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T2 Effort and Affiliated Scientists “LosAlamos

Co-l Christopher Lee

Leading effective field theory (EFT)
effort on b-jets in pp collisions

Postdoc Varun Vaidya

Constructing effective field theory and performing analytic calculations for b-jet
substructure.

PhD student Prashant Shrivastava (CMU)

Monte Carlo simulations and EFT calculations to explore and test best variables to
probe b-jet substructure. DR supported Summer 2017 visit to LANL, ongoing
collaboration.

Affiliated LANL scientists: Duff Ne|II (Feynman FeIIow)
Yiannis Makris (postdoc)
Improved observables and EFT calculation

for transverse-momentum-dependent
jet phenomenology.
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CET and precision jet structure “Losalamos

Powerful EFT methods (Soft Collinear Effective Theory = SCET) developed in 2000s leading
to vast improvements in accuracy of jet cross sections in e+e-, ep, and pp collisions:

Angularity shapes in e*e- to NNLL’ 1-jettiness shapes in ep to NNNLL Drell-Yan qT distribution
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Servables to probe jet substructure “LosAlamos

EST.1943

C. Lee, P. Shrivastava, V. Vaidya formed collaboration to apply two recent theoretical ideas in

jet physics to precision b-jet substructure:

Energy correlation functions:
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shown to be excellent light quark jet vs.
gluon jet discriminants:
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and designed to be well suited for
analytic calculation using factorization
and resummation in SCET
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Jet Grooming:
Larkoski, Marzani,

“Soft Drop” algorithm:  Soyez, Thaler (2014)

———— Soft
Collinear

Step through branching history of
reclustered jet.

Remove branches failing soft drop

condition: .
min|[pr;, pry]

Pri + PTy

> Zcut
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ance on b-jets in Monte Carlo “/Los Alamos
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Combining jet Ungro;me;o.]etap F{;Z +qfrk018t2 Groomed Jets, p p ->z + quark jet
grooming With . pPT ev,a =U. ?OGT > 50 GeV, o = 02, Zeut = 0.2
energy correlators : —
provides cleaner |
distributions for g g
light jets and b jets: § 5 o
Uy = Z 2205 0
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Performance in distinguishing 10
light and heavy quark jets: %
Better performance o= L
for groomed variable s — s
than ungroomed R .
g 35
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rmance on b-jets in Monte Carlo “/Los Alamos
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EST.1943

Varying angular exponent in energy correlator can enhance discriminating power: Ui = Z 225055
1<i<j<<ny
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Little to no . . " .
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Motivates theoretical calculations:

predict groomed U1 distributions using EFT
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Performed one-loop (one-gluon emis

Phase space in quark/gluon energy fraction

{ Los Alamos

sion) EFT calculation for massive quark U}
Hierarchy of scales defining EFT: SCET+ + HQET

(1} Hard scale M
my Quark mass ;/ -
l o
vt “Ultracollinear”
| my (4A)O‘/2 racolliinear
drop X
| soft rop. mB, U, Ua
E.g. ordinary SCET jet functions, factors into separate “ultracollinear” and HQET matching functions:
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Fogress on analytic EFT predictions

I
. Lo(§ Alaom?s

Computed all needed anomalous dimensions to one-loop accuracy, enough

for NLL accuracy of resummed cross section:

i do
(oXy) dUla

(a)

€5

1

2

—1
Ezxp (KH+ (W,M(I)b’) + Kcs(waﬂgs) + KB+ (w,uff*)) [F (—Ewcs(%ﬂgs) - 2‘*113+ (w,uff*))]

shape of massless and massive quark jet
distributions vs. Pythia Monte Carlo (partonic):
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FY17: Monte Carlo tests of jet
observables and grooming Q/

T

imeline:

early FY18: NLL perturbative
calculations of groomed jet
observables

v

Spring/Summer FY18:
matching to fixed-order QCD in tail region

model of nonperturbative effects,
universality in endpoint region

publication on EFT predictions of groomed
heavy quark jet substructure

FY19:

effects of modification in QGP medium
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Related publications

— - “/Los Alamos
advancing TMD phenomenology

Transverse-momentum distributions of radiation within events
and within jets play important role in problng QCD effects in pp
and heavy-ion collisions:

-

A
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New EFT method for analytic resummation of transverse-momentum-
dependent (TMD) cross sections:

D. Kang, C. Lee, V. Vaidya, “A fast and accurate method for perturbative resummation of transverse
momentum-dependent observables,” under review by JHEP, LA-UR-17-27820 [arXiv:1710.00078]
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Related publications
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advancing TMD phenomenology

Improved definition of jet axes leading to more robust theoretical predictions
and new universal TMD fragmentation functions

.. recoil-free axis

jet boundary
D. Neill, I. Scimemi, W. Waalewijn, HDEL S ] S winner-take-all axis ool
“Jet axes and universal transverse- T e 2 S S - standard jetaxis ! + 77" =0
momentum-dependent fragmentation,” |- T
JHEP 1704 (2017) 020 e o I 8
[arXiv:1612.04817] RS 4

Jet axis insensitive to recoil of soft radiation

TMD Evolution of Groomed Jets providing sensitive probe of nonperturbative models

of TMD hadron structure
Y. Makris, D. Neill, V. Vaidya, “Probing transverse-momentum dependent evolution with groomed jets,”
under review by JHEP, LA-UR-17-31338 [arXiv:1712.07653] + Invited talk at SF Jets (YM 1/18)
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Summary of EFT Efforts “/Los Alamos

Advances on several fronts in applying EFT to precision
jet phenomenology in hadron collisions

One paper on groomed b-jet substructure in preparation, one talk (VVV) in preparation for
SCET 2018.
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Three papers submitted/published and five invited talks on TMD phenomenology in hadron
collisions

Progress in FY18-19 will lead to more robust predictions
for b-jet substructure in pp and heavy-ion collisions
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