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is not so, and measurement errors of +1 u
have been used for the Li” track (13.4 y long),
and for the 5 pHe® track, which is 30.0 y long.
The decay event gives somewhat better ac-
curacy for the interaction energy as there are
fewer mass errors contributing. The visible
energy in the decay is 30.0+0.5 MeV. Most
of this error is due to the pion range straggling.
The A-hyperon @ value adds an error of 0.1
MeV. The total error on the value of 4.5 is
thus 0.6 MeV. Combining the two independent
determinations, 4.7+1.0 MeV from production

and 4.5+ 0.6 MeV, we get a final result of 4.6
+0.5 MeV. As the p pHe® core has no spin,
the question of the hyperon-core spin interac-
tion does not arise. This value then is the true
binding between the two A hyperons in , yHe®.
We are most indebted to the Brookhaven Na-
tional Laboratory and to the groups involved
in the €~ experiment for their kindness in al-
lowing us to expose our stack behind their ap-
paratus. We also wish to thank Dr. Hornbos-
tel for making the emulsion facilities available

to us, and Mr. Charles Walker, Dr. B. Bhow-
mik, and Dr. Jere Lord for help with the ex-
posure.
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The sharp emission lines in the range 200 to 1700 A originate from regions of the sun
where quarks may be found mainly as bound to the nuclei of carbon, nitrogen, and oxy-
gen. Electronic transitions of such species are predicted and a search is carried out in

the far uv solar spectrum.

As a possible explanation of the approximate
SU(3) symmetry and the meson and baryon mul-
tiplets, Gell-Mann® and Zweig® have proposed
a fundamental triplet of constituents, the frac-
tionally charged “quarks” (Q,,=+§e; Q, =Qp
=-1¢). The SU(6) classification® acquires a
particularly simple interpretation in terms of
the generalized Pauli principle in this model,
although its predictions may be obtained with
or without models. The higher meson and bary-
on resonances so far seem to fit quite well in-
to the quark model with the introduction of or-
bital angular momentum,* i, though here again
many of the predictions seem to follow quite

equally either from abstract group-theoretic®
or Lie-algebraic methods or from specific dy-
namical models.®” The question of whether
such triplets do actually exist and are not just
mathematical artifacts seems to acquire fur-
ther significance as the dimension of the uni-
tary irreducible representations of the groups
grow, whereas models though crude retain a
certain amount of specific calculational features.
A number of other integrally charged triplets
have also been proposed®”® to get around the
antisymmetric spatial wave-function difficul-
ty of the ground-state baryon quark model.
This involves a large number of constituent
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species which would also be much more diffi-

cult to detect.®

Quarks have been searched for in high-ener-
gy experiments!! and in cosmic rays.!? They
have not been found for masses, Mg, up to 7
BeV. A number of physico-chemical means
for looking for stable quarks have been proposed.!3
Searches in meteorites and on earth have not
revealed them.
Zel’dovich, Okun’, and Pikel’ner’s cosmolog-
ical estimates'? indicate that +2 quarks would
be less abundant and remain in interstellar space,
whereas —3 quarks would attach themselves
mainly to carbon, nitrogen, and oxygen and
stay in stellar objects. Such “quarked atoms”
and ions (C’,N’, O’) should exhibit distinct elec-
tronic spectra.

14,15

In this note, we propose and carry out a pre-
liminary search for quarks in solar extreme
uv spectra in the range x <2000 f\, obtained
from above the atmosphere.'®* Below about 1900
A, the spectra yield well-defined emission lines,
many of which have been identified with the lab-

oratory lines of various multiply ionized atoms.

They originate from the low chromosphere to
the corona, where the temperatures range from

5x10% to 2x10°°K and where carbon, nitrogen,

and oxygen are the most abundant elements

next to hydrogen and helium. According to a

recent estimate'® based on Coulombic forces
alone, —3% quarks would remain preferential-
ly attached to the C, N, and O nuclei up to a

temperature of 107 °K.

The resolution of the spectra is ca 0.2 A for

Table I. Predicted “quarked atom” transitions.

A Relative
Species? Transition (R) | fpil intensity
C'1IV (1) 2Pga =249 1691.2 0.2 0.102 2
Piy— Sy 1689.0 0.2 0.102 1
C/1II (1) p,—~1s, 1077.93 0.1 0.29
o’ VI (1) 2Py/0 =251/ 1097.77 £0.08 0.065 2
2P0 2849 1092.6 £0.1 0.069 1
0’ VI (4) 25172 Py 206.667 £0.008 0.060 2
51/2_’ P1/2 206.483 £0.008 0.030 1
o'V (1) p,—~1s, 668.84 +0.08 0.19
o'V (1) 2Dyg/5— 2Py 846.24 +0.04 0.093 9
2Dgj9 2Py 845.06 +0.04 0.080 5
Dy/n— 2Py;s 846.17 £0.04 0.015 1
o'V (2) 251/9—"P3/y 653.27 £0.08 0.20 2
%4/5— 2Py 651.99 £0,08 0.10 1
O’ III (1) 5ps—3p, 904.34 £0.05 0.090 84
Sp,—3p, 902.91£0.05 0.072 45
3p,—3p, 902.16 +0.05 0.053 20
3p,—3p, 904.15 +0.05 0.023 15
p;—3p, 902.90 +0.05 0.039 15
p,—3p, 904,14 £0.05 0.0026 1
N’V (1) 2pga— 2549 1330.7 0.3 0.084 2
2Py 251/ 1327.3 0.3 0.084 1
NIV (1) ip,—~1s, 824.6 +0.2 0.23
N I (1) Dysjo—=2Pys 1084.65 +0.05 0.12 9
D3/~ Pya 1082.76 +0.05 0.10 5
D3y = 2Pg;y 1084.58 +0.05 0.021 1
N’II (1) Ds—°P 1207.6 £0.2 0.087 84
3p,—3p, 1206.5 +0.2 0.072 45
5Dy —3p, 1206.0 £0.2 0.047 20
3p,—3p, 1207.4 £0.2 0.021 15
p,—%p, 1207.4 £0.2 0.0023 1
Sp,—3p, 1206.5 +0.2 0.036 15

a4’ is atom A with one —5 quark associated with its nucleus. The number in parentheses after the species des-
ignation is the multiplet number as in C. E. Moore’s Ultraviolet Multiplet Tables, National Bureau of Standards,
Circular 488 (U. S. Government Printing Office, Washington, D. C., 1950), Sec. 1. It specifies the electron con-
figurations involved.
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1200 to 2000 A, and ca 0.1 A for A <1200 A.
At A >2100 A the spectra are photospheric,
containing closely packed absorption lines on
a continuum. Since so large a fraction is un-
identified, a search for quark lines here was
not worthwhile. Gaseous nebulas also produce
well-defined lines, but faint “forbidden” ones;
where, also, the quark concentrations are ex-
pected to be much smaller.

We have predicted a number of strongest tran-
sitions of the species C’,N’, O’ in various stages
of ionization for 200 A <x <1800 A. Interpola-
tion techniques similar to Edlén’s!” along iso-
electronic series are used. The accuracy of
the values are checked by test predictions of
known members of the appropriate series.
The accuracy of the predictions and that of the
solar wavelengths are about equal. Oscillator
strengths are also interpolated.® Relative in-
tensity ratios of different AJ transitions with-
in the same multiplet are calculated in the us-
ual way.” The species, transition involved,
predicted x’s, and error estimates are shown
in Table I1.2°

In the photographic spectra, the lowest de-
tectable intensity increment for an emission
line above the chromospheric continuum is ca
5x107° erg/cm? sec in the range 1000 A <
<1200 A and 1.2x10~* for 1300 A <x <1800 A.
Comparing this with the intensity of a strong
line of a normal species of known abundance,
one sets upper limits to the corresponding

“quarked-atom” abundances.

Table II shows the outcome of the search.
Three coincidences with unidentified solar lines
were found and 11 lines were masked. Where
a predicted line was not detected an upper lim-
it on the abundance is given.

In the present search, the observed intensi-
ty of the line at 1689.0 A, which is the most
probable quark line, leads to an abundance
for quarked carbon of 1073 the value of ordi-
nary carbon.”® The masking by Fe Il of the
other line of the multiplet prevents obtaining
a check on this identification. In this region
the probability of a wavelength to fall on an un-
identified line is 7% as obtained from the num-
ber of lines within decreasing intervals. The
probability of masking by some already iden-
tified line is 20%. The observed 1207.77-A
line, if identified with the 1207.6¥0.2A of N'II
(1), would lead to an abundance ratio 5x10~*
N’/N. The probability of hitting an unidentified
line here is 11%, and that of masking, 309%.
Though the first few lines in Table II are quite
favorable, their significance is diminished in
view of the lines missing for related transitions
or ions. The normal CIII (1) line is especial-
ly strong in the spectrum, yet it is missing
for C’'mi(1l). All “quarked-oxygen” lines are
missing. Thus the over-all outcome is nega-
tive though for unobserved lines the upper lim-
its that can be set at present are not very low.
More restrictive upper limits to quark abun-

Table II. Comparison of predictions with the solar spectrum.

Predicted
Species (A) Remarks
C’'1IV (1) 1689.0F 0.2 A faint line is present and is otherwise unidentified
1691.2x0.2 Blends with FeIl (40), 1691.28 A
N’II (1) 1207.6 +0.2 A line at 1207.77 is present and is otherwise unidentified
1206.5 0.2 Masked by Silll (2), 1206.52 &
1206.0 +0.2 Not present
1207.4 +0.2 A line at 1207.25 is present and is otherwise unidentified
N’ III (1) 1084.65 +0.05 Blended with N1II (1), 1084.568 A
1082.76 +0.05 Not present
1084.58 +0.05 Blended with NII (1), 1084.568 A
O’ I (1) 902-904 Masked completely by CII (3) 903-904 A
C’II (1) 1077.93 +£0.1 Not present; upper limit to abundance ratio 10—t cr/c
O’ VI (1) 1092.6-1097.8 Neither present; abundance ratio <10~ 0’/0
(4) 206.5-206.7 Neither present; abundance ratio <10™4% 0’/0
o'V (1) 668.84 +£0.08 Not present; abundance ratio <104 o’'/0
O’ IV (1) 845-846 Neither present; abundance ratio <10~* 0’/0
(2) 652-653 Neither present; abundance ratio <10~ 0’/0
NV (1) 1327-1330 Neither present; abundance ratio <1073 N’/N
NIV (1) 824.6 +0.2 Not present; abundance ratio <1073 N’/N
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dance would be set (or more of the predicted
lines may become detectable) if larger spec-
trographs are flown with greater resolving pow-
er and larger exposures.

We thank Professor F. Giirsey and Mr. N. P.
Patterson for stimulating and helpful discussions
and Dr. J. D. Purcell for technical assistance.
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