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He source
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Transverse laser
cooling

Magneto optical
trap

P. Mueller, et al., NIM B204, 536 (2003)
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Variation of the charge

radius with isotope can

be understood in terms
of nuclear structure
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L.B. Wang, et al., PRL93, 142501 (2004) [6He]
P. Mueller, et al., PRL99, 252501 (2007) [eHe]
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Potential between
two nucleons
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Quasi-Elastic Scattering
X»1

Motion of nucleon in the

nucleus broadens the peak

QE

JLab E02-019

High momentum tails should yield
constant ratio if seeing SRC
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a,(3He)=1.7(3)
ay(*He)=3.3(5)
a,(t*C)=5.0(5)
a,(2"Al)=5.3(6)
a,(°°Fe)=5.2(9)
a,(*¥"Au)=4.8(7)

Ratio in plateau,
“— proportional to
# of 2N SRCs
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<Q%>=2.72GeV

Focus on light nuclei

A/D Ratio
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N. Fomin, et al., PRL 108 (2012) 092052
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R. Subedi et al., Science 320, 1476 (2008)
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n Potential between
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First measurement (EMC collaboration - 1983) founda  small excess
of low-x quarks, large deficit of high-x quarks in heavy nuclei
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EMC Effect similar in C, Be and
“He (curve is SLAC fit to C)

No clear difference in shape

“He (low mass) and °Be (low
density) both similarto  1°C

Normalization uncertainty limits
extraction of A-dependence

If shape (x-dependence) is same for
all nuclei, the slope (0.35<x<0.7) can
be used to study dependence on A

12C

Be

He
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Density determined from
ab initio few-body
calculation

S.C. Pieper and R.B. Wiringa,
Ann. Rev. Nucl. Part. Sci 51, 53 (2001 )

Data show smooth behavior
as density increases...
except for °Be

9Be has low average density
but large component of
structure is 2a+n  most
nucleons in tight, a-like
configurations

K. Arali, et al., PRC54, 132 (1996)
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x>1 at 12 GeV

Follow-up experiments
for EMC effect and x>1

/
EMC effect at 12 GeV



@ 3 -A 1B
/| % ! 5 # b5
20 S
I |
Op(X)| %0
15 :
10 :
0o Difference only ~1% |
| piece of EMC effect?
00 I .”.77;”.”|".\“.".”."1”.’*.~—1——.~|~‘\,.,,.,,l,J,,. T
00 02 0.4 0.6 0.8 1.0 08 09 10 11 12 13 14 15 16
X X
5 D% % #E I"# &% 3
& % """ % IG

/| %H & # # % -



& + $ # 9

. $H)I" + #"+ S+ 3

¢« ) ;P)<" + =+ #"+ >*
P > =2 . @9 "A+ #"+
$+ )<+H)#

e a # "SI H+ H#"+ " +

—_ tagged untagged
R ~ F.tagged /F,_untagg

ac=(Eg- pe)/m



&+ $ 9%9
" ## P

B |

?-$

S. Jeschonnek and J.W. Van Orden, Phys. Rev. C 81, 014008 (2010) and
Phys. Rev. C 78, 014007 (2008); M.M. Sargsian, Phys . Rev. C82, 014612 (2010)
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R. Subedi et al.,
Science 320, 1476 (2008)
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High energy
Cosmic rays
SLAC, DESY, LHC

High temperature
Early universe
RHIC?

High densities
Neutron stars
Nuclei??
JLab??7??
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atomic
nuclei
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NET BARYON DENSITY (0.17 GeV/fm3 )

We do see density-dependent effect in nuclear structure (EMC)
Do these effects have anything to do with quarks?
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SHe

3He requires large isoscalar
correction (correct for proton
excess in 3He relative to 2H)

Normalization uncertainty limits
extraction of A-dependence

If shape (x-dependence) is same for
all nuclei, the slope (0.35<x<0.7) can
be used to study dependence on A

12C

Be

He
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Linear relationship between
EMC effect and SRC
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L. Weinstein, et al., PRL 106, 052301, (2011) ( "H%$)+"+ C$%&/2.,(,101
0 0 1\

Suggests the same physics may drive both phenomena

SRC data measure high momenta, aim to
study short distance, high density



