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“Ca(p,p') at £,=295 MeV
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“Ca(p.,p') at E,=295 MeV
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“Ca(p.,p') at E,=295 MeV
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“Ca(p.,p') at E,=295 MeV
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“ca(p,p’) at £,=295 MeV
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“Ca(p,p') at E,=295 MeV
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“Ca(p,p') at H,=295 MeV
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“Ca(p,p') at H,=295 MeV
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“Ca(p,p') at H,=295 MeV
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W. Steffen et al, NPA404(1983)413; (e,e’) at Darmstadt and Mainz
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M1 ground-state transition strengths in 48Ca
between Ey=7.7-12.7 MeV

E, (MeV) BMI1, k)t (ud)
7.696 <0.05
8.150 <0.05
9.392 <0.07
+ - Y o 9.885 <0.09
19 1* states were identified.
10.138 0.12+0.03
10.225 3.9 +£0.3
10.330 0.09+0.04
10.354 0.08£0.04
10,782 0.12+0.04
10.930 0.05+0.02
11.410 <0.09
11.490 0.15+0.03
11.728 0.12£0.04
12.055 0.08+0.03
12.270 0.10x£0.05
12.310 0.11+0.03
12.493 0.09+0.04

12.700 0.10£0.05
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®Mg(p,p') at E ,=295 MeV Tentative Assignments
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®Mg(p,p') at E,=R95 MeV Tentative Assignments
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®Mg(p,p') at E,=R95 MeV Tentative Assignments

T T T T '| T T T T [ T T T T I T T 1 T I T T T T '| T T T T
{p.p') at 0.0-0.56 deg

3000 — Ml —
! El |
I Other Peaks

2000 =

Counts/5 keV

R _:
TERETTiaN MW .

7 8 9 10 11 12 13
Excitation Energy [MeV]




ABARDET —R~KEMDBITRILEF— 2009.7.27-29, IEfF

®Mg(p,p') at E,=R95 MeV Tentative Assignments
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EBNi(p,p'} at £,=295 MeV Tentative Assignments
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EBNi(p,p'} at £,=295 MeV Tentative Assignments
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EBNi(p,p'} at £,=295 MeV Tentative Assignments
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EBNi(p,p'} at £,=295 MeV Tentative Assignments
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(p.p’) ®Ni(p,p’) 1" states
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Differences come from:
orbital par of the M1 operator

Extraction of general trend
by checking the orbital
contribution in each state.

B(c): (p.p’)
B(M1): EM probes
orbital part: combination
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““Pb(p,p') at E,=295 MeV
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Preliminary Eﬂﬂpb(P]};’) at EP=295 MeV
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d’c / dQ dE (mb/ sr MeV)
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Analysis by I. Poltoratska, TU-Darmstadt
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A. Tamii et al., NIM A605, 326 (2009)
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Beam line WS-course
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Spectrometers in the 0-deg. experiment

Large Acceptance
Spectrometer (LAS)

As a beam spot monitor
in the vertical direction
59.6°
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Transport : Dispersive mode

Intensity : 3 ~ 8 nA

Proton Beam at
0 1 2 3m 295 MeV

0 deg. Beam Dump
(GR =0 deg.)

Feb. 14 2006 defense



Grand Raiden in the Odeg Measurement Setup
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Grand Raiden in the Odeg Measurement Setup
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Grand Raiden in the Odeg Measurement Setup
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Grand Raiden in the Odeg Measurement Setup
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Grand Raiden in the Odeg Measurement Setup
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Grand Raiden in the Odeg Measurement Setup
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Grand Raiden in the Odeg Measurement Setup

In spin-transfer
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Spectrometers in the 0-deg. experiment

Large Acceptance
Spectrometer (LAS)

As a beam spot monitor
in the vertical direction
59.6°
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Beam Tuning

*su{p,p) at E,=295 MeV
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« Beam energy spread was checked by 1°7Au(p,p,) sl
elastic scattering in the achromatic transport mode

Aphromatie Transport N

6=8.0"

a/a%; pa

40-60 keV (FWHM) at E,=295 MeV

It corresponds to a beam spot size of
3~5 mm on target
in the dispersive transport mode.
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« Halo free beam tuning at 0 deg. (achro. beam) s es  es i 5 2o
Single turn extraction of the AVF cyclotron Ezeitation Knergy [Mey

e Tuning of dispersion matching

20 keV (FWHM) at E, =295 MeV

It takes ~2 days for the beam tuning.

Beam spot in the dispersive mode
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Background Subtractio

Vertical positions projected at the
vertical focal plane were calculated.

Linear shape of the background in the Y
position spectrum was assumed.

Background subtraction was applied by
gating the Y position with true+b.g. and

b.g. gates.

The background shape is well
reproduced by this method.
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H. Matsubara et al.
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Quenching of the GT strengths

Gamow-Teller (GT) quenching problem:
The observed GT strengths are systematically smaller the sum-rule value.

GTsumrle: S, S, =3(N-2) S G O R
Quenching Factor § Ty o .l|:
_ Strength(exp.) %" wf 50% it 1 -
~ Strength(theory) z a:m _Q_v:nih,izg;ﬁr;?%_;

Mass number 4

By sophisticated measurements and analysis of (p,n) and (n,p) reactions

50 — 88% of the strength was observed in %Zr upto E,=50 MeV
T. Wakasa et al., PRC55(1997)2909 K. Yako et al., PLB615(2005)193

2 quenching schemes: _
- Mixing of multi-particle multi-hole states ~ *— dominant
- Mixing of A-hole states contribution



M1 excitations and analogous excitations

g.s. [V MI
+
ZSAI 1
IS M1
®P) 4
(e.€)
(Y"Y) ZSSi
TZ=+1 Tz=0 Tzz‘
N=7+2 N=Z N=Z-2

=even

IS: Isoscalar AT=0 ©
IV: Isovector AT=1 o7

Isovector (AT=1) M1 excitation
Is analogous to GT.

== Similar quenching is expected

Isoscalar (AT=0) M1 excitation:
A-h mixing does not take place

== Different guenching between
Isoscalar and 1sovector
excitations?



Study of isoscalar/isovector M1 excitations
over the sd-shell region

For all the N=Z even-even stable nuclei over the sd-shell
(isoscalar/isovector excitations do not mix to each other)

160’ ZONe’ 24Mg’ 288i’ 328’ 36Ar’ 40Ca

160: Ice target (H,0O)

32S: Cooled target (for preventing sublimation)
BAr: Gas target

2ONe: Cooled gas target
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G % 1

H,O, 32SHE
with ¥ 1528 35 1 HVES O R

T. Kawabata et al., NIMA 459 (2001) 171.

10 mg/cm”2 <500
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Counts / 4.4 keV
S
o
S

Inelastic Proton Scattering from 28Si at O degrees

1

Eﬂi

o — : Analyzed by H. Matsubara

- & S
) o - 5
- g o g e ? naLtSl (,p) Er = 295 MeV
S T e
= < — :
: r.l n :: i % GR : 0° full- acceptance
- % 2 E{ :% """""""" 'FWHM""Q'[)'kc‘if'éit"E{"—ml'iuil'S'Mc‘i.f'
N ) IR =
__.___ : SRR R r I_, ______________________________________________________________________________
~ —{<— FWHM = 17 keV bl
- 5 : | 20fkeV |
- JII l Ll‘l.i_ll._ul‘:_ll ll L
4 6 8 10 12 14 16 18 20 22

Excitation Energy [MeV]




Angular Distribution of IS and IV 1* excitations

DWBA calculation
Trans. density : A. Willis et al., PRC 43(1991)5 (by OXBASH in sd shell only )

DWBA, T=0; IS
DWBA, T=1; IV

NN interaction. : Franey and Love, PRC31(1985)488. (325 MeV data)
Optical potential : K. Lin, M.Sc. thesis., Simon Fraser U. 1986.

Analyzed by H. Matsubara

[mb/sr]

do/dQ

Ex =9.50 MeV ; T=0 o Ex=11.45MeV ; T=1

(&)

I I [ I I I I I
10 15 20 0 5 10 15 20
0, [deg] 0. [deg]

From angular distribution, isospin value is identified.



do/dQ [mb/sr]

Other states 1dentified as 1%

1*, T=0 states

o3 13.04 MeV

do/dQ [mb/sr]

10.90 MeV

1+, T=1 states Analyzed by H. Matsubara
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B(o) [p

2
n]

B(0) [

Strength distribution

T=0;1S
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0.00 —
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RCNP-E299: H. Matsubara et al.,
1* strength distributions will be measured for each IS and IV

for 160’ ZONe’ 24Mg’ 28Si’ 328’ 36Ar, 40Ca
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shell model calculation:
OXBASH + USD interaction
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0.30 —

M1 strength in 28Si

Cumulative Sum

T=0: 1+

0.25 —

0.20 —

0.15 —

0.10 —

0.05 —

2 B(o) [147]

0.00 e i i |

8 10 12 14 16
Excitation energy [MeV]

preliminary
T=1; I+ Quenching factor
12 -
e [xp,
— USD _|_|—" o
l_n-" 0.8 - { .
SR |
| — 06 :
0.4 - { present work
(preliminary)
i e T=0;IS
e T=1;1V
0 === I | T I | %0 I I T |
0 11 12 13 14 15 16 150 200 250 300 350

Excitation energy [MeV]

Followings should be checked more carefully.

* B(o) Is determined from do/dQ2(q=0)

relying on the eff. interaction and DWIA
calculation.

*Bare g-factor is used in the S.M. calculation.

Quenching Factor =

Incident proton energy [MeV]

ZB(O-)exp
Z“B(G) shell-model




Total B(0) [4 2]

Total B(0) strengths

very preliminary
IS IV

0.35 — 1 . 10 —
—8— exp. pre 1m1nary o)
-G - cale.

0.30 — 3 peisls ,
@~ -Q\

preliminary
e

0.25 —

0.20 —

0.15 —

0.10 —

0.05 —

0.00 —

T 1 T 1 1 1 1 1 I 1T & 1 1 1 1 |1
12C 160 20Ne24Mg285i 325 36 A1‘40Ca 12C 160 20N924Mg ZSSi 325 36 Ar 40Ca

Calc. = OXBASH shell model calculation (0 hw) with USD or CK int.

and the free-g factors. (~10% ambiguities)



Comparison of Q-factors IS and IV

Exp. / Calc (bare-g)

O-fact very preliminary
-IacCtor

T

1.0/=

0.8 —

0.6 —

0.4 —

0.2 =

0.0 —

preliminary

IS

1 I

I I I

12C 160 201\}e 24Mg ZSSi 325 36 Ar 40Ca

— IS seems generally to be less than IV
in the sd-shell.



M1 strength in 298Pb
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Prediction of the M1 strengths in 298Pb with 1p-1h basis

1p-1h excited states of protons |r{hg,-h,;,,"1}> and neutrons|v{i, ,-1;3,1}>
strongly couples to each other due to

« spin-orbit splittings of p and n orbits are similar
 orbital angular momentum I’s are similar

HTH I1172

and yield 5 i

Ny HTH
« alower-lying state at ~ 5.4 MeV with B(M1) ~ 1 g2 ™| —°—
 a higher-lying state at ~ 7.5 MeV with B(M1) ~ 50 z4
In Tamm-Dancoff approximation.

p n

see e.g. 20

J.D. Vergados, Phys. Lett. 36B (1971) 12.
Bohr and Mottelson, Nuclear Structure vol 11 (1975)636.



Fragmentation of the M1 strengths in 298Pb

The low-lying strength is considered to be exhausted o ; T ' 7

by a state located at 5.846 MeV. | 1p-1h
observed by (p,p’) S.l. Hayakawa et al., PRL49(1982)1624, (e,e’), and (d,d’).

[

41 =

ny
T
1

The higher-lying strength is fragmented into many

tiny states by mechanisms: S e ; ; -
 core-polarization or g.s. correlation S ;
» coupling to 2p-2h states
» coupling to A-h states

* meson exchange current

{eh/2Mc)?

[s1]
T

1p-1h and 2p-2h .

BIMI; 1" — g.5.)
o
T

H
T
|

; | Y 11 Jﬁj Lot by A
T T T
5 6 s 8 9
Energy (MeV)

Experimentally, only a strength of ~10 z4,? has been

: : : : lc. by Lee and Pittel PRC11(1975)607.
observed (until 1988) comparing with theoretical cale. by e and He (1975)

predictions of ~10 £ .
— “Missing M1 strength in 208Pp”



Prediction of the M1 strengths in 298Pb

Many theoretical works have been done for reproducing
the observed M1 strengths

» spreading by the coupling to 2p-2h states: 20% of reduction
e ground state correlation: 20% of reduction
« coupling to A-h states and MEC: 20% of reduction

If all these mechanisms additively contribute,
“the best that be expected from theoretical predictions is 20 2"
|.S. Towner, Phys. Rep 155 (1987) 263.



Search for M1 strengths by experiments

Experimentally many reactions have been used to —
observe the M1 strengths: a2 1ok 2%Pb (7,y) .
0EPh({y). 2Pbi(y.f1), 27Pb(n.n), 27Pb(n.y). P .
E e
208Ph(e,e’), and 298Pb(p,p’) g M
—— Ez;,n) -!—hre?hPlp¢ —
. . 3  Total l
In 1988, R.M. Laszewsky et al. have identified _ 60Fmm M i .
8.8.4,2 below Sn by a 28Ph{},y) measurement. '-E't aof 3
b ]
In total the higher-lying strength became 15.6.2 20F E

which came closer to the “best” (smallest)
theoretical prediction of 20p,2.

(T=1) 1562
[ (T=0) 1.9u)2

Determination of the M1 strength distribution in

208pp over a large Ex range is important to know
the M1 quenching mechanism.

Photon Energy (MeV)
R.M. Laszewski et al, PRL61(1988)1710



e

= Q2
= SX
1 No Slits
. -~ Focal Plane 1)
D, measurement IS Polarimeter 208Ppy
scheduled in Nov.-Dec. 5.4 mb/cm?

2008.

. polarized ~1nA
Beam Dump

Dyn (=Dgs) Measurement .



AS can be model-independently extracted by measuring
polarization transfer coefficients at 0°

(AS decomposition of the strengths) T.Suzuki, PTPL03(2000)859

D 4D - —1forAS=1 M1
NN " 13 forAS=0 E1 (Coulomb-Excitation)

E1 and M1 strengths can be decomposed

The D, data were taken but D, were not.

l

Here, we play a game assuming a constant
Dy = -0.24 for M1 and +1 for E1 for the E1-M1 decomposition.

Normalization of B(o) Is not well determined

-0.24 is taken from T.Wakasa, M. Dozono et
al., for 12C(p,n)*?N(g.s) at 300 MeV at Odeg
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do/dQdE,

{mb/sr/10keV)

Preliminary ~ *%pp(p,p') at £,=295 MeV
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Dy = -0.24 for M1 excitation
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Summary

QL2 Hh LT 515 70 MR RERG - FE I E BCELO I E FiEA I RITMENL LT,
ST REBE ~20 keV.,  JifiEd = /L — 5-25 MeV
E1B X OMIDOFHECIRRE IR EE DS iE L,

BRI IE LA WRIE CTHATZD  BUE L T2 F-WTHIENTEA,
B ROS R I E = L — IR T I2IE—E,

208PbDELh L 5 EE D EEREIX (v, v )DEELLS—E L TW5,
M1 il 58 4y B L2 DU N TURARAT H,

T & R T IEICODWTHENLS Y, T —F 70X 7o a DA T —UIZAD
ZEHRDIL TS,
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