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and A0(£F) = 1.2kTc. The energy gap is nodeless ; 
this is expected for the lowest energy s ta te when­
ever a nodeless solution of the gap equation e x ­
i s t s . 5 An important consequence of the nodeless 
gap is that the s ing le -pa r t i c l e contribution to 
neu t ron -ma t t e r heat capacity contains the expo­
nential ly vanishing factor e~Tc/T, jus t a s for an 
i so t ropic superfluid. 

The rota t ional degeneracy assoc ia ted with the 
a r b i t r a r i n e s s of the 0 = 0 d i rec t ion is reso lved in 
a neutron s t a r by considera t ions of i ts s tabi l i ty . 
The lowes t -energy configuration for the s t a r is 
achieved when the gap po la r axis (0 = 0), along 
which the compress ib i l i ty i s g rea t e s t , o r i en t s 
i tself in the rad ia l d i rec t ion in the s t a r . T h e r e 
will , of cou r se , ex is t some collect ive excitation 
modes 5 in the s t a r in which the gap polar axis 
depa r t s from i ts local ly p r e f e r r e d di rect ion. 
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for these r e s o n a n c e s . In addition, a compar i son 
with our previous ly r epor t ed resu l t 5 on resonan t 
s t a t e s in the ETC s y s t e m yields b ranch ing - ra t io 
information for these p a r t i c l e s . 

The data a r e based on the ana lys is of 106 p i c ­
t u r e s of K~p in te rac t ions at 2.87 GeV/c raomen-
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turn taken in the Brookhaven National Laboratory 
31-in. bubble chamber. The sample corresponds 
to 30 events//ib. All film was scanned twice for 
events with at least two visible decays of strange 
particles. Those events with one or more suc­
cessful kinematic fits (confidence level ^0.1 %) 
were inspected for consistency with observed 
ionizations. 

The channels of interest in this study are 

K ~p - E^TT+77 "K*, 86 events; 

K~p-'E1~ir+iT-K+, 139 events; 

(1) 

(2) 

K~p-~'E1-Tr+Tr0K1
0, 64 events; (3) 

K~p-~ 'E2"'n+Tr0K1
0, 80 events. (4) 

The subscripts 1 and 2 above denote the V° being 
seen or unseen, respectively. The number of 
events indicate unique fits except for seven 
events in Reaction (4) which are ambiguous with 
Z"TJ+K2°K1° and have been weighted by | . A sam­
ple of 22 events with fits to both Reaction (1) and 
the four-constraint fit ATT^K x

0 constitutes the 
only additional ambiguity, and has not been in­
cluded in the subsequent analysis.6 
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FIG. 1. Triangle plots of (a) M{Kir) vs M(ETT) and (b) MIHTTTT) VS M(ETT) for \Iz\ = h combinations of Reactions (1)-
(4). Two combinations are plotted for Reactions (3) and (4). The corresponding mass projections are also shown, 
with best-fit curves (see text) superimposed. 
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The main fea tures of the data f rom React ions 
(l)-(4) a r e shown in F i g s . 1(a) and 1(b). The 

= 1/2 v s (^7r)/7= 1/2 m a s s dis t r ibut ion of Fig . 
1(a) shows a s t rong E(1530) band and a l a rge a c ­
cumulation in the E(1530), #*(890) over lap r e ­
gion.7 Outside the over lap region no evidence for 
JFC*(890) i s seem The CEim) vs (E7r)7^= 1 /2 m a s s 
d is t r ibut ion in Fig . 1(b) shows two accumula t ions 
in the E(1530) band at "Eini m a s s e s of 1830 and 
1960 MeV. Outside the E(1530) band, no obvious 
s t r u c t u r e i s seen . 

The S(1530) assoc ia t ion of the two enhance­
ments can be c lear ly seen in Fig . 2(a), where 
the c ro s s -ha t ched h i s togram indicates events in 
the E(1530) band.8 In addition, the h i s togram 
shows the effects of removing the E(1530),/ir*(890) 
over lap region; both peaks remain , although the 
E(1930) s ignal i s reduced a s expected.9 T h e r e 
ex i s t s no evidence for r e sonances in any other 
m a s s combination.1 0 

It i s reasonab le , the re fore , to hypothesize that 
the p r o c e s s e s contributing to React ions ( l)-(4) 
a r e the following: 

K~p-»KrnrA, (5) 

-K*(890)7rS, 

-tf7rE(1530), 

-ff*(890)E(1530), 

- / rE(1820) - / f i rE(1530) , 

- # E (1930) -K?rE( l 530), 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

—/CTTTTH. (12) 

The data indicate [Figs . 1(a) and 1(b)] that p r o ­
c e s s e s (6), (10), and (12) a r e re la t ive ly s m a l l . 
E s t i m a t e s for the re la t ive fract ions of each p r o ­
c e s s (assuming no in ter ference) , and the m a s s e s 
and widths of r e sonances have been obtained u s ­
ing a maximum-l ikel ihood method.1 1 

The p rocedure involved the following s t e p s : 
(a) M a s s e s , widths, and fract ions for the r e s o ­

nances E(1530), K*(890), E(1820), and S(1930) 
w e r e f i r s t de te rmined for al l events from Reac­
t ions ( l ) - (4) , i r r e s p e c t i v e of charge s ta te . 1 2 Be ­
cause of the p r e s e n c e of two (Iz = | ) KTI and ETT 
m a s s combinations in channels (3) and (4), these 
events w e r e included twice. 

(b) Now events were spli t into two ca tegor ies . 
(i) React ions (1) and (2) combined; (ii) React ions 
(3) and (4) combined. Using the resonance p a ­
r a m e t e r s de te rmined above, f ract ions for chan­
nels (5)-(12) were found for category (i) events . 
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FIG. 2. (a) M(E7T7r) distribution and superimposed 
best-fit curves (see text) for (A) all events of reactions 
(l)-(4); (B) those events in the H(1530) region; (C) 
events in the H(1530) region but outside the #*(890) r e ­
gion (dotted). Events in both JRT*(890) and E(1530) are 
cross hatched. The curves result from the fit de­
scribed in the text, (b) The combined spectra of 
M(E~7T+) from ITp-^A'^K0 and M^(1530)TT) 0 ' - from 
K~p-+lETnrK (cross hatched). 

The s a m e was done for ca tegory (ii) except that 
independent fract ions were introduced for the two 
charge s t a t e s of #*(890) and E(1530) in channels 
(6), (7), (8), (9), and (11). 

The pe rcen tages so obtained for the var ious 
charge s t a t e s have finally been combined to ob­
tain the overa l l pe rcen tage shown in Table I, 
which also gives the x2 ' s for var ious m a s s d i s t r i ­
butions.1 3 Phase space , E(1530), K*(890), and 
H(1530)77 resonances dominate these reac t ions . 
The best - f i t curves a r e super imposed on the 
m a s s project ions of Fig. 1 and on Fig. 2(a). The 
resonance p a r a m e t e r s obtained from these fits 
a r e d i scussed below. 

(1) Masses and widths. —The de te rmina t ions of 
m a s s and width in MeV for the S(1530) (M = 1534.7 
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Table I. Percentage contributions of each process to channels (l)-(4) resulting from maximum-likelihood fit 
(see text) and the x2 and number of bins for certain mass distributions. 

Channel Percentage Mass distribution X2/no. of binsb 

(5) KlTTTA 
(6) #*(890)7rE 
(7) KTTA(1530) 
(8) ir*(890)E(1530) 
(9) KA (1815)— KTTS (1530) 

(10) J K H ( 1 8 1 5 ) — KwnS, 
(11) #2(1930) — iC7rS(1530) 
(12) iCE (1930) — KwnB 

29 .0±3 .3 
8 .0±5.0 
3.5 ±6.1 

27.2 ±3.8 

18.1 ±3.5 
1.3 ±3.5 

15 .0±3 .5 
- 2 . 1 ±4.7 

Zvdz=h) 
J&r(Jz=4) 

Ainr 
E(l530)7r 

H(1530)TT C 

ATT(Iz=i) 

8.7/16 
17.7/16 
15.0/15 
15.2/14 
13.9/13 
13.8/15 

aPercentages refer to observed events with no corrections for visibility, other decay modes, or any losses. 
bThe x2 were obtained by averaging over 5 different binnings of the mass spectra subject to the requirement that 

at least 5 (theoretical) events should be found in each bin (^25 MeV wide). 
CK*(890) removed. 

± l . l , r = 15±2) and theif*(890) (M=891 .8±2 .2 , 
r = 33±9) a r e in sa t i s fac tory agreement with c u r ­
rent ly accepted values . 1 4 M a s s e s and widths for 
the E(1530)7r resonances were de te rmined to be 
M(1820) = 1829 ± 9, r(1820) = 52 ± 34, and M(1930) 
= 1964± 10, r(1930) = 60± 39 MeV. These values 
a r e in agreement with those de te rmined from the 
(ETC)0 m a s s spec t rum in the *Z~ir+K° channel r e ­
por ted previously 5 [ M ( 1 8 2 0 ) = 1801 ±13, T(1820) 
= 78±33 a n d M ( 1 9 3 0 ) = 1 9 6 2 ± 1 4 , r ( 1 9 3 0 ) - 1 4 7 
± 55 MeV], The relevant m a s s s p e c t r a a r e shown 
in F igs . 2(a) and 2(b). As a resu l t of this c o m p a r ­
ison it will be as sumed that the ETC and E(1530)7r 
decay modes of the s a m e par t i c l e a r e being ob ­
served . 

(2) I s o s p i n . - T h e channel *E~IT+IT0K0 may be 

used to de te rmine the isospin of the two E(1530)7T 
resonant s t a t e s . The method is independent of 
any exper imenta l efficiency. The ra t io R = [E* 
-S0(1530)7r0] /{E*-[S0(1530)7r°+S'(1530)7r+]}, 
where S~»°(1530)-S~7r°*+ , is predic ted to be 0.5 
for I~\ and 0.8 for I = i. Using binomial s t a t i s ­
t i cs for 28 E(1820) and 23 S(1930) events the un­
cer ta inty in R will be approximately ±0.1 in both 
ca se s . F r o m our maximum-l ikel ihood fit we ob­
tain i? = 0.2 for the S(1820) and # = 0 . 6 for the 
E(1930). These r e su l t s favor an I-\ a ss ignment 
for both s t a t e s . 

(3) Branching ra t ios . —A compar i son of our r e ­
sul t s for the tZ~ir+K° channel [see Ref. 5 and Fig. 
2(b)] with those from our analysis of channels 
(l)-(4) yields the following branching fract ions 
(assuming / = i ) 1 5 : 

S(1820)-*E7r:E(1530)7r:E7T7r 

= 1.5:g;J:1.0:<0.3±0.5, 

S(1930)-E7r:E(1530)7r:S7r7r 

These numbers a r e fully co r rec t ed for vis ibi l i ty , 
geomet r i ca l b i a s e s , scanning efficiency,16 and 
other charge s t a t e s . 

(4) Conclusions. - W e have demons t ra ted that 
S(1820) and E(1930) decay into S(1530)TT as well 
as Etf channels. The resu l t of adding the (S~7r+) 
and (S(1530)7r)0,~ s p e c t r a is shown in Fig. 2(b).17 

The combined spec t rum f i rmly es tab l i shes the 
S(1820) and S(1930) in our data. The weighted 
averages for the m a s s and width of these r e s o ­
nances in MeV, using the data from this expe r i ­
ment only, a r e (1820±7, 64±23) and (1963±8, 
89 ± 33). It should be noted that the number of 
events in each resonance , in the combined s p e c ­
t r u m , is -100 events for S(1820) and -200 events 
for S(1930). The upper resonance has a m a s s 
30 MeV higher than in the p r e s e n t world s u m ­
mary . 1 4 
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7For channels (3) and (4), two I z = i Kir and AIT combin­
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8The H (1530) band is defined as 1.500 GeV <M(ETT) 
< 1.570 GeV; the if*(890) band is defined as 0.86 GeV 
<M(Kn)< 0.92 GeV. 

9For kinematic reasons, events withMCETTTT) =* 1.960 

Broad boson enhancements have been observed 
at th reshold in h igh-energy quas i - two-body final 
s t a t e s recoi l ing against t a rge t l ike nucleons in 
va r ious r e a c t i o n s : A^ in the pir s y s t e m and A 3* 
in the/V sys t em from n* r eac t ions 1 ; "Q*" in the 
K*(890)TT s y s t e m and L* in the K*(1420)TT sy s t em 

f rom K* reac t ions . 2 The quest ion of whether 
these enhancements a r e r e a l r e sonances o r ef­
fects of k inemat ic or igin has been examined from 
exper imenta l a s wel l a s theore t i ca l points of 

GeV have a high probability of appearing in the H(1530), 
if*(890) overlap region. Thus, removal of overlap 
events unavoidably diminishes the enhancement at 
M(H7T7r) = 1.960 

10The total center-of-mass energy of 2.56 GeV does 
not allow the production of the p in these reactions. 
The two/ = f combinations, H°7r+ and H"7r~, show no 
significant structure. 

uThe fitting programs MASTERFEIT [see B. T. Mead-
), ows, Syracuse Technical Report No. T-6901, 1969 (un­

published)] and MURTLEBERT [see J . Friedman, Al-
it, varez Group Programing Note, P-156, 1966 (unpublish­

ed)] were used. No significant differences were noted. 
For full details of the procedure adopted see R. J . 
Hemingway and B. T. Meadows, Intramural Report 
No. 111-69, 1969 (unpublished). Noninte rfe ring s-wave 
Breit-Wigner resonances were always assumed. 

12In both #*(890) and H(1530) two charge states are 
present. For the H(1530) the observed neutral to neg­
ative ratio is approximately 4 • 

t, 13We note that in the MfAinr) and M(H(1530)TT) dis t r i ­
butions, 3 of the contribution to the x2 results from a 
10-12 event excess in the region of 2030 MeV where 
a resonance has been reported, e.g., see Ref. 3. 

j 14Barash-Schmidt et al., Ref. 6. The experimental 
resolution was not unfolded from the width. 

15The uncharged a states were used to determine these 
ratios. Three-body decay into H07r07r° was estimated as 

a- generously as possible on the assumption that i = i for 
s. both E ' s . 

16See R. Hemingway and H. Whiteside, Maryland Tech­
nical Report No. 70-065, 1969 (unpublished) for details 
regarding these corrections. 

17The structure at 1630 MeV in Fig. 2b has been dis­
cussed in Ref. 5. 

view.3 In pa r t i cu l a r , r ecen t developments in the 
concept of duality in re la t ing the resonan t behav­
ior of the imaginary p a r t of the s -channe l a m p l i ­
tudes to the £-channel Regge-pole exchanges 4 

fur ther suppor t the r e sonance in te rp re ta t ion of 
these l o w - m a s s enhancements . 

In this Le t t e r we p r e s e n t an ana lys i s of the 
p°77~ and/°7r~ s y s t e m s nea r the i r th resho ld r e ­
gions from the reac t ion -n~p — pit +7r"~7r~ at 6 GeV/c 
with be t te r s t a t i s t i c s than any s ingle r epor t ed ex-
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We have observed, in a high-statistics experiment, well-defined threshold enhance­
ments in the p0^"" and/°7r~ systems at 1120 and 1645 MeV, respectively. We have 
searched for other dominant decay modes of these enhancements and found none. The 
question of whether these objects are threshold enhancements of kinematic origin or 
resonances is examined. 
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