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Charmonia in p+p collisions

- Quarkonium Production mechanism in
elementary collisions is not fully understood " |
. . . coour—swlgletstatek/\ ed
> Color singlet vs color octet intermediate state S .\\:\)
A
A
- Different models on the market: M
v Color Singlet Model
v COIOr EvapOrathn MOdeI = nO pl"edlCtIOn fOr + analogous colour

combinations

the polarization
- NRQCD approach - applicable at high p.

v CGC+NRQCD - app/icab/e at low p_,_ ng;ﬁlz;ﬂ;ﬂﬁ?ss . {C{quarkonium(H)
H L, quantum numbersjf%%& antj
> Quarkonium measurements - ) )..,,%-a) el
N o anti

tests of different production <, -
non-perturbative
models, help to understand QCD - bevﬂméicgn e

1) perturbative phase Quantum numbers change!

- Feed-down
Inclusive J/p production:

> prompt J/w
> direct J/y (~60%), feed down from g(2S) (~10%) and xc (~30%) decays
> non-prompt J/w: B-mesons feed-down (10-25% at 4-12 GeV/c, STAR: Phys. Lett. B722 (2013) 55)
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J/¥Y p_.spectrum

* Test of different production models
p+p 200 GeV

q SN L L L L L L Phys. Rev. Lett. 113 (2014) 192301
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£ - . < V5 =02 TeV for RHIC NLO NRQCD ]
Eg > 1 = ® STAR 2009 EMC = 10 4§ =7 TeV for LHC For yr 3
SEs Q = e 3 |uuxlj:mj:};2-c:y{4.5 ]
g%‘g 9 - v STAR 2009 MB . 10* o ALICE Y09 3
T ATLAS.Jy|<0.75 :
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F8F et N o PHENIX 2006 1 = . (] 0.1xSTAR.|y|<I ]
L~ - 1 £ N ®  0.01xPHENIX.1.2<|y|<2.2 5
8 2 102F MB STAR Preliminaryq = Vo :
35< 'GI_ = V3 510 i <
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32;3%5 B d %

=SE8n - irect NNLO* CS N -

10.5_D . 1 v Different models can

Se8is = ----direct NLO CS+CO = _

- — prompt NLO CS+CO - reasonably well describe

E\EU.. = - =

E‘E%ﬁ% 107 e L e ] measured cross-sections

0 2 4 6 8 10 12 14
pT(GeVlc)

STAR EMC : Phys. Lett. B 722 (2013) 55
STAR MB: Acta Phys. Polonica B Vol.5, No 2 (2012), 543
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J/V polarization

> Further constraints for J/y production models

> Different production mechanisms in competing theoretical
approaches lead to different expected polarization

J/y polarization can be analyzed via the angular distribution of the
decay lepton pair
| _ do

! d(cosf)dep

A = e, s e —

o< 1+ A\gcos0 + Nggsin(20)cosp + Nysin*Ocos(2¢)

z

v 0 - polar angle between momentum of a positive
lepton in the J/ys rest frame and the polarization axis z
v @ - corresponding azimuthal angle

quarkonium
rest frame

production

plane \

Polarization z axis:

* Helicity (HX) frame: along the J/{y momentum in
the center of mass frame

* Collins-Soper (CS) frame: bisector of the angle
formed by one beam direction and the opposite
direction of the other beam in the J/ys rest frame
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Polarization parameters

> The angular distribution, integrated over

azimuthal angle: polar angle:
2 2N
W (cos0)oc1+h,cos 0 W(p)cl+—>cos2 ¢
3+ A,
> Frame invariant quantity:
tra_r_)%\sverse polarization™. long_g'ﬁudinal polarization ™,
T | T jﬁ - E}l natural
As =+1 natural N - = frame
t f=g frame | ’ 7\' _ 7\"6+37\'cp
® inv 1—2
| I:‘ @
t \ Ag=-1/3 \ Good cross-check of
N - .
Ay=+1/5 / 7\'inv = +1 v A=A e 7\%\, = -1 measurements
\ \ A, =+1/5 I performed in
| | different frames
| Q v
°=" J, = £1 Ay =-1 J, =0
A y -
P. Faccioli, CERN, April 23th 2013 b
Any arbitrary choice of the
experimental observation frame will
P. Faccioli, et al., Eur. Phys. J. C 69, 657 (2010) give the same value of this quantity
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J/¥ polarization in p+p 200 GeV

« First J/y polarization measurement at STAR, in
the HX frame

Uncorrected cos6 distributions and different efficiency
components
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J/¥ polarization in p+p 200 GeV (2)

Corrected cos6 distributions

> Ae parameter measured by fitting angular distribution

integrated over ¢ angle:
W (cos8)oc1+h,cos’ O

~ 03 T ¥/ ndf 7.337/6
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Phys.Lett. B739 (2014) 180
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A

,vs p,. at 200 GeV in HX frame

@ 1 |+ - rrerort | | I I I I 1 I 1 | | I I I 1 1 1 I I I 1 1 1
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Phys.Lett. B739 (2014) 180

v+ RHIC data indicate trend towards longitudinal polarization
with increasing pr

v« The result is consistent with NLO* CSM
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J/¥ polarization in p+p 500 GeV

- Extending J/y polarization measurement at STAR
to the azimuthal angle ¢ and the CS frame

EM Gcdyp<7GeVie | G s 0mom > Simultaneous fit to cos6

and ¢ distributions

o
-
(5]

dN/dcos6
lecl

> Angular distribution
integrated over ¢ and 6
angles, respectively:
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A vs p_at 500 GeV in HX frame

Ao parameter in HX frame

o IF——————— LI B L BRI L IR
< 0.8f PP = JIWHX v ohR 4 500 Gev, [yl =
0.6 ;_helicity frame x  graRuny 200 Gev, |yl<t E
0.4 ;_ u PHENIX J/v 200 GeV, |y|<0.35 _;
0.2F% =
., e ik =
025 oF E
047 L S
L R R
-0.8— y —
F STARPreliminaly | T

2 4 6 8 10 12 14 16
pT(GeWc)

v Similar trend observed in 500 and 200 GeV p+p collisions
- Measurement extended to higher p_.range, 5 < pr < 16 GeV/c
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A vs p_at 500 GeV in HX frame

Ao parameter in HX frame data vs NLO NRQCD
predlctlon for prompt J/\|I

Lv)
—l.

@ 1 | T I I I I I I I I I I I I I 1 I I

< 0.8f PP —>Jy+X oy o Jhy 500 GeV, [yl<1 0.8F p+p —>J!q;+x

¥ STAR J/y 500 GeV, |y|<1 =
0.6 _hellcny frame -

0.6 ;_hellcity frame x  graRuny 200 Gev, |yl<t E =
0.4 ;_ u PHENIX J/y 200 GeV, |y|<0.35 _; 0.4 ;_ // NLO NRQCD, prompt J/y
0.2 4 = 0.2F
., e ik = oF
-0.2;— | % —; -0.2;—
-0.4F- ; % + ) - -0.4F-
-0.61 + | + — -0.61
0.8 . —; -0.8 ;—

-0
_|

STAR Preliminaty ., . ... .0, ..
2 4 6 8 10 12

1
h—b

p. (GeVic) p. (GeV/c)
v Similar trend observed in 500 and 200 GeV p+p collisions

- Measurement extended to higher p_.range, 5 < pr < 16 GeV/c

- Data can help to constrain color-octet Long-Distance Matrix
Elements

NLO NRQCD:

Phys. Rev. Lett. 108 (2012) 242004, Phys.Rev. D90 (2014) 1, 014002, Phys.Rev.Lett 112
(2014) 18, JHEP 1505 (2015) 103

And private communication
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x.dependence of A, in the HX frame

XT =2pT1//5
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—

» Common trend towards strong negative values with
iIncreasing X
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A and A. parameters at 500 GeV, HX frame
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Summary

> Longitudinal J/y polarization in HX frame at
Vs = 200 and 500 GeV

> No strong azimuthal anisotropy observed
* HX frame seems to be the “natural frame”

> x_dependence of Ay observed

> Different values of the A and Ay polarization
parameters 1n CS frame

> Frame 1nvarliant parameters agree 1n both
frames

Czech Technical University in Prague
Faculty of Nuclear Science and Physical Engineering

Project ,, Support of inter-sectoral mobility and quality enhancement of research teams at Czech Technical University in Prague
CZ.1.07/2.3.00/30.0034
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Thank you !



I/VY production mechanism - NRQCD

Each color single

t and octet term has a specific polarization associated

do/dp(pp—Jiy+X) x B(Jy—up) [nb/GeV]

. CDF data

Ay =+1atLO to A, = -1 at NLO
tiny fraction of the total cross section

octet 1S, — Ay =0 at LO, NLO

octet 35, — )\, = +1 at LO, NLO at high p;

octet 3P, — Ag>> +1latNLO atLOitis O

Dominance of the S, and °P, octet terms

— Ag = +1,

TeV
for high-p; S-wave quarkonia

C. Lourenco et al., Hard Probes 2013

[ I [l [ [ I [ [ [l I [ [
8 10 12 14 16 18 20
pT [GEV] Color-octet contributions have
fixed shape but adjustable
normalizations (LDMESs)
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