
Javier Jiménez-López, 07/21/2026

Accessing the gluon Sivers 
function via dihadron pairs



Why should we care about it? 

• It tells us about gluon orbital motion. 

• At the EIC, thanks to the polarised beams, sensitive channels are available.

The Sivers function measures the correlation between a parton’s transverse momentum and a 
transversely polarised proton’s spin.

Hadron pairs provide access to the gluon 
through photon-gluon fusion.
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SIDIS and Sivers

̂fg/p↑(x, k⊥, Q2) = fg/p(x, k⊥, Q2) +
1
2

Δfg/p↑(x, k⊥, Q2) S ⋅ (P̂ × k̂⊥)

Δfg/p↑(x, k⊥, Q2) = −
2k⊥

mp
f⊥g
1T (x, k⊥, Q2)

sin(ϕh − ϕS)

AUT (ϕhS = ϕh − ϕS, kT) =
dσ↑(ϕhS, kT) − dσ↓(ϕhS, kT)
dσ↑(ϕhS, kT) + dσ↓(ϕhS, kT)

∝
Δfg/p↑(x, k⊥, Q2)
2fg/p(x, k⊥, Q2)

Setting wi =
Δfg/p↑(x, k⊥, Q2)
2fg/p(x, k⊥, Q2)
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AUT =
1

PN

N

∑
k=1

wi

P = 70 %

where the subscript “U” represents the unpolarized electron
beam and “T” indicates the transverse polarization of the
proton beam. ϕkS ¼ ϕkT − ϕS stands for the angular differ-

ence between the total dihadron transverse momentum k⃗T
and the polarized proton spin direction S⃗⊥. The amplitude of
the SSA is proportional to the corresponding Sivers function
divided by the unpolarized parton distributions.

III. MONTE CARLO SIMULATION SETUP

In this section, we will describe the setup for our event
generation. We use the PYTHIA 6.4 Monte Carlo (MC)
program [32] to simulate the unpolarized cross section as
expected at an EIC. The PYTHIA generator has been found
to reproduce the charged and open charm particle produc-
tion in the electron-proton collisions at HERA. The
comparison of the HERA data [33,34] and the output of
the tuned PYTHIA MC for charged particles and D" mesons
is shown in Figs. 2 and 3. Based on this reasonable
description of the unpolarized DIS cross section, we will
discuss our strategy to obtain the SSA based on weighting
the unpolarized results from PYTHIA.
In the simulation, we model the amplitude of the

asymmetry as an incoherent superposition of all contrib-
uting subprocess on an event-by-event basis. For every
event, a weighting factor is obtained according to the
kinematics and parton flavor as follows:

w ¼
ΔNfa=p↑ðx; k⊥; Q2Þ
2fa=pðx; k⊥; Q2Þ

: ð5Þ

At the end, the Monte Carlo asymmetry can be understood
as the weighted sum of the asymmetry weights from signal

(gluon-initiated channels) and background (quark-initiated
channels) processes similar to the strategy used in Ref. [35]:

AUT ¼ Rg
ΣNg
i wi

Ng
þ Rq

ΣNq
i wi

Nq
; ð6Þ

in which Ng and Nq indicate the number of gluon- and
quark-initiated events in the analyzed event sample. The
corresponding event fraction is thus obtained as Rg ¼
Ng=ðNg þ NqÞ and Rq ¼ Nq=ðNg þ NqÞ. In the experi-
ment, it is very hard to reliably separate different subpro-
cesses. Therefore, the fractions of events from different
subprocesses are modeled using PYTHIA in this analysis. A
validation of this weighting method against experimental
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FIG. 2. Charged particle transverse momentum distributions for
0 < η < 1.5 defined in the virtual photon-hadron center-of-mass
frame. The HERA data [33] for 5 GeV2 < Q2 < 10 GeV2,
0.0005 < xB < 0.002 with a beam energy 27.6 GeV ×
920 GeV are compared to the tuned PYTHIA results.
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FIG. 3. D" transverse momentum distributions for jηLabj < 1.8
defined in the virtual photon-hadron center-of-mass frame. The
HERA data [34] for 5 GeV2 < Q2 < 100 GeV2, 0.02 < y < 0.7
with the beam energy 27.6 GeV × 920 GeV are compared to the
tuned PYTHIA results.

FIG. 1. A schematic illustration of the kinematic variables
involved in this measurement.
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Dataset description and kinematic estimators
• Beam configurations considered: 

•  with . 

•  with . 

• Simulation campaign: 26.06.0 (5M events 
per  range). 

• Kinematic cuts: 

• . 

• . 

• .

9 × 130 GeV2 ℒint = 0.5 fb−1

9 × 275 GeV2 ℒint = 1.25 fb−1

Q2

Q2 > 1 GeV2

0.1 < y < 0.9

zh > 0.1

Kinematic variables reconstructed with the electron method

• Transverse momentum imbalance of the 
dihadron pair: . 

• Transverse momentum sum of the dihadron 
pair: . 

• Kinematic conditions: 

•  GeV. (Removes background) 

•  (Ensures back-to-back 
hadrons and TMD validity range). 

PT = |P1T − P2T | /2

kT = |P1T + P2T |

PiT > 1.4

kT < 0.7PT
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Gluon and quark parametrisation

Δfg/p↑(x, k⊥) = 2𝒩g(x)fg/p(x, Q2)h(k⊥)
exp(−k2

⊥/⟨k2
⊥⟩)

π⟨k2
⊥⟩

𝒩g(x) = Ngxαg(1 − x)βg
(αg + βg)(αg+βg)

ααg
g ββg

g

h(k⊥) = 2e
k⊥

Mg
exp(−k2

⊥/M2
g)

Model 1

• Quark parameters: JHEP 04 (2017) 046 

• Gluon parameters: JHEP 09 (2015) 119

Ng = 0.65 , αg = 2.8 , βg = 2.8 ,

Mg = 0.5487 GeV , ⟨k2
⊥⟩ = 0.25 GeV2

Model 2

f⊥g
1T = −

2σmp

k2
⊥ + σ2

fg(x, k⊥, Q2) with σ = 0.8 GeV

Phys. Rev. D 70, 074025

For quarks only Model 1 has been used
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Kinematic variables 9 × 130 GeV2
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Kinematic variables 9 × 130 GeV2
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Kinematic variables 9 × 275
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processes in the small-xB region. The fraction of quark-
initiated processes grows rapidly as xB approaches 0.1
and with increasing Q2. This behavior with Q2 is due to
the fact that more high-pT hadrons are generated through
QCD radiation, which has an increased probability with
increasing Q2.
In particular, we note that an understanding of the gluon

Sivers function requires measuring its dependence on xB
and Q2. Figure 11 compares the SSA for charged hadron
pairs assuming that the magnitude of the gluon Sivers
function is 5% of its positivity bound (solid circles) and the
SIDIS1 set (solid triangles) as well as no gluon Sivers
contribution, but a quark Sivers contribution (open circles).
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FIG. 10. Fraction of the underlying subprocesses initiated by
quarks (red curves) or gluons (black curves) for high-pT charged
dihadron pairs. The solid and dotted curves represent the Q2 bins
of 10 < Q2 < 20 GeV2 and 1 < Q2 < 5 GeV2, respectively.
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FIG. 9. Projection for the SSA dependence on ϕks shown for
different inputs for the gluon Sivers function forDD̄ pairs (a) and
single D mesons (b). The vertical bars represent the statistical
uncertainties obtained with the kinematic cuts jηπ=KLab j < 3.5,
pπ=K
TLab > 0.2 GeV, zD > 0.1, pD

T > 0.7 GeV, 0.01 < y < 0.95
and 1 GeV2 < Q2 < 20 GeV2 at the electron-proton beam en-
ergy 20 GeV × 250 GeV and an integrated luminosity
Lint ¼ 10 fb−1. The initial parton-level asymmetry is shown with
the solid line. The Sivers asymmetry for 10% of the positivity
bound and for the quark contribution are displayed with the
closed squares and the open circles, respectively.
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FIG. 11. Sivers asymmetries dependent onQ2 (a) and xB (b) for
charged hadron pairs requiring the cuts jηhLabj < 4.5, ph

T >
1.4 GeV, zh > 0.1, kT < 0.7PT , 0.01 < y < 0.95 and 1 GeV2 <
Q2 < 20 GeV2 for the electron-proton beam energy 20 GeV ×
250 GeV for an integrated luminosity Lint ¼ 10 fb−1.
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• Accessing the gluon Sivers function at EIC is possible, even during the 
early science stage. 

• Current results have a very strong dependency on the model used to 
calculate the weights. 

• Possible improvements:  

• Work with theorists to improve the parametrisation. 

• Explore the kinematic conditions. 

• Results with  will be ready soon.18 × 275 GeV2

Conclusions
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Kinematic variables 9 × 130 GeV2

°4 °2 0 2 4
¥hi

100

101

102

103

104

105

P
w

i

MC truth

Reco

100 101 102 103 104

Q2 [GeV2]

100

101

102

103

104

105

P
w

i

MC truth

Reco

101 102 103 104 105

W 2 [GeV2]

100

101

102

103

104

105

P
w

i

MC truth

Reco

10°4 10°3 10°2 10°1 100

xB

100

101

102

103

104

105

P
w

i

MC truth

Reco



Kinematic variables 9 × 275 GeV2
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