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The (d,“He) reaction

1)- reaction mechanism forces a $=1,T=0 — S=0,T=1

spin-flip and an isospin-flip ! d(3S1) —> 2He(1S
AS=1, AT=1 perfect GT filter (151) ('S0) = p+p
2)- coincident deTec‘hon of two
protons from 2He decay
== background-free spectra
but need large accptnc spectrometer

' acceptance corrected
cross section

3)- contributions from higher p-p partial -
waves? Dont'worryl! : PULS Sowave

undetected e-region,

Alternatives: |

(n,p) resolution?? Fermi transition I
accepted
events

(t,3He) ftriton beam?? Fermi transition
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Double beta
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Nuclear double beta decay




Important 3 decay modes

Dirac-Decay Majorana-Decay Majoron-Decay




Ovpp-decay: half-life & neutrino mass
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%0 - 00| =G™ (B, 2)|M2 -

nuclear
measurel look up structure  mass

My =(f |20 0/t Htd) i
Neutrino potential
(v's don't escape

— < f ‘E’Cf’c,: H(r,, Z)‘ i> from nucleus)
lk




Ovpp-decay: half-life & neutrino mass

MY = <f\26 -0, T H(ry,A4) i)

Neutrino
potential

=(fD v/t Hi, A)i)

"Ik small

Expand expression with H(r,A) q large (0‘.5 fm-1)

Many higher multipoles contributel

Ov),. Ov
[t(1 /2)] 1 = g | MEET) |2 <m\,>2 + Fermi contribution
<096 [106¢-(S,.LINR > < || Og-(nS,LII05 s> 2 5

1/2 QBB(OQ{Q_) + E(Jm) Eo l <m,>
+ Fermi contribution

= GO »




FERST Half-lives & Matrix elements

2vi33

(2v),. 2 (2v) 2
[tiz]7 =G®) | Mpgr |
Half life: %hase space + coupling constants: G~Q11

0P ot I3 > <14 [lov||0%, >
. . ig—mg_
BB matrix element: MpgT = X s.|loT 1| 1m lloT1104's
m

172 Qgp(04,2) + E(17)-M;

All 1+ levels must be considered!

Mg: Single beta decay

Approximation: I — matrix elements
Ag: Energy denominator

holds if
- only one strong 1+ intermediate state
- further excited states weak or Ex high



Measurement of Mgzzr thru hadronic probes

<0¥_ ot |11 llot]|0%

g.s. m > <1 g.s.”
172 Qgp(042) + E(17)-M,

M%T-F M%T-
172 Q(042) + E(17)-M,

Measure B(GT+) through (n,p)-type reactions

Measure B(GT-) through (p,n)-type reactions

1

2
27 1) MET |

B(GT) =
(6T) - Phase cannot be measured

- Simple relation ¢ <-> B(6T)

B(6T) = o(GT) d‘ﬁ%‘)) - Little model dependence




The 2v double-3 decay

T from counting
experiments and as
2nd order weak
process (f-—>p-) Il

Half life:
_ 2
Q- 4271 keV Q- 2802 keV \0* [t2] 1 =G®) | MpgT |

Sc 48
B~ 43.7h

a — R (2v)~ 11
BB ) BB GV)~(Qpg)
matrix elements available thru
48¢, 116¢4 (p.n) and (n,p) type reactions
T=4.3x1019y T= 2.6x1019y

w112 Qpp(04%) + E(15) - Eg

Ti 48 i W IVIDGT = ,
— _ 1l
/ y <00 [lot |11 > <13 lloT |05 >




48Ca 483C 48'|'I
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How to connect
these states ?7?
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48Ca 483C 48'|'I
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Experimental
matrix elements

Mpar = 2 "Mpgr/Em

- 0.074 * 0.0155

T2 =
(1.66 £ 0.31) x 1012 yr

Compare to counting exp't:

T1/2 =
(4.3*2.5)x 1019 yr




Higher lying states (Ex > 5 MeV)

c D-MSOBEP
Reduction of . Zhao & Brown '90
matrix element -
by ~ 25% 10} —— 0.09

— 0.07

T2 =
3.1 x 1019 yr



1160d(3He,t)116In .
Ot =[0..2°] n
E3He = 450 MeV 7
AE = 300 keV i

116¢d 2vBp deca
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Single state dominance and its oddeties

the conjecture

the oddety

Case B(GT~) B(GT")

M (DGT)

2v)
T1/2

[10"y]

direct — —

(°He,t)/ B~ 0.256
EC/ B~ 0.256
theory 0.065

(®He, t)/( d,>He) 1.09

0.06
0.025
0.09
0.07

0.05

3.3

(3He, 1)
B(GT")

(d,2He)
B(GT)
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double beta decay -- Majorana neutrino

and atomic/nuclear state degeneracy

2v BB decay rate:
Q dependence : Qlo (ordinary phase space)
Z dependence: high-Z quenching (Coulomb effect)
nuclear strucure:  GT-quenching, Pauli-blocking at high A
(N-Z large)
Ov BB decay rate: state mismatch (re: 4860!!)

above arguments are weakened
but: ~  my?

.

theory: needs the 2v 33 decay for calcultating
the Ov variant

experiment: needs to detect sum energy of the
2 electrons |

are there other double beta decay variants ?2?



BHEC decay
ECEC decay

2v Pt decay rate:

Q dependence : (Q - 4moc2)10 (ordinary phase space)
energy penalty!ll
Z dependence: high-Z enhancement (Coulomb effect)

nuclear strucure:  much reduced Pauli-blocking at high A
(N-Z small)

2vor Ov experiment: very | low isotopic abundances
vanishing decay rates

4 gamma'’s plus two beta's

BtEC case: not much different
except energy penalty is only 2mgc

hopeless

2




ECEC decay
2v ECEC decay rate:

Q dependence : moderate (ordinary phase space)

no energy penalty!ll
Z dependence: ~ (0Z)° electron density!

nuclear strucure: much reduced Pauli-blocking at high A
(N-Z small)

ho Pe'e s s can never detect the X-rays (Auger-electrons)

estimated lifetime ~ 10 30-32 y

Ov ECEC decay rates: need an extra photon to carry away energy
(OvYECEC--X-ray ) «~ (0/Q)2 i.e. need low Q !
~ (0Z)° electron density
no phase space factor
estimated lifetime ~ 1030-32 Yy

there is a resonant enhancement if the Q-value

however: matches the atomic excitation




Btp+ decay nuclei(6)

final states in daughter isotopic abundance

transition Q-value

78Ky »785e
9 Ru —%%Mo
106y _,106py
124yo 1247,
1305, _,130y
1360 1368,

energy penalty BBt : 4mocl = 2.044 MeV
energy penalty B+ EC : 2mocé = 1.022 MeV
energy penalty EC EC: none

decay rate I'(B™B1) ~ (Q - 4moc2)10



BtEC decay nuclei (13)

transition Q-value final states in daughter isotopic abundance
98Nj —98Fe 1.924 g.s.,0.810 (2+) ,1.674 (2+) 68.08%
64Zn —64Nij 1.097 g.s. 48.60%
74se 574Ge __ 1.209 __ g.s., 0.595 (2+) , 1.204 (2+) 0.89%
845r 84Ky 1.789  g.s., 0.881 (2+) 0.56%
92Mo0 —92z7r 1.649 g.s., 0.934 (2+) , 1.382 (0+) , 1.495 (4+) 14.84%
112gy _,112cq  1.923 many 0.97%
12017 51205 1,703  g.s.,1.171 (2+) 0.09%
144sm —144Nd  1.781  g.s.,0.696 (3-) ,1.314 (4+),1.510 (3-) ,1.561 (2+) 3.10%
1.290 many o-decay 1 06y
2.010 many 0.06%
162, _,162py,  1.845 many 0.14%
168yp 5168y  1.422 many 0.13%
174HfF 5174y 1.102 man 0.16%

energy penalty B+ EC : 2mgc2 = 1.022 MeV
energy penalty EC EC: none -- decay rate I'(ECEC) ~ (0Z)®




ECEC decay nuclei (12)

transition Q-value final states in daughter isotopic abundance

36Ar 5365 0.434 g.s. (0+) 0.34%
40ca —»40Ar 0.193 g.s. (0+) 96.94%
54Fe »54Cr  0.681 g.s. (0+) 5.80%
108Ccqd —108pgd 0.259 g.s. (0+) 0.89%
126 xe >126Te 0.897 g.s. (0+) .0.666 (2+) 0.09%
1323 132Xe 0.841 g.s. (0+) .0.668 (2+) 0.10%
138Ce »138Ba  0.693 g.s. (0+) 71.70%
152Gd—152Sm 0.056 g.s. (0+) 0.20%
158py »158Gd 0.284 g.s. (0+) .0.079 (2+) .0.261 (4+) 0.10%
164gr 164Dy  0.024 g.s. (0+) 1.61%
180y —180Hf 0.145 S. 0.13%
196 Hg 196 Pt S. . 0. . 0.15%

decay rate I" ~ (o<Z)6 (oc/Q)2 (e-density x photon propagator)




state degeneracy and the
special case of 74Se for a
Majorana neutrino signature




double electron capture;
Majorana-neutrino;

. nuclear/atomic state degeneracy

Q=1209
1204 (2%) (5 ps)

Am= -72.2125(15) MeV

74Se (0.9%) %
608

596 (27)
e

Am= -73.4219(15) MeV




double electron capture;
Majorana-neutrino;
nuclear/atomic state degeneracy

74Se (0.9%)
Am= —72.2125(15) MeV

e

596 (2+)

596

o+

74Ge
Am= -73.4219(15) MeV

Q=1209.4 +2
1206.5
nuclear level *1204.2 (271)

1196.8




double electron capture;
Majorana-neutrino;
nuclear/atomic state degeneracy

74Se (0.9%)
Am= —72.2125(15) MeV

e

596 (2+)

596
o+
74Ge 2 atom: neutral but hollow g
Am= ~73.4219(15) MeV

Q=1209.4 +2
1206.5
nuclear level *1204.2 (271)

1,2
KgLp~12.6

> . 1196.8

1,2
KgKg~23

> B 1186

Z4=32/25=33




74se and
Majorana neutrino
signature

estimated lifetime for OVECEC decay:

1020 - 1023 y possible
(0.2 - 104 cts/ day/kmol) x Imv(eV)lz)

need desperately theory support ||

(present calculations from S. Wycech to be refined)




The case of 48Ca

Q

T1/2 4 3 x 1019 Y «— Excitation energy
@Q = 2.80 MeV 0
Ty, = 3.8 x 1019 ypr 9
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4. 27 MeV
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	51V ang. distr.
	app: 32S



