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Overview (How can we use hcavy flavor jets to probc the proton spin structure?)

The Sivers asymmetry before the EIC

® What is the Sivers function and why is it important?

® What can current data tell us about this Sivers function?
The gluon Sivers asymmetry at the EIC

® What unique perspective can the EIC offer us in terms of understanding the gluon
Sivers function?

® Which processes are optimal for measuring the gluon Sivers function at the EIC?

® How can we generate a factorization and resummation formalism for generating
predictions at the EIC.



The Sivers asymmetry before the EIC



The Sivers function
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Our recent global extraction of the Sivers function
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x2/d.o.f. ~ 1.0, 12 parameters and 226 data points [2]. Issues with the RHIC data.
[2] Echevarria, Kang, JT 19
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Our recent global extraction of the Sivers

function continued
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Re—analysis of the RHIC data is completely consistent with our result
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Re-analysis of the RHIC data is completely consistent with our result.




Results for the extraction of the Sivers function x = 0.2, 0 = 2 GeV
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The gluon Sivers asymmetry at the EIC



Process dependence for the gluon Sivers function

Two types of gluon Sivers functions. See [3] for instance.

Dipole (d-type) Weizsicker-Williams (f-type)
Measurable in ppT — v Jet (g8 — vq) Measurable in ep™ — Q0 (yg — QQ)
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Asymptotically different as small x [4].
Modified universality for the gluon Sivers [5]
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[3] Dominguez, Xiao, Yuan 11; Buffing, Mukherjee, Mulders 13
[4] Boer, Echevarria, Mulders, Zhou 15
[5] Boer, Mulders, Pisano, Zhou 16



Gluon Sivers Function at the EIC

Fcasibi]ity of‘measuring the g]uon Sivers asymmetry was examined in [6] using a Pythia

reweighting analysis £, = 10 fb—1.
Open charm (D — K7 pair)
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Imbalance for heavy flavor dijet production [7]
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Mode Analysis
(=+41)
e Hard: pn~ pir(1,1,1),
® Jetp: piQ NPjT(RQ,LR)w
e Collinear: DPe ~ PjT (A2,1,1),
® Soft: ps ~ pir(A, A1),
* C-Softy: Peso ~q1 (R%,LR),

[7] Kang, Reiten, Shao, JT 20

Also need to consider the heavy-flavor
mass of the quarks
We assume the scale heirarchy
grR < qr Smo < prR < pr



Factorization for HF Dijet Production

n-p
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x Jo(prR,mo, 1) Sé(b, R,mo,p) JQ(pTRs mo, ft) Sé(ba R,mg, ),
H and S are the same as light flavor dijet production since mg < pr.

The functions §¢, and Jgo are sensitive to the mass.
o Q



Global soft function
NLO expression can be obtained by explicitly calculating the graphs [8]
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Can obtain the soft anomalous dimensions
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Collinear-soft function

Blue lines represent heavy Wilson lines
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Recall the power counting of the collinear-soft modes pes ~ g1 (1,R?,R).
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We derive the collinear soft anomalous dimensions
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cpy = cos (¢ — @y) gives rise to azimuthal asymmetries [9]. We average over the ¢, angle to

generate IhC numerics.

[9] Hatra, Xiao, Yuan, Zhou 20



Mass dependent jet function
Virtual Graphs

® £ ® é@b% ® Does not depend on the jet radius
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Resummation oflargc 10garithms
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Perturbarive evolution of the cross section: account for broadening of discributions from
perturbative radiation

Hpy d Hp . Hp _ e
Spert = exp {/ (o4 + 2/ Prie +/ B (foe 4 190)
prvp M uj o M pes M



Unpolarized Phenomenology at NLL

Mass dependence enters in the anomalous dimensions
Mj = prR, Hes = Wy, R.

Non-perturbative parameterization [10]

C . b
8274 ) Pey

Sxp (b, Qo,n - pg) = g1b?
NP (0, Q0.1 pg) = g1 a0 Mhn

charm : 5GeV < pr < 10GeV, bottom : 10GeV < pr < 15GeV,

[ys| < 4.5, see [11]
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Spin Dependent Resummartion
Replace TMDPDF with the gluon Sivers function
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Need to consider additional gauge link atcachment for the spin dependent cross section
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Phcnomcnology

Non-perturbative collinear parameterization
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Ny =065, op=28, fe=28 p=05 Myroton =1GeV,

For the TMD
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Summary and Outlook

® The non-perturbative structure of the quark Sivers function has been largely
explored by experimental data in standard processes.

® Using SCET, we have generated the factorization and resummation formalism for
heavy-flavor dijet production at the EIC to probe the gluon Sivers function.

® Once data is available, we can perform extractions of the non-perturbative physics
for the gluon-Sivers function from heavy-flavor dijet data.

Thank you to the audience and the organizers!
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Signs change of the Sivers function
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Repulsion between anti-quark and
remnant in di-hadron collisions.
Acttraction between quark and remnant in
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Factorization Theorems for standard processes

Visual representation of the factorization

Mode Analysis
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Renormalization Group Consistency
Hard anomalous dimension: Can obtain from general structure
h cusp at cusp I q g
I () = Cay™P () In 52 —2CFy"P () In < + 47y () + 297 ()
TMD anomalous dimension: Obtainable through explicit one Zoop calculation
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Definition of anomalous dimensions
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