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Magnetic dipole (M)A XL — % —
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j-particle 1-hole state
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2-particle 2-hole admixture
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2-particle 2-hole admixture
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0-deg (p,p’) &&xat RCNP

Large Acceptance
Spectrometer (LAS)

As a beam spot monitor
o in the vertical direction

29.6

_FC —_—

7" Focal Plane Detectors ((G)R=2: 5,4.5° ) 1

Scattering
IS Chamber
N
Dump—-Q Focal Plane Detectors

Grand Raiden (GR)

Transport : Dispersive mode
Intensity : 3 ~8 nA

0 deg. Beam Dump

(GR =0 deg.) 295MeV proton

0 1 2 3m (un-polarized) 27
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%[J 328 ﬁ 41‘

H. Matsubara et al., NIMB 267, 3682 (2009)
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- Conversion factor from cross-section to Squared Nuclear Matrix Elements (SNME)

- Calibration from 3 andy-decay measurements
(on the assumption of the isospin symmetry).

do 2
——(0°)=6,F(g.E M (Of (T=1s0r1v)
s A W

UCS EEFHIEATF SNME

G.(A) = Nexpl—xA4"’
r(4) p( ) T.N. Taddeucci, NPA469 (1987).

- WVIEGT = v MTEEZ I B

0‘15 ] L] L] 1 I LI 3 I T L] 1 1 LI B B
Exp.—6~ Exp.—@—
= Fit — = Fit
<.0.10 <2
a < “f
g £
O O
S 0.05 = 1}
(a) Isoscalar (b) Isovector
0 1 1 L O 1 L 1

10 50 100 10 50 100 33
Target mass Target mass



SNME

IS/IV-A ¥ > M1 SNME4% fi

Excitation energy (MeV)

I12C .
Isoscalar-spin-M1 1
I Isovector-spin-M1 |
uMg L S
_ S +
H = -
if ik H 0 a.J_,J T
B e 25 = 36 Ar
PN b
oloil I la Al ¢ & & [ T
6 8 10 12 14 16 6 8 10 12 14 16

Excitation energy (MeV)
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- USDHEEFRDZERAEHE &

effective-gic & 2 E
10 Exp. + USD—— USD- off -

(a) Isoscalar : ' | M(a) | (b) Isovector Z | M(aTz) |

Squared Nuclear Matrix elements

Non-quenching

0 1’ I 1 ] L 1 |’I ! 1 ] I
20 24 28 32 36 20 24 28 32 36

Target mass Target mass

Isoscalar spin-M1 SNME is not quenching. 35
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(©)

Exp. (v,p") —

1 USD —
L 1| USD-eff ----.-

- eff:geff / o is multiplied
T to the SNME

1 - Shell-Model:
USD interaction

4 8 12 16 20

24 28 32 36
Target mass
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Correlated Gaussian 1=

Spin matrix elements of the 4He ground state

1SmsT = (4He)

by W. Horiuchi

No tensor
int.

=5 5 — — 1 "
<Sn+Sp> <S”/i’> S=0 | S= )/s \
SVe | 0572 /0.135\85.8% | 0.4%||13.9%
tensor int.
Weaigﬁinsor 0.465 \®/885% 0.3%| | 11.3%
int.
Minnesota 0.039 .0.020 | 100%

Y. Suzuki, W. Horiuchi et al., FBS42, 33(2007)
H. Feldmeier, W. Horiuchi et al., PRC84, 054003(2011)
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Shell-Model: USD interaction

AVE:0.135 Correlated Gaussian Method: W. Horiuchi
(stronger tensor)
G3RS: 0.109 @ () () ) Exp. (n,p") —
(weaker tenso{%'%_ : : . 1
\< T : 1 1l UsD —
/: 01 RE : : Il T T USD-eff ------
TUJ : —L I 1 —4
. o ) | ST 1Ll cG-
1“2 : | AVS ®
~ 0 % | 1 G3RS O
Minnesota: |— | ! i Minnesota +
-0.020
'01 I i i | | ] |

(no-tensor)

4 8 12 16 20 24 28 32 36
Target mass
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Shell-Model: USD interaction
Correlated Gaussian Method: W. Horiuchi
Non-Core Shell Model: P. Navratil

Target mass
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0.15[ ,

_ ‘orrelated Gaussian Method: W. Horiuchi
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Shell-Model: USD interaction
Correlated Gaussian Method: W. Horiuchi
Non-Core Shell Model: P. Navratil

Target mass
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Squared Nuclear Matrix elements

np A Y 2 HHEERE %L

H. Matsubara et al., PRL115, 102501 (2015)

eff: correction with ——
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sl | GTa#EE7+04 OB
6 -
4L
' ' O EXP L
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24 28 32 36 40
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0.75 |€&— IR
H. Sagawa et al., PRC94, 041303(2016)
H. Sagawa et al., PRC submitted (2017)
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Magnetic dipole (M1) XL —%

OM)=glt+gBc+gt-t+g"0 7

Hlj

IS(1) and IV(1) terms

M= x,H
Xs: magnetic susceptibility fgifl=

spin __ 8
Ko = 3N;a)‘ f|zl'a|0

0.006

0.005

| 0.0044(7) MeV-! at p=0.16 fm-3

0.004 I
== T

spin
o
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X

0.002 Neutron Matter AFDMC model

0.001 1 G. Shen et al., PRC87, 025802 (2013)
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(Isovector) Giant Dipole Resonance (GDR) rY;z

(AT,AS) (0, 0) (1, 0) (0, 1) (1, 1)

WikiRs AL =1

’l”(
MEGRE AL =2 > #9# 6)

1944 prediction of GDR by A. Migdal

1947 [ tal di f GDR . .
947 experimental discovery o ok - N TR
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(Isovector) Giant Dipole Resonance (GDR)

““Pb(p.p') at £,=295 MeV

| | | (p.p') at 0.0-2.5 deg:
= GDR
PRl -
= AS=0,AT=1,
=
< AL =1
Q 1.0F |
\E/ :
= 0t - 1°
S osf
s ‘ l Ar = (1)

o 15 20
Excitation Energy (MeV)

A GDR is a dipole oscillation mode between neutrons and protons
in a “macroscopic view”.
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IV-GDR IEZ < DRI F—EBERECEMDN S D IZ>TW5,

ITRILF—EBEERE: NI NZFYVOEBRETRESLEEEIXRILF—%FD

Question:IV-GDR (& E DEEE D DEN IS AL D IZDHV?
208Ph DIFE
a) 101& b) 1001 c) 10,0008 d) ->&%W

menti.com: 7596 1666




= EREE(p,p’) AR NILD fluctuation #E#fT

I. Poltoratska et al., PRC89 054322 (2014)
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Damping of IVGDR

Viscosity
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Isoscalar Giant Quadrupole Resonance (ISGQR)

by M. Itoh 53
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E498: 5255
QGR 0-deg (p,p’)HI7E + R LaBrsfR |

0-deg beam dump ‘ay.

8 large volume LaBr3

GR at 0.0 deg detectors from Milano

3.5”(px8”"L

D5 ' loocul,‘ 'nl.l«u
A | ot tol

Proton beam at 392 MeV
Beam: 2 nA
Target: 99Zr 20 mg/cm?

LAS at 61 deg

Achromatic mode: AEx=~100 keV
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Gamma ray detector array

Qe ¥ lla Supporting construction

by S. Nakamura

for -ray-detecting large L.aBr; Array

-3
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Gamma ray detector alray
Plastic (2mmt) for charged particle veto S Cylla

,
——t
=

Total Number of 8
detectors

Detectors at 90’ 4
Detectors at 135’ 4
Distance from target 135 mm
Solid angle 20% of 4pi
Efficiency @ 15MeV

by S. Nakamura



Coincidence matrix of Grand Raiden and LaBr3

means the ground state gamma decay

g.s. y-decay
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LaBr, energy [MeV]
S

0 5 10 15 20 25 30 35
by S.Nakamura  Excitation energy by Grand Raiden [MeV]
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g.s. y-decay was clearly measured covering fully the IVGDR
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1. If we consider GDR a single state, it

would have a constant BR;,0

2. If the excitation c.s. 1s larger, decay rate

is higher. Thus it would have a shape
similar to [IVGDR.

3. At higher Ex, neutron decay quickly dominates.

Thus it would decrease quickly as a function of Ex.
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Y HLﬁ j%éj\ IIEZ Hﬁ Preliminary
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The observed g.s.y-decay branching ratio is nearly constant in the IVGDR region.

S. Nakamura, master thesis 69



Ex dependence of I'vin Preliminary

dly, 1 dby, cﬁm_um<g>3ywqdmﬁn
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The observed dI'vin/dEX increases with Ex in the IVGDR region.
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[akamura, master thesis70



Physical Interpretations (open for discussions)

Why by is nearly flat in the IVGDR region? 9%(;:}3-), E, =392 MeV

o
o
K

The underlying physical reason is unclear yet.

Branching ratio b}/o
=) o
o o
N (98]

The IVGDR in 208Pb also seems to have nearly a flat b.r.
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20

0Zi(p,p), E, = 302 MeV d-d-Css.

Gamma ——=—
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Physical Interpretations (open for discussions)

P7r(p,p"), E, = 392 MeV

+

S,

n

M

+W+++++++ .

10 12 14 16 18 20 22 24

Excitation energy [MeV]

Why by is nearly flat in the IVGDR region? o
.Qg 0.04 1
The underlying physical reason is unclear yet. é 003l
The IVGDR 1n 208Pb also seems to have nearly a flat b.r. S 002
S
0.01
0
Why I'yiy increases as Ex increases? -
z
Probably due to the increase of the particle decay width E |
and of the spreading width. g
é
['bin sums up more-or-less to the resonance width I,

0

2 j j ’ ' T T
Nzr(p,p), E, = 392 MeV d.d.c.s.

Gamma =
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S. Nakamura, master thesis
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Physical Interpretations (open for discussions)

Why by is nearly flat in the IVGDR region?

The underlying physical reason is unclear yet.

The IVGDR in 208Pb also seems to have nearly a flat b.r.

Why I'yiy increases as Ex increases?

Probably due to the increase of the particle decay width
and of the spreading width.

['bin sums up more-or-less to the resonance width I,
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Further study for different nucle1 and for the other decay channels
in the PANDORA project and in other dedicated experiments.
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