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Jet Mass

Outline

I Jet mass
I Soft-collinear effective theory (SCET)

I Factorization and resummation
I Medium modification by Glauber interactions

I Soft Drop and Collinear Drop
I Preliminary results
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Jet Mass

Jet mass
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I Jet mass is a soft radiation sensitive jet
substructure observable

I The infrared structure of QCD induces
Sudakov logarithms

I Fixed order calculation breaks down at
small jet mass m

I Large logarithms of the form

1
m
αi

s

(
logj pT

m
or logj R

)
, j ≤ 2i− 1

need to be resummed

I Hadronization affects the peak position at
small m
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A cartoon of jet mass contributions

∼ 10fm

∼ 1fm

Connors et al, The Definition of Jets in a Large Background
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Resummation using Soft-Collinear Effective Theory (SCET)

I Large logarithms of hierarchical scale ratios can be systematically resummed using
effective field theory techniques

renormalization group evolution resums (αs log
2 pT

m )n
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Multiple scattering in a medium and QCD bremsstrahlung

I Coherent multiple scattering and
induced bremsstrahlung are the
qualitatively new ingredients in the
medium parton shower

I Interplay between multiple
characteristic scales:

I Debye screening scale µ
I Parton mean free path λ
I Radiation formation time τ

µ

∆Z L

I Jet-medium interaction using SCET with background
Glauber gluon fields SCETG (Glauber-collinear: Majumder
et al, Vitev et al. Glauber-soft: work in progress)

I Leading-order medium induced splitting functions
Pmed

i→jl(x, k⊥) were calculated using SCETG (Vitev et al)
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Soft Drop
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β = 0, zcut = 0.1

β = 1.5, zcut = 0.5

I Tree-based procedure to drop soft radiation (Larkoski et al)
I Recluster a jet using C/A algorithm: angular ordered
I For each branching, consider the pT of each branch and the angle θ
I Drop the soft branch if z < zcut θβ , where z =

min(pT,1,pT,2)

pT,1+pT,2
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Soft Drop

I Tree-based procedure to drop soft radiation (Larkoski et al)
I Recluster a jet using C/A algorithm: angular ordered
I For each branching, consider the pT of each branch and the angle θ
I Drop the soft branch if z < zcut θβ , where z =

min(pT,1,pT,2)

pT,1+pT,2
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Groomed jet mass function

I The process-independent groomed jet mass function JSD(m2, µ) captures all the
soft-collinear radiation inside jets (i = q, g)

JSD
i (m2, µ) =

∫
dp2dkJi(p2, µ)SSD

i (k,R, zcut, µ)δ(m2 − p2 − 2EJk)

where SSD
i (k,R, zcut, µ) = SC

i (k,R, zcut, µ)SG
i (R, zcut, µ)

I Medium-induced splitting functions are used to calculate the modification of JSD(m2, µ). At
O(αs),

JSD
i (m2, µ) =

∑
j,k

∫
PS

dxdk⊥Pi→jk(x, k⊥)δ(m2 −M2(x, k⊥))Θalg.ΘSD
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k2
⊥

x(1−x) , ΘkT = Θ(EJRx(1− x)− k⊥), ΘSD = Θ(EJRx(1− x)
(

x
zcut

)1/β
− k⊥).

I The full jet mass distribution can be calculated by weighing the groomed jet mass functions
with jet cross sections

dσ
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un(µ)
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Resummed groomed jet mass function

I Each function is calculated at 1-loop and depends on a single scale
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Preliminary results

NLL partonic

R = 0.4, pT : 60-80 GeV, ÈΗÈ<0.5

PRELIMINARY

ALICE pPb 5.02 TeV

0-10% ALICE PbPb 2.76 TeV

SCETG g=2.0
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I Medium-induced radiation enhances small mass region
I Large jet mass requires hard and wide angle radiation
I Soft contributions and hadronization are still under examination

ALICE, Phys. Lett. B776 (2018) 249-264
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Preliminary results

ATLAS preliminary

pp, 5.02 TeV

NLL partonic

R = 0.4, pT : 126-158 GeV

pT : 316-398 GeV

PRELIMINARY

SCET
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I At parton level, m/pT distributions mildly scale with pT

I Hadron mass effect is large at low pT

ATLAS-CONF-2018-014
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Preliminary results

pp

sNN = 5.02 TeV R = 0.4, È Η È < 1.3

140 GeV < pT < 160 GeV

Β=0, zcut=0.1, DR12>0.1

PRELIMINARY

NLO
NLL

PYTHIA8 parton
PYTHIA8 hadron
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NLO

R = 0.4, pT = 150 GeV Β=0, zcut=0.1, DR12>0.1

PRELIMINARY
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vacuum gluon
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vacuum quark

5 10 15 20 25 30 35
0.00

0.01

0.02

0.03

0.04

0.05

0.06

m

dΣ

dm

I ∆R12 > 0.1 cuts out the Sudakov peak
I Lower and upper limits of jet mass are dictated by kinematics
I Medium perturbative contributions enhance small mass region
I Soft contributions (underlying events, medium recoil, etc), hadronization and background

subtraction are still under examination

CMS-HIN-16-024
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Preliminary results

PRELIMINARY SCET NLL partonic

7 TeV pp, Z+jet
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I Z + jet are quark-jet enriched

CMS, JHEP 05 (2013) 090
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Collinear drop

An example of CD observable can be constructed using a Soft Drop + an Anti Soft Drop
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I Consider δm2 = m2
SD1
− m2

SD2
to quantify the radiation distribution within the “ring"

I Contributions from collinear radiation to soft-drop jet mass cancel

m2
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∼ p2

c + 2EJn · pcsi , δm2 ∼ 2EJn · (pcs1 − pcs2 )

I Phase space constraints on the kinematics of soft emissions,
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J
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Factorization and resummation of δm2 using SCET

dσ
dδm2

=
∑

i=q,g

Ni(µ)JSD
un,i(zcut 2, β2, µ)SCD

i (δm2, zcut i, βi, µ)

I If two soft-drop conditions are hierarchically separated,
collinear-soft sector can be further factorized

SCD
i (δm2, µ) =

∫
dkiSC2,i(k2, µ)SC1,i(k1, µ)δ(δm2−2EJ(k1+k2))

I Using SCET renormalization group techniques we can
resum δm2

PRELIMINARY pT=140 GeV

Β1=¥, Β2=0, zcut2=0.1

R = 0.4, NLL
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I Massless hadrons are
constructed using the
p-scheme

I Significant hadronization
correction is seen
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Conclusions

Conclusions

I Jet mass contains rich information of radiation inside jets
I Jet mass can be systematically resummed using effective field theory techniques
I Jet mass function allows us to calculate for arbitrary hard process at NLL accuracy
I Collinear drop allows us to systematically explore soft phase space regions
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