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) decay data are very rich source of nuclear structure information &
are of importance to many other areas

v" nuclear structure — often offer the best quantities, because the
complexity of spectra is reduced

v' astrophysics — especially on the “r-process” side — neutron-
rich nuclei

v" atomic masses — proton-rich (Qa. & Qp); neutron-rich (Qf-)

v" applicationsof nuclear science
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Introduction

1 Experimental Decay Data

v’ experimental results obtained followinga—, p~-, p*, EC, IT, p,
cluster, etc. decay processes

] Evaluated Decay Data

v’ recommended (best) values for nuclear levels and decay
radiation properties, deduced by the evaluator using all
available experimental data & theoretical calculations (e.g.
electron conversion coefficients)

Myth: decay data evaluation deals only with decay data— many
properties come from other decays and reactions (adopted level

properties), e.g. Ey, Iy, MR, ICC, ...



Introduction — cont.
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structure of the parent state (J7,K®, configuration) P ; :
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(J  Q-value-— defines the energetics of the decay
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v the window of daughter states available
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o—decay - cont.
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Hindrance Factor in a—-decay

| HF < 4 - favorite decay (fast) | I
BRj/ T1/2
i - Waexp) _ Ty(exp)/ BR, BR,
ty (th) 1% (th)

t,5(th) M.A. Preston, Phys. Rev. 71 (1947) 865 (% = In ro W(H7 +K7) +tan"og(C” + S )+2ptanag(C, K — 5, H)) JREIS
- 2v uztanac(H,- C +KS,)Q

v' depends on ry and Q(a) - nuclear radius: R=rox AY3 v = \2E«/ ma

Ocii = Qo — Ei = [m(A,Z) - m(A—4,7 —2)— ma] - E: from AME12

Qoo = Eao x mA,2) = anx(1+ 4 )

m(A-4,7-2) (A-4) Eowo, Qow in keV
Octo = 2xm(A,Z)x Eao zanx(1+4'0015)+0.15
m(A—4,Z—2)+\/m(A—4,Z—2)2—2xm(A,Z)ano (A-4)

S relativistic formula ’



o decay - Experiments

) magnetic spectrometers

J ionization chambers

. semiconductor detectors— mostly Si
v’ Si(Au), PIPS, DSSD, ...

J using radioactive sources (off-line)
v" when lifetimes are sufficiently long

J using nuclear reactions (on-line)
v implantingon a catcher foil
v implanting directly on the DSSD



absolute determinations of a energies using the BIPM
magnetic spectrometer with a semi-circle focusing of
alpha-particles. These measurements were performed in
the 70's - 80’s for the most intense alpha-transitions

v 228Th, 224226Rq, 220,222219Rn, 216,212,218214215pg 212Bj 227Th, 223Ra, 211Bi, 253Es,

242,244Cm, 241Am, 238Pu — B. Grennberg, A. Rytz, Metrologia 7, 65 (1971)
v’ 232 240py — D.J. Gorman, A. Rytz, H.V. Michel, C. R. Acad. Sci., Ser. B 275, 291
(1972)
210Po - D.J. Gorman, A. Rytz, C. R. Acad. Sci., Ser. B 277, 29 (1973)
239Py - A. Rytz, Proc. Intern. Conf. Atomic Masses and Fundamental Constants,
6th, East Lansing (1979)
236py - A. Rytz, R.A.P. Wiltshire, Nucl. Instrum. Methods 223, 325 (1984)
252Cf, 227Ac - A. Rytz, R.A.P. Wiltshire, M. King, Nucl. Instrum. Methods Phys.
Res. A253, 47 (1986).
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Two parameters - the radius of curvature p and the

mean magnetic induction B.

E(a) =a (Bp)? + b (Bp)* +d (Bp)®
The factors a, b, d are derived from the latest
adjustment of fundamental constants (m,, e and N,).

The components of systematic
uncertainty are due to length
measurements (4.6:10° E(a)),
measurement of mean magnetic
induction (1.3-10° E(o)) and
combined effect of uncertainties
of fundamental constants
(0.310° E(a)), i.e. the total
systematic uncertainty is ~5-10-°
E(a) or ~0.3 keV (%°Pu).




Magnetic nv2 a-spectrometers with high luminosity

In 1960°s three such big magnetic a spectrometers were built in the Soviet
Union - in Moscow (Baranov et al.), St. Petersburg (Dzhelepov et al.) and
Dubna (Golovkov et al.).

1.5 keV energy resolution
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In respect of alpha-particle energies the measurements with mv2 magnetic
spectrometers are relative — one needs to use alpha-energy “standards”.



Argonne double-focusing magnetic spectrometer

v energy resolution (FWHM) of 5 keV

v’ transmission efficiency of Q=0.1 % for 6 MeV a—particles
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Semiconductor detectors

J semiconductor detectors: Passivated Implanted Planar
Silicon (PIPS)

v energy resolution (FWHM) of ~10 keV

v'small geometrical efficiency of Q=0.225% in order to minimize
o—e- coincidence summing effects

v" thin and isotopically pure sources
v’ sophisticated data analysis
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ATOMIC DATA AND NUCLEAR DATA TABLES 47, 205-239 (1991)

RECOMMENDED ENERGY AND INTENSITY VALUES
OF ALPHA PARTICLES FROM RADIOACTIVE DECAY

A. RYTZ*

Bureau International des Poids et Mesures
F-92312 Sévres Cedex, France

recommended values for Ea and la
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PHYSICAL REVIEW C 89, 064318 (2014)

Direct high-precision mass measurements on ! Am, ?*Pu, and >*°Cf

M. Eibach,">" T. Beyer,' K. Blaum,' M. Block,? Ch. E. Diillmann,**> K. Eberhardt,>> J. Grund,* Sz. Nagy,' H. Nitsche,*’
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PHYSICAL REVIEW C 91, 044310 (2015)

High-resolution « and electron spectroscopy of 53’ Cf
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»1Cf a-decay

b

PHYSICAL REVIEW C 68, 044306 (2003)

. . . 5
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1Cf a~decay — cont.

ANLP-22 896
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Spectroscopy near the proton drip line

Po | Po | Po
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J many a-decaying isotopes, but
often unique competition betweena,

EI+ and even p!
relatively short-lived (T7/,<10s)!
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fusion up to iron

——3 number of neutrons
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Decay Tagging

one pixel

GAMMASPHERE A
- Fragment Mass Analyser SR

v’ 907y 4+ 90,927y @180Hg
v’ 907r + Mo @182Pb
e 3 ¥ v/ 89Y 4+ 07r@179Au
eSS/ 84y 4 9296\ o @176-180Hg i JLs

v 8Y + 2Mo@81TI@375 MeV X-array

one “Super-Clover” &
four 70 X 70 mm Clovers




The Heart of RDT: the DSSD

LOLLS ELLL LI RS

80 x 80 detector 300 um strips,
Each with high, low, and delay line
amplifiers, for implant, decay, and
fast-decay recognition.

Data from DSSD showing implant
pattern 40 cm beyond the focal plane

TOF (Focal Plane-DSSD)

Counts ,

T v 1

3 :: '
oL Fiys
(=] W

50 1

208Pp(%8Ca,2n)>No

I T ’

—
(b) 112

100 200
X-Position

22

7000 8000 9000
E (keV)

Counts

200 600

TOF (GS-Focal Plane)

[ (d ' SBNo
i 250pm Eaz8.107160

Ea=7.43 1
B 7120
| 2460 {1 o
Ea=6.75 E
17 N 780 3
] (&)



ol-o2 (Earent-daughter) correlations
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Odd-Z Au (Z=79) isotopes—sample spectra
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Neutron-deficient Au nuclei (Z=79)

J low-J ground state/high-J isome
J only 11/2- state known in 175Au
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6.41 MeV

9
1270.9

76.7

(132%)

1372
5712t 6158.3

179T| 7140

532t  §y 54443

691.0

492+ 47533

657.0

45/2+ 4096.3

615.7

o+ | swoo

5735
2907.1

177ay
N=98

175a,
N=96

37R*

525.9
332t 2381.2

4719

290+ 1909.3

14706 25t P 14994

0
212+ 1160.4

2573
17/2+ 903.1
132F 7601 7420

917.9

157.9

6.12 MeV

F.G. Kondev et al., PLB 512 (2001)



19T1: a—decay properties

Counts

Counts

N~ .
4 (@) A=179 gated X iIsomer
133 0 <At <96 s o §
N~
1 02 s aL n ol 1 7 9T I
10
1 s 'S 'l \ n
4000 4500 5000 7000 7500

(b) 655601 gated

(c) 718201 gated
O0<At<2s
e+p*
22%

N175AU

5000 5500 6000 6500 7000

E,, [ke
10 § d) 655601 & 64320.2 gated 5 M(e) 718201 & 643202 gated
® 0<At<40s .g 10 A 0<At<20s
-
@]
1 3 171| r
b I
5000 5500 6000 6500 7000 5000 5500 6000 6500 7000
E,, [keV] E,, [keV]



E E
HF _ T{/;P (az) _ T{/gp /BRz Ti%eory
i Theo - Theo
1% T
1/2 1/2
11/2 860(7)
(5/2%) 679 _ _ - -
450 1.36 ms
(3/2%) T 007 797
1/2* 227y 0 7194q,
- 476 ms %b =50
65560
%b, =100
11/2 207(14)
1/2+ , o '™Au 124 ms
188 ms
64310
64310 °%b =78
%b, =89 “
11/2 207(17)
1/2+ | 0 171|I’ 151s
3.1s
5958a
57280 %b =54
%b, ~100 «
1/2 | 92
1/2+ v 89(19) R 92y 0
4~ 59s € oz 345

M.A. Preston, Phys. Rev. 71 (1947) 865

HF < 4 favorite (AL=0)decay

1/2+

1.12 (6)

2.16 (17)

11/2-

0.50 (3)

0.36 (6)
%b,~15%

1.63 (19)

2.2 (4)




179T1: lifetimes

1055— T T T T © T T T —§
E A=179 gated N ] 179T| — g.s.
1045_ O<Ata1<4S 3
> 176 (19 415 (55) ms — LBNL
: ( );“5 230 (40) ms — ANL (1998)
presen 160 (+90-40) ms — GSI (1993)
100— L 1 L 1 L H
5000 6000 7000
Eq1 (keV)
o T Tr T T 3T 1T T T T T T3
F a) 65560.1(t) 1 10 E\b) 719401 (t) ]
T1/2=476(19) ms | F T1/2=1.36(4) ms

1797 - isomer

—_
o
N
T

10’ 11/2- (iso) 3

AN

good agreement with
previous measurements

Channels
Channels
S,

I

AN

100¢ \

1

1071

\\

. ] 1 I : —1 [T DR SRR R B R
1000 2000 3000 4000 9 o 4 6 8 10 12 14
) Time (ms) 8 Time (ms)




175 Au: lifetimes

Counts [10keV/Ch]

Counts [10keV/Ch]

~  (@A=179 gated
® 0<At<6s
~
1 l 1 1. 0m0 .0,
450 650 700 750 800
= . N
, (b) 65560, gated P / S .2 (o) 71820, gated S %
107 o<at<2s N~ p =10 0<At<2s § 3
- 3 =
10 =
= N
o WP 1 ]
500 520 540 560 580 600 620 640 660 680 700 500 520 540 560 580 600 620 640 660 680 700
E,, [keV] E,, lkeV]
:I T T T T T T T T T T = 3 T T T T T T T T I:
o) 65560:1-6431a.2(t) - d) 719401-643102(1)

similar, but not identical! .
188 (12) ms — 124 (8) ms £
158 (3) ms using 6432a(t)

F.G. Kondev et al., PLB 512 (2001)

b

1071

T1/2=188 (12) ms
1/2+ (g.s) :

I

100 300 500 700 900 1100
Time (ms)

Channels

107}

T1/2=124 (8) ms

111/2- (iso)'g

BN

100 300

500 700 900

Time (ms)
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500

-~ v mepy  A=176 84Sr + *Mo@178Hg (pn)17°Au
[Ty}
| Gammasphere & FMA
- 176
é 4000 Au J.T.M. Goon, PhD thesis, UT
2000 |
8§8§ § ] (a) 6080 keV h
| J g & / . gammasphere
L ‘ | Aux-rays S _ 296 -
2000 s 600 650 7000 ] é/ 3 B8g & &5“"’&“%
ENERGY (keV) o
100_1 (b) 6117 keV
1 Au x-rays - 296
176 o & 2.,
Au (9+) T1/2=1.4 ) i > ('o'as ‘:3 N |8I§§ %E g,‘g’ |.g|°%‘ ,§ 2
(3—) T1/2=1.055 = o ; - !
% o | © 6220keV
6.08 O 7 Aux-rays 8
6.2 | 622 | -] .
212— =5 'MA@ LY
(3-) (8+) 175 0 282 (6287
172y n 4 |
v m— 26%NE§GY3(?<%V) .



180T1: o decay

180Hg

6128

A=180 gated

E X 635101 gated
_ g 8
176pt o
m10:_ 176A
£ L e+p* u
> a
S L : 05500
i 11 %0. = 80 (8) E,
e | e
|E | | | | 176
5000 5500 6000 6500 7000 Au
Ea2 [keV] (3_)
e+p* o
6.28 MeV

| 1
6000 6500

Il

7000 7500 8000
, [keV]
(9+)
6.08 6.12 | 529
(8+) ¢ 2127|175
172 r
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130T]: o~y coincidences

| 1st decay energy vs decay time for 180 |

30}
25}
20}
15}
10f

5

Au X-rays

g R
] . mnl”rlhr\Jl‘rk.JJlM LT AT [

25/
20}
15}
10}
5|
0

Counts

69

108

(=]
~

Jiy

204

b,

(a) 635101 gated

\ known in 176Au

Jlwm . oo . 1n

204

209

(b) 628501 gated

III'I (Tlmek LI ]nll juil ll"l'l'lﬂ 1 | 10

(4-)

10

bl
li il

T1/2=1.1(2) s

u" Il

200 300

100

600

180T|

1.1s

0

180T| .

"=4- and 5-: w1/2* (s, ,,) x v9/2 (hy,,) - favored a-decay
176 Au:

A M sl
100

200 F—y [keV] 300

400
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v decay of a single state in 18°T|

"=3- and 4-: w1/2* (s,,,) X V7/2 (fy,)

-y

6.56

6.37

6.27
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On-Line Alpha Spectroscopy of Neutron-Deficient Actinium Isotopes*

Kartevi Varny, Winniam J. Trevrr,f axp Eart K. HypE
Lawrence Radiation Laboratory, University of California, Berkeley, California

v" using HI fusion reactions to produce various nuclei

v" collect recoils on a catcher foil
v" Si(Au) surface-barrier detector or PIPS

v' using excitation function measurements
for isotopic identification

Counts / channel
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No direct detector implantation

Separator

counts

Target 100

{100 l
{10

Counts

I N 200
'004"\t —
l 80 I 14 6468 m
0 200 400 600 800 1000700[)
. - Ti - 0

Beam / Sidet 60 mo[me} 863
= I [ 196 A ¢
7055

w l 40 F

TOF I
C foil 20 F
- lQZBi

: 6062 | |l
il .JJ 1 TH W

0
4000 4500 5000 5500 6000 6500 7000 7500 8000

alpha energy (keV)
1 GeV pulsed proton beam on 51 g/cm2 ThCx target
Isotope Energy (keV) T2 Reference
on-line mass separation (ISOLDE)/CERN 0Fy | 7473(12) 19(4) ms__this work
7500(30) 570727° ms  [4]
H. De Witte etal., EP) A23 (2005) 243 7468(9) 197% ms  [5)




Windmill System (WM) at ISOLDE

A. Andreyev etal., PRL 105, 252502 (2010)

MINIBALL Ge cluster
AnnularSi Si

pure 30 keV beam Annular Si

from RILIS+ISOLDE

30 keV beam
from ISOLDE

C-foil
C-foils

20 mg/cm? \ Si detectors

Setup: Si detectors from both sides of the C-foil

e Simple setup & DAQ: 4 PIPS (1 of them —annular)
e Large geometrical efficiency (up to 80%)

e 2 fold fission fragment coincidences

e ff-gamma coincidences

o * Digital electronics




Beta decay : Introduction

Beta Decay: universal term for all weak-interaction
transitions between two neighboring isobars

Takes place is 3 different forms
B—, p+ & EC (capture of an atomic electron)

B+:p>n+et+v

EC:p+e-2n+v

a nucleon inside the nucleus is transformed into another



Classification of § decay transition

L
L
- au,=(-1)"
/EB [ =] +L;+S, 77 = (=1)
Ifﬂ:f / \
— _ _J40 T
Ly=ls potlve) S =S /3—(/5+>+SV<v>‘{1 Lort
L; =n defines the degree of forbiddenness (n)
allowed forbidden
when L;=n=0 and mm=+1 when the angular momentum
_ conservation requires that

Al = [i_]f ‘ =0, Lg=n>0 and/or mt=-1
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Classification of the allowed decay

(Tt = +1)
Fermi Gamow-Teller
0+ 0+
0+ \ Eg 1+ \ Eg
Al =|I~1,|=0 AI=IZ.—If‘El
L,=0 S,=0|1 L,=0S,=11%or ||

mixed Fermi & Gamow-Teller

2 N B yh a0 gm0




Classification of 3 decay transitions
L]

Type of transition Order of Al TUIT
forbiddenness
Allowed 0,+1 +1
1 F2 -1
Forbidden unique 2 +3 +1
3 +4 -1
4 +5 +1
1 0, ¥1 -1
Forbidden 2 +2 +1
3 +3 -1
4 +4 +1




What we want to know accurately?

Key observable @jﬁi@g J Nuclear Structure
l,(E
S,(E) - B 1 e S/),(E)oc‘Mﬁ

fn(Q/j_Eaz)Ti/ fnt
[Me function J half—life }

(phase-space factor)

fo= |, Py =W F(ZW)C, /n")aW,

T/J’i 2,2
HFn — 1/2 — g377 fnt
¢ 1" | 224°In2

2



Some useful empirical rules

The fifth power beta decay rule of tumb:

the speed of a f transition increases approximately in proportion to the
fifth power of the total transition energy (if other things are being equal

of course)

1 245
L \Es —x[(M(2)-MZ=))]

J depends on spin and parity changes between the initial and final state

O additional hindrance due to nuclear structure effects — isospin, “I-
forbidden”, “K-forbidden”, etc.

41



Log ft values

exp fot )
=T = 1y I"(out/m)=21yi(l+aﬂ)
- 1/2 T 7
P 2
, a,(M)+o6°a,(E2
P, = [It‘”(outfl—l””(in)] @, (M1+ E2) = 22T+ 0 0 (B2
g g 1+0
1/2- 0.0 £ 14 min Intensities: I{ y+ce) per 100 parent
ling 1255! decays
I J What we want to know accurately
é’i‘n’?«*
255%F & Ty L, o7 &
o o _— S-",? 1/2 Y T
JQ}?% S8
SFaaF e
- Log I a% SIFSF :ry:f &
0.0042  5.62 \”1+ T elel {‘{‘fﬁ% & 1434.0
0.006 6.43 \3f1+ 1 T ﬁg:g;{? N [1340.3 In
0.007 7.03 12+ e 12186
+ It.'_"'l-'
A\ EOCE I''(521+721) = 0.086(16)
0.015 a70lu | 452+ 1 e @ 619.3 = 069(10)
3.2 6.51 32+ by lely v 203.65 1.46 ns 1 (416+619) = 0.78(10) (net)
96.8 5.257 i

Out
7 =0.0022 =t =2.056x10°[s] — logt =6.31 —>log f =2.386 — log ft =8.7
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Rules for Spin/Parity Assignments

PHYSICAL REVIEW C VOLUME 7, NUMEBER & MAY 1673

Rules for Spin and Parity Assignments Based on Logft Values*

8. Raman and N. B. Gove
Oak Ridge National Laboratory, Oak Ridge, Tennessee 37830
(Received 25 October 1972)

B

~1000 cases Second-Forbidden Unique (&30 7= 1) ==
 There are only a few =
cases where unambiguous
. EEecmd- Forbidden Nnniﬁ/ﬂﬁW
assignment can be made av2am-4y

1.0 13 15

Log f/ —+ 8.5, 10,
P 8.4 (LA | PTTH L Pl

0 “pandemonium effect” -
neutron rich nuclei - log ft
is a just lower limit!

 needs to know the decay . - . L - o B
scheme and its properties
accurately!

S Tsospin -

Log £/ unless stated otherwise



Log ft values — latest review

Review Of Logft Values

*
In B Decay
B. Singh, J.L. Rodriguez, S.S.M. Wong & J.K. Tuli

Nuclear Data Sheets 84, 487 (19958)
Article No. DES8001S5

~3900 cases -> gives
centroids and widths

150 +

111 150 - . -

Allowed transitions Forbidden transitions

1007 o<1 100 1 ,
first
AJ=0,1;A7 =no AJ=0,1 first unique
I o AT = yes i AT =2
/ i AT = yes
50 4 superallowed \ .
0ot — ot 50 - |
second

third
fi h




Beta decay of odd-odd nuclei

K=7

log ft = (log ft)s, x P> x HF

719/2[514] <- v7/2[514]: log ft =4.4 (spin-flip)
77/2*[404] -> v9/2*[624]: log ft =6.7

77/2404] v7/2-[514] Q,= 1937 keV
Q,=11902keV  77/2/[404] 9/2(514] & 7_?+h<_
L3800y yo/o[624] v7/27[514] & . 5.ol
L T T
| e B Y
4+ Y
oy
=
. 176Hf




B— decay of N-rich nuclei

12000 . —— T “large” Qp_— large density of levels
c . Te (Z=52) : g(ﬁ') and more complicated decay schemes
10000 1 ° . ~— 1 _g —usually low y-ray multiplicities, but
e, + / isomers!
8000 ] ° -
- & ] Parent (Z,N)
© | | ——
~_ 60004 . - | _—
m u h,
= n .
0 - B-transiti
G 4000 . ¢ § + \
i
|
2000 Neutron rich C} .B [ l
i - | L
0 T l T I T —— I T I T l T B il
116 120 124 'Ié8| 132 136 140 1 R Ty oo
G. Audietal., NP A729 (2003) A / Y Daughter
Parent (Z,N) x
“small” Qg_- the ". yd {
p 1 _ v QB— > Bn
level schemes are Q |
|
well understood '|r'.' !
| Yy

b
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High-resolution gamma-ray spectroscopy

. depends on the accurate
knowledge of the decay
scheme —level energies, J7,
mult., ICC

J not studied with state-of-
the art equipments—low
sensitivity & effect of the
“Pandemonium”




Total Absorption Gamma-ray Spectroscopy (TAGS)

%‘_

v2

G

] Compromised when isomericstates are
presented

E, J Compromised when 3-n are emitted

J Compromisedbyisotope/isobar
contaminations

[ The analysisis cumbersome

(0L " o o o o B S B S B B
- e  MTAS (ORNL)
10 <10% of the decay strength
- ~80-90% uncertainty!
o 100 I :
& 1}

I lllllll I Il 1 Il Il I Il 1
0 1000 2000 3000 4000 5000 6000 7000
B.C.Rasco etal.,, PRL117(2016) Energy, keV




We need both - HRGS and TAGS!

4.4 MeV excitation enerov  Q(EC) =7.4 MeV

in 150Dy 0 © 2 4 6 MeV) s
z 0
A Total _ 2 pa b f-strangth
Absorption J | o Do), Dy 3
Spectrometer 2 03 r =
£ al
2N = | o
I%:' 02 pm.h
E— a1 L FWHM=240 ke —> 'iTE
16000 T
D T P | |
100 200 300 400
channel (bin=20 keV)
11000 | | , Y ~ |
—|_I_ Six Euroball
Cluster Detectors

eIy
| LJ Algora et al
b Hoi Sl dheonas Phys. Rev C 68 (2003)
oo AZT0 A0l 4E00 dEI'.'I-}:“H]? {I<;31 {;‘jﬁj{jﬂj {]”d E‘WH_.M‘E"
(Finland)



Radioactive Isotope-Beam Factory (RIBF) 12 Clusters
at RIKEN (7 Ge each)
“EURICA”
courtesy of H. Watanabe
BigRIPS | o7 8 DSSSDs
238 beam | i S (60x40 each)
(345 AMeV) [ 5 WAS3ABT"

|ldentification and
further separation




Fast timing demonstration with EURICA

B 18 LaBr;(Ce) scintillators (P1.5”x2") on three vacant slots for y rays

B BC-418 plastic counters (2-mm thick) beside the DSSDs for 3 rays

X Contributed from U. of Surrey and Brighton

Fast-timing measurement

~ courtesy of H. Watanabe

LaBr;(Ce)

DSSD

=

Plastic




In-flight fission of 238U o O Q=7
+ 675— o . —25

. b H-like
Isotope separation .

65

15

[e2]
S

Nov. 2014 (3 days)

»
W

S
EWIIIIIIII I..I.[I I"I'I.I_I T
é?

10

»
N

O High intensity (10~15 pnA)
O Slits optimized for 170.172Dy o
O AA/Q~0.05%

= Separate charge state 71Dy 172Dy "0y

256 258 26 2.62

“lon | BigRIPS |

170Dy66+ 12932
172Dy66+ 8272

courtesy of H. Watanabe

* |somer in ys =g
* ISomer in ms 629 2.56 2.58 2.6 262Q264 266 — 268 °

AIQ




172D 0<T.<4s

60 y1 06 40 '_: 0<E,<230keV = i 74268
: I B : - 00 coincidence
s 1o r_j % :; 1 :—r_ 0o 200 400 600 800

Energv [keV]

| T Y I A N T S ]

Low-energy electron 20f

. = ;: > ” [IeLskey) _
& Shorter time range < OO S S y-ray gated
o R B AR [y <] electron
= Internal decay bz | & ERMY lﬁlkflifg_uﬁlke\l spectrum
from isomer Sl E o0 30 30 5
i A s 7 Sy Energy [keV

]

E,i_zll_llhﬂlﬂ“llhllllll.llll.lll l:l.J - A I

. = v o, lSu;n of IT Eleca}'
ngh-energ_y electron |2 0<T,<4s E;I.i\mml-u;,ﬁ 2| T4p =0.71(5)s
& Shorter time range | =« |2 Ec>300keV | == 'L Il
- B decay R iy o[ =34@s
from isomer “HF
High-energy electron | | i I
& Longer time range | =.| 2 -
= B decay A
from ground state "

-0 200 400 600 S00 100 '[1 1200 1400
v Energy [keV] courtesy of H. Watanabe



LS| (74

5 M
<6+)15 20 2003 1077

v7/2-[514]8v9/2+[624]

N

Allowed- Qg = 3.47(36) MeV ' 943
. (AME2012) TTZ8

unhindered I, = 23(18) %

B decay logfi = 4.9(4)

558
!

A4
19/2-[514]0v9/2+[624]

(9-)
I213.
(8+)
(1+) —
(0+)

67 Ho 105 courtesy of H. Watanabe

Long-lived isomer (T, =0.71 s) —> K™ = 8-: v7/2-[514]©v9/2*[624]

K™= 0+ ground-state band via 400 keV [E1] and 758 keV [M2]

=
Itz {Kﬂ = 2+ y-vibrational band via 45 keV [E1] (unobserved)

B (3 decay to 72Ho = logft = 4.9(4) xFeeding only to the 216-keV transition is assumed

Allowed-unhindered 3 decay
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Pd82

Seniority isomer

H. Watanabe et. al.,
Phys. Rev. Lett. 111,
152501 (2013)

10f

Counts/1keV  Counts/1keV

260.1

Delayed coin. with 128Pd ions

0+Lo 128Pdg,

Good v=2 in the well isolated ng,,, subshell ' |:> Robust shell closure at N=82

[ 75.1 504.4 At=015-25 S 1311.4 i
( H ) 2 B¥ T12=5.8(8) us
g 10
o r
504.4 o . N
251 60,1 Y-y coincidence with 2 |
a gate on 1311 keV 2 1
‘ HI ” |26U ”| 4(I)0 600 800 1000 1200 1400 0 5 10 15 20 25
E, [keV] Time [us]
2151 5.8(8) us 5
50f B(E2;8*—6")
— 40t
£ @
B 3
Seniority (v) scheme % 20} \
. 2 10f
2j+1-2n ) e ® N=50
1311.4 B(E2J —J-2)oc | 21721 o0 e
( ) 2iel o] % ol .- A N=82
a2Mo 44Ru asPd 48Cd

courtesy of H. Watanabe




10®

10°

10*

TRIUMF, CANADA

8m & SCEPTAR

( I\

56

G.F. Grinyer et al., Phys. Rev. C 71, 044309 (2005)
10° [ T T T
| ! | | | | | ! | | | ! -
= B —v coincidences
- v singles g E
e g 7369.8 (*Mg)
g ]
s - g ﬂ
5_ 4'-: g § LR E
u + +
: < i g L 3 2> 0,
- @ | = g S 3 10° 6 -
- . M R 4 L.=3.5(8)x 10
s L] ¢ e oo 6744.6
[ -
| 1 | 1 | 1 | | 1 | 1 | 1 | 1 | 1 | 1 lol
0 200 400 600 800 1000 1200 1400 1600 1800 2000 6500 6700 6800 6300 000
E, (k=V) E @=9)



#2Cf fission fragments are *2Cf Source (t,,=2.6 y)
slowed and focused in a ~1.7 Ci~6.3x10" dps
helium-gas catcher [96.9% q, 3.1% S.F]

Gas
Catcher

CARIBU-ANL

Beams of a desired mass ’ \ / ‘
are selected by a 120° p—— | R S |

magnetic isobar separator Isobar
Separator
The neutron-rich beams can | | | | .. ., "
be deflected to low-energy ‘ :
or re-accelerated beam lines ! Decay !
| iExperiments
; LT T
. X 1!1\“777,,,,%\‘“”7/7 ,’.

Deflector

Low-Enele [ e e
Beam Buncher Re-accelerated
Beams
Low Energy Beams
Beams bunched for use in precision decay and
mass spectrometry experiments
T 1]
Dy 1 I
4 108
Sml 106
Nd 104
Cei 102
: ;i 3 L & Ba - 00
é o ~ LR Xe 4 9%
.. ‘ . i - r . Te ] | &
: A BNG™§ = F
-~ | !: 1 . = I 486
L mia ST \_“\_nm_*...— = H u
4 ESn
72 fission branch
Ji(i} =
é | } 66 8 | 10"



CARIBU gas catcher: transforms fission recoils
into a beam with good optical properties

= Based on smaller devices developed at ANL

252Cf

Radioactive recoils stop in sub-ppb level impurity Helium gas
Radioactive ion transport by RF field + DC field + gas flow

Stainless steel and ceramics construction (1.2 mlength, 50 ¢
inner diameter)

Fast and essentially universally applicable
Extraction in 2 RFQ sections with uRFQs for differential pumping

DC gradient ;
VYVYYRYVYYRY Y Y Y Y ,/
F (bo jjjj
He RF
1> L gas " (cone) .(
N
o
RO 1) Y 3 SR | 1




Selection by compact CARIBU isobar separator

M/AM = 14000-20000 @ >70% transmission ... still being improved




Contamination at A=108 versus separator resolution

.
Contamination at A=108 Contamination at A=108
R =5000 R =10000
N 500000 N 1000000
[} ]
o g /_»’"
e 400000 ~\ 3 5 100000 :\
8 & 300000 — - —allA=108 g & / / \ — - —all A=108
g / \ $w 10000 f
£ S 200000 / \ 108Mo 5 S / / \ —— 108Mo
Q o o -
2 < 100000 7 g 1000 / / \\
[= [=
© N © 100 \
107.88 107.9 107.92 107.94 107.88 107.9 107.92 107.94
Mass setting (amu) Mass setting (amu)
Contamination at A=108 Contamination at A=108
R =20000 Tc R =40000
N 10000000 o 10000000 ‘x
) o Mo
o 5 1000000 A\,\ 2 1000000 Rh,R< f I j
c E [
g & 100000 A — - —alA=t08||| §§ 100000 \’ , A - —all A=108
n
© S 10000 108Mo S 10000 TN Nb — 108Mo
83 LA 83 LU
2 1000 I I v @ 1000 , ‘; A
c [ 1
° 100 © 100 ) L
107.88 107.9 107.92 107.94 107.88 107.9 107.92 107.94
Mass setting (amu) Mass setting (amu)

60




Contents lists available at ScienceDirect é, o,
!""a"s
Nuclear Instruments and Methods in Physics Research B | sesows
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First operation and mass separation with the CARIBU MR-TOF @msmrk

Tsviki Y. Hirsh*”*, Nancy Paul >, Mary Burkey "¢, Ani Aprahamian ¢, Fritz Buchinger®, Shane Caldwell >,
Jason A. Clark®, Anthony F. Levand”, Lin Ling Ying®, Scott T. Marley , Graeme E. Morgan *°,
Andrew Nystrom ", Rodney Orford ®¢, Adrian Pérez Galvan ", John Rohrer ", Guy Savard ¢,

Kumar S. Sharma?, Kevin Siegl >*
O ‘Fast’ isobar separator: i
v" Based on ISOLTRAP/ISOLDE design: oy 20gces 1"

v' ~1.3 mlong MR-TOF
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v Currently mass resolving power, R ~ 50,000 with ~
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The CARIBU low-energy experimental area

* Delivers 1.5 kV to 10 kV beam to
experimental stations

* Pulsed beams with rates from
~ 50 ms to seconds

* Low emittance

* Experimental stations:

CPT TAPE STATION

X-ARRAY

(installed) (installed) (installed)
Ry Tape cycle i

LASER SPECTROSCOPY: After CPT move (end of 2016)

e Limited amount of space ... removal of Tandem will provide new experimental area

b



B~ decay studies with Gammasphere

110 Ge detectors (Compton-

. v high resolution & sensitivity
suppressed), covering 4w

v powerful B—y—y coin — resolving
weak cascades & isomers!

(7-) 10s %100 -

0.8s \

134G #100 p

(0-)

GS as a calorimeter

v P. Reiter et al. Phys.Rev.Lett. 84, 3542 (2000)

v with a modest upgrade — suitable
for B~ decay studies

J combining direct spectroscopy with callorimetry

-y



isomer studies: °°Pm decay
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detailed B—y—y spectroscopy

156Pm K™=5- isomer

1 + 5- 184.6 ns 1398
“? >
3 5 \2
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.. significant differences with the TAS data of Greenwood ... Sm



isomer studies: 1°2Eu decay
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isomer studies: 139In

1301n 8 fo ...I " ] 32
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courtesy of G. Savard & J. Clark



Expanded '42Cs B-decay level scheme

L J
CARIBU & Gammasphere at ANL

Sn=6183(8) keV

o 0.0, 1.684s Intensities: relative Iy

s | N 71 levels
%B-=100
Q-=7308!! 1 054 keV 2 1 5 S
0- 0.0 1. Y
142
55Csg7 \‘ 14
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Q-=7308!! =
Ep- Ip L
0.8 5.0 = 280.4
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