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Search for Direct Evidence of Tensor Interaction:
High Momentum Component in Nuclei

I. Tanihata, H. J. Ong, and collaborators

Measurement of (p,d) and (p,dp) reactions on 12C and 160 targets using
proton beams at 200, 300, and 392 MeV in search of direct evidence of

2009.03.24 by A. Tamii

tensor interaction in high-momentum component in nuclei.

“Tensor Correlation”

“High-Momentum Component”

“Short Range Correlation”
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Probing Cold Dense Nucleon Matter

R. Subedi, et al., Science 320, 1476 (2008)
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RCNP-E314
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RCNP-E314 proposal

Momentum transler in (pd) scattering.
pe12C <o+ 1IC (blue, red, green) and ped > dep (purple)

1800
B PT@d deg
160044 ® PT@15deg /-“ 8=30" (p+ 12C)
A PT@30 deg

14004+
= + PTfor(p,d) elastic
S—
Euoo - . p, . el e
5 / 0Py
g 1000 @ 6=15° (p+120)
@ .
g // o — bt p— . —e0-O0—
s 800 :
=] |
=
E 600 ﬂ=ﬂ°(p+|:l:') By, RONP theory group (Tkeda, Toki, Ogawa, Myo)
s |1 I

400+

12
200 C 160
0

1
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Incident proton energy [MeV]



[1] L. Lapikas, Nucl. Phys. A. 553, 207 (1993)

—l'lltl" T T III_I'H'I' T I'l'llll T T |uu|x|l
: SE I 'EMPTY’ ORBITS -
Quasi—free & HIAL I o8- % ‘“031;34‘)’3% 1°8
b d L
(ese’p) S Db gl -
= Li “Ca  208py ]
at NIKHEF S L o 1 oaf .
. ﬁs I 1 1 30g;
Spectroscoplc Factor 0_2}_ VALENCEORBITS | oL ™ o 40,485,221
0] Q@
Lo 0.0
0.0t O T

TARGET MASS —

Fig. 9. Quasi-particlc strengih ESgy/(2j+1) for valence orbitals {lcft pancl) and for stales just above the Fermi
edge (right panel), ohserved in the reaction (¢,€'p) as a function of the mass of the target nucleus. All sirengths
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T T T ! ¥ Fig. 11. Summed spectroscopic strength observed
10k i for proton knackout from various orbitals in the
closed-shell nuclei 160 (411, 40Ca 133,38}, 48ca
- ) 1331, 90Zr 132) and 298pb 119,48] as 2 function of
= A the mean excitation encrgy of the orbitat relative 10
/\ — o the Fermi edge. The dashed curve rcpresents the
5 quasi-particlc strength caiculated for nuclcar matter,
E the solid curve is derived {rom the nuclear matter
pl/Z ® 1 curve by including surface cffects caloulated for
S ! 208pp [4).
=
P:.| 0o00@® G0G® 8 osf star  “Ca $ 4
® | 48
S | é square ““Ca
. . . . 02 tri 80 -
172 triangle “Zr _ 2.,
E 8
cross *®pp ---Z,
0.0 M ] " 1 L 1

12C ® e men —  Shell modelfiii B OAMNIHL -l
shell model 414 mi?: 60\-'70%@& DFEF- LT
“Independent Particle Motion” fELZRU !



2p1h*>1p2hd2nd-order self-energy M xhE
coupling to collective excitations
/ c.m. spurious motion MFHIE...

Long Range Correlations (LRC) ... several fm ... [3]

S-factor B/ % -3 b A B T &0 ey |
Short Range Correlations (SRC) ... = 1fm ... [4-12] | bl
V2
NN pair with oo
large relative momentum !
small center of mass momentum IR R

scalar and tensor NN interaction

~100}

IR E OGNy 7T U RSN G A FOER R |
&i\ 10@}iftjl§*2%&:iof/\‘§:‘/xghéo 2.3 HIF7>¥¥ WV (CE)

1] #EEELY 2 BFLETSTHRVANEYE A,
ENEENEAZ 1%, FICSRC pairing (28> TELS, (Hin

n-p pair & p-p pair DE# R 5D HVEE !
TV AIZKBEEINIYBREBIN S,



JLab, Hall-A

Beam: electron, 4.627 GeV, 5 and 40 pA
Target: C graphite sheet, 0.25 mmt (~50 mg/cm?)

Kinematical Condition: g=1.65 GeV/c , w= 865 MeV

Missing Momentum of (e,e’p) : 300-600 MeV/c
(e,e’p) trigger rate: 0.2 Hz

Y
0.55 GeV/c = 150 MeV !

3762GeVic o> HRS-L  19.5°

e 4.621 GeV/c \/

1.36 GeV/c = 710 MeV
p HRS-R 32°

0.55 GeV/c = 150 MeV
99°

g=1.65 GeV/c , o= 865 MeV
p orn

BBS or Neutron Array
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HRS Design Layout

Table 1
Main design characteristics of the Hall A high resolution
spectrometers; the resolution values are for the FWHM

Jdesign magnet effective lengths displayed)

Dimensions in meters
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Configuration

Bending angle

Optical length
Momentum range
Momentum acceptance
Momentum resolution

QQD,Q vertical bend

457

234 m

0.3-4.0 GeV/e
45%<dp/p< +4.5%

1x10*

Dispersion at the focus (D) 124 m
Radial linear magnification (M) 2.5
D/M 5.0
Angular range

HRS-L 12.5-150°

HRS-R 12.5-130°
Angular acceptance

Horizontal =+ 30 mrad

Vertical + 60 mrad
Angular resolution

Horizontal 0.5 mrad

Vertical 1.0 mrad
Solid angle at ép/p =10, yo =0 6 msr
Transverse length acceptance +5cm
Transverse position resolution 1 mm

Preshower

Carbon

Aerogel Cherenkov

S1,S2: plastic scintillators




BBS: [16] Supplement
96msr, 0.25-0.9 GeV/c, three planes of plastic scintillators
op/p=2.5% (from o6t=0.5ns) at 0.93T

Neutran Array:
88 plastic scintillators at a distance of 6m
1x3x0.4m3 | lead block of 50mmt + 20mmt plastic (c.p. veto)
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[16] Supplement
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Figure S2: Shown is the neutron detection efficiency versus neutron momentum. The data
are from the overdetermined quasi-elastic H(e, ¢'p)n reaction, which was used to make an
effective neutron beam while the curves are from a simulation. The green curve is for a 4.627
GeV beam and a low detection threshold, while the blue curve is for a 2.345 GeV beam with a
high detection threshold.
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p,,, proton knock-out: 1B(g.s.)

g [~ I/ T T | T T I}E 40:_ T T T LI T _:

o C ]

= 2000 3 30 E

@) O L 3

o : 5

10§ Y ]
1500—
1000~
500—

J| 1 ] ] | ] 1 1 ] | ] 1 ] | -‘11'{-1 ]
% 100 200 300

(e,e’p) missing energy  Eiss [MeV]

FIG. 2 (color online). The measured '’C(e, ¢/p) missing-
energy spectrum for p,.. ~0.31 GeV/c. The peak at 16 MeV
is due to removal of p-shell protons leaving the ''B in its ground
state. The shaded region contains events with residual excited
bound or continuum states. The dashed line contains events in
which the A was excited. Inserted is the TOF spectrum for
protons detected in BigBite in coincidence with the >C(e, €' p)
reaction. The random background is shown as a dashed line.
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[12] Shneor et al., PRL99,072501(2007)

pair ® c.m. momentum (%, Gaussian 170.136 +0.020 GeV/c (by Fitting to the data)
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between the p,,;. and p,.. for the p ;.. = 0.55 GeV /¢ kinemat-
ics. The histogram shows the distribution of random events. The
curve is a simulation of the scattering off a moving pair with a
width of 0.136 GeV /¢ for the pair ¢.m. momentum.
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Results:
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12C(p, Ppn) =92+18% for p-momentum of >275 MeV/c [11]
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Fig. 2. The fractions of correlated pair combinations in carbon as obtained from the (e,e'pp) and (e,e'pn)
reactions, as well as from previous (p,2pn) data. The results and references are listed in table 51.



A. Malki et al., PRC65,015207(2002)
A. Tang et al., PRL90, 042301(2003)
E. Piasetzky et al., PRL 97, 162504(2006)
12C(p,ppn) at BNL, Beam: 5.9-9.0 GeV/c
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FIG. 4. A schematic side view (a) and a
head-on view (b) of the EVA spectrometer and
the neutron counter arrays.
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FIG. 2 (color online). Plots of cosy, where y is the angle
between p,, and py, for 2C(p, 2p + n) events. Panel (a) is for
events with p, > 0.22 GeV/c, and panel (b) is for events with
Pn <022 GeV/c; 0.22 GeV/c = kf, the Fermi momentum
for 12C.

for p-momentum of 275-500 MeV/c



Results: Ratio between a p-n pair and a p-p pair

12 1

_CEeP) _g1ip)
C(e,e' pp)

Final State Interaction ™% (distortion, re-scattering)
|

Attenuation |ZpEnTHx v LT HENE,
Single-Charge Exchange 73 E12%h<
)

FSIZ3in23pi2 224k 5 % 5, GlauberdT{El 35 C 11% D & 5-
—9.0+£25
p-p pair 1%, p-n pair (2R TBUAIS DB DD 2[5 KEV,
—18+5

p-n pair DIFFERESR X, p-p pair [ZEE_TI8fF K&



R. Schiavilla et al., PRL98, 132501(2007)

Variational Monte-Carlo Calc.
AV 18 and Urbana-1X
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“the np cross section should
be at least an order of
magnitude larger than the pp

for relative momenta within
FIG. 1 (color online). The np (lines) and pp (symbols) mo- (300-600) MeV/c”

mentum distributions in various nuclei as functions of the
relative momentum ¢ at vanishing total pair momentum Q.
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“The dominance of the p-n over p-p
SRC pairs is a clear consequence of
the nucleon nucleon tensor force.”

“It is robust and does not depend
on exact parameterization of the
nucleon-nucleon force, type of
the nucleus, or the exact ground-
state wave function used to
describe the nucleons”
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Remarks on E314
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Appendix
W.H. Dickhoff and C. Barbieri, Prog. in Part. and Nucl. Phys. 52, 377 (2004)

Long Range Correlation: 2"d-order self energy

A )

(a) (©) (e)
o ___7.\ o
() ) | g

| f

®) (d) ®

C

Fig 37. Second-order self-energy terms represented by Goldstone diagrams (a) and (b). Extensions are made
by including TDA or RPA correlations in the particle—particle (diagrams (c) and (d)) or particle~hole channel

{diagrams (e} and (f)).
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Fig. 39. Proton shell occupation probabilities deduced from a comparison of the present calculation and the
(e, e'p) data [201]. The figure displays the calculated values with the ppTDA correlations in the self-energy.
multiplied by a factor 0.9 to simulate the effect of short-range comrelations.



