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Q. Whether do | belong to Shimoura-san’s lab?
A. No. |l don’t. I'll run my own lab.

Research

* Nuclear Astrophysics - Exploring the Cosmos

é » Low-energy nuclear reaction _
e Nuclear Spectroscopy for Extreme Quantum System (NUSPEQ)

* Quark Physics

* Spin-Isospin Physics

+ SHARAQ Project

» Heavy-Ion Accelerator Technology

See http://www.cns.s.u-tokyo.ac.jp/index.php?Research



W COI‘I ents

* Nuclear structure study via proton
resonance elastic scattering

e Developing exotic targets



NUCLEAR STRUCTURE STUDY
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Island of inve

e Mass information around 32Na
e 2hw configuration is dominant in g.s.

Proton number

3°Si

27l |28A1 |29A1 [30Al [3LA] [32A] [33A1 |34A]
26[\] 27Mg 28|V|g 29Mg 30Mg 31M 32Mg 33Mg 34M
*9Na[3°Naf3’Na|3Na| *3Na
28N\ e 29Nel3%Ne | 3INe|32Ne

Neutron number

E.K. Warburton, J.A. Becker and B.A. Brown,
Phys. Rev. C41, 1147 (1990)
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i at ‘Island of inversion’

» (a)lneutlron SIPE (;f N=I20 I
N isotones ]
- :  Energy gap between pf-sd orbits.
S 10 e Single particle states will be a
_ direct evidence of the shell
=L evolution.
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@ Isobaric Analo
of bound states in a neutron-rich nucleus

» Same Isospin as the parent T=7/2
state 2+ P A(T=3) IAR(*'Mg) &Ry
>Tz=T-1/2 —

— (7/2-)
%33
1/2+

Mg(T=7/2)

»Same configuration as the Eo=4.7M&Y 1 1/2+
parent state \

Ep> 2.35 MeV
p+*Mg(T=3) °

Resonance shape

= angular momentum (l)
Resonance width

= total width (I';.;)
Resonance height

= proton width (I';) — SFP

Sp=13.360 MeV
0 511.740 MeV

YAl(T=5/2)



-~

Center r Stud = "77777#\\//
JQ% Thick target inverse kinematics

proton resonance elastic scattering with RIBs

Excitation function of do/dQ(0,,, ~O)

cf.) V.Z. Goldberg, ENAM98
1. High-energy recoil proton
~ 4x Ereso 30|\/|g
2. One fixed energy 3MeV/u
3. Large cross section
~ several 10 mb/sr

Recoil proto
>

Thick hydrogen
Target (CH.,)
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Tabla 1-2 Comparison betwesn T = 17/2 states in Y1156 and 1150, Tle o] mmmm—m Properties of Lhe isobaric analog states phesrve
preton scattering on '1¢Sn (Richard of af,, loc. cit., Fig, 1-9) and (d, p) reactions on the same target (E. I, Sehneid, A. Prakash ,;m: B.L.C m
Phys. Rev. 156, 1316, 1967), Column one gives the proton energy in the center=of-mass system, The energy in »::nlm;m Lwce m::a.slu_rcs um. e:;ci.lzq:i-:-r;
of the resonance stale from the ensrgy £y of the lowest T = 172 siate in ''7Sh. Column eight gives the excitation energy of the correspandin
states in UT8n, The single-particle profon widths (Fele emiploved in column seven have been calculated by I. P. Bondorf and H rlI.-:Il]-: i
{private sommunication, 1967). The resulis of the coupled channel calculation are rather similar to those nl;\d:limu,'i b;,. Et'rn;if[\:riég thi s:.:.mn_-:i:;

of a single proton in the nuckear potential and multiplying the width (ns given by Eq. (3F-65)) by the resenls
L - (3F- factor (2T + 13", whic
the probability of the proton channel in the state {1-58), i e e

Bohr and Mottelson, Nuclear Structure Vol. 1, p48-
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 Decay channels to the

excited states
cf.) 138Ba(p,p’)

Wie) =805 57127 )+ B|25:3/ 27 )+ .
oa=09+/-0.1
B =0.02

S. A. A. ZAIDI, P. VON BRENTANO,
D. RIECK and J. P. WURM
PhysicslLetters 19, 45 (1965).
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IARs of 13°Ba
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10 MeV
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40AT ' 34G; N 34Gj N\

63 | 20 Mev/u [ || 3~6 MeV/u
' /

230 mg/cm?2 321 mg/cm? 90 mg/cm2 0.1 mmt?

Be Al C Plastic @F2

\_ F1@RIPS VAN E2@RIPS /

2 p 6 8 10
E (MeV/nucleon)

‘-}}7 OEDO beam line
A @BigRIPS <

JI-NII-F



F3 PPACs

I I o5

Experimen o
SSD tele%ope
EA G pair of PPACs

incident angle
» 3-6 MeV/u 34Si beam

beam energy: F2pl-F3PPAC
*12 mg/cm? CH, target

34Sj beam stop

only protons are emitted
*SSDs (dE1-dE2-E) @O0 deg.
dE1: 16(x)x16(y) ch
scattering angle




1 days accumulation
0.5 days
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G. Burgunder, O. Sorlin et al.,

Phys. Rev. Lett. 112,042502(‘14)
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Phys. Rev. Lett. 112,042502(‘14)
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Decrease of spin-orbit int.
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mam= Setup for
E)
800
s 1.7x102 pps/238U 1pnA
L\f/fsoo Intensity is enough
S 400 Energy distribution is too wide...
Iz
§ To achieve dE/E = 100keV/50 MeV
% o e el e 30 Tof of 10m flight with 100 ps resolutio
will be measured.
BIGRIPS

Low-energy RIB
dE-E
Plastic hodoscope.
+/- 6 deg = 2x2 m?

C

solid-hydrogen target



NEW PROJECT-PRODUCTION OF
PURE 178M2HF
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Superdeformation

2:1

Hyperdeformation
31

Oblate
superdeformation

1:2

Octupole Yy,

Octupole Y,

http://www.nap.edu/openbook.php?record_id=11796



Isom

J=60h (4x4+5x4+6x4)
Search for torus shape nucleus

s . Al

_o%
Isomer beams(10%pps) 170 T e
i T A=4
Or isomer target T. Ichikawa PRL 109, 2325¢

Other topics...

High-spin X High-spin collision
Elastic Scatt. On isomeric state
Gamma lasers ...7



Isomer beams
e Fusion reaction 1°0(136Xe,7n)14°mSm(49/2)
+windows less gas target
+ solenoid

+slits to stop primary beam
nz== 110%pps  Purity ~ 0.1% — 10%

b -
it i
e g

T. Kishida et al., NIMA 484 (‘02) 45-55
H. Watanabe et al., NPA746, (‘04)540.

producis Primary beam

oy | By / Wl
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@ 195
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T.E. Cocolios, Ph. D thesis (K.U. Leuven)

Only by changing wavelength little bit !



The isomer

e Longest half-life isomer
T, =31years
N nasa | = 16+

o m 5
- A "
[11] " q}"‘_qﬁ_"-‘ o 1859.112
- L
10- ey Y S8 1601.473
e &F ,
Ea & Pl i 1364.091
- b i
8 ];:; & 8 1147423 , o
= I . —TT T
1
1
e
[ I Al £32.177
;;?_"? 112ps
5 ny
4 & l_;"“ 306.519
2 | 33180 4 45 ns
o 1 stable
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12 - somer - Population of high-spin
g e : state will be possible.
8ol

PHYSICAL REVIEW C 68, 044606 (2003)

Exploratory studies towards fusion with the 16™ isomer of 173Hf

: " Hinde.! N. Rm'.-'ley.2 M. D:;lsgupt:;l.1 R. D. Butt.! C. R. Morton.! and A. Mukhteee]'*

194Hg(Z=80, 114)

J. Dudek et al.,
PLB211, 252 (‘88)

Fm(Z=100), Cm(Z=98), Pu(Z=96)

NEUTRON LEVELS (MeV)



r Study

“"“Production of 178Hf"2 target at Dubna
° 176Yb(4He’2n)178m2Hf

Hyperfine Interactions 107 (1997) 129-139

Yu. Oganessian et al., 10
Table2 o ™htim00 178my. o
¥ Hf isomer accumulation runs at the U-200 Dubna cyclotron L
Target 6% enrichment Date of the run He integral no. 1782 Hf produced h
no. (%) of ions atoms
1 93 1989 2.6 x 10" 1.4 > 10” Alma-Ata K\
2 96 jun. 1990 1.5 10" 0.4 x 10" Alma-Ata
3 96 jul. 1990 6.2 % 1018 1.6 x 101 1 ~ 10
4 96 nov. 1990 1.3 5 107 1.2 10M C f \3‘{. ’-‘-F'f:b‘ﬂi- G_""
5 96 dec. 1990 2.0 = l[)'—"f‘ 1.6 = 10 [ — Gg
6 96 dec. 1991 0.6 % 107 0.6 % 10M i / bolo,
7 99.998 dec. 1991 4.5 % 107 3.5 % 101 L ,’r
8 96 dec. 1992 0.7 x 107 0.8 % 10M /
9 99.998 febr. 1993 3.4 107 4.8 101 i ],‘r
10 99.998 nov. 1993 2.4 x l[l“—"f‘ 34 10 I
11 99.998 nov.1994 3.2 % 107 4.6 % 101 0.1F rji 1
3 |
|
!
14 178 [ I
cfl.) for 5x10 Hf, 30 uA 36MeV X 500 h (20 days) | | .

cf2.) RIKEN AVF 5uA 50 MeV 2030 W0

E ,HeV



ec. with 178Hf™2

Isomer/gs. of 178Hf were well separated.
PRL72, 2689 (‘92)

cf.) IP of Hf = 6.825 eV

378 nm ;
572 nm A= 2.8 x 107 5”‘
W l'|

Y

Fuq UBTIG Y [Gl'lﬂ

This means removing 178Hf(0) is possible !



- What aren

1. 178Hf, ; separation
by lasers

2. 1/8Hf(16") acceleration



@RIBF-AVF

Ste

CENTER for
NucLEAR STuDY
Tre Universimy of Tokya

Nuclear Chem
@JAEA

Already established
> at Dubna (~5% purity)

pr—

catcher

Laser resonant
jonization 178m2Hf

178Hfg.s( ) /178Hf(16+)@ )
~1ng

@RIBF-E2




Hyperfine interaction makes isomer/g.s. of 178Hf well separated.

cf.) I.P. of Hf = 6.825 eV

J=2

572 nm
A=29x10

J=1

i =

- E——
-
I—-
s T

o

——— I
—
ol

— 1

378 nm
A= 2.8 x 107

Signal [counts]
=1 [ =]
-

v h . Frequancy [GHz]

J=2

N. Boes et al., PRL72, 2689 (‘92)

FWHM [GHz]
w a

Doppler broadening ~ 4 GHz (FWHM)@ 1500 K
Line width of laser ~ 1 GHz

-

ionize only the 178m2Hf

T. Sonoda et al., NIMB 267, 2918(‘09)



earch for ne

J=2 4.094 eV
A=29x10 - 7 "
-1 A=2.8x10 Transition from the ground state to
0.8149 eV a state of J=1 and of a large A coefficien
Y
J=2
Excitation energy Atomic Population (%)
0 2 74 270.5611 4.58 1.01e8
0.29211 3 19 288.9621 4.29 6.68e’
035 ~ = 301.6815 411  3.07¢’
0.6846 0 0.278
377.7655 3.28 2.32¢7
0.8149 1 0.4

Confirmation of hyperfine splitting is needed.



ST What's to

e |[sotope shift/hyperfine splitting of atomic
transitions with stable Hf isotopes.

- off-line TOF mass spectrometer

 Hot cavity-Laser ion source at E2
modification of PA at E2

* Production of multi-charged ion of Hf w/ECR
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2015 2016 2017
Measure & coolirn E
Production w/"2tYb ] 3500118
Chem. Separation of Hf l—) Check efficiency

lonization scheme search [
lon source +mass separation |

Production w/enriched 1/6Yb l l l

Production isomer beam l
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