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Jet physics at the LHC
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Jet physics at the LHC

* Jets are ubiquitous at the LHC

* Experimental analyses categorize events
into jet bins according to the jet
multiplicity
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* E.g. pp = H + X: enhanced sensitivity to
Higgs boson kinematics, spin-CP
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® Description of jet processes requires an
understanding of QCD across a wide
range of energy scales

* Additional theoretical challenges in
processes with one or more jets
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Fixed-order calculations

e Complex singularity structure for
processes with one or more jets

e Fixed order calculations at NNLO
accuracy require efficient subtraction
methods to extract and cancel virtual and
real singularities

e V+ 7 NNLO calculations available with

local and non-local subtraction methods
(Caola, Melnikov, Schulze]

Chen, Gehrmann, Gehrmann-De Ridder, Glover, Huss + others (NNLOJET)]
[Boughezal, Campbell, Ellis, Focke, Giele, Liu, Petriello, Williams]

e pp — 2j and even pp — 3j recently

computed

[H.Chawdhry, M.Czakon, A.Mitov, R.Poncelet] (pp — 2j and pp — 3))
[INNLOJET] (pp — 2))

* Computationally expensive (100k-1M
CPU hours); no public code available
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All-order calculations and matching to parton shower

® Resummation structure for jet observables
complicated by the presence of multiple
emitters

Ingredients to reach NNLL accuracy available
only for a few selected observables with three

or more coloured legs
Bonciani, Catani, Grazzini, Satgsyan, Torre, Devoto, Mazzitelli, Kallweit] (¢7)

_Arpmo, Banfi, EI-Menoufi] (three jet rate)

Jouttenus, Stewart, Tackmann, Waalewijn](jet mass)

Becher, Garcia | Tormo, Piclum](transverse thrust in pp collisions)
(Chien, Rahn,Schrijnder van Velzen,Shao,Waalewijn.Wu]

* Matching of NNLO calculations with
parton shower requires the knowledge of
the same ingredients entering at NNLL' for
a suitable resolution variable which
captures the singularities of the

N — N + 1 (partonic) jet transition
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Jet resolution variables

Resolution variables smoothly capture the transition from N to N + 1 configurations
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cut

0 — 1 jet transition: p7*°, g, O-jettiness 1

1 — 2 jet transition: two-jet resolution parameter y;,, 1-jettiness 7,

Caveat: the definition of the resolution variable may or may not depend on the jet definition
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The 0 jet case

o p7¥° q;, 7y are three well known variables able to discriminate the 0 — 1 transition and to inclusively

describe initial-state radiation

* Singular structure known at (N)NNLO from the expansion of the resummation formula at (N)NNLL
accuracy

e In the case of g, 7, the knowledge of the O(a?) terms constant terms allows for the formulation of non-

local subtraction methods for QCD calculations at NNLO
[Catani, Grazzini][Gaunt, Stahlhofen, Tackmann, Walsh]

* grand 7y are also used as resolution variables for NNLO+PS event generators

g7 UNNLOPS,  MiNNLOps

[Hoche, Li, Prestel] [Nason, Monni, Re, Wiesemann, Zanderighi]

7,: GENEVA recently extended to g

[Alioli, Bauer, Berggren, Tackmann, Walsh] [Alioli, Bauer, Broggio, Gavardi, Kallweit, Lim, Nagar, Napoletano, LR]
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g and 7, resummation

Resummation for both variables known at high logarithmic accuracy: NNLL for z,, N3LL" for g7

[Gaunt, Stahlhofen, Tackmann, Walsh][Billis, Dehnadi, Ebert, Michel, Stewart, Tackmann][Re, LR, Torriellil[Camarda, Cieri, Ferrera][Ju, Schonherr][Neumann]
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[Alioli, Bauer, Broggio, Gavardi, Kallweit, Lim, Nagar, Napoletano, LR]

Predictiveness of resummed predictions affected by corrections of NP origin (hadronisation, MPI). Spectrum
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in g mildly affected, large corrections due to MPI in the case of 7
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The 0 jet case: non-local subtraction and power corrections

General formula for non-local subtraction methods for colour singlet production at NNLO

AF+X  _ opF AF  AF+ljet  JACT.F p
doio = # nno @ dop o+ _daNLO daNNLO_ + O(r:,)
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The 0 jet case: non-local subtraction and power corrections

General formula for non-local subtraction methods at NNLO

Virtual correction after subtraction
of IR singularities and contribution
of soft/collinear origin (beam, soft,

jet functions) \‘

~F+X  _ opF AF - AF+ljet  jACTF p
doNio = # nnio @ dop o+ daNLO oxni ol T O(r; )
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The 0 jet case: non-local subtraction and power corrections

General formula for non-local subtraction methods at NNLO

Real contribution with one
additional parton, divergent

in the limit r,,, = 0,

rcuthT/Q,go/Q,...

Y ]
~F+X F ~F AF+1jet _ ~ACT.F P
daNNLO =K NNLo @ dGLO + _dUNLO GNNLO_ + @(rcut)
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The 0 jet case: non-local subtraction and power corrections

General formula for non-local subtraction methods at NNLO

F+X  opF AF , | jaF+ljet  JACTF p
Ao\ o = # nno ® doj g + daNLO ont ol @(rcut)

Counterterm, matches the real
calculation in the limitr — 0
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The 0 jet case: non-local subtraction and power corrections

General formula for non-local subtraction methods at NNLO

~F+X _ opF ~F - AF+ljet  JACTE p
Ao\ o = # nno ® doj g + daNLO oxni ol T O(r )

Missing power corrections
below the slicing cut-off
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The 0 jet case: non-local subtraction and power corrections

General formula for non-local subtraction methods at NNLO

~F+X  _ opF AF - AF+ljet  jACTF p
do1o = 7 nno @ doy o+ dGNLO oxni ol T O(r )

Sensitivity to power corrections below the cut-off generally depends on the observable and affects the

performance of the method
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The 0 jet case: non-local subtraction and power corrections

Ao(r, )/ Ao,

xact

g~-subtraction with
inclusive cuts and in
various fiducial setups

O(a,) correction
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The 0 jet case: non-local subtraction and power corrections

Ao(r.,)/ Ao

Oexact —
g;-subtraction for
2 — 2 processes with

( ut) (@)symmetric cuts

I e

O(a,) correction

~ qrlQ, T /0, .

0 Feut
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The 0 jet case: non-local subtraction and power corrections

O(r

cut lIl F cut)

Ao(r, )/ Ao,

xact

7o-subtraction for
any colour-singlet

(and g;-subtraction
for processes with
photon isolation cuts)

O(a,) correction

rcuthT/Q,go/Q,...

cut
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The 0 jet case: non-local subtraction and power corrections

O(r e In 7. y) : : : oy
=1 S Relative size of power corrections affects stability

and performance of non-local subtraction
Oreu) methods

Ao(r.,)/ Ao,

The larger the power corrections, the lower are
the values of the slicing parameters needed for

extrapolation of correct result (CPU consuming,
numerically unstable)

cut

Computation of missing (leading) power corrections helps to tame numerical instabilities, especially in the

O-jettiness case, where power corrections are larger
[Moult, Rothen, Stewart, Tackmann, Zhu, Ebert, Vita][Boughezal, Isgro, Liu, Petriello]
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The 0 jet case: linear power corrections for ¢, subtraction

For 2 — 2 processes with (@)symmetric cuts, fiducial linear power corrections for g;-subtraction can be

calculated numerically via a proper treatment of the transverse recoil
[Billis, Dehnadi, Ebert, Michel, Stewart, Tackmann][Buonocore, Kallweit, LR, Wiesemann][Camarda, Cieri, Ferrera]
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[Buonocore, Kallweit, LR, Wiesemann 2111.13661]

Much improved convergence over
linear power correction case

Accurate computation of the NLO
correction without the need to

push r_, to very low values

Remark: linear power corrections
in the symmetric/asymmetric case

are related to ambiguities in the
perturbative expansion and can be
avoided with different sets of cuts

[Salam, Slade]
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Beyond 0 jet: N-jettiness

So far N-jettiness is the most studied resolution variable for the generic N = N + 1 transition

Ingredients for 1-jettiness subtraction at NNLO have been computed, and NNLO calculations for V 4+ 1 jet
using 1 —j ettines subtraction have been pel‘formed [Boughezal, Campbell, Ellis, Focke, Giele, Liu, Petriello, Williams]

Soft-function for 2-jettiness at NNLO also available, allows for potential computation of dijet at NNLO Din, Liu]

pp — H + 7+ X

0.30—— — — —
Application to V + 1 processes requires careful - § Alio(rew) = ONio
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New resolution variables for V + 1 jet

N-jettiness has proved a successful resolution variable for processes with 1 jet, but so far is essentially the
only player in the game

t may prove worthwhile to explore other resolution variables which overcome some of the shortcomings of
jettiness and which could have

* smaller power corrections —_— Applications to NNLO subtraction and beyond

* more direct experimental relevance —_— Comparison of resummed prediction with data

* simpler relation with parton shower

ordering variables Improved NNLO+PS matching
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gr-imbalance for V + j production

[Buonocore, Grazzini, Haag, LR, 2110.06913]

Consider production of boson V in association with a jet

hy(Py) + hy(Py) — V(py) +j(p) + X

Define g;~-imbalance as

gr = Py +Dp)r

Variable depends on the jet definition: jet defined through
anti-k, algorithm with jet radius R

Fixed-order calculation develops large logarithms of In(g,)*/Q? in the limit g, — O.

Perturbative expansion rescued by the all-order resummation of logarithmically enhanced terms

Theory Seminar, 24th February 2022, Nikhef
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gr-imbalance for V + j production

[Buonocore, Grazzini, Haag, LR, 2110.06913]

Resummation already considered both in direct QCD
and in SCET [Sung, Yan, Yuan, Yuan][Chien, Shao, Wu]

In both cases, anomalous dimensions computed in the
narrow jet approximation (valid only in the small-R limit)

In view of potential applications for e.g. subtraction scheme,
it is important to assess the impact of such an approximation

In our calculation:

e Full R dependence in the anomalous dimensions
e Full azimuthal dependence

® Inclusion of all finite contributions (NLL" accuracy)
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Singularity structure and factorisation

Richer singularity structure since the final state parton radiates

Singularities of soft/collinear origin from initial state partons

Singularities of soft origin due to the emission of soft gluons
at wide angle connecting the three emitters

Final state collinear singularity regulated by finite jet radius

Presence of finite jet radius induces harsh boundary in the
phase space - non global logarithms
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Resummation formula at NLL

[Buonocore, Grazzini, Haag, LR, 2110.06913]

Observable factorizes in impact parameter (b) space like transverse momentum in colour-singlet production
Resummation akin to the resummation of transverse momentum in #f production

Fully differential resummation formula at NLL (for global contribution)

2 2
> ) [daé?]J S, (0.)

2 2 n . 2
d quQ dy dﬂ 2P1 P2 (a.CET (271')
Ldz (1 dz 2 11,2 2 1.2
X Z — | —HACColuca,apaym K121 DTN, (21 2, by 157
a,,a, = Xl <1 %% <2
122
O ag? | oy 07 ) .
S (D, b) = exp —J s A layg ))ln? + B, (a(q")) Sudakov exponent is the same as for colourless case
bR/b> ]
Contains additional contribution
[((HA)C, Gl eaia, which starts at NLL accuracy and

describes QCD radiation of soft-wide

Same beam function as g; angle radiation (colour singlet: A = 1)
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The soft-wide angle contribution

[((HA)C, (]

ac,a|d,

All-order structure of A

The factor (HA) depends on b, Q and on the underlying Born.
It also contains an explicit dependence on the jet definition

H: process-dependent hard factor, independent on b

(HA) = Tr[HA]: non-trivial dependence on the colour
structure of the partonic process (can be worked out simply in
V + j production)

Explicit azimuthal dependence
(azimuthal correlations)

/ [Catani, Grazzini, Sargsyan, Torre]

A(b, Q: t/u, ) = Vi(b, O, t/u, R) D(a,(b2/b2), t/u, R; $,,)V(b, O, t/u, R).

Evolution operator

0’ da? .
V(b, Q. t/u,R) = P, exp —J izl“(as(qz),t/u, R) "esumr}“'”% logs :
b 4 stemming from soft-

wide angle radiation
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Calculation of NLL' coefhicients

Resummation formula at NLL" requires the computation of 1-loop resummation coefficients

[(a, t/u, R) = TV (t/u, R) + » <1> L (t/u, R) D(a,, t/u, R) = DV(t/u, R) + » <1> D"(t/u, R)
T T

T T
n>1 n>1

Calculation performed by defining the NLO eikonal current associated to the emission of a soft gluon

P1° P> T P11 P3 LT, T, P2 P3 >x®(R32k>R2)

pr-k py-k pr-k py-k Pk py-k

J({p}. kR) = <T1 - T,

And subtracting the double counting (contributions of soft/collinear origin from the initial state legs)

P1° P2
Jgu ({ i},k;R)=J2— _Ti2 X 1
o P Z( pi-k (pp+p))-k

i=1,2

The resummation coefficients can be calculated via

J (b, t/u; R) = ﬂzejddkm(kz)e”"kiﬁ ({p:}. k;R) = — y

LD 6 > 43 D ! ! 1
sub 1 (1 —€)*Qy 5, | =TP@/u; R) — 2RD(b, t/u; R) + ... DD = RM — (RMDY
€

Hard factor H: contains finite contributions of virtual origin, the finite jet function J(R), and a finite contribution of
soft origin FD(R) = — 2(RWY(R)
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Non global logarithms

NLL accuracy requires the inclusion of non-global logarithms [Dasgupta, salam]

In the strongly ordered soft limit at two loops there are a global and a non-global contributions at o In g*/Q*

Resummation formula to be supplemented by the factor %/, .. embedding the resummation of NGL Dasgupta, Salam

NGL
9) - 9) 2 b
Lz 1do0) | 22 e ans, (0, b) U ~on| -CGRGALR) =By L
dquszdy dQ 2P1 y P2 (a.c)es e | (277:)2 aen=s 27 b()
' dzy [ dz 2 11.2 2 1120/
X ) . Z—z[(HMClCz]ac;alaz Fon 1120, BRIDD, . (yl 2, BRILD UL
a,a, - "X
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Non-local subtraction at NLO for H+j

[M. Costantini Master’s thesis, UZH]

The expansion of the NLL" formula at fixed order allows us to construct a non-local subtraction scheme using g
-imbalance as resolution variable

0.030 -

0.025 ~

0.020 A

0.015 -

0.010 A

0.005 A

0.000 -

hjet
OnLo -1

CS
OnLo

® CS

® hjet at nlo

Jet Radius = |O.1

ptHiggs min

= 30 GeV

Linear scaling observed, good convergence
towards the exact result

NLO [pb] U = lIp = My
g1 subtraction | 13.256 &+ 0.034
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LO [pb] 7.758 + 0.007

0.004 0.006 0.008 0.010

rcut
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Non-local subtraction at NLO for H+j: dependence on the jet radius

[M. Costantini Master’s thesis, UZH]

Exact dependence on the jet radius crucial to ensure proper cancellation of logarithmic enhanced terms

99 99

99 99
02— jet — OcT —
je ~1 02— jet — OcT

e = -channel =Ur =My, 13TeV
Gextrapoiated 99 HF=HRr =My o — 1 gg-channel UrF = Ug = My, 13TeV
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® :
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gl e ,
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® o
~0.02 11 s=0. Tho0”
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The quest for novel resolution variables

g;-imbalance has nice convergence properties but has some limitations, which makes the extension at higher
orders more complex:

* The observable is defined through a jet algorithm, which induces a
dependence on an additional cutting variable (the jet radius R)

e The resummation of g;-imbalance involves additional difficulties such as
NGL entering at @(asz)

A variable which does not suffer from these problems in V + j production is the difference between the
transverse energy and the transverse momentum of the vector boson

n
AE;= ) |pr;| = |Pryl
=1
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AE; as a resolution variable: challenges

The variable has however a more convoluted structure than g;-imbalance due the different scalings in each
singular region. Parametrising the emission with FKS variables,

S AE; ~ k(1 + cos ¢) FS AEp ~ ky0'sin(¢)”

The non-trivial dependence on ¢ leads to different beam functions with respect to g; and makes their
computation more delicate (need to take into account polarised splitting kernels)

Structure of the subtracted soft current also more involved (collinear singularity of final state no longer screened
by a finite jet radius), also due to the different scaling of the observable in each region
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AE as a resolution variable: results

AO’/.AO’NLO — 1

0.00}

—0.05}

|
O
—
=

|
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|
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o
&

pp — Z + 1jet (full) @ 14 TeV, up = Mz, ugp = My

04 06 08 10
Peat = NBT / My [%l]
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Power corrections rather large,
logarithmic enhancement makes
the convergence problematic

Same behaviour as 1-jettiness.
Perhaps related to the scaling of
the observable?
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The-quest-The long and winding road for novel resolution variables

g;-imbalance has nice convergence properties but has some limitations, which makes the extension at higher
orders more complex:

* The observable is defined through a jet algorithm, which induces a
dependence on an additional cutting variable (the jet radius R)

* The resummation of g;-imbalance involves additional difficulties such as
NGL entering at @(asz)

We look for a variable which has:

e Same convergence properties of g;-imbalance: linear scaling (or better)
® Does not feature NGL

® Can be easily extended to an arbitrary number of jets
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The-quest-The long and winding road for novel resolution variables

gr-imbalance
orders more

d

We look for .
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Our proposal: 7%

[Buonocore, Grazzini, Haag, LR, Savoini 2201.11519]

Global dimensionful variable capable of capturing the N — N + 1 jet transition

Physically, the variable represents an effective transverse momentum in which the additional jet is unresolved:

e When the unresolved radiation is close to the colliding beams, k7~>* coincides with the
transverse momentum of the final state system.

e When the unresolved radiation is emitted close to one of the final-state jets, k7
describes the relative transverse-momentum with respect to the jet direction

The variable takes its name from the k; clustering algorithm and is defined via a recursive procedure
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Definition of N-k7°

Run the k; clustering algorithm till N

| proto-jets are left d;; = min(pr;, pr;) AR;;/ D,

[Catani, Dokshitzer, Seymour,Webber][Ellis, Soper]

Theory Seminar, 24th February 2022, Nikhef
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Definition of N-k7°

Run the k; clustering algorithm till N

| proto-jets are left d;; = min(pr;, pr;) AR;;/ D,

[Catani, Dokshitzer, Seymour,Webber][Ellis, Soper]
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Definition of N-k7°

Run the k; clustering algorithm till N

| proto-jets are left d;; = min(pr;, pr;) AR;;/ D,

[Catani, Dokshitzer, Seymour,Webber][Ellis, Soper]

~
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Definition of N-k7°

Run the k; clustering algorithm till N

| proto-jets are left d;; = min(pr;, pr;) AR;;/ D,

[Catani, Dokshitzer, Seymour,Webber][Ellis, Soper]
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Definition of N-k7°

Run the k7 clustering algorithm till N + 1 proto-jets are left di; =

[Catani, Dokshitzer, Seymour,Webber][Ellis, Soper]
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Definition of N-k7°

Run the k7 clustering algorithm till N + 1 proto-jets are left d. =

[Catani, Dokshitzer, Seymour,Webber][Ellis, Soper]

7
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Definition of N-k7°

Run the k7 clustering algorithm till N + 1 proto-jets are left d;; = min(pr;, pr)AR;;/ D,

[Catani, Dokshitzer, Seymour,Webber][Ellis, Soper]
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Definition of N-k7°

Run the k7 clustering algorithm till N + 1 proto-jets are left d. =

[Catani, Dokshitzer, Seymour,Webber][Ellis, Soper]

7
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Definition of N-k7°
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Definition of N-k7°

Run the k7 clustering algorithm till N + 1 proto-jets are left d;; = min(pr;, pr)AR;;/ D, dp = pr;

[Catani, Dokshitzer, Seymour,Webber][Ellis, Soper]

Prec

l

When N + 1 protojets are left, compare
d;; with the minimum of dip.
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Definition of N-k7°

Run the k7 clustering algorithm till N + 1 proto-jets are left d;; = min(pp;, pry) AR;/ D, dip = Dr;

[Catani, Dokshitzer, Seymour,Webber][Ellis, Soper]
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l

When N + 1 protojets are left, compare
d;; with the minimum of dig.

If the minimum is a d 5,
k¥ess — (pi +prec)T
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Definition of N-k7°

Run the k; clustering algorithm till N

| proto-jets are left d;; = min(pr;, pr;) AR;;/ D,

[Catani, Dokshitzer, Seymour,Webber][Ellis, Soper]

Prec

d;; with the minimum of dig.

If the minimum is a d;;, kp™ =

Theory Seminar, 24th February 2022, Nikhef

d.

i

d.

l

B — Pri

When N + 1 protojets are left, compare



k7°%5-subtraction

We have computed the singular structure in the limit k&> — 0 at NLO to construct a non-local subtraction

~F+Njets+X __ F+N jets ~F+N jets AF+(N+1)jets 3 ACT,F+Njets
do\; o =A\o ®dos [dGLO °NLO

Computation of the relevant coefficients proceeds by identifying singular regions and removing the double
counting

Structure of the counterterm remarkably simple

. Ak DESS I Q2 2p Y, i

~ACT,F+Njets __ U [ _ _ 2\ . o p

GNLO ab o ness In ness)2 Z Ca 2 Va Z Ci [n <D ) Z Ta Tﬁ In 9 X Vg = 3CF/ 2
T ki i (kpess) > N i -y 0 |

| v, = (11C, — 2n,)/6
8acBpad(1 — 2)8(1 = 29) + 28(1 — 2)8,,P{) () + 26(1 — 21)8,. P\ (z)) p ® d6 + I

Z contains the finite remainder from the cancellation of singularities of real and virtual origin, and the finite
contributions embedded in beam (same as those of g;), jet and soft functions (which we computed)
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Phenomenological application: H + j production
We have implemented our calculation first to H 4+ j production. Amplitudes from MCFM

We set the parameter D=1 and we require p"T. > 30 GeV.

We compare our result with a 1-jettiness calculation for the same process, which we implemented in MCFM

pp — H + 7+ X

0.30

I OlzI-lLO(Tcut) E ONLO -

gl/\/mé + (pp)’ - kgess/\/mlgl +(pp)* 0.25 3

-
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-
-
-
-
. =
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Phenomenological application: H + j production
We have implemented our calculation first to H 4+ j production. Amplitudes from MCFM

We set the parameter D=1 and we require p"T. > 30 GeV.

We compare our result with a 1-jettiness calculation for the same process, which we implemented in MCFM

pp—H+ 7+ X

0.30

E O-IZTELO(TCUt) ] 0_1(\?%0 -
T 2 J\2 __ 1,ness 2 J\2 I :
r=9 1/\/mH +(pl) r= ko /\/mH +(pl) 25 _ | .
[ —E NLO cat/) =TT i
=" !’”’
| 0.207 T
: Q S e
Faster convergence, power corrections z
o 0 o ° 1 r
compatible with purely linear behaviour a
T
S 0.10
S | (
° 4 I /,,
Excellent control of the NLO correction 0050 &
- &
E
ooof;ﬁ-—z"‘géf
0.2 0.4 0.6 0.8 1.0
%0 _
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Phenomenological application: Z + 2j production

We also considered a process with a more complex final state with a non-trivial colour structure

Our implementation uses colour-correlated amplitudes from OL

[Buccioni, Lang, Lindert, Maierhofer, Pozzorini, Zhang, Zoller]

In this case we set the parameter D=0.1 and we require p; > 30 GeV.

O OO

E AO’U“c'ut)/AUNLO' — 1

COOOO

Power corrections exhibit linear behaviour in all

nartonic channels

oo R PP

RORNW OO OO RORFRNW

OO0 ¢

Control of the NLO correction at the few percent
level
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Phenomenological application: Z + 2j production

We also considered a process with a more complex final state and a non-trivial colour structure

Our implementation uses colour-correlated amplitudes from OL

In this case we set the parameter D=0.1 and we require p; > 30 GeV.

da/dp%} [fb/GeV]

pp — L1407 +25+ X

LO

600 = == NLO (FKS) -
500 ]
400 F .
300 [ .
200 | .
100 | -
0 - ]
1.05 F+—+—+—+—+4+—+—F—F+F++++++++++F==
- Ratio to FKS NiO " -
1.00 I I e - ] - .;.rk! | H |
S
0.95 I A T R T R R R T R R R B R
30 50 70 90 110 130 150
pZ‘f1 [GeV]

Nice agreement with results obtained with

FKS subtraction (from POWHEQG) for a
variety of observables
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Stability with respect to hadronisation and MPI

pp = L7047 + 5+ X
35_|||||||||||||||||||||

SR We have generated a sample of LO events
@ parton level _[ @ parton level .

—— ot —) - for Z + j with the POWHEG and showered
R ol i E them with PYTHIAS8

30 -

| _ We compare the impact of hadronisation
and MPI on k7

20

do [pb/bin]

The distribution has a peak at ~ 15 GeV,
which remain stable upon hadronisation and

MP]
E T i I Effect of hadronisation marginal, MPl makes
: //////%//////////z the distribution somewhat harder
: Compared to 1-jettiness, effects are much
& N DU D D N reduced
| | .7'1 | | 1-k27%° [GeV]
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Outlook and conclusion

* Exploration of novel variables in jet processes have a number of applications (resummation, non-local
subtraction methods, matching with parton showers...)

® Resummation structure for variables defined in jet processes may involve additional theoretical challenges

(non global logarithms, clustering

effects, dependence on the jet algorithm, etc)

e We studied the resummation for g;-imbalance at NLL" keeping the dependence on the jet radius R with

full azimuthal dependence

e We explored new variables in mu
singular structure of processes wit

ti jet production. We defined a new variables, k7*°, which captures the

NN jets

* \We computed the relevant ingredients to construct a subtraction at NLO and we tested it for processes

with T and 2 jets

* The variable shows promising properties: it has mild power corrections, which make it a good candidate
for an extension of the subtraction to NNLQO; it is relatively stable under hadronisation and MPI; being an
effective transverse momentum can prove useful as resolution variable in matching NNLO calculations to

kr-ordered parton shower
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