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QCD: Strong Interaction
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Example: (HERA)
elecron-proton collisions
m Rapidity: Y:i=In;
m ‘Resolution’: Q? := —¢?
Low Energy High Energy
Xg >> X
parton
many new
Proton smaller partons ~ Proton
(X0, Q2) are produced (x, Q?)
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Motivation

QCD Phenomena: probe nuclear matter
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Excessive gluon production — “Saturation scale” Q2
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Exclusive Vector Meson Production

Electron scattering sensitive to charge distribution. We need sensitivity to gluons.
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m The change in momentum of the nucleus, A, is measurable!

m Above is the LO two gluon exchange (t-channel process)
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Putting the pieces together

Virtual photon (7*) fluctuates into a ¢
— Dipole interacts with A

— q@ recombines into vector meson (.J/1))

virtual photon wave function

Configuration space
<> Momentum space

vector meson

l (Fourier trans)
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dipole interaction
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Plan of attack: underlying physics?
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Overlapping
nucleons l

— { All geometry encoded in N'(r,b)

(represents interaction probability)

Pieced together under
different assumptions.



Main model differences

& :
S ' Q(Y)
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Transverse positions of the nucleons
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rcBK Numerics

® Include non-linear QCD: N (b) := # of nucleons overlapping at b

Albacete & Dumitru, (2010),
[arXiv:1011.5161[hep-ph]]

Generate ~ 1000 sets of nucleon coordinates {by,ba,...,ba}.
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The Glauber-Mueller formula

|nteracti0n probability giVen by N(T, b) (should go to zero when b gets large enough)

The gq dipole passes through a gluon “cloud” and feels an effective opacity,

2

0 = (gl AT J

—Q
m Exponentiate for thick target (GM): Ni=1—exp <2> <1 v

Mueller, Nucl. Phys. B335, (1990), 115

Q
m The LO 2 gluon exchange (CK): Ay = 5 o 12 — 00 (for large dipoles)

Caldwell & Kowalski, Phys. Rev. C81, (2010)

m Enforce boundedness (0-CK): Ny = Nof(1 —Np) +0(Ny—1) <1V
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Constrain using e + p experiments

“scale” depends on size r:
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Constrain using ¢ + p experiments
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Glauber formula [nucleons to nuclei]

2
2K 2 2

Q =r Eas(u )ajg(x,,u )T(b) J “Smooth”
T(b) — Ta(b)

m Average over nucleon coordinates {b; }: A

Lappi & Mantysaari, Phys. Rev. C83, (2011) T(b) — Z Tp(b - bz)

1=1

m What can happen to the nucleus? “Lumpy”

Coherent : |(A) x> Incoherent : (| A]*) v

Coherent/elastic = ~*Ay— J/YAg
Incoherent/quasi-elastic = ~*Ayg — J/YA,
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Model Comparison

EVMP: v*A — J/9A at Q% =0 for T/Au  (Coherent)
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Conclusion & Future Work

d
] £ comparison from measurable differences @ future EICs

— Forward ¢t = 0 changes by factor ~ 2
— Dip positions shift plus clear differences in maxima
— eRHIC (BNL) & ELIC (JLab)

m Use different canned nPDFs (MSTW artifact)
— EPSOg & EK598 Helenius et al, (2012), [arXiv:1205.5359 [hep-ph]]

— nCTEQ Schienbein et al, Phys. Rev. D80, (2009)

m Include incoherent production (v. important for experiment)

~ Thanks for your attention ~
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— Backup Slides
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MNRT vs MSTW

Jackson

= Model comparison using MNRTO7 for LM & 6-CK: 1073, 1074, 107°
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rcBK Numerics [three different models]

N (b) depends on the overlap N(b) At O D, (2010,
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v*A > J/y A CGC: MV1 (y=1)

o 5
< 10
[]
o
e
£ 100
B
S
S
©
0.1
10—4 " " " " " " " " " " "
000 005 010 015 000 005 010 015 000 005 010 0.5
t (GeV?) t (GeV?) t (GeV?)
2~
rQsoN (b)) 1
/\/(T,YiO,b) = 1—exp{—(4())hl A——i—e
r

G. Jackson

Hard Probes 2013

[T



G

The shape of the proton [H1 & ZEUS]

Jackson

do/dt (nb/ GeVA)
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The vector-meson photon overlap

eev/2N. {22(1 - Z)Q%:‘)M} :

—1 0¢ ‘1 (er
-1 QT) eKq(er) - Ko(er)
2 2

[} 0oy ] 5 (v, 2, Q%)

[\Ilt’\ll”r’*]T (I',Z, QQ) = €c 2NC |:<ZQ + (1 - Z)Z) <77lc (97’
The wave functions ¢, 7 are obtained through a short distance model
GAUS-LC. The ansatz for the wave-function is in terms of its Fourier
transform,

~ —k?
érr(k,z2) = Nprz(l—z)exp |—5—
Wi

The free parameters Nz 7 and wy, 7 are adjusted to reproduce the
normalisation and decay width.

Kowalski & Teaney, Phys. Rev. D68, (2003)
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MNRTO7

Simple unintegrated gluon distribution xg(z, pu) ~ Nz~

Martin et al, (2007), [arXiv:0709.4406 [hep-ph]]

For LO, take A\=a + bln [ —&— 1 - Jyp
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