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B(E2;05,—27) in *°Si and mirror symmetry in the A=26 system
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We have measured the electromagnetic matrix elerBéE2;0,,—2;) in the radioactive nucleus®Si
using the method of intermediate energy Coulomb excitation. Our ré&(#2;0, ;— 2, ) =336(33)e” fm*,
resolves a conflict in previous measurements of this matrix element. In addition, the present measurement
allows us to determiné, /M for 26Mg using the mirror nucleus method. The mirror method result of
M, /M,=1.05(6) is consistent with the most recent pion scattering results and is near the simple collective
model expectation.
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The symmetry of mirror nuclei has been one of the centratan be compared witM , values extracted from electromag-
observations of nuclear physics because it demonstrates tietic measurements to determiig,. Alternatively, had-
charge independence of the nuclear force. Detailed measurgsnic probes can be compared with each othef (s = ,p
ments of mirror nuclei have been particularly interesting andys n) since their relative sensitivities tM, and M, are
praCticaI in thesd shell where the line of stable nuclei is at different. Bernstein’ Brown, and Madséh] argued that the
or near theN=2 line. Tests of mirror symmetry often focus most precise way to determiré,, for a nuclear transition is
on the energies of excited states: the energy spectra of mirres eyiractm o for the corresponding transition in the mirror
nuclei should be identical once Coulomb shifts are suby,cjeys using an electromagnetic measurement, a prescrip-
tracted, since a proton excitation in one nucleu_s corresponc{]ﬁ)n called the “mirror nucleus method.” The authors of Ref.
fo a neutron excitation in the mirror nucleus aride versa [1] demonstrated this method for several nuclei in the mass

However, mirror symmetry should apply to transition ranaeA=17—42. At anv rate. the results fod. and M
rates as well. If the protofneutror) multipole matrix ele- d 9eA d usi ' h Y ' | h d“ hould k‘; h
ment for a transition is defined to be etermined using the mirror nucleus method should be the

same as those obtained using hadronic probes.
_ A NIE? In the present report, we give a measurement of
Mot =il Zp YA Q190 W B(E2;Og*_sl—>21*) in the radioactive nucleug®si that re-

then M, for a transition in one nucleus should be equal tosolves a discrepancy in previous measurements of this tran-
M, for the corresponding transition in the mirror nuclg¢@$  sition. We used the technique of intermediate energy Cou-
(@and M, in the first nucleus should be equal kb, in the lomb excitation[3] with a beam of the radioactivé®Si
mirror). M, is related to the reduced electromagnetic matrixisotope. According to Bernstein, Brown, and Mad§gh we

elementB(E2;J;— J;) by can use the present measurement to ol¥&inn the mirror
nucleus?®Mg. Some ambiguity has existed in tRéMg M,
B(E2;J,—J¢)= Mﬁ/(ZJpL 1). (2 values obtained previously with the mirror method and pion

scattering, and the present results help to resolve this issue.
Therefore,M, can be determined via a measurement of the This experiment was performed at the National Supercon-
electromagnetic transition strength. This can be done using @ucting Cyclotron LaboratoryNSCL) at Michigan State
lifetime measurement, Coulomb excitation, or electron scatUniversity. The secondary beam of 54.5 MeV/nucled8i
tering. However, there is no equivalently precise way to meawas produced with a primary beam of 100 MeV/nucleon
sureM,. M, can be determined indirectly using the scatter-*Ar from the NSCL K1200 cyclotron. The primary beam
ing of hadrons such as protons, neutrons, or pions, which ansas fragmented on &Be production target of thickness
sensitive to bottM, andM,, [2]. Results from these probes 564 mg/cns located at the midacceptance target position of

the A1200 fragment separatpt]. The setting of the A1200

separator that yielde®fSi also yielded several other isotopes

*Present address: Plumtree Software, Inc., San Francisco, Ciicluding the stable isotopé&*Mg. This “cocktail” of sec-

94111. ondary beams was focused on a 518 md/gaid foil target
TPresent address: Brookhaven National Laboratory, Upton, NYand then stopped in a cylindrical fast/slow plastic phoswich

11973. detector located at 0°, which provided nuclear charge iden-
*present address: Max-Planck-Institiit féernphysik, Postfach tification. The phoswich-detected particles scattered through

10 39 80, D-69029 Heidelberg, Germany. angles up to 4.48° in the center-of-mass frame. Both the
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B(E2;0,s—2;) had been made if°Si, and the results of

2000 z;M these measurements were in conflict. Both measurements
8000 & used the Doppler shift attenuation method to determine the
- v=0 lifetime of the 2 state. The firs{7] yielded B(E2;0,
> 4000} —27)=160(70) e?fm* while the second[8] gave
< ook B(E2;0,.—2;)=352(34) €’ fm*. Our result clearly sup-
% ‘ ports the latter value, resolving this conflict.
< 8000 Using the present result f@(E2;0,—2;) in *°Si and
)2 the adopted valugé] for Mg of 305(13) e?fm*, we can
g 6000 calculateM , /M, for the Q; —2; transition in **Mg using
S Lo0o the mirror method. We obtaiMn/M,?zl.O&G), which can
© be understood in the context of a simple collective model. If
2000 the 2/ state is a simple collective excitation in which the
, motions of the proton and neutron fluids have the same am-
0

T plitudes, therM,,/M ,= N/Z, which for ?®Mg would be 1.17.
Deviations fromM,/M,=N/Z systematically occur in 2
Energy (MeV) states of even-even single closed shell nu@¢because the
FIG. 1. They-ray spectra measured in coincidence wAfMg configurations of these states are dominated by the valence
and 2Si particles. The upper panels show the laboratory-framdUcleons. In- a closed neutron shell nucleus, we expect
spectra with the 547 keV 7/2-3/2" transition in the'’Au target ~ Mn/Mp<\N/Z, while in a closed proton shell nucleus we
visible as peaks. The lower panels illustrate projectile-frame spectrgystematically observiel,/M,>N/Z [2,9]. TheM,/M,, re-
that are adjusted for Doppler shifts. Thg 20, transitions in sult obtained for*Mg using the mirror method is close to
Mg at 1367 keV and ir?SSi at 1796 keV are prominent in these N/Z and is consistent with the picture éMg as a collective
spectra. nucleus without neutron or proton shell closures.
With the value ofB(E2;0,,—2;) in ?°Si now settled,

) ) ) . we can use this value to cast new light on a conflict that
energy loss in the phoswich detector and the time of flightyists in the pion scattering data for the mirror nucl@idg.
relative to the cyclotron rf signal were used to give positive\yjedneret al. [10] measured the scattering of both and
isotope identification. . _ 7~ at 180 MeV from Mg and deduced thaM,/M,

The y-ray spectra measured in coincidence with beam:0_62(7), which differs significantly from the mirror
particles identified a$*Mg and *°Si are shown in Fig. 1. The  athod result we determined here. The result obtained by
upper panels show the background subtracted spectra in th@iadneret al. suggested that the filling of thé, neutron
laboratory frame. The lower panels show the corresponding s i 26\ig caused a subshell closure and was qualitatively
spectra in the projectile fram(erlat is, with a D?&pler €O reproduced with a shell model calculation reported by Brown
rection. The 547 keV 7/2—3/2;; y ray in the ®Autar- 44 wildenthal[11]. Like the Wiedneret al. experimental
get nucleus appears strongly in the laboratory-frame spectr@agylt, the Brown and Wildenthal theoretical restlt, /M,

The only strong peak in the projectile-framitsi spectiumis  —0.80, was considerably lower than the simple collective
the 1795.9 keVy ray corresponding to th_ef2—>0.g_s_ transi- - model expectatioM ,/M,=N/Z.

tion. The cross section for producing thjsray (integrated Several years later, Tacét al.[12] measuredrt and 7~
Only over center-of-mass Scattering angles from 0° to 4.48oscattering on 26|\/|g at 50 MeV and obtained the result
the range of angles covered by the phoswich detgdtor /M ,=0.836). Morris et al.[13] repeated the 180 MeV
55.855) mb. 3 . pion measurements and dedudég/M ,=0.929), while an

We extracted the reduced transition matrix elememanalysis of pion scattering at three energigs6 MeV, 180
B(E2;04,—2;) from the experimental cross section using MeV, and 292 MeV by Blanpiedet al. [14] arrived at the
the relativistic Coulomb excitation theory of Winther and resultM,/M,=1.02. All three of these latter results seem to
Alder [5]. The analysigdescribed in3]) yielded the result  supercede the earlier result of Wiedregral. [10]. In fact,
B(E2;0,s—2,)=336(33) e*fm*. The analysis matched while the Wiedneet al.result would have given serious con-
the cross section measured for center-of-mass scatterirftict with the present mirror result, the pion scattering experi-
angles 0° to 4.48° to that calculated using the Winther-Aldements of Morriset al. [13] and Blanpiedet al. [14] give a
formalism for the same range of scattering angles. To checHifferent picture. The two latter pion scattering experiments
the credibility of the?®Si result, we also analyzed theray  and the mirror nucleus analysis all suggest an interpretation
spectrum in coincidence witd"Mg (a 47.2 MeV/nucleon at or near the simple collective model for thie=1 mass 26
beam impinging onto a 518 mg/éngold target, for which  system.
the B(E2;04,—2; ) value is well known. The cross section  In summary, we have measur&@{E2;0,.—2;) in the
of 78.748) mb yields B(E2;0,,—2,)=467(28) e’fm*,  radioactive nucleus®Si using the technique of intermediate
which is consistent with the value of 432(183 fm* adopted ~ energy Coulomb excitation. Our result is consistent with the
by Ramanet al. [6]. most recent Doppler shift attentuation method ref8]t A

Prior to the present experiment, two measurements ofalculation ofM,/M, for the O;Sazf transition in *Mg
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using the mirror nucleus methdthat is, usingB(EZ;Og_s_ lective model in which the proton and neutron fluid motions

—27) values for 2Si and ?Mg] gives an answer that is Nave the same amplitude.

close to those found in the most recent pion scattering mea- This work was supported by the U.S. National Science
surements orf°Mg [13,14. The results of both methods are Foundation through Grant Nos. PHY-9528844, PHY-
close to the valud,/M,=N/Z expected in the simple col- 9875122, and PHY-9970991, and the State of Florida.
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