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The spin (J), parity (P), isoiopic spin (1), and G parity (G) of the eta ndeson
have now been x'a.irly well established, mostly thx‘ough studies of the Dalitz-Fabri .

_plot for the most :eadily observable d.ecay mode. )
‘V'I‘he generally accepted result ie c | - _ L o . | |
| i1 = 0%t . ST L S

-, Disect °Séi”‘?a‘i°“o ina heavv~1iquid bubble’ chamber. of the mode .

eliminates the posaibility J= 1. and thua atrengthena the aaaignments of Eq. (2.)

1v"4>.!'- v ,._"‘..‘,l_;--?‘-. .

- . The expected decay modé . -

" is difficult to observe and has not yet been established Howéve;. the ratio

T (n- "all neutrals")/I'(n . “#%) = 3,0£ 0.5 SRR | . (5)_ Ll

has been x’ound in several experiments. 1 The '!neutrale" are expected to correspond _

- to Reactions (3) and (4), if Eq.. (Z) £s correct. 7 One also then expects the eta to decay

ne ot +a” + Yoo oL u e B RS L

Previous to the present experiment. Reaction (6) had not been observed. 'I‘he branching
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- with a spread o£ % 6 MeV/ .t The £a.ct that the beam momentum ia wen defined ia -
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R R(« vv/v rod)e dasrey)
RIETLRES AR o F(n-’ﬁ " W°),
g . . . o See ‘ T
""" i#as found to be conaiatanﬁ with .mw1 3.4 (with upper limit about O 2) Thus, there; .
v have been reservations as to the correctness of Eq. (Z). EES v R
We have determined the value of R(w w y/ g ). uaing etas produced in the |
Alvarez 72-1nch hydrogen bub'ble chamber via tlw reaction LT
E N . ;,' i : R ;:.. \\
o 'xr++p»frf+%p+n,’*‘ .
el . - R ‘,{
v_vhe’x'-‘e’ghe eta oupsoquently dacaya_ vi'a RIS ‘ , :
e ,' a.nd where x" is an unknown nautral (or noutrale). R T ) j;",
' Our experxmental result is that x° is- a.lways a8 single y ray or a 1: Vv and we' ‘,
find the ratm»to“he e o B \ g
Rir*e"y/ 5" "a®)s 0, zuo 08, T e

The experimental procedures are given in the fouowing nine numbered and lettered o
paragraphs, then the above reau].t ia compared with theoretical predicuona. ff'N" B -

SRR The momentum of the incident 1r is 1170 MeV/c at the center of the chamber, S

important in aeparating X%= 3 X” =yt and X® n notning. : ' 'l‘v:

- The: following numbered paragraphs correspond to succeasiva procedures a.nd

cutofis applied to a aamplo conaisting 1nittally of 4500 four-pronged eventa.

TP~ pz. +3. e g ‘x'-‘.'}“““ Yo '-l:_'-"f R (zo) S
- where x° is an unknown missing neutral and the eu’bscripts are track numbers. The o
track’ pZ has been identified as a proton by a trained obaerver who compares the
‘bubble density of the track with that. predicted from its measured momentum | (Wé
believe that the pro&on hae been correctly identified in nearly 100% ot the cdses. ) | |
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1. Dalitz pair cutoff, We assign the electron mass to tiacka 3,4, and S Using

the PANG momentum and anglea for each tra.ck. we calculate the invariant masses |

' -'M(ey es) and M(eé. es)_. 'If either of these is lese than 100 MaV/c , we reject thé

+

event (280 events rejected). It is expectad that - 99.8% of the e e paira arising

6

from w’-» e+e y are el(mtnated in thiu way.  In all that £ollows. we assume that

- tracks 3, 4, and 5 are 1r+, w+, and v, Thex'eforc we replaced Eq. (lO) by

W0 P Py w3. u4, ws. X, R o (11)~-

2, "X? = nothing" cutoff, We assume that X“" is abeent in Reaction (ll), and
2

- make 2 four-constraint (4C) GUTS fit; for x~ < 30, we reject the event (3700 events -

rejected), This cutoff removes most of the "X? = nothing" events; namely, the most
| common event, ¥ p11+1r . However, we:find that each of the charged tracks (2, 3, 4 ‘
and 5) has roughly one chance in one humh-ed to undergo a scatterimg in the hydrogen . -

" sufficiently large to spoil tha 4C ﬁt, “but small enough to escape detection by the acanner E

. .. OT measurer, 'I'he next cutoff No.3, removes: all those cases in which only one i:rack

' scatters. '

3, "X’ s nothing: track n (where n = 2, 3. 4, or 5) suffers an unﬁoticed‘scattering '

~ or_decay'' cutoff, We delete track n, St the remaining tracks of Reaction (11) to the '

. hypéthesia "X? = nothing" with the one-constxaiﬁg (1C) GUTS fit. For xz < 6. we.
T eject the event (200 events rejected), | ' R

. The kinematic fitting program GUTS is not used in the remainder of this procedure.

momenta and angles from the spatial reconatruction program PANG are used emlusively. |

4. Error cutoff, We calculate the squares of the misaing energy (X" h o

. momentum p (Xo). and mass M (X°) = E (XD) (X°). and their errors. For: '
8] MA(X")] > (63 Mev/c"‘) = 4% 103 (MeV/c )%, we reject the event (230 events
: rejected). This cutoff is necessary t‘o: a clea.n aeparatign bet\ygen X ”zs‘l and Xzl ,

(See Fig. 3.) 2 v

s
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- " ‘diatated by the choice of the error cutoif of Paragraph 4, For y-ray events having TV

i "X” = nothing" event, 80 that a cutoff is needed. The chéice of the cutoff p (la.b) is,f

'. ‘p (X’) < (94.5 MeV/c) = 9)( 103 (MeV/c) v we reject the event (14 events rejected) e

ST PR S f{' e UCRL-10610
s, !.ow-energy v cutoff, We deaignate aa y«-ray eventa those having

2(x°')'< + (95 MeV/c )=+ 9%103 (Ma\r/e (oee Fig. 3.) xe is clear that one

ca.nnot distmguish a y-ray event in which the y ray has zero energy (la'b) from an

,y -{ff__'rhia p (X°) cutoff value ™ 9/4 times the mmdmum auawed error in M (X”)

vsimilar cutoff ia needed for the =° eventa. since they do not over!ap the "X’ = nothing', o
L choice between which ¥ is track 3 and which 13 track 4 is random. , In every casa at

. ;"'value of 54\7.51 1 Nev/c . and the width of the diatributicn is consxstent with that ca.lw-"" -.

Y

o -er_',

< _;'

(.

category.

S
L
L

s We conclude that our sample of 76 events conaista entirely of etas. produced via

” 4 labeled and #° correspond to (x°) = 0 and (135.0 MeV/c ) r respectively
Y v

| J “ R(tmr y/‘u‘ f w°) = 12/64 = 0.19:9.-0 06 (uncorrected) ‘

+

" No more cutoffa are applied. We now examine the remaining ‘76 events. |

A In Fig. 1 we plot Mr}, es. X%« versus M(m, w5, X’) for each event..‘ Thé e

"‘"""_“znleast one of the two values of M has' (within the errore) the va,lue of 548 MeV/c e ¢ T

) Reactxon (7). and decaying via Reaction (8) The eta maaa distribuhon has a centraln,‘.';-‘j P

culated £rom the PANG errors (about & 9 MeV/c ). |
B, In Fig. 2 we plot E' (x") versus p (x") for each event j;i The two 45" lines

5

The events cluster near y and #° and nowhere else.

C. In Fig. . 3b \Ve plot a histogram in M (X") Figure 3 demonstrates, thax the .:'{

ratio R(r ® y/w w w°) is not sensiﬁve to the choice of the value of B{M (X"’)] at which i

“!the error cutoff of Pa.ragraph 4 ia made. (Thia is to 'be expected so long as the f;"i_':'-'

laboratory-aystem momentum spectra of the n* and v from 'r; »w+1r Y. are not very :

cufferent from those from 11- 1f+1l’ w ) Ha.ving chosen the error cutoff corresponding

to Fig. 3b, we see that the R, and v’ peaka are clearly’aeparated."'yielding 12 good y
events and 64 good -xr eventm? We th\m ﬂnd '

s
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- D. Fxgure 4 shows a histogram of the momentum (lab) of the 12 observed y rays.

... The two thaoretical curvis correspond to (a) Lorentz-invariant pha.se spa.ce and (b) a

calculation by Huﬁs using the "two mtermediate p's‘ model of Gen-Mann. Sharp, and
_Wagner9 S _f. . Lo ' ‘

B T A L B

'p&i - _ ‘ ‘ o :
P ; - whin”,

‘The curves have been transformed from the n rest frame to the laborétory system
by ueing the observed distribution of 7 momentum (lab). It is aevévn that the distribution
of the events agrees within the limitations of statistice with either of the ca.lculatéd - \
distributions. This agréement serves as a further check on the Qalidity of the 12 "y--x"ay
eventgs— i, e,, their distribution ie'succeaéfuuy predicted, Fronﬁ the curves of Fig 4
we calculats that our cutoff at - PY ='95 MeV./c‘ rejects 28% of the tota.i- for the .phase-space'_
: " model and 22% for the Mtwo intermediate p '8""model : We strike a cor;xjprq xi.a_iée a.nd |

assume a correction corresponding to 25% loss~i.e., 4 events. 10 S
11

‘None of the other cutoffs leads to a correction factor for the ratm. ®  We obtain,

: ! ey
.., as our final result,, z‘{a SRR AR TR

r(q-o ¥ 2"y/T (n=~ &% w°) = (1.00/0,75) 12/64 = . zs*o 08 o

*

' We now compare our result (9) with some theoretical predictions.

The model of Eq. (12) allows an eatimate of the ratio :

R(n' '’ y/W; ﬂ’% nd : :’x) s

~ The predic’:tiong is
| R{v w Y/yy)“ 1/4. o £ &) I
We cannot compare our experimental result (9) &irectly with this prediction. However,

Wali has shown that, provided Eq. (2) holds. the 3n decay modes of n are closely
related to the kY decay modes ot kt and K, o, 12 Wa.li predicts a dependence of o



1.6.. |

R(3w°/wcwg)m nn":i"o) s
. I‘('q-vﬁ"n"u')

. on the sbape of the a“’ o -

. Usinga recent 5

energy spectrum in the decay n-nr n v
compxla.tion of the Dahtz Fabri plot t‘or thie decay, one obtaina the prechction

LY

R(Sw“/w w )== 1. 68:1:0 05.

| - (14) :
(Thie predzction has not yet been experimentally conﬁrmed ) Combining Eqs. (14),

(13). and (5). and assuming that vall neutrals" means yy and 3w? only. we obtaxn,

R(w v/ n°) = (1/4)(3 01 1 68) = 0.33

(15)'
The prediction (15) is in excellent a.greement with our experimemal reault {9).

Our. -

reault therefore eubstantiates the asaignments of Eq. (Z) and also the prediction (13)'

of the "two intermediate P s“‘ 'model.

) 1; .
R
o otk P
B - P et T e
: > - . s '
P : .
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If .we examine the vy events below our cutoff at py = 94,5 MeV/ ¢ we find 14 |

 events, Four of these actually appear to be etas giving ¥ vy, The remainder

i

- do not appear to be etas. It is likely that they are "X = nothing" events mg

‘consistent with such an interpreta.tzon. T

which two of the tracks suffered small acatterings. Tha number observed ia

.
b,
B

The Dalitz pair cutoff of Paragraph 1 removes. a.bout 5% of each mode, and

. does not affect the ratio, The X%z nothing" cutoffs of Paragrapha 2 and 3 ',

S _ .reject a negligibla number of ﬂ+w ,,,. T and Jbecause of the cutoff on p (ia.b), '

Lt

they also reject a negligible number oi «t e Y. o

K. C. Wali Phya. Rev. Letters 9. 120 (1962); and M. A B Beg, Phya Pev.
-:Lettere 3_’. 67 (1962)0,‘ N . p ,,v_~ \;:-".._'{'.,-';:_. -"‘v , l';‘ : sl ’ .-.1
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Figure 'Captioneﬁ_

¥

| Fig. 1. Eﬁective-maae scatter diagram. 0 = y events. 0 =n° events, . Typical =

errors are shown on two of the Y cvents. ~ (See text, Paragraph A. )
Fig.. . Plot of E (x°) versus P (x°)

O=y evenza. 0= fr° events. (See teau,

¥

Fig. 3. Histograms in M (X") for three choicea oi cutoff on the error.

”»

e 0 g M (x ). Events \vith M (X°)< + 9)( 103. are caued y s. the rest are called
SR TP o : ’
-

Folow

(a) 6M (x°)< 3xxo3 (MeV/c )2, /v =7/z9 ozuo 1.’

) M 2(x°) < 4% 10%, v/ = 12/64 =0, 1920, 06 :
(c) 5M3(X°) < 6x10%, y/w . 16/91 = 0, 13& 0. os. _ _ E
(See text Paragraph C.)‘; . PR "f’____
. .. Fig. 4. Histogram of . p (lab) for vy events. © |
. Curve a! Lorentz-tnvariant phase spa.ce, "y
- Curve be Calcula.tibn by Huff. . . A R
) (See text. Paragraph D. ) L e [T - | 5 o foo :
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Counts
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lo_lllll ll'll’l]]]lll'll]l][]l]llIITII (Q\.—:
[ y T° -
- | y ]

S ’_U_P—I' 36 events ]

Ozlmnulll_nT'hl_rIIHllll|1|11||_ﬂ-||| -

IO (b)]
- 76 events
n y . ]
5? | ILI'I_ E

O:lnlﬂlanmu_rthu'l|||||||Liu 11][’1 -

1ok (c)]
- y 107 events
5 l | ‘ ]

O:I.ﬂn_‘llTrr\JﬂhnLlulluulnln nnli'l—lll—ll:
-10 -5 0 5 0] 15 20 25 30 35

M2 (X°) [ 10°( Mev/?)?]
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mation, apparatus, method, or process disclosed in
this report.
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