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Gluon TMDs: definition (1/2)

* There 1s no concept of 'T'MDs without factorization! Examples:

pp —> H(qr)

2

m d? .
do = oo() CF (m3, p) H (m?, p) — dy - /del e 1L YL
TS (27)

X 205 (@A, YL, ) Jaw (@B, Y1, 1) S(YL, 1)

[IMGE, Kasemets, Mulders, Pisano 1502.05354]

pp —> nalqr)

do
dydqr

o< T Tup / APy e TV T (o, y 1, p) TR (xp, YL, 1) S(yL, p)

=» Talk of A. Signor:

Collinear and soft matrix elements contain spurious rapidity divergences:

They are 1ll-defined!!!!




Gluon TMDs: definition (2/2)

e Proper definition 1t's a bit tricky...

kn ~ Q(1,2%,\)
kﬁ ~ Q()\27 17 )\)
ke ~ QAN

Ye

U

:,k”

1

—
y =5

k"‘
k=

by~ ki~ kg~ QA7

—

Cancel spurious
rapidity divergences

Dufferent rapidities

(muxed under boosts)

Same wmvariant mass!

U
GQ/B

G57A(anknLasA§CAaU2) —J, V8
S

(CUB,kﬁJ_,SB;CB,/LZ) — j_

[Collins’ book '11]
[MGE, 1dilbi, Scimemi 1211.1947]
[MGE, Idilbi, Scimemi 1402.0869 ]
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T-odd gluon TMDs for a transv. polarized hadron

 Forgetting about subtleties, gluon TMDs are given by the following correlator:

1 dy d yr 'z,ky
r P (27)3

P = (P, Sr|2Tx [Fi7(0)U FY ¢ ()U'] [P, Sl y+ -0

U and U’ are process-dependent
gauge links.

[Mulders, Rodrigues 0009343]

2kE kY k2
Fuvzaégl/fig_i_( T T_é’_lzﬁy> h

k2 2M? ,
[-odd T MDs are not unwversal, but

— 5k eTaﬁk f — i€l kTMST g9 can be expressed in terms of a finile
- V} o m ) set of unwersal distributions
 kp kg krST, 1 plg kr St + St kr 19 [Buffing, Mukherjee, Mulders 1306.5897]
k2 M T 2M

* We analyze 2 relevant gauge link structures: simple tuture/past pointing staple-like

2 (FH 1] _ F[—>—T]) 11(d)

(P —odd) = (P[+,—T] _ F[—,+T])

er—k

Are T-odd gluon TMDs relevant at small-x?



T-odd gluon TMDs for a transv. polarized hadron

* We will calculate them at large k1 and 1n the saturation regime (small-x):

Tyra(@,br;Cpm) = > CF (@, br; ¢ i) ® ta(w; 1) + O(brAqep)

/ o \ Corresponding

Any gluon TMD integrated function

[ . h

M [dzdn ;. (PxSrp) _ .
Tre(@,2) = 55 | —5- e’ ( 2M) (P, S|P(0)y" F ™ (nz)y(2) [P, S) |;+=1a, =0

\\ J

4 : )

QMM [ dz—dn ;.. (P xSt obe - .
Té:(CE,CC) - _m(P—g;Z / I et ( 2N ) <P S’ C ’ F‘—H(O)F’b—l_‘7 (UZ)F;_ (Z) |P7 S> ’z+:|zL|=0
\ J

Cibc — ifabc Cabc _ dabc
N 6



Gluon TMDs at small-x: f-type

e For {-type gluon Sivers function we have:

3 3’

7

]
»a

dz
) = [

fﬁ/q(f)(x — 0, ki) ~ ()



Gluon TMDs at small-x: f-type

e And for the other two TMDs:

§ §

v =l
r— 0

W99 (5 0,.K2) ~ 0

dz 2 — 2 2 —
h%gpf)(x,ki) = / — Z {TF’Q(Z,Z)—g — Tr 4(2,2 — x) 5}
q

z &

*m%()

hlljf’(f)(x%O k3) NC’l—/dzZqu 2,2)

dz4 — 4
ety = [ 55 Ty (2, 2)
q




Gluon TMDs at small-x: f-type

e Now the gluon channel...

N0000000000007

4
ég/g(f)(x — O,ki) ~ h“%g(f)(x — O,kzi) ~ 0 hfﬁ/g(‘f)(az — 0, ki) ~ 015 /dzT((;L)(z,z)

e For hit we can invoke Burkardt sum rule, adding the quark and gluon channels:

A Momentum conservation
hfﬁ(f)(:c —0,k7) ~ 015 /dz {Z Trq.(2,2) + T((;r)(z, z)} =0 of the first transverse
q momentum of Swers

[Burkardt 0311013] Sfunction

[Zhou 1507.02819

All the 3 T-odd f-type gluon TMDs

vanish at small-x



Gluon TMDs at small-x: d-type

* For d-type gluon Sivers function we have:

fﬁ/q(d)( — 0,k7) NCg—/dzZTFq 2, 2)

Co =

N2—4 a, M

2N, 272 k7
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Gluon TMDs at small-x: d-type

e For the other two TMDs we have:

dz 2 —2
hg(Td)(m,ki) :CQ/?Z{TF’(](Z,Z) : éL—I—Tp;q(z,z—m)
q

*af;—ﬂ)

d 4
WD 0,2) ~ Co /dzZTF,q(z, 2)
q

1Lald d24—4€
hﬂgm(x,ki):@/ S Y (e
q

*az—>0

1
/o > 0.08) Gty [ 4237 T (2:2)
q

§

2—§}

§

x/z

11



Gluon TMDs at small-x: d-type

e Now the gluon channel...

All the 3 T-odd d-type gluon TMDs

are enhanced and equal at small-x
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Gluon TMDs at small-x: summary

1 1
1:,9(f)(x — O,ki) ~ h%(ﬂf)(ac — 0, k’i) ~ hﬂg(f)(ac — 0, k’i)
~ (

All the 3 T-odd f-type gluon TMDs

N2 -4 a, M
Cy = 1
2N. 27?2 k7

D5 0,k2) W (2 = 0,k2) ~ hif Dz — 0,k2)

4 _
~ CQE/dZ{ZTF’q(Z,Z) +T((; )(z,z)}
q

All the 3 T-odd d-type gluon TMDs

are enhanced and equal at small-x
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Gluon TMDs and the Odderon (1/2)

e In pQCD, the Odderon 1s a color-singlet exchange and can be formed by 3 gluons in a
symmetric color state. It has negative C-parity and therefore dominates the differences

between particle-particle and particle-antiparticle scatterings at high energy.

* [et us consider the d-type T-odd correlator and manipulate it:

w1 [ dy; Pyirdy, Pyt g,
FT—odd L pt €

I o= %(FH,—H _ Tl (27)3
< { (P, Sp|Tx | Pl (5 ) UM Py () U1
_F-/:T(yl)U[_]F—I;T(QQ)UHH} P, ST>}
Yy=1y1—1Y2
T ]Zéﬁi / d*y1rd*yor kT YT Approximation:
gz P (2m)? A (e P NG|

x (P, Sp|Tr [U[D] (yr) — U[DH(yT)] P, Sy

kAEYN, €2P Spok
75% _ hphpiVe Ep OTalVTf ~ | 2
MV—model¥’ I 0dd = 2007 M Oir(z, k1)

[Zhou 1308.5912]
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Gluon TMDs and the Odderon (2/2)

y k“k”N € STakT
F/{“ odd — 2720y 7 L M BO 7(z, k1)

* Thus we have the equality:

kEEY N, €P Spg
2T, M

kT VETa ka
“Oly (K1) =~ == f

kR kr - Spo o B SYY 4 Sirgkd »
k2 M 2M

Guwen that the d-type T-odd
TMDs are equal at small-x

xflLTg(x? ki) — xhglyT(x ki) — xhlLig(xv ki)
kzN
4772048

All the 3 T-odd d-type gluon TMDs are
Oir(z, k%) given by the spin-dependent Odderon




Conclusions & Outlook

% (Un)polarized gluon TMDPDFs are defined such that they are free from

spurious rapidity divergences

% f-type T-odd gluon TMDs inside a transversely polarized hadron are
suppressed at small-x, for which momentum conservation was used.

% d-type T-odd gluon TMDs inside a transversely polarized hadron are
enhanced at small-x. Moreover they are equal, and can be given in terms of
the spin-dependent Odderon.

* Next steps: phenomenology

* We need experimental measurements (RHIC, EIC, AFTER@LHC.,...)
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