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Spatial	Imaging	with	the	EIC

• Improved	neutron	DVES	via	tagging	of	spectator	
proton	over	full	range	of	Deuteron	wave-function

• Precision	DVES	measurements	with	transverse	
polarized	targets

• Exclusive	DVES	on	nuclei
• Low-xB,high Q2:		Imaging	gluons	and	the	quark-sea	
in	the	nucleon	and	in	nuclei

• n-p	density	differences	in	N>Z	nuclei	≌ u-d	differences	in	
GPDs	of	N>Z	nuclei

• Equation	of	State	of	nuclear	matter	and	neutron	stars
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Exclusive	epà ep𝜸
• Detect	final	proton,	with		
momentum	~	(1-xB)pBeam
(almost	lost	in	beam).

• Ion	FFQ	acceptance	
• Δp|| /p	∼ ±50%
• Δp⟘/p	≤	8	mrad

• “Beam	Stay	Clear”		(BSC)	
=	detection	limit

• Secondary	focus	z=	40	m
• BSC

• |δp||,⟘ |/p	>	0.003
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Diffractive	DIS	and	DVES:	gaining	a	factor	5000.
•		EIC	Luminosity⊗Acceptance =	HERA	× (100x50)
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Tagging essential for exclusivity

• Full proton	
detection	
acceptance	
to	“Beam-
Stay-Clear	
(BSC)”	limit	
of ∼10×rms	
emittance:

• JLEIC:	
θp >	3	mrad
OR	
|ΔpL/p0|	≈	xBj
>	0.003



DVCS	on	the	Proton	at	the	EIC:		
Transverse	Imaging	vs	xB

• Tagging	the	recoil	protons	over	the	
full	momentum	range is	essential	
for	precision	imaging

• Repeat	with	L	&	T	polarized	beam	
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Deep	Exclusive	Scattering	on	the	
neutron	e+Dà e	+pS +V

• Spectator	proton	has	~50%	of	beam	
momentum
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DVES	on	Nuclei
• Precision	charge	densities	
measured	in	1970s	 ☛

• “Neutron	Skin”	of	heavy	
nuclei	has	implications	for	
nuclear	equation	of	state	&	
neutron	star	structure.

• p–n ≅ u-quark	– d-quark
• 𝝆,ω:	DVES	amplitude	has	
charge	weight	eu∓ed.

• q	+	q-bar

• Gluon	profiles	of	nuclei	from	
e+Pbà e+	Pb +	V:

• V	=	J/𝛹 or	𝜙
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to + 0.05/o by the field maps of the SP900 spec-
trometer. Scattering angles were checked to be
accurate to +0.05'. The incident beam current
was measured by ferrite monitors and a Faraday
cup. The scattered electrons were detected using
the standard focal-plane equipment. ' Special at-
tention was paid to long-term stability which was
found to be better than a 2%. The overall detec-
tion efficiency was obtained by normalizing the
angular distribution measured to the Stanford Lin-
ear Accelerator Center' (SLAC) and the Universi-
ty of Mainz' measurements of "'Pb cross sec-
tions at 1.7 fm ', where both sets of data closely
agree. The normalization has been determined
to +3%; it was verified by measuring "C cross
sections" at low momentum transfers.
The target of 217+ 2 mg/cm' '"Pb (99.14/o) was

held between two aluminum foils. Rater circulat-
ing between the aluminum foils cooled the target,
and allowed the use of an average beam intensity
of 20 pA necessary to measure cross sections
down to 10 '0 mb/sr. Aluminum and oxygen con-
tributions were separated by recoil energy dif-
ference. Background was absent.
The experimental results are shown in Fig. 1,

together with previous 502-Me V data taken at
SLAC.' The data now span 12 decades.
The data analysis has been performed accord-

ing to Sick." The density is expanded on a basis
of a sum of Gaussians, the amplitudes of which
are fitted to the data. The limitation to full mod-
el independence comes in through the use of Gauss-
ians of finite width. This restricts the ampli-
tudes of unmeasured high-frequency Four ier com-
ponents of p(r). According to present theoretical
understanding the amplitudes of such components
are expected to be severely limited; this is due
to the Schrodinger equation that strongly couples
second derivatives of nucleon wave functions to
known energy eigenvalues. The width parameter
used, y = 1.388 fm, allows one to reproduce a num-
ber of theoretical 2 'Pb densities" "with less
than 0.1% deviation and therefore provides enough
flexibility to reproduce any fine structure in p(r)
occurring in presently existing theoretical densi-
ties.
The error bars on the resulting density are

hence expected to include a realistic estimate
for the completeness error (due to the finite q „).
In order to get the most reliable estimate for

p(r), we have included in our analysis all data
concerning electromagnetic information on ' Pb.
The result presented here is based on the most
recent data published by different laboratories
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FIG. 1. (a) Cross sections at E, =502 MeV as a func-
tion of effective momentum transfer. The parameters
(Ref. 12) of the fit are also given: y=1.388. (b) Devia-
tion between fit and data used; the curve shows the dif-
ference to the fit of Ref. 7.

[Fig. 1(b)]. This includes the present electron-
scattering data (34 points, q= 1.7-3.7 fm '),
SLAC data' (87 points, 0.5—2.7 fm '), the Univer-
sity of Mainz data' (17 points, 0.6 —1.8 fm '), and
the Technical University of Darmstadt data" (12
points, 0.3—0.8 fm '). We have also taken into
account the five muonic x-ray transition ener-
gies" "that provide additional information on
p(r) Howeve. r, for the present fit, we have dis-
carded the 289-Me& data points measured recent-
ly at the University of Mainz' between 1.8 and 2.3
fm '. These points strongly disagree (Fig. 1)
with both the present and SLAC data. (The dis-
crepancy observed can probably be assigned to a
difference in energy calibration. The steep dif-
fraction minimum causes a strong energy depen-
dence in the "C cross sections" relative to which
the University of Mainz Pb data' have been nor-
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Gluon	Imaging	of	Nuclei:		Deep-𝜙
• Luminosity	per	nucleus	
~1/A.

• dσ/dt(t=0)	~	A2

• 𝑡 ≈ Δ() resolved	by	
AZ(e,e’K+K–)X kinematics

• Recoil	nucleus	lost	in	
10σ	Beam	envelope

• Break-up	channels	
vetoed	by	ZDC	&	
forward	trackers
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EIC	Users	Group:	www.eicug.org

APCTP-June	2018 C.Hyde		Lecture	4 9

• 788	Members
• 169	Institutions
• 29	Countries
• Join	us!



Nuclear	DVES	and	Exclusivity:		208Pb
• Unresolved	bound-
excited	states	
smooth	out	
diffraction	pattern.

• 3–(2.6MeV),
5–(3.2	MeV),	
2+(4.1MeV),
4+(4.3MeV)

• In	DVES@EIC,	𝛾-
cascade	boosted	
(×40	JLEIC,	×100	eRHIC)

• High	Resolution	
(PbWO4)	forward	
EMCal can	veto	
(~50%)	E𝛾 >100	MeV
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• Doubly	Magic	nuclei,		
bound-state	decay-
energies	are	large


