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Double Gamow-Teller resonance 7 DGTR

Double Gamow-Teller resonance (DGTR) consists of two GT resonances
iInduced by the spin-isospin operator, oTOoT.

Through the DGTR study, we would like to answer.

- Is the DGTR just superposition of the GTRs, 1
or, do cause further

of double GT states?

DGTR can be for nuclear structure calculation of Z_

- The calculation only rely on the 2v[3[3 results. 2VBR 7+9

~ 104 - 103 Spat

A unique calibration of nuclear structure calculation for the pp-decay.

The (pfp-decay) matrix element, however, still remains very small and accounts
for only a 107~ to 1073 of the total DGT sum rule. A precise calculation

of such hindered transition is, of course, very difficult and is inherently a
subject of large percent uncertainties. At present there is no direct way to
“calibrate” such complicated nuclear structure calculations involving miniature
fractions of the two-body DGT transitions. By studying the stronger DGT
transitions and, in particular, the giant DGT states experimentally and as

we do here, theoretically, one may be able to “calibrate” the calculations of

pp-decay nuclear elements.
N. Auerbach, L. Zamick, and D. Zheng, Annals of Physics 192, 77 (1989).

DGTR has been left to be discovered!



Limitation of experimental access to DGT

A few experiment have been attempted.
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DGT: AL=0, AS=0 or 2, AT,=2

Spin and Isospin flips is necessary.

Heavy-ion double charge exchange (HIDCX) reaction
B-B--type DGT probe is effective for medium or heavy mass nuclei




New idea: (12C,12Be(0+2)) reaction

12C(gnd)—12Be(02*) transition is strong.
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Delayed-y tagging enables clear event
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First application: 48Ca('%C,'?Be(0*2)) experiment 12



Experimental setup

= R\ D2 |
NS 4.5 days accumulation
S — @ RCNP, Osaka University, Japan
MP
DSR D1
12Be //
7

1 Focal Plane Detectors
Scattering
Chamber

Grand Raiden (GR)

12C beam (100 MeV/u, 17 pnA)




Identification of 12Be
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12Be ~ 0.1 Hz
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Ildentification of 12Be(0+2) with y-ray tagging

12Be arrival (prompt timing)
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Preliminary Results: Excitation energy spectra

T
:_ 0.0° < OLp < 0.5°

Normalized Yield (A.U.)

A SRR S e

:_0.50 < O < 1.0°

:_1.00 < Oap < 1.5°

O 1020304050 O 10 20 30 40 50 0 1020304050
Excitation Energy of 48Ti (MeV)

12Be(05) + Accidental coin.

accidental coincidence

12Be(05)



comparison with (m+,m) spectrum
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Summary

Double Gamow-Teller Resonances
will open the research opportunity on GTRXGTR correlation.
can serve as another test bench of nuclear models relevant to 3-decay.

Experimental access has been limited.

New idea: (12C,12Be(0+2)) reaction
We started with 48Ca(12C,12Be(0+2)) reaction @ 100 MeV/nucleon.
We found strengths which not appear in 48Ca(m+,m)48Ti reaction.
The analysis to confirm the DGT strength in 48Ti is in progress.

In near future, we will achieve
higher statistics with a new experiment at RIBF.
to other BfB-decay nuclei ("°Ge, 19°Mo, 116Cd, 130Te ...)
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Comparison with Shell mode calculation
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(oT1)?2 spectrum In 43T

i IAS
4Ca(p,n) : Yako et al.,
PRL 103, 012503 (2009)
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Accidental coincidence evaluation
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2vf33 decays: One of the Double Gamow-Teller 7 DGTR

TABLE 1 Summary of experimentally measured 8 8(2v) half-lives and
matrix elements®

Isotope TP (¥) References ME (MeV ™)

“Ca (42 +12) x 10" (55, 56) 0.05

5Ge (13+£0.1) x 102 (57-59) 0.15

25e (9.2 +1.0) x 10 (60, 61) 0.10

*zr' (1453 x 10" (62-64) 0.12

100\ o (8.0 £0.6) x 10" (65-70),(71) 022

e (32+£03)x 10°  (72-74) 0.12

1287 (72+£03) x 10*  (75,76) 0.025

130Te* (27+0.1)x 102 (79 0017 ZVBB 749
36Xe =8.1 x 10 (90% CL) (77) <003

150Ng! 70714 % 10" (68,78) 0.07 104 - 10-3

238 ¢ 2.0 ioo.é) x 102" (79) 0os Eliot&Vogel, (2002) 10 - 10 Sper

A unique calibration of nuclear structure calculation for the pp-decay.

The (pf-decay) matrix element, however, still remains very small and accounts
for only a 107 to 107> of the total DGT sum rule. A precise calculation

of such hindered transition is, of course, very difficult and is inherently a
subject of large percent uncertainties. At present there is no direct way to
“calibrate” such complicated nuclear structure calculations involving miniature
fractions of the two-body DGT transitions. By studying the stronger DGT
transitions and, in particular, the giant DGT states experimentally and as

we do here, theoretically, one may be able to “calibrate” the calculations of
pp-decay nuclear elements.

N. Auerbach, L. Zamick, and D. Zheng, Annals of Physics 192, 77 (1989).




Single charge exchange reaction on 43Ca
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FIG. 1 (color). Double-differential cross sections for the
®BCa(p, n)*Sc (left-hand panel) and *®Ti(n, p)*®Sc (right-hand
panel) reactions. The histograms show the MD analysis results.
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(12C,1ZBe(O+2))
,/ii BigRIPS+DALI+MINOS
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