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SZEXH (2ETHRESADEE)

= REIVEA (2008FELIET)

E. lhara, T. W. et al.,
Phys. Rev. C 78, 024607 (2008).

T. W., E. Ihara et al.,
Phys. Rev. C 77, 054611 (2008).

= EREAE (2007FEET - REEFLHE)
M. Dozono, T. W. et al.,
J. Phys. Soc. Jpn. 77, 014201 (2008).

T. W., M. Dozono et al.,
Phys. Lett. B 656, 38 (2007).

= #HEFEEE (2005FELTLIET)
T. W., Y. Hagihara et al.,
Phys. Lett. B 645, 402 (2007).

T. W., Y. Hagihara et al.,
Nucl. Instrum. Methods Phys. Res. A 547 (2005) .
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EIJFHEII*)L#—(T > 100 MeV)d)ﬁﬁ&ﬂﬂ—i

= Smallest distortion
NN total cross section is minimum
Clean measurement
Simple reaction mechanism
One-step direct
Impulse approximation

= Spin-flip dominance at q=0
Proton energy T, (MeV)

Spin-Vector (o T)
> 10X Spin-Scalar(t)
GT(1+*) is predominantly excited ® TRIUMF

® LAMPF

— Franey and Love

=  Spin-flip dominance at small-q

Spin-flip modes are also dominant
at small q

Spin-Dipole Resonance (0-, etc)

is also predominantly excited
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200 400 800 800
Proton energy T, (MeV)




AEVICEAULT

= ASORAZEZTRIHE
2BVt (Spin-longitudinal)
AS & g B ¥E1T (0 ° q)
sics:Lorq 16UP) = 17(07)
2 t°y*§ (Spin_transve rse) We have omitted some results that have been superseded by later

experiments. The omitted results may be found in our 1988 edition

AS & q b\“@§ ( o X q) Physics Letters B204 1 (1988).

ExXAM@G25@%3 — p and T

I_ X Q o p a n n VALUE (MeV) DOCUMENT ID TECN  CHG COMMENT
= . 139.570184+0.00035 OUR FIT  Error includes scale factor of 1.2.

EB? . T o r p o r n 139.5701840.00035 OUR AVERAGE Error includes scale factor of 1.2.

= ASOmEE EFREF (AT=1)
ntPEF:J"=0-& o - q I6UPC) — tHa- )
AE Vit A REVIEW GOES HERE - Check our WWW List of Reviews
E?E’Z (Cﬂiﬁ?\ TP FE!ﬁ?’c‘:’ 7733- p(770) MASS
[RFEPORE T PEFZIRS hiiol-Hh
PPEF : JT=1+ & o Xq ettt A pocwerr g comenr
2V 775.49:0.34 OUR AVERAGE
[RFICIRTE o PRIFEET
- [RFEPORE o PRIFZERS
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Many Nucleon Force — 3NF —

= First indication of 3 NF 2m-exch. 3NF

Binding energies
of 3H and 3He

Smaller than exp.
by 0.5—1 MeV

Need 2 m-exch. 3NF

TM99, Urbana IX, etc.
d—p
at 135 MeV/A
= Further indications

d+p elastic scattering
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3NF effects are small

— Seen at cross-section minima
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K. Sekiguchi et al., PRC 65, 034003 (2002)



Isospin Dependence of 3NF

S.C.Pieper et al. PRC 64(2001)014001

= Evidence for 3NF
B.E. of 3H and 3He
Nd scattering/reaction
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Limited to T=1/2 system

= Binding energy for A=4
Two-nucleon force only
Significant under-binding

Close to exp. values
Still under-binding

= [sospin-dependent 3NF
lllinois three-nucleon forces (1L4)
To describe neutron-rich system

Energy (MeV)

!
B
%
S
N
X
B
A
RY
X

I
O
oc
>
O
o=
©
©
E
=
(]
n

Experimental information on
A=3/2 and T=3/2 systems are important




T=3/2 3NFs and Resonances

A.Hemmdan, W.Glockle, and H.Kamada
PRC 66, 054001 (2002).

= Recent Faddeev calculations for T=3/2 3N system (3n)
Only two-nucleon forces are considered

n=3/2" -1 37.96
J7=3/2+ -i 33.20 Far away from the
Jr=1/2- V. ¥¥yd positive real-energy axis
Jr=1/2* -i 48.34

Existence of T=3/2 three nucleon resonances
= Existence of T=3/2 three nucleon forces
(This work)

Information on T=3/2 three nucleon resonances

(Position and width)

= Information on T=3/2 three nucleon forces
(Future theoretical work)
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Previous Study of 3p Resonances
and 2p Correlation Effects

= Production of 3p (T=3/2)
SHe(p,n)3p at 48.8 MeV

=  Comparison with 4-body
phase-space calc.
would be inappropriate

2-protons in 3He form
Strongly correlated

6=20° 3p resonance
®

6=20° 2p correlation

3-body phase space calc.
would be appropriate
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3 Excess from 4-body phase space

=2p correlation effects
(NOT 3p resonance)

L.E. Williams et al.,PRL 23(1969)1181.
M.Palarczyk et al.,PRC 58(1998)645.

5 110 15 8 8
Energy transfer o (MeV)
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Power of Polarization Observables

Filtel' tO spin-PaI'ity M.Dozono et al.,

J.Phys.Soc.Jpn.77(2008)014201

Resonance has definite spin-parity 2C(p,n)"’N at 296MeV and 0°

= J7™ sensitive probe is useful
to identify resonance

= Polarization observables are powerful
- Sensitive to spin-parity
Example for O+— J7™ (AS=1) transition
= PWIA with central only
D, = %(ZSNN -8,.)= %(1_ 2D\y +D,;)

Cross section (mb sr! MeV_l)

— 1

§ D, = SLL = E(I_DLL)

Q

° 1+ 0.33 0.67 0.50 AV AR

= 0- 1.00 0.00 o0 > il } ]

< Q . ++ |

ks 1- 0.00 1.00 0.00  Sosttyettystetsy, Lty

g 2- 0040 0060 0-66 o'o..l.l.l.l.l.l.l.

&J—) 3 4 5 (] 4 8 9 10
QES 0.20 0.70 0.29 Excitation energy of *N (MeV)

Measure D; (D, /D) for 3He(p,n) — Identify resonance and its J™
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- EXperiment -RCNP Ring Cyclotron Facility-

Polarized proton beam
+ T, =346 MeV

—_— (o)
BLP1 & (b

AN N2
A\
ool

4ir\ig Cyltnfoh
X R\
Cooled Gas Target (3He) /

~11mg/cm?
(T~25K, P~2.5at

/_
/-

SOL1 & SOL2

2002000089
.
=

-
“=




Neutron Detector/Polarimeter NPOL3

T.W., Y.Hagihara et al., NIM A 547(2005)5689.

CPD Veto/CPD -« Veto/Ildentify protons
A HD - Neutron scatterer (analyzer)
bk Catcher --- Detect recoil protons
~ 4 Left/Right asymmetry
— Neutron polarization

® Present data
O LAMPF data
— Fitting

300 400 500 800 700 800
Incident energy T, (MeV)
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M Consistent with previous data = High reliability

M. W. McNaughton et al., Phys. Rev. G145 (1992) 2564.



Results -Background Subtraction -

= High S/N compared with Indiana data
Thanks to relatively thin Alamid window

= B.G. including narrow peaks and broad bump (SDR)
Successfully subtracted without adjusting relative normalization
Demonstrating reliability of our data

iSp rest mass (E,=0)
12C(p.n) *N(g s.)

SHe(p,n) at 200 MeV at Indiana

40 -
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Our data




Results - Polarization Observables -

e
[
N

= Comparison with QES

Free NN values
(w/o resonance effects)

o
[
o

o
Q
o

- Phase-shift solution FAO7
Cyan band

- Modern NN potential
(AV18, CD-Bonn, Nij93, Paris)

Significant deviations in D, and D, /D

Signature of resonance (?)

= D, /D+ for resonance
QES( B.G.) D /D;=0.4
Exp.( B.G. + ) D./D;>0.5
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0.00
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Resonance D, / Dy > 0.5

ZLs -
= Determination of J* Energy transfer w, (MeV)
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Spin-Parity of Resonance

DWIA calculations with dw81

Optical potential
Global potential for 4He
Reasonably reproduce our A, data

NN t-matrix
Franey and Love at 325 MeV

Transition matrix element
G-matrix effective interaction for A=3
- Hosaka et al., NPA 444, 76 (1985).
Os-0p-1s0d-0f1p with OXBASH

DWIA results are insensitive to params.

°He(p,p)
T, = 346 MeV

0 2 2 0 &
Oom. (deg)

Resonance Jt=1/2"
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Energy and Width of Resonances

Assumption

“Incoherent” sum of and QES

Resonance QES
o (0°) = o'r (0°) + oS (0°)
o™ (0°) D5 (0°)
—o'r (00)D1/2 (Oo)_l_O,QES (0°)D2,£S(0°)
o (0°) D (0°)

_0,1/2 (OO)D;/LZ (00)+0,QES(00)DQES(00)

Bright-Wigner func. (with Phase-space)
A I/2
7 (0-w,)" +(I/2)’

1/2 (O )_

This w<30 16x1 10£1 11x3
work

Williams et al. ot 10.5%1

40
Energy transfer w,,; (MeV)




Summary

= First measurement of complete polarization transfer
D, measurements for 3He(p,n) at O

Clean measurement with high S/N (~6)
Highly precise and reliable data

= Signature of T=3/2 resonance in D, and D, /Dy
Spin-parity 1/2-
Energy E, =10 = 1 MeV
Width =11 £ 3 MeV

= Future perspective
Detailed theoretical investigations are highly required
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Motovation - Medium modification of NN force -

= Nuclear medium effects on NN interaction in nuclei
Conventional medium effects :
Nuclear binding / Pauli blocking = | EE.
Relativistic mean field effects )

Medium modifications of o -meson
- Meson / Nucleon masses mass scaling

- Coupling constant " | Clear reduction

of 3,

Averaged Density ( fm_‘z;)

= Experimental efforts to investigate these effects
Exclusive (p,2p) reaction from s-shell
Direct comparison of NN in free space with NN in nuclear medium
Distortion effects of recoil nucleon are large (T,< 100 MeV)
- Difficult to obtain absolute values of effective NN interaction
Stretched states via (p,p’) and (p,n)
Reliable treatment for distortions (T, =T,)
Transition form factor is known from (e,e’) scattering data
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Enable us to assess the absolute size of NN interaction in nuclei




How to measure medium effects

= Factorize impulse approximation (FIA)

Oa (g, @) = N, = owlqw) - R(q,w)

D.. = (Distortion)® (NN interaction)® (Response)
= Polarized cross sections and KMT NN amplitudes
NN scattering amplitude M in KMT notation

M = A+ Bo,,0,,+C(0,,+0,,)+ Eo, 0 +FO,,0,
Experimental | and D; = 1Dy, Id,, 1D, 1D,

1
IDq =Z[1_D +qu_Dpp]= ND.|E|2. R‘I

nn

D, =£[1—D -qu+1)pp]= N,,-|F|2 ‘R,

/l

nn

Seminar at CYRIC - REY TIESIRFEDSHYE -

If R is known
— NN amplitudes (E,F, etc) can be studied separately
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Stretched state - R is known from (e,e’) -

= Stretched states (ex. 28Si) |y

28 28
5/2 7/2

28Si(p,n)?8P 1ds,, n-hole and 1f,,, p-particle 1d,,,
25y,

= Spin-transverse form factor (response) : R, 14,

R, is given by the (e.e’) data oe_ 1p,,
—Less ambiguity in theoretical calculations e00e 0888 1p,,
—Reliable information on effective NN interaction Proton Neutron

20 e s,

= Spin-longitudinal : R,
Nuclear correlation effects are small
for stretched state transitions
Transition probability=nuclear surface

...
9
w

283i 87,T=1 at 14.36 MeV

...
9
FS

)
o9 - o,

Also less
ambiguity in R,

Spin-transverse response R,
=)
&

1 1 1 1 1

0.5 1.0 1.5 2.0 25 3.0
-1
Momentum transfer g (fm™)

3.5



Results of 28Si(p,p’) at IUCF
- Motivation of this experiment-

= Two controversial explanation ' ?W“; ;vith
ree

Reduction of o-meson mass
= 20%

(Density independent calc.) DWIA with
modified NN
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Mixing angle between
T=0and T=1 =213°

Later “density-dependent ” DWIA
— The effect is too small

(Surface peak of transition density)
= Important to study isospin
mixing effects

= Advantage of (p,n)
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Excite only T=1 states
Exclude isospin mixing effects
Ideal probe for medium effects

E. J. Stephenson et al., PRL 78, 1636 (1997)




Research Center for Nuclear Physics
Osaka University

Thanks to M. Dozono
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g = Beam swinger
= 198 MeV Polarized protons Cover g=1.0-2.4 fm
Same as (p,p’) at IUCF (reliable DWIA) _ Neutron measurement

* Beam polarization NPOL3 with 100 m TOF
Control with 2-sets of solenoids




Neutron detector/polarimeter NPOL3

Thanks to E. Ihara

= Neutron detector Charged Charged
= 20 sets of 100cm X 10cm X 5cm hodoscopes particle | . Particle
- Fast response PMT(rise time < 2ns) Veto 4 Detector
Large solid angle : 0.1 msr at 100m &lrl |
- Efficiency : e~ 0.03
Energy resolution
- 300 keV for 200 MeV neutrons

= Neutron polarimeter
Polarimetry
- n+p scattering in hodoscopes

Scattered neutrons/recoiled protons are
detected with catcher

Performance
= Ay = 0.13 for 200 MeV neutrons
- FOM=1.0 x 104

" Catcher for
Scattered
neutrons and
recoiled

Hodoscopes 'ﬁ

Seminar at CYRIC - REY TIESIRFEDSHYE -
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Energy spectrum and peak fitting

= Energy spectrum 5 5
Prominent 6- peak at 4.94 MeV “Sipn)"P = Fitted region —=

480 keV FWHM TmiseMey [ O AN

With thick 123 mg/cm? target

2]
o
o

Gom,=1.8fm™" |

1*;4.63 MeV 5.19 MeV
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1*;3.51 MeV

= Peak fitting
With known 7 states in 3-6 MeV

3.16, 3.51,4.18 4.63 - _
, 9.19, 5.82 MeV Excitation energy of *®P (MeV)

Good reproduction of exp. data
Reliable 6- yield for q=1.0-2.4 fm-!

¥ 3*;3.16MeV

SR 418Mev
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Cross Section and DWIA Calculation

= Smooth g-dep. specified by L=6
Clear separation of 6- from
neighboring states with AE=500keV

Consistent with previous work

® (p,n); This exp.
O (p,n); Pourang et al.
—— DWIA (N =0.33)

= DWIA calculations

Slightly sensitive to OMP
(shown by band)

DWIA reproduces our data
g-dependence
Absolute values

- OMP (Distortions) Reliabl
- S-Factor (Form factor) ellable
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0.02 :
0.5 1.0 1.5 2.0 25 3.0

Momentum transfer q (fm-l)
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Comparison with DWIA enables us to obtain

the information on absolute values of NN interaction




Results
- Comparison with (p.p’) and DWIA-

=  Comparison with (p.p’)
(p,p’) data multiplied by 2 (Isospin C.G.)

Experimentally exclude the possibility
of isospin-mixing effects for the

discrepancy in (p,p’) case

©® (p,n) data
O (p,p') data (x2)

— DWIA
N=0.33

Q

=  Comparison with DWIA
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ID,: Under-prediction
ID, and ID,: Reasonable reproduction 0g

10 15 =20 10 15 20 25
Momentum transfer q (fm™!)
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Modification of NN amplitude in KMT
v Spin-longitudinal E : Reduction

v Normal spin-transverse B : Enhancement
v Other amplitude A, C, and F : No modification




Energy half-off-shell effects

= Conventional medium effects
Nuclear binding, Pauli blocking etc.

Sammarruca et al. show that these effects

are too small to explain (p,p’) data

= Non-conventional medium effects
r-meson mass modification

v'Density independent DWIA
— Qualitatively:O, Quntitatively: X

® (p,n) data

— CD-Bonn
On-shell

— CD-Bonn
Off-shell

v'Density dependent DWIA
—Effect is too small (Surface peak)
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Reaction Q-value=-20.6 MeV > 0O

Energy on-shell / half-off-shell t-matrixes T R R ra—
are deduced from CD-Bonn Momentum transfer ¢ (fm™)
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Partly explain the discrepancy in ID, and ID,, — Effect is too small
More comprehensive and detailed t;teoretical analyses are required




Summary

= High resolution measurement of 28Si(p,n)28P(6-) at 198 MeV
= 500 keV FWHM — Clear separation from neighboring states
- Good statistics for investigation of effective NN interaction

= Comparison with theoretical calculations and (p,p’)
- Consistent with (p,p’) data
- Isospin-mixing is NOT responsible for discrepancy in (p,p’)
- Reliable calculations with responses normalized to (e,e’)
- 1D, (o< E) : Small quenching
- 1D, (o< B) : Significant enhancement
- Enhancement of B is also observed in QES data

= Comparison with energy half-off-shell calculations
= Effects are too small to explain the data
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Spin-lsospin Modes in Nuclei

M.Ichimura, H.Sakai, T.W., PPNP 56(2006)446.

= Spin-isospin responses have been widely studied via

GT/M1 at g~0 and small w 400
(p,n) , ((He,t), (p,p)

SDR at small q and small w ah
(p,n) , (d,?He) 30( region

QES at large g (1-2 fm-') and medium w
(p,n)

Spin-longitudinal at wide g and small w
(p,n), (p,p’) (Dispersion matching)

Pionic atoms at small q and large w (m,, Plenic
(d,3He), (p,2He)

100

= |n progress

GT at small g and medium w
ICHOR/SHARAAQ at RIBF by U-Tokyo

Gamow-Tel ler
Resonance
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Goal: Understand spin-isospin responses in wide (q,w) in a unified way

v'Pionic and rho-mesonic correlations in nuclei
v' Tensor correlations in nuclei




Nuclear Correlations and A Effects

= Effective Interaction
Veff — + VT

Longitudinal () h

= T+0+9 model
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Spin-longitudinal = o e
Spin-transverse  Vp = V£ + VM -
= NN(p-h) effective Interaction * Momentum transfer g (fm™")
= fonn ( + g ) (71 m2) (o1 - @) (o2 - @)
. i n-exc2hange %rt-range repulsion
Vr(q,w) = ::ZZTN (prz — ;2 — miFiNN + QEVN> (11 7m2)(01 X §)(02 X §)
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p -exchange
= Extension to N+ A system for LM interaction

JrNNfrNA : :
— 5 2-free parameters: g’y and g’ya
m

T




GT Strength and Landau-Migdal Parameters

K:Yako et;aly; PLB-615(2005)193.

= g’ Dependence of GTGR 07r(p,n)
RPA(1p1h) by Ichimura group Tp= zbfsgiev
GTGR peak position
Strongly depends on g’ yy

g'vn = 0.6 £ 0.1

Weak g’y , dependence

T
>
v
2
=
=
Q

10
Mass difference w (MeV)

- g’ys Dependence of Q Fira =0.3540.18
Q=0.86=*0.07 (quadratic sum of errors)
Q evaluated in RPA

Strongly depends on g’y

g'va = 0.35 +0.16

Q=0.86+0.07
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Quenching factor @

ghs =0.5

4
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— Continuum RPA




Pionic Enhancement In

= Effective interaction at large g

Especially for NA with small g’y

o
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= Quasi-elastic scattering at large q

Voﬂ(Q.ﬁ’

Enhancement by attractive m-corr.

Quenching by repulsive p-corr.

= RCNP/LAMPF data on 12C
at g=1.7fm"!

Exp. = >

Pionic enhancement/correlations in nuclei

Exp. > >
Attractive rho-mesonic correlations?
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Energy transfer w,,,




New Experiments at RCNP

= Results of quasi-elastic scattering

Enhancement of spin-longitudinal
Quenching of spin-transverse NG

Enhancement is really due to attractive pionic correlations ?
Spin-longitudinal/transverse modes were separated with D;
Simple reaction mechanism was assumed

QES data are limited at q~1.7 fm-!
Pionic-correlation effects were NOT measured at wide q

= New experiments
Measure s of 1%O(p,p’)'60(0-,T=1) --- RCNP-E155
Pure spin-longitudinal mode — Separation with D;; is not needed
Measure D; of 12C(p,n)'2N(1+,T=1) --- RCNP-E256
g=0~2.0 fm"!
g-dependence of - and p-exchange interactions

1
Bk
2
S
E
l%
f
Bt
)
N

|
O
o
>-
o
=
(4]
S
=
e
Q
N




i)
()
(@)
o
T
()]
o
o
()
<
()
(@)
-
©
L m
Bl
(i °F
1]
Al
I
.
()]
e
Q
e
o
-
2 BN
n b /‘ e
0 )\ ¥ (@]
S (&) /‘ ©
%RG ._“\ - \.\ ‘ ﬂla b |
.nnu \ A W e
o
o 3]
(O] @]
\ J (I .’/"
D

- FRYPEOAFESH2 <Y - DIHAD 1e Jeulwag



Pionic Enhancement in 8O(p,p’)1°0(0-,T=1)

T.W.’et al., PtB'632(2007)4385.

= |sovector J™=0- excitations 0(p )
Carry m-like quantum number 7. 296 MeV
Pure information on pionic mode

= Experiment: 1°O(p,p’)160(0-,T=1)
AE=30 keV with WS+GR
Oem = 0.9-2.1 fm-!

Yield (Counts)

= Comparison with Theory
— Without correlation (Free)
Significant enhancement 180(p.p)%0(0~, T=1)
Tp=295MeV
g’s are same as those in QES
- Parameter-free calculations

Predict the enhancement of
the 3rd peak (g=1.7fm")
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Our data support pionic enhancement
Signature of precursor for pion

condensation in pure pionic mode




Neutron Detector/Polarimeter NPOL3

T. W.]Y."Hagihara'et al., Nucl. Instrum.'Methods' Phys. 'Res."A"'547 (2005)

Analyzer : 20sets of 1-dim. position-sensitive counters (hodoscopes)
: 2-dimensional position-sensitive counter

= Neutron detector mode

High energy resolution ~500 keV Charged

particle g
detector Q&

Catcher

& 2
o o

Yield (Counts/50keV)

A\ -
0.0 25 5.0 7.6 o”
Excitation energy of *N (MeV)

= Neutron polarimeter mode

Neutron polarization is determined from
asymmetry of n + p events

High performance FOM=1.0x 104
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Accuracy of Polarization Data

T.W;; €.lhara et al-;;;PRC 77, 054611 (2008).

2H(p,n)2He at Odeg.
Reliable theoretical calculations
Reliable experimental data

Benchmark reaction
= accuracy of polarization data

- . Bugg and Wilkin
Theoretical calculations

(Calculation)
Including deuteron D-state ' LAMPF
Including p-p FSI (2He) RCNP
= LAMPF data

Consistent with calculations
Calculations are reliable

Consistent with LAMPF data

and Calculations | 200 300 400 500 600 700 800
Incident energy T, (MeV)
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Our polarization data are reliable

and accurate within 3%

D.V. Bugg and C. Wilkin, NPA 467,575(1987)
M.W.McNaughton et al., PRC 45,2564(1992)
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Pionic Enhancement in 12C(p n)'2N(1+,T=1)

= Polarized cross section
ID, = KN R,
ID = KN |F/? R

Separation of m/p-mode
with PTO is reliable
=  Comparison with Free

Significant
enhancement

Cross section o,, (mb/sr)

-
o
-

e
°©

s T.W.,'M.Dozono, et al.,
‘ PLB 656(2007)38.

Momentum transfer g (fm'l)

1.0 15

=  Comparison with

g’s are same as
those in QES

Parameter-free

Predict the
enhancement of
the 3rd peak

Our data support ALSO
pionic enhancement
= How about p-mode?

Spin-longitudinal 7D, (mb/sr)

PR |

T T R T R TR T
Momentum transfer ¢ (fm™)

0.6

1.0 1.5

Momentum transfer g (fm")



Nuclear Correlations in '2C(p,n) '2N(1+)

= Theoretical prediction for GT
B(GT) is normalized at g=0

Suggest attractive p-corr. at large

|
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by — g’ effects have been excluded & [®)
S 3 Q
X Gl 72
N -
'% =  m-mode S L

g ~

& At large g % 3
2 Exp. = > g i
o . © 100 0 50

"f Attractive m-corr. at large g Energy transfer w,, (MeV)
O
<8 = p-mode
7 At large g

il Exp. > >
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p-mode enhancement in QES
— NOT due to p-corr. problem
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Difference between Two Spin-Transverse Modes

_In-plane ______ Normal

Spin-transverse mode S
&
ID, = KN|F2R}
Normal 0
ID, = KN|B|“R,
In intrinsic (target) frame, p=n _
Rp:Rn 00— B

Energy transfer w,; (MeV)

T T T [ T T T [T T T [T T[T | R B B B

=b)53®

T

Cross section (mb/sr)

{

Experimental data

Exp. >
Normal
Exp. >>

Response function (R) and
distortion/kinematic factors (KN)
are common

= NN t-matrices are modified?

Cross section (mb/sr)

S T I T B | T | R T I | A T
0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5

Momentum transfer g (fm—l)
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Polarized cross section (mb/sr)
o
R
|

Toy-Model Calculation

Stretched State

Normal spin-transverse B is enhanced in nuclei
vRed : DWIA + Free NN
v'Blue : DWIA + Medium-modified NN
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Momentum transfer g (fm™") Momentum transfer g (fm™!)

Polarized cross section (mb/sr)
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Summary and Future Perspective

= Results of recent experiments
Measure s of 160(p,p’)'¢0(0-,T=1) --- RCNP-E155
Pure pionic mode — Separation with D;; is not needed
Observe the pionic correlations (enhancement)
Measure D; of '2C(p,n)'2N(1+,T=1) --- RCNP-E256
g-dependence of - and p-exchange interactions
Attractive contribution from both m-/p-exchange at large q

+p+9’ model interaction is adequate for describing

spin-isospin responses of nucei in wide (q,w)

= Enhancement in spin-transverse ID, and ID,
Medium modification of NN t-matrix in normal-spin-transverse (B)
Short-range tensor effects should be also investigated
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= New experiments at RCNP

E313 (Yamada-san) : Medium effects of p-n interaction in nuclei
via (p,pn) reactions
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SD Sum Rules

Non-Energy-Weighted Sum Rule (NEWS)

SD Operator T.Suzuki and H. Sagawa, NPA 637, 547 (1998).
. R S
O Z 7';:7“,5 [Y1(7;) X 0',5]“
2
SD sum rule 22 & 1

§* — 8% = (0[]0, OH]|0) =

SD sum rule values
= Analytical values with harmonic-oscillator W.F. in Thw

(N(r®)n — Z(r®)p)

. 12
C — 2% = 4.28fm?, A =0"
AA,
=) [{Aul02H)0)|* =

p —2b% = 14.98fm? , X\ =2~

0 2 .

SZ: 5282 =1:2.7:3.5 for jj-closed nuclei

. 160

—8b% = 5.98 fm? , A=0"
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=Y _[{(Aul02"|0)* = {

S°:51:8%2 =1:3:5  fopr Is-closed nuclei
O- strength is weak & 2- strength is string (X 3.5~5)

—40b%2 = 29.92fm? , X\ =2~



Missing O- States

1

B
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g\ Very few O- are identified
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Scientific Motivation for SD Resonance

= Search/ldentify missing O- states
Model (roughly) independent sum-rule
Missing strength is crucial problem in nuclear physics.
O- is the quantum number of pions
O- strength is sensitive to pions in nuclei
Useful information on tensor correlations in nuclei

= Search/ldentify missing 1- states
Recent (p,n) and (d,2He) experiments in A=12
Part of 1- strength is re-assigned to 2-
1- strength is missing compared with sum rule

= Importance of A=16 system

SD excitations in 190 relates to the neutrino detection
from supernovae with Super-Kamiokande

SD strengths information is very important
for astrophysics
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Tensor Effects in Spin-Dipole

Shell-model calc. with M3Y Shell-model calc for SDR in 2N
w/o tensor int. (Major strengths)

w/ tensor int.
(inherently neglected) w/o tensor w/ tensor
. 0

Quenching
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Quenching and fragmentation
Repulsive tensor correlation

Shift to lower E, 5 .
Attractive tensor correlation Excifation energy of "N (MeV)
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Experimental challenge for observing tensor effects
v Identify O- state at lower Ex (Ex = 10 MeV)
v'Confirm fragmentation of 1- (= No-concentration)




Components of SDR in 2N
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Results for SDR in 2N (RCNP-E256)

M. Dozono, T.W., et'al., J. Phys. Soc. Jpn.”77, 014201 (2008).

E = 4.3, 6.4, and 7.5 MeV 2- strength

- 1D, and ID, — 2- (dominant) ~100% NEWS
E, = 8.4 MeV E.=6.4 and 7.5 MeV have other J~

> 1D, — O- (enhancement in D./D,) . — High quality data is required

O- and 1- strengths
E,=9.1and 10.2 MeV Consistent with SM including tensor
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Excitation energy of 2N
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Preliminary Results of RCNP-E317

= Spin-parity assignment

S 12C(p, n)*%N at 0°

v'0O- : Confirmed

v'1- : Not observed
(fragmented?)
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Preliminary Results of RCNP-E317

= Spin-parity assignment 12C(ﬁ ﬁ)lzN at 6°
Y,

o
o)

v'1-: Observed at 7MeV

v'0- : Fragmented
at 15-20 MeV ?
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Summary

= SDR strength distribution in 12N
High resolution 2C(p,n) measurement with AE=500-700 keV
Measure complete spin observables
Enable J™ assignment of SDR

= Experimental results
SOR at E, ~ 4 MeV
J™ = 2- (consistent with previous results)
SDOR at E, ~ 7 MeV
2- is dominant (1- is also included)
SDOR at E, = 8.4 MeV
First observation of O-in 2N
SDOR at E;, ~ 10 MeV
1- is dominant and fragmented

= Comparison with theoretical calculations
Consistent with shell-model calculations with tensor correlations
Softening for O-
Fragmentation for 1-

Systematic data (6 angles) have been collected
— SDR in continuum would be deduced
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Coordinate System and

Polarization Observables

= Coordinate system N’ //kXk’
ongitudinal (k-direction) N’ XL’ /S’ L’ /K’
ormal (to reaction plane) N/ kXk’
Sideways SUNXL
= At O degrees n L)k
= O—>-----

— = S — S’
Only L and N are meaningful

Spin-flip probability S; and polarization transfer observables D;

1
S.=—({-D,

Normal spin-non-flip prob. :8,=0

~ S;depends
on reaction

Normal spin-flip prob.

-NY

+L +L
P9 ———  ==P=P»  Longitudinal spin-non-flip prob. : S

v 5,N=5y.=0.5
from symmetry

+L ur
LAy — €p- Longitudinal spin-flip prob. : 8, =1



NN Scattering and Polarization Observables

= NN t-matrix (scattering amplitude)
Franey-Love notation

Central  Spin-orbit
tw(E,q)=AP;+ B'P, +C(G,+0,) n
+ ElSlz(é) + F,Su(l’})
Tensor

Kerman-McManus-Thaler notation
tww(Esq)=A+Bo,-no, -n+C(G,+05,) n
+E51 '65’2 "}"'F&l '1’\75'2 IA7

Z—g(E,q) =Tr(t't)=2(4"+B*+2C*+ E* + F?)

Tr(t*0,-n to, - n)
D (E,q)=D,.(E,q)= ! !

o (E5q) w(Esq) Tr(t'7)
LI IR Yo B el 2l | Scattering t-matrix

= = D.; is calculable
A*+B*+2C*+ E*+ F* ”
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DWIA Analysis for 2°Zr(p,n) at 295 MeV

= Reasonable description of absolute o and each L contributions
Consistent with MDA

Underestimation at large w — Lack of 2p2h effects
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DWIA Analysis for Polarization Observables

= Longitudinal and transverse spin-flip S; and Sy
Sensitive to spin-parity J™

= Good reproduction of S; and S+ 1+ (GT)
J™ composition in DWIA+RPA is appropriate Fo¢Is]3)

Lacking 2p2h would have same J™ composition 1- (SDR)
— Information for challenge including 2p2h 2- (SDR)

PWIA
Prediction

0.67 0.67
0.00 1.00
1.00 0.50
0.60 0.70

©zZr(p,n) -
T, =295MeV
Oy =0° '

28ph(p,n) -
T, =205MeV -

1 N 1 ..

20 S0 40 650 60
Energy transfer w,, (MeV)

30
Energy transfer w,, (MeV)

40 50 60




Search for 3-Nucleon T=3/2 Resonance

Production of 3p(T=3/2) system
SHe(p,n)3p at 346 MeV and 0O°

— Exp. data

—— Resonance

Spin-flip probabilities
Longitudinal S
Transverse Sy
S /St < QES (non-resonance)

Sensitivity of S, /S for J™

0.7 < QES

1.3-1.6 > QES

—— QES+Resonance
— QES
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Isospin Dependence of 3NF

= Evidence for 3NF
B.E. of 3H and 3He
Nd scattering/reaction

Limited to T=1/2 system

Energy (MeV)

=  Signature of T=3/2 3NF
B.E. and Ex for A=4
Include 3p and/or 3n (T=3/2) system
Neutron-rich system
T>1
lllinois 3NF (Isospin-dependent 3NF)

(BNF in T=3/2) > (3NF in T=1/2)

= “Experimental” search for T=3/2 3NF
Faddeev calc. with 2NF only
T=3/2 3N resonance does NOT exist

Existence of T=3/2 3N resonance
— Existence of T=3/2 3NF
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Isospin Dependence of 3NF

= Evidence for 3NF
B.E. of 3H and 3He
Nd scattering/reaction

Limited to T=1/2 system

Energy (MeV)

=  Signature of T=3/2 3NF
B.E. and Ex for A=4
Include 3p and/or 3n (T=3/2) system
Neutron-rich system
T>1
lllinois 3NF (Isospin-dependent 3NF)

(BNF in T=3/2) > (3NF in T=1/2)

= “Experimental” search for T=3/2 3NF
Faddeev calc. with 2NF only
T=3/2 3N resonance does NOT exist

Existence of T=3/2 3N resonance
— Existence of T=3/2 3NF
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