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AA interaction in the nuclear medium
~ short range correlation of A-hole: g’ ,,

Short range correlation ~ Landau-Migdal parameters: g =g yn 9 nar 9 an

. |

Phase transition of Nuclear matter ~ Pion condensation...



Nuclear Correlations and A Effects

e m+p+g model o

VI (q.0) = Vi +V,(0,0)+V,(0,0) o
 Landau-Migdal parameters.g’ }

Vivw = Co[g;\lN (6,-0,)(r,-7,)

+ {ﬂg;\m ((0'1 SNz, Ty)+ (0,- S, )7, 'T2+))

fﬂ' NN
+‘:::”22¢9'AA(81°S;)(T1°T2+)}+ (1o 2):| V. (@9)
] . . — ’ 1 (fm_l) ] a
C_ g nn: Repulsion at g=0 Exp. - ,,
* Energy of GTGR g's affect V|
— 'y - Coupling between N and A at g=0 - - atlargeq
° GT quenCh| ng P. e

— g’ 4,4 :Few experimental information -

 Coherent pion production is sensitiveto g’ ,,



GT Strength and Landau-Migdal Parameters

¢ Dependenceof GTGR

— RPA(1p1h) by Ichimuragroup {, [ N 'nn'zl_[;_,r'b}' |
— GTGR peak position el T, =295MeV
 Strongly dependson g’ 'ﬁ "Ml
E i v gna=0.9
E .
— GTGR strength B
* Quenched withg',> 0 = = = e
Mass difference w (MeV)
* J s Dependenceof Q | | gh=0.85£0.18 \
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— Q=0.86z 0.07(quadratic sum of uncertainties)
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Pion Condensation in Neutron Star
-EOS and Pion Cooling-

Under universality ansatz

— 09 a9 4~06 0.7
— Critical density:p. 4p,
— Pion condensation “ does not” occur
With new information on g’
— Universality ansatz “does not” hold
* g \w=0.6z£ 01, g,,~0.35% 0.16
~ pe 2po(for g’ ,,=0.5)
 Pion condensation would be realized
in N.S. (3C58 etc.)

« n-cond. accelerates NS cooling

Critical density p, issensitiveto g’ ., |
— Experimental determinationg’ ,, |

Pe/Po

Log L™ (args/s)
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Fu=06 0.
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[ +Superfluid sippression {4
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Pionic Enhancement in QES

* PioniclD, (*C,*Ca) at q=1.7 fm™*

— RCNPdata :T:
¢ 0=22° T,=346 MeV = o
— LAMPF data .
. 6=18° T =494 MeV o &
« Pionic Enhancement E .
— Exp. Data> Free (Ww/o Correlation) £ ©'°
— RPAissensitivetog'\yand @'y, o 19§
— RPA isinsensitiveto g ,, ™ oo}
e Landau-Migdal Parameters 0.00 bbb I
* O\ SIZ(LAMPF) 0 ARCNP) Energy transfer wy, (MeV)
* Tna=0. :
— Consistent with g's deduced from GT T. Wakasa et al.

1 3 Phys. Rev. C 69, 054609 (2004)
°g NN_O 62+ 0. 1 g NA—O 35+ 0.16 T. N. Taddeucchi et al.

HHr«'WHWWHﬁ@ﬁHr«‘WHHWHWWHHWHHWHWWHWWHHWHHWHWWE PhyS Rev. Lett. 73’ 3516 (199 4)

— g-dependence of g'sisweak



Summary of previous experiments
Remaining subjects

* g 9w (Universality does NOT hold) 2 ; ; _
» (-dependenceof g\ and g’y Lor :iii ]
 g=0fromGT ol i
e g=1.7 and 2.0 fm! from QES o + + -
— g-dependence of g’ isweak =T )
» Consistent with theoretical predictions “J ++ i
— W.H.Dickhoff et al. vl s 1
Phys. Rev. C 23, 1154 (1981) sols , ,
— Small g’ produces largely attractive Momentum transter ¢ (fm™)
spin-longitudinal (pionic) residual interaction = g
* Pion condensationin N.S. : More likely — O
* NO information on g',, (Last unknown) — Universality

— ¢ ,, iSimportant to determine p ) ><
for pion condensation

— CPP ispromising to determine g’ ,, experimentally

Momentum transfer k (MeV/c)



What is“ Coherent Pions (mesons)”

Coherent Pionsin Charge-Exchange Reactions
— Target nucleusisleft to theg.s.

e p+A(gs) - n+pt+A(g.s)

e SHe+ A(g.s) - t+p"+A(g.s)

Initial state | ntermediate state Final state
n,t, () 7Z_+
- - HH[‘ O) HH[‘ Ground State
irtual Pion: & @
~interaction (®,q)
p,2Hev 'Recoi I
“Absorb” thevirtual pion Propagation of “Emit” thereal pion

(off-shell pion) A-h states (on-shell pion)



What isinteresting !

* Virtual pion (elastic) scattering (by Ericson)
— Elastic means the target nucleusisleft to the g.s.

— Nuclear response can be studied in wide (g,w) region
where we cannot access with real pions

Spin Longitudinal Response ~ Pion correlation
. -~ maximum

M .Ericson

Essonance g {(fm 3

- Sengitiveto the nuclear correlations (many body effects)
(leference from the sumple Ferml -Gas model w/o correl atlons)



Kinematics of Coherent Pion Production Process

« Kinematicsat zero degrees

|nitial state Final state
p or °He +(q m_)
LY w O
nort(p—qg,m)
target (g.s) target (g.s.)
(0, M) (~0,M)

« Momentum transfer ¢ for Coherenet Pion Production (CPP)
— Neglect therecail energy (1 MeV)
— Non-relativistic kinematics for ssmplicity

2

p> (p—q)2 q=1.8 fm™ for (p,n) at 800 MeV
2m {CI=1.6 fm™ for (*Het) at 2 GeV
2pm ||‘

_ 2 pm CPP isa processwith large :
M+m momentum transfers of fo= 1 5 2 O fm 1




Theoretical investigation for A(p,n) and CPP

* Physical processesimportant in A region

-» Real pion
— Coherent Pion Production _ _O)
* Pionsinfina state
e — .
Spin-lsospin
— Quasi-free A decay I mpact
e A (in A-h) decaysinto + N v Real pion
 Pionsinfina state /
—_
— A spreading
« A (in A-h) interactswith N v
(A conversion process) /' -
— A+N - N+N —_

e Nopionsinfina state



Pionic Correationsin A-h States

n and p-meson exchange in nuclear mean field

— m+p+g model interaction between A-h states

Vet =V (g,0)+Vi (g, 0)

VA (g,0) = WA (T, - T5)(S,-8)(S5 - @)+ (T, - T, )(S, -6)(S, - 8)j+ h.c.|

Spin -longitudinal (S-gT) channel

7 -exchange + short-range repulsion (g')
Vi (0,0) =W [{T, T5)(S, % G)(S5 x @) + (T, - T, )(S, xE)(S, @)+ h.c

Spin-transverse (SxqT) channel

p -exchange + short -range repulsion (g')

Sand T :Spin and Isospin transition operator from N to A



Pionic Correationsin A-h States

* Residual interaction W isspecified by LM parameter g',,

m--..|r..._-l.....l.---l-...l.--_

7 - exchange 2 & 48 channe
am fo q° 2 37 o

. 7NA ' =

LO (S-qT)W/ = m? gAA+|a)2—q2—m§F”NA s L i B "

ﬁ "-.-u._

2 5 . W;

/ q g-'-a-mu-

TR (SxqT)W;* = nzNzA O TG, W% — o —m? L £

P

— 40 -
2.0 LX)

Short -range p-exchange
ulsion

HA . i i i
L 15 -] a5 a0

Momentum Llransfer g {tem ™)

. Lo Tep |
e Spin-longitudinal mtera?c%on IS o e
lar gely attractive .| CCHetz")"C(gs)

— CPP

g =033

— CPP
9 4,4~0.40 |

—~""lat 2Gev
at large momentum transfers CJU. 0
— Thisattraction leads to a collective 0«
pionic mode (CPP) at lower w § ..
hicf 2 Determine, ~
m, 9 4 |

Energy transfer o (MeV)

B.Korfgen et al., Phys. Rev. C 50, 1637 (1994)



Signatures of CPP processin previous experiments

CPP has been considered as a reason of
the downward ener gy shift of the D resonance peak

— (CHept) at 2 GeV 70 Me\ shift )
o

e D. Contardo et al. PLB168,331 (1986)
— p(®Het) peaksat T=1675 MeV
(W=325 MeV)
e Shift from my-m=294 MeV is D
due to the g-dependence of
form factors.
— A(PHept) pesks at T=1745 MeV
(W=255 MeV)
e 70 MeV shift from p(Het)

— 40 MeV shift is due to change
in the D self-energy (mass)
in nuclear mean field O

— Leaving 30 MeV shift would be
due to nuclear correl ation effects
including CPP




I nclusive process and pionic correlations

* Isthe downward energy shift of the 4 resonance peak
a“direct” signature of pionic correlations (attractive W, 44)?

— Answer is“No”. Because inclusive cross sections includes both
» Spin-longitudinal (pionic) modes
» Spin-transverse (non-pionic, p-mesonic) modes

« How to separate these two modes “ experimentally”

— Measure a complete set of polarization transfer observables
» Measure spin transfer Swith its direction
o Separatesinto S qand Sx g components

— Measure &t decay of A in coincidence with the gectile
» Exclusive measurement
e Extract pionic S q component



Fraction of CPP and other processesin A region

» Experimental Data
— 2C(®Hept) at 2 GeV and 0°

 D.Contardo et al.
Phys. Lett. B 168, 331 (1986)

— Clear A-resonance peak

)

Total
m N {— CPP

. Final state’) . gQuasi-Free |
I

v N
Ll |

s MeV

b/

(m

=260 MeV - N .
atW 60 © . %'_15,-_-, | .:. ‘_-'-- N . - ASpreadlng
 Theoretical calculations @j N L . |
— Residual interaction with %J;m / i
g w=06andg'\,=9'y,=033 % || I

» T.Udagawaet al. T -
Phys. Rev. C 49, 3162 (1994) Energy transfer o (MeV)

— CPP peaks at lower w
compared with QF
* Pionic correlation effect

— CPPis10-20% of the
total strength

Inclusive iIsNOT sensitive to CPP
(Pionic correlations)
— Exclusive measurement is important!{




Sengitivity to pionic correlations

Ratio of spin-longitudinal and spin-transver se modes

Real (Experimental) impact is -
spin-isospin interaction via ((Het)
— NOT apure (virtual) pion
— Excite several JF modes
» Spin-longitudinal (LO:pionic)
» Spin-transverse (TR:non-pionic)
Theoretical calculations
— 12C(p,n) at 800 MeV and 0°

— Residual interaction with
g \w=0.6 and g'\,=9' ,,=0.33
e T.Udagawaet al.
Phys. Rev. C 49, 3162 (1994)

— TR (non-pionic) modes are dominant in Quasi-
free and A-spreading
* PT measurements are needed to study LO
(pionic) modes
— LO (pionic) isdominant in CPP

Quasi-Free
TR

LO

p

A spreading
TR

LO

Z

CPP

LO

F

TR

» Sensitive to pionic correlationsin nuclei |

Energy transfer @ (MeV)




How to distinguish CPP from other processes

e Main processesin Aregion are
» Coherenet Pion Production

e Quasi-Free A decay Pionsin final state
 Aspreading ______________7_ No pionsin final state
(CPP_}— i, ™ Sdet —L_CPP_)

Quasi-Free Coin. °C(g-s)

(4 spreading—| Measure.

« Measurecorrelation between
momentum-transfer q and
momentum p_, of pion

— Strong (parallel) correlation

has been expected
e T.Udagawaet al.

[=]

TOTAL(=LO+TR)
LO
T

A A e~ 1—y—} \vt.-\.dl-/

daoldO (a1

Phys. Rev. C 49, 3162 (1995) 0©(q,p, (deg)



CPP Experiment at Saturne

12C(PHetp*)*?C(gs)at 2GeV and g, 0°
— T,=2GeV: Dispersion matching was tried
* poor energy resolution?
— Ugne — -1° 4°
« Analyzed by D-magnet and detected by DCs
* Poor energy resolution of 15 MeV

— qp:20° 132°
« Analyzed and detected by CDC
=  Poor momentum resolution of 10€%o

T

T[: —
ToD-magnet |B€am gﬂ:;amber
3He / Detected by DCs _
Solenoid

Beam Drift |
Chamber’




: 12C(g.s)=
Results of CPP Experiment at Saturne 11.1(795G)ev
Poor missing mass resolution of 25 MeV <= B
(FWHM)
12
— Could nqt separate *“C(g.s.) (CPP) = p
from excited states 8 5
Strong (parallel) correlation between g and p,.Q S
®)
— Signature of CPP LS
» Consistent with theoretical prediction Missing mass (GeV)
Downward energy shift of the D resonance
peak for CPP 0(q, p,) (deg)
— Signature of (attractive) B
pionic correlationsin nuclei 1" Indlusive
5200 (x 0.35)
S t+ 7
100
CPP
200 400
Energy transfer o (MeV)




Proton induced CPP at RCNP

70 m TOF 7 detector Target
AN

Neutron detector
—
"%"' d.“? r’.jﬁ'-..;;

-j|'f| - R~ & = = =

iy TaM Al
Rl &

i | AR PYRRL Tt
o e LR b

N L ety =R

“i--tﬂilﬁlrl" i

NPOL2 C

Experiment

o 12C(p,nn*)*?C(g.s)
e Beam ~ proton 400M eV s
 Beam energy resolution ~ AE~500keV
e Current~1nA

e Target ~?C (100mg/cm?)

e Detector e
— Netron detector ~ AE~300 keV
— m detector ~AE~1 MeV

e |dentification of CPP

— select the ground state of residual nucleus

tlotron| Facility




Charged particle detector in the sweeping magnet Neutron Counter

Experimental setup

Neutron = \\\\\\\

to TOF Counter

Multi-anode PMT
~ set far from magnet
7 through WL Sfiber

R » "B )
Position sensitive Neutron Counter (lig Sci.)

mrn TOF length ~70 m

Energy resolution : 300 keV

Detection efficiency : 15 % @150~400 M eV




Gas Electron Multiplier (GEM) detector
For charged particle (z*...) detection in magnet

amplification

Detector components
— Threelayers of GEM foil: High gain
— 2-dim. Readout board: High resolution
Specification
— High position resolution: 100 mm
— Effectivearea: 300 x 50 mm

......

, analog data
to ADC




Pion tracking detector

GEM Readout strip@Raytech
| aa? {iheta = 0. BE obs_f>=1 84 cls_Z>=1} asum1 0
Entrles 3164
Mean  T8S0
RMS G482

Fig.4: ADC spectrum
with V.,.=410(blue), 417(red)V

| = Ofcls 1==18Kclk 3w=1} |

Fig.2: position on focal plane
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CPP Test Experiment

Neutron Energy Loss Spectrum

| nclusive spectrum

2C(p,n)
400 MeV and O°
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Present status of CPP experiment

Calculation by -
Oset et al.

>
Lo, L JICPP tange

« Neutron energy spectrum neutron energy loss (MeV)

— CPP region ~ enhancement ? ~ detailed analysis continued

— Poor resolution for 7
« Background ~ study in progress

— beam halo ~ beam optics tuning

— Edge scattered high energy protons ~almost same flight time as pions
e Future measurement

— High resolution with GEM

— High statistics data




Density dependence of g’

Density p [p,]

1 /2 174
IED i 1 ¥ ]
A.Hosaka and H.Toki
Neutfino 9y {(G) == profile function ~ one mean free path

S(b) ~A ~(Apo)™

E [
250 200 1
Fermi Momentum pPg [MeV]



CPP Experiment at RIBF with *He** Primary Beam

Proposed by Dr. Wakasa

* High resolution beam
— 400 MeV/n 3He™: Dp=0.03% (s) - DE=1.4 MeV (FWHM) : OK
* High resolution triton measurement
— Requirement: DE 2 MeV and g< 2.5° including 0°
— Facility (not studied)

o Zero-degree Spectrometer \-ﬁ
23

« SHARAQ =<y

T T,

— BIig-RIPS
e Dg=x40mrad=% 2.3° OK
e D=23m - DE=1.7MeV (FWHM) : OK

Ap_ 1 _Milax, =43x10"

P Ez‘ T f‘rﬂ
r 4

. BESSEMEGRES
™ EESRORRE

D

_ — L™
(M X = 1, AXO =1 mm) TS RFCLLRTES. B WE. #nEs

[ . _-,J-:'a'
Sosym iﬂ}\ﬁ/q‘% WEIL TEMRBCED HTERRAF - |

R —hESmTSBIRT—3F



Neutrino Beam at J-PARC

Beam energy ~ 1 GeV ¥ o
— suitablefor Nuclear Physics = =

in the A resonance region I
Detector ~Liquid Sci. with W.L.S o
Target
®Proton
®Carbon !

®Heavy Nucleus

Physics and Detector design ~LOI ~in preparation

280m

11\

Around Near Detector

Primary proton
beam line

Extraction paint
R L]

!_-é.'l'_l-\
5 (kR 4

]

%

Dacay volume
(A L)
B

rget station

Beam dump
(E=L¥=T)

Muon monitor
(Ea—FEZH—)

: ~'l-. Meaar detactor
Y, R

=%




Summary

CPP isa promising tool to obtain
theinformationon g’,,

Test experiment at RCNP ~ performed
— CPP signature ? ~ should be studied further
— High resolution measurement with GEM
— High statistics data ~ accumulation run

Need theor etical calculation on CPP

CPP experiments ar e performed/proposed 2 =
at several places.

« 2C(v,,uwn*)*C(g.s) at J-PARC (W.G., Sakemi) %
— First +~CPP data from K2K:no-evidence for CPP o >
— can be performed with A4S experiment X 5 0
« 12C(3Hetn*)!2C(g.s.) at RIBF (Dr. Wakasa) ™ X
— Density dependence of g’ can be investigated

A.Hosaka and H.Toki, PTP 76, 1306 (1986)



