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Course Outline

- Lecture 1: Beams and detectors
+ Lecture 2: Elastic Scattering:

* Charge and mass distributions
Deuteron form factors

Lectures 3+4:
Single nucleon distributions in nuclei
Energy
Momentum
+ Correlated nucleon pairs.

+ Lecture 5: Quarks in Nuclei

Nucleon modification in nuclei
Hadronization
» Color transparency
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Comprehensive Theory Overview

J ")A&‘a{w

Nuclear Theory, circa 1980 Nuclear Theory - circa 2000

Nuclear Theory - today: 1, 2, 3, .. 12, ... many



I't's all photons!

* An electron interacts with a nucleus by
exchanging a single™ virtual photon.

Scattered e

Incident e

Real photon:
Momentum g = energy v Virtual photon:
Mass = Q%> = Igl> - v =0 Momentum ¢ > energy v
Q*=-q,9""q”*-v*>0
_ N Virtual photon has mass!
gl

(v and w are both used for energy transfer)
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sant (e.,e’ ) spectrum

resonance

Elastic NUCLEUS
Quasielastic.
do A,
dw N DEEP INELASTIC
W EMC V74
| I B
2 2 W
Q 2 8 4 300 Mev
2A m 2m
PROTON
do Elastic A
dw N *
DEEP INELASTIC
“QUARKS*
L3 .
Q? w
2 m Generic Electron Scattering

at fixed momentum transfer
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Giant

[ ]
¢  resonance
Experimental goals: T
Quasielastic
A N*
S EMC “
2 o2 2

Elastic scattering

- structure of the nucleus L
* Form factors, charge distributions, spin dependenT FF

Quasielastic (QE) scattering

- Shell structure
- Momentum distributions
» Occupancies

- Short Range Correlated nucleon pairs
- Nuclear transparency and color transparency

Deep Inelastic Scattering (DIS)
- The EMC Effect and Nucleon modification in nuclei
- Quark hadronization in nuclei
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Inclusive electron scattering (e,e’)

Pt = (Ep, Dp)
(not detected)

N - (E/7 El)

Lab frame
kinematics ~
" =(w,q)
k= (E,k) g = kH — k' p' = (M,0)
Invariants:
P'py = M? pug" = Muw

Q= —¢"q. =71 —w®  W?=(¢"+p")* =p,p"*
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(ee’) Elastic cross section (p'? = M?)

Form factors
d 104 2 2 0
T = g [FH@) ¢ R @)+ il (@) kE(@)F e
E\[GE(QY) + 7G4 (Q7)

0
= OM o 1 e + 2T tan2 §G?\4(Q2)]

/ - 4 2
_ JM% %RL(QQ) n (qu2 + tan? g) RT(Qz)]

Mot ti : - :
OTT cross section For inelastic scattering:

M = gt (5 R, (Q")— R.(Q°.V)

" F,, F,: Dirac and Pauli form factors
Gg, Gy Sachs form factors (electric and magnetic)
Ge(Q%) = F((Q%) - TFy(0Q%)  t =gy
GM(Q2) = F 1(Q2) + Fz(Qz) (more standard definition of F, and F,)
R, , R;: Longitudinal and transverse response fn
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Notes on form factors

* Gg, Gy, Fyand F, refer to nucleons
- F(0) = 1, F2(0) = K, = 1.79

- F,;n(0) = 0, F,7(0) = k, = -1.91

- 6¢7(0) =1, 6,P(0) = 1 + Kk, = 2.79

- 6¢7(0) = 0, 6,7(0) = K, = -1.91

* R, and R refer to nuclei

HUGS 2012 Nuclear Physics Weinstein



V(r) [MeV]

100

W
=

=

Structure of the nucleus

* nucleons are bound
energy (E) distribution
shell structure

e nhucleons are not static
‘momentum (k) distribution

determined by the
N-N potential

on average:
Net blndlng energy: = 8 MeV

distance: ~ 2 fm

W, P short-range

repulsive core
«—°F

-50

r r
1 2 3 4 5
L Tam) @4 @
- d

. long-range

Strong repulsion
attractive part —> NN correlations "
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Shell Structure (Maria Goeppert-Mayer, Jensen, 1949, Nobel Prize 1963)

Further splitting Multiplicity

Quantum energy from spin-orbit of states
states of potential effect \ l
well including 1
angular momentum ’ 93, 8
effecls \
19 —(:
195, 10
— 2P, 2
2p ; ", 6 Closed shells
,\" Se— 2D, 4 indicated by
1 —————— 2 ‘magic numbers"
h of nucleons.
14 7 8
)
1d, 4 /
] 12(3’ —<—: 2s 7\
. 14, 6 \
(20
nuclear density 1018 kg/m?3  ®
.7 1p,, 2 o
1 8 2 .
1P, 4 ()
With the enormous strong force 1 N
s o ()]

acting between them and with so
many nucleons to collide with, how
can nucleons possibly complete
whole orbits without interacting?

But: there is experimental
evidence for shell structure

Pauli Exclusion Principle: =—» nucleons can not scatter into occupied levels:
Suppression of collisions between nucleons



Independent Particle Shell model (IPSM)

* single particle approximation:
nucleons move independently from each other
in an average potential created by the other nucleons (mean field)
spectral function S(E k):
probability of finding a proton with initial momentum & and
energy E in the nucleus
« factorizes into energy & momentum part

nuclear matter:
Z(E)
A

empty

23 4

E
nuclei: 5(ﬁ’ E) — Z I q)a(

No’r 100% accurate, but a good starting pounT
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Electron-nucleus interactions

Giant
res

Elastic

tic

IIT

NUCLEUS

I A .
N
VB DEEP INELASTIC
A\Y EMC '/
| I =
Q’ Qf | Q° w
oA oo ™ + 300 MeV,
PROTON
Elastic A
N* .
DEEP INELASTIC
“QUARKS”
LY L
Q’ w
2m
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IT. Quasielastic scattering

Giant
res
Elastic NUCLEUS
tic
A #*
N
DEEP INELASTIC
W EMC "
| I &
0t | @ | w
oA o ™ + 300 MeV
PROTON
Elastic A
N* .
DEEP INELASTIC
“QUARKS”
L3 L]
Q? w
2m
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Fermi gas model: ~

how simple a model can you make ?

Initial nucleon energy: KE; = p; /2m,

Final nucleon ener‘gy:KEf =p>/2m,=(G+p,) /2m

-2 > -
Energy transfer:,, _ KE, - KE, = qa 4P

2mp m,

Expect:
‘Peak centroid at v =¢%2m, +¢
‘Peak width 2gp;.../m,

*Total peak cross section = Zo,,+ No,, 15



Early 1970 s Quasielastic Data

-> getting the bulk features

700 T T

(o)}

o

(e}
I
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A
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& o
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do/dQ/dE’
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5100 MeV, 60 degrees R.R. Whitney et al.,
q = 5OOM6V/G PRC 9, 2230 (1974).
700 T T T T T T
= 600 - .

S L

= 500 - C |
& 400+ .
< [ \

> 300 ¢ '

% L

& 200t

T L

5 100+

o | :

300 08 o.io v lGeV 20 02 o.éo
Nucleus k= MeV/c g MeV
5L 169 17
“2C 221 25
2"Mg 255 32
*Ca 254 28
nEENj 200 56
89y 254 59
"GN 200 42
“®1Ta 205 42
20%pyp 265 44

compared to Fermi model:fit parameter k.and €
TO




Nuclear mass (A) dependence

c III: l',mi .
S oo , | i Heavier nucleus
D - Q%=256eV: | B .
S . 7 =>higher nucleon momenta
c | | s “He
8_ 0.010— *H Q% = 2.5 (GeV/c)? g"‘i - ebroadened peak
< [ “He | ,E,gﬁa ]
'.8 12 : a}?
() I ! , 4
Q) RN
W) 0005 I A u
o ST (same plot, log scale)
o 2c A L I A RN T
> RO -+ 4 1: L. . § om0 2” iy (GeV/c)zsg'@p&”a E
0.50 1.00 1.50 1.75 20 — L e AR N ]
0.75 1.25 9 ommof- g s
v(GeV) £ i
Y G o000 ) B
(@) ¢’c] 1
g ‘gﬁ 0.0010 — 4H€ ;/ : —
i3] 3 # s -1
Q 0.0005 |— by I - -
=0’ /(2m,v) g | Pl |
A= m, 9 12c 47
8 0.0002 |— C ¢ dorg —
S Rl NN

X=1%V=Q2/(2mp) 0.0001 | VA1

1.00 1.50 1.75 2.00

0.75 1.25
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Inclusive Electron Scattering from Nuclei: Two processes

Quasielastic from nucleons

‘ . lon
Cross section

inc

-
8/
—>
€
] K+ W2 =M
k
1
MA M2_4’ ‘_'k
X = Q%/(2mw)
0.8— T ™ — — L T
osl-X > 1 o x <1
0.4 i \ g A\
v'/( :A
ozl
| con
0~0_ u'l'u'.‘l:'”hf.—/l .‘I‘—l
Q0

elec.. -~ " _ ¢ W (MeV)

200 400 600 800 1000

Inelastic from nucleons (including
Deep Inelastic Scattering (DIS))

-
6,
-
€
S W2 > (M, + my)°
%
Y -
MA M:\_/|, ‘—'k

Inclusive final state means cannot
separate two processes

Exploit their different Q¢
dependencies

|Onucleon ~ (nucleon elastic form factor)?

| oprs ~ In(Q?) (at large Q?)

18



Cross section

Cross section (nb/(sreGeV)

1 :—)0000 [: T ‘ :i:: LI I L[ B S S A S BN N B A 1000 }— mTrTrI ' mrrI I::[' LA B | rrrrrro d
:_ 510 7 g 30002 © Q2:095
| | @ 2~ .— < f X ]
100000 — o1 g Q°=0.25 L : i :
. [ o
. [ o 1 1) [ -
50000 [ ‘:v, i 2 4 ‘é 1000 + ' ! 1
1 N : - ,’5"!‘1‘, ,,\‘n;:(/‘\\"”v":\:‘ L . > : x:
OL il Ix_ﬂ'l 1 . L © OL_A_M [ L1 1 Ll
0.0 0.1 0.2 0.3 0.4 0.00 0.25 0.50 0.75 1.00 1.25
V (GeV) V (GeV)
3He SLAC (1979)
600 '_T' I llll ‘ IIIII ™ 100 Mi """"" :I llllllll E
Lo x=1 o e S E %
400 | e 8o Q2:3 7 -
Q%21 & O s ix=1 .
200 I »,:{:’_:,‘,‘,f ‘8 40 + »
I N é 20 _ s
0 __L 1 ek v 1 l 11l 0 i . Aocko :.nL“-'\‘v Il 1 11
0.5 1.0 1.5 2.0 2.5 1.0 1.5 2.0 25 3.0
V (6eV) vV (GeV)

®As Q?>> 1 inelastic scattering from the nucleons begins to dominate

® Quasi Elastic scattering is still dominant at low energy loss (v), even
at high Q?
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Scaling

®*The dependence of a cross section, in certain kinematic
regions, on a single variable.

®If the data scales, it validates the scaling
assumption

®Scale-breaking indicates new physics

® At moderate Q? and x>1 we expect to see evidence for
y-scaling, indicating that the electrons are scattering
from quasifree nucleons

® v = minimum momentum of struck nucleon
®At high Q% we expect to see evidence for x-scaling,

indicating that the electrons are scattering from quarks.

*x = Q?/2mv = fraction of nucleon momentum carried by struck
quark (in infinite momentum frame)

HUGS 2012 Nuclear Physics Weinstein
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Classical Scaling

Galileo realized that that if one
simply scaled up an animals size
its weight would increase
significantly faster than its
strength, “...you can plainly see
the impossibility of increasing
the size of structures to vast
dimensions...if his height be
increased inordinately, he will
fall and be crushed under his
own weight”

Neohipparion (small horse) Mastodon

(a) (&)

Smaller animals appear

stronger
Strength  Area L’ 1 J

cC

Weight ~ Volume L’ Weight”" Explains why small animals can
leap as high as large one ...

. West, LANL report
HUGS 2012 Nuclear Physics Weinstein =~ &St LANL repor
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Metabolism

Metabolic rate B: heat
lost by a body in a steady
inactive state

Should be dominated by
sweating and radiation
(proportional to surface
area or weight?/3)

B o W2/3

—
(=]
o

Elephant

%
{

r slope = 2/3
\/, Rat
. Slope = 3/4

1 | | 1 | |
102 10° 102 104

Body mass (kg)
Best fit slope = 3/4
Therefore not just pure geometry

-Different shape animals
‘Different insulation (elephants have less fur)

Guinea pig

Heat production (kcal/day)
T

Deviations from the geometrical or kinematic analysis reflects the dynamics of

the system.

Deviations from naive scaling probe other features of the system

HUGS 2012 Nuclear Physics Weinstein 22



Scaling: Selecting the relevant variables
250 )
= 100l Co The Dace, a fresh water fish
e)) X R
~
€ 150
S,
O 100 \:{i:. .-
Q) N ', u..ZC?TI. R . . .
8 Fot Scaling and scaling violations
M LS reveal information about the
L ] dynamics of the system
- Tail Beat/sec
A. J Comhk'ned Resul's
<
"&m -
s |
o
—>‘~15,0._
2
o .
eTQU;— . _‘l:::'
o o
§-5.0— o‘&jh'
v c ;ﬁ | | | ]
0 5 10 19 2o 25 Knut Schmidt-Nielsen, from Scaling: Why is Animal Size So Important?

Tail Beat/sec
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y-scaling in inclusive electron scattering from 3He
R Ahtaiabl Baliiiadhunddhuthuts

3 100 Y T T T T T

% _,/
-~ 10‘_‘ - | — -
. i . 10f -
m N LY h 2 4 ~
S 0t - - | S 1F sl
O} | 5 a D)
R ! (D 0.1+ .
B 10 o i Nl sl
FOL S . 0.01 »
? P SHe(e,e') at 5 :
© : various Q? > 000tk
10°*L L_ ! — —t ’l_ - ,J_ LL 0.0001 L— i 1 1 R i 1 1
00 05 1.0 25 30 35 10 -08 -06 00 0.2
v (GeV) y (GeV/c)
_ o“*P . 1 dF(y)
F(y)  (Z6p+Nén) K n(k) - 2wy dy

Assumption: scattering takes place from a quasi-free proton or neutron in the
nucleus.

y is the momentum of the struck nucleon parallel to the momentum transfer:
y = -q/2 + mv/q (nonrelativistically)

IF the scattering is quasifree, then F(y) is the integral over all perpendicular
nucleon momenta (nonrelativistically).

Goal: extract the momentum distribution n(k) from F(y).



Assumptions & Potential Scale
Breaking Mechanisms

No Final State Interactions (FSI)
No internal excitation of (A-1)

Full strength of Spectral function
can be integrated over at finite g

No inelastic processes (choose y<0)

No medium modifications
(discussed later)

HUGS 2012 Nuclear Physics Weinstein
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Cross section do/dQdE’

Cross section do/dQdE’

Y-scaling works!
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—
o
[=]
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1074
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| |

2\ SHe

F)

||
2
3
A P P N B B
0.5 1.0 1.5 2.0 25 3
Energy transfer v (GeV)

-0.50 -0.25

= 0.25
1 ;
. Z, A = 26 56
10 T I T L) I T T T Ll I T T T T T I T
' Iron '
7~
>~
N
(-L ..‘
10_2 — ".i":‘fl
7
4
ot
10-4 1 1 L ’J 1 L l 1 A l L 1 l L
1 -0.75 -0.50 -0.25 0.25
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F(y.q) converges to F(y) at moderate momentum transfer

I.Zr' T T T T T T [ I T i

o.si 3H€
- y=-0.2

0.4
~~ ~~
o O
-~ -~
s 03 <
0.2 F
0.4} Fe,y = -0.2
L slope = 0.28
0.2}
0.0l l |
0.0 0.5 1.0 1.5 2.0
1/q
0.10 I I T
Fe
0.08 — 04
- Fe,y = -0.4
O X -
~ 006 slope = 35(-3)
w
0.04
0.01— _> OQ Hed, y = 04 —
slope = 5(-3) 0.02
I I R T R R
0.00 - . 0.00

1/q (GeV/c)?! 27 1/q (GeV/c)! 27



Final State Interactions (FSI)
complicate this simple picture

‘He(e,e') at 3.595 GeV, 30°

|

"'I' T TI'I’IITI rTTTrm

T
A}

o
l"—-l'ﬂ'ﬂﬂ'l'
."

\

0% /d0dw (pb/st Gev)
O,

1'.1 ! . l 1 Al L 1 1 1 1
0.5 1.O 1.5 2.0

energy 1055 w(GeV)

Benhar et al. PRC 44, 2328
Benhar, Pandharipande, PRC 47, 2218
Benhar et al. PLB 3443, 47
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Now let's separate R (longitudinal) Quasilas
and R; (tfransverse): *He(e,e') /N
do E' [Q* Q> 0 EQT:
10dE = UNIE q_,—4RL(Q2, w) -+ (2(1T2 + tan? 5) RT(Qz, w)]
Fix Q2 and w

1.  Measure do/dwdE’ at large E, and small 6
2. Measure do/dwdE’ at small E, and large 6

3. Take linear combination to extract R, Rt

goo_ll»lllllllvvvllllwv‘\|

800 — —

C 1 1
700 |- ' v -
600 — - _]

500 [—

400 —

L _ . 365 .
300 — _ ]

g MeV/c)

200 |- N —]
100 [— —

O_'llli‘lllIJlJ\ill(llllll\—t
n

do/dwdE’ (nb/sr MeV)

—

200 400

w (MeV)

Von Reden et al, PRC 41, 1084 (1990) 29



0.01

Fermi Gas Model: Too good to be true?

Erl Q4

Clee’)
|q|=400 MeV/c .

model

O‘OZL

0014

2

CTRLQ W) + (Q— 1 tan? 9) Re(Q?, w)]

242 2

y = minimum initial nucleon momentum
= mw/q - q/2 (nonrelativistic only!)
f = reduced response function

Quasielast

fu(@,w) o Réz(c(?cz’zc;) T T e

B Q
2 RT(Qzﬁw) &b i
@ G T o

I

. # b
.L Scales §~ i f‘m}? }zi;d{i# :
.T SCC('ZS - .i.*i N} mq:400_
+T=+LI AR
; | %1*‘3”-

To be explained laters— o

P. Barreau et al, NPA 402, 515 (1983)
Finn et al, PRC 29, 2230 (1984)

y (Gev/e) 08
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(a)

 3He(ee' )oio q=16eV/c ;7 4He(e,e’)]

(b |

What causes the T/L difference? | * 5%y
Quasielast > \ _ RT ;f{
Q - f R
o - L
3He 4He 0'0350 400 45(()0(;:\?) 550 600 350 400 4‘;(:(};5\?) 5;0 600
- - “TGeV/e| BT "l 750 GeV/c
q=056eV/c - q=056eY/c
_ ° —Ffa} B F ié:%% FT 3 FT FL_Q‘,@@@@% FT ¢ 3He: FT = FL (GT y < O)
T
Zi ! iy - 5%% ﬁﬁﬂﬂm %ﬂ% **Heand C: F > F_
o 2 e —
et : i . - % . FL i {} * Extra transverse reaction
& 0o vh mechanism in dense nucleil
=8l-q=16eV/ It q=16eVfc " " ,
< b Fob - *Gets smaller at higher g
6 — ¢ } o ? c - FT ~ FL F
4§FTzF[@m % (Dcv FT@ — %}ii‘g%oomﬂ
; f’owo & ® ? } } % )
43 i‘;? i “m%% SRR A B What is it?
Y BB .mrm . m S To be continued ...

01,0, 01 °° -01..0, 0.1

vy (GeV/c)

vy (GeV/c)

Meziani et al, PRL 69 41 (1992)
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(e.e’) summary

*Go to low w side of QE peak (y<0 or x>1)
»Scaling = knockout is quasifree
*Measure momentum distribution of
nucleons in nuclei

*But there are some complications

HUGS 2012 Nuclear Physics Weinstein

32



Get more information:
Detect the knocked out
nucleon (e,e’p)

coincidence experiment

measure: momentum, angles
. linitial
Pinit momentum

electron energy: E,
pr'OTon: pp' ~ —>
scattered electron: k, E,

I
x|
Q

reconstructed quantites:
missing energy: E,=v-T,-T,, -

missing momentum: p =g-—p,

in Plane Wave Impulse Approximation (PWIA):
direct relation between measured quantities and theory:

lEl :Em ﬁinit:_]_jm

HUGS 2012 Nuclear Physics Weinstein 33



Formalism (repeat from previous lecture)

Inclusive scattering:

- measure scattering angle 6, and energy E', (v = E, - E',) and the
cross section do/dQdv

One photon exchange:

3
€ _
Mp = q—zu(k’)'y#u(k) <n[Ju(0)|p, S >

1 dSk’
do — = " 2 4 ¢4 R
7 = o o Ml - )
] o s
= ME@ H#,dedﬂ
and Huv are the and hadron tensors

HUGS 2012 Nuclear Physics Weinstein
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Formalism Extension to (e,e'p)

tensor known (QED):

= YTl bl (ol yeralal)

= 2(k ky, + kuk},) + ¢’ guv Spln
dependent

Hadron tensor unknown:

< - —Z < p,S|J.(0)|n >< n|J,(0)|p, S > (2m)*6*(p + g — P')

— E/d4§exp(iq-§) <p,5@(§)@0)] lp, S >

Nuclear current
operators

Unchanged

Now we have another 4-vector (p') to make our

Lorentz scalars and tensors from.

Available independent four vectors for (ee'p):
* target momentum p,,

* photon momentum q,,

* proton momentum p’, (new for (ee’p))

HUGS 2012 Nuclear Physics Weinstein
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dbo
dQededEmlssdw
vrrRLT cos(¢) + vrrRor cos(2¢) ]

= KoMott [ v RL + vrRp +

And then there were four

(response functions, that is) where

K = (phase space)
oMoty = (relativistic Rutherford scattering)

(When you include electron and v = v (¢,w) (electron kinematics)

proton spin, there are 18. Yikes!)  Each R now depends on more variables
R= R(q/ W, Priss: Emiss)

(And if you scatter from a polarized spin-1
target, there are 41. Double Yikes!!)

HUGS 2012 Nuclear Physics Weinstein 36



(e.e'p) Plane Wave Impulse Approximation
(PWIA)

1. Only one nucleon absorbs the virtual photon

2. That nucleon does not interact further

3. That nucleon is detected

Cross gec‘rion dO'ﬁ — K5
factorizes: JE+ A0 dE-dO,

dQ

Single nucleon pickup reactions [eg: (p,d), (d,>He) ..] are also
sensitive to S(p,E) but only sensitive to surface nucleons due to
strong absorption in the nucleus

DWIA: If the struck nucleon interacts with the rest of the
nucleus, then the cross section still factorizes (usually) but we
measure a distorted spectral function.

HUGS 2012 Nuclear Physics Weinstein 37



(ee'p) Distorted Wave Impulse Approximation

(DWIA)
£~\1O g
Ep 0 py/,
g

E: 102{‘"/T\\ Udias RPWIA
0F RN Van Orden RPWIA
10k SF S Udias RDWIA
10 &

DWIA

10 3
10'8;—
‘Low momentum (p< 0.5 GeV/c):
use optical potential b
. 6II IHéO 200 300 400 500 600 700 800 ) 900
‘High momentum (p > 1 GeV/c): Priss - (MeV/)
use Glauber' C(ppr‘oximaﬂon A. Pickelsimer and J.W. Van Orden, Phys. Rev. C. 40, 290 (1989)

J. M. Udias et al., Phys. Rev. C. 64, 024614 (2001)

Distortions (FSI) make it harder to measure the nucleon
initial momentum distributions, especially at high momenta
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Measuring O(e,e'p) in Hall A

¥ s -. H « ) o.>
tracking cintillators
chambers

Waterfall

>

~ hanea ,I...mlp

 Beam
@@ s
\ scintillators
HRS,, <

Fissum et al, PRC 70, (2004) 034606

Pmiss [MeV/c]

Counts

e
@
o

100 |

100

140 [

-

P1/2
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200 -

S1/2

0

Coincidence Time-of-Flight [ns]

E

miss

[MeV]
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d°s/dode dQ,dQ. (nb/MeV/sr’)

10,,1 = 2.5°, <Pmiss> = 50 MeV/c ||

..... MEC+IC+Central

MEC+IC+Central
+Tensor

T T ddil {II .‘i

80 I1 OOI I 120
E_(MeV)

O(e.e'p) and shell
structure

S
[
[¥)
TTTT

nb/MeV/srz)
- =

d*o/dodQ A0 (

—
(=

Lo v o b o vy L v e |

* 2300 0 300 9"
Missing Momentum

1p1/2, 1p3,» and 1s,,, shells
visible

Momentum distribution as
expected for /=0, 1

Fissum et al, PRC 70, 034606 (2003)



But we do not see enough protons!

NIKHEF
T T T T T
1.0 f———— s IO
IPSM
48
T 0.8} 160 ,, Ca %0, -
L 65%
S 06f + ++ ++ + -+t
Lé')_ Li 40Ca 208py,
~_ i 12C
N 0.4 —
0.2+ —
VALENCE PROTONS
00 10" 102
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R, (107° MeV™® Ry (107° Mev'?)
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There is extra transverse
strength starting at the two-
nucleon knockout threshold

59, 2259 (1987); Dutta et al, PRC 61, 061602 (2000)



(e,e'p) summary

*Measure shell structure directly
*Measure nucleon momentum distributions
‘Extra transverse strength seen in (e,e’) due to:
* Two nucleon knockout via
*Meson exchange currents and correlations
-But:
‘Not enough nucleons seen!
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