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Topics [the (e, e'B) ‘hierarchy’]

[ Cbmplex nuclei

[*He, 3He

[ DEuteron

e Limits of the impulse approximation

Dynamical relativistic e [Lecks

Nuclear transparency

Short-range correlations — J. Watson

Connection to neutrino probes

Medium modification of FFs — S. Strauch, O. Buss

e Testing ground of few-body theories

Benchmark experiments

Breakdown of factorization at high pn
3-body mechanisms

3He ground-state WF components
Triple polarization

e The nucleus we don’t know well enough

Severe discrepancies even at low E



The A(e, e'N)A—1 alphabet
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Complex nuclei

208pp (e, elg)207TI

e Successes and limitations of experimental studies and theory

= 208pp: textbook nucleus for MF approaches

= Exclusive (e, e'p) process probes di [erent regions of interior (0 < | < 5)
Em = 0(3s1/2), 0.351 (2d3/2), 1.348 (1h11/2), 1.683 (2ds/2), 3.470MeV (1g7/2)
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208pp (e, e[9)207T) JLab E05-105

e Cross-sections to pm = 500 MeV/c and A 1 up to pm = 300 MeV/c
e First time in true QE kinematics at fixed (w, d) ¥+ (430, 1000)

e Origin of excess strength at high pm,, — LRC or relativity?

- Compare spectroscopic factors to those at lower Q?
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Nuclear transparency in (e, e') JLab E97-006

- (Final-state) reduction of proton flux in (e, e'p) at high T,
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« Validity of optical-potential vs. Glauber approaches for FSI
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Correlated strength in S(Em, pm)

(Model) search for SRC

» correlations depopulate IP strength at low E, K (= Em, pm In PWIA)
e pbut also directly identifiable at high E *and* k, quasi- LKinematics best bet

e [ 80 % of IP motion (CBF, NPA 505 (1989) 267)

e correlated strength 0.61 + 0.06 (exp), 0.64 (CBF) in measured region
1.32 (CBF) total

(in terms of # protons)
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From A(e, e'd) to A(v,v'H) Madrid-Seville + Ghent

« RDWIA: complex optical potentials for p — A FSI
 RMSGA: Glauber multiple-scattering extension of eikonal + frozen approx
- goal: obtain FSI estimates for A(v,v'p) from transparency in A(e, e'p)
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180(e, e'¥)n : continuum JLab E89-003

e d°0, Ry, R 47T, R, measured for 25 < E,, < 120 MeV and Pm < 340 MeV/c
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180(e, e'P)n :

(1p1/2,1p3/2) states

RDWIA (full)

bound-nucleon spinor distortion
scattered-nucleon spinor distortion
no nucleon spinor distortion

RDWIA (full)

bound-nucleon spinor distortion
scattered-nucleon spinor distortion
no nucleon spinor distortion

pmiss
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Enhancement of lower components of bound (and scattered) Dirac spinors

crucial in description of A1, R.t
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180(e, e'P)n

JLab E00-102
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SHe(e, e'P)pn and 3He(e, e'P)d below QE peak MAMI/A1
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SHe(e, e'g)pn on the QE peak

ES89-044

e fixed g = 1500 MeV/c, wo = 840 MeV

® Ppm up to 1GeV/c, Ey, up to 1t threshold

e benchmark data (both channels)
O
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SHe(e, e'd)?H on the QE peak

ES89-044

e [same e~ kinematics] strong FSI for 150 < p,, < 750 MeV/c
» large discrepancies wrt theory near pm,, = 1000 MeV/c
e At shows breakdown of factorization (IF of PWIA & rescattering amps)
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[T IT Iset also nucl-th/0705.3951 (unfactorized calculations !)
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FSI in 3He(e, e'P)?H at high pm

e GEA: generalized eikonal approx (++rescatterings, A—1 excitation) ~ FSI

e Pisa WFs (AV18) — initial-state correlations

e no MEC (small), no IC (small ’
(small) (small) S

1,
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... however SHe(e, e'd)?H at high pm

e particular 3-body mechanism at p,, [ Z00MeV/c

e maximal in QE kinematics (X = 1)
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He¥,d@9)“H and Hede, d'g)pn

MAMI/AL

e QE (Q%? =0.31, w = 135, g = 570 central)
« 3NF, MEC negligible, FSI small in 2bbu, large in 3bbu

Apd
0.2 ‘ \ ‘ ‘ \ \ \
ZBB_"'a_"O'"'O"" ..... CD._._®_._.W .....
a\. OSBB ________________________________________ a
D
g
£
7
< -0.2F .
3BB—0F——=—=F m g
l+l
e = —
I 1 -1 1

target spin direction

17

:

[EEY

N

: _
.*@ '

Al Az

[Zbbu

Apwia = Apwia+Fs|
[ Kinematics + small pg

LI pdlarized p target, P, = —%PHe

[3bbu

Arwia=0(p 1t p )
ApWIA+ESI Iarge & negative
not a polarized p target

PRC 72 (2005) 054005, EPJA 25 (2005) 177



SHedk, d'p) MAMI/A1

Q2 = 0.67 at QE peak and on low-w side
e non-relativistic calc no longer applicable
» relativistic kinematics + approximate FSI (A-term) su Lcieht
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SHedt, d'd) E05-102

 better understand 3He as opposed to using it as e [eckive n target

= any polarized *He exp depends on this to some extent
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. . Xp:
x protons partly polarized due to S~and D configs Bjorken

» (iso)spin dependence of reaction mechanism (MEC, IC)
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SHe(k, d'd) — Krakow/Bochum calculations E05-102
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» sensitivity to small-WF components
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SHedk, a'd)p vs. 3Hedt, d'¥)d E05-102
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= no sensitivity to SHn proton channel
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Triple polarization 3 LY MAMI/A1

()]
A

« spin-dependent momentum distributions of picBelusters in polarized 3He
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Triple polarization 3He(, d')1 MAMI/A1

e PWIA: o, o7, oroyield spin-dependent momentum distribution

« FSI, MEC preclude direct access except at pg [2fm™!

e rich interplay [Tihal-state symmetrization: large e Leck in C3
[E3I: largest in C,
[ MEC: most prominent in C;
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d(e,e'v)

1JLab
Mainz

Gex p/GNM IR

T NIKHEF I }

1 1 I 1 I 1 I 1 I 1 I
0 50 100 150 200 250 300

pmiss (M@V/C)

e experiments [ sdlf-consistent

e all are [ 10 % below theory
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L/T separation in d(e, e'9)
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e also L/T data from Mainz but experimental error at low pn,

e discrepancies in L and T and no experimental program to address them
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d(e,e'p) at high Q2 E01-020

- Q2=0.8,2.1,3.5GeV? for 0 Cp}, [5D0MeV/c
e test Generalized Eikonal Approximation of FSI

= characteristic 6,4-dependence with predicted max. at 80°
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PRELIMINARY EPJA 28 s01 (2006) 19
see also CLAS E94-019
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Semi-inclusive deep-inelastic 2H(e, e'ds) X

e regions where FSI minimized [I_inVestigation of DIS structure functions
e regions where FSI maximized [_sthidy hadronization mechanisms
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FSI in 2H(e, e'gs) X

W =2GeV
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Polarization observables in ydl- pn]

e agreement w.r.t. th

eor¥

1H Cx’and C;but not for py

PRL 98 (2007) 182302
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= clean up the mess in existing data, in particular on py,
= input to (state-of-the-art) theory beyond E, [ 300 MeV
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Spin-correlation parameter AY eg 1N th(d a'p)
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Tensor analyzing power Al in 21H(é, e'g) BLAST
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Conclusions and outlook

[ Cbmplex nuclei < Breakdown of factorization
= Dynamical relativity
= Q?-dependence of spectroscopic factors
e Optical-potential vs. Glauber approaches to FSI

[Hie = Unpolarized = OK except very high pm
« (e,e'd) vs. (e,e'p) correspondence (g.s. WF components)
e |Intricate interplay of FSI, MEC, IC
= Triple polarization

[Deuteron e Unresolved discrepancies in XS, L/T responses
» Simultaneous description of C;'and p,
= Upcoming BLAST data on AY, and A}
e Pion and resonance physics with polarization
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Dynamical relativity (“spinor distortion”) in A(e, e'f)

O bound
0O continuum

[ ] [ ]
Iﬂj_dljﬁl B(M + Sp) + (Vp — Eb)£
(EIFIEI B(M + Sc) + (Vc _ Ec) Y

] ] (111
M1 [?HE*’-—M?—2E U“+ULddE1E& =0

- S
. M. S2—-v2Z2 1 1 g O DapH
Uu-=V+—-S+ + — r’db~>+=- —

E 2E  2E 2Dr2dr 4 D

s _ 1 Do

~ 2ErD
Sry = 14 5=V
E+ M
0o, o

d=QpE,, Y=0Q2Z&, Q pd & DYA(r)

(E+M)D(r)

PRC 72 (2005) 014602, PRC 71 (2005) 064610

33



1oo(&a't

) 1 polarization transfer

e gquest for modification of proton FF inside the nuclear medium

e pol. observables least sensitive to most nuclear structure uncertainties

0.00
-0.25

P/ P

-1.00

-0.25

P/ P;

-1.00

0.00 |

P/ P

-0.50 |

-0.75

-0.50 |-

0.75 f =

-0.50

-0.25 |

PRC 69 (2004) 034604

Gem(Q% p) =G¢ (QZ)
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SHe(k, d'd) — Krakow vs. Hannover E05-102
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« discrepancies in theories everyone believes in
e expected to run in 2008709
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