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Introduction & Motivations

Studies of Gamow-Teller transitions stem a core of nuclear physics research

Quenching problem
High-resolution GT spectroscopy
Nuclear weak responses
relevant to astrophysics
New excitation modes in Unstable nuclei

The goal of our project is
to extend the GT studies to TWO-phonon space

by discovering double GT giant resonances
(DGTGR).

Basic questions to be answered are: PP E
Are GT responses linear?
The centroid energy is twice of GTGR? How about its width?
How much is a quenching factor for DGT response?

How reliable are nuclear structure calculations for Bf3-decay matrix elements?



2vf3B decays: One of the Double Gamow-Teller 2 DGTR

TABLE 1 Summary of experimentally measured g8(2v) half-lives and
matrix elements®

Isotope Ti), (¥) References ME MeV

“Ca (42 +12)x 10" (55, 56) 0.05

6Ge (13£0.1) x 102 (57-59) 0.15

2S¢ (9.2+1.0) x 10" (60, 61) 0.10

%Zr! (14753 x 10 (62-64) 0.12

1000\ o (8.0£0.6) x 10 (65-70),(71)" 022

Hecg (32+£03)x 10" (72-74) 0.12

1287gb (72+£03) x 10* (75, 76) 0.025

130 (27£0.1) x 102 (75) 0.017 2VBB o
36%e  =8.1 x 10° (90% CL) (77 <003

150Ng! 7.011L8 % 10'S  (68,78) 0.07 4 _ -3

2384 2.0+0.6) x 10 (79) oos Eliot&Vogel, (2002) ~10 10 Spar

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

The (pf-decay) matrix element, however, still remains very small and accounts
for only a 1074 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).




How can we study the DGT?

A few experiment have been attempted.
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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
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Experimental setup
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Identification of 12Be

E: AE:  Stopper Veto

2Be ~ 0.1 Hz
°He, °Li ~ 1000 Hz

t ~100000 Hz
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Identification of 12Be(0+2) with y-ray tagging

Active stopper (plastic)
+ Nal scintillators

2x511 keV y-ray
in back-to-back geometry
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Excitation energy spectra in 48T

arb. unit

Forward peaking (<> monopole) structures

:‘SCa(lzC,lzBe(Of))
- E=100MeV/u

-0.0—-0.5 deg

-1.0—1.9 deg
- IJ—»J e
-2.0—2.9 deg

Condition:
Atyy =10 ns
back-to-back
E,=400—600 keV
HC-BG@G subtracted

Ex [MeV]



Comparison with (m,1m) spectrum
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Summary

Double Gamow-Teller Resonances
will open research opportunity on GTXGT excitations
can serve as a test case for nuclear models of Ov3f3

Experimental access has been quite limited.

New idea: ('2C,1?Be(0*2)) reaction
Strong transition in the projectile (2C—12Be(02*))
Event identification capability via delayed-y tagging

The first physics case : 48Ca
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Gamma-ray 2D spectrum
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