

B o 3.
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it Haag 1 HP2 2022




k> as a slicing variable

» We calculated the constant pieces in terms of two-fold integrals

» We have implemented k=>* - slicing at NLO for general
pp — N jets + colorless processes in MATRIX

Jiirg Haag / HP2 2022






Higgs + |et

reyt-dependence of
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= el
mg + (Pr)”
Jness
P = .

\/ M7+ (P])?
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e jets

pr - distribution of leading jet

Jurg Haag / HP2 2022

do /dp?t [fb/GeV]

pp > 40 25 N

& | | | | | | | | | | | | | | | | | | | | | | | &
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Di-jet (in MATRIX)

e Flaas / P2 2027

Ac/AaNEE™" —1[%)

1l

_90l

pp — jj Q13 TeV, up =myz, pr=mg

New!

MATRIXCS
AoNLO

Aa%ﬁg‘”‘” (Teut — 0)

ar
A O.MATRIX

NLO (Tcut)

01 02 03 04 065 06 07 0O
Teut = CUtk%CSS/mjj [%]

L






pp = LT8” +j+ X

35-llll|llll|llll|llll|l-]III[][]'|1l11|||||
i ¢ parton level - @8 parton level -
i - had. : s had. 2

i &%% had. + MPI_ #5 had. + MPI_

Hadronisation and
bdlind

k- like variables behave well under
hadronisation and MP|

do [pb/bin]

lllllllll'llllllllllllll

—
—
e
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(see also Banfi, Salam and Zanderighi 3 __ww-u,'..,l,,,
' - : AT
) : : ,////// U

go o011 03 408 O ¢ 250 40 80 &8 1¢
Ty l_ki}ess [GeV]

LO events generated with POWHEG [0/09.2092] and showered with PY THIAS

- [1410.3012] using the Al4 tune. Jets and kK> defined with FASTJET [LI|1.6097]
Jirg Haag / HP2 2022 73 :
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https://arxiv.org/abs/1111.6097

Outlook

g DL k?ess—subtraction will soon work in MATRIX for general NLO QCD corrections.

» Resummation: Some technicalities need to be understood: b-space for IS radiation?

Clustering logarithms (especially beyond NLL)?

» Currently working on Z+) at NNLO

» Ultimate long term goal: Make MATRIX a general NNLO provider for QCD corrections
(and mixed corrections)

Jiirg Haag / HP2 2022 <









Setups for NLO calculations

\/Shad = | 3leV

ol i . o lE ] NNPDF31 nlo as 0118
o Mg8s ™ JCL pp>30Gev with ag(m,) = 0.118

D=
G, — schene
5 A0GEV. <45 Gr = 1.16639 X 10°GeV 2
e :
o JetS. ph>20GeV,n, < 2.5,66 GeV < my; < 116 GeV,R; > 0.5,R, > 0.2 my, = 80.386GeV
it 0] m, = 91.1876GeV
[", =2.4952GeV
. DU et: pr> 30GeV anti-k-clustering with R = 0.4

OF— 4|
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1 he Finte Plece

ay (pg) Bl 2 1l 11 0> _ L :
J =11 @ o5 oo —=dloe| — 1) -loc )l FE = 1 EHe
g { il gl2) = log( )(6 g( og(D) Rnf_ Yo 0g(2D)

: : : _
L a (pg) ¢ s % log(2) — log(D)(% + log (4Q )) —log*(D) | + O (a;)
p? :

e [ T, - T,w;, — 2 (T} - Tyw; + (1 < 2)) — 2 T, - Y}wl-j] ® (:»Cm - k]'zess,sofr/Q>
i i%]

i (lea)Zl ae (1 - 2)) Leut = k /Q Z Tza)FS—>S Feur — 4y zk/Q)
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