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Universality

Universality of TMDs

hadron ∼ quark correlator→ parameterise with TMDs

T-odd TMDs due to Wilson line

Different paths for different processes→ not universal!

Not a real problem, merely a sign difference:

f initial state int.
T-odd = −f final state int.

T-odd

Aim

Can we create a path layout that combines features of both initial
and final state interactions?

How does it relate to known TMDs?
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Universality

Quark Correlator

Φij(P, k, S, n) =

∫
dωz

(2π)ω
eik·z 〈PS|ψj(z) U(z ; 0) ψi(0) |P, S〉

(0+, 0−,0⊥)

(0+, z−, z⊥)

(0+,+∞−,0⊥)

(0+,+∞−,+z⊥) n⊥

n−
SIDIS:
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On Wilson Lines

Definition of Semi-Infinite Line

U(+∞ ; a)[C] = Pe
ig

+∞∫
a

dz ·A(z)
C : zµ = aµ + λnµ λ = 0 . . .∞

Path Inversion

U(−∞ ; b) = U(+∞ ; b)

∣∣
n →−n

Inverted Path in Quark Correlator (in Feynman gauge)

=
n →−n
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Where Does the Sign Hide?

Fully Unintegrated Quark Correlator

Φ(P, k, S, n) = 1

[
MA1 + nµ ε

µνρσ 1

P ·n
PνkρSσB5

]

+ γµ
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Where Does the Sign Hide?

Fully Unintegrated Quark Correlator

Only factors of form
nµ

P ·n
⇒ no sign change

Sign change inside T-odd TMDs
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Inspiration

Relation Between Different Layouts

= ×

unfortunately〈 〉
6=
〈 〉〈 〉
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Inspiration

Relation Between Different Layouts

= ×

unfortunately

ΦDY 6= Φ ΦSIDIS
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Inspiration

Exploiting the Path Relation

= ×

× = ×
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New Layout

Proposed Layout

(0+, 0−,0⊥)(0+,−∞−,0⊥)

(0+,−∞−,∞⊥) (0+,∞−,∞⊥)

(0+,∞−,z⊥)

(0+, z−,z⊥)

1

2

3

4

5
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New Layout

Properties

Combines features from both SIDIS and DY

More specifically, Ũ ∼ U†SIDIS UDY

But extra line at ∞⊥: U3 ⇒ Ũ = U†SIDIS Ũ UDY

Ensures gauge invariance, but also ensures that∫
d2k⊥
(2π)2

Ũ = UPDF

Not necessarily physical
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New Layout

Proposed Layout

(0+, 0−,0⊥)

(0+,−∞−,0⊥)

(0+,−∞−,∞⊥)

1

2

3a
(0+,∞−,∞⊥)

(0+,∞−,z⊥)

(0+, z−,z⊥)

4

5

3b
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Relating New Structure to SIDIS and DY

Correction Factors

Define:

ΦSIDIS = CSIDIS ⊗ Φ̃

ΦDY = CDY ⊗ Φ̃

then
C0 = δ(1− x) δ(2)(k⊥)

because
ΦSIDIS
0 = ΦDY

0 = Φ̃0
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Parameters

Parameters of the Layout

Feynman gauge:

Only n− as defining parameter

Assign one n− to each side of the cut

⇒ n1, n5

Light-cone gauge:

Only r− as defining parameter

Assign one r− to each side of the cut

⇒ r2, r4
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Comparison

Φ̃ ΦSIDIS ΦDY

Feynman

n1 = −n− n1 = +n− n1 = −n−
n5 = −n− n5 = −n− n5 = +n−

Light-cone

r2 = −∞− r2 = +∞− r2 = −∞−
r4 = +∞− r4 = +∞− r4 = −∞−
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Comparison

Calculating the Correction Factors

CSIDIS
1 ∼ Φ1

∣∣
n1→−n1

− Φ1

CDY
1 ∼ Φ1

∣∣
n5→−n5

− Φ1
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Preliminary Results in Feynman Gauge

Generic Structure of Correlator

Φ = Φ0 + αs

(
A +

n1+n5
2

B +
n1−n5

2
C

)
+O

(
α2
s

)

Results

CSIDIS
1 ∼ −αs n− (B + C)

CDY
1 ∼ −αs n− (B − C)
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Preliminary Results in Feynman Gauge

Universality

Only virtual diagrams contribute to B

⇒ Φ̃ is universal everywhere except in its endpoints
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Conclusions

Using double parameters is an easy way to generalise calculations

The proposed layout has some universal features

Outlook

Extend calculation to light-cone gauge

Investigate universality of Φ̃ deeper
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Thank you for your attention!
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