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W bosons at RHIC:

- Bp—lTX
ot —o~
(-) Ar = ot 4+ 0o~

A; # 0 requires parity violation (S -pt )



* however: ¢

—»jet

= - P even
hadron
ecren T-odd
§ ) —»E —»jet .

L (Pr xPp") ~ sing

Si - (Ff x §it) (Pt - ) ~ sin(20)

AL = A sin ¢ + B Sin(2¢) Hagiwara, Hikasa, Kai



Perturbative T-odd observable in SIDIS



e SIDIS kinematics:
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Gourdin; Kotzinian;
Mulders, Tangerman;

° One_photon exchange: Bacchetta, Diehl, Goeke, Metz,
Mulders, Schlegel
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e QCD hard scattering, /

collinear factorization:
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* lowest order, O(ay)



Mendez;

e all T-even pieces populated by LO pQCD: Koike, Nagashima, WV
do o y?
— F, F,
drdydz dgp, dP?,  zyQ2 1—¢ {@T e UD
v/ 2e(1 4 e F555 %" cos dy, @2% COS(Q@

\/26 1+€)F n ¢n sin ¢y, —I—EFSIDQ% sin(2¢y,) ]

+ 5

+AeV/2e(1 —e) F3 % sin ¢, }

* how about T-odd?



e compare |i) — |f) and [i) — |f), where

1), |f) are states with reversed momenta and spins

e T-odd effect: 0 # !Mfi\Q - ’Mﬁ"Q

absorptive part

g = Mg — M
* Born contributions are real, but 1-loop amplitudes have
iImaginary parts

- consider their interference, O(a?) De Rujula, Kaplan, De Rafael

Korner, Kramer, ...;
Hagiwara, Hikasa, Kai



* Born diagrams:
R
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* plus, gluon channel:
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 calculation quite straightforward

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

* still, individual diagrams have poles

-> dimensional regularization

- nheed fy5 and 8’“”’00 (‘t Hooft-Veltman-Breitenlohner-Maison)



e structure functions at O(ag)
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* 50, pQCD at O(a?) also gives T-odd terms:
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Cross-checks / results in previous literature:

* T-odd (and P-odd) effect in unpol. SIDIS with

neutrino beam Hagiwara, Hikasa, Kai
N V[/*i
\\
e crossing of T-odd effects in e*e Kérner, Melic, Merebashvil
e 2021 calculation of SIDIS Ay Benic, Hatta, Kaushik, Li

Involves gt and its Wandzura-Wilczek part
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A little bit of phenomenology



ep — enT X atthe EIC /s = 140 GeV

DSSV pol. PDFs, NNPDF31 unpol., DSS fragmentation
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ud — phtX at COMPASS s = 17.4 GeV
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ep — enTX atHERMES Vs = 7.25 GeV
PnL ~ 0.5 GeV
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Behavior at low g — toward the TMD regime



Bacchetta, Diehl, Goeke, Metz,
Mulders, Schlegel
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» for example,
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e on the other hand, can expand pQCD result toward low qr:

1A5(qr‘2f _(1_;@)(1—2)>:5(1_2)5(1_x)1n(622)+ o e O o) +O(ﬁ)

Q? i3 @) (1-2); (1-2)4 @/

Olness, Meng, Soper

9 Qg Q° 7 h
Fuyu,r Izeq [ Cr (QIH(Q2)+3>fq( x) Dy (%)
+140) (P DJ) () + (Pua @ ) 2) Do) + 0 (1)
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Boer, WV; Ji, Qiu, Yuan, WV;

* however, not always known to work Boochette. Boor Diehl. Mulders



Bacchetta, Boer, Diehl, Mulders

low-gr calculation high-g7 calculation leading powers
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* more precisely, find in g—=>q channel:
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* even more, in gluon channel:
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e iIn TMD formalism, Bacchetta, Boer, Diehl, Mulders
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» detailed study of perturbative tails of TMDs

Scimemi, Tarasov, Vladimirov; Rodini, Vladimirov



Concluding remarks:

* pQCD predicts T-odd effects in SIDIS at O(a?)

* interesting prospects for phenomenology

* interesting features at low gq; <> something to be learned
about TMDs and their evolution

* relevant for matching in TMD studies

e application to other processes?

* higher-order corrections?



