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The structure of the nucleon from inclusive

4-momentum transfer squared
Q°=-q° =4EE'sin*¢
Invariant mass squared
W?=M*+2Mv -0’
Bjorken variable
4222
- 2Mvy

(E'k")

X

=0 le(x,Qz) + iFl(x,Qz)tanz%
v M i

dQdE'

In the parton model:  |F(x) = %Eef[qf (x)+ g (x)] = in(x)

[
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The quest for higher precision data

(E'k')

Nucleon

( M,6) —

To increase the luminosity,
physicists decided to use heavy
nuclei to study the structure of the
proton instead of a hydrogen target.
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The EMCUC effect

e

Aubert et al., PLB123, 275 (1983)
Nucleus at rest e

(A nucleons = Z protons + N neutrons)

Nuclear structure:

F.' = ZF? + NF,
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The EMCUC effect

e

Nucleus at rest
(A nucleons = Z protons + N neutrons) :
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Existing EMC Data

J. Gomez et al, PRC49, 4348 (1994))

LZ{
1.1}

¢ +
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l
SLAC E139: 4 Sl e

0 Most complete data set: A=4 to 197

0 Most precise at large x:
Q2-independent

universal shape
magnitude dependent on A

A
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Nucleon only model

Assumptions on the nucleon structure function:
— not modified in medium

— the same on and off the energy shell Smith & Miller
PRC 65, 015211 and 055206 (2002)

A Smith Miller ‘02
F, (x,) _

A f dy- fy(MF, (x,1y)

Fermi momentum << M

1 F

nucleon R
08

2 f, () is narrowly peaked and y =~ 1 08 |

A 0.7 =
%”FN > noEMC effect/

— 1

“ .. some effect not contained within the conventional framework is
responsible for the EMC effect.”  smith & wiler, PRC 65, 015211 (2002)
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Nucleons and pions model

Pion cloud is enhanced and pions carry an access of plus momentum:
+ + +
P =P +P =M,

and using P; /M , =0.04 is enough to reproduce the EMC effect

But excess of nuclear pions = enhancement of the nuclear sea

Fig from P. Reimer, Eur.Phys. J A31, 593 (2007)

125 —

~ W E772 Drell-Yan Coester

12 | E906 projected Jung and Miller
Brown ct al.

115 Dicperink and
Korpa (range)

nucleus

But this enhancement was not seen in
nuclear Drell-Yan reaction
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Another class of models

Cloet, Bentz, and Thomas, PLB 642, 210 (2006)

!

=» Interaction between nucleons . 3' Ad‘ |

—

Model assumption:

nucleon wavefunction is changed by the strong
external fields created by the other nucleons

] o

gy ﬂ_j_f..'/"""

~-

Experiment: = Al
- Unpolarized ELC effact
1= N (e t: A5 21
g gl O R
Polarized ENMC effect: R 77 ° %

| A A ) | A |

<
(7]

EMC Rats

o

Smith & Miller, PRL 91, 212301 (2003)

<
o

0.2 A 0.8 0.8

Model requirements:
* Momentum sum rule
* Baryon number conservation
Vanishing of the structure function
at x<0 and x>A
Should describe the DIS and DY data

A
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JLab Expertment E03-103

Spokespersons: D. Gaskell and J. Arrington
Post-doc: P. Solvignon
Graduate students: J. Seely, A. Daniel, N. Fomin

— =

Ale,e’) at 5.0 and 5.8 GeV in Hall C “% o L RS, T—
o |

< E,=5.77 GeV
8 E,z=5GeV

10 angles to measure Q?-dependence

Targets: H, 2H,
SHe, ‘He,

9Be, 12C,

W2=12GeV2 -

63Cu, 197Au
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Isoscalar correction
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JLab Expertment E03-103

Spokespersons: D. Gaskell and J. Arrington
Post-doc: P. Solvignon
Graduate students: J. Seely, A. Daniel, N. Fomin

— —

Ale,e’) at H.0 and 5.8 GeV 1n Hall C “% o L 503103/502019:
o

< E,=5.77 GeV
8 E,z=5GeV

10 angles to measure Q?-dependence

Targets: H, 2H,
SHe)4He,

IBe,|12C

W2=1.2Gev? -

63Cu, 197 Au

&

Isoscalar correction

Coulomb correction
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More detailed look at scaling

C/D ratios at fixed x are Q2
independent for:

“ W2>2 GeV?
W2>2 GeV?2 - ¢ x=085

and
0?>3 GeV?

4

limits EO3-103 coverage
to x=0.85

@ E£03-103
) SLAC e139

Note: Ratios at larger x will be
shown, but could have small HT, x . . . ]
scaling violation 10

Q? (GeV?)
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E03-103: 1°C and tHe EMC ratios

JLab results consistent with

SLAC E139

- Improved statistics and
systematic errors

Wednesday, April 15, 2009
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1.1

0.8

| | |
o SLAC E139 '*C

® JLabE03-103 °C
— SLAC fit A=12

% °C Norm. (1.6%)

% SLAC Norm. (1.2%)

0 SLAC E139 “He

® JLab E03-103 ‘He
— SLAC fit A=4

9 1 “He Norm. (1.5%)

% SLAC Norm. (2.4%)
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E03-103: 1°C and tHe EMC ratios

1.2 | | —
© SLACE139 C

® JLabE03-103 °C
1.1 — SLAC fit A=12

JLab results consistent with

SLAC E139

12
- Improved statistics and "¢ Nom. (1.6%)

systematic errors ¥ SLAC Norm. (1.2%)

| | |
| | | )
® SLACEI139 He

® JLab E03-103 ‘He
Cloet et al

Models shown do a reasonable job ~ — Smirnov et al

describing the data. S S i

B ¥ S
2906 g
_ £ ii#’ﬁ#%—__—%/;

% He Norm. (1.5%)

But very few real few-body calculations
(most neglect structure, scale NM)

08 L % SLAC Norm. (2.4%)

| | |
02 03 04 0S5
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Isoscalar correction

REMC =

o, /A|

-

n
(p+n)/2

o, /2

(Zp+ Nn)/ A
\_ _J/

Isoscalar correction

— NMC
——= SLAC
—— JLab (preliminary)

bound n and p

A
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E03-103: > He EMC ratio

{ E03103 Norm. (1.84%)
X HERMES Norm. (0.9%)

Large proton excess -
correction 1

|Isoscalar correction

done using ratio of
bound neutron to bound

proton at E03-103
kinematics 01 02 03 04 05 0.6 0.7 0.8 0.9
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A or p-dependence ?

Figs from J. Gomez et al, PRC49, 4348 (1994))

T T T bt T E T | !

- (a) X=022 -

_¢_+_,¢.¢=T;_+_.__+__%,_

Ll Ll

Ll Lot

10 100 . ]

Nuclear Weight A 0.05 0.10
Nuclear Density

Density calculated assuming a
uniform sphere of radius:

R,(r=3A/4pR )

A
Argg‘gune
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A or p-dependence ?

Magnitude of the EMC effect for C and

“He very similar, and
p(*He) ~ p(1>C)

9 + “He Norm. (1.5%)

EMC effect: p—dependent

2 Norm. (1.6%)

Magnitude of the EMC effect for C and

°Be very similar, but
pCBe) << p(12C)

0.9

EMC effect. A-dependent

0.8 } 2 Norm. (1.6%)

| |
02 03 04
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A or p-dependence ?

Fit of the EMC ratio for 0.3<x<0.7
and look at A-dependence of the
slope
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AV,
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A or p-dependence ?

Fit of the EMC ratio for 0.3<x<0.7
and look at A-dependence of the
slope
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A or p-dependence ?

Fit of the EMC ratio for 0.3<x<0.7
and look at A-dependence of the

slope
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A or p-dependence ?

Wednesday, April 15, 2009

1.2

11

Be ~ 2a-cluster+r

<p>small

but

plocal(gBe) - p(4 H e)

=>» hint of local density dependence

=» overlap with nearest neighbors ?
= link to SRC




A or p-dependence ?

(2]
_—
D-c
~ 1
)

0.9

I - JLab E03-103 prel.
- SLAC E139&E140
. CERN BCDMS

CERN NMC
CERN EMC

0.8 0.05 . 0.15
-1/3 *
A o*(A-1)/A

0 Improved density calculation (calculated with density distributions
from R. Wiringa and S. Pieper ).
0J Apply coulomb distortion correction.
0] In progress: review of n/p corrections in world data Note: n/p correction is

0] Target mass correction to be looked at. also A-dependent !
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Coulomb distortion

Exchange of one or more (soft) photons with the
nucleus, in addition to the one hard photon
exchanged with a nucleon

Incident (scattered) electrons are accelerated
(decelerated) in the Coulomb well of the nucleus.

Opposite effect with positrons

DWBA
0 4ot

- ~PWBA . , |
= O ifott Vtof ( |(ﬂ ,w, 0 ) ¢ - Focusing of the electron wave function
- Change of the electron momentum
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Coulomb distortion

Exchange of one or more (soft) photons with the
nucleus, in addition to the one hard photon
exchanged with a nucleon

Incident (scattered) electrons are accelerated
(decelerated) in the Coulomb well of the nucleus.

Opposite effect with positrons

DWBA
0 4ot

- ~PWBA . , |
= O ifott Vtof ( |(ﬂ ,w, 0 ) ¢ - Focusing of the electron wave function
- Change of the electron momentum

Effective Momentum Approximation (EMA) SRR ) e e—a 8 g e i)
Aste and Trautmann, Eur, Phys. J. A26, 167-178(2005) .
e ff  LIRNESY, : \2 /4
Opron = 40 cos*(0/2)(E, + V) /Q: s

Ep—= Ep+ V

E-E+V | - e sl 5. 5.5
}(,;f_,—-l(l?-i-‘ )(E, + V) sin®(=) . E+)

y X & ~“PWBA/| = :
) U..c'\lott ’ ‘Stot (|(Ieff|:w': 9)
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Coulomb distortion

Exchange of one or more (soft) photons with the
nucleus, in addition to the one hard photon
exchanged with a nucleon

Incident (scattered) electrons are accelerated
(decelerated) in the Coulomb well of the nucleus.

Opposite effect with positrons

DWBA
0 4ot

PW B \
"tot (_1 W, 9 ﬁ - Focusing of the electron wave function
- Change of the electron momentum

Effectiv

Aste and T

E—E;

One—-Parameter moclel ClCPCﬂCliﬂg Oﬂlg Oorn tl"lC

lective Potential seen ]:)9 the electron on average. |

Er— Ep+ v ‘

2 l”"— -

Coulomb potential established in Qua3| elastic scattering regime | )
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Extrapolation to nuclear matter

Exact calculations of the EMC effect exist for light nucle1 and for nuclear matter.

x=0./

- No Coulomb corrections applied

(2
&5
\<1
2

SLAC E139&E140
CERN BCDMS
CERN NMC

CERN EMC
I

0.6 0.8
A-1/3
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Extrapolation to nuclear matter

Exact calculations of the EMC effect exist for light nucle1 and for nuclear matter.

x=0./

- Coulomb corrections applied

(2
&5
\<1
2

0.9

SLAC E139&E140
CERN BCDMS
CERN NMC

CERN EMC
I | | | r- | | | I

0 o 0.2 0.4 0.6 | 0.8
Non-negligible effects on SLAC data A3
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Extrapolation to nuclear matter

Exact calculations of the EMC effect exist for light nucle1 and for nuclear matter.

x=0./

- Coulomb corrections applied

(2
&5
\<1
2

0.9

JLab E03-103 prel.
SLAC E139&E140
CERN BCDMS
CERN NMC

CERN EMC
I

0.6 0.8
A-1/3
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R(x,Q’)

e This Expt o CDHS
< BCDMS x EMC

IIII* 1 LA ] |LLELERA

+ x=0.2

do

eyl [0, (x.0%) +£0,(x.07)]

In a model with:
a) spin-1/2 partons: R should be small and
decreasing rapidly with Q2
b) spin-0 partons: R should be large and
increasing with Q?

L1 1111

10
Q° (GeVv?)

Dasu et al., PRD49, 5641(1994)

A

Argonne

NATIONAL LABORATORY
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Access to nuclear dependence of R

Dasu et al., PRD49, 5641(1994)

Fe 6.0 lx =0.35

FIG. 13. The fits to the differential cross
section ratio o4/0p versus € = €¢/(1 + RP)
are shown for each (z,Q?) point. The er-
rors on the cross section include statistical
and point-to-point systematic contributions
added in quadrature.

slopes = Ra-Rp

T I
E140 (This Experiment)
Au Fe26 Fe6.0 Q2 _|
o A 1.0
1.5
v 2.5
5.0

Nuclear higher twist effects and
spin-0 constituents 1n nuclel: same
as 1n free nucleons

A

Argonne

NATIONAL LABORATORY
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Access to nuclear dependence of R

Dasu et al., PRD49, 5641(1994)

}

T I
E140 (This Experiment)
Au Fe26 Fe6.0 Q2 _|
o e 10
o 15

A
v x 25 7

/ndf 13.97 /9

I
n L
<L ’% & 50 ml 01 i P —0.2173E-03+ 0.1895E-01
lh < - L
ﬁL I e

! -

re-analysized

|

-0.1 |

lDaSl,ll et all |

0.1 0.2 03 04 0.5 0.6 0.7 0.8 0.9

/ndf 11.02 /9
P1 —0.3032E—01 + 0.1983E-01

A non-trivial effect in Ra-Rp arises
after applying Coulomb corrections

Dasu et aI W|thC
0 01 0203040506070809 1

X
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Access to nuclear dependence of R

New data from JLLab E03-103: access to lower &

lron-Copper

No Coulomb corrections applied

Coulomb corrections applied
x=0.5

x=0.5
® SLAC E140 Fe Q%= 5 GeV?
B SLAC E139 Fe Q%= 5 GeV?
A JLab E03-103 Cu Q°= 4,4.4 GeV?

® SLAC E140 Fe Q=5 GeV?
B SLAC E139 Fe Q%= 5 GeV?
A JLab E03-103 Cu Q%= 4,4.4 GeV?

‘ .\(\a(\l

(\a(\l
" o

‘?(6‘\((\\
[ R\—Ro=—0.0354318 +/— 0.0214851

I R\—R,=-0.0888527 +/— 0.0216907

A B A E T R B U R
0.2 04 0.6 0.8 1 0.2 0.4 0.6 0.8 1

e/(1+eRp) e/(1+cRp)

A
Argonne

NAL LABORATORY

Wednesday, April 15, 2009




Access to nuclear dependence of R

The € -dependence of the Coulomb
distortion has effect on the extraction
of R 1n nuclel

Hint of an A-dependence in R
n COpp@f-Ir on - 6—o x=0.55, Q=6 GeV

&= -8 x=0.65, Q =6 GeV
—0 x=0.65,Q =7 GeV
== u x=0.69,Q =7 GeV

| E=6.6 GeV

Coulomb correction factor

2
10

After taking into account the normalization
uncertainties from each experiment
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The EMC effect in °H and He

3
E He
_l%t JFiffB ; n
( ) > Fﬁé; | fon

' LA
"
I

[
. — Faddeev (PEST)
==== Faddeev (RSCO)

Faddeev (PEST) tf:“ | .
I . s
1F =-= vanational

gl

I
variational ’ ;'
’ "

I

'

3He / (d+p) | |
: : 0.9
0

0.8 1
I. R. Afnan et al, PRC 68 (2003)
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Ratio of *He, H: JLab E12-06-118

I
A way to get access to Fo |. Afnan et al, PRC 68 (2003)

O Measure Fy’s and form ratios: R(3He_) / R (3 H)

F3” Faddeev

r"+2r" ' — PEST
= RSC

]"31/(
2r"+r"'

R(3He) = R(3H) =

O Form “super-ratio”, r, then

\

\

- \
variational \
|

04 06 038
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Why is the Fy"/Fs® ratio so interesting?

SU(6)-symmetric wave function of the proton in the quark model (spin up):

\p 1\> = %(3” ! [“d]5=0 +ul [“d]5=1 -2u | [ud]5=1 -2d 1 [”“]S:l -2d| [W]S=1)

u and d quarks identical, N and A would be degenerate in mass.

In this model: d/u = 1/2, Fy"/FP = 2/3.

pQCD: helicity conservation (q1 Tp)
=>d/u=2/(9+1) = 1/5, F;'"/FY =3/7 for x ->1

SU(6) symmetry 1s broken: N-A Mass Splitting
Mass splitting between S=1 and S=0 diquark spectator:

symmetric states are raised, antisymmetric states are lowered

(~300 MeV).
S=1 suppressed
=>d/u =0, F"/F = 1/4, forx -> 1

Wednesday, April 15, 2009

m Whitlow et al
A Melnitchouk and Thomas
e Bodek et al

SU(6)
symmetry
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E12-06-118 Projected Results

l

t
t
+H+++

tiy

+ JLab Projected Data

*H/*He DI
/™He DIS ¢ JLab Projected Data

*H/°He DIS

* PAC30: “conditionally approved”
* 5000 Ci T target, 31 days
* JLab E12-06-118, G. Petratos, J. Gomez, R. ]J. Holt, R. Ransome et al
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The tritium target conceptual design

E. J. Beise (U. of Maryland), R. J. Holt (Argonne), W. Korsch (U. of Kentucky),
T. O’Connor (Argonne), G. G. Petratos (Kent State U.), R. Ransome (Rutgers U.),
P. Solvignon (Argonne), and B. Wojtsekhowski (Jefferson Lab)

Tritium Target Task Force

0.004" (0.008") stainless steel inner
{outer) tubes with 0.004” windows

He at 5 atm, room temp.

3H> at 10 atm, room temp.
(or3He at 20 atm, room temp.)

<+ Closed double-cell system

< Density: 2.5mg/cm?3

< Target length/diameter:
40cm/1.25¢cm

< Activity ~ 1500 Ci

<+ He for heat conduction

e———

A

Argg‘gwne

AL LABORATORY
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What about a measurement at the EIC ?

F2n/F2p at EIC:

high W so no need to worry about target mass correction

e—=><d

dQ)
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Polarized quark distributions

1

c‘ B
T 08 |
g o8|
0.6 |

1 0.4 E

Fl(x)=52iei2[qi(x)] o.z

-0.2 |

04 |
- ASLAC
0.6 ¢ ® HERMES

-0.8 |

At high Q2 A;=g;/F) and: e

In the parton model:

1 e’ X
g (x)= 2Zi (A q(x)]

g _ Aut4Ad Au 4 &

F'I u+4d

— (4+

8 4Au+Ad

Ff du+d
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Planned A1 measurement at J[Lab 12 GeV

ProTon W>2 Q2>1 Deuteron =

1.2 e

k s 1 E12-06-109 in Hall B

CDr
B Q’=25GeV? pQ—-\ B Q°=25GeV’

A Q*=5-9 GeV? s Q¥=59GeV?

* Q°>9GeV’ o Q°>9GeV’

<
00

— r 1 r 11 1T 11
- @ JLabat11 GeV W>2GeV [2<Q*<10 (GeVic)y
- B JLab at 11 GeV W>1.2 GeV
- m JLab E99-117(*He)

.8 [ O SLAC E142 (*He)

- © SLAC E143 (*H)

-V SLAC E154 (*He)

"+ HERMES (*He)

.0 [© X smC (H)

state corrected )

AY(D

E12-06-110 in Hall C

5 A _
S N E
e v L1
Af"‘j SU(6) symmetric
0 _
Quark model

_ 0. 014)]

Wednesday, April 15, 2009



Summary

JLab experiment E03-103 brings a wealth of new results:

Light nuclez:
contain key information on the MU effect
funt of local density dependence of the EMC effect

can be compared to realistic calculations

Heavy nucle1 and Coulomb distortion:
affects the extrapolation to nuclear matter which 1s key for comparison
with theoretical calculations

has a real impact on the A-dependence of R: clear e-dependence
need a measurement of the amplitude of the effect in the inelastic regime
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Outlook

] Fo(®*He)/Fo(*H): Hall A E12-06-118
EMC effect in light nuclei
n/p at high x in DIS
getting to the d-quark distribution

--> important for extraction of Au/u and Ad/d from measurement of

A" at high x

[J Coulomb distortion measurement in DIS: require a positron beam

Cloet, Bentz, and Thomas, PLB 642, 210 (2006)

] Polarized EMC |

1.1

—_

O EIC: F2n/F2p from e-?H collisions

<
©

EMC Ratios

Experiment: ?Be

Unpolarized EMC effect
Polarized EMC effect: Rfs/ 21)
Polarized EMC effect: RZ/ 52 3/2

e
\]

o
o
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E03-103: Carbon EMC ratio and Q?-dependence

1.2

DD
o
®

1.1

at x=0.6 /

1

09 |

02 03 04 05 06 0.7 08 0.9

Small angle, low Q? =» clear scaling violations for x>0.6-0.7
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E03-103: Carbon EMC ratio and Q?-dependence

1.2

DD
o
®

11 |

-y
0.9 = @%=5.33 e\'\“‘\(\
- @ Q°=6.05 '

02 03 04 05 06 0.7 08 0.9

At larger angles =» indication of scaling to very large x
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E03-103: Carbon EMC ratio and Q?-dependence

1.2

DD
o
®

11 |

Used the combined
two highest Q2 in the

rest of this talk 1 i

02 03 04 05 06 0.7 08 0.9

At larger angles =» indication of scaling to very large x
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World data re-analysis

Experiments

E (GeV)

A

X-range

Pub. 1st author

CERN-EMC

280

56

0.050-0.650

Aubert

12,63,119

0.031-0.443

Ashman

CERN-BCDMS

15

0.20-0.70

Bari

56

0.07-0.65

Benvenuti

CERN-NMC

4,12,40

0.0035-0.65

Amaudruz

6,12

0.00014-0.65

Arneodo

SLAC-EG1

9,27,65,197

0.014-0.228

Stein

SLAC-E87

56

0.075-0.813

Bodek

SLAC-E49

27

0.25-0.90

Bodek

SLAC-E139

4,9,12,27,40,56,108,197

0.089-0.8

Gomez

SLAC-E140

56,197

0.2-0.5

Dasu

DESY-HERMES

3,14,84

0.013-0.35

Airapetian
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Coulomb distortion and two-photon exchange

TPE

Exchange of 2 (hard) photons with a single nucleon

> >

Coulomb distortion

Exchange of one or more (soft) photons with the nucleus, in addition to
the one hard photon exchanged with a nucleon

o
Incident (scattered) electrons are accelerated
(decelerated) in the Coulomb well of the nucleus.

Opposite effect with positrons
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How to correct for Coulomb distortion ?

PV 84
— O jtott btot

(191, . 0)

Effective Momentum Approximation (EMA)
Aste and Trautmann, Eur, Phys. J. A26, 167-178(2005)

E—=E+V"
Ep—= Ep+ V™

1st method

yYPWBA(| - : PW B. \
Sis. (lql,w,8) — S

Lol

— S PWBA(
— O Mottt "tot

(|Gesslsw, 0)

Wednesday, April 15, 2009

Gﬁ - Focusing of the electron wave function
- Change of the electron momentum

= s za ey
Qers =4HE+V)E,+ ] )smz(;)

2"d method

SEWBA(| 41, w, 6)

E+V

o3 = 4a? cos?(0/2)

PW B. \
Slul (1( ffl W, H)

(Ep+V)?/ Qs

eff

SPH B4

" O prott * Ptot (Icffl w, )




How to correct for Coulomb distortion ?

q PW BA

~tot

(lq], w, )

Effective Momentum Approximation (EMA)
Aste and Trautmann, Eur, Phys. J. A26, 167-178(2005)

; | —\ . 9,0,
} Q%5 = 4(E + V)(E, + V)sin(3)

=

- Focusing of the electron wave function
- Change of the electron momentum

One—-Parameter moclel le:PCﬂCliﬂg OI"IIH on tl‘lé

etHective Potential seen by the electron on average.

CE: s
Oiot — OMott *

~PW BA
‘Stot

(

(Tfff‘:wfa)
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A otl =

;. S
Ffm' A

ot \ ! Sl P\ B *) '

;77T vell

cC & p
Jtot — (F;u()

2 eff
" O prrott

~“PWBA
’ ‘Stot

( (Y:sff

,w,0)




Coulomb distortion measurements in
quasi-elastic scattering

0.04

120

e ¢’ 420 MeV 60° % , ® e’ 420 Mev 60°
O e 420 MeV 60° 0 e” 420 Mev 60°

100 150 200 ’ 100 150
o (MeV) w (MeV)

Gueye et al., PRC60, 044308 (1999)

k=k—V (2) o

25

3a(Z—-1) a(Z-1)/r\ 207

OR R | 15}

R=11A"3 108647/

1 I 1 I 1 I 1 I 1
Aste and Trautmann, Eur, Phys. J. A26, 167-178(2005) 80 100 120 140 160 180 200 220

number of nucleons
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Coulomb distortion measurements in
quasi-elastic scattering

0.04

120

e ¢’ 420 MeV 60° % , ® e’ 420 Mev 60°
O e 420 MeV 60° 0 e” 420 Mev 60°

100 150 200 ' 100 150
® (MeV) o (MeV)

Gueye et al., PRC60, 044308 (1999)

30
25
vy~ _3(Z-1)  a(Z-1)(rY 20T
B=""9om T oR 15

R=11AY°+0.86A4"1°

0 1 I 1 I 1 I 1 I 1
Aste and Trautmann, Eur, Phys. J. A26, 167-178(2005) 80 100 120 140 160 180 200 220

niimher af nniclannc

Coulomb potential established in Quasi-elastic scattering
regime !
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E03-103 heavy target results

no Coulomb corrections applied

| |
o SLAC E139 (Au)
e JLab E03-103 (Au)

0.8

| | |
02 03 04 05
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E03-103 heavy target results

Coulomb corrections applied

| |
o SLAC E139 (Au)
e JLab E03-103 (Au)

0.8 J[ SLAC Norm. (2.5%)

| | |
02 03 04 05
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Calculation from S. Pieper

Density calculations

Calculation from R. Wiringa & S. Pieper

3He

—— p-density (Wiringa)
—— n-density (Wiringa)

—— p(n)-density (Wiringa)
- p-density (Pieper)

Average density:

 density (Wiri ..
p-density (Wiringa) finite

—— n-density (Wiringa)

proton

size

<pp> + <pn> — <pA> correction

A

Argonne
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R(x,Q’)

Dasu et al., PRD49, 5641(1994)

i : ) 17000
m — r[()'T (X,Q ) + SGL(X,Q )] [ x =0. : 15500

15000

7600

7400

Z (nb/str)

TPE can affect the € dependence (talk of E.
Christy on Thursday)

Coulomb Distortion could have the same
kind of impact as TPE, but gives also a
correction that 1s A-dependent.

A
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Access to nuclear dependence of R

New data from JLLab E03-103: access to lower &

Gold

No Coulomb corrections applied Coulomb corrections applied

x=0.5 x=0.5
1.05

B SLAC E139 Au Q=5 GeV?
A JLab E03-103 Au Q%= 4,4.4 GeV?

B SLAC E139 Au Q=5 GeV?
A JLab E03-103 Au Q%= 4,4.4 GeV?

24
—_
D'U
\<
©
N

1
0.95

0.9

R,—R,=0.0673445 +/— 0.0288021 I R\—R,=-0.0388513 +/— 0.0299763
| | | | | | | | | | | | | | | | | | | | | | | | | |

0.4 0.6 0.8 1 . 0.4 0.6 0.8 1
e/(1+eRp) e/(1+cRp)

A
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Why don’t we know the ratio at high x?

The deuteron is used as “poor person’s” neutron target.

= Mp /M
=1vn 12 P dyp(y)FY (2,

_— T Offshel

Probability of N of momentum vy
( Fermi smearing + binding)

Fermi motion -~

+ binding (EMC
 Subtract off-shell corr from deuteron data Inding ( )

« Smear the proton data and subtract
* Remainder is smeared neutron struc fn.
 Unsmear the neutron structure function

Fermi motion /'

Q.25 B 07D
w

. D (conw) =~
n = S, ( — F% )

* [terate A. W. Thomas and W. Melnitchouk, NP A 631 (1998) 296

Wednesday, April 15, 2009



Large x 1s essential for particle physics

O Parton distributions at large x are
important input into simulations
of hadronic background at

colliders, eg the LHC.
High x at low Q? evolves into low x at
high Q2.
Small uncertainties at high x are

amplified.

0 HERA anomaly: (1996): excess of
neutral and charged current events

at Q2> 10,000 GeV?

Leptoquarks
~0.5% larger u(x) at x > 0.75
S. Kuhlmann et al, PLLB 409 (1997)

LHC era is approaching.
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Why do we need high energy electrons?

T rE Ll Tt L eI I I rmmr T
9:4a° EGeV) 2 [Gevc)?]
1.45-1.84

§ <008 B L E N Al

|

"vmm i
8 087119
*M\a

T

Q? > 1 GeV?
W > 2 GeV

|
N e S A

: S 13 053-079

a0
aQdE’

/‘\

. AN PN
Bl e TR 0 027-047

I S S O

T T 10171

W2=(p+q)%=M2+2Mv — Q2

A A
/i \ 7 009-023

W2 = M2+ 1=2Q2

lllllll

Y T O |

eg. if x =0.9, then Q2 = 27 GeV?

45 0.06 -0.09
R Y ORI N (R R |

20 22 24 26 28 30

Practical limit at JLab12: x =0.8 W e
S. Stein et al, PRD 12 (1975)

03880383 % 0ud ona

(S}
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Ratio: Neutron to Proton Structure Function

O Proton structure function:

FY =z [§(u+a) + §(d+d) + 5(s + )]

O Neutron structure function (1sospin
symmetry): up(x) = dp(x) = u(x)

F} =z |3(d+d) + 5(u+73) + 5(s +3)|
O Ratio:

Fy _ utu44(d+d)+s+5s
Fg — 4(utn)+d+d+s+s

O Nachtmann inequality: x Pk v b AR

7 B P—éi < 4 . e Poucher et al, 6°10°
4 N FI) B 2 =0 n ;
2 s Bodek et al, 15°-34°

O Focus on high x:
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Structure Function Ratio Problem

Fél(l‘a Qz) =J dyp(y)[Fﬁ’(:r/y-. Q2)+Fé'(:13/y, QQ)] ‘ Nuclear density
model

~d nA 2 — N w et al
o — 1 4___lﬁl_[£b-__ 11 : Whitlow et al

@+Fé’ - PA—Pd | F§ Melnitchouk and Thomas

e Bodek et al.
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Structure Function Ratio Problem

O Convolution model

Fél(ﬂ?s Qz) =/ (ILUP(ZU)[Fé)(-’IT/;Ue Q2)+Fé'(‘13/l’/* Qz)] A Nuclear density

— p(y) accounts for Fermi motion and | model
binding, covariant deuteron wave
function

Melnitchouk and Thomas (1996)

Fermi smearing

O Nuclear density model:
EMC effect for deuteron scales with

nuclear density. I 2n/ F 2p - + ¢

Osipenko et al, NPA 766 (2006)

r (I ¢ ." A 'h YW o =
Fy =1+ _Pd__ [FQ - 1];8) a Whitlow et al

FY+F% PA—Pd | F§ o Melnitchouk and Thomas

O Theoretical efforts haven’t clarified the o Bodek et al

situation. New experiments and theoretical
works are necessary.

A
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Structure Function Ratio

—

«—— SU(6) symmetry

«—  pQCD

—

—

'«—— ocalar di-quark

m Whitlow et al

A Melnitchouk and Thomas Reviews:

e Bodek et al. N. Isgur, PRD 59 (1999),

S Brodsky et al NP B441 (1995),
W. Melnitchouk and A. Thomas PL B377 (1996) 11.

Craig Roberts: “a top priority”
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Tagged Neutron in the Deuteron — BONUS + CLAS12

Forward Electromagnetic
Forward Time-of-Flight Galorimeter

Counters ‘
\ \

Drift Chambers

High Threshold
Cerenkov Counter

 \

' Co.
) \
i s_,-_
/Y4
RTPC Proton g
Detector '
Coil Electromagnetic B
Gilorimeter

/ 4
o

Inner
Electromagnetic
Gallorimeter
Low Threshold
Cerenkov Counter

Frelg Cage Voitage Divider upport

Fleld Cage Electrodes
(nner Surtace)

» \
PADS
Electroces !
-

(Chord Wai) O3 : e

-1

ey Circt Voltage A
Left Module  Right Module Divider & Wires WIndow

‘A
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‘*

* PAC30: “conditionally approved”
 JLab E12-06-113, S. Bueltmann, H. Fenker,
M. Christy, C. Keppel et al




F?2p and parton distributions

x=6.32 10®

x=0.000102

x=0.000161
x=0.000253

x=0.0004
x=0.0005
x=0.000632
x=0.0008

HERA F,

—— ZEUS NLO QCD fit
—— H1 PDF 2000 fit

e H194-00
H1 (prel.) 99/00
ZEUS 96/97

~ BCDMS

x=0.0013

x=0.0021

x=0.0032

x=0.005

x=0.008

10

7'\

Argonne

NATIONAL LABORATORY

Wednesday, April 15, 2009

4
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Q%(GeV?)

-

LB AL | L l'l""l L) \J ll'Il'[ L] T nt ks b b A

Q% =10 GeV?

— ZEUS-JETS (prel.) 94-00
[ ] total error

ZEUS-O (prel.) 94-00
ZEUS-S94-98
v MRST 2001

—— CTEQ6M

xS (% 0.05)

> 3 — —
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The EMCUC effect

e

Aubert et al., PLB123, 275 (1983)
Nucleus at rest e e e

(A nucleons = Z protons + N neutrons)

Theoretical prediction:
A D n

after corrections due to the motion of the
nucleons 1n the nucleus (slowly moving
nucleons weakly bound)
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