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Motivations
As other event shape observables

ITEEC measures the flow of radiation i |n S 1ab | ATLAS B mcsscms Bflwsmmmms -
| a scattering event. . ° V'*‘TEE”‘?-»- —ommen) G
‘ ‘ 0.13H) L s mstaniss 1oV -
'8 TEEC can be studied theoretically W|th 01ob o custcuni co E
high precision ok A :
| 0.11F- =
l TEEC can be measured with high £ E
| precision - -
_ 0.09 h“. i by —
'@ TEEC can be used to determinate - T
- strong coupling 008 . N E

2 ”.02 | — llll1o3
. TEEC can be used to StUdy TMD | as(mz) = 0.1162 + 0.0011 (exp.) F9.902¢ (scale) + 0.0018 (PDF) + 0.0003 (NP),

|__physics in various colliders |

TEEC serve as aprecision test of QCD and new probes to

reveal the proton or nuclear structure
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Introduction to TEEC

electron-positron collider: Basham et al 1978

hadronic collider: Ali et al 1984

2B, F 2EroEr
EEC = Z / Aoy _atbr X 0% :5(008(9(15) — cos(x)) TEEC = Z / dopp—sat+b+X ‘ ZTETT|Z 0(cos @qp — COS @)
a,b © a,,b (’ X
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Introduction to TEEC

electron-positron collider: Basham et al 1978

hadronic collider: Ali et al 1984

| eTe™ Collisions

2FE, F
EEC =‘/ A0V a1 X g 8(c08(Bus) — cos (X))
Q Otot

2ET o Erp
TEEC A0 psa 921D 5(cos dap —
/ Trrett i X 75, (201008 Gab = €039)

i sum over all the jets for each event |
| @sum over all the particles for each event |
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Introduction to TEEC

electron-positron collider: Basham et al 1978

hadronic collider: Ali et al 1984

| eTe™ Collisions

7/

EEC :‘/ dO'V_>a+b+X.(COS(9ab) — COS(X)) TEEC :‘/ ClO'pp_>a_|_b_|_)<-5(COS ¢ab — COS ¢)

i s
B e

| @weighted cross section

| sum over all the jets for each event |

, | @the soft radiation does not contribute directly

to the observable at leading power

| @soft gluon contributes only viarecoil
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Introduction to TEEC

electron-positron collider: Basham et al 1978 hadronic collider: Ali et al 1984
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B e
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Introduction to TEEC

For both of leptonic and hadronic collisions
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Introduction to TEEC

For both of leptonic and hadronic collisions

Collinear singularity

COS Ogp — 0

Pythia Parton MPI off
Pythia Parton MPI on
-------- Pythia Hadron MPI off

JX H
Dixon, Moult, Zhu, 2019 o 50 100 150
Kologlu, Kravchuk, et al2019 ¢
Korchemsky 2019
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Introduction to TEEC
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and many studied in ./ = 4 super-Yang-Mills theory
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Introduction to TEEC

For both of leptonic and hadronic collisions

Collinear singularity Collinear and soft singularity
COS Qgp — 0 COS Ogp — —1
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TEEC in DIS

Defined as the correlations between the lepton and hadrons in the final state

ET,ZET,a
TEEC = z J’dalp_)HaJrXE > E 0 (cos ¢;, — COS gb)
a T, ;T

v

E
TEEC = Z Jdalp—ﬂ——a——X 5 TLj 0 (cos ¢, — COS q/))
a ;T

M Easier to be measured in DIS

MNO Collinear singularity when ¢ — 0

M Hadronization effects are suppressed

It is a fantastic nhew observable which was first studied by HTL, Vitev and Zhu /
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TEEC in DIS

Defined as the correlations between the lepton and hadrons in the final state

ETZETa
TEEC — Idﬁl ] : :
z l, p—l+a+X
a ET,lziET,i
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TEEC in DIS

Defined as the correlations between the lepton and hadrons in the final state

E;E 7 E 1

T.[~T,a = ¢(20GeV)+p(250 GeV)  p,>20 GeV w/o hadronization =

TEEC — Z Idﬂ lp_) l +a+ )¢ E z E 5 (COS ¢l a — COS ¢ ) — 10 ;_TEEC PYTHIAS Simulations w/ hadornization ;
= = =

T,! =T = = =

a p) l o e L —

= 1 =

= 107 =

p , 102

TEEC = Z Glp—>l——a——X z >N < 1515 =
a i 1 : 0B e o -
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TEEC

Ratio

Simulations of TEEC in DIS

e(18GeV) + p(275GeV)
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TEEC
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Simulations of TEEC in DIS
e(18GeV) + p(275GeV) Select events with pr;>20GeV, —1<n,<3
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TEEC

Ratio

Simulations of TEEC in DIS
e(18GeV) + p(275GeV) Select events with pr;>20GeV, —1<n,<3
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It does not depend on uncertainties related to the jet radius and
jet finding algorithm

It is possible to study this observable in percent level
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Factorization in back-to-back limit

Define scattering plane: x-z

x-direction

y-direction

_ Er,
TEEC = Z / AOi1p—i+a+X Las (cos ¢y, — cos @)

Pr

a

1 + cos ¢
T > 5(7’) A5(7_)_|_Bl_|_01n_7_...

T T
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Factorization in back-to-back limit

Define scattering plane: x-z

x-direction

y-direction

Bt
TEEC = Z / AOi1p—i+a+X P:z 0 (cos ¢y, — COs @)
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Factorization in back-to-back limit

Define scattering plane: x-z

x-direction

|
- do? d¢dQ? db oy
| = —e ZVTPT H (pr, Q, 1) S (b, Q, 1, v) By (b, €, 1, v) ¢ (b, .
y-direction T dr ; / oz Qoo [ 5r¢ (p7, Qs 11)S(b, Q, 1, V) By (b, &,y v) T (b, i, v)

__ _ _

Bt
TEEC = Z / AOi1p—i+a+X P:z 0 (cos ¢y, — COs @)
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Factorization in back-to-back limit

Define scattering plane: x-z

x-direction

——— = = e —— — tj
|
|
“
|
|
|
|
(4

|

- do®) dédQ? db o /-

| — § / 5 Q?‘UO %6 ZbIPTH(pT,Q,/L>S(b,Q,,u, V)Bf/N(bagnu)V)Jf(ba/L)V)
f / :

y-direction | a7 $Q° / ., ,

TEEC = Z / AOi1p—i+a+X P 0 (cos ¢y, — COs @)

| of the matching coefficients
1

J1 (bl,,u, v) = Z [ dxx‘[giq (x, b, /x,pu, v)




Factorization in back-to-back limit

Define scattering plane: x-z

= E—— e I —— tj
|
\

|
- do dedQ? db o |
| — Z/ 5 Q?‘UO %6 ° b\/_pTH(pTanu)S(b?Qmua V)Bf/N(b7£7/’L7 V)Jf(balu7y)

f j ,

y-direction | dr §Q* { -, , |

TEEC = Z / AOi1p—i+a+X P 0 (cos ¢y, — COs @)

x-direction

_Beam Function _ _Soft function | \

| The jet function is the second Mellin-moment |

of the matching coefficients
1

J1 (bl,,u, v) = Z [ dxx‘[giq (x, b, /x,pu, v)




Factorization in back-to-back limit

lepton+lepton

proton+lepton

 doV) dédQ? db o
e :Z/ Qto0 [ 5= *™TPT H(pr,Q,11)S(b, Q, 11, v) By (b, €, 11, v) ¢ (b, 1, v)
f

£()? 27

proton+proton
| do(0) _ 1 Z 1 / dygdy4ppo% /OO @6—2%\/_%
| dT 16’7’(’82 (1 -+ (5f5f4) \/F channels Ninit 6152 PN 27
|
X tr (Hf1f2_>f3f4 (pT7 y*a :u)S (b7 y*v M, V)] Bfl/Nl (b7 617 H,V
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Factorization in back-to-back limit

lepton+lepton
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do/dint [pb]

Fixed order in back-to-back limit

o e
= = y
The leading order process is u
u
g u
i TEEC Vs=141 GeV Lo 1
200/— plT 20 GeV LO singular N
B PDF4LHC15_nnlo_mc a
: _\ B
—200— —
~ 1-loop anomalous dimensions .
_ | | | | | | | | | | | | | | | | | | | | | | | | | | |
B S 0
Int

Full control of the distributions in the back-back limit.
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do/dint [pb]

Fixed order in back-to-back limit

The leading order process is

TEEC Vs=141Gev 1 LO
plT 520 GeV LO singular

200 — I SNLO
B PDF41L.HC15 nnlo _mc SNLO singular

do/dInt [pb]

200—

—200

TEEC {s=300 GeV
p! >20 GeV

PDF41.LHC15 nnlo_mc

LO singular

- ONLO singular
ONNLO singular

~400,——

=14

—12

I_1OI ] ]

Full control of the distributions in the back-back limit.
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do/dInt [pb]

Resummation in back-to-back limit

100 80

TEEC DIS e(20GeV)+p(250GeYV) NLL - TEEC DIS e(27.5GeV)+p(920GeV) NLL _

B p’lI‘>20 GeV - NNLL ] — plT>30 GeV —

— PDF4LHC15 nnlo mc NNNLL N 60 __ PDF4L.HC15 nnlo_mc __

| . = — _

= - _

e 40— —

50 = i _

= u _

@)

-5 | —]

20— —

0 o~ o —
14 14 —12 —10 2

This is the highest resumed accuracy achieved in DIS

Resummation works better for higher energy collider due to larger scale hierarchy _
Huge difference from NLL to NNLL and good perturbative convergence from NNLL to NNNLL

10/12



do/do [pb/deg]

do/do [pb/deg]

Predictions with NP

Sxp = exp |—0.106 b* — 0.84 In Q/Q, In b/b*]
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NP shifts the cross section

Finite after
resummation

Large NP effects

Large nuclear
matter effects are

expected in this
region
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TEEC DIS e(20GeV)+p(250GeV) - NLL+LO

p! >20 GeV

PDF4LHC15_nnlo_mc I NNLLNLO

with non-perturbative factor - NNNLL+NLO

Prediction in full ¢ range
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dldegl Uncertainties from fixed
order are dominated
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NNLO matching will

Improve the predictions
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Conclusion

fflf/l We study the TEEC in the framework of SCET.

/%/9 We present fixed-order predictions and resummation up to NNNLL
including non-perturbative effects which was achieved at highest
- perturbative accuracy.

% It is a great observable and fully utilizes EIC detector capabillities
| without any downside and uncertainty related to jet radius or jet
reconstruction algorithm.

pOpen the avenue of precision event shape calculation and
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Conclusion

%’l We study the TEEC in the framework of SCET.

) We present fixed-order predictions and resummation up to NNNLL

including
perturbati

1 at highest

capabilities
lius or jet

Thank you!

| reconstruction algorithm.

)Open the avenue of precision event shape calculation and
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