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Abstract: We investigate the role of non-global logarithms in the trimmed jet mass distribution in

the process of /+jet production in ?? collisions. While some grooming techniques completely

eliminate these non-global logarithms, their presence persists with the trimming algorithm, which

we select for the current work. Our study involves an analytical fixed-order calculation up to second

order in the strong coupling and an all-orders resummation for the non-global logarithms in the

invariant mass distribution of the trimmed leading-?) jet. We also present a fully resummed result

for the distribution of the trimmed jet mass, including global logarithms, valid at NLL accuracy.
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1. Introduction

Jets can emerge from the hadronic decays of heavy particles, such as the //,± bosons,

the Higgs boson, and top quarks, or possibly through the decay of potential new particles at the

electroweak scale. When these particles are produced with a large boost, their hadronic decays

become collimated, and the resulting particles are reconstructed as a single jet. Jets can also arise

from the fragmentation of quarks and gluons generated in hard-scattering events, commonly referred

to as QCD jets. Due to soft and collinear emissions, jets exhibit complex internal structures.

Jet substructure techniques are instrumental in disentangling these structures, enabling a dis-

crimination between jets originating from heavy particle decays and those arising from QCD

fragmentation. At the LHC, these techniques have revolutionized our understanding of jets, offer-

ing valuable insights into their properties and underlying dynamics [1–4]. Additionally, they have

proven to be invaluable in mitigating non-perturbative effects such as pileup contamination, thereby

facilitating more precise studies of QCD, including measurements of the strong coupling constant

[5, 6]. Jet substructure methods have become standard tools in new physics searches by both the

CMS and ATLAS collaborations at the LHC, as demonstrated in refs. [7, 8]. The significance

of these techniques will grow even further with the operation of future high-luminosity colliders,

where the demands for precision are higher. Common grooming algorithms include trimming [9],

pruning [10, 11], mass-drop filtering [12], and soft-drop [13], each characterized by a distinct per-

turbative structure. In this work, we focus on the trimming algorithm with full radius ', transverse

momentum cut parameter Icut and substructure radius 'sub. We leave the exploration of other

substructure methods for future studies.

A widely studied observable in jet substructure analyses is the invariant mass of a jet, < 9 .

This work addresses the resummation of the jet mass in the process ?? → / + jet. The incom-

plete cancellation of soft and collinear singularities between real and virtual contributions to the

distribution of this observable generates large logarithmic terms in the ratio of the jet mass to its

transverse momentum ?C , causing fixed-order calculations to become unreliable. To overcome this,

resummation techniques are employed to systematically sum these logarithms to all orders, resulting

in more reliable theoretical predictions.

The jet mass is classified as a non-global observable. In contrast to global observables, which

are sensitive to radiation across the entire event, non-global observables depend on radiation within

a limited phase space region, creating complicated emission patterns that challenge theoretical

calculations. Resummation of the jet mass distribution requires accounting for towers of logarithms

known as non-global [14, 15] and clustering [16] logarithms (NGLs and CLs). The resummation

of NGLs poses significant challenges as they involve the consideration of correlated soft gluon

emissions at all orders, necessitating the use of Monte Carlo methods and the large-#2 limit.

The resummed expression for the integrated (cumulative) jet mass distribution in the /+jet

process can be written as

f (d) =
∑

X

∫

dBX

df0X

dBX

ΩB
(

1 + UB �1(BX) + O(U2
B)

)

5B, X (d) SX (d) CX (d) , (1)

where d = <2
9
/?2

C , X denotes the partonic channels, df0X/dBX is the differential Born cross-section

for the born configuration BX , ΩB represents experimental cuts, and �1 accounts for fixed-order
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corrections. In this equation, 5B, X (d) represents the resummed global form factor, while SX (d)
and CX (d) represent the resummed non-global and clustering logarithmic effects.

Our goal is to resum NGLs at O(U2
(
) and to all orders within the large-#2 approximation for

the trimmed jet mass distribution. By including both non-global and global logarithms, we present

fully resummed results at next-to-leading logarithmic (NLL) accuracy.

2. NGLs with trimming

While some grooming algorithms, such as the modified mass-drop tagger (mMDT) [17],

eliminate these logarithms entirely [17, 18], trimming retains the presence of NGLs. At second

order in the strong coupling UB, the NGLs arise from the correlated emission of an untrimmed soft

gluon :2 inside the jet from a harder gluon :1 emitted outside the jet. The non-global contribution

to the jet mass distribution under trimming is expressed as

5
trim,(2) ,NG

B, X
(d) = −1

2
Ū2
( CA

∑

(8ℓ )
C8ℓ

(

ln2 min

[

'2

d
,

1

Icut

]

Gakt

2,(8ℓ ) ('
2, '2)

+ Θ('2Icut − d)
[

ln2 '2

d
− ln2 1

Icut

]

Gakt

2,(8ℓ ) ('
2,max[d/Icut, '

2
sub])

+ Θ('2
subIcut − d) ln2

'2
sub

Icut

d

[

Gkt

2,(8ℓ ) ('
2
sub, '

2
sub) − Gkt

2,(8ℓ ) ('
2
sub, d/Icut)

+Gkt

2,(8ℓ ) ('
2, d/Icut) − Gkt

2,(8ℓ ) ('
2, '2

sub)
]

)

. (2)

The sum runs over dipoles formed by the three hard legs in the Born event: the incoming partons

0 and 1, and the outgoing parton 9 initiating the jet. The color factors C8ℓ depend on the parton

species: C8ℓ = 2 CF − CA for dipoles involving quarks only, and C8ℓ = CA for dipoles involving

a quark and a gluon. The standard QCD color factors are CF = 4/3 and CA = 3. The anti-:C

clustering non-global factors Gakt

2
for the various dipoles are given by

Gakt

2,(01) ('
2, '2

sub) = −1

2
'2 ln '2 + 1

2

(

'2 − '2
sub

)

ln
(

'2 − '2
sub

)

+ 1

2
'2

sub +
1

8
'2'2

sub −
1

576
'4'2

sub −
1

576
'2'4

sub + O('8) , (3a)

Gakt

2,(0 9) ('
2, '2

sub) = Gakt

2,(1 9) ('
2, '2

sub) =
(

'2 − '2
sub

8
+
'4 − '4

sub

576

)

ln
'2 − '2

sub

'2

+ 1

2
Li2

'2
sub

'2
+ 5

576
'2'2

sub −
1

192
'4

sub + O('8) . (3b)

For the :C algorithm, the corresponding factors are

Gkt

2,(01) ('
2, '2

sub) = Gakt

2,(01) ('
2, '2

sub)

− Θ(2 'sub − ')
[

j2 ('sub/') '2 + j4 ('sub/') '4 + j6 ('sub/') '6 + O('8)
]

, (4a)

Gkt

2,(0 9) ('
2, '2

sub) = Gkt

2,(1 9) ('
2, '2

sub) = Gakt

2,(0 9) ('
2, '2

sub)

− Θ(2 'sub − ')
[

k0('sub/') + k2 ('sub/') '2 + k4('sub/') '4 + k6(G) '6 + O('8)
]

. (4b)
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Details of the functions j('sub/') and k ('sub/') can be found in ref. [19].

The resummation of NGLs to all orders is performed in the large-#2 limit using the Monte

Carlo program described in refs. [14, 15], adapted to include trimming. The result, as a function of

the evolution parameter

C (d) = − 1

4cV0

ln
(

1 − 2UBV0 ln('2/d)
)

, (5)

is shown in Figure 1. This figure presents the NGL form factor S(C) for trimmed jets, alongside

the ungroomed :C (with ' = 0.2) and anti-:C (with ' = 0.7) clustered jet. At small values of C,

the NGLs distribution for trimmed jets resembles that of the anti-:C algorithm, but as C increases, it

approaches the behavior observed for the :C algorithm.

Figure 1: The resummed NGLs factor S(C) for dipole (01) (left) and dipoles (0 9) and (1 9) (right).

3. Resummed jet mass spectrum

In this section, we present the numerical results for the convolution of the resummed form factor,

including resummed NGLs at large #2, with the Born cross-section. The details of the resummation

of the global form factor 5B, X at NLL accuracy along with the O(UB �1) NLO correction term are

presented in ref. [19]. In order to perform the convolution in eq. (1), we use the Monte Carlo

program MadGraph5_aMC@NLO [20, 21] to generate Born-level events for the process ?? → /+jet

at parton level. The resulting LHE file is then passed to MadAnalysis [22] to analyse the events and

extract the kinematics and weigh the events with the resummed form factor at each bin of the d

variable.

The obtained results are shown in figure 2. We observe from the plots that trimming has no

effect on the resummed distribution at NLL accuracy in the region d > '2Icut. Below this region,

the trimming has a strong effect on the distribution and the effect of NGLs remain moderate. In the

intermediate region the double logarithms in d freeze to a constant and are restoed for d < '2
sub

Icut.
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Figure 2: Resummed trimmed and untrimmed jet mass distributions.

4. Conclusion

In this paper, we have analytically computed and resummed NGLs in the jet mass distribution

for the process ?? → / + jet, incorporating jet trimming as a grooming algorithm. Our results

provide a detailed account of how trimming retains these logarithms at the second order in the

strong coupling, unlike other grooming techniques that effectively mitigate or eliminate them.

We provided a fully resummed result valid at NLL accuracy for the trimmed jet mass distri-

bution. Further refinements in our predictions could involve the inclusion of higher-order NLO

corrections through the matching procedure as well as and the exploration of the impact of non-

perturbative effects with trimming.

References

[1] A. Abdesselam et al., Boosted Objects: A Probe of Beyond the Standard Model Physics,

Eur. Phys. J. C 71 (2011) 1661 [1012.5412].

[2] A. Altheimer et al., Jet Substructure at the Tevatron and LHC: New Results, New Tools, New

Benchmarks, J. Phys. G 39 (2012) 063001 [1201.0008].

[3] A. Altheimer et al., Boosted Objects and Jet Substructure at the LHC. Report of BOOST2012,

held at IFIC Valencia, 23rd-27th of July 2012, Eur. Phys. J. C 74 (2014) 2792 [1311.2708].

[4] D. Adams et al., Towards an Understanding of the Correlations in Jet Substructure,

Eur. Phys. J. C 75 (2015) 409 [1504.00679].

[5] H.S. Hannesdottir, A. Pathak, M.D. Schwartz and I.W. Stewart, Prospects for strong

coupling measurement at hadron colliders using soft-drop jet mass, JHEP 04 (2023) 087

[2210.04901].

[6] S. Marzani, D. Reichelt, S. Schumann, G. Soyez and V. Theeuwes, Fitting the Strong

Coupling Constant with Soft-Drop Thrust, JHEP 11 (2019) 179 [1906.10504].

[7] CMS collaboration, Search for massive resonances in dijet systems containing jets tagged as

W or Z boson decays in pp collisions at
√
B = 8 TeV, JHEP 08 (2014) 173 [1405.1994].

5

https://doi.org/10.1140/epjc/s10052-011-1661-y
https://arxiv.org/abs/1012.5412
https://doi.org/10.1088/0954-3899/39/6/063001
https://arxiv.org/abs/1201.0008
https://doi.org/10.1140/epjc/s10052-014-2792-8
https://arxiv.org/abs/1311.2708
https://doi.org/10.1140/epjc/s10052-015-3587-2
https://arxiv.org/abs/1504.00679
https://doi.org/10.1007/JHEP04(2023)087
https://arxiv.org/abs/2210.04901
https://doi.org/10.1007/JHEP11(2019)179
https://arxiv.org/abs/1906.10504
https://doi.org/10.1007/JHEP08(2014)173
https://arxiv.org/abs/1405.1994


P
o
S
(
I
C
H
E
P
2
0
2
4
)
5
4
1

NGLs with jet trimming in Z+jet production in p-p collisions Safa Gaid

[8] ATLAS collaboration, Performance of jet substructure techniques for large-' jets in

proton-proton collisions at
√
B = 7 TeV using the ATLAS detector, JHEP 09 (2013) 076

[1306.4945].

[9] D. Krohn, J. Thaler and L.-T. Wang, Jet trimming,

Journal of High Energy Physics 2010 (2010) .

[10] S.D. Ellis, C.K. Vermilion and J.R. Walsh, Recombination Algorithms and Jet Substructure:

Pruning as a Tool for Heavy Particle Searches, Phys. Rev. D 81 (2010) 094023

[0912.0033].

[11] S.D. Ellis, C.K. Vermilion and J.R. Walsh, Techniques for improved heavy particle searches

with jet substructure, Phys. Rev. D 80 (2009) 051501 [0903.5081].

[12] J.M. Butterworth, A.R. Davison, M. Rubin and G.P. Salam, Jet substructure as a new

higgs-search channel at the large hadron collider, Physical Review Letters 100 (2008) .

[13] A.J. Larkoski, S. Marzani, G. Soyez and J. Thaler, Soft Drop, JHEP 05 (2014) 146

[1402.2657].

[14] M. Dasgupta and G.P. Salam, Resummation of nonglobal QCD observables,

Phys. Lett. B 512 (2001) 323 [hep-ph/0104277].

[15] M. Dasgupta and G.P. Salam, Accounting for coherence in interjet E(t) flow: A Case study,

JHEP 03 (2002) 017 [hep-ph/0203009].

[16] A. Banfi and M. Dasgupta, Problems in resumming interjet energy flows with :C clustering,

Phys. Lett. B 628 (2005) 49 [hep-ph/0508159].

[17] M. Dasgupta, A. Fregoso, S. Marzani and G.P. Salam, Towards an understanding of jet

substructure, Journal of High Energy Physics 2013 (2013) .

[18] M. Dasgupta, A. Fregoso, S. Marzani and A. Powling, Jet substructure with analytical

methods, Eur. Phys. J. C 73 (2013) 2623 [1307.0013].

[19] S. Gaid, Y. Delenda and R. Soualah, Resummed jet mass distribution with trimming in Z+jet

events at the LHC, 2409.12260.

[20] J. Alwall, R. Frederix, S. Frixione, V. Hirschi, F. Maltoni, O. Mattelaer et al., The automated

computation of tree-level and next-to-leading order differential cross sections, and their

matching to parton shower simulations, JHEP 07 (2014) 079 [1405.0301].

[21] F. Maltoni and T. Stelzer, Madevent: automatic event generation with madgraph,

Journal of High Energy Physics 2003 (2003) 027–027.

[22] E. Conte, B. Fuks and G. Serret, Madanalysis 5, a user-friendly framework for collider

phenomenology, Computer Physics Communications 184 (2013) 222–256.

6

https://doi.org/10.1007/JHEP09(2013)076
https://arxiv.org/abs/1306.4945
https://doi.org/10.1007/jhep02(2010)084
https://doi.org/10.1103/PhysRevD.81.094023
https://arxiv.org/abs/0912.0033
https://doi.org/10.1103/PhysRevD.80.051501
https://arxiv.org/abs/0903.5081
https://doi.org/10.1103/physrevlett.100.242001
https://doi.org/10.1007/JHEP05(2014)146
https://arxiv.org/abs/1402.2657
https://doi.org/10.1016/S0370-2693(01)00725-0
https://arxiv.org/abs/hep-ph/0104277
https://doi.org/10.1088/1126-6708/2002/03/017
https://arxiv.org/abs/hep-ph/0203009
https://doi.org/10.1016/j.physletb.2005.08.125
https://arxiv.org/abs/hep-ph/0508159
https://doi.org/10.1007/jhep09(2013)029
https://doi.org/10.1140/epjc/s10052-013-2623-3
https://arxiv.org/abs/1307.0013
https://arxiv.org/abs/2409.12260
https://doi.org/10.1007/JHEP07(2014)079
https://arxiv.org/abs/1405.0301
https://doi.org/10.1088/1126-6708/2003/02/027
https://doi.org/10.1016/j.cpc.2012.09.009

	Introduction
	NGLs with trimming
	Resummed jet mass spectrum
	Conclusion

