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Double beta decay	

•  (A,Z) → (A,Z+2) +2 e- + 2νe       2νββ  
•   (A,Z) → (A,Z+2) +2 e-                 0νββ 

•  0νββ: unique process to measure the characteristics 	
of neutrino 
▫  Neutrino mass measurement via half-life measurement 
▫  Requires half-life measurements beyond 1020 yrs!!!! 
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ν-nuclear responses for ββ-ν physics 
    
ν–nuclear response[M0ν]2  is needed for mν study[1,2] 

	

•  Nuclear models such as QRPA, IBM… include uncertain 
renormalization of axial weak coupling in the  nuclear medium 
(gA)eff  
▫  We need experimental (gA)eff for  [M0ν]  

    for relevant states to help theoretical calculations. 
 If (gA)eff  changes -10%, [M0ν]2 changes -40% and  
 3 times larger detector is needed for same statistics 

▫  Experiments,　 
�   (3He,t) RCNP : present , (p,n)  
�   (n,p), (t,3He),(d,2He), (7Li,7Be),,,, 
�   µ-capture  MuSIC RCNP 
�   γ-capture  NewSUBARU 

[1] H. Ejiri, Phys. Rep. 338 (2000),  JPSJ 74 (2005). 
[2] J. Vergados, H. E, F. Simkovic, Rep. Prog. Phys. 75  (2012). 
	

T0νββ
−1 =G0ν <mν >

2 M 0ν 2

M 0ν = M+M−∑ M± = (gA )
eff M±(QPRA)
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(3He,t) reaction at RCNP Osaka	
•  High energy resolution (ΔE~30 keV ) is essential to 

separate intermediate states in DBD nuclei,  
•  At E/u =  140 MeV, relatively large Vστ  and small  V0 
•  We have good data for Gamow -Teller and Spin-Dipole 

state on DBD nuclei [5] 
•  So far,  M2ν for 2νββ 

▫  2 real ν are in s-wave  
▫  M2ν  are well reproduced[6]. 
   using  

•  Next step,	Moν for 0νββ 
▫  To study  ν-mass 

[5] H.Ejiri  D. Frekers, N. Harakeh, H.A., et al., PRC 88 054329 (2013), C 86, 044603 (2012) 
 C 84, 051305 (2011), C 77,    024307 (2008), C 74, 034333 (2006),  C 74, 024309 (2006), C 70, 034318 (2004), 
C68, 064612 (2003), C64, 067302 (2001), 
PRL. 99 202501(2007), 85, 4442 (2000), 82, 3216 (1999), PLB 706, 134 (2011) .394B, 23 (1997) 
[6] H. Ejiri.   JPSJ 78 (2009) 74201,  81 (2912) 33201	

◽　Exp. M2ν
◾　QP   gA

effM(QP) 
)	

M 2ν = M+(GT1
+ )M−(GT1

+ )∑

M± = (gA )
eff M±(QRPA)



Spin Dipole (SD) 2- for 0νββ	
•  0νββ  : virtual ν exchange  inside 

nuclei 
▫  q ~ 1/r = 1- 0.3 fm-1,   rq=L~ 1-2   
▫  Jπ =  2-  is the major component 

•   Cross Section for (3He,t) reaction 

 
 
•   We aim  
▫  to experimentally provide  

      to get M(SD) from σ (SD)  
▫                                        for 

     strong SD states observed in DBD 
      nuclei 
▫   to help theories such as QRPA 
▫   to test feasibility of  (3He,t) for SD 

Positive  
Parity	

Negative 
Parity	

2-	J. Suhonen	

σ (SD) = KF(q,ω) JSD
2 B(SD)

M (SD) = gAτ σ × f (r)Y1[ ]2

0νββ AND 2νββ NUCLEAR MATRIX . . . PHYSICAL REVIEW C 91, 034304 (2015)

TABLE VI. Final double-β− decay IBM-2 matrix elements with
isospin restoration, Argonne SRC, and error estimate.

Decay Light neutrino exchange Heavy neutrino exchange

48Ca 1.75(28) 47(13)
76Ge 4.68(75) 104(29)
82Se 3.73(60) 83(23)
96Zr 2.83(45) 99(28)
100Mo 4.22(68) 164(46)
110Pd 4.05(65) 154(43)
116Cd 3.10(50) 110(31)
124Sn 3.19(51) 79(22)
128Te 4.10(66) 101(28)
130Te 3.70(59) 92(26)
134Xe 4.05(65) 91(26)
136Xe 3.05(59) 73(20)
148Nd 2.31(37) 103(29)
150Nd 2.67(43) 116(32)
154Sm 2.82(45) 113(32)
160Gd 4.08(65) 155(43)
198Pt 2.19(35) 104(29)
232Th 4.04(65) 159(45)
238U 4.81(77) 189(53)

A. 0νβ+β+ and related processes with light neutrino exchange

In Table VII we show the results of our calculation of the
matrix elements to the ground state, 0+

1 , and the first excited
state, 0+

2 , broken down into GT, F, and T contributions and
their sum according to Eq. (13).

The parameters of the IBM-2 Hamiltonian used in this
calculation are those in Tables II and VI of Ref. [6,7],
respectively. Also here, as in Sec. III, we see that the F matrix
elements are considerably reduced by isospin restoration in
comparison with those without restoration given in Table VIII
of Ref. [6]. This is also seen in Table VIII where the quantity
χF is shown.
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FIG. 4. (Color online) IBM-2 (Argonne) results for 0νβ−β−

NMEs compared with QRPA-Tü (Argonne) [11], ISM (UCOM) [19],
QRPA-Jy (UCOM) [25,26], QRPA-deformed (CD-Bonn) [27], DFT
(UCOM) [23], and HFB (M-S) [24].

TABLE VII. Nuclear matrix elements M (0ν) (dimensionless) for
neutrinoless β+β+, ECβ+, and ECEC decays with Argonne SRC and
gV /gA = 1/1.269, in IBM-2 with isospin restoration.

0+
1 0+

2

Nucleus M
(0ν)
GT M

(0ν)
F M

(0ν)
T M (0ν) M

(0ν)
GT M

(0ν)
F M

(0ν)
T M (0ν)

58Ni 2.33 −0.23 0.15 2.61 2.21 −0.20 0.10 2.44
64Zn 5.22 −0.61 −0.16 5.44 0.68 −0.06 −0.02 0.70
78Kr 3.79 −0.61 −0.24 3.92 0.87 −0.14 −0.06 0.90
96Ru 2.51 −0.37 0.11 2.85 0.03 −0.01 0.00 0.04
106Cd 3.16 −0.38 0.19 3.59 1.55 −0.16 0.08 1.72
124Xe 4.42 −0.82 −0.19 4.74 0.74 −0.14 −0.03 0.80
130Ba 4.36 −0.80 −0.18 4.67 0.32 −0.06 −0.01 0.34
136Ce 4.23 −0.76 −0.16 4.54 0.35 −0.06 −0.01 0.38
156Dy 2.80 −0.40 0.13 3.17 1.53 −0.23 0.08 1.75
164Er 3.46 −0.44 0.22 3.95 1.02 −0.10 0.05 1.13
180W 4.12 −0.57 0.20 4.67 0.26 −0.05 0.02 0.31

Our results are compared with other available calculations
in Table IX. For β+β+, ECβ+, and ECEC decay there are
no QRPA calculations with isospin restoration and thus the
comparison is only meant to show the reduction in the F matrix
element in IBM-2 brought in by isospin restoration.

B. 0νβ+β+ and related processes with heavy neutrino exchange

These matrix elements are obtained in the same way as in
Sec. III B and are given in Table X.

1. Sensitivity to parameter changes, model assumptions,
and operator assumptions

The sensitivity here is identical to that described in Sec. III
for 0νβ−β−. Our final matrix elements with error estimate are
given in Table XI.

TABLE VIII. Ratio Fermi to Gamow-Teller matrix elements, χF ,
for neutrinoless β+β+, ECβ+, and ECEC in IBM-2 with isospin
restoration compared with available QRPA results.

χF

Decay IBM-2 QRPAa

Old New

58Ni −0.06 −0.06 −0.14
64Zn −0.31 −0.07
78Kr −0.38 −0.10 −0.27
96Ru −0.09 −0.09 −0.23
106Cd −0.07 −0.07 −0.23
124Xe −0.34 −0.12 −0.23
130Ba −0.32 −0.11 −0.23
136Ce −0.32 −0.11 −0.26
156Dy −0.09
164Er −0.08
180W −0.09

aReference [28]. No isospin restoration.

034304-5

J. Barea et al. PRC 91 034304 (2015)	

B(SD) =
M (SD) 2

2Ji +1

M (SD) = (gA )
eff M (QPRA)

JSD
2
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[7]. Ejiri, Proc. MEDEX 13, APS conf. series, proc. 1572 (2013) 40.
[8] H. Ejiri, N. Soukouti, and J. Suhonen, Phys. Lett. B 729 (2014) 27.

Keys for Q response are  WV correlation and nuclear medium gA
Single E M(EXP)   = k    M(QP)     k~ 0.2  with respect to QP

M(QRPA) = kWV M(QP)     kWV ~ 0.4        WV correlation 
M(EXP)    = kNM M(QR)   kNM ~0.5  = gA

eff n-medium

Keys for ν response are  (1) τσ correlation 
and (2) gA

eff in nuclear medium	
•  Mm for Single 2- → 0+ β decay  
▫   Here Mm=[M+M-]1/2 

�  M+ for   A(Z,N) ⇄ A(Z+1,N-1) 
�  M- for  					    ⇆ A(Z-1,N+1) 

•  Phenomenological reduction factor k , kτσ , kNM        
▫  Mm (EXP)   =  k Mm (QP)   

�  k= kτσ kNM~ 0.2   
▫  Mm (QRPA) = kτσ Mm (QP)   

�  kτσ ~ 0.4   τσ correlation 
▫  Mm (EXP)    = kNM Mm (QRPA)   

�  kNM~ 0.5  = gA
eff  n-medium 

 

•  Are these reductions generally valid 
 for SD ground /excited states  
 in DBD nuclei ?   

[8] H. Ejiri, Proc. MEDEX 13, APS conf. series, proc. 1572 (2013) 40. 
[9] H. Ejiri, N. Soukouti, and J. Suhonen, Phys. Lett. B 729 (2014) 27. 

M-	 M+	

g.s. (2-)	

g.s(0+)	
g.s. (0+)	



 
 
	

     0

   500

  1000

  2000

  3000

  4000

  5000

  6000

  8000

 10000

 12000

 16000

 20000

 24000

 28000

100

A=124
NDS 41, 413(1984)

Evaluators:   T. Tamura, K. Miyano, and S. Ohya

124
 48Cd

Qβ−4170

0+ 0.9 s

β−

7470Sn

(14000)Sp

124
 49In

Qβ−7360

03+ 3.17 s
β−

190(5 to 8)2.4 s β−

5520Sn

10850Sp

124
 50Sn

0+

8489Sn

12098Sp

124
 51Sb

Qβ−2905.4

03–
60.20 d

β−

QEC617.9

10.86335+93 s IT 75
%

β−
25%

36.84568–
20.2 m

IT

6467.45Sn
7089Sp

124
 52Te

0+

8590.5Sp
9424.1Sn

124
 53I 

QEC3159.6

2– 4.18 d

EC

Qβ−294

5482.2Sp

7507Sn

124
 54Xe

0+

7018Sp

10476Sn

124
 55Cs

QEC5917

01+ 30.8 s
EC

462.54(7)+6.3 s
IT

3777Sp

8760Sn

124
 56Ba

QEC2646

0+ 11.9 m

EC

5331Sp

(11600)Sn

124
 57La

QEC(8800)

29 s

EC

(2000)Sp
(9700)Sn 124

 58Ce
0+ 6 s

EC

3998

 
 
	

 
 
	

Level diagrams for DBD nuclei and 
Benchmark nuclei with known ft 	
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A=76 
NDS 42, 233(1984)

NDS 74, 63(1995)(U)

Evaluators:   B. Singh and D.A. Viggars

 76
 29Cu

Qβ−(11300)

641 ms

β−

(4200)Sn

(13900)Sp

 76
 30Zn

Qβ−4160

0+ 5.7 s

β−

7650Sn

(14800)Sp

 76
 31Ga

Qβ−7010

(3–) 32.6 s

β−

5810Sn

11020Sp

 76
 32Ge

0+

9428.3Sn

12038Sp

 76
 33As

Qβ−2962.0

2– 26.32 h

β−

QEC923.3

EC
<0.02%

7328.44Sn

7722.6Sp

 76
 34Se

0+

9508.1Sp

11154.1Sn

 76
 35Br

QEC4963

01–
16.2 h

EC

102.58(4)+1.31 s IT >9
9.4

%

EC
<0.6%

5409Sp

9221Sn

 76
 36Kr

QEC1311

0+ 14.8 h

EC

7128Sp

12808Sn

 76
 37Rb

QEC8500

1 39.1 s

EC

3526Sp

11328Sn
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A=128
NDS 38, 191(1983)

(Revised 1993)

Evaluator:   K. M. Kanbe

128
 48Cd

Qβ−7100

0+ 0.34 s

β−

6800Sn

128
 49In

Qβ−8980

0(3+)0.84 s
β−

340(8–)0.72 s β−

5440Sn

13120Sp

128
 50Sn

Qβ−1274

00+59.07 m
β−

2091.50(7–) 6.5 s
IT

7900Sn
n

0.04% (0.84 s + 0.72 s)

13630Sp

128
 51Sb

Qβ−4384

08–
9.01 h

β−

0+x5+ 10.4 mβ−
96.4%

IT 3.6
%

5970Sn

8390Sp

128
 52Te

Qβ−β−867 

0+ >8×1024 y

β−β−

8775Sn
9573Sp

128
 53I 

Qβ−2118

1+ 24.99 m

β−
93.1%

QEC1251

EC
6.9%

6741Sp
6826.07Sn

128
 54Xe

0+

8162Sp

9607Sn

128
 55Cs

QEC3930

1+ 3.66 m

EC

4894Sp

7757Sn

128
 56Ba

QEC521

0+ 2.43 d

EC

10690Sn
6454Sp

128
 57La

QEC6700

4–,5– 5.0 m

EC

3300Sp

(8700)Sn

128
 58Ce

QEC(3200)

0+ 6 s

EC

(4800)Sp

p

(11700)Sn

128
 59Pr

QEC(9300)

4,5,6 3.1 s

EC

(1700)Sp

p

(10000)Sn

128
 60Nd

QEC(6100)

0+ 4 s

EC

(3000)Sp

(12800)Sn
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A=74 
NDS 51, 225(1987)

Evaluators:   B. Singh and D.A. Viggars

 74
 28Ni

Qβ−(7100)

0+ 1.1 s

β−

(6500)Sn

 74
 29Cu

Qβ−(9900)

1.59 s

β−

(4700)Sn

(12800)Sp

 74
 30Zn

Qβ−2340

0+ 96 s

β−

8370Sn

(13800)Sp

 74
 31Ga

Qβ−5370

0(3–) 8.12 m
β−

59.8(0) 9.5 sIT >5
0%

β−
<50%

6420Sn

9930Sp

 74
 32Ge

0+

10196.20Sn

11007Sp

 74
 33As

Qβ−1353.0

2– 17.77 d

β−
34%

QEC2562.4

EC
66%

6851.4Sp

7975Sn

 74
 34Se

0+

8545Sp

12068Sn

 74
 35Br

QEC6907

(0–,1) 25.4 m

EC

4(–) 46 mEC

4379Sp

9820Sn

 74
 36Kr

QEC3140

0+ 11.50 m

EC

5900Sp

13350Sn

 74
 37Rb

QEC10400

(0+) 64.9 ms

EC

2100Sp

(13500)Sn

1763

(3He,t)	

 
 
	

 First forbidden unique transition 
(ΔJ = 2 , Parity change)	

 log ft = 8.65	

INPC2016	

ββ decay 
nuclei	

Benchmark nuclei  
 with known lifetime	



74Ge(3He,t) 74Ge, 122Sn(3He,t) 122Sb, 
124Te (3He,t) 124I  	
•  In May 2016, we performed (3He,t) experiment as 

benchmark for M(SD)  
•  Nuclei with large response (Mm(SD)) known from β 

decays. 
•  Unique σ, τ, l flip transitions 

�    [σY1]2 >> δp  [σY3]2 
�  ΔJ=2, parity change 

•  Neighbor to DBD nuclei.	σ(SD)’s  were measured so far.  
▫  76Ge,  128,130Te 

•  74Ge  and 124Te: to see if any mass dependence of  
•  122Sn (semi-magic) and 124Te with similar A and QP: to see 

if any nuclear structure effects and to confirm  
σ (SD) = KF(q,ω) JSD

2 B(SD)

JSD
2



Experiment at RCNP Osaka Univ.	
•  (3He,t) reaction at 420 MeV 
▫  High resolution spectrometer “Grand Raiden” 
▫  ΔE < 50 keV 
▫  θ = 0 to 5o	



Target  
•  Germanium and Tellurium are known as materials 

which are very difficult to make thin foil:  Hard and 
fragile. 

•  In order to achieve high resolution (ΔE ~ 30 keV), very 
thin (less than 1 mg/cm2) foil is required. 

•  Vapor deposition on thin carbon foil 
▫  Carbon  foil  ~40 µg/cm2 
▫  74Ge, 124Te ~ 250 µg/cm2                     INS INFN Catania ITALY 

INPC2016	



128,130Te (ββ nuclei) and 124Te (benchmark) show 
clear GT and SD states 

• RCNP high resolution system is the unique and 
only opportunity 	HIGH RESOLUTION (3He,t) EXPERIMENT ON . . . PHYSICAL REVIEW C 86, 044603 (2012)
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FIG. 1. (Color) Excitation-energy spectra of the (a) 128Te(3He,t)128I and (b) 130Te(3He,t)130I reactions. Spectra are generated from several
angle cuts (color-coded) and stacked on top of each other to indicate the angular dependence of certain transitions. Forward-peaked transitions
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dipole transitions are observed near and below Ex = 1 MeV in each reaction. Contaminating carbon transitions have been removed from the
spectra. Note the different scales above 5 MeV. (c, d) The low excitation-energy regions shown separately.

III. ANALYSIS

The excitation-energy spectra for the reactions on 128Te
and 130Te at three angles are shown in Fig. 1. The spectra

are stacked on top of each other to indicate their angular de-
pendence, i.e., transitions with !L = 0 are typically forward
peaked and masked by !L ! 1 transitions. At Ex = 11.948(2)
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76Ge (ββ nuclei) and 74Ge (benchmark) 

•   76Ge: although g.s. is 2- 
▫   log ft is not know 

because of low Q 
•  74Ge: g.s. is 2- 
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FIG. 2. (Color) Excitation-energy spectra for the 76Ge(3He,t)76As reaction. The spectra were generated from different angle cuts (as
indicated by the colors) and stacked on top of each other to indicate the effect of the angular dependence. Transitions with !L = 0 are forward
peaked and appear in red at the most forward angle. Note, the energy scale is compressed above 4 MeV. The various states with their spin
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shows the isobaric analog states at 8.308 MeV (from 76Ge) and 8.360 MeV (from 74Ge, which corresponds to 6.721 MeV in the excitation
frame of 74As).

was independently analyzed for its isotopic composition at the
Gran Sasso National Laboratory (LNGS) [58] by using the
high-precision technique of inductively coupled plasma-mass
spectrometry (ICP-MS). The measured percentages of the
isotopic composition of the Ge-target are also listed in Table I.
Both methods give consistent results.

An energy calibration at the level of ±1 keV precision
for the low excitation-energy region (i.e., below the IAS)
was performed with a 26Mg and a natSi target. The (3He,t)
spectra on these targets provide numerous discrete levels
with well-known excitation energies distributed over a large
momentum bite in the focal plane. One may note that in

TABLE I. Isotopic composition of the Ge target deduced from
the strength of the isobaric analog transitions in the 76Ge(3He,t)76As
spectrum (mass dependent corrections included) and from a direct
measurement using the ICP-MS technique. IAS excitation energies
are quoted in the 76As excitation frame (column one) and in the
excitation frames of the daughter nuclei (70+xAs, x = 0, 2, 3, 4, 6)
(column two).

Isotope Ex(76As) Ex(70+xAs) B(F) IAS ICP-MS
Ref. [58]

76Ge 8.308 8.308 12 86.8(8)% 86.9(1)%
74Ge 8.360 6.721 10 11.83(8)%

}
12.2(9)%73Ge – – 9 0.249(2)%

72Ge 8.456 5.023 8 0.75(12)% 0.583(4)%
70Ge 8.505 3.208 6 0.25(13)% 0.384(5)%

the excitation-energy region below ≈2 MeV, the extracted
states match those from the Brookhaven National Nuclear
Data Center (NNDC) database [60] with remarkable precision
(cf. Table III).

The experiment was performed at two spectrometer-angle
settings, i.e., 0◦ and 2.5◦. Appropriate solid angle cuts allowed
generating angular distributions ranging from about 0◦ to 4.0◦.

III. DETAILED ANALYSIS

A set of 76Ge(3He,t)76As spectra at five different forward
scattering angles is shown in Fig. 2. The spectra have been
arranged in such a way that the most forward-angle spectrum
appears in the back and the others are stacked on top
of each other using different color codings. This way the
angular dependence of the various components can be quickly
identified, e.g., forward-peaked cross sections are likely GT
transitions (colored red) with angular momentum transfer
!L = 0 and more backward peaked ones are likely !L = 1
spin-dipole transitions (colored blue/green).

The spectra show an extraordinary large number of isolated
states up to ≈5 MeV excitation energy followed by the strongly
excited IAS of 76Ge at Ex = 8.308 MeV with a shoulder from
the IAS of 74Ge at Ex = 8.360 MeV. Around Ex = 11 MeV
one observes the peak of the GT resonance (GTR) and at
about 18.5 MeV the rather broad (" ≃ 10 MeV) spin-dipole
resonance (SDR). The spectra are qualitatively similar to the
ones reported by Madey et al. [29] from a (p,n) measurement at
134.4 MeV, although those were generated at a much reduced
resolution of order 380 keV.
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74,76Ge(3He,t)74,76As Angular distribution 

•  2- SD 
•  1+ GT 
•  0+ IAS 
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FIG. 3. (Color) Cross-section angular distributions for selected states of the 76Ge(3He,t)76As reaction as discussed in the text. Note that the
states around 100 keV and 500 keV could not be separated. The data points represent their sum.

With the present energy resolution of 30 keV (FWHM)
more than 70 individual states (most of them 1+ states),
can be resolved below 5 MeV. For all of these an angular
distribution has been generated, by which definitive spin
assignments are given. For instance, the 76As ground state (g.s.)
is clearly resolved and the !L = 1 type angular distribution
supports the 2− assignment (cf. Figs. 2 and 3). A triplet
of 1+ states is known at 44.4, 86.8, and 120.3 keV [60].
However, in the present (3He,t) spectrum there is no firm
indication for a transition to the 44.4 keV level. From the two
remaining states the lower one at 86.8 keV is the most strongly
excited, which makes disentangling the two states over the full
angular range difficult. An angular distribution was therefore
generated from the sum of the two states (see Fig. 3).
A similar procedure was followed for the states at around
500 keV.

Above Ex ≈ 2 MeV, the level density increases rapidly,
and peak identification relies increasingly on peak-fitting
procedures, for which Gaussian-peak profiles at a fixed
width have been used. This technique is followed to
about 5 MeV excitation. As already mentioned, the exci-
tation energies extracted by this procedure are in excel-
lent agreement with those given in the NNDC database
[60].

In the 76Ge excitation frame the 74As ground state
(J π = 2−) from the (3He,t) reaction on the 74Ge contaminant
can be reasonably well identified in the spectra in Fig. 2 at
Ex = 1.637 MeV. The intensity ratio to the 76As(J π = 2−)

g.s. transition mirrors the isotopic ratio. However, there
is no clear indication for a sizable excitation to the first
known J π = 1+, 206.6 keV state, which should appear at
Ex = 1.846 MeV. Instead, we attribute the state at 1.852 MeV
(cf. Table III) to a genuine state in 76As at 1.849(10) MeV.
The second known J π = 1+ state at 422.2 keV in 74As should
appear at 2062.4 keV. Again, we do not see any indication for
its excitation. The next known J π = 1+ state at 513.8 keV
in 74As [60] should be located at 2.153 MeV. In this case we
attribute the state identified with J π = 1+ at 2.154 MeV to
that state, whose B(GT) value would then be relatively large at
≈0.1 (cf. Table III). In the following analysis, transitions above
this energy of 2.154 MeV will still be treated as originating
from the 76Ge(3He,t) reaction, which is a sensible assumption
for the most strongly excited states. These are those, which
appear in Fig. 2 labeled by their excitation energies. However,
when evaluating summed B(GT) strengths or nuclear matrix
elements, we assume on average a 14% reduction (according to
isotopic abundance) of the B(GT−) values for all states above
2.154 MeV.

The data taken at the two angle settings of the spectrometer,
i.e., 0◦ and 2.5◦, were sorted into five, respectively, four
angle bins, which are [0◦ − 0.5◦], [0.5◦ − 1.0◦], [1.0◦ − 1.5◦],
[1.5◦ − 2.0◦], [2.0◦ − 2.5◦] and [2.0◦ − 2.5◦], [2.5◦ − 3.0◦],
[3.0◦ − 3.5◦], [3.5◦ − 4.0◦]. The various software cuts may
induce an extra systematic error on the final cross section,
which we assume of order 2% for the 0◦ setting and about 5%
for the 2.5◦ setting.
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With the present energy resolution of 30 keV (FWHM)
more than 70 individual states (most of them 1+ states),
can be resolved below 5 MeV. For all of these an angular
distribution has been generated, by which definitive spin
assignments are given. For instance, the 76As ground state (g.s.)
is clearly resolved and the !L = 1 type angular distribution
supports the 2− assignment (cf. Figs. 2 and 3). A triplet
of 1+ states is known at 44.4, 86.8, and 120.3 keV [60].
However, in the present (3He,t) spectrum there is no firm
indication for a transition to the 44.4 keV level. From the two
remaining states the lower one at 86.8 keV is the most strongly
excited, which makes disentangling the two states over the full
angular range difficult. An angular distribution was therefore
generated from the sum of the two states (see Fig. 3).
A similar procedure was followed for the states at around
500 keV.

Above Ex ≈ 2 MeV, the level density increases rapidly,
and peak identification relies increasingly on peak-fitting
procedures, for which Gaussian-peak profiles at a fixed
width have been used. This technique is followed to
about 5 MeV excitation. As already mentioned, the exci-
tation energies extracted by this procedure are in excel-
lent agreement with those given in the NNDC database
[60].

In the 76Ge excitation frame the 74As ground state
(J π = 2−) from the (3He,t) reaction on the 74Ge contaminant
can be reasonably well identified in the spectra in Fig. 2 at
Ex = 1.637 MeV. The intensity ratio to the 76As(J π = 2−)

g.s. transition mirrors the isotopic ratio. However, there
is no clear indication for a sizable excitation to the first
known J π = 1+, 206.6 keV state, which should appear at
Ex = 1.846 MeV. Instead, we attribute the state at 1.852 MeV
(cf. Table III) to a genuine state in 76As at 1.849(10) MeV.
The second known J π = 1+ state at 422.2 keV in 74As should
appear at 2062.4 keV. Again, we do not see any indication for
its excitation. The next known J π = 1+ state at 513.8 keV
in 74As [60] should be located at 2.153 MeV. In this case we
attribute the state identified with J π = 1+ at 2.154 MeV to
that state, whose B(GT) value would then be relatively large at
≈0.1 (cf. Table III). In the following analysis, transitions above
this energy of 2.154 MeV will still be treated as originating
from the 76Ge(3He,t) reaction, which is a sensible assumption
for the most strongly excited states. These are those, which
appear in Fig. 2 labeled by their excitation energies. However,
when evaluating summed B(GT) strengths or nuclear matrix
elements, we assume on average a 14% reduction (according to
isotopic abundance) of the B(GT−) values for all states above
2.154 MeV.

The data taken at the two angle settings of the spectrometer,
i.e., 0◦ and 2.5◦, were sorted into five, respectively, four
angle bins, which are [0◦ − 0.5◦], [0.5◦ − 1.0◦], [1.0◦ − 1.5◦],
[1.5◦ − 2.0◦], [2.0◦ − 2.5◦] and [2.0◦ − 2.5◦], [2.5◦ − 3.0◦],
[3.0◦ − 3.5◦], [3.5◦ − 4.0◦]. The various software cuts may
induce an extra systematic error on the final cross section,
which we assume of order 2% for the 0◦ setting and about 5%
for the 2.5◦ setting.
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Estimation of M(SD2-) 
•  76As(g.s. 2-) -76Ge(g.s. 0+) 
▫  B(F) = N-Z = 12 
▫  B(SD) = 0.564 	β-decay 
▫  M(SD) = 1.68 

•  74As(g.s. 2-) -74Ge(g.s. 0+) 
▫  B(F) = N-Z = 10 
▫  B(SD) = 0.610±0.02   
▫  M(SD)= 1.75±0.04    

INPC2016	

σ SD (q,ω) = KF(q,ω) JSD
2 B(SD2− )

σ IAS (q,ω) = KF(q,ω) Jτ
2 B(F)

IAS:  σIAS  is peaked at 0 deg. 
SD:  σSD is peaked at 2.1 deg. 

  for (3He,t) at 140 MeV/u	

σ SD (2.1deg,
74Ge)

σ IAS (0.0deg,
74Ge)

σ SD (2.1deg,
76Ge)

σ IAS (0.0deg,
76Ge)

=
B(SD2−, 74Ge)
B(F, 74Ge)

B(SD2−, 76Ge)
B(F, 76Ge)

Preliminarily 
Only statistical error 



Summary	

• We will perform experiment on (3He,t) reaction 
from nuclei with known ft values of the first 
forbidden beta decay. 

• We determined M(SD2-) from angular 
distribution of SD2- states in ββ nuclei (74Ge) 

• We aim to establish a method to estimate M0ν for 
0ν double beta decay
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X axis  CER 2- cross sections corrected for distortions used for GT  
          by Ejiri, Frekers, Harakeh, H.A. et al  PRC 2010-2013. 
Y axix  M(SD) calcurated by using experimental g A from ft data in neighboring nuclei by Ejiri  
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by Akimune, Ejiri, Frekers, Harakeh, Hatanaka et al  PRC 2010-2013.

Y axix M(SD) calcurated by using experimental g A from ft data in neighboring nuclei by 
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  Suhonen  

 M0ν values depend on models (gA) by a factor 3 ,  equivalent  
to 100 in detector volume.  Which is right ? or all are not right ??. 
We need experimental data to support and/or confirm theories. 
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 [2] J. Vergados, H. Ejiri, F. Simkovic, Rep. Prog. Phys. 75 (2012) 106301. 
 [3]  H. Ejiri, J. Phys. Soc. Jpn. 74 (2005) 2101. 

Motivation   
1.  ν-nuclear responses  for ββ-ν & astro-ν studies 
T = G [mν Mββ]2      Nuclear response= [Mββ]2  for mν study  
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