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Roman Pasechmk

1 wibh LA i Rt S 28
‘ ) . s " s
s et ".‘.-. ' ';:* e e s .'.-‘:‘ ? -." o o “ s =

L




Contents

v Importance and challenges in quarkonia production studies at high energies

X Why are heavy quarkonia so useful for QCD?
X What are the issues with existing theoretical models?

v Heavy quarkonia production in the dipole approach: a pedagogical outlook

X Quarkonia in color singlet vs color octet/ C-even vs C-odd
* S-and P-wave functions

* Terentyev trick and Melosh spin rotation

* Gluon shadowing corrections

v Forward-central pion-J/psi correlations at RHIC: What do we learn?

K “Bremsstrablung” vs “Fusion” mechanisms

X Two mechanisms of J/psi production: pp vs pA

* Associated leading badron and quarkonia production
% Preliminary results in pp collisions

X Roadmap of future prospects and needs

v Summary



Challenges in heavy quarkonia studies

v Quarkonia production in pp/pA, as well as high pT forward particle
production in pA, traditionally are very important probes for QCD dynamics
e.g. QCD factorisation, gluon resummations, higher order PT and non-PT effects, medium, CGC etc

X probe for QCD in beavy quark production % probe for large-distance evolution and formation
[ heavy quarks provide a naturally hard ) i Quarkonia are suppressed in )
enough scale to study the production a deconfined medium which is believed
mechanisms in perturbative QCD fo be due to a Debye screening of the
\ (factorisation breaking, CS vs CO eftc) ) Lheavy quark potential (Matsui-Satz’86) )

K Quarkonia are sensitive to all the stages, from early beavy quark production
to late time evolution and bound states’ formation

v Charmonia are very special!
K Charm quark mass scale is at the boundary between pQCD and soft QCD

*  Spectfic for beavy ions production and destruction mechanisms

v J/psi puzzle: highly uncertain production and evolution in hot environment
What is the dominating QCD mechanism and role of the medium? why Rpa is close to one?

N

(‘/ recombination of c-quarks (Braun-Munzinger, Stachel’00)
v sequential melting of excited states (Rafelski et al’09) Quantitative understanding of
v modification of feeddown oo .
v formation time effects (Karsch-Petronzio’88) J /P S1inpp / P A‘/ AAat .dlffer ent
v cold nuclear matter effects (Vogt’'05) energies 1s requlred!

L‘/ Shadowing and nuclear absorption (Noble’81, Tram-Arleo’09) etc )




Good-Walker picture of a scattering

R. J. Glauber, Phys. Rev. 100, 242 (1955).

E. Feinberg and I. Ya. Pomeranchuk, Nuovo. Cimento. Suppl. 3 (1956) 652. Projectile has a substructure!
M. L. Good and W. D. Walker, Phys. Rev. 120 (1960) 1857.

Hadron can be excited:
not an eigenstate of interaction!

Completeness and orthogonality
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Important basis for the dipole picture!
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Phenomenological dipole approach

Eigenvalue of the total cross section is see e.g. B. Kopeliovich et al, since 1981

the universal dipole cross section

Dipole:

« cannot be excited

« experience only elastic scattering

* have no definite mass, but only separation

* universal — elastic amplitude can be
extracted in one process and used in another

4 )
partonic interpretation of

a scattering does depend on

frame of reference!
\ y

Theoretical calculation of
the dipole CS is a challenge

Example: Naive GBW parameterization
of HERA data

color transparency

QCD factorisation

Eigenstates of interaction in QCD:
color dipoles
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wave function of
a given Fock state total DIS cross section
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BUT! Can be extracted from data and used in ANY process!

saturates at

Gq“q(l’r..\‘) = 00 [1 — e_% "IT Qf(-\‘)] large separations
7"} > l/Q‘E
Ogq(rT) < r% rr — 0 A point-like colorless object
5 does not interact with
qu(r, :Ij) xXr :zjg(x) external color field!

[ ANY inclusive/diffractive scattering is due to an interference of dipole scatterings! J




Gluon distribution amplitudes and dipole CS

In most cases, a scattering cross section in the target rest frame
can be represented in terms of three basic ingredients:

B Gluon to quark-antiquark splitting amplitude: fm<
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Dipole approach vs NLO QCD: Drell-Yan

J. Raufeisen et al, PRD66 2002
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Dipole approach predictions effectively account

for higher order QCD corrections!

) [Gev]

1 do(pp—Z0—111—

dipole approach

IP-nonsat (b= 0) x(1 —x)"
n| < 2.1, P, > 20 GeV

CMS 7 TeV data +——e—y

BBS02 NLO, M, /2 < it < 2My

1

10
PJ_ (GQV)

100

GeV 1]

[

do(pp—Z0—1117)
P, dy

1
o

13 E T T T T

10

1012 3

1O]l 3

1010 -

—_
S
©

107 3

M’d*o/dxg dM (nb GeV* / Nucleon)

E prd >t X .
! = dipole
Vs =38.8 GeV B —
modified dipole --------

Fo 9
108 [M=425 GeV (x10)

E772 ———

M=4.75 GeV (x10%)

M=5.25 GeV (x107)

M=5.75 GeV (x10%)
M=6.25 GeV (x10°)

M=6.75 GeV (x10%)

M=7.25 GeV (x10%)

M=7.75 GeV (x10%)

M=8.25 GeV (x10)
| L L L

0.01

10° e —

: CMS 7 TeV data ———i

10—1 L Pt > 20 GeV, ‘7’]‘ < 2.1
1072 [ ]
1073 | :
—y NLO pQCD |
parton model ]
107° | :
10°6 [ BBS02NLO: Mz/2 < yi < 2My

10_7 Ll Ll \ N |

10 100
PJ_ (GGV)



Dipole framework for heavy flavor production

“Fusion”
components

G+N—>cc+X

LC momenta
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Gluon shadowing corrections and direct J/psi

Direct J/psi (singlet/C-odd) production
is not possible via

G+ G —QQ
4

[ G+G—OQ@+G ]

~ L -
gluon shadowing [ leading order for
(NLO) corrections for Codd 1 n
-0
C-evenl™ (C-odd 8~
C'-even 8Tt e.g. S-waves
| |
e.g. P-waves &c,b L NV )

DI1S-like cross section
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...dynamics of soft radiated gluon determines N
yields for gluon shadowing and J/psi




S- and P-wave quarkonia wave functions

Schrodinger equation for spatial ccbar wave function
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Associated QQ-q: “Bremsstrahlung” vs “Fusion”

: : : B. Kopeliovich et al, PRD76 2007
Gaugelinvariant sub!sets of diagrams

”Bremsstrahlung” component ﬁ‘//'// /@M M
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Gluon virtuality Non-perturbative gluon distribution amplitude
2 .1 22 . .
2 2 o 7+ mg _ | Fsbab 2/ op 2
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Basis for heavy quarkonia production in association with a forward particle
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Forward-central pion-J/psi correlations at RHIC

Differential correlations are usually more sensitive to troublesome
soft QCD/medium effects than inclusive observables!

We propose a new measurement:
central J/psi or Upsilon production in association with forward high-pT leading pion

Two mechanisms for associated
J/psi + pion production
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Physics motivation for forward-central correlations study

Mueller graph:

[ BFKL Pomeron

Ls(H) In x
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resummed low-x gluons

Pomeron becomes important for
a large rapidity difference
between pion and quarkonium,
but less important for harder
scale and lower energy

accounts for suppression,
enerqgy loss, polarisation,

( J/psi wave function

non-PT effects, etc

+ ] 3

) Y
——
| Y # 35! 4

+#/ 2

‘valence quark PDF
dominates the Reggeon
Laz‘ large x ~ 1

J/|

In the dipole approach:

a superposition of universal
elastic dipole amplitudes times
q->qG, G->ccbar and c->cG
wave functions

.

Expectations:

nearly back-to-back azimuthal
correlation broadened by
soft gluon emissions etc

background due to Drell-Yan is
is strongly reduced due to a harder
pion pTspectrum

uncertainties are cancelled in RpA

improved test of quarkonia
production mechanisms



Feasibility study: forward quark pT distribution
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Summary

v The dipole approach to semi-hard/semi-soft reactions such as gluon

shadowing corrections to quarkonia production and J/psi production
beyond QCD factorisation is justified

v New class of measurements of forward-central correlations both in pp
and pA feasible at both RHIC experiments is proposed

v These observables enable to probe with high precision such QCD
aspects as BFKL evolution, QCD factorisation, proton structure

at low and large x, quarkonia production mechanisms and
(potentially) polarisation and CNM effects

v The proposed measurement provides a good way to reduce backgrounds
and uncertainties in studies of quarkonia production in pp/pA and thus

allows to test higher order effects in pQCD at RHIC and disentangle them
from e.g. CGC and other multi-particle effects.
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