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Rare weak decays with ultralow Q-value

» Single B~ and EC capture decays

» Decay with a very low Q-value to an excited state
/ Search for "slightly positive” Q-value

» Big change in angular momentum

/

mass i i

difference ' excitation

| energy
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H. Ejiri, J. Suhonen and K. Zuber / Phys. Rep. 797, 1 (2019) D aue hter Stable
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Are the decays feasible for neutrino mass

determination?

Feasibility?
* Is the Q-value positive?

- Expected half-live and branching ratio?

- Transition for gating?

mass
difference

excited state

Challenges

The branch will be small

/ Dominated by more allowed decays

- Short half-lives, need on-line production

L ¥

l

excitation
energy
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Search for ultralow Q-values

- Parent-daughter decay Q-value — mass difference
/ From mass spectroscopy

- Daughter excited state excitation energy

/

mass
difference

excitation
energy
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15In decay — lowest B decay Q-value

Cattadori et al. Nucl. Phys A 748, 333 (2005)
1/2  4.5h

0.336

9/27 11 ps
. e / e 3/2+ ps .. A
To (e 49Eaa L1 Q = 0.155(24) keV
1/2\88) = 22X 10y 2 =4.1(6) x 10%y
GS-t0-GS /2 = 4.1(6) T e
Q-value
| U /2582 . . Scé‘e}flne by
Q-values: 1591, J. Suhonen

JYFLTRAP 350(170) eV E. Wieslander, J. Suhonen, T. Eronen et al. PRL 103, 122501 (2009)
FSU-TRAP 155(24) eV B.J. Mount, M. Redshaw, E.G. Myers, PRL 103, 122502 (2009
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Some candidates

Immediate improvement

With precise
Mass difference
measurement

\

Transition E* (keV) decay type | ) (keV) L
MTAs—"Se 680.1046(16) 3~ 2.8+1.8 o
Hip—1ICd | 864.8(3) C -2.8+5.0
Hin—1ICd | 866.60(6) EC -4.6+5.0 e
Bl 1B31Xe 971.22(13) B~ -0.440.7
M6pm—146Nd | 1470.59(6) EC 1.4+4.0 o
M9Gd—="Eu | 1312(4) EC 1+6
BSEu—15Gd | 251.7056(10) 3 1.0+1.2 e
B9Dy 5 159Th | 363.5449(14) EC 2.1+1.2 e
61Ho—1%1Dy | 857.502(7) EC 14427 o
61Ho—1%1Dy | 858.7919(18) EC 0.1£2.7 e
I88W 4 188Re | 346.580(7) 57(7) 24130 e
B9 518905 | 531.54(3) EC 0£13 .

N.D. Gamage et al.,
Hyp. Int. 240, 43 (2019)

See comprehensive review:

J. Suhonen, Phys. Scr. 89, 054032 (2014).
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135Cs ground state (7/2%) decay

GS-to-GS
Q-value

1st forbidden unique B~ decay

2nd forbidden unique - decay

- 28.11 h
11/2 0.268
1/2* 0.64 ns
0.221
M4
M1+E2| |[268.218(20) keV
220.963(13) keV
3/2+
/ Yy 0.000

135 Ba
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GS-to-GS Q-value 1/2: Beta decay endpoint

‘ISSCe 13ﬁce ‘ISTCe ISBCe
B+ Stable B+ Stable

measurement

Precursor 13°Xe (10%2 Bq)
(T, ~ 9 hours)

Aluminum absorbers of various
thicknesses

GS-to-GS Q-value
(210 = 10) keV
Too small to allow either

N. Sugarman et al.
Phys. Rev. 75 1473 (1949)

Mﬂce

Stable

'I3QCe

e- capture

134La 135La 'ISGLa 137La 13La 139La
B+ B+ B+ e capture Stable Stable
1338a 13rlea 1SSBa 136Ba 13?Ba 138Ba 1BQBa MGBa
e capture Stable Stable Stable Stable Stable B- B
‘ISZCS 13308 134CS ‘ISSCS ‘ISGCS 13?CS 13808 'ISQCS
B+ Stable B- B- B- B- B- B-
131Xe 132Xe 133Xe 134Xe ‘ 135Xe ’ 136Xe 137Xe 138Xe
Stable Stable B- Stable B- Stable B- B-
‘IBUI 131' 132' 133' 134' 135' 136' ‘IS?l
B B B- B B B B B
1 ZQTe 13[Il'|'e 1 31Te 1 32Te 1 SSTe 1 34Te 1 35Te 1 36Te
B Stable B- B- B B- B- B-

16.3.2020
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—_— 1368a

« Atomic mass evaluation e [
/ network of mass links

(n,Y)
)
/ GS-to-GS 0-&\5_’7'7

99.9
~(268.9 + 1.0) keV s )
stable

/ Ultralow 7/2t* — 11/2-

stable stable

= (0.7 £ 1.0) keV
- Inconclusive! 135Xe 1557
stable
» 59(10) keV discrepant to NG
beta endpoint 925 |

> 1351
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Existing Q-values

- —11/2 269 _.
250 F :
| i 11/2
| 1/2+ 268_‘__ ______
267 - (network of masses)
150 |- [ M. Wang et al.,
100 __ P 230 f_ - 1/2+
[ 210 [ @
0 — [ 3/2* | |
é%o kS N. Sugarman et al.
< 7
13584 %> ° Phys. Rev. 75 1473 (1949).
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Two mass measurement techniques used

- Time-of-flight ion cyclotron

resonance (TOF-ICR)

/M. Konig et al., [IMS 142, 95 (1995)

* Ramsey’s method

98
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* Phase-imaging cyclotron
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resonance (PI-ICR)
/ S. Eliseev et al., PRL 110, 082501 (2013)

135CS+

| Cyc phase spot

center spot
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From frequencies to Q-value

Udaughter

- Parent-daughter frequency ratio r =

Uparent

daughter
parent

\

Q= (My— Mi)c* = (r — 1) (M; —me) ¢ + mec?
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JYFLTRAP 13°Cs Q-value

+ GS-t0-GS res
/ 268.66(30) keV

... AME2016 value
--- This measurement

- (R)

vc(135Cs+)/vC(135Ba+)
o =
| .
B
| | :
e |
I 5
—o—ti §
e
I:
s
I. .
I: .
I: .

Ramsey ToF-ICR i PI-ICR
o 1 2 3 4 5 6 7 8 9 10
Number of measurement
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135Cs ground state decay

7/2+ 1.33 My ; 0.44(31) keV
11/2 0.268
1/2+ 47.69(31) keV
0.221
M4
M1+E2
JYFLTRAP:
268.66(30) keV
3/2*
________________ \ J / Lt 0.000

L ——12
268 R SRR
266 - , ,

g/ L

%, R
%
s 70

A. de Roubin, J. Kostensalo, T.E.,
J. Suhonen et al., arXiv:2002.08282 [nucl-ex]
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Partial half-lives

* NuShellX@MSU (J. Kostensalo) 72" - 11/2

N8 =08-12 Theoretical half-life

m 1000 | | E

7/2* 133My 11/2- 811h 3 _ N ‘ora“Ch _
135Cg - 100 | 10° ;
) ' | g |

1/2+ 0.64 ns = ! . _

> 0.221 @ 10+ : I .

M4 = '

M1+E2 E 1 _ .

/ U.l — | I I I -
3/2+ 0.2 0.4 0.6 0.8 1

> 1358 5 0.000 Q-value (keV)
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Conclusions

« 135Cs Q-value improved by x3  +« Compare to %°In

/ It is positive and small
I L N

. ~ 106
Expected rare branch ~ 10 GSto-GST,, 104y 106y
/ Feasible to detect Rare branch ~10°y ~10"y
Detected? yes no

» Simple, unique electron
spectrum shape

135Cs beta decay could be used
as a neutrino mass probe.
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Thank you for listening!

Jyvaskyla, November 2018
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