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Gluon Sivers function (GSF)

e Gauge link dependent gluon TMDs
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e GSF: T-odd object; two gauge links; process dependence more involved
e For any process GSF can be expressed in terms of two functions:
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Gluon Sivers function (GSF)

Theory constrain from Burkardt’s sum rule: sum of the transverse momenta of
quarks and gluons in a transversely polarized nucleon is zero

Various PP scattering processes suggested to probe GSF
see a review (Boer, Lorce, Pisano, Zhou ’15)

p'p — jetjetx  p'p — DX Plp > yX  plp — yietx p'p — jetX  p'p — mjetX

p'p = npX  plp~ QX plp > DD'X plp = JX plp — JINX

twist-3 collinear factorization, indirect constrain on GSF

TMD factorization violation (recent progress see Yuan’s talk)
Within generalized parton model, first estimate of the GSF D’Alesio, Murgia, Pisano "15
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GSF and spin asymmetry in di-jet at the EIC

At the EIC, accessing of GSF via high-pr dihadron, open di-charm, di-D-meson and dijet has
been investigated using PYTHIA and reweighing methods in Zheng, Aschenauer, Lee, Xiao, Yin "18
 They find that dijet process is the most promising channel

At the LO di-jet production in DIS involves two processes: "¢ —qg 7Y g —qq
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e to distinguish different TMDs
e Jet substructure (e.g. jet charge “different quark TMDs” Kang, Liu, Mantry, DYS “20 PRL, see Liu’ talk)

 Heavy-flavor (HF) dijet processes, where g-channel starts to contribute beyond the LO (Kang,
Reiten, DYS, Terry 2011.XXXXX)



Jet TMD studies at the LHC

Chien, DYS & Wu ’19 Eur. Phys. J. C 77 (2017) 751
CMS 19.8 fb™" (8 TeV)
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(see also Sun,Yuan,Yuan ’15; Buffing,Kang,Lee,Liu '18,...)

All-order resummation results are consistent with the LHC data
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TMD factorization for QCD jets

L

Jet definition

Which particles get put together?

Jet algorithm

(A new algorithm at the EIC see Arratia, Makris,Neill,Ringer '20)

How to combine their momenta?

Recombination scheme
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TMD factorization for QCD jets

Recombination schemes in jet definitions:

E-scheme: add the four vectors 7} =p; +p) (see Yuan’s talks)

Non-global in jet TMD resummation (Banfi, Dasgupta & Delenda ’08)

qr = ‘ Z ET,@'

i¢ jets

+ O (k7)

sum over all “soft” partons not combined with hard jets

deviation from q1=0 are only caused by particle flow outside the jet regions
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pr-scheme: Prr = Prit Doy (see Waalewijin’s talk)
Or = (Wid; + wj;)/ (w; +w,)

(Ellis, Soper '93)
yr = (wiy; +wjy;)/ (wy + w;)

qpr. — Tt
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(Bertolini, Chan, Thaler ’13)



TMD factorization for heavy-flavor dijet production in DIS
(Kang, Reiten, DYS, Terry 2011.XXXXX)
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the factorized form of the spin-independent cross section (ignore non-global structures)
do"" ~ H(Q,pr)Jo(prR, mq)Js(prR, mQ)S()\T)fg(k’T)SEQ(lQT)SE‘Q(lQT)é(z) (kr +Ar +lor +1lor — qr)

e Hard and soft functions are the same as light-jet cases, since pr>>mq
e Jet and collinear-soft functions are new, which receive finite quark mass correction



Heavy quark jet function

Collinear radiation only inside the jet cone:
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After combining the real and virtual contributions, the logarithmic dependence of
quark mass cancels
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(see also Kim ’20)



TMD collinear-soft function

collinear-soft function for the LF jet:

iy = (1,0,0,—1)
(Buffing,Kang,Lee,Liu '18; Chien, DYS, Wu "19)
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collinear-soft function for the HF jet:

HF jet momentum: 1Y, = mqvy + kL,

Xy

At one-loop order:
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RG consistence at one loop

Anomalous dimension for the HF quark jet function:
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Heavy-quark mass dependence cancels out in
PjQ i [csQ — ijq i [¢Sq
Then one can easily verify RG consistence at one-loop order

[" 4T 4+T7 +2(I77 4 T%) = 0wl T" 4 T° + T'F9 42 (T79 + Q) =0

Castil, Echevarria, Makris, Scimemi '20

Heavy quark mass will contribute the RG evolution between jet and collinear-sot function
different from the case for the inclusive HF quark jet production Dai, Kim, Leibovich '18.
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RG evolution and resummation

e Resummation formula:
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Sun, Isaacson,Yuan,Yuan ‘14

* Non-perturbative model: Sup (h.Qo.n-p,) =gl d* —

e Typical scales: pun ~pr, p;j~ Rpr, pes ~ Bl
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RG evolution and resummation

e QCD evolution between soft and collinear-soft scale
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 One encounters such a divergence when the collinear-soft scale approaches to the
non-perturbative region

e different schemes to avoid such problem:
e turn off the QCD evolution between soft and collinear-soft Liu,Ringer\Vogelsang,Yuan ‘19
* A¢ys averaging Buffing,Kang,Lee,Liu’18, Kang, Kyle, DYS, Terry ‘20

 A¢vs dependent collinear-soft scale choice Chien, DYS, Wu ‘19
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Spin dependent cross section

e Resummation formula:
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Polarized hard function: For the polarized process, we must consider the attachment
of an additional gluon from gauge link in GSF
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polarized and unpolarized hard functions are the same ¢, +C.=C,

f-type gluon Sivers function
14



Numerical results

Anti-kr, R=0.6 do(St) = do”Y + sin(¢, — ¢s)do""

C-jets: 5GeV < pr <10GeV, || < 4.5, -

. sin(¢g—ds do .

b-jets: 10GeV < pr < 15GeV, |ny| < 4.5, Apr® ) = =5 GSF:SIDIST set
D’Alesio, Murgia, Pisano "15

EIC 20 CeV x 230GV, charm jors EIC 20 Gel x 250 GeV, botiom jets
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Heavy quark mass give sizable corrections to the predicted asymmetry
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Conclusion

We develop the TMD factorization formalism for heavy flavor dijet
production in electron polarized proton collisions.

We consider heavy flavor mass correction in the collinear-soft and jet
functions, as well as the associated evolution equations.

We generate a prediction for the gluon-Sivers asymmetry for charm and
bottom dijet production at the future Electron-lon Collider.

After comparing our theoretical prediction with and without considering
the heavy-flavor mass effects, we find that these effects give sizable
corrections to the predicted asymmetry.

Thank you
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