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Jet production in collider
discovery of gluon
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Introduction

Jet production in collider
o Jet?

Perturbative soft and
collinear splittings happen
at intermediate time

as <1

~

" Hadronization at late time
Q at low energy scale

;(\ Qg large

probability _ ;
of splitting ~ 5 (1 — cos 0)

/

soft and collinear
enhancements

e Jet contains rich information to probe strong dynamics.



Jet production in DIS
ep — 2 — jet

dijet production
e Jet: to investigate in ep collision

. created from ISR to investigate



Jet production in DIS Precision Jet Physics in DIS:
ep — 2 — jet a new tool to probe strong dynamics

a new level of precision for jets
at the future
Electron-lon-Collider (EIC)

¢ One of early milestones!

A

e Jet: to investigate

° created from ISR to investigate \ ex{gg e

*
[GPD at EIC: Talk by Pawet Sznajder ]

The jet observables are called Event Shapes.



Event Shapes: Jet observables

Several event shapes: , Angularity (74),



Event Shapes: Jet observables

Several event shapes: , Angularity (74),

One of the most precisely measured observables!

2 i | o—|ms
T = @Ziex ‘pﬁ_‘ e~ Il
Thrust event shape characterised the geometry of the collision!

back-to-back dijets multiple jets
T.>0 Tee>1

e Expt.: LEP, CMS and ATLAS, HERA by the ZEUS and H1



Event Shapes: Determination of strong coupling
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o Tension between ete™ — 2 — jet result and Lattice result!

e Need a new test from an independent experiment!
DIS: ep —dijet !l
Angularity event shapes

future Electron-lon-Collider 8



Event Shapes: Angularity

Angularity (7)
A more general event shapes!
_ 2 i | o—mil(1—
To = § Liex [PL] el

Angularity depends on the continuous parameter a.

a—0:
a—1:



Event Shapes: Angularity

Angularity (7)
A more general event shapes!
_ 2 i | o—mil(1—
To = § Liex [PL] el

Angularity depends on the continuous parameter a.

a—0:
a—1:

e In terms of the four-vectors ¢p along the incident proton beam direction and ¢; along

the direction of the final state jet we wish to measure

o 1-jettiness axis Choice:
g =zP
qy = Jet axis

Breit frame!

ee dijet



Event Shapes: Angularity

Theoretical Prediction:
Accuracy in the theoretical prediction to the event shapes!

Tool:

Soft-collinear effective theory (SCET)

SCET Predictions so far...

ete™ [Becher,Schwartz'08; Stewart, Tackmann,Waalewijn’10]
pp-collision[Stewart, Tackmann,PRL'10,11;PRD’13],
DIS [D. Kang,C. Lee,|. Stewart'13]

ete™ [Hornig,Lee,Ovanesyan’09; Bell,Lee’19]
DIS[?7?] Could be important for future EIC!

We do...

Investigation of angularity in DIS in the frame-work of soft-
collinear effective theory (SCET) tools and to push the frontier of

the precision jet physics in the future Electron-lon Collider (EIC) 10



DIS factorization and Beam function at NNLL
DIS process: € P — 2Jets

é )
%,/ \ -

SCET facto. g.p = Hard x Beam ® ® Soft

D.Kang,Lee,Stewart'2013
Z.Kang,Mantry,Qiu2012

e Beam is produced due to the initial state radiation (ISR) and can be used to study
internal structure of proton!

Beam func. B(ry,z,p) = pdf®
NP LO NLO NNLO

e Angularity Jet and soft function is presented at NNLL accuracy [Bell,Horning,Lee’2018]

Angularity beam function at NLO is presented for the first time!



Fixed order Beam function at NLO

Beam func. B(1g,z,p¢) = pdf®
NP LO NLO NNLO

Angularity beam function at NLO is presented for the first time!

~ . T .
1) = 22| (imrn 213 + 98 Ln |1+ 40y Pus(2)Ln + (2
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Beam Func. and Fragmentation Func.

Fragmentation at NLO:

Beam at NLO:
J J
off on
on-shell * off-shell
i R i R

Splitting Function: [M.Ritzmann,W.J. Waalewijn,PRD90(2014)]

Py (2pi.pj, @) = (—1)2F Posryij (—2pi.pj, 1/ )

Beam Vs Frag fune. (NLO) ata=0.03

0.6
1 asCp 2(1—a) 1+
M~ = e — z? —logx
04
R e e Beam match. Coeffi.: a =0
0.10 0.15 :'.-5-.'- 0.25 0.3 :.Jl:- 0.4¢

I FF match. Coeffi.: a = 0

02 13

e Difference decreases with the increase of angularity parameter a.



Resummation from evolution

A changing @ pup changing t 7553
-Stewart et. al. PRD81(2010)

Evolution Equation for beam function
d
;Ld—B(V, nw) = va(p) By,u) ; similar toJ, S, H
12
Solution : B(v,u) = B(v,pg)eXBWsm+isnsks.mls

¢ Jet and beam functions are defined by same collinear operator: v (1) = v (1)

Kp(pp,pw) = Ly (asLp)*+ Y (aslp)®+..
k=1 k=1

LL NLL

e Resummation of large logs provides better perturbative convergence. 14



Beam function result at NNLL
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Differential Cross-Section

H
o.p = Hard % ® Jet ® By ;‘T “““ H
y
/, ) -
Evolved form HA
Q ne(tpm)
o(x, Q% Ta, p) = oo(m,QQ)(T> e HH 1T B IS 1)
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Cross-section at NNLL

Prediction to EIC: NNLL resummation accuracy for angularity in ep — 2 — jets

EIC /s = 140GeV,0.01 < y < 0.95

a=0
x=0.2
1.5 Q=60 GeV

® Vs =140 GeV
Q| &= NNLL
3| T 10 2\ NLL
‘_| S =1L

© — NLO

e Low angularity region: Log singularity at NLO

o Far-tail region: Need full QCD.



Cross-section dependency on «

EIC /s = 140 GeV

a=-1 a=0
0.8

x=0.2 x=0.2

Q=60 GeV 1.5 Q=60 GeV
" 0.6 Vs =140 GeV o Vs =140 GeV
ED 4 &= NNLL EQ é" 1.0 &= NNLL

© == NLL ° B = NLL

2™ - -8 D =L
- / — NLo “

— NLO



Cumulant

1 Ta do
2 _ /
oe(® @ 7a) = 2 /0 U pdgrdrs
' a

a=-0.5 a=0

Dis

Oc

o Deviation of NNLL prediction from the total cross-section (at O(as)) at large
angularity is due to the non singular term that not considered.

19



Summary & Future direction

» We define DIS angularity event shape, 7275 | for the axis aligned
to the jet axis and present angularity beam function at NNLL accuracy.

» We present precision prediction to differential cross-section and
cumulant for the future EIC kinematics which could be early prediction
to future Electron-lon-Collider.

Towards the precision measurement for electron proton scattering
(DIS)

“And miles to go before | sleep”

20



Thank you!
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Cross-section dependency on «

Low @@ = 10 GeV
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0.8
15 —
x=02 :)_(.{x:)(‘ v
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‘ 23
e Choice of other scale profile functions may improve tail region for low Q.
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