—nergy-

arXiv:2102.05669 (H. Li, Y. Makris,

~nergy Correlators (

—C) In

DIS

a novel probe to TMDPDFs

Yiannis Makris
INFN (Pavia)

INFN

Istituto Nazionale di Fisica Nucleare

Supported by the FELLINI project and the European Commission

| ) =
Fellowship for Innovation at INFN

|.Vitev)

DIS: April, 2021


https://arxiv.org/pdf/2102.05669.pdf

Outline

—0—0—o0— 00—

Introduction to EEC in DIS (new) TMD factorization EEC jet function
EEC in ee and universal TMDPDFs  and hadronization effects
TEEC in pp

TEEC in DIS



EEC in lepton colliders
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PRL.41 (1978) 1585 (C.L.Basham,L.S.Brown, S.D. Ellis,and S.T. Love)

Soft radiation (direct) contribution
is suppressed. Recoil from soft radiation
needs to be included.

Figure from arXiv:1801.02627 (l. Moult and H.X. Zhu)
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EEC in lepton colliders
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Transverse-EEC for hadronic colliders

do( pp—>a—|—b—|—X 2ETr E b
TEEC = Z / ) (Ej;;otal)T 0(CoS Pap — cOs P)

Phys. Lett. 141B, 447 (1984) (A.Ali, E. Pietarinen, and W. ]. Stirling)

Soft and Beam (direct) contribution
is suppressed. Recoil from soft radiation o
and ISR needs to be included.

Figure from arXiv:1901.04497 (A. Gao, H.T. Li, I. Moult, and H.X. Zhu)




Transverse-EEC for hadronic colliders
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Adaptations of TEEC in DIS

arXiv:2008.00271 (A.Ali, G. Li, W. Wang, Z-P. Xing) arXiv: 2006.02437 (H.T. Li, 1.Vitev, Y.]. Zhu)
Breit Frame (end-point: dijets) Laboratory Frame (single jet)
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The definition is the same as before: Defined as lepton-hadron correlation:
daep—>a+b+X)2ETaETb do( ep—>e—|—a—|—X 2E1,E7 4
TEEC = Z / (B2 d(cos pap — cos @) TEECt, b, = Z / ) B B 0(cos ¢gp — COS @)
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An EEC definition for DIS
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EECpis = Z / dOep _>;+G+X 2 0(cos 0,4, —cos )

N ]£ Soft and anti-collinear radiation is
BF. () suppressed (also true in TEEC, ;)

Geometrical separation of: collinear, soft, and anti-collinear
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Insensitive to (pseudo)rapidity constraints
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EEC as a probe to TMDs
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back-to-back limit:
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Connection to universal TMDs (unpolarized case)

cos ~ —1

EECDIS — O-O(va7y)Hij(Qa$7:u) /qu 5(

* universal = back-to-back
four Wilson-line soft function
incorporated into the definition.

TEEC case: Not back-to-back

Does not involve the variable
z;, included TMD studies in SIDIS

TMD PDF

The universal* TMD
parton distribution
function, unpolarized
in this case.

For Trans. pol. beam
modification:

replace with Sivers.

EEC Jet function

The same jet function that appears
in the original EEC observable. Can
be written as the weighed integral of
the universal® TMD fragmentation

functions.

Ji(b, p,v) Z/ dz z D;_q(2,b, u,v)
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N°LL + O(a?) predictions

cos ~ —1
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Resummation Fixed Order QCD (collinear factorization)
< >
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EEC jet function: hadronization effects

Ji (b, ,v) Z/ dz z D; (2,0, u,v)

perturbative matching

onto collinear-FFs
\ 4

2
Dz_mj Z b MV Z/ du ’LJ Z,/j,V)dj_)a(u,,u) + O(AQQCDZ)Q, AQCD)

Ansatz used in extractions of TMD-FF

( V'SD; (2, b; o, v0) = V8Pt D (2, bs po, v0) Dy ja (2, b)

\_ VEJi(b, 1o, v0) = VS IR (b, o, o) jis(h)

~

_/

JOVE(b, 1, v) Z/ dz z L;j(b, z, , V)
A

Sum rules for FF

Q2

Chalenges

(Prone to experimental uncertainties due\
to the inclusion of neutral particles

wandle over flavor separation J

_1 1
. b
§i(b) = [JOPE(b MO»VO Z/O dudy (uy) 7, (a,’u; uo,Vo> di/a(y, o) Dija(uy,b)
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EEC jet function: hadronization effects

1 1
| b
ji (b) = [J?PE(b, uo,Vo)] > /O dudy (uy) L;j(a,u; ,uo,Vo) d;/a (Y, o) Di/a(uy,b)

2
NP b
DNE (y,b) = exp ( _ 0.042—2)
arXiv:0707.1506 (D. de Florian, R. Sassot, M. Stratmann) Y
arX|vhep-ph/0703242 (D de Florian, R. Sassot, M. Stratmann) arXiv:1406.3073 (P Sun J Isaacson. C.-PYuan F.Yuan)
arXiv:1505.05588 (A. Prokudin, P. Sun, F. Yuan

+

LO perturbative
components

js(b) = exp ( —0.59b — 0.0362)
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EEC jet function: hadronization effects
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Decomposition of NP elements
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Summary Outlook

Introduce definition of EEC in DIS

Provide a factorized cross-section in terms of TMD elements

Provide N°LL + O(a?) predictions

Evaluate NP component of EEC jet function from past TMDFF extractions

Expand the definition to charge particles only!

Break flavor degeneracy with FSR particle selection

Plethora of EEC data in ete™ could be utilized for sim. extraction of
rapidity AD EEC jet function and strong coupling

Spin effects: Sivers!
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N°LL + O(a?) predictions
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ratios

EIC kinematics 2
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Charged particles and flavor separation: Z )

acS
Ji(b, b, v) = Giys(b, p,v) Z/ dz2D;;q(2,b; p,v) QZO_}:SE b, , v ZPJ_)S/ dz z Iij (b, Z, W, l/)
a€S
A
perturbative matching
onto collinear-FFs Su :
\4
du 2 Adcp
Dl—>a Z b s by V Z/ ’Lj nuaV)dj—nL(ua,u) + O(AQQCDb27 82 )
Ansatz used in extractions of TMD-FF Interesting cases
( V' SGi_ss(b, p,v) = vV SPert R(b, )gzO—I:S (b, o, v0) gz%S(m S — all charge hadrons

S =nh

1
b
gzO—I;SE(b, Ly I/) = Zj:f-j_)g(/,b) /0 dw w Iz'j (a,w; Jvs I/)

J

gios(b) = [ G s (b, ,Uo,l/o) Z/ dz zD;/q(z, b; po, vo)
a€sS
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