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Sivers function 

Spin-momentum correlation in a transversely polarized proton
Lots of studies due to its connection to Single Spin Asymmetry (SSA)

Gluon Sivers can also be studied at EIC
→ SSA of open charm, dijet,…

Zheng, Aschenauer, Lee, Xiao, Yin;  1805.05290

Yao, Hagiwara, YH; 1812.03959

Prokudin; white paper



Sivers function: a different look

More properly,
use the nucleon spinor

GTMD

Reduces to Sivers in the 
forward limit

TMD



→ Sivers function can enter certain near-forward, longitudinal helicity-flip processes.

→ It can also enter unpolarized cross sections where the initial and final spins are summed
(so that spin-flip amplitudes are automatically included). 

This spinor product is also nonvanishing if longitudinally polarized 
and if helicity flips 

helicity



Exclusive      production at EIC

Unpolarized cross section at small-x,

Proton elastic

Cross section in the forward limit is dominated by gluon Sivers at small-x!



Connection to Odderon

photon C-odd pion C-even

Odderon, C-odd →

Spin-dependent odderon
=gluon Sivers at small-x

Zhou; 1308.5912

Experimentally elusive for decades. 
Finally found at the LHC? (TOTEM collaboration)

→ New connection between EIC and LHC





Gluon Sivers=Odderon in pp at the LHC

Hagiwara, YH, Pasechnik, Zhou; 2003.03680Elastic pp scattering, unpolarized

rho-parameter (spin non-flip)

Double helicity-flip from 
gluon Sivers=Odderon
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finite as                without exciting proton! 

Only the transversely polarized 
photon can contribute

Transverse polarization vector          has to be 
contracted by another transverse vector.

Theorists suggested to excite proton to a negative parity resonance.
(P-wave wavefunction contains a transverse vector.)
This is why H1 looked for neutrons from the decay 

But don’t forget proton is a spin-1/2 particle. 
We get a transverse vector when helicity flips

Naively, the only available vector is momentum transfer

→ vanishes as 

Spin-dependent odderon (gluon Sivers)

Spin-independent odderonPrimakoff



Larger       is also interesting, probe spin-independent Odderons

Could be a serious background 
if the odderon cross section is very small. 

H1 setup: kinematics

Top EIC ep energy, top          energy desirable

Theorists are more comfortable with                           ….

My comments 

Background: Primakoff process

H1 says `negligible’ according to Pythia
(because they measured neutrons?
or because the predicted cross section is large?)

Integrated luminosity 

Theory prediction
H1 upper limit 

We don’t have a prediction for the magnitude
of the cross section…

hep-ex/0206073

Photoproduction



Pion: two-photon candidates with 

Electron: Electron tagger

Central detectors : ensure the presence of a gap 

H1 setup, detectors

Neutron : Forward neutron calorimeter

Measured indirectly from pion momentum

Two electromagnetic calorimeters 

Outgoing proton energy should be close to the beam 
energy in our case. 

Recoiling proton and                          directly 
measurable at EIC

No charged particles allowed in 

Electron and two photons all in the backward 
region. Demand that their total momentum is 
within the region

i.e., close to 2 times the electron beam energy.



Results Veto in central activity


