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Introduction

v (@)pp) = V(¢ )p(p)

Kinematic region: z = Cép ~ 1(i.e.,t = (p' — p)* = 0).

Also be termed as “elastic” or “diffractive process.
q°> = 0 : photoproduction

q° # 0 : electroproduction

]J("])'] \/ p(p"‘)
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Introduction

Regge theory:
J /¢ production: exchange Pomeron(c = +1,1 = 0);

7. production: exchange Odderon(c = —1,1 = 0).

QCD:
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Factorization

1. Partonic process. Hard scale Z’L
provided by Myor @ . Perturbative

T |
QCD. U T
1 il )

2. ¢Qpair to quarkonium state.
NRQCD long-distanse matrix
element.

3. Parton distribution. k;
factorization or collinear }
3

factorization.




k: fatorization

Based BFKL method and resummed all
leading-log terms.

Introduce the “unintegrated” pdf: f(z, kr)

w2k
xg(x,MQ):/ ﬁ;f(x, kr)
T

The amplitudel!l:

ImM o zg(x, 1%

where

W (QF+ M3,,) /4
r=(Q"+Mj,,)/ W+

Strong dependence on scale.
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[1] M. G. Ryskin, Z. Phys. C 57, 89 (1993)
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k: fatorization

* Improvementl!!:

32 ) (W2-M2 )/4 312 o (1,2 zg(x, k2)\/T(kZ, %)
[GS(Q )rg(.r.Qz)] — / dks as(p ) { T

Qr 2 0202 + k2 k2 T
2 ‘,'
n (S5 2) Q(;(;*;) 29(z. Q) T(QB. 1)

« Shortage:

1. Effect beyond leading-log.
2. Difficult to NLO.

3. 77

[1] S. P. Jones, A. D. Martin, M. G. Ryskin, J. Phys. G 44, 3 (2017).
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Collinear factorization

Collinear factorization is commonly used in DVCS and exclusive VM production,

and lead to the concept of generalized parton distributions (GPDs) .

DVCS exclusive VM production

' ME + Q?
M ~ /_ dxC(x,uF)GPD<33> MF) skewness: § = g _‘;\4‘2/ +Q?
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GPDs

twist-2 GPDs: HY(x,&,t), HY(x,&,t)... with the skewness £

A

dn . — — —
jﬁe'“(P’|(/J(—)\n/Z)y"w()m/2)|P)=H(x,§,A2)U(P')'y”U(P)+E(x,§A2)U(P’) e U(P)+ -+ -,
dk i - _~ 2 e - ~— s = '}’SA'“

J ge‘ “(P'|g(—An/2)y*ys(\n/2)|P)=H(x,£,A*)U(P")y*ysU(P)+ E(x,£,A)U(P') o, P+

&%/, N~ x+&/4 f/5—x *+E/ \ Xx-§

|z| > & : DGLAP region
x| <& . ERBL region
g
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GPDs

e Forward limit:

HO(z,€,8) = zg(x) HY(x,&,t) > g(x)

* extrapolate from PDFs:

1) foward model
forz >> ¢, H(z,&) ~ H(z,0);
for other region ...

2) Shuvaev transform (poor for large &)

3) Double distribution model (singular)

For review on GPDs:

M. Diehl, Phys, Rept, 388 41 (2003),

A. V. Belitskly, A. V. Radyushkin, Phys, Rept 418, 1
(2005).

Fraught with uncertainties!
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Photoproduction

T photoproduction at NLOI!:
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[1] D. Yu. Ivanov, A. Schafer, L. Szymanowski, G. Krasnikov, Eur. Phys. J. C 34, 297 (2004);
75,75 (E) (2015).



Photoproduction

J /1) photoproduction at NLO:

?’l m ZEUS 02
&
— o E401
T o
—'1'64:I —+— total
':'I-J.l -w=t=+= Born —+‘
400} M,
l‘ *k +
i .. +
200 T ;“ S —— e v

W[GeV]

small value of m,. lead to :
1) large as(m);
2) small &.

Im M/|M]|
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Photoproduction

Improve the convergence of perturbative series by resumming ln%
terms!1l.

1-5 1 1 T ] 1 T ] 1 L] 1.5 ] T T ] 1 ]
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[1] S. P. Jones, A. D. Martin, M. G. Ryskin, T. Teubner, J. Phys. G: Nucl. Part. Phys. 43 035002 (2016).
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Electroproduction
hard scale: Q°, My; expect a better convergence
skewness: ¢ — Q° + M; than photoproduction
25 + Q) —

1
MN/ dz [C""(z, pp)GPD(z, pp)+CW (2, g, pr)GPD(x, pir)]
1

partonic process:

T H

JOOOOOOOOOO

—
(]
—r



Electroproduction

« Ultraviolet singularities. Removed by MS renomalization.
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» Infrared singularities. Parts cancelled each other, remaining absorbed by GPDs.

« Singularities at * = £¢

r>Er—x+ie;

r< =& —x—IE;

‘5(;’ < &, arbitrary sign. Amplitude is pure

real.

®
[ o —

e
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Electroproduction

11

AV =¥+ 3 Vit (g = L=y — ),

i=1

dy=(1+y) " do=(1+2y)" d3a=(1=2y)" . ds = (2y1 + 212 — 1)~*

ds =2y +y2— 1)} dg = (6ys + y2 — 5)"" . dy = (6y; + 5y — 1)7".

-— —y1 In(v/IT=y1+v/=y1) . |14y In(v/1+y24+/y2) 2
fl - fs yli _;i\f f _fl'fs_ ng 1+y2 f—1 f3‘

fs = d,dsds ln(l 3“) fo = dydsdydsIn(2 + 2y,).

fr=din(1+1,)% fs = dg(ln(”"“ )In({72) + In(1 — y1)?),

fo = d3Lia(=1 +2y1), fio = d>Liz(—=1 — 2y»),

fi1 = d2dsCo(=4ys. =1+ 2y;, 1 = 2y, — 25,1, 1,0), (13)

1 ; : 1 ¢ r2(1—y1)y (1—2y: —2y2)(1+y2) 1
FDI_ fll.C(}(‘”-l'.yQ.—1+2Jl 1- 2J1—'2y2.1.1.[]) W{Ll L l—@—y; 1 L [1+y2—-il y21,l(y1 12]

Li,| 2(1—y1)(1— 2y1 2y2) 1 _ Lis| 2(1-y1)y2 - Tyt 2(1—y1 )y
T+ya—1(1-3:) (v +v2) (1+y2)ye—y/(1+y2)y2 (291 +y2-1)° F(14+y2)y2+4/(1+y2)y2(2y1 +y2-1)°

{y = 1=y =y}



Electroproduction
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For ATt and AT, fr=g =g,

o= ik (B - W+ - B
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Electroproduction

At high energy limit:

M ~ aSFg(€7€7/’LF)
2 2

+iing (37966 e) + FIVEE ).

where

m:\/(m2+%2)
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Electroproduction

Parameter list:
o Adcp =332MeV, Ajcp = 292MeV, Ajcp = 210MeV;

o |Ry/u(0)[>=0.903GeV3, |Ry(0)]> = 7.76GeV?;

e 1.4<m.<1.6,4.8 <my<35.0;

e maz{l, i\/m?2+ Q*/4} < pur < 2¢/m?* + Q?/4;

® |lipn = lUF.

The choice of #r eliminates the contribution from 5, term (601nﬁ—jg ),
which related to the BLM(PMC) method.
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Electroproduction
HERA FJ/v p=A::
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Electroproduction

HERA FJ/v F=/E:
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Electroproduction

HERA T4
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Conclusion

* The quarkonium exclusive production process can potentially
serve to constrain the parton distributions in low ; region.

« For J/¥ electroproduction, the NLO result agrees with data
nicely, with theoretical uncertainty largely suppressed at large

@° region.

* Precise phenomenological study require more reliable
approach for the evaluation of GPDs.
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