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Perturbative T-odd observable in SIDIS 



� SIDIS kinematics:
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Gourdin; Kotzinian;
Mulders, Tangerman;
Bacchetta, Diehl, Goeke, Metz, 
Mulders, Schlegel
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� QCD hard scattering, 
collinear factorization:
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� all T-even pieces populated by LO pQCD: Mendez;
Koike, Nagashima, WV

� how about T-odd?
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� Born contributions are real, but 1-loop amplitudes have
imaginary parts

à consider their interference, De Rujula, Kaplan, De Rafael;
Körner, Kramer, …;
Hagiwara, Hikasa, Kai 
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� Born diagrams:

+

� 1-loop



� plus, gluon channel:

+

+



� imaginary part must be finite (no place for poles) 

� calculation quite straightforward

(‘t Hooft-Veltman-Breitenlohner-Maison) �5 "µ⌫⇢�

� still, individual diagrams have poles

à dimensional regularization

à need          and 



� structure functions at               :
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◆
Q

qT

<latexit sha1_base64="lZu1MOfwh9jxDnsLqnXh/P6nsvM="></latexit>

C sin 2�h,q!q
UL (x̂, ẑ) =
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◆
Q2

q2T
<latexit sha1_base64="6JDyMHu40hMxAGMv7ybfouBJRmo="></latexit>

C sin 2�h,g!q
UL (x̂, ẑ) =
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2ẑ3

✓
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� so, pQCD at              also gives T-odd terms:               
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Cross-checks / results in previous literature:

� crossing of T-odd effects in e+e- Körner, Melic, Merebashvili

� T-odd (and P-odd) effect in unpol. SIDIS with
neutrino beam Hagiwara, Hikasa, Kai 
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A little bit of phenomenology



DSSV pol. PDFs,  NNPDF31 unpol.,  DSS fragmentation
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at COMPASS
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Behavior at low qT – toward the TMD regime
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� for example, 

� on the other hand, can expand pQCD result toward low qT : 

Olness, Meng, Soper

� in this case, matches TMD evolution

� however, not always known to work Boer, WV; Ji, Qiu, Yuan, WV;
Bacchetta, Boer, Diehl, Mulders
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� more precisely, find in qàq channel:
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� even more, in gluon channel:

<latexit sha1_base64="lY4/DOn55ITAUFeVPWQ4+LMZAHw="></latexit>

F sin(�h)
UL =

X

q

e2q

⇣↵s

2⇡

⌘2 Q

qT

1

2CA
Dh

q (z)

<latexit sha1_base64="koll757dTN0iImlR5DIM6U1SqXY="></latexit>

⇥

(1� x) ln

✓
Q2

q2T

◆
+ (1� x) ln

✓
1� x

x

◆
� 1

�
⌦�fg



� in TMD formalism, Bacchetta, Boer, Diehl, Mulders

Collins fct.

worm gear fct.

� detailed study of perturbative tails of TMDs 
Scimemi, Tarasov, Vladimirov; Rodini, Vladimirov



Concluding remarks:

� pQCD predicts T-odd effects in SIDIS at   

� interesting prospects for phenomenology
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� interesting features at low qT something to be learned
about TMDs and their evolution  
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� application to other processes?

� higher-order corrections?

� relevant for matching in TMD studies 


