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Introduction

NuclearOvBB-decay ¢ = v)

strong in-medium modification of the basic procdds— uue e (veve)

Light neutrino
exchange mechanis

continuum

virtual excitation
of states of all multipolarities
in (A,Z+1) nucleus

GT amplitudes td.* states

(A,Z+1) o* — from charge-exchange reactions

(H. Ejiri, D. Frekers, H. Sakali, R. Zegers, et al.)



World status oM, light neutrino mass mechanism
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MeasuringM¢

Can one measure nuclear matrix elements «
neutrinoless double beta decay?

V.R., A. Faessler, PR80, 041302(R) (2009) [arXiv:0906.1759 [nucl-th]]
PPNP66, 441 (2011); arXiv:1012.5176 [nucl-th]
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Measure the\T =2 isospin-forbidden matrix
elemenk03|T || AS)

charge-exchanga(p)-type reaction

(IAS|T*|0%)
Challenge: = ~ 0.001
(IAS\T—lOi*)
MY (ORPA M
- (Q )z3+5 and —21 ~ 2.5

M2(SM) VES
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IAS of “*Ca (T = 4,T,=3) in *Sc

1.is located aEy, =6.678 MeV ,as ~8.5 MeV)
under threshold of particle emission

2.100%vy-decay tol™ state alE, =2.517 MeV
(E,=4.160 MeV)

3.a single state — no fragmentation

(too low density ofT = 3 0" states around the IAS)

Example Reaction®Ti(n,p)y**Sc(IAS)



do / dEy [cts/20 keV] x 103
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(*He,r) reaction on the double 8 decay nucleus *Ca and the importance of nuclear matrix elements

E.-W. Grewe.! D. Frekers,! S. Rakers,"" T. Adachi.>" C. Biumer,! N. T. Botha.> H. Dohmann.' H. Fujita,** Y. Fujita.2

BCao™T]

PHYSICAL REVIEW C 76, 054307 (2007)
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d26/dQdEy [mb/sr MeV]

5
O
L
=

- %8Ca(3He,t)*Sc 1+

- Ocm. = 0.3°

- E3He = 420 MeV
- present data
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(IAS[T*of)y  &€MY 1
AAS[T-10))  2wiasR N-Z

2

IASITT0N ™ 5 . 106

(AS|T-|0;)

QRPA:MY' = 0.6 =

~ 10 mby(sr MeV), E, =134 MeV (B.D.Anderson et al., PRC 31 (198¢

~ 20 nb/(sr MeV)

Unit cross sectiono¢ « E;2 Ep — 0.5Ep = onp — 40np



Reaction analysip

Basic requirements for a charge-exchange
probe

Measure cross sectiGnKnow (I AS|T*[0*)
P77



Reaction analysip

Any hadronic probe adds isospin to nuclear systen
(weak interaction probe would be ideal)

to probe small admixture ¢DI AS) to |07)
= must be forbidden to connect in reaction
main components df AS) and|07) (AT = 2)

Only T = 2 probes (, p), (t,°He),...)



Reaction analysip

onp(0F — 1AS) o (I AS|T*|07)

Valale
0:5) = [To To); IAS) = W|O+>+CY|T0—1T0—1>

07) = [To—2To—=2)+B[To—1To—2) +¥ Za—l07)

= |DIAS)



Reaction analysip

“8Ca,b5liw S.p. space, QRPA

onp(yDIAS — IAS) Is 100 times larger than for the
other mechanisms via admixtures of IVMR

Assumptions:
Ton(0F = IVMRS) = 0 [(IVMRJR 109", R =Y. =1,

a
and

oon(0" — [AS)
10

oon(0F = IVMR) ~



Conclusions

e M2’ can be related taT = 2 isospin admixture of the DIAS in
the final g.s. and can be extracted from measured Fermi m.e.
(IAS|T™|0¢)

e can help to discriminate between nuclear structure models
(difference inM2” as much as the factor of 5)

e Choice of a target: well-isolated IAS 6fCa in*®Sc
(weak Coulomb mixing applies)
Reaction**Ti(n,p)**Sc(IAS)

Estimatesiorn, ~ 20 nby(sr MeV) andop, oc (| AS|T*|0)



Conclusions

e Role of spread of IAS in heavy nuclei to be investigated

Supported by: DFG%B TR27 “Neutrinos and beyond”
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Nuclear Physics A252 (1975) 343—353; () North-Holland Publishing Co., Amsterdam
Not to be reproduced by photoprint or microfilm without written permission from ihe publisher

TOTAL (p,n) CROSS SECTIONS TO GROUND-STATE
ANALOGUE STATES OF **Ca, 5°Ti, *Cr AND **Ni

F. FOLKMANN and C. GAARDE
The Niels Bohr Institute, University of Copenhagen, Denmark

Received 24 June 1975

Abstract: Total (p, n) cross sections to isobaric analogues of 0* ground states arc determined from
the yvield of y-rays, de-exciting the IAS. Excitation functions are measured for targets 4®Ca,
50Ty, 52Cr and $®Ni from threshold to 6.4, 4.0, 3.3 and 2.2 MeV above. The measured cross
sections are compared with calculated cross sections for compound nuclear and direct reaction
mechanisms. The decay scheme of the analogue state at 6.68 MeV in “®Sc is established.

T [ ] L I
100 | ‘ ' ! .

“calp,n) *“*Sc(I1AS)

Fig. 1. Excitation function for the total cross section for the reaction **Ca(p, n)*%*Sc (LAS) where
488¢ (IAS) is the analogue state of the “**Ca g.s. The cross section is determined from the yicld of
the p-decay of the TAS (Eu = 6.679+0.002 MeV) to the 1+ state (E, = 2.5190-+0.0015 MeV).



Backup

5. Summary

3.1. THE (p,n) CROSS SECTIONS

The *¥Ca(p, n)*%Sc data are reasonably well described as a sum of compound
and direct reaction contributions, For E, > 11 MeV the main cross section seems to
come from the direct reaction.

5.2. THE 4-DECAY OF ANALOGUE STATES

In all cases studied we only observe decay to a single 1% state. This is especially
surprising in *°V and **Mn where several 1* states are known. In **Sc we have
given quantitative limits on the M1 strength for y-decay from the analogue state.

4.3. DECAY OF THE ANALOGUE STATE

In all the cases discussed above only a single transition from the analogue state
is observed. In **Sc we have given an upper limit of 8 9, for other decay modes. This
limit can be transformed into a limit on B(M1), and further to a limit of the GT
strength for the f-decay of the *®Ca g.s. We could conclude that the GT strength to
states below say 3.5 McV excitation energy in “*Sc is less than 18 %7 of the strength to
the 1* state at 2.519 MeV. Because of the E; dependence of the intensity for Ml
transitions there is, however, very little sensitivity to the strength for states lying
close to the analogue state.



Spread of IAY

Why no fragmentation of IAS offCa?

Density of0" states around IAS
back-shifted Fermi-gas (BSFG) model:

p(U, 3.7) = SF(U, (V)

1 1 exp@ vau 2J+1 -J(J+1
p(U) = . FU.9) = 2 exp D
1220at/4 (U +t)5/4 202 o2
U — at2 — t, U =E — 6,

the level density parametay the spin cut-& parametet? = ';l%d ~ 0.015A%/3t;
the backshift (> 0 even-eveny 0 odd-A, < 0 odd-odd);



Spread of IAY

46SC a=5.96MeV1 §=-237 MeV (W. Dilg et al. NPA 217 (1973))
E,=6.8 MeV— p(0") + p(07) =~ 59 MeV™

but atE, = 3 MeV — p(0*") + p(07) ~ 5 MeV™

(noJ = 0 state is listed in ENSDF fa¥*Sc for E, <3 MeV).

48GSc a=5.74 MeV, 6 =-1.9MeV (RIPL-2)
E,=6.8 MeV— p(0%) + p(07) =~ 33 MeV

atEyx = 3 MeV — p(0") + p(07) =~ 3 MeV



Spread of IAY

SCc a=596MeV? 5= -237 MeV (W. Dilg et al. NPA 217 (1973))
£, =6.8 MeV— p(0) + p(07) =~ 59 MeV™

but atE, = 3 MeV — p(0*) + p(07) ~ 5 MeV

(noJ = 0 state is listed in ENSDF fd¥Sc for E, <3 MeV).

GSc a-574 MeV™, § =-1.9 MeV (RIPL-2)
£, =6.8 Mev— p(0T) + p(07) =~ 33 MeV

atEy, = 3 MeV — p(0%) + p(07) ~ 3 MeV

OAS |AS atE, = 8.24 MeV
a=10.81 MeV!, § = —1.45 MeV (W. Dilg et al. NPA 217 (1973))

— p(0%) + p(07) =~ 7000 MeV™
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Spread of IAY

VOLUME 177,

NUMBER 4
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Experimental High-Resolution Investigation and Shell-Model

P. WicejeLM®

Interpretation of the *Ca Ground-State Analog

University of North Carolina, Chapel Hill, North Carolina, and Nuclear Structure Laboralory,

G. A. Kevworty,f J. C. Browng, W. P. Berzs,{ M. Divapeenam, H. W. NEwsoxn, axp E. G. BiLruch
Duke University, Durham, North Carolinae 27700

Duke University, Durkam, North Carolina 27700

AND

(Received 15 July 1968)

Excitation functions for 4 Ca.(#,#) at 165° and 1057 have been measured from 1.93 to 2.01 MeV.Inaddition,
the reactions #Ca(p,1)®Sc and “Ca(p,nv)®Sc have been observed. Spins, parities, total and partial widths
have been assigned. Eleven resonances are observed, eight of which have J*= 2" and are associated with
the ¥Ca ground-state analog. These 3~ levels are interpreted in terms of a detailed shell-model caleulation.

TasLE 1. Resonance parameters.

Present work Ref. 2
E 11 Fn ¥ z E r Pn r
A (keV) J* ¥ R (keV) (ke¥) I (V) (V) (meV)
1 103842 i 10 20 0.297
2 194742 i+ 25 5 0.297 ae “es wes e
3 194842 () 30 70 0.862 195042 (3 ~80 12
4 195642 i 15 120 0.421 “e ..o “en aas fas
5 195942 i~ 10025 5004100 2,773 195942 - =100 24 10
(] 196242 (3) 5 10 0.137 s
7 196442 i~ 30050 200--50 8.193 19642 t 40050 40 40
g 1974+ 2 t o 13004100 600+ 100 34.360 197542 i 15004200 75 170
9 19814-2 () 40 80 1.035 198242 #) =70 20 10
10 198242 @ 50 50 1.290 o vas -~ . -
11 199142 () 20 50 0.502 1991+2 (F) =70 9 7
1.99642 ) ~30 5
Tanie IT1. Comparisen of experimental and theoretical widths. All widths are given in keV.
Experimental
Fine structure Intermediate structure Thenoretical
T'y= E gy Iy= E:'~ ey, ['1:21 Iy, "=+t s Ty I4=Ly~T1 'y r
1.85 1.54 =) 3.4 2.0 4. 7404 1.3+04 2.0 =)0




