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Introduction

(Same as summary)

'f.~.--"§p|n lsospln responses have been widely studied via
= GT at small q&w
* (SHe.t), (p,p’), (P.N)
— QES at large q (1-2 fm') and medium ® (100 MeV) o
e« (pn) (as well as (p.p))
~ Spin-longitudinal at wide q and small ® 300
o * (p,n), (p,p’) (Dispersion matching)
“ = Pionic atoms at small g and large ® (m,)
~+ (d,3He), (p,2He)
e In progress
— GT at small g and medium o
. ICHO/SHARAQ at RIBF by U-Tokyo
e NOT sufficiently explored region Ganow-Tel ler
— " A region at large ® (200-400 MeV)
Goal: Understand spin-isospin responses in wide (q,®) in a unified way

HowTo: 1. Polarization transfer observables of (p,n) ) “
| 2. Coherent Pion Production (CPP) via (p,nr*) with GeV “pol.” beam

L Unexplored (target) region

A-h
region
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 “g+p+g’ model
V(@) = Vi, V. (0,0)+V,(0,0)
e Landau-Migdal parameters:g’
*’*VLM =C, [g;\w (o,-0,)(7,-7,)
Lo

+{f—g;vA((o-1 'Sz)(Tl 'T2)+(O-1 'S;)(Tl 'T2+))

+%§;A(S1 S;)(]-;L 'T2+)}+(1(_) 2):|

- g’y Repulsion at ¢g=0

c * Energy of GTGR
~.g’x, - Coupling between N and A at g=0
"~ « GT quenching

Exp.

;ﬁNggiI,ear Correlations and A Effects

Vn (G'Q)

Exp.

-

PR
g (fm™)

g’s affect VE'

>~ at large g

i

- g’ . -Few experimental information

 PT and CPP measurements are sensitive to g’ , ,




GT Strength and Landau- Mlgdal Parameters

- g Dependence of GTGR | %2r(p,n)
T,=295MeV |

— RPA(1p1h) by Ichimura group = MDA
— GTGR peak position
‘27 « Strongly depends on g’y

w
v I

gva=0.9

B(GT) (Mev™!)

— g,NN=0° 6140.1 l...+..++ n
-+ Weak g’y, dependence " )
— GTGR strength Mass difference w (MeV)

g'ya=0.35+0.16

* Quenched with g’ , >0

e g'wx» Dependence of Q \ 00582007
> 0=0.860.07(quadratic sum of errors)

— Q evaluated in RPA g;,wo.s\

 Strongly depends on g’ , g [T R——

.........

— g ,NA=0' 3 5 _+0. 1 6 0.0 0.2 0.4 ‘ 0.6 0.8 1.0
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'GT Strength and g’ for 48Ca and 208Pb

e+ 2
-

il f"IV\-.-.TS&S‘ano et al. T.W. et al.
' RCNP-E272 Collaboration
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B DWIA+RPA “catpm) ~
= e > —
E . (crdw) aL,=0° i % (cr'dw) 8,. fgosuev
T, 10t g'xw=0.0 T teb
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Energy transfer w,,, (MeV)

‘g'NN:O.é for 298Pb I -

0.5-0.7 at g=0 (Common for A=48-208)



PIOﬂ Condensation in Neutron Star
-EOS and Pion Cooling-

‘o Under unlversallty ansatz

- &'NWE'NFAE 4~0.6 ~0.7
— Critical density:p. ~4p,
= Pion condensation “does not” occur

Pc/Po

e With new information on g’ oy condensetion
niversality v =0. ]

iz = Universality ansatz “does not” hold . e .
e g’ 0.620.1, g’\,=0.3540.16 SR M

— pe~2p, (for g’,,=0.5)
 Pion condensation would be realized

Standard cooling ]

34
- (w/o m)

in N.S. (3C58 etc.) 9wl
w * g-cond. accelerates NS cooling s | standard ]
=l :; s2f +m cooling ' J
Critical density p, is sensitive to g’ ,, = roweerluid suppression
s Geminga

— Experimental determination g’ , ,
Is important ol L

Log t (years)




* 9=22°T,=346 MeV =
. '> 0.10}
U e 9=18°T,=494 MeV = o
e _Pionic Enhancement m 00
" — Exp. Data > Free (w/o Correlation) 'g 0.15}
— RPA is sensitive t0 g’yyand g’vs o o.10f
— — Q ;
— RPAis insensitive to g’ ~

S )& )

P|on|é ID (12C,40Ca) at q=1.7 fm1 0,

L RCNP data

Landau-Migdal Parameters
* &' ~07
e g’ =0.2(LAMPF) — 0.4(RCNP)
— Consistent with g’s deduced from GT
e 2’wWw=0.620.1, g’ ,=0.3540.16

— g-dependence of 2’s is weak

0.15f

Precursor of Pion Condensation

@RCNP _ @LAMPF

_Q'NN_OO
— gyy=03 1 .

0.05F}

0.00°

Energy transfer wy, (MeV)

T. Wakasa et al. 5
Phys. Rev. C 69, 054609 (2004)
T. N. Taddeucchi et al.

Phys. Rev. Letts73, 3516 (1994)



Summary of our previous experiments

g J NN = g na (universality does NOT hold)
. q—dependence of g'\n and g’y

* g=0 from GT
.+ g=1.7 and 2.0 fm"! from QES

i g-dependence of g’ is weak

« Consistent with theoretical predictions

- W.H.Dickhoff et al.
Phys. Rev. C 23, 1154 (1981)

— Small g’y produces largely attractive
spin-longitudinal (pionic) residual interaction
* Pion condensation in N.S. : More likely

e NO information on g’,, (Last unknown)

~"g’,, is important to determine p.
for pion condensation

— CPP and PT measurements are promising
to determine g’ , , experimentally

—Remaining subjects —

1.0
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0.0

Momentum transfer q (fm_l)
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= Universality
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Oiher evidences for pionic correlations
and enhancements observed at RCNP

: 12C(p n)lZN(g s.,1*) at 296 MeV 160(p,p')eO(0-,T=1) at 295 MeV
M.Dozono, T.W. et al., PLB 656(2007)38.  T.Wakasa et al., PLB 632(2007)485
“C(p.n; | | - mo(P P ) E
- 1 T, =206MeV 2?2_ d = ;25.:‘;::" i § §§ g_
ém_ Gom =1.7tm™ g 0", T=1 f o

1 L 1 L L L L L
-1 0 1 & 124 12.8 12.8 13.0 13.2

-2
Excitation energy of 189
— 0.0156 T T
3
=
B — RPA
o — Free
= & 0010
=] 0
: 5
2 B
2 g
g o 0.006
o
:
E 3 1 1 1 1 0.000 ! L L
0.0 0.6 1.0 1.6 2.0 2.6 : 1.0 1.6 2.0
Momentum transfer g (fm™) Qo (fm™')

High resolution and/or PTO(D;) measurements are important and powerful




Phy3|cal Processes Important in A Region

- Spm |sosp|n responses important in A region

L Coherent Pion Production 0 > Real pion
* Pions in final state

-—> .
Spin-Isospin

B | Impact
<+= Quasi-free A decay

A (in A-h) decays intonr + N ’
* Pions in final state /

¥ Real pion

—>
— A spreading
7« A(in A-h) interacts with N A "
(A conversion process) /‘ - A
— A+N->N+N >

» No pions in final state



InclUé‘ive Charge-Exchange Spectra in GeV region
el «Signatures of CPP process in previous exp. ?
; -"-*"’CPP has'been considered as a reason of

the downward energy shift of the A resonance peak
— (BHe,t) at 2 GeV 70 MeV shift ﬁ‘n
o D. Contardo et al. PLB168,331 (1986) 1600 | 1700| 1800
==p(’He,?) peaks at T=1675 MeV (CHe, 1) by W‘
(= 12~ Ty =2GeV
(=325 MeV) | | M thlﬂu"l»m
« Shift from m -m,=294 MeV is 08 a4
= Pb—=4 iy iy
due to the g-dependence of S o4 Ly i lllwilﬂﬂ}p“ g
form factors. %’ ;;**’*"‘"‘“"" ‘m'mN'l“ H‘*‘Hﬂﬂ;ﬁ;ﬂ*‘ﬂuﬁ “l
— A(*He,f) peaks at T=1745 MeV 2 ﬂ??q M b |
((D=255 MeV) % z:E“ e ) Mm;,ll"llﬂl mﬂhﬂﬂﬂml'ﬁ b f
« 70 MeV shift from p(°He,?) a of_:s-,«u o W
e S feen" UL T
— 40 MeV shift is due to change 5 7 i W
- s oz[@en ]
in the A self-energy (mass) Vo OIf o Hﬂ{ il .
in nuclear mean field P |||I IMI]”IIMHI o
— Leaving 30 MeV shift would be oos- " P‘";H -
due to nuclear correlation effects T W,
. . 3300 3400 35003600 3700
including CPP R (Mev/e) -




SenS|t|V|ty to pIOnIC correlations
Ratzo of spin-longitudinal and spin-transverse modes —

: ,,_,9 » -
+Real (Experlmental) Impact is | Y Ouasi-Free
spin-isospin interaction via (p,n) Sl -0 TR
— NOT a pure (virtual) pion £,
— Excite several J® modes Sorof
J4w + Spin-longitudinal (LO:pionic) hr LO
 « Spin-transverse (TR:non-pionic) I

n=eowv | Aspreading
UTR

.__'I?heoretical calculations
“ = 12C(p,n) at 800 MeV and 0°
— Residual int. with g'\y=0.6, g'yy=9',4,=0.33

« T.Udagawa et al.
Phys. Rev. C 49, 3162 (1994)

— TR (non-pionic) modes are dominant in :ﬁ';ﬁ&"u}.v CI;P

fd

=

o
1

do/d0dw ) (mb/sr M)
§ ¢ 8

LO

Quasi-free and A-spreading Yot IO
50,05 LO
* PT measurements are needed to study| &,. ,
LO (pionic) modes Soas %
— LO (pionic) is dominant in CPP "o -
e Sensitive to pionic correlations in nuclei 3

100 200 30 A0 50 60 700
Energy transfer o (MeV)




PT Observables in A region
-JZC(p, w.at 795 MeV (LAMPF)

//////

I, (mb/sr MeV)

+ Peak shift to lower ©

= Nuclear correlation ?
.= Significant enhance from DWIA+RPA
“7% « Same as QES (@g=1.7fm-1)
-+ Samereason ?
- '-'.';Polarized cross section

~ — Spin-longitudinal 1D,
« Consistent with DWIA+RPA
9'nn=0.6, g'Na=9'an=0.4
— Spin-transverse ID;
- - Significant enhancement

(mb/sr MeV)

01 r

I
q

0.0 : e —
05 [ (b)

(mb/sr MeV)

T+1
P n

L ] " el i
0 100 200 300 400 500

* Contribution from 2p2h etc. DL et ol PRL 76(1996)4458
Simultaneous measurement/interpretation(DWIA+RPA) for
GT and A region on °°Zr/2%Pb(p,n) is very interesting




Power of PTO
T hree Nucleon Force for T=3/2
| E Thara at Kyushu (RCNP-E300) =

o 3N system with T=3/2
— NO bound/resonance state
 Faddeev calc. with 2NF

"~ If a resonance exists
= Evidence for 3NF with T=3/2
- .°He(p,n) at O degrees | ___ Oninéé
“ = Large B.G. from QES D /D. > O.F
— Shape (c.s.) of QES is
« Pauli blocking, g-
* B.G. subtr,.m S,

- _PT observabte sensitive to Jp

If strg h J* is concentrated
as res
= Evi

in PTO

e will be clearly observed

e
8

(mb m’" Mev~!)
e
&

®
5

Energy transfer w,, (MeV)

DWIA prediction

B
Q
~

3
Q

® Allowed region 1
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el
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Physi"“éS with GeV Polarized Beams

.........

Isovector (Spm) Monopole Resonance IVSM @) |
Isovector (spin) monopole
0 - _ = NODE | |
OIVSM_ZFiO-iTi IVM—Zri T; . — |
N : i r (fermi) r (fermi)
+=-A node at nuclear surface £ T e
"« Excited by surface probe w0 e
. .E 16 g
* NOT excited by volume probe s i i
n B —o. ]
(Insensitive at RCNP energies) ——" e
- Ewdence for IVSM is observed at LAMPF j

— 795 MeV at LAMPF (Surface-like) L S

~ 200 MeV at IUCF (Volume-like) | + AN
IVSM is clearly excited by (p,n) at ~GeV = | vem
PT observables are useful to assign J*=1* | .} }
(PT observables are sensitive to J”) ol | / |

D.L.Prout et al., PRC 63(2000)014603 E, (MeV)



__*How to dlstlngwsh CPP from other processes

‘ 3 ! \___-.-’

_'b Mam processes INn A region are
« Coherenet Pion Production
* Quasi-Free A decay

i * Aspreading .. No pions in final state
(cpp }— t+zt 7| Select —__CcPP |}
..-.-ff;{iQuasi-Free]—> Coin. —>|1?C(g.s.)
| [Z spreading = Measure.
e Measure correlation between

} Pions in final state

[=]
(=3
o

momentum-transfer q and c:ésoo— % He, tn' )
momentum p,_, of pion 5;5“"- o
— Strong (parallel) correlation % \TOTAL(=LO+TR) _
has been expected < | o
« T.Udagawa et al. i

Phys. Rev. C 49, 3162 (1995)

0 20 40 80 100 \;‘120 140 160 180

®(q p,) (deg)




~ CPP Experiment at Saturne

» #2¢ (8He,tn+)12C(g.s.) at 2 GeV and 6, ~0°
"~ 29— T~2GeV: Dispersion matching was tried
' « poor energy resolution?
Ogpe = -1° ~4°
* Analyzed by D-magnet and detected by DCs

; * Poor energy resolution of 15 MeV

~ 0.=20°~132°
’ « Analyzed and detected by CDC

* Poor momentum resolution of 10%

Solenoid

i - — -z
Target E = Drift '
| \ﬂg =8 To D-magnet Beam/ IEChlmambeE
SHe =X Detected by DCs = —
I:I‘e’/ ey Salenoi
Beam L Drift

T ~_=2 Chamber




2C(g.s.)=
Results of CPP Experiment at Satu r(ga > LAY

et ){9 ) _.;gﬁ_
Poor missing mass resolution of
25 MeV (FWHM)

— Could not separate ?C(g.s.) (CPP)
.. _from excited states

- ‘Strong (parallel) correlation
between g and p,,

8oc

—

20t M, t I'+}

2.5%< airiton)< 259

8

do/dQ (a.u.)
Fol

m omz 3 14 1S S

:

- Signature of CPP MISSIng mass (GeV) |
- Consistent with theoretical prediction ok _:”7’“;5;*?-_ A
- Downward energy shift of the A ©(q . p,) (deg)
resonance peak for CPP 200
— Signature of (attractive) % H\L Inclusive
<‘pionic correlations in nuclei S200f (%0.35)
o, | t+x'
High resolution (g.s. separated) | CPP
_measurement are highly desired L T

Energy transfer o (MeV)



CPP Experiment at RCNP

RCwmp,n7")1°C(g.s.) at 400 MeV
K.Fujita, Y.Sakemi et al.

=T .

beam dump

' GEM Counter (NEW!!)

AE =300 keV;, e=15%

Pion Counter

~" & Track

[,{__ g

= Trigger

—

ing counter =

counter

T— V...

S S
Ty
L)
[

Z pos, l readout electronics

392MeV proton
O | '




Neutron+Pion “True” Coincidence

5 o K.Fujita, ¥Y.Sakemi et al.

AR, Missing Mass ___ _.Gate for
e Missing mass spectrum A

— From neutron/pion momenta
= Peak at AM=M('2C)

.- M(12C)=11.175GeV

— Signagure for CPP events

- 'T'-Energy resolution

9

oF M neutrons
TE i

6

A M (GeV)

— 9 MeV (before correction Gate for
+ << 25 MeV at Satyrfy Y : OTHER
gl ||||ll'\"‘Ninger 16; . | neu.'.r.ons

“after full correction

AM (GeV)



— Including both _— - i
.+ 'C(g.s.) (CPP) g e |
# . 12C(44|\/|eV,2+) 2 2F "‘"p ........... cebdi2) 5

— Exp. (GEM pion counter) o

Prellmlnary Results for CPP at RCNP

K.Fujita, Y.Sakemi et al.
§élect|0n of CPP

- 11.14 GeV < AM < 11.19 MeV

d2o
_Eds,

Pion energy

§
Iulﬂlﬂ“lﬂm

» Less acceptance at T_<128

N ] T e
l i J, :
120 140 160 180 20 22 24%

T, (MeV)

g’AAwouId be larger than g’,,=0.6 (universality)
(/I/lore experimental and theoretical works are needed!!) -

acceptance ratio (arb.)



Summary

' *‘4}‘ >

, --‘-‘"“‘Umf|ed" understanding of spin-isospin responses of nuclel

IS very interesting and challenging

N-D coupling affects the phenomena in both
N-region and A-region (o = 300 MeV)

| g'na determined in N-region is adequate in A-region ?

Experiments

. — Polarization transfer measurements Density p [p,]

°« Transferred spin and J* determination ' Ve w4
— CPP measurements

1.0

b
« Sensitive to spin-longitudinal (pionic) mode ﬂ
Polarized GeV beams as well as excellent equipments — 2’

Other facilities 05
<7 ICHO/SHARAQ at RIBF
—~ 12C(v,,un*)2C(g.s.) at J-PARC
— First v-CPP data from K2K: no-evidence for CPP
250 200 150

0
Density dependence of g' could be investigated (?) FeriftiEmentum B [Vev)
A.Hosaka and H.Toki, PTP 76, 1306 (1986)

=7

J-PARC
RCNP
RIBF
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