











RI beam facility (RIBF) at RIKEN

3rd generation
HI accelerator

50m

d,....,238U 350MeV/nucl.
— RI beam by fragmentation

Expected intensity (“N 250 MeV/A)
12N: 1.6 X 10° cps/pnA (max. 4 X 107 cps)
12B: 2.8 X 105 cps/pnA (max. 7 X 107 cps)




SHARAQ spectrometer

* QQDQD type

e Maximum rigidity 6.8 Tm

o Op/p =1/14700

 Dispersion matching (x|0), (6|6)
e Angular resolution < 1 mrad

* Solid angle 2.7 msr

* Rotatable (-2 to 15 degree)

* Weight 500 tons

1 target
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The first result from spectrometer

N7r,28Pb(t,3He) reaction @900 MeV




Experimental Setup

Primary beam :
Production tgt. : °Be 4cm @ FO

Secondary beam : T 300MeV/A

FO
%  production . . -
% target °Be (4cm?) achro matic e *
MeV/A / \ %‘?ﬁ{iﬁﬁiﬁh{ Tl i ;,.".E;u e S *
F3 High resol sy
plastic scintillator (SF3) High resolution AR
beam line __ {'"
angular collimator | | %
F1 10| < +=15mrad —
momentum slit .
|81 < £0.06% 7
(AE~2MeV) $ £ 1 x 1{fpps
SHARAQ-F.P.
CRDC .
This experiment did NOT SHARAQ-TGT plastic scintillators

secondary targets :
CH, (beam tunir

208Ph
ooy [ IVSMR

utilize dispersion
matching technique!
Achromatic beam.



Summary of experimental conditions

Beam
Primary : “He 320MeV/u 300pnA

Secondary : triton 300MeV/u 1x10’pps

purity > 99%
Obtained Spectra
2°8Pb(t,3He) 2087
907y (t,3He)20Y at 0<E <70 MeV
CH,(t,3He) 0< 6<3deg
Obtained Resolution
AE ~ 3MeV
- beam spread — 2MeV
- energy loss in target — 2MeV
AB ~ 0.5deg
- beam spread — 7mrad

- multiple scattering in target — 7mrad



CH,(7,°He) @ 300MeV/u

Image at the SHARAQ focal plane Excitation enegy spectrum
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Clear kinematic correration for H(t,3He) (x| 0) = 6.10m (design value = 5.86m)



Required angular resolution

Angular resolution

— Crucial for separation of
AL=0 and AL=1

DWIA calculation

—— AL=0 IVSMR (N.M.)

—— AL=1 SDR(V2p;,,72s,,,")

Our resolution AO ~ 0.5 deg

is enough.
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Obtained spectra
- preliminary results -



90Zr(7,3He)*°Y @ 300MeV/u

Stat. accuracy (Odeg)
~1.5% for 1msr =1MeV —bin

Spectrum at Odeg.
Bumps at 5SMeV, 10MeV
(first bump : *H contaminant)

Angular distribution
5MeV, 10MeV bumps
-- peak at 1.0~1.5deg

- AL=1 or AL=2
[not IVSMR]
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IVSMR(£5*) ? for 29Zr

IVSMR(AL=0) = Forward-peak

Comparison between
0.0 deg .vs. 0.5 deg spectra

Significant AL=0 component
around 20MeV
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IVSMR(£5*) ? for 29Zr

IVSMR(AL=0) - Forward-peak : T 'C‘S{O'.Oo;
Comparison between ~ _Wihiutos
0.0 deg .vs. 0.5 deg spectra R 4: normalization
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208ph(+,3He)208T| @ 300MeV/u

Stat. accuracy (Odeg)
~ 2% for Imsr =1MeV —bin

Spectrum at Odeg.
Bumps at 4MeV, 15MeV

Angular distribution
4MeV bump
-- peak at the forward angle
=~ AL=1 (V0iy, ;,, 0Ny, ;)
(or AL=0 mixture)
15MeV bump
-- enhanced at backward angle
-2 AL=2
-- also forward-peak
- AL=0
(mixed)
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IVSMR(S *) ? for 298Pb

e |IVSMR(AL=0) = Forward-peak 4 es(00°
. 8 — cﬁsﬁﬁo:&;
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IVSMR(S *) ? for 298Pb

IVSMR(AL=0) = Forward-peak

Comparison between

0.0 deg .vs. 0.5 deg spectra

Significant AL=0 component
around 12MeV

Theoretical predictions
TDA(SG2) — reproduce overall shape
slightly shifted to low Ex

Formalism E.ve.
HS TDA , SGlI 10.1
TDA , Sl 12.3
AK RPA, Sl 13.5

Hamamoto, Sagawa : Phys.Rev.C 62 (2000) 024319
Auerbach, Klein : Phys.Rev.C 30 (1984) 1032

SlIl interaction is again better.

d?0,,/d0dE
(mbsr~'Mev™?)

1.0 | 1 1 L
R —— OUR EXP. DATA
IVEMR C.S. diff.
| €S(0.0°)—CS(0.5°)

— C.S.(0.0°
— C.8.(0.5°

without
normalization

= N W e 00 O N

0 10 20 30 40 50 60 70
Excitation energy (MeV)

—— SIII TDA (strengts/3000.) |

0 20 40 60
Excitation energy (MeV)



Expected IVSMR(5") in 20"'Pb(?'He t)

‘"Pb(’ne t}OBOOHaV/u
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Hamamoto , Sagawa (TDA with SGII)

IVSM(2°8Pb) 13.5 23.5 40.3 26.8

2.11x104 6.90x10* 3.27
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Hamamoto , Sagawa (TDA with SGII)

IVSM(2°8Pb) 13.5 23.5 40.3 26.8

2.11x104 6.90x10* 3.27



IVSM(B~) Resonance by (p,n)@800MeV

(mb/sr MeV)

lII.

(rnb/sr MeV)

apal

o
[, (mb/sr MeV)

D i
i i
I (mb/sr MeV)

15

FHYRU ), MEWhEW U, Sk LISLUE bl DRIgbind

10

Pb(p,n)Bi

(a) |

tor monopole resonance using the I'hl[;;,:.:".lﬂi reaction at 795 MeV

907 (p,n)*Nb (b)

] arhaker, 1 Cooper,’ 'S Deluci,' B 'I.uih-:r.':: £ 1 Goodmon,” B ¥ Park S
: H':. |"'-:|||':|.'||' T W Taddesw:ci © acd 1T Mz
17 1.0

...the AL=2, AS=1 5

calculation indicates ... =
11 alarge positive Dy, which S o5
11 1s not in agreement with the :P.,

empirical results. -%
42 0.0

D;; <<0 for J*=27,3" 0.5 k...,

--—-------
o,

11 | Above statement “a larce
g 0.0
1] | positive Dy;” is
1] | questionable. 08l 1+
.MWW ;q =1.0=— 4
o 25 50 75 100 125 ’ z 4

scattering angle 8 (deg)



IVSM(B~) Resonance via (3He,t)@900 MeV
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Interferences and ---.

@®1" state consists of:

1')=|GT;AS =1,AL = 0(2), 0/0)
+|IVSM; AS =1,AL =0, 27i»)
+|SQR;AS =1,AL = 2, 2/0)

=> In principle they all interfere!

®1In addition,

®t and 3He have internal structure
= AL, =2 contributes!

It is obvious we definitely need a theoretical
(structure + reaction mechanism) inputs !



Future analysis

e AL=0 component is mixture of GT, IVSM and SQR.
- comparison between (t,3He) and (n,p) is important known
[ GT ] — “proportionality relation”
is well established both for (t,3He) and (n,p) ~©
[IVSM] — must show enhancement for (t,3He)

o529 = congt - o P

Raywood et. al. @ TRIUMF

NPA 625(1997)675 PRC 41(1990)2836 Smeared by 1. 4MeV
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Some enhancements have been observed already.
But not convincing

— AL=2 component (SQR) is also enhanced at Odeg in our case.

Multipole Decomposition Analysis is required for further discussions.



Summary

The first datafrom SHARAQ

208ph, 20Zr(t,’He) reactions were measured to search for IVSMR(*)
a 0<E _<70MeV and 0< 6<3deg

Candidates of IVSMR(B*) observed
NZr . ~20MeV
208Pp : ~ 12MeV

Comparison to theory
For both 2Zr and 2%8Pb cases,
TDA(SGII) calc. well reproduces overall shape

but is dightly shifted toward lower Ex.
TDA,RPA(SIII) calc. gives better description.
IVSMR(B) ?77??
Multipole Decomposition Analysis should be done before conclude.
1+ state : interferences!

Need strong inputs from theorists.
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