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• Physics motivation of the KISS project�
�

• Recent activities at KISS stage I and mass measurements�
�-> Lifetime and hyperfine structure measurements�
�-> Mass measurements�

• Perspectives of the project �
�-> KISS stage II + �

• Summary�

α



from K. –L. Kratz, et al., Ap. J. 403(‘93)216. 
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Neutron	number	density	(n/cm3)	

Directly�
•  (n, γ)-(γ, n) equilibrium:�
r-process path�
• lifetimes of waiting nuclei �
duration time to form the third peak�
• steady flow approx.: �
correlation between T and Nn �

Physics goal�
ー Lifetime and Mass measurements ー�

Clarifying the astrophysical origin (CC-SNe, NSM, ..)�

Indirectly�
• neutron fraction (1-Ye)�
• production rates of fissile isotopes�
• nuclear properties in waiting region�
•�

Unique circumstance for r-process？�

Third	peak	
(A~195)???	



Isotone (N=126)�

Uncertainty of lifetime & mass predictions in N=126 isotones�

Isotone (N=126)�
Yb	Lu	Hf	Ta	W	Re	Os	Ir	Pt	Au	Hg			

Stage	I	Stage	II	

δｍ~100	keV	

Stage	I	Stage	II	

ΔT1/2/T1/2	<	10%	
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Stage	I	(~2020,	136Xe,	250	pnA)	to	Stage	II	(2021~,	238U,	up	to	10	pμA)	



KISS: KEK Isotope Separation System�
- New research method for waiting nuclei of A=195 peak -�

 �
(1) Multi-nucleon transfer 

reactions 
n-rich beams (~10 MeV/u)

i.e. (136-144)Xe+198Pt

Decay 
measurement�
station�

E3-room�

E2-room�

J3-room�

RadioacXve	Isotope	Beam	Factory	(RIBF)	

(2) In-gas laser ionization
Neutralization of RI by argon gas
+�Laser  resonance ionization (Z) 

+�mass separation (A) 
+ Det. system at low-background

2011~2012：installaXon	
2013-2014:	R&D’s	
Y.	Hirayama,	EPJ	66(’14)11017.	
Y.X.	Watanabe,	P.R.L.	115(’15)172503.	



KISS (KEK Isotope Separation System)�

199Pt	

εext	x	5	
->Iextx	10	

fixed	target	
@Mar.	2016	Doughnut-shape	gas	cell	

136Xe-beams	
laser	
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4	x	SC-Ge	det’s	
	collab.	with	IBS	

High-pressure	ion	cooler	
MulA-trap	ion	buncher	

MRTOF-MS	

~50kPa	(Ar)	



Lifetime confirmation in decay spectroscopy�
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Neutron number	

Expected ：T1/2 

measured region 

Stage I 

Stage II @RIBF upgrade 

Stage II  
@ present RIBF 

136Xe	:	I=20pnA	
136Xe	:	I=250pnA	

238U	:	I=500pnA	

201Re 

202Os 

200W 
199Ta 

203Ir 

KUTY	:	H.	Koura,	et	al.,	hlp://
wwwndc.jaea.go.jp/CN14/index.html	
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126	

238U	:	I=10pμA	

E	(keV)	

542	keV	
199Ptgs	to	199Au	

392	keV:	
isomer(13+/2,	13.6	sec)		
to	1st	ex.(7-/2)	

Ygs	:	Yisomer	=	1	:	0.4	

•	Y.	Hirayama,	NP1512-RRC41:	“LifeXme	measurement	of	nuclei		
				around	N=126	using	KISS”	(2016~)	

196Ir		
t1/2=52(1)s	

52(5)s			

197Ir	
	t1/2=5.8(5)m	

6.1(4)min		

201Pt		
t1/2=2.5(1)min.	

1.9(5)	min.		

198Ir	
t1/2=8(1)s	

10(1)s		

ConfirmaXon	of	the	reported	lifeXmes	

Tmeas.~20	min	 Tmeas.~60	min	

Tmeas.~35	min	 Tmeas.~60	min	

199Pt	

•	LifeXmes	of	5	n-rich	isotopes	around	198Pt	have	been					
			confirmed	within	measuring	Xme	of	several	tenth	minutes	
•	The	populaXon	probability	of	isomeric	state	in	MNT	reacXons		
			suggest	the	feasibility	of	isomer	spectroscopy			
•	Further	lifeXme	measurements	are	soon	(Sept.,	2017)	



198Pt	

line	shape	calibraXon:	
Doppler=1.0	GHz	@300K	
Laser	intrinsic	linewidth=3.4	GHz	
gas-pressure+laser-power	broadening=12.1	GHz	

199gPt	

199mPt	

392	keV	
543	keV	

199mPt	
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≥5x108 y�
≥ 30 days�
≥10 min�
<10 min�

M	:	MagneXc	dipole	moment	is	known.	
Q	:	Electric	quadrupole	moment	is	known.	
M*	:	MagneXc	dipole	moment	was	measured	in	KISS.	

Laser spectroscopy probing nuclear structure �
around N=126 isotones�

199Pt	

g;	Jπ=5/2-,	μ=+0.75(8)	μN	
m;	Jπ=(13/2+),	μ=-0.57(5)	μN	

HFB+SkM*	
[NnzΛ]Ωπ 	μ[μN] 				β2	
[503]5/2- 	+0.61 	-0.095 	oblate	
[606]13/2+	-1.40 	+0.088 	prolate	
by	K.	Washiyama	

Y.	Hirayama	et	al.,	
accepted	in	PRC	



• suitable for the heavy nuclides�
→δm<100keV at 100 ions�
• fast measuring time ≤20 ms�
→available for short-lived nuclides�
• compact (~1m)+simple principle �
→many applications�

Direct mass measurement �
with Multi-Reflection Time-Of-Flight Mass Spectrograph (MRTOF-MS)�

P.	Schury	et	al,	PRC95(‘17)011305(R)	
											and	to	be	published	in	NIMB	

• high sensitivity�
←identification with 2 205Bi ions�
• high efficiency�
←simultaneous measurements�
   for 9 isotopes�

120	115	 135	130	125	

145	

140	

155	

150	

82Pb
83Bi

84Po
85At

86Rn
87Fr

88Ra
89Ac

90Th
91Pa

92U
93Np

94Pu
95Am

96Cm
97Bk

98Cf
99Es
100Fm

101Md
102No

103Lr
104Rf

204, 206-208Pb

238U235U

MRTOF-MS	
@GARIS	II	

Fusion-evaporation
48Ca + 169Tm/165Ho

Fusion-evaporation
18O/19F + 208Pb/209Bi

Transfer
18O/19F + 235U/238U

Fusion-evaporation
48Ca + 203,205Tl/208Pb
18O/19F + 232Th/238U

Firstly	installed	at	GARIS	II	

• Masses of more than 80 isotopes were measured in 2016-2017�
• More than 30 masses of them were directly measured for the first time�
• 6 of them (246, 247, 248Es, 249, 250, 252Md) were newly determined�
• Highest precision of 3.5x10-8 (2.8 keV!!) using 104 ions was achieved for 65Ga+�
→ Feasible for accurate mass measurements in A=60~80 proton-rich mass region �
  relevant to the rp-process �
 �

S.	Kimura	et	al,	arXiv.1706.00186	
(submiled	to	PRC)	



MRTOF-MS @GARIS II�

写真�

  Ion trap Chamber�

 Cryogenic Gas Cell �

 Wall �

to	MRTOF	at	downstairs		

~3	m	

E~1.5	KeV	
ΔE	<	0.3	eV	
Δτ　<	20	ns	

IP(Ac2+)	=	11.8	eV	
<<	IP	(He1+)=24.6	eV	

P.	Schury	et	al.,	DOI:	10.1016/j.nimb.2017.06.014	

~10kPa	(He)	



Futureʼs plan: KISS Stage II�
-Comprehensive study of element synthesis with precise spectroscopy-�

KISS upgrade�Beam	dump	(~20kW)	

Collinear	3	color	lasers	

238U	beam	
11	MeV/A	
10	pμA	

RotaAng	198Pt-target	
(~	7	kW)	

S-shape	RF	quadrupole		
ion-guide	

High pure RI �
spectroscopy 
line (HPSP)� β-

delayed 
neutron�

Mass�
Lifetime�

Decay 
scheme�

radii�
moment�

Ion.  pot.�from	SLOWRI	



Challenge!!:: Mass and identification of super-heavy nuclides�Island of Stability 



Summary�

• Charge-radii shifts and magnetic moments of  199g, mPt, 196, 197, 198Ir were measured for 
the first time by means of In-gas-cell laser spectroscopy.�

�
• Shape coexistence in 199Pt is suggested.�
�
• Lifetime measurements  in the vicinity of N=126 isotones will be performed soon at 

the KISS decay measurement station.�
�
• MRTOF has revealed its high performance for mass measurements both in medium- 

and very-heavy element regions.   �
�
• Mass measurements at KISS will be ready within this year.�
�
• R&Ds of KISS Stage II, has been launched since this year for comprehensive study of 

element synthesis with precise spectroscopy.�
�
• MRTOF will challenge to measure masses of super heavy isotopes.�
�

User collaboration group: SSRI-pns 
http://research.kek.jp/group/wnsc/ssri-pns/�

   Calling Letters of Intent concerning to KISS, SLOWRI, MRTOF experimental 
subjects:  submit SSRI-PNS_contact@kek.jp, dead line is 15th, July �
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