Recent Studies of Correlations in
Nuclei using (e,e'’p) Reactions

»The A(e,e’p) reactions
»>"0ur” definition of correlations
»Favorable kinematics for studying correlations
»Recent experimental results
»Limitations of reaction
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> Status of the field - other reactions
»Outlook
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Attractiveness of (e,e'p)

spectator
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In nonrelativistic PWIA:
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scattering
plane reaction
plane
Known: e, A || kin.: p]|lg, vary p, with w
Measure: e’, p electron kin. = const.!!

Infer: P, =q—pP= Paq
E,=w-T,-T,; Lkin: plg vary p,with g,

A-1 can be bound or unbound FSIII
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FavoraBle Kinematics

High p,,

probe small inter-nucleon distances |
. N
ngh QZ d*c Elastic Nucl
probe small distances JodO v UCIEUS | peep
less ambiguity about struck nucleon | Quasielastc A N Inelastic
can handle FST using GA or GEA

High XB ZQA; 51112 %4— 300 MeV ®
more than 1 quark share momentum —_—
reduce MEC, A contributions 5
d°c Elastic Proton 5
reduce FSI
interaction with more than 1 nucleon ! ! { :
2sz %+ 300 MeV ®

In this experiment, use “"semi parallel kinematics

Triple coincidence (e,e'pN)
Shalev Gilad, MIT
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. UntilEarly1990s

Valance states

»Moderate Q2

»Mainly "Perpendicular”, QE
kinematics

»Extract "distorted” momentum
distributions for moderate pm

»Non relativistic DWIA, Optical
Potential for FSI

»Shape of spectra well reproduced

»Occupancy - ~60-70%

»Explain excess at high p,, in terms
of complex states, LRC, SRC

ICTPOS8, Triete, Italy
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New data to p,, < 750 MeV/c in analysis

QE kinematics
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J. Gao et al., PRL 84, No. 15, 3265 (2000)
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Experiment:
-High-energy,
intense, high-
quality beams
-Small x-sections
-High Q%=0.8
-Const. Electron
kinematics, L
Analysis:
-RDWIA (Udias et
al.) un-factorized

-Fully relativistic
kinematics and
dynamics

-Enhancement of
WF at high p,,

-Occupancy = 0.7
OP <> GA, GEA
Shalev Gilad, MIT



°O(e,e'p). Q*=0.8 (6eV/c)?

K. Fissum et al., PRC 70, Ol =28 Piss> = SOMSVIC L MEA (bare)
034606 (2004) + MEC +1C

"""" (e.e'pp) + (e,€'pN)

1072
Data: N. Liyanage et al., e LT Teess
PRL 86, 5670 (2001) 10° Opq] =87 <Prieg> = 145 Melle
Calculations: J. 10 =T
Ryckebusch et al. o 8,0] = 16°, <Py = 260 MeVic

d8G / dodE,d€2,d<2, [nb MeV-2 sr2]
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[MeV]

ICTPOS8, Triete, Italy Shalev Gilad, MIT



—1ele eb)cH aT CoNnsST. clecTtron Kihema:

T - I - .
10 F89044: He( ep)d_
| E = 4.8 GeY _
[ Q% = 1.55 f:"' i
~ . Kmema‘ru -3:_ |
NL - N 1 ,;. '.fl,l . _
% B I -I B AY Vi |
~ | V2
> - il 1 l
) -
= 10° F A
E ":;'rl
“ B ’ data ‘\ -
> I {;L d—data "% -
i Ciofi—Full * i
B ’i“ /--~ Ciofi— PWIA\\ \ -
I ) — Laget=Full+3B§ .
- '/ — — Laget-PWiA % g
f / &’&1 —— Rocco—Full 1\ ‘_ ﬁ
I — — Rocco—PWIA
- — Udias—RDWIA 3 }
10_9 l I — + Udia K PW A "
Q1000 -500 0 500 1000
pmlss MeV/C

a” (ub/MeV/sr?)

10

M. Rvachev et al., PRL 94, 192302 (200.,

ICTPOS8, Triete, Italy

— — Laget—PWIA

l—— Rocco—Full

— — Rocco—PWIA

| Udias—RDWIA

— - Udias—RPWIA
I : I

- Luga1—FuII+3

200 300
pmlm

Shalev Gilad, MIT



a

" -
En= V“ (-"’{A—Q + V" 4"'1‘?; + pf ' —PE + 4"'[;. - 4"'1.4

Low p,, (still > k;): correlations? High p,, dominated by FS
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%Bui 3BBu "Dis’ror’rea" Sgec‘rr‘al Eunc’rions
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At p,, > pr spectral function is
much larger for 3bbu than for
2bbu due to correlations (SRC)

Fonction Spectrale Effective
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__AnAttempt fo Observe SRC

Predict a minimum in spectral function

at pmiss = 450 MeV/c
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Talk by J. M. Udias Spectroscopic factors up to Q?=2.0
Relativistic description of IPM
TN Enhancement due to LRC at |p,,| = ke

310 < p,, <370 MeV/c 4
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_ Another Approach fo Correlations

Daniela Rohe, nucl-ex/0601003

do —
40, dQ, dET,dEr, e SEmP) s

Everything done in || kinematics

]1(Q2) _ f‘,- ([pm (l}i?,n. .'\""f..r!)(h’nn Dm) - reduce FSI&> Z 1 GeV/C; XBS].
’ f‘,- dpm d Emn N sxm( h‘ﬂm ) pm)

In correlated region,

World data of nuclear transparency

for C, Fe, A Gari .. PRC43, 780 (1992)
0.8 : : : Ior ,e ul . gO?I:lcli(:lc:laa]..Phys.LcuB35|.87(|995) eXTr‘ClC‘l' Em SpeCTra for.
O Abott et al., PRCS0, 5072 (1998) .
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Measure in IPM region
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- b.orreiaotTea SstTrenaoTnm

<A (Pr)
) f Integrate spectral
Nexo(Prm) = dE,, S(E., py) function over E,, p,,
40MeV

i oresartiatey A i e B Measured correlated
omentum daistripution 1or .
parallel kinematics 51""3“91"“ In Ter'ms of ?he
number of protons

— 10
o 10'2; °
£V ~ 107 of protons are
=10k correlated
= E
[ ! . | ! | ! |
0.2 0.3 0.4 0.5 0.6
P, [GeV/c]
CBF theory Experiment 0.61 £0.06
Greens function approach -, .
selfconsistent, finite temperature G.F, (:' reens function t'heory [2] 0.46
ditis CBF theory [2] 0.64
SCGF theory [4] 0.61

Thanks to Daniela Rohe
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12C(e,e’'p)!B gs

Data: Preliminary Q?~2 (6eV/c)?
P. Monaghan f\‘le-.Z . . _
MIT thesis 2008 semi anti-parallel” kinematics
Calculations: J.M Udias Calculations: C. Ciofi degli Atti et al.
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~ 2 (GCV/C)Z P. Monaghan
~12 Ph.D. thesis MIT 2008

E_m for slices of p_m

' 2
En = (Mace + yMET22) =2+ M, — M, t
P,=0.8p, 1

P. = 0.8 p,, and A-2=(A-2)+25 MeV 1

12C(e,e’pp) £ i HJ_’H

R. Shneor © § ﬂ‘rw\

Ph.D. thesis TAU 2007 i ! Hﬁﬂr”'u{ﬁ
% 2

12C(e,e’pp) 3 15

Kester et al. ° w0

PRL 74, 1712 (1995) :
S-00

12C(e,e'd) Xxg =2 To

S. Penn ggﬁﬂ‘;

Ph.D. thesis MIT 1985 574y

S
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“kin 1”
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L I
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Remember

d’o

= K o SD ,8 ’
dQ)dQeddep ep (pm m p)

“Distorted” spectral function 4]

Reduces x-sections =
“Distorted” spectral function

Take out o, (=€C2) and
electron kinematics out
of x-sections

Fits to Landau distributions
to eliminate remains of n-
production events

ICTPOS8, Triete, Italy

Reduced Cross-section [ x10™° fm*/MeV ]

» 2 8 B wonsocdSRLEE

2 = B R BR-CrERERELE

I R TS N R )

B oo

-.E
-
s

i 175 <P, <225 MeVic
¥, Rp=1024 ¥=-0026
.,
- ""!.
I' A,
:1\ 1\ [ bl T
W PR P S St s e [
i— 225 < P . < 275 MeVic
= i."in B Wp=1089 §=-0.051
3 e,
= " .,
= ' . [ ]
;_ :TT .‘_'-- Ll TP
.- 275 <P, <325 MeVic
,j' .., T=1125 §=-0084
J; A
f & ey, ¥
# : iiiii .! --------
E— . 325 < P, = 375 MeVic
== ,"- ¥, H Y=1203 §=-0128
SN 2
e & A& Y iy
f—- f Y | . ’.....
375 <P, <425 MeVic
_.-E---;__ Ya=1286 ¥=-0.171
rjn -*E'l_'q
R ,1F el LY
_,{ ....... I 425 <P, <475 MeV/ic
_{‘ T, Tg-=1346 y--0207
."' i ol

Missing Ensrgy [ MeV |

Shalev Gilad, MIT




Reduced Cross-section [ x10°”° fm*/MeV ]

Kin 2

Central P, ~ 400 MeVic
275 <P,y < 325 MeVic
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Reduced Cross-section [ x10° fm*/MeV |
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Eomgar'e Eeaucea x—sec’rigns

Remember again: 1 i B
3 o 8
Reduces x-sections = o "t .t
"Distorted” spectral function P
" ; -
6 5 o
d ° - K O-ep LSD(p711987117p) E . § Pt u o * -
dod<2,dpdQ s EC -2 B
E i ' '
= HE | 5 <P, <425 MeVic
“Distorted” spectral function 4] “':c:_ é: ity 1 } ] e
i = # . % } A in
c = : n * . . . 2 H
Factorization is badly brokenl ¢ - -
or‘ % i E | ; <P < Eec
= ’ § . i
Poor knowledge of o,, at xp>1 ¢ h ves b
or‘ é E_ 475 < P, < 525 MeVic
BOTh . ;E . ' i : P : I E
>can we do A(e.e'p) un-factorized
. : I
calculations to continuum? o rhet gy {
1'i s ¥ i

>How to test o,, for x; >1
ICTPOS8, Triete, Italy Shalev Gilad, MIT

160 200
Mi==ing Ensrgy [ MeV |



. BrokenFactorization

160(e.e’p)®N - rel. dynamics
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Integrate fitted curves to get "distorted momentum density”
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“distorted spectral function is not very meaningfulll
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This means L kinematics!
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Do we have proper understanding of the off-shell o,, at xp>1 222!
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. GhostfromthePast
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Summary

»New data for 2C(e,e'p) at kinematics favorable to correlations
=High p,,
"High Q?
"xp > 1
="semi anti-parallel”

»>12C(e,e'p)!'B gs
= x-sections as a function of p,,
="effective momentum distribution”

»>12C(e,e'p) to continuum
"E, spectra for different p,, slices
=re-definde relationship between E, and p,, to take into
account recoil and excitation of A-2
*Reduced x-sections of E,(p,,)
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. Summary(cont)

»Extracted "distorted spectral function” is not very meaningful

»Compared data at x5 =1 1o x> 1
=Better agreement at lower p,, and lower x,

»Callenges to theorists
Do we understand Q,, at x; >1?
*Need un-factorized A(e,e'p) calculations for understanding
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