And now for something completely different
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|sospin

* |sospin formalism o . ” i
— assume nuclear force is Cu|>"Cu>*Cu|>Cu
charge independent.
» Introduce isospin, T >Ni | *°Ni | °’Ni | °8Ni
— Proton, T=7, T, =-V
— Neutron’ T= 1/2, TZ =15 54CO 55C0 56C0 57C0
— T,=(N-2)/2
* General rule: 53Fa | 54Fe | 55Fe | 56Fe
— T has lowest possible value
forgivenT,. ..
oFe
v — T=2 T=2
TZ=_1’ T=1 56Ni TZ=1’ T=1
T,=0, T=0
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Fermi Matrix Elements

« Fermi 26p
— Only raise or lower T, T=-
— T,J is unchanged. 26G
— accessibility of daughter state. T=-
T (A LA M Al .
U ¢ R
1* 1+ 1+ T=1 g.s. T=2
1" Ll T
1* _T=0
17_T=0"\ p* decay
o* 0*
g.s. g.s.T=0 g.s. T=1
26Na 26Mg 26A| 268i 26P
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Super allowed Fermi transitions

 Standard model test

» Super allowed Fermi
Transitions
— 0* — 0* transitions
— Same T
— Gamow-Teller can’t contribute
« Simple matrix element

« Constant logft

FEERIN = Gapry
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Super allowed Fermi transitions: A = 38

« Experimental Constraints

— T4, branching ratios to 0.05% K K
’ / — — .
— Masses to 100’s eV f(Z'Ey)t1 = 2B(F)Z . 242
— Understanding of corrections 2 Y Y
F |51 1 '
10° = 6742 0.1
< - 328 . 38 444 ms
E 104 1568 i Zﬂcaﬂl
§ g 3978 1%0¥ 0.1%
0%l Y st 2 3341 1%0¥ 0.3%
o ] o
%: 102} Ny 3211 = 1698 140y 19.5%
S 10 i 458 %0y 2.8%
3 130 01K 77.3%
i o\ vlda'zf ms
1 ]F a1 il 33K 30
1000 2000 3000 4000 VARRTIAT
Energy (keV) 99.97%
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Super allowed Fermi transitions: All data

3090
3080
$
3070F
 Uncorrected ft values |
— Large spread due to corrections ool ] }; .
[ § E L] (]
« Corrected ft values oot 1
— Isospin-symmetry breaking o i L
— Radiative corrections g 2gg KT ey
i 140 28A|m 34Ar 5C-Mn 62G|a N-Rb i
« Current value ool Gl 25 *Co
- 3072 S E 3080 F } l
ﬁ 3
3070p } ¢ }l% % % } { }
30600 : 1I0 : EIO I 3.0 I 40
Z of daughter

Michigan State University H.l. Park et al., PRL 112 102502 (2014)
J.C. Hardy and I.S.Towner, Hyperfine Int., 132, 115, (2001)
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Isospin mixing

Q = 13700 ( 160) keV Cu
T].-:=57 (3 ms

¢ 4o
0TS - i A1y 444 (IF)
: 5 =465 ke s g RSy @ ok Y .
* |sospin not perfect. P e e L
4579 .}-: B VX
o States with same J~ e

4027 3 435 4688

. - - % L 3 L (LT} - P

and different isospin A s

3504 ¥ ¥ k. j =T LYY REa g

can mix 3214 & - i LA 5049

3183 Y ¥ i LA 536 (8)

2802 il ¥ v vr  AGS) 4.92(7)

197 gty L ey tasan

w4+ L ¥ Y ¥ ur wny 48914

e I'oum) lef

TR = T 55, ..
. IJ,I I I Ni i, =-12) B
Courtesy V. Tripathi
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Isospin mixing

1 =325T =312

55
LS
J“ E logﬁ Cu
S 346 A1) gllowed Fermi decay to two states
32 4579 3.87 (11) (split IAS)
Two level mixing T B(F)
"  B® 324172 3-x
level_a 3/2 - 32 3 — <32 12> AE
level b 172 0

T 3/2+1/2 X

Isospsin Non Conserving (INC) Hamiltonian

Courtesy V. Tripathi
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Isomers

 EXxcited metastable nuclear states.
« Half-life greater than ns.

» Wide range of excitation energies
and half-lives.

« Simple configurations.

— Many can be related to a few single-
particle shell model states.

* Energies and half-lives can inform
nuclear models.

* |somer decay is varied

— Gamma-ray, Beta-decay, Proton,
Fission, ...

Ene[gy (MeV)

F A. Andreyev et al., Nature 405, 430 (2000)
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Question

Consider a pair of nucleons isolated to a gy, single-
particle state.

What are the allowed spins?

A -0* 1+ 2%, 3* 4%, 5* 6%, 7, 8*, 9*
B - 0% 2%, 4+, 6%, 8*

C-0*1* 3%, 79

D-1% 3% 77,97
E -0 8*
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Isomers

8* 2760

6 12612 02pus 8* 2645 74, .
_ 6t v 2499 us g:% 2.2 pus g+ 2431 ~480 ns
4°  y 2282 4 o187 6" 12283
—t— 4* 32099 4* 42083
. . . 2y 1509 2" ¢ 1431 2t $1415 o 1395
Pair of particles in well 1
Isolated single particle
orbital.
0"y 0 0y 0 A S O
— Proton N = — T
Oto S at 50 igmoso i:Cdso ngdso E:Cdso
— Neutrons at Z = 82
15} Y
L transit R N =
ow-energy transition. ) o] —@) sl 6] =8| (o) =8
= | —6) —6 |4 —a4
% T e B B A @)
T | @) 2 ey ey 2R
2
@
S D.E—sz:-me 212pp, .. | 214Pb.,, | 2'5Pb,s,
oL o0 0 —0*| — o+ _— 0 — 0+ —0°
Exp. Theo. |Exp. Theo. | Exp. Theo. | Exp. Theo.
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Courtesy S. Nishimura
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N =382

(7) 2110 0.44(3 .
: S ok (6 3078

(8%} _2151 5.8(8) ps

1311.4

Delzyed coincidence with 1254 ions

13114

800 1000 1200 1400

H. Watanabe et al., Phys. Rev. Lett. 111, 152501 (2013)
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* Region around N =40

 Drop in 2" energy
below 98Ni.

P32 *———o D,
Z =28 N =28
Fop oo R
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Ni

Fe

— Cr

34 36 38 40 42
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N =40

* Region around N =40
« Drop in 2* energy below %8Ni.

P32 —e—e—o- .,
Z =28 N =28
fop wrre N
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69Cu

n

69Ni

N

GQCO

M = (@flotle;)
Strong preference for
spin-flip transition:

f5/2 — f7/2
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Mass 69 chain

8~ 1 4f 6pn OnN 2
Tf7/0°P370 VP32 T512°P1/2°Tar2

712 0 il VP32 512°P1/2°0g/2”
69
Coyy
5/2- 915
1 nf728VP32 510 1P 1/2°0g2”
1/2 321
1 728VP312*52°P 127 Gor
9/2* 0
69N Z2-_1811
41 7/2- 1711
3/2- 1296
5/2- 1212
1/2- 1096
3/2- 0
Courtesy W.B.Walters 69C u40
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69Co isomer

* Population of isomer
changes based on
production.

« Multiple beta-
decaying states
iInferred.

\ Time (ms)
7/2- 0 N
mifzy, 20 N
Coy, \ B

400

69Fe — 69C0O — 99N

Counts / 10 ms

<~400

Counts / 5 ms

g

Courts/ 5 ms
Counts / 20 ms

i .1—.-.--—-:1"_‘ 1) —

P il TR N PR e R e e e e e e e e e e e
0 200 400 GO0 200 1000 0 200 400 &00 800 1000
Time (ms) Time (ms)
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69Co isomer

o States attributed to excitations across Z = 28 observed
throughout the Co, Ni, Cu isotopic chains.

* Require the application if multiple complimentary probes.

. 12 1095
P32
1/2- 492 1/2- <400
7/2 0 7/2 0 7/2 0
e 65 67 69
Cogzg Coyp Coyy

Michigan State University
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Long-lived Isomers: 412Bi

* One proton, three ~17-
neutrons removed from
208Pp

* Proton — hg,
* Neutron —iy4/5, 9o

 Should be amenable to
shell model treatment.

* |somer predicted at 1486
keV.

 Inferred from beta decay 8,9
at higher energy.

?>1900

250(30)

0

M
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212Bj: Storage rings

ions ~400 MeV/u from FRS

- = L p y =
Septum-
magnet Electron [}
cooler O
Hexapole- Fast kicker
magnets magnet T—a
circumference = 108 m
orbital period ~ 0.5 s
cooling time ~1s
Quadrupole- | precision  ~ 30 keV
<« friplet
*":/ Dipole magnet
Quadrupole-
/ dublet
Schottky pick-ups
! /\
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212Bi: Schottky mass spectrometry

O __ PIEEYmGE .
40— Il ¢ 212881+
[ 212m2p .81+ I
80 Bi Vd
o 1201 - |
E .
— 160
I M' «[ -
00— Mixture
240 [

PRI S [ TR T S S T S TR T T I PR S [ SR TR T T N TR
125.20 125.25 125.30 125.35 12540 125.45
Revolution frequency - 59440.0 (kHz)

Courtesy P. Walker
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212Bi: Schottky mass spectrometry

100 | | | | | | |
[87,97, 25 min, 239(30) ke V]
2]2m]B-81+
80| ' ‘ -
coL [187 7 min, 1478(30) keV] |
é 1I21112Biﬁ|+ '!

“ a0k 2122 ppt1+ [0%, 11 h] —

22mp 3187 45 5] [17, 61 min]

212¢ 81+

20} . 'y /Bl _

0 | / & | ;A il L.H_.L I

125.28 125.30 125.32 125.34 12536 12538 125.40 12542
Revolution frequency - 59440.0 (kHz)

Courtesy P.\Walker
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2128

1628 17~
_ _ 1541 16~
« Half-life of 212Bi. 1456 Is 1478(30)
42 5
— Previous value 7.0 (3) min 1327 13-
— Current value > 30 min 1237 =
— Difference due to high charge 1036 mmmeee 11~
state
* Implies highly converted
. i theory exp
electron conversion transition.
* New half-life resolves log ft
problem with previous 397 10-
measurement. 263 8
U == ?_ 239(30)
146 2
Courtesy P. Walker O e —
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Questions
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