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Partonic Interpretation of Generalized Parton Distributions
(more at MENU)

1. the support in X is defined by the region | X [< 1;

2. analytic properties of the partonic amplitude have to correspond to the emission and

absorption of quarks/antiquarks via well defined on-mass shell intermediate hadronic

states,

3. the quark-proton vertices have to be connected.




H(X.C,t)= Y (P'ly"|n)(n|w|P) 8| (X-)P* + p; - P" ]

In DGLAP region spectator with
k*=(X-C)P*  diquark q. numbers is on-shell

P=(1- {)P*
See also Goldstein, S.L.
PRD(2009)

In ERBL region struck quark, k,
is on-shell

k'*=(L-X)P*

P+

Can one give a partonic
interpretation? = (P'|bl (X — )P, ~ky + A7) |Pn){n|d, (XP*, ke)0)



No damn cat, and no damn cradle..
K. Vonnegut

"Cat's Cradle”




Introduction
The next decade...role of QCD at the LHC

- LHC results from multi-TeV CM energy collisions will open new horizons
but many "candidate theories” will provide similar signatures of a
departure from SM predictions...

- Precision measurements require QCD input

P¥ <
P, e~

o(P,P)= Ei,jjdxldxz ﬁ(’xl’:uF)fj('xznuF)6('x1’x2’aS(:uR)’:uF)

Measured x-section Parton distributions Hard process x-section

. QCD: A background for "beyond the SM discovery”

« Interesting dynamical questions for QCD at untested high energies



Most important points for EIC

1) Our understanding of the structure of hadrons is ... disconcertingly incomplete
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2) Rich dynamics of hadrons can only be accessed and tested at the
desired accuracy level in lepton DIS




- Our contribution to EIC physics (S.L. with L. Gamberg and 6. Goldstein )

Study heavy quark components — charm, through hard exclusive processes

Why charm?

LHC processes are sensitive to charm content of the proton
= Higgs production: SM Higgs, charged Higgs, cs —H "

= Precision physics (CKM matrix elements, V,, <) single top production, ...
Impact of new CTEQ6.5(M,S,C) PDFs

6(CTEQ,IC) ...
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CTEQ 6.6

IMPLICATIONS OF CTEQ GLOBAL ANALYSIS FOR ... PHYSICAL REVIEW D 78, 013004 (2008)

TABLE V. Relative differences Aqy = 04, /06s — 1 between CTEQ 6.1 and CTEQ 6.6 cross sections for Higgs boson production
at the LHC listed at the beginning of Sec. IV, compared to the PDF uncertainties Appp in these processes. The Ah— cross section is for
combined production of positively and negatively charged Higgs bosons, with m;, being the mass of the CP-odd boson (m;, = m,),
and m,- given by m;. = m3 + M3,

m;, (GeV) Acn(%)| A ppy( %)
VBF Zh Ah- g —h ch— h* CF— h™ _ c§ + ch— hi

100 38 31 -32 27 -32 43 06 44 15 59 (—18 10 ) (-84 6.9
200 18 28 —-16 28 —19 43 17 32 21 47 ~16 8 —6.6 5.4
300 16 28 —-06 3 -04 53 23 27 19 43 ~14 7 —6.2 45
400 01 33 0 34 07 66 28 38 2 4.8 ~13 63 |-56 4.4
500 02 28 04 37 11 176 33 39 23 61 12 63| | -5 5.1
600 07 35 07 41 16 92 38 50 28 8 11 68| |—42 6.4
700 02 30 09 44 21 11 43 63 34 10 99 77| |[-34 8
800 23 35 1 48 28 13 49 78 41 12 87 9| [(-24 10

e ——————N———
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Data are at very low x where they cannot
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A window into heavy flavor production at the EIC

N., D°, and D¢ exclusive production is governed by chiral-odd soft matrix
elements (= Generalized Parton Distributions, GPDs) which cannot
evolve from gluons!

Ill

n.. D°, and De used as triggers of “intrinsic charm content

q q'=q+A [ Y'p = NP’ ]

P S

Chiral-odd GPDs: H+ E+.,..



Windows into Heavy Flavor Production at the EIC
Inclusive

Intrinsic Charm (IC)

VS.

/

Gluon Fusion (GF)

Sl

IC content of proton can be large (up to 3 times earlier estimates)
but PDF analyses are inconclusive (J.Pumplin, PRD75, 2007)



Intrinsic Charm (IC)
“Light Cone" based Processes Hadronic Processes

| p) — |uudcc) p— DA,
Brodsky, Gunion, Hoyer, R.Vogt, ... Meson Cloud: Thomas, Melnichouk ...



Intrinsic Charm can be "partially” detected by looking at

asymmetries in Inclusive Heavy Quark Jets Production
Ananikian and Ivanov, NPB (2008)
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What Observables?
Spin Asymmetries from Exclusive Heavy Quark Meson Production!

(1)

p — Ccuud — (U u) cud = A, p—u+ud— cud=A,

Y'p— DAl = 2H, - Hy+ H SU(4) relations allow

Do 5= Hy - H
gi : Bo ZCO: Hd ] HC one to extract H,



SU(4) relations for GPDs

Slice SU(4) weight diagrams to obtain SU(3) subgroup weight diagrams
This replaces u,d,s by u,d,c octet relations



(3)
Ne

p— ccuud — (€ c)uud = p

EIC "golden plated signal”

N.= ¢C — J=0"
“But measuring 1. is very difficult”
Pavel Nadol Turonksi



Pseudoscalar Mesons Electroproduction and Chiral Odd GPDs
(5. Ahmad, 6. Goldstein and S.L., PRD (2008))



Unpolarized Cross Section

do o< LW,

J12%

L:i,,” ~ 7" polarization density matrix

W = > J.J,0(F; — Ef) = hadronic tensor
f

dorr

do B ((ZO'T dO’L) ny dorr cos 26 + \/2€ 6 n 1) =

dt Te dt dt

dtdp
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Q? dependence

/7
/,/no // T°
H’ JPC=1- 1.0, 0,
JPC=1*- b,h,

"Regge factorization” QCD factorization

chiral-even structure
n° vertex is described by current operators: y; or v, mPDSI H E,.

o | stk 7o) = (k4 ) (i + g*)

6PDs: Hy, E1, Hy, Ex..

chiral-odd structure




Chiral Even Sector: M. Diehl and D. Ivanov (2008)

distribution JEC
H¥(z, &,t) — HY(—xz,£,8) 0", 20,
Ez,£,t) — B9 (—x,6,t) 0+, 20,
Hi(z, £,t) + Hi—x, £,8) 104,35+
E%z, £, t) + EY—z,6,8) 0,17+ 2+ 3
H(z, &) + HY(—z,£,¢) 1.3
EYxz, & t) + EY—z,6,8) 1 .3
Hi(z, £,t) — HY(—z,£,8) 27,4 ,...
E(x,£,t) — E9(—z,£,t) 1t 2-- 3+ 4

/'

Only combination good for m° production



~N

GPDs: lq E, and Weak Form factors

&)

m,

'L.'
J.-"L

(NONLINIA) = U ()| g, (7' y° +E22 A 5]&!‘:“@})

M
g0 = 2 8,(0)

ge(1) = pseudoscalar form factor — dominated by pion pole
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1) For m° production the pion pole contribution is absent!

2) The non-pole contribution is very smalll



n° n. electroproduction happens
mostly in the chiral-odd sector

—it is governed by chiral-odd GPDs

—>issue overlooked in most recent
literature on the subject

Since chiral-odd GPDs cannot evolve from gluons we have proven that
N.. D°, and D° uniquely single out the "intrinsic charm content”!




Helicity Amplitudes formalism

fAy,A;O, A" —_,  final proton

¥\ T pion

photon initig| proton
Factorized form Faonon =Y gn a0 (X, 6607 @ Av van(X, (1),
AN
v quark scattering amp. “quark-proton helicity amp.”

6 “f" helicity amps

d;i = N (| frivos P+ froo- P+ fios P41 fio- %)
NOAP+HI R+ RP+] fa]?)
I'lrﬂ'L .

Nﬂ forso4 1+ 1 forn- [°)
NP+ fs17),



Rewrite helicity amps. expressions using new GFFs

: nVio—1 | 1-— 1—-£&+
f1=f4:ngv{Q3j 2[11{ [H:r"F EEEI'+ 2‘554

_ L 02 2. /1 2 t[]_t’;,__ £ - § 7
[ f!E _fcq[Ft{Qj+E1(Q }] 1 “.-:3 [Hi+41w:gﬁ1 1_528-{—'_1_{2

. —tp—1 ~
V1 —§? AN Hy

p—1t5 £’
e T gﬂ‘g

r+

elementary subprocess
GFFs

Q? dependent pion vertex



Standard approach (Goloskokov and Kroll, 2009)

Y,¥s = leading twist contribution within OPE,
leads to suppression of transverse vs. longitudinal terms
¥s = twist-3 contribution is possible

However...
= suppression is hot seen in experiments

Need to devise method to go beyond the collinear OPE: consider
a mechanism that takes into account the breaking of rotational
symmetry by the scattering plane in helicity flip processes
(transverse d.o.f.)

See also T. Gousset, B. Pire and J.P. Ralston, Phys. Rev. D 53, 1202 (1996).



Q2 dependence

t-channel exchange

vertex
(b) P

modeled as pr (pseudoscalar-
meson transition form factor)

>

=1+ (1
JPe=1"('p, )

mesons quark content: L (uﬂ + dJ)

V2



Distinction between ,p (vector) and b,,h, (axial-vector)exchanges

JP=1" —Pp transition from ,p(S=1L=0) to m°(s=0L=0) AL =0

Jre=1*" == transition from b ,h, (5=0 L=1) to °(S=0L=0) AL =1

“Vector” exchanges no change in OAM

“Axial-vector” exchanges change 1 unit of OAM!

Fovae = /d:’:lifyl /dzbﬂf'vﬁylab}ﬂﬁﬁ{x&l[l — 21 )Q%) Yre (21, b)exp(—S)

F’.‘“:’Lﬁ” - fdzldyl /djb '1"':]::11][:?:!"1~ b} Cﬁﬁ{\/:ﬂl(l - -EI}QEE” T'i}'-'T'::'{I]-!‘ EJ:‘E‘EPII_S}

Because of OAM axial vector transition involves Bessel J,

6D (g, b) = / Pl Iy (D)0 s, k),

This yields configurations of larger "radius” in b space (suppressed with Q?)
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Global parametrizations for GPDs...?

The name of the game: Devise a form combining essential
dynamical elements with a flexible model that allows for a
fully quantitative analysis constrained by the data

Hy(X, &, )= R(X, §, t) G(X, &, 1)
“‘Regge” Quark-Diquark

+ Q2 Evolution



Parameters from PDFs

Parameters from FFs

Flavor|Mx (GeV)|A (GeV)| a
u 0.4972 0.9728 |(1.2261
d (0.7918 0.9214 (1.0433
Flavor| £ (GeV~2) B (GeV~2) P1 P2
u o |1.9263 = 0.0439(3.0792 £ 0.1318(0.720 £ 0.028/0.528 £ 0.031

d

1.5707 = 0.0368

1.4316 = 0.0440

0.720 %= 0.028

0.528 £+ 0.031




Preliminary predictions for EIC



—> Replace PDF used for light quarks GPDs with NP charm
based one
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0.005
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0.002

0.001




—> Replace FF used for light quarks GPDs with upper limit on
charm based one
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Finally, spin degrees of freedom

Transverse A polarization in unpolarized scattering
D. Boer, DIS 2010

Large asymmetries have been observed in p+p — AT + X
G. Bunce et al, PRL 36 (1976) 1113

Set of all data compiled by K. Heller P 50 OUtSlfclmdinQ
T , A puzzle!
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Collinear Factorization Non Collinear Factorization

D+ has been extracted from fixed target p + p(Be) — AT(A7) + X data

Py ~qgle))®glze) o ® 7
A~ q(21) @ 9(22) ® Gag—gg Anselmino, D.B., D'Alesio & Murgia, PRD 63 (2001) 054029

Polarizing Fragmentation Function



Spin: Problem of Polarization of Hyperons and Charmed Baryons
in pp collisions

p— ccuud — (€ c)uud = p

p At

/‘

p What generates polarization?




Model of hyperon polarization

Dharmaratna & GRG (1990,96,99)

1.Gluon fusion
dominant mechanism
for producing polarized
massive quark pair

2. Low p; phenomenon
3. Recombination rules
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Charmed hyperon polarization

p -((;0"-3.‘.-

n+p—>As+X Polzn(A;) E791
Ar—p+ K

Large mass scale

5/19/10
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Interpretation in new language of GPD:
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Conclusions and Outlook

- EIC with an extended kinematical coverage (low to “larger” x;;) and
wide Q2 range will provide invaluable information on both pdfs

content, quark and gluons spin, transversity...

- Through deeply virtual exclusive charmed mesons production we
suggested a unique way of singling out the Intrinsic Charm (IC)
content of the nucleon:

- Transversity sensitive observables are key: they cannot
evolve from gluons

- Asymmetries for Pseudoscalar Charmed mesons production
will establish a lower limit on the size of IC component



