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0 Introduction
e Gluon TMDs for hadrons of spin < 1
e Wilson loop TMDs for hadrons of spin < 1

@ Summary and prospect
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TMDs

Process involving hadron states in initial or final states

Cross section= Hard part * PDFs/PFFs
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TMDs

Process involving hadron states in initial or final states

Cross section= Hard part * PDFs/PFFs
Cross section= Hard part * PDFs/PFFs/TMDs

TMDs: Transverse momentum dependent PDFs/PFFs

parton

hadron

parton momentum: k* = xP* + /\fT‘ + on*
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Introduction

quark quark correlator

The calculable hard part

4
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Introduction

quark quark correlator

The calculable hard part
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Introduction

quark quark correlator

The calculable hard part

O(x,p) = %ei” (P P0)(E) 1P * Unintegrated
(x,pr) = f dizd)fT PE(PIP(O0)(E) IP)eyegio  * TMD

O(x) = é%e”"f (PIP(O)(E) IP)gpmo, =0 * collinear
O(x,pr) = f dfzd)fT P4 Py P(0)Ujo,¢)'P(&) |PYe,=o Gauge invariant TMD
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Introduction

gluon-gluon correlator

_— a*¢ . ,
[IVIR07 (e, Py = f —(254 e“E P O P () Ui oy 1P

_ dé-Pd*e; . ,
TOVIR07 (. kpy P,n) = f % < (PLF* (0)Upg o F*7 (U ) 1P
&n=0
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Introduction

extracted parton

quark gluon

unploarized

vector polarised

target pol.

tensor polarised

Tangerman, Mulders 1994;
Boer, Mulders 1997;
Bacchetta, Mulders 2000;
Mulders, Rodrigues 2001

= & = = ) Q(
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Gluon TMDs for hadrons of spin < 1

Outline

e Gluon TMDs for hadrons of spin < 1

Y Zhou (Shandong University) Gluon TMDs in polarized high energy processes Hefei 2016 10/24



Gluon TMDs for hadrons of spin < 1

parameterization of gluon correlator

dé-Pd*¢,

[U.U' ) uvipo . —
r e (x7kT3 Ps n) :f (271_)3

(P, S TIF™ (O Uy g F* (©)Up oy IP.S, T

£n=0
@ parameterization in terms of Lorentz structure: gy, €0
vectors/tensors k, P, S, T, n
PH
SH = SLM +S¢ —MSLVZH,

pupr SEPY
MM

1

™ = 2{ SLLg‘; + SLL

4 4
+ Sl;j} - §SLLP(’1nV} - Msglrnv) + §M2SLL n’lny] N

@ respecting Hermicity and parity
rlUvders g p. S, T,n) = TV (k P S T, m),

rUUes (. p.s, T, n) = TV )k, P, -5, T )
@ T-odd functions are allowed
U wprs i p s T,y = TWUUR B3, T i)

HVipo
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Gluon TMDs for hadrons of spin < 1

parameterization of gluon correlator

Tips:
@ The leading twist contribution from T'W-U"1"ini(x k.- P, n), denoted as I'¥(x, k)
@ All the terms including n vector is twist-3

@ Usually the expansion is in constant tensors g, and €,

z Pt P KLkl k2 2
k) =3 27 [f.'z‘JG(f-kiH( = +v¥ﬁ> Hﬂz,kiJ} .
. ke i)
Yok =5 = [4575,, AG(e, k) + ‘*W’;“ 5. AH} (z, kf)} ,
o Pt
(k) = 2 1:—[ NN )
M ij k1St
. v |gi e . 2 b2
N A ArY(w k) =5 {%»/“, (x,k2) + i€ gis(a, k2)
2M? M N
drliglhy §rlipg s R, rlis) 4 i el
oS M Ak (e ) - 5k Al (z,k,)} . L (e k) — Lo b (k)
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Gluon TMDs for hadrons of spin < 1

parameterization of gluon correlator
Definite rank TMDs

® Expansion in constant tensors in transverse momentum space

g =g — plegrt v = P — ety

m ... or traceless symmetric tensors (of definite rank)

kr

K = kipk}, — k3.7

Y = Kk — L (g8 + i) + gl )
m Simple azimuthal behavior: k% «— |ky| eTime

functions showing up in cos(m¢) or sin(m¢) asymmetries (wrt e.g. ¢1)
® Simple Bessel transform to b-space (relevant for evolution):

Fou(z, k) /0 " b (k) Fo(,0)

Fm(ll‘,b) = kT dl‘T Jm(ka) Fm(makT)

J0
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Gluon TMDs for hadrons of spin <

leading twist spin-1 gluon TMDs: result

TG k) = T (k) + T (k) + ThCoky) + TV k) + T (o k) + T,

where
ij X kU n
rU(X,kT): 7 —grf](x kT)+M7h (x, kT)
(/ kJ)af
x €757 SL
I Cokr) =3 |i ielSy, g1 (x k) + ;T Iy (e k3|
ij STkT il griigh | Sl (i laST

i x| &r€ iepkr-ST Sh (! e Ky
Cpenkr) = 5 |~ T fiy ki) + T girCeki) - + G k3 - TR k)|,
i (k)= 5 |- gl (xk)+kLh k2|,

L\ AT grLLlLL T w2 T

. k {i ) ija
; ks il SLTT st K o
X TOLT LT
TV (okp) = 31 7f]1j(x K+ rer g1 Cakd) + LT (e k) + TM3 © k)|,
ap il K1s
. | dikPs TTap
7 x| &rky Strap ereryfr
Pk = 5 |- = frr k) + —— s i e k)
{i jl xm,/i
k" Str
ST (k) + LT gt k) + T”ﬁ Ik o K2
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Gluon TMDs for hadrons of spin < 1

gluon TMDs: result

7

‘ ‘ -8r ‘ ie;j ‘ K, k;j, etc.
u N hf‘
L g1 hiy
T | fi7 | &ar hy, hiy
LL | fiur iy
T | fur | 2ur hr i extracted parfon
TT | firr | gur | harr, b, bz :

- unploarized
o

o

3 | vector polarised
9) ......................................
S | tensor polarised
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Wilson loop TMDs for hadrons of spin < 1

Outline

e Wilson loop TMDs for hadrons of spin < 1
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Wilson loop TMDs for hadrons of spin < 1

NNPDF2.3 (NNLO)
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@ gluons dominant over quarks at small x

@ what happens to the gluon TMDs as x— 07?
try to consider "empty” correlator (without gluons)
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Wilson loop TMDs for hadrons of spin < 1

parameterization of Wilson loop

, i d. Pd v T
TWUI0o (x k2 Pn) Ef f(2 )3§T (P, S TIF™ O) Uy P (€) U o 1P, S, T)
&n=0
, dé-P d>
FOVY ks Py = f % M (P8, T| Uy Ul oy IP. S.T)
£n=0
& o gauge links: process dependent.
choose Wilson loop as an example,
- "dipole” type, U'® = Ui, U1,

an example for dipole type gluon TMD: pA — y*jet + X, the only clean process to

test /zl Hp» ONgoing work collaborate with D.Boer, P. Mulders and Jian Zhou
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Wilson loop TMDs for hadrons of spin < 1

parameterization of Wilson loop: result

Ty er) = T e + T ) + T ) + T e +
where
/ L
Ty ) = 572 e(kp),
F([)Z’U/](kT) = 0’
, nL €™
Ly k) = 25 = er ),
, L
E)ZLUE r) = 7 Strerr(ky),
o nL k,-Sir )
Lorr ;) = M T k),
L k STTD!
Ty W) = 35 == ern ().
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Wilson loop TMDs for hadrons of spin < 1

relations between gluon TMDs and Wilson loop TMDs

&I
@2 °

_fandn szfr oikrér
(2m)?

Wilson loop correlator
§<n=0

ki T Ger) = 4 ST (PIG(0) Uy Gr(@) Ul

[0.£] [£.0] P

(PIF"()) U,

U4 ’7] 7’ -n=n-n=0,

Fim Uy, |P>‘
n7=0r,n7=¢1

dg Pd g l ni
=2nL f (2—)3T “E(PIFT(0) Uy

=2xL T719(0, k) dipole type correlator

Fi) Ul IP)

[£.0
&n=k-n=0

longitudinal extent of the Wilson loop:
L= [d¢éP=2r6(0)

)
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match f, g, h- type to e-type TMDs

match every kind of target polarization, by using the previous relation

e.g. transverse polarized ones:

ij Stkr rlig Stiigj} {i pjlaSt
X € +eTE €
AT nlekn) = 3| gT T [ (e k) - *u ki) = = ik >}
S0 KK TR
= o D
ij Stkr 52 krligh Srligjl 2 {i pjlaSt
: k2 S Kk & K
I % S ki S S s S
2 M 2M? am 2M? 2M3
implies that 2 1 2
hm xf]T(x k ) = hm xhy (x, k,) =- /VT[ llm xh]T(x k ) == hm xhyr(x, K2 7= MZ eT(ki),

in agreement with ref.[PRL116,122001, D.Boer, M.G.Echevarria, P.Mulders, J. Zhou]
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Wilson loop TMDs for hadrons of spin < 1

Relations between gluon TMDs in the limit x — 0 and the

Wilson loop TMDs

5
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— T 1 — T
LL Mo = gy Xhiy, = 5 e
2 2
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Summary and prospect

Outline

@ Summary and prospect
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Summary and prospect

Summary
@ introduced new results for spin-1 gluon TMDs, completed the spin < 1
TMDs table

Quarks | v* | yty® ot Gluons | —g¥ | ic? ki, ki, ete.
u fi ht u f1 ht
L o hiy L o hiy
T fiz gur ha, hip T fir | oir ha, hiy
LL firr [Gvas LL firr hipg
LT Sier | gier | hacr, by iy fier | gie hapr, by
TT firr | girr | harrs hipy TT firr | girr | hares vy, hizr

@ parameterized the Wilson loop correlator, and relate it to the small-x

gluon TMDs e

L

T

L

. _ ko, _k _
LT Xfier = xhr = -3 xhyp = ghewr, Xgur =0
TT | irr = 28 sy =~} xhiy, = Ky =Ko, xem=0
Prospect

@ we (with P. Mulders, T. Daal, A. Mukherjee) are considering a follow
up project: construct gauge links for some diffractive processes,
maybe related to “pomeron”
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