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necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. :
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.; -ABsTRACT
 ’fWe have observed a ﬁuciear resonance effect between a kaonic
étom:énd:a ﬁuc1¢ar tr;nSiti§n in %8Mo. oOur meésurement géye
98Mo(né6+$)/92Mo(h=6+5) = Q.l6 + 0;16_instead of the no-mixing
" value 6f'l;_ Dyhamic EZVmiXing c#Uséd kaons to'be.strongiy'»
'-absﬁrbéd ffomrfhé 98Moiatomié"state né6,'£=5:in agfeementvwith‘

theoretical predictions.
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Several authors( ) have cons1dered the effect of dynamlc E2 mlrlng
of the states of nuclei and hadronic atoms. "The effects were generally .
believed to be small. However, M. Leon( ) found that for certain nuclei ’
- . : : S i
the effect would be significant for kaonic atomsvand would drastically
alter the intensityiratios.of eone of the xeray’lines. The effect occurs
when the energyvof a nuclear exc1ted state nearly equals a kaonlc atom
de-exc1tat10n energy. In 98Mo m1x1ng of the Ikaon n=6, 4= 5>|nucleus b
ground state> with the Ikaon n=4’ , 8= 3) Inucleus 2+ exc1ted> is expected
to cause kaons to be strongly absorbed from the‘new n=6, R 5 e1genstate.
»'Leon predicted that in 98Mo the rat1o I(n 6+5)/I(n 7»6) should be attenu-
ated from 0.93 (no m1x1ng) to 0. l8 (w1th m1x1ng) We measured th1s ratio
to be O.lS‘r 0. 13 which 1s con51stent w1th m1x1ng " Furthermore we looked
dt the x'ra}s from 92Mo in which no m1r1ng is expected due to the large
d1fference between kaonic and nuclear trans1t1on energles' With no mixing
it is reasoneble to assume that the kaon's atomic,capture andlsubsequent
ICascéde uere identlcal in 92Mo and.QSMo. In QZMQ we measured I1(n=6~+5)/
I(n=7-6) ¥_O;83-i 0.14, which is consistent with.Leon's 98Mo-‘(no mixing)
value.of'QgQS.y:The presence-of the”mixing-effectbis‘most.obvious in
comparing 98Movand 92Mo where we found 98Motn=6+5)/92Mo(n=6+5) =0.16 + 0.16.
Usinglthe'newrhigh-efficiency kaon beam.at the Bevatron;fwe obtained
the keonic Xfray spectra of 98Mo and 92Mo. Inﬁa preVious paper(3’4)dwe
reported the'intenSities of the kaonic x rdys of‘natMo. We noticed that
the n=6+>5+n=8>6 intenSity was_louer-than for neighboring elements but
were not certain of its significancevbefore testing some pure isotopes

of Mo. Fig. 1 shows'portionéwdf;the experimental spectra obtained for -



92Mo and gg'o. Approxlmately the same number of kaons stopped in each

target as ev1denced by the equal 1nten51ty n=7+6 lines. Clearly the
n= 6+5 11ne is present in 92 Mo and absent in 98Mo,

Table‘I shows the results o% our measurements' We. could not
make a new- callbratlon of the. number of kaons stopped for lack of
accelerator tlme Therefore, absolute 1ntens;t1es are given for thev
. new data by setting,thelgzMo'n=8+7 intensity and‘the 98M0‘n=8f7-inten5ity
- equal to the n=8-+7 1ntenslty of " o; There,shOuld be no isotope effect
for n= 8+7 tran51t1ons _We know the relative number of kaons stopped in
98Mo -and 2Mo and found I(n 8*7) equal for the two targets

Columns 2 and 3 of Table II show the calculated kaonic n=6+4
tran51t10n energy an:c_l_tihe‘nucl'ear‘(_)*frz+ tran51t10n»energ1es for 98Mo and
92Mo. .NofmiXing is'expected'in 92Mo due to the large -energy difference;
“Leon's calculated mixing.amplitude a is in the fourth colunn. ‘The factor
-a is deflned by |

nucleus

|Neiw n=6-5 elgenstate ‘>
0+ ground

of the K nucleus’ system/

nucleus
2+ excited

_' kaon > kaon >
" .n-6 2=5 a n=4 =3

The f1fth column shows the predlcted attenuation in I(n=6>5) for the m1x1ng

In conc1u51on we have for the f1rst tlme observed the effect pred1cted
by Leon that kaonlc atom x-ray intensities can be attenuated 1f the nucleus
has a. correctly placed exclted state that is reachable from the ground

state by an E2 transition.

We express our appreciation to the Bevatron Engineers, especlally
~.Christoph Leemann, for the new beam and to the Nuclear Instrumentation

Group for the latest models of their x-ray spectrometers.'
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CAPTION. FOR FIGURE

v Pdrtions of the kaonic'k—ray spectra Of‘gzMo and‘ggMo shbWing

,the"attenﬁation of the n=6~+5 lire in-gSMb.



TABLE I. Intensities of kaonic *-:ay
lineé{' Data for My were'takén from Ref. 3.
Column 1 lists the targeté. - Columns 2 and 3
'.give_the principal-duantum numbérs of the
_initial and final states. Intensities in o o Y
X'rays\pér kaon stopped in the targets are )
viistéd in column 4_and:their statiétical erfofé
in cdlumh 5. The asterisk (*) indicates that
the 1nten51t1es were scaled so that I(n= 8-*7)
‘equals Mo I(n 8-7) Improved detectors :
that were able to resolve n=8-+6 tran51t10ns.
(281 8 keV) from n=6+>5 (284.3 keV) were used

'1fo 92Mo and 98

Nuclei. n. n, I Al

: A f :
-~ x rdys
per Kstop

"o 8 7. 0.21  0.016

7 6 0.21 0.015

6 T s 0.11  0.019

Mo . 8 7 *0.21  0.015

7 6. 0.23  0.017

6 5 0.19 0.029

B 8 7 +0.21  0.016

o 6  0.24 0.019

6 5 . 0.03 0.029
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- TABLE II. Parémeters~used by_Leon(z)to'caICulate'phe dYnamichZ mixing
effect in “°Mo and in 9o. The n=6' state is a mixture of the n=6 state
and the n=4 state. The asterisk (*) indicates that the ratio has been"

| . o _ ,

assumed to be;l}QO for “"Mo.

~ Target . Calculated kaonic Nuclear Mixiﬁg ’_‘Calculéted Experimental
(1.1 g/en®) (n=6,0=5)~(n=4,0=3) 0"—2" amplitude I(n=6'>5) I(n=6"—5)
~ energy in keV . energy in keV |a| I(n=6:~75) [(n=6 >5)
98 L _[.I . .,v., . “ L ' . ‘ K ] . » ~‘1' - . + ’
Mo " ‘v798.2 -1 12.7v - 787.4 .- 0.033 0.19 - 0.16 -0.16
Mo : 799.1,51 12.7 ... . 1540. . 0.001 . 1.00 1.00
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Energy Research and Development Administration, nor any of
their employees, nor any of their coniractors, subcontractors, or
their employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe privately
owned rights.
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