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Constraining the proton
transverse partonic distribution
through coherent J /Y production
at HERA within a three-hotspot
model
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INTRODUCTION
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Deep Inelastic Scattering
Kinematics

e() +p(P) = e(l’) + X(Px)

e(l")
e(D) /
>

Fig. 1
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We can construct some Lorentz invariant
kinematic variables:

Q2 = |q|2 = (- l’)z Photon virtuality

2
Xp = Q Parton fractional longitudinal momentum
B =
2P - g
S = (P + l)z Electron-proton center of mass energy

wW? = (P + q)z Photon-proton center of mass energy
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Proton at small-x

v

Longitudinal direction (2)

Fig. 2
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Deep Inelastic Scattering in
Dipole Picture

Y 'p—-Vp
2
dor, _ 1 R2
dt 161 g
Depends on photon-meson vector Phenomenological
wavefunction (W*Wy)r (2 7,) and correction
the dipole scattering amplitude
Con b
v
Fig. 3 Depends on proton Skewed.ness
correction

transversal color charge
distribution T(b )
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Three-Hotspot Model
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The Three-Hotspot Model

TH(bJ_ = (by, by)) =

2
27tRqu
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x x,i2 y y,i2
_(b bei) + (b, —b,;)

2
2R

Based on a large-xproton
Lbo picture which consist of
--------------------- b, three valence quarks.

Assumption:

The color charge is emitted
around the constituent
guarks and is concentrated
at each quark, forming a

Gaussian distribution with a
width of Rp.

Fig. 4

We

introduce three degree-of-

freedom (dof) on the hotspot model:

1.

The overall impact—parameter
size of each hotspot R,,.

The radial displacement of
constituent quarks from the
proton center by.

Azimuthal rotation applied to the
guark configuration 6.
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RESULT AND DISCUSSION
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* The effect of R, variations to the t-slope and the HERA data
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: _ An increase in the impact
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2 ) . . . .
t (GeV7) differential elastic cross-section
0.000 do-/dt-

Fig. 5
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* The effect of b, variations to the t-slope and the HERA data
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An increase in the radial
yep=J/Yp ,
c displacement of each quarks (bg)
g W = 90 GeV
< also corresponds to a
0.0 0.2 0.4 0.6 0.8 10 “steeper” t — slope, and more
0.02 . TE
E(GeVT) sensitive compared to the R,
variation.
Fig. 6
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* The uncertainties of do/dt due to azimuthal rotations with fixe:

by and R,, on certain values of t.
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Fig. 7

We rotated the constituent quark position
clockwise and relative to the Fig. 7.
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The differential cross
section do/dt value
fluctuates with a period
of /3.
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— ¢t =081 GeV? {x0.3)
10 — =101 GeV2
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U
Ei b z”ﬂp_—‘HH\h ‘f”a—_“‘“\
=
)
e L i
W =90 GeV
2 4
Q? = 0.05 GeV?2
T T T
2
{] rL_ L;_. Lo =3_.
Fig. 8
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The larger the t value,
the uncertainties of the
differential cross section
also becomes larger.
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* Fit to coherent J /Y production data from HERA using the best-

12

UNIVERSITAS
GADJAH MADA

fit parameters by and 6, while fixing the R, = 0.77 GeV™.
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* Fit to coherent J /1 production data from HERA using the best

fit parameters by and 8, while fixing the R, = 0.77 GeV™.

W = (P + q) dependence data
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do/dt (nb GeV~2)

UNIVERSITAS
GADJAH MADA

® HL¢—003GeV? (x15) HI ¢ = 0.43 GeV? (x0.5)
107 4 W OHL{=01CeV? ¥ Hl¢—084Gev? ‘
& HL{=1022GeV? (x0.5) ¢ Q
®
* 3 ¢
®
s ¢ L
L ] *
10 [] L] * L 4
L 3K
L
#/

—

W
10t 4

1 ¥

] yr—->J/Yp

Q2 = 0.05 Ge\?

Lx 10t Gwlnt 12 2 1012 3 102

W (GeV)

Fig. 12
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CONCLUSIONS
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1. The geometric parameters of the three-hotspot model, the hotspot

size (R,) and their radial separation (b)), directly control the
steepness of the differential cross-section's t —slope.

2. The model predicts an uncertainty in the differential cross-section
(do /dt) due to the valence quark azimuthal orientation, an effect
which becomes significantly larger at higher momentum transfer

(t).
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BACKUP SLIDES
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Parton Distribution Functions

1 L] LI IUI‘II L] Ll ITTIII] T T IIIIT_ 1

NNPDF3.0 (NNLO) ]
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xf(x,u?=10 GeV?) ] \

LILJ H] L | 111111' T T TTTTT

g/10 : At small values of x, the probability of
Xf(xu2=10* GeV?) finding a parton carrying a certain

08} b) - fraction of the proton’s momentum
0.7} increases significantly.

0.6} :
055 : At even smaller values of x, the color
F : charge density in the proton becomes
%% E so high that the nonlinear effects
0.3f . become important — gluon saturation.
0.2f | =

0.1 L

0' 1 &

107 107 10" 1
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Mclerran and Golec-Biernat and
Venugopalan (MV) Model Wusthoff (GBW) Model ..
Accomodates total cross Modify constant saturation
section saturation using scale so that becomes
r, dependence x dependence.

: : X0\
Using constant saturation 02(x) = (_0)
scale Q2 ’ X i

GBW model manages to give
te us a good description of HERA
data at small-x (x < 107%)

_ 1, . 1
6(ryp)=1—exp _Zrle In 12 \2

L

(b)
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Our Model

c/l];f_)Vp = ZiJ dzrlf d?b, j 4t (P"¥y)rL e_l[bl_(i_z)rl]ﬂlﬁ(x: r.,b,)
0

0

MV like model, accomodates
impact parameter dependent
and GBW parameterization.

A
Qsz (x,r,b)) =% (%) as(r )Ty(b,)

Photon-meson vector Wavefunction

N,
(W*Wy)r = éfenz(l 2) [m]%KO(ErL) — (Z +(1-2) )EK1(ET¢)arl]¢T(T¢;Z)

2 2

¢L (rli Z)

My + 6

N,
CH LI"V)L = efe—ZZ(l — Z)QKO(GTJ_) MV (1 _ Z)
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Boosted-Gaussian Model

¢r(ry,z) = Nppz(1 — z) expla (2)r, + a,(2)]

2z(1-2)

With a,(z) = — =3

and a, = —

The parameters are listed in Kowalski, et.al. (2006): Ny = 0.578, N} = 0.575, R? = 2.3 GeV2, and M, = 3.097 GeV.
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