Linearly Polarized Gluons in J/1 and T Production

Rajesh Sangem
IIT Bombay, India

JSA/HUGS Fellowship Seminar-2016

.g_ghjf.;Pson Lab

omas Jefferson National Accelerator Facility




Gluon TMDs

Quarkonium Models
J/¢¥ and T production

Conclusion




ﬁﬂ: PRL 36, 929 (1976) B"; PRD 65, 092008 (2002) ﬁﬂ; PLB 264, 201 (1991) ﬁo; PRL 101, 042001 (2008)
[ [ \J : ¢ [
Azu;;TTEEf b.. 20} S np e 0} o!
o [ [ [
< | [ [ [ ]
q‘:" f [ —.———&——- B pm=m=n & ——————— 0 ———ié ——————————— 0;———9—6 ———————————
[ [ 0 [ o) [
20t ‘% 20+ 20t % 20 0
: ANL ; BNL OCIJ [ FNAL  { [ RHIC O
W Vs=4.9 Gev W Js=6.6 Gev % [ Ns=19.4 Gev W s=62.4 GeV(})
60 1Y PP TP FETYN PP PYOTI FYTTITTTTY YT ITOY -60 Lol bbbl b T PO 1 FEPON PYT1 FYPIY PETTY IYPTY (YOI oY -1 YOS 1O YUY FOPTA YY) FYOPL PRTTI TP PP T
° 02 04 06 08 1 y 02 04 06 08 1 60 02 04 06 08 1 60 02 04 06 08 1
Xe Xe Xe Xe

Figure by C. Aidala

0 In 1990, D. Sivers proposed that SSA can be explained by considering
correlation between transverse momentum of parton and polarization of

hadron.
fx) = [z, k1)

~

fa/pT(xakJ_) — fa/p(xa kJ_) + %Acﬁp(%kﬂg(p X kJ—)
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Gluon Correlator
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P. J. Mulders and J. Rodrigues PRD 63 094021(2001)

Parameterization of gluon correlator at “Leading Twist ” is
= ey - (MR g KLY i, )
o0 7T\ M2 2M2

/ l

Unpolarized gluon TMD Linearly polarized gluon TMD



""’.'l.'l;'" Twist Gluon TIVIDS

Longitudinal
inian-Mulders

o F-q
Pretzelosity

Sivers

D. Boer et al arXive 1507.05267




Linearly Polarized Gluons

*  No experimental investigation has been carried out to extract
the hng until now .

*  Theoretical upper bound 2?2 hy 9 (2, k)| < f(z, kD)

.. D. Boer et al. PRL 106 132001 (2011)
In proton-proton collision

pp — yyX at RHIC Qiu, Schlegel, Vogelsang, PRL 107, 062001 (2011)

rp — T")/X at LHC Dunnen, Lansberg, Pisano, Schlegel, PRL 112, 212001 (2014)

pp — HX D. Boer et al. PRL 108, 032002 (2012)

e R D S o

PP — Nep OF Xep + X at LHCb and AFTER D. Boer, C. Pisano, PRD 86,
094007 (2012)

In electron-proton scattering

* ep — eQQX or e+ jet + jet + X C. Pisano et al. JHEP 10 (2013) 024

pp— Jjhor T+ X
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Color Singlet Model (CSM)
Color Octet Model (COM)
Color Evaporation Model (CEM)




The cross section for Quarkonium production in CEM is

2mQ§ dé— -
p Q0
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Where mq = m¢(my) and mggz = mp (mp) for charmonium (bottomonium)




Using QCD factorization theorem
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Convolution of TMDs s
Clwhi 909 = [ ko [ d®k1p02(Kia+kip—ar)wh?(ze, k2 )09 (2, k2,)

where w = 5377 [(kia-kip)? — k3 k7,

Il d2qT(q%)aC[wh1Lgh1Lg] =0 Model Independent property
a=0,1
«a = () — Linearly polarized gluons do not affect the A7 -integrated cross section

a =1 — Atleasttwo nodesin qr
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TMDs exhibit Gaussian distribution

fl(m k ,Q2)_f1(33 QQ) <]€ > kﬁ_/(k )

Lg(x ki) _ M2flg($ Qz) 2(1 —r) 61 k7 r(k )
’ GIE—
O<r<l1
Evolution in collinear PDFs No Evolutionin & |

DGLAP Evolution

D. Boer, C. Pisano, PRD 86, 094007 (2012)
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Define
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> In Collins-Soper-Sterman (CSS) Evolution formalism, TMD pdfs depends on
1 and ¢

> Collins-Soper equation and RGE for TMD

d lrcll\/zlnf('r?bLﬂuﬂ C) — K(bj_,/l)

d
d hwlﬂf(ic, bJ_a 2 C) = ’Vf(bJ_a C) No z; integral as in DGLAP

d Kb, .
d(an[iL“) — _’Yk(ﬂ)

J. Collins, Foundations of Perturbative QCD, 2011
S. M. Aybat et al. PRD 85 034043 (2012)
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CSS TMD Evolution

J. Collins, Foundations of Perturbative QCD, 2011

f(xa bJ_anaC) — f(wa bJ_JQ%'aCO)Rpjt (Qf:Qzab*) RNP (QfaQiabJ_)
Rpert (Qf, Qisby) = exp{—f:f Ci’j (A]og (ij) +B>}

Qf 10z 5
Ryp = — | =log — 4+ = (14 2¢a1 b
NP eXP{ [ 0g 20, + + 203 og I 1

S. M. Ayabt et al. PRD 83 114042 (2011)

—0.577

where Q; = 2 —\/C_O,Qf—QandC—QQ

R
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* The ¢qr and Y distributions of guarkonium can been modulated by the
presence of linearly polarized gluons in unpolarized proton proton collision.

4 Hence, the production of quarkonium is a promising process to probe the hfg

*  No angular analysis is needed to probe linearly polarized gluons
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The region of low g7 is strongly influenced
by initial state gluon radiation showers

These additional gluon radiation from initial state partons leads to
logarithmic corrections for each gluon radiation of the form

2
Qg log(%)

Collins Soper Sterman (CSS) Evolution formalism has been
used to resum the large logarithmic terms to all order in v4
fi.
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