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Isovector M 1 transitions in 2Si and the role of meson exchange currents
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At the newly installed 180° Darmstadt electron scattering facility we have measured the isavictor
transition strengths irfSi in the excitation energy range from 10 to 18 MeV. Overall agreement with a
shell-model calculation using the unifisdi-shell interaction and effectivg factors is obtained. Comparison
with Gamow-Teller strength deduced from, () data reveals the presence of meson exchange current contri-
butions of the order of 25% to the summbtlL transition strength.

PACS numbsg(s): 21.10.Hw, 21.60.Cs, 25.30.Dh, 27.3Q.

The role of non-nucleonic degrees of freedom, i.e., that ofvhere the numerical factor in E€) is 2.6434% . The ratio
meson exchange currertdEC) and isobars to the magnetic of coupling constantsg,/gy) is not included in the defini-
dipole (M1) and Gamow-TellefGT) transition strengths in tion of B(GT). The spin matrix elemeril (o) and the iso-
nuclei, has been a subject of long-standing theoretical andar contributionM, appear in both expressions. Pion ex-
experimental interedtl,2]. It becomes a formidable task to change is the main source of MEC contributions which are
quantitatively determine these contributions in complex nufredicted[1] to be large for isovectoM1 currents, but
clei. On the experimental side, the transition strengths ar&hould be strongly suppressed for axial-vector GT currents as
usually distributed over many levels and one has to ensura result ofG parity conservation.
that almost all the transitions are observed. Theoretically, one The ratio

has to be sure that all structural effects at the nucleonic level SB(M1)/2 64:%2
are taken into account. Fad-shell nuclei, the wave func- R(M1/GT)= : N (3)
tions obtained with the Brown-Wildenthal unifiest-shell ZB(GT)

(USD) effective interactior{3] in the full 1s0d shell-model  neasures the combined effects of orbital and MEC contribu-
space, take into account all possibleid excitation tions, independent of the complexity of the nucleonic wave
strengths. They were able to deduce the effecjiactors  function and the\-isobar component. In the absence of these
by fits to reliable data sefd]. These calculations, along with contributions the ratid? should be unity. Irsd-shell nuclei
the data forM 1 strengths from reactions such a&s€’) and  the orbital contributions can be predicted reliably from large
the GT strengths fromg,p’), (p,n), and @,p) reactions scale shell-model calculatio8]. Earlier, a comparison of
provide a sensitive method of evaluating the MEC contribu-M1 and GT strengths was carried outdiMg and gave clear
tions, as has been shown recerithy. evidence for the important role of MEC's in isovectisrl
As was pointed out in Ref5], self-conjugate nuclei are transitions[5].

special candidates for such tests of MEC's, as all these pro- Here we aim at a similar investigation of the nucleus
cesses can be studied with the same target nucleus, and th&i. Recently, high-precision data on GT strength*fiSi

pure isovector § T=1) nature of theM 1 transitions is well have become availablé]. In this paper we present results
assured. For transitions from the ground state to th@ntheM1 strength distribution extracted from inelastic elec-

1*,T=1 final states, one may write approximatétj tron sqattering data m_easurgq with the just installed_ high
resolution 180° scattering facilify7] at the superconducting
Darmstadt electron linear accelerat®&DALINAC).

3(pp— tn)? e The 180° electron scattering facility consists of three chi-
B(M1)= 3 [M(o)+M()+My+My 12, cane magnets and a separating magnet used in conjunction
™ 1) with the two-element QCLAM magnetic spectromefél.
The system has a maximum operating momentum of 90
MeV/c. Like any 180° facility, this system acts as a spin
_ MEC filter, strongly selecting transverse excitations of the nucleus.
B(GT)=[M(o)+My+Mz=T, 2) Some of the unique characteristics of the Darmstadt 180°
system are (i) a very large momentum acceptance
(Ap/p=*=10%);(ii) the ability to reconstruct both horizon-
“Present address: DESY, D-22603 Hamburg, Germany. tal and vertical components of the scattering angle for each
"Visitor from Department of Physics, University of Saskatchewan,event, which allows both the definition of solid angle and the
Saskatoon, Canada S7N OWO. ability to check the angular alignmen(ii) a large solid

0556-2813/96/53)/127(4)/$06.00 53 127 © 1996 The American Physical Society



128 C. LUTTGE et al. 53

0T T ST
\ _ ] 4r 28g;; .
v 2Si(e,e’)  Eo=621MeV | Si
| 8 = 180° 3k Wildenthal |
300 - Brown
| i 2+ B
!_) : 1* 2 r 2 2= 220 2~ 2" * 23 : &\z 1k
§ 200 _3+ I 2" - "2 | 2 2-,3* §: ] 3 I I I I
S R0 B e
[ ] 3 4r 285 T
100 W WWW"“W — S—DALINAC
L 2+ 4
0 L 1 " L n | n n L 1 L ) L | ) L ) 1 L
10 12 14 16 18 1 —
Excitation Energy (MeV) ol |.|. I| T
8 10 12 14 16 18

FIG. 1. Spectrum of®Si(e,e’) scattering aE,=62.1 MeV and

E, (MeV
®=180°. « (MeV)

. FIG. 2. Comparison of the experimenB{M 1) strength distri-
ang]e acc.eptanc(elp to 10 msy which can be reduced to the bution and shell-model calculations using the USD interac®in
desired size by software cuts after the data are taken. Tha%d effectiveg factors[4]

thin-target momentum resolution of the system is better than
8x10 4, limited by the energy spread of the accelerator
beam. A complete description of the system is given R@f.
Measurements on &Si target of thickness 16 mg/cm
were taken with the 180° system at incident energies o
Ey=42.7, 50.3, and 62.1 MeV. Two spectrometer momen- . S . oo .
tum settings were taken at each energy in order to cover th e discussion in Ref5]. First, it is instructive to compare
excitation energy range from 10 to 18 MeV. For simplicity of the totalM1 and GT strengths over thi® space. To t,h's
analysis, the acceptance for this experiment was limited to gnd, we can employ the sum b1 strengths in theg,e’)

constant symmetric solid angle of 6.4 msr and to the momen/eaction from this experiment and the GT transition strengths

tum region of —5% to +8%. The energy resolution was in the (p,n) reaction [6] corresponding to excitations

between 70 and 90 keXFWHM), primarily because of the E,<15.5 MeV in %Si. The limit on the excitation energy
thickness of the target ’ was guided by the shell model, which shows that this energy

Figure 1 shows a measured spectrum at 62.1 MeV. Th egion exhausts thefQv strengths oM 1 and GT transitions.
levels are labeled with spin and parity as determined fro S n’oted in Ref[6], the B(GT) stren.gth_ Qeduced from t.he
previous experiment§9-11]. Their energies agree with (p,p’) data[13] are prone to amb|gum(_as due to optical
those in the literaturd11] to within =5 keV. The well- model parameters. We do not, therefore, include these results
known strongM 1 transition atE,=11.45 MeV[9] serves as in our discussion b.elow. .

a useful check of the normalization. TEB{M1) transition Table | summarizes the experimental and.mod('al results.
strengths for the 1 levels were extracted by fitting to The Ias_t column ShOV.VS the ratl@(l\_/ll/GT) defined in Eq.
distorted-wave Born approximatioDWBA) form factors (3), which makes a direct comparison of the squares of the
calculated using shell-model parameters from the $uai

seen in g,e’) scattering as a result of nearly equal contribu-
tions from spin and orbital currents with an almost perfect
Fancellation forM1 transitions.

To assess the role of meson exchange currents we follow

shell analysis of Brown and Wildenthpd]. Additional still TABLE . IsovectorM1 and GT strength comparison ffiSi.
unpublished dat#10] on these transitions, measured at the SB(M1) SB(GT) R(ML/GT)
high resolution energy-loss spectromef&?] in Darmstadt
at angles between 117° and 165° were in good agreemehSP 20.27 9.60 0.80
with the new data and were included in the fits together withsd fre€® 8.67 3.49 0.94
the results of Ref[9]. sd BW(4)° 6.29 1.98 1.20
Figure 2 shows the experiment&(M 1) strengths along sd BW(45;,5)° 6.38 1.98 1.22
with the Brown-Wildenthal USD calculations employing ef- sd BW(5s, 5, ,5,)® 5.87 1.94 1.14
fective g-factors[4]. A few observations are in order. The sd TK(4,,4;,6,)" 6.90 2.26 1.15
fragmentation oM1 strength over this energy region is well gxperiment 7.087) 1.895) 1.4210)
accounted for. The only exception occurs for the 11.45 MeV
level for which the measured transition strength is nearly gyperimentid free 0.824) 0.541)

factor of two larger than the model estimate. The origins of
this discrepancy are not clear, especially since the model i¥ureds,—dg, single-particle transition.

able to identify the manifestations of orbital and spin currenf’Full sd-shell model with free nucleog factors.
interferences. As an example, iffSi(p,p’) scattering, a s contribution to the BW effective operatéRef. [4]).
strong transition withB(M1)~0.84% was observed at “dsandd contribution to the BW effective operator.
E,=13.35 MeV[13]. The model simultaneously accounts “Full BW effective operator.

for this transition along with the fact that this level is not Full TK effective operatofRef.[14]).
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transition matrix elements faM1 and GT processes trans-

parent. Barring accidental cancellatiofs+ 1 indicates that A T E < 15.5 MeV
bothM1 and GT transitions are purely due to nuclear spin 20k e

effects. Note that the experiment gives=1.42(10). Also ' __Towner + Khanna
included are the results of various theoretical calculations: sk 7 cale. eff. g—factors
the extreme single particiESP values, using the_USD in- ’ —_— Brown + Wildenthal
teraction with free nucleog factors, the Brown-Wildenthal — emp. eff. g—factors

(BW) phenomenological effectivg factors with various cor-
rections added sequentially, and that of Towner and Khanna
(TK) who calculate the corrections to the operators directly
in perturbation theory14]. Correction factors s, 6, , ) for

R(M1/GT)

-'PSD fact
14l { ree g—factors

the spin, orbital, and tensor parts of the magnetic dipole and 12F o
GT operators, respectively, are defined as in REf.All the
calculations are carried out in the fulsQd-shell space. 1.0 |

As is seen in Table I, the experimental summed transition
strengths are much smaller than the ESP value. Also, the ESP
resultR= 0.8 indicates that the orbital contribution interferes
destructively with the spin part, as anticipated for a pure
ds;,— da3, transition. The USD calculation with free nucleon ,,
g factors — shown asd free — gives results closer to the
experimental values with less than 10% contribution from
the orbital term. This is corroborated by Hino, Muto, and
Oda[15] who studiedM 1 strength working in @] -coupling
scheme and using the wave functions of the USD interaction.
Their calculations show that the orbital current contributions

amount throughout thed shell to less than 10% of the total factors the ratio is close to unitglashed ling Note that the

. . . omewhat larger value fot*Mg results from a 10% admix-
strengths. Relative to the USD calculation, the experiment 7 . ; —
strengths are 82% and 54% fbt1 and GT transitions, re- Rure of orbital strength. When effectiwg factors are intro

- e : duced, regardless of whether using empir{@WV, solid ling
spectively, and it is clear that further refinements are neces- . . :
sary or directly calculatedTK, dotted ling correction factors, the

It is clear that, if the model space is adequate, the G‘INI1 s?rength s clearly enhgnc_ed over the .GT strength. The
-~ . i i L experimentalR(M 1/GT) ratio is satisfactorily reproduced
transitions, which are driven by the spin contributions, mak or 2Ma. but somewhat underpredicted #Si. It is quite
it essential that the spin component of théactors is modi- interestign, to note that the two oﬁﬁerent a roéc(mA/qand
fied. Now, with the spin correctiod turned on, shown as 9 PP

i 0,
BW(J5,) in Table I, the results foB(GT) are in excellent TK) predict an enhancement B{M 1/GT) of about 25% by

. ; g -~ .. the &5 contribution. In the TK approach this effect is directly
agreement with the experiment. This is a further |nd|cat|onrelated to the difference between vector and axial-vector
that model space effects are properly included in the CalcuIK/IEC contributions discussed in the introduction, which
lation. The spin corrections are fairly sizable for these tran- '

sitions being about 25% fdvl1 and 40% for GT strengths. makes theR(I\_/I L/GT) ratio a_direct and sensitive measure Of
It is found that the orbital-correction contributions, as MEC corrections to the spin operator. These results are in
seen by comparing BWA,,8,) with BW (3,) in Table | ar,e line with the observation of MEC effects on magnetic dipole
1 O S ]

only at the 1% level. The contribution of the tensor- moments ofp-shell nu_cle|_[16]. . _

. . . The present investigation 6fSi with the newly commis-
correction factor, as seen by comparing BW (4, 5,) with sioned 180° electron scattering spectrometer at the
BW (5., in Table |, amounts o about 79% 1841 ransi- ' N highiights the importance. of MEC's in com-
tions and is about 2% for the GT transitions. However, in- gniig P

clusion of the tensor term worsens the agreement foMhe QLEX nuclei with conclu§|ons similar to the previous study of
data. Mg. These conclusions became possible only through

Alternatively, one can use the correction factors of TK forhigh—precigion experime.nts and a co.mbined analysis of elec-
the caIcuIation£14] as shown in Table I. Similar to the BW tromagneu_c and hadronic cross sections. F_urthermoresdo_r
results, the orbital and tensor contributions have little influ—Shell nuclei reliable many-body wave functions and effective

ence on the results; rather the modification of the transitior?epei;?gr; ?riszfrlll;lljﬁbiétigtgaIObeug?ir?tgerl:aysie:ntjoaor:aher
strength is due to quenching of the spin operator. Excellent-d y

agreement with the experimen®(M1) value is found, but in fact planned.
the GT strength is overestimated by about 20%. Clearly, the We thank O. Hasser for his early advice and encourage-
two independent approaches, BW and TK, cannot simultament, and H-D. Gifa A. Stascheck, and A. Stiller for their
neously account foB(M1) andB(GT). Itis to be remarked support in experimental matters. This work was supported by
that both of them predict the same valREM 1/GT)=1.15.  the German Minister of Education, Research and Technology
The main findings are compared in Fig. 3 to the previ-(BMBF) under Contract No. 06DA665I. The participation of
ously studied [5] case **Mg. The experimental ratio the CUA group was supported by NSF Grants No. PHY-
R(M1/GT) is clearly enhanced over unity for both nuclei. In 9122139 and No. INT-9113042. B.A.B. was supported in
calculations with the USD interaction and free nuclegpn part by NSF Grant No. 94-03666.
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FIG. 3. Experimental ratioR(M 1/GT) defined in Eq(3) for
“Mg and ?8Si. Calculated ratios are shown for the USD interaction
[3] with free g factors(dashed linesand effectiveg factors from
the BW[4] (solid lineg and the TK[14] (dotted line$ approach.



130 C. LUTTGE et al. 53

[1] I.S. Towner, Phys. Ref.55 263(1987. ascheck, A. Stiller, J. Ryckebusch, and J. Carter, Phys. Rev.
[2] A. Richter, Prog. Part. Nucl. Phy84, 261 (1995. Lett. 72, 1994(1994).
[3] B.H. Wildenthal, Prog. Part. Nucl. Physl, 5 (1984; B. A. [9] R. Schneider, A. Richter, A. Schwierczinski, E. Spamer, O.
Brown and B. H. Wildenthal, Annu. Rev. Nucl. Part. S88, Titze, and W. Knpfer, Nucl. PhysA323, 13 (1979.
29(1988. [10] A. Friebel, Ph.D. thesis, Technische Hochschule Darmstadit,
[4] B.A. Brown and B.H. Wildenthal, Nucl. PhysA474, 290 1981.
(1987. ) [11] P.M. Endt, Nucl. PhysA521, 1 (1990.
[5] A. Richter, A. Weiss, O. Hasser, and B.A. Brown, Phys. Rev. [15] Th walcher, R. Frey, H.-D. GfaE. Spamer, and H. Theissen,
Lett. 65, 2519(1990. Nucl. Instrum. Methodd53 17 (1974,

[6] B.D. Anderson, N. Tamimi, A.R. Baldwin, M. Elaasar, R.
Madey, D.M. Manley, M. Mostajabodda’vati, J.W. Watson,
and W.M. Zhang, Phys. Rev. €3, 50 (199).

[7] C. Littge, C. Hofmann, J. Horn, F. Neumeyer, A. Richter, G.
Schrieder, E. Spamer, A. Stiller, D.I. Sober, S.K. Matthews,
and L.W. Fagg, Nucl. Instrum. Methods (o be publishef

[8] H. Diesener, U. Helm, G. Herbert, V. Huck, P. von Neumann-
Cosel, C. Rangacharyulu, A. Richter, G. Schrieder, A. St-

[13] G.M. Crawley, C. Djalali, N. Marty, M. Morlet, A.Willis, N.
Anantaraman, B.A. Brown, and A. Galonsky, Phys. Re@3C
311(1989.

[14] I.S. Towner and F.C. Khanna, Nucl. Phys399, 334 (1983.

[15] M. Hino, K. Muto, and T. Oda, J. Phys. 63, 1119(1987.

[16] J.G.L. Booten, A.G.M. van Hees, P.W.M. Glaudemans, and R.
Wervelmann, Phys. Rev. @3, 335(199)).



