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atomic-nuclear interface

vital role of orbiting electrons
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atomic-nuclear Iinterface

Well known

Atomic hyperfine structure and isotope shifts
Electron capture (EC)

Internal electron conversion (IC)
Bound-statg} decay

Barely known

Nuclear excitation by electronic transition (NEE])

Bound-state internal conversion (BfC)
Unconfirmed

Nuclear excitation by electron capture (NEEC)

a decay rate modification via electron screemfing
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Extreme iIsomergr,,, > 5 ns)

long half-life:18%Ta, &, 75 keV, >1®y
high spirf*:  219r, 34, 8.5 MeV, 24us

high energy: 1>%r, ~36, 13 MeV, 11 ns

low energy: %%°Th, 3/2, ~5.5 eV, ~10 h"
p rich: JAg, 21+, 5.8 MeV, 300 m

n rich: 130Cd

high mass: 24/Ds, (10), ~1 MeV, ~6 ms

2No, ~16, ~2.5 MeV, 184s

* unbound to both p and n emission
* no fission: Walker et al., ZPA 1997
* Flambaum, PRL97 (2006) 092502

PRC 1985
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PRC 2005
Nature 2006
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EPJA 2001
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>3Co proton decay (1.56 MeV)

first example of proton radioactivity
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neutron radioactivity

unique to isomers?
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neutron-decay Isomer candidates

Involving a high level of speculation

63Tj, 67Fe, 12171: Peker et al., Phys. Lett. B36 (1971) 47
Bugrov et al., Sov. J. Nucl. Phys. 42 (1985) 34
SPIRAL-2 Physics Case (2006) p19-20

18Hf:  Walker, AIP Conf. Proc. 819 (2006) 16
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ESR: single-ion in-ring decay

192 Pb 81+

e” capture
Q =33"MeV
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[Litvinov €t al., Nucl. Phys. A756 (2005) 3]
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photon-induced Isomer de-excitation

a unique aspect of isomers
conceptual picture:

110 keV Intermediate state

| 10 kev‘ _
100 keV Isomer

110 keV

— ground state




photon-induced iIsomer de-excitation

a unique aspect of isomers

nuclear batteries?

y-ray lasers?

astrophysics implications?




189Ta photoexcitation andecay

Nature’s only “stable” isomer
Nature’s rarest “stable” nuclide

can be made into a target
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189Ta photoexcitation andecay

10t
v oF
g+
ANU -
Canberra vy / ‘ 1430
data 1 6 1220 (v
2 I 1010
QP
Kr=4" Kr=5
37 isomer 9 75

C 180|
% Y ground state a >10%yr
Kr=1""" ghr

K= 9

[Walker et al., Phys. Rev. C64 (2001) 061302(R)]



4 ! _ .
16% 3436 107 16 T — 722 -3435

352

L 775 13182
Hayes et al. 659 16 i' - eac * 4 )
K mixing 3T N 134 o
sets in for | 14" T ‘ET?T’)NE 733 I 2804 14- 650 —2749
57 ]

sbl>12 ’E 2447 keV 16

g 626 336 \15% 13 m— 13- - 613 . 7433

K X 31 years 587
12% ¥ 2151 E4 k=16 574 —2136

580 178Hf 11-- 535 4;7—1959
10+ L 4 1571 lﬂ'% 495 —1601
g 237 l
61a a difficult target 9 - 454 ¥ 1364
l’ 217
8 i 1058 4 seconds
426 K=8
126 0.005% s NP
& 4 306 0= =
. 213 i 7
—
K=0 200 -
Walker and Dracoulis, Hyp. Int. 135 (2001) 83 I
Smith et al., Phys. Rev. C68 (2003) 031302 § 0
Hayes et al., Phys. Rev. Lett. 96 (2006) 042505




Isomer targevs. iIsomer beam

stable beam Isomer target

—_— 6.9.178mq‘|f
e.g.2%pPp ~10" nuclei
~1( decays/sec background
isomer beam stable target
-_— e.9.2%Pb
e.q.178mHf <100 decays/sec background

~1® nuclei/sec
~1(P sec measurement



some potential isomer beams
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Seniority coupling scheme

example: (g,,)?

4seniority Isomer
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“Enhanced nuclear level decay in hot dense plasmas

:6 1014 . .
E 10:: - | —— “Sc S
L }311 i — ®Tj
E10° [ |77 oM
E 10, |~ MO - role of NEEC
a 10, |—- "Te Gosselin and More
) 105 B 4 Phys. Rev. C70
_tccu :Ilgs ey Qf/ O _.,J, (20042 064603
|.|=.| 10; — / | ~1®enhancement for T > 5x1K
- 10, - ; — _
(41 1 01 B f '{‘_ . "'} -
8 100 [ Lt

10" 10° 10" 10° 10°

Temperature (keV)



212':)0 2921 (18%) g5s (’c)

o 1828 § (147
Coulex 18 16 ~20 keV (shell model)

(127)
~200 keV (cluster model
B(E2) = 5 Wu) 868.3
3000 + @ experiment e Y aatiati YL
cluster model . [1'{}+} 0.8ns
; ------- shell model 157 5
< 2000 | - 8" 24.6ns
= N a 120.9 6" 1.1ns
O 223.0 4+
c
® 1000 t I
405.2 Garnsworthy et al.,
ot J. Phys. G31
‘ (2005) S1851
00 2 4 6 8 10 12 14 16 18
spin 727.2
Cluster model: Buck et al., J. Phys. G30 (2004) 65, 1 0t
430ns

Phys. Rev. C53 (1996) 2841
Shell model: Poletti et al., Nucl. Phys. A473 (1987) 595



the angular-momentum dimension
with 238U projectile fragmentation
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- Isomer beam purification

140p 58+ 140 Ce58+
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Insert scraper I

187.2 187.4 187.6 187.8
Frequency [kHZz] - 61000.0

187.2 187.4 187.6 187.8
Frequency [kHz] - 61000.0

Injection length 170 s Injection length 520 s

['Y. Litvinov, private comm.]



summary

many isomers with ;I, > 500 ns

opportunities to explore exotic physics
neutron radioactivity
Induced isomer decay
..... and many reactions
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