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CHEMICAL EFFECTS IN THE CAPTURE OF NEGATIVE MUONS*

L. F. Mausner, .R. A. Naumann,,Joseph Henry Laboratories of Physics and
i o ' o Frick Chemistry Laboratory, Princeton University

J. A. Monard, S. N. Kaplan, University of California,iLawrence Berkeley Laboratory

'Muonlc Lyman-serles X-ray sPectra have been measured for several isoelectronic
and isostructural molecular series and related pure elements. Seven muonic
Iyman series lines were observed from liquid argon with relative intensities
consistent with neighboring isoelectronic ions, but in stark contrast to the
single line previously reported for a gaseous argon target. The measured
relative capture rates and Lyman intensity correlations prov1de new ev1dence
for chemical structure influences on the capture of negative muons.
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Experimentsiin the‘last decade indicate that molecular or atomic structure
of matter influence the capture of negative muons. A current model [l] interprets
these chemical effects by predicting a considerable fraction of muons slowed in
covalent compounds are 1n1t1ally captured in multicenter molecular orbitals rather
than individual atomic orbitals. Atomic capture probabilities can be experimentally
deuuced from measurements of the integrated intensity of muonic X-rays from individual
_elements.- Also, the initial muon angular momentum'distribution is reflected in the
relative intensitieszof the Lyman series. | |

We have exposed several ‘isoelectronic sequences of compounds to muons at the
184" Cyclotron.v The muonic X-ray‘spectra were-recorded with a Ge(Li) detector system.
Relative intensities were determined using an efficiency calibrated detector and
correcting for target attenuation. | o

Spec1al interest ‘attaches to the liquid.: Ar target besides its p051t10n in. the
isoelectronic series Ar, KC1,. CasS. Backenstoss et al. [2] at CERN us1ng a high
pressure Ar target observed only the s1ngle K line (2p - ls), The reported inten-
sity limit, KB/Ka'<-O.O2, implies that in this cascade nearly-all the muons occupied
circular orbits (2 = n-l). This unexpected result disagrees withvearlier low reso-
lution Nal work of Budyashov et al. [3] The spectrum we obServe for liauid Ar,
lclearly show1ng (flg. l) seven Lyman series members, is similar to that of neighboring
isoelectronic ions (table 1); the intensity ratio KB/K is 0. 072*1) 00k. ‘Assuming'
the valldity of the CERN observatlon, these results 1mply a large phy51cal state |
effect for muon capture in liquid or gaseous argon.

An Auger (&, 5] mechanism is usually 1nvoked for 1n1t1a1 muon capture from the
continuum. The phys1cal state of a large assembly of molecules could influence this
process if the Auger rate were sens1t1ve to the angular momentum of this continuum
muon. An apparent modulation of the KB/KQ ratio in muonic atoms correlating with
atomic size has been pointed out by Condo [6]r4 He proposes that the'angular-momentum
distribution of the initially.captured_muons is sensitive to Varying internuclear

separation of the absorbing material. Classically, larger atomic size allows higher -
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~initial angular momentum for the captured muon, thus tending to lower the KB/Ka

ratio.
The .measured Lyman intensities (table 1) for the isoelectronic series $°2,
c17, Ar, K, Ca'' shows that the K /K ratio decreases with decreasing ionic radius [ 7]

(r), a trend apparently opposite that expected from Condo s arguments. However, the

ionization potential (E) taken w1th the v1r1al theorem provides an estimate for the

upper limit of the angular momentum of a bound muon at the valence radius of an atom
(or ion), L e (2M E)% Comparing the trend‘in L (a rEﬁ) with the measured
B/K ratio, we obtain (except in the case of Ca ) qualitative correlation between
model and experiment. If one alternatlvely.assumes the K /K ratio relates to the

function rE »- Where 1/2 < x <1, the correlation is complete.  Uncertainties in our

measured 1nten51t1es for the hlgher Lyman series lines do not permit 51m11ar conclu-

sions'for higher levels.- For the data of Quitmann et al. [8] employed by Condo, the

ionization potentials are roughly”constant so the atomic size effect would then pre-
dominate as he propcses.

'Table 2 shows tnat_the Lyman mesic intensity ratios also correlate with the
chemical structure of the targets. Tne”intensity patterns for the chlorine ion (C17)
in NaCl, KCl, and CaClz, for the calc1um ion in CaS and CaClg, for the sodium ion in
NaCl and NaClO4, and for S in CaSO4 and MgSO4 are all S1milar. Conversely, differences
are observed for S between CaS and CaSO4 and for Cl in NaCl and NaClO4.

By summing Lyman series intensities relative capture probabilities per atom

in the compounds were obtained. The capture ratios measured for the solids containing

ions isoelectronic with argon (KCl and CaS) are: K+/Cl° = 1.16 £ 0.03 and

oo o | o |
Ca'®/s™® = 1.57 £ 0.04, compared to Z Law [9] predictions of 1.12 and 1.25 respec-

~tively. This trend,‘suggesting capture rate enhancement with increasing ionic charge

is consistent withrrecent Monte Carlo trajectory_calculations for these ionic salts

by Haff et al. [10].
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, We have compared atomlc capture probabllltles for the salts NaCl, NaClO4

and CaS, CaSO, with the results Na/Cl = 0.68 t o.oh, o.75 t 0.0k and Ca/S = 1.5T7 % o ou

1.83 * 0.06 respectively. (For NaCl Zinov et al.[11] has reported Na/Cl = 1.05 i.O;OT.

from lower resolution data using Nal detectors). These observed decreases. in relative
captuie'probability for an atom ‘when tetrahedrally coordihated by four oxygen atoms'
suggests preferentlal transfer of muons, initially captured on the central sulfur

or chlorlne atom, to the coordlnated electronegative oxygen atoms
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'.Figure Caption:

Fig. 1 ILyman series'muonic X-rays from liquid argon.
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Table 1. Intensity Ratios in an Isoelectronic Series

8T N Ar K ca T Ca

K /K x 10°
0«

| _ S

Radius (r) 1.90 - 18 1.88 ‘133 0.9k 1.97 1.04 }

Tonization - -11.75 - 3.61 15.76 . 31.81 51,21 6.1 10.36 eV
Potential(E) . _ o . . : _ . _ ¢3

o . , ' o ' - A o . ‘ '

. rE? —_— 3.44 T.46 - T.50 6.73 - h.87 3.35 & (ev)Q <
B | 6.53 29.65 42.31 8.1 - 12.04 10.77 R ev e
Ky/K, X 10° 83T 81£5 b T3k Gk 7943 7943 2
KY/Kq x 10° 25£5 23k 2043 2943 e2th - 252 3943 , w

> . o . . i =3 gy
- <

Ké/Ka x 10° 2345 2l : 23+h - 294k 23:h 252 hsyo '
K /K, x 10° 1645 154k 2143 263 194k - 2342 3042 B

'__Kg/x‘a_x 10° Tk . b3 1243 1343 B3k 1542 2042 o
Kﬂ/Ka x 103 : 1543 Losk : 85 12 Tuo o

Tely o » 241 552
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* Table 2. Iyman Series Intensity Ratios (xlO?)

Na'(Nac10,)

Ton Ky/ Ka K /Xy K /%y
c17(kc1) 81t5 3%l 2N 15%k 423
- C17(NaCl) 3%k 21%3 31%3 20%3 9%3
C1 (CaCly) 73%3 31%2 282 232 102
C1(NaCl04) TT£6 48%5 46£5 315 19%5
$72(cas) 897 25¢5 2315 16%5 7x)
S(CaS04) 89£9 37T - 52%8 388 '16=7 _
5(MgS04) 96 3355 3345 3325 |
catt(cas) Gzl ookl o3LY 194 8kl
ca’t(CaCly) 6zl 22t3 263 18£3 12£3
Na ' (NaCl) 100£11 . T1t9 hot6 18%5
112£13 7910 47£8
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
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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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