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TMD Jet distributions at next-to-leading power




W e would like to understand better the
NLP TMD expansion:

How big NLP effects are?

How controllable are they?

Do we have a new phenomenology?




T he strategy for new effect search has often one basic rule:
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Look where you do not expect any




Di-jet production in e™e™

T his case has several appealing features:
{3 The kinematics is simple

{3 We can start studying very symmetric final state

configurations

{3 We can calculate all perturbatively! (Full control!)




RECALL PREVIOUS STUDIES ON TMD FACTORIZATION AND JETS ...

Based on :
D. Gutierrez-Reyes, I.S., W. Waalewijn, L. Zoppi PRL 121, 162001(2018)
D. Gutierrez-Reyes, I.S., W. Waalewijn, L. Zoppi JHEP 1910 (2019) 031

.- recoil-free axis

D. Gutierrez-Reyes, Y. Makris, I.S., V. Vaidya, L. Zoppi JHEP 1908 (2019) 161 . standard jetaxis 7! 4+ 7501 = 0
Standard jet axis (SJA) Winner-take-all (WTA) N vﬁf“
Larkoski, Neill, Thaler JHEP 04 (2014) 017
Introduces soft-sensitivity to Recoil invariant. It is not sensitive
axis definition. In TMD to soft radiation. In TMD
factorization works for small R factorization works for all R

AND RECENT RECOIL FREE JET RECOMBINATION SCHEMES..
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WTA form — o0

Y,-T. Chien, R. Rahn, D.Y. Shao, W. Waalewijn, B. Wu JHEP 02 (2023) 256 n

1
b
. Moult, H.-X, Zhu JHEP 08 (2018) 160 Jepe(b) = ) [ dzz C,., (—, z>
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Start from the NLP operator basis Of (wsvvasis: vMoos, 1.8., A Viadimirov JHEP 01 (2022) 110 )
@ Extract the interesting operator basis and hadronic tensor with jets

@ Perform the necessary jet calculations



Notation basics

The field units include are collinear or anti-collinear fields and include Wilson lines
U ;7. b)=[Ln+ b,y n+ bl (y n+ b)

Uy (v o) = glln+ b,y;n+ b1 F" (yyn+ b) [y;n+ b, yin+ b §;(y n + b)

4 LP operators (open Dirac indices) 8 NLP operators (open Dirac indices)
0%, 07y =[O0 07, I UT0,0)], ... 0%, 07y =87 A+ ypl1E V0,

O/, 7 yp) = [E70 1+ ypITATE(0)Y, ...




Hadronic Tensor for fermionic operators

We have a consisten expansion and a general way to write the hadronic tensor

HU . gV _ quu UL UL
4 P tINLe = PPt NLP-kin T NI hto

yH
'T zﬁ’T ki
N,

T3 = (04,07 D B 630 + B, 07,y 0,0y

kin= kinematic NLP terms; they appear as der
hto=higher twist operato




Hadronic Tensor for fermionic operators

0 0

» - nﬂﬁ,z'jﬁ,kz + I’ly}/é{,ijyg,kl ( P @li Ejk P Ejk @li > N
NLP-kin - Nc a+ 1A~ 11,0 a_l_ 11,7 11,n "o
v = +ig———3 Of L o"
NLP-hto - 5 Nc 21,1 a—) «— 11,n 2l.bn | — (a— 11,n

In principle we have a basis with fundamental operators, but some algebra must be done to

arrive at a useful form
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Jets at 1.P

At LP the jet definition is simple because there is no polarization

dy™ gt [ - 7 z 77 _
qul,ﬁ(b) = Jz—ﬂey Tt _}’+\<O\ Uy a(y ,b)\fang><Jang| U1,ﬁ(090)\0>_

plus (¢,n) — (g,n) and (q,n) — (g, 7)

The jets here are initi




Jets at NI.P

The NLP for jets comes considering the jet-algorithm

1 dyl_ dyZ— VR | _ . — 1
JP (x, b) = e PTG e Ly T O UP _(Lyr, vy Vb)Y |7, XN, XU, (0,0)]0) ],
f ) = —— [ L8 O, (707 D) I X X1 T 0.0)10)

Plus all possible combinations of antiquark, collinear directions, order of operators, ...

The jets here are initiated a quark or an antiquark and a gluon!




Jets at NLP*

1 dyl— dy2_ oy e _ . — ]
JPR9(x, b) = J T e [ (0| U2 [y, vy Y. b) [ I, XV, X | U, -(0,0)]0)],
1.7 (X ) ¥ — isS+ ' € _}/ Y < ‘ 2,n({y1 Y2 } ) ‘ alg >< alg | l,n( ) | >_

Plus all possible combinations of antiquark, collinear directions, order of operators, ...

The helicity distributions do not vanish. This is because the yS Dirac structure only probes the

helicity of the quark, while the jet is initiated by both the quark and the gluon.
Tensor structures are null.
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Symmetries of the jet..

Charge conjugation simplifies even more the structure of the states

L1 D) = = Iy 5% b) L1 % 0) = = o1, (% b)
,AQ R 7/ A — 7p,A ,AQ — 7p,A — 7p,A
20, b) = I 0A(x, b) = I35 (x, b) 500, by = I 4, b) = J1(x, b)

And we can also remove an index

b”

sziqﬁ(x, b) = Jq (x,b




Hadronic tensor for SIA..

,, 2| Ci(gr g~ D) [ &b L, y | :
W pin@ =+ | G s e [90 1,0 4n
2g d’b . nt
WHY ; +lb-qTJd C.(agt - 2 C* , + - 2
NI P-hitod = T ZJ(zﬂ)z e xCi(q7q ,u )X, g7 g, 1) L]* q_]

bI/
7 [ 340 0) + 2405 )~y B [T B 4 2, 5.)] e




Hadronic tensor for SIA..

2i|Cy(qtq~ w1 [ d®b . '
WHY — +ib-qp vp up —
NLP- km(cp - 4N, J (27)? o qr [n”g e | 0pJ11ﬁ(b) Jll’n(b)- e

2g b ., ~ ~ nt
(q) = [ et ‘”decl(fq MCH(x, g% g ,/42)[ ]

WH*
NLP-hto (2r)? gt g

bI/
xﬁ{[ TA D) + T4, (6 D)] Ty (B) = Ty 1(B) [~ . B) + TG, b)]}+h c.

4%

All NLP tensc



Lvolution (check in progress)
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Fvolution (check in progress)

Finally we have only a possible definition of jet operator structure. Different jets can differ only
by specific algorithms or operator independent elements
b’
]lft,ﬁ = ﬁ[_]ﬂ,fz(x’ b) + qula_(x, b)]

n

dje . (T,
2 ( P 1n Yx,x,_1)1§t+2”3§‘x®fp

du?




Conclusions

o We can work out a new phenomenology combining our knowledge of
nigher powers in hadronic tensors with jets.

o Jets allow a controllable framework to simplify the theory and to test
it also In this new case

o We expect to extend this analysis to the S1IDIS case
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