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I. JJ'J~l'HODUCTION 

VIe are reporting prel:Lrninary results of an exposure of 1.35) 1.42, 

and 1.68 BeV/ c 1t+ mesons in the L.R.L. 7211 Bubble Chamber. ~'his eA-posure 

represent.s about half of the eventunl data in the experiment) another 3 

momenta are currently being taken in the Berkeley 25 11 }3ubble Chamber. A 

tot.al of 130 000 pictures "rere taken di.vided approximately equally 

betveen the three momenta. The analysis of the data is not· yet complete) 

in particular more wOTk on the pa.:ct:'Lal wave clecomposition of the amplitu.de 

is still in progress. 

II. EXPEHD,rENTAL DE~~AILS 

A. Exposure 

The film at 1.35) 1.11~; and 1.68 BeV/c contained approximately 

0.h5) 0.6 and. 0.6 [lb equivalents respectively) ",ith:Ln our fi.ducial 

cuts. 

B. Scann:Lng and Measuring 

+ + + The entire film I-TaS scanneo. hTice for the events n p -~ L: K 

+ with L: -> P1L 
o + or ~ -) + nn . The events fOl1nd ",ere measl1red using 

the COB\'lEB on-line Franckenstein system and Pl1t throl1gh the F'og-

Cloudy-Fair system for reconstruction) constraining ancl plotting. 

The fitting procedure consisted of a hlo-vertex simultaneous. fit 

(. t tl 1 J. , '(' + , t) 1 1 . 1 J a 1e procucl;lon 8110. L.J o.ecay ver·eces as "\·re_ as slng e verGex 

fits at the tl·ro verteces. About 2% of the film spread evenly 

throl1ghout the exposure) \Vas scanned for beam tracks) using the 

same criteria. as belo ... ! in III) a). P,n estimate baE;ed on a delta ray 

":~~~.~ ~~~, '; 
..... -~ .. - --" 
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count ,mE:; T!l3.de t.o obtaj.n the 11 contaminat:Lon of the beam. 

III . R1'.:SUL'l'S 

Ta1)le I sho\'18 the number of events found at each. energy '\{hich satisfy 

the fo11u';ling cuts: 

a) Beam track is "lith in ncceptab1e angular and momentum limits 

b) 2:+ is > 0.3 c.m. long and lives';:; 3 lifetimes 

c) + -I- + 
2: decay angle in the lab is > .10° for the 2:: -~ Jr n decay 

mode and> 5° for the 2:+ -) PJr° mode 

d) Event is ,·,ithin fiducial volume 

+ Since cut.s b, c, and 2: momentum dependent, each event vas "leighted 

to take into account these bro cuts, as Hell as the possibiJj.ty of the 

+ 2:: leaving the chamber before decaying. The "leighted number of events 

is also Given in the Table. 

li'igure 1. ShU\-lS the cross-sectj.ons obtained bS this experiment at 

the three momenta together "lith cross-sectj.ons in this energy range given 

in the 1iterature.
1 

The quoted errors on our points are 1.5 x statistical 

to taJce ).nto account some uncertainties j.n the normalization. Hork is 

continuing to rec1.uce these uncertainites. Our cross-sectj.ons "7ere 

. + + + + 
obtEd.ned using on1;y the "leightcd 2: K, I::: --) 1'( n events, and correcting 

by the ratio of 100/h7.2 2 to account for the 2::+ ->pJCo decays. The 

reason for doing this rather than using all our clecays \-Jas _ because the 

+ ° angular cut in the laboratory is l)!Uch more severe for 2:: -) pn and also 

the greater diffj.cul t;y of finding these events. Th:is manifested itself 

j.n a definite bias for 2::+ -) pJ'(o events \·:here the proton is near the 
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plane containj.ng optic axis of the camera and direction of the 2::+. 'fhis 

+ + same bias was not present for the 2:: ~ fi n events . 

Figure 2. Sholls the integral d:i.stribut:i.on of the 2:: t:i.me of fLLght. 

The data points include all event; the line represents the best fit) 

which 'IlaS done by maximum IH;:el:i.hood applying fj.duc:Lal volume cuts and 

a min:Lmum 2:: length cut of 5 mm. Our best n.t gives a value for the I:: 

LLfetime of (.814 ± .034) .10-
10 

sec. compal'ed ",ith the Hor1d Average 

of (.810 ± .013) x 10-
10 

sec.
2 

Figure 3. Sho"7s the angular distribution of the veighted and umle:i.ghtecl 

+ + events obtained using only the 2:: -0 fi n everrts. 

F:Lgure If. ShO\IS the polarization as a function of angle for the 

+ l.: -) Pfio events. 

}l'j.gure 5. ShOl'IS the values of expansion coeff:Lents All JIO etc. of 

the Legendre polY.Domials fitted to the distributions snmm in Fig. 3. 

i'l11ere the expressj.on dO/ c1D == 1(2 l.: 
m=o 

11 P (cosG) has been used) and the 
mm 

coefficients have been normalized b;:,' dj.vicUng by AO == vi I! Jt1(2 • 

Figure 6. Sho~lS the values of the expansion coeffic:Lents Ell AO) 

E21 AO etc. of the 1 st associated Legendre series ,"hen fitted to the 

pol~rization distribution shovn in Fig. 4. (clojdD) p>:::; 1(2 2:: B V (cose). 
n==l n n 

JIl. DISCUSSION 

11 complete part:i.al w:we analysis) using the program VI'IAVE developed 

by Smart,3 is in progress. In this paper "Ie report the results olltajnecl 

in fitting to a small selectioD of partial v!ave combinations. 

In order to get a qualitative feeling for the amplitudes present "re 

examine the A coefficients p10tted in Fig. 5) and compare them irLt.h 
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ta-bles of such coefficientf3 Given in the lj_terature (see for exmnple' 

Tripp 4). 

1. Since a 6th order fit appears to be satisfactory at all energies 

the absence of higher coefficients is immediately j.nterpreted as absence 

"-
of vraves higher than G7.) 

The presence of the A6 term at the t\-10 hie;her momenJGa indicates 

that thei~e must be an ampli tUc1e };'7 an 0./ or an interference term F5 F7. 

Due to the 11inami 8lEbj.gu:Lty the opposite parity terms (G7 and D5 G7) 

cannot be distinguished from the above until \'le eX81nine the polar:Lzat:Lon 

data. HO\'ieVer G7 and Vi cannot be both present because this in general 

vrould prod,uce a nOD zero A7 through their interference. Any of the 

above terms can account also for the non zero A2 and All. coefficients. 

2. The presence of a large 113 term at all energies requires at 

least one interference term betl-leen t\-;o ampli tuc1es of dj.f'f'erent 

parities. A3 coefficient can be produced bJ-' terms S1.1" 5 , S1}"7 or P3D3 or 

P3D5. HOI-lever P3D5 ,",'ould also produce a large Al not observed, v.'hereas 

P3D3 vlould. imply interference tenTls like D3F7 v.rhich vlould induce a 

large A5 not observed. The other terms that produce A
3

, D5F5 and D51i'7 

v,ould also requ:Lre large A5 and/or Al. In conclusion vie are left ,-lith 

SU'5, S1F7 and their l',finamL ambie;uous P1D5, P1G7· 

Since it is knO"\'!D that there is an }"7 resonance in this region '\-1e 

have started off from the simplest assumption i.e. that at each energy 

there is only one of the possible amplitude combinations given above 

present) and that the Yi arI!plitude is important. This leads us to the 

si,mplest initial guesses: 

1) Sl, F7 

2 ) Sl, F 5, }'7 
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More refined guesses can be inferred assnmjxlg, as before, an 1'7 

amplitude of the size requ:i.red by A6 and tr;ying to reproduce, besides 

A3, also t11e small A5 observed. Hore vaves may be then required to 

produce cancellat:ion of the arising Al contribut:Lons. VIe are thus lead 

to the follOld.ng combinations: 

3) Sl, D3, F7 

4) Sl, PI, D5, F7 

5) Sl, P3, D5, }'7 

VIe started with the above five amplitudes and extended our search 

for a good fit using the program VHAVE. 

The inputE] to the program are the angular distribut.ionf:} polarizatj.on 

.-/ 
and cross-sections at each energy. Bacl<;:grotmd arD.~ol:Ltucles are parameterized 

. th. e foro·In 'I' == (A -to Blr) e i (C+Dk). }.) J J'J d t . 1 2n "- .\esonan G amp.]. GU es are parame ·er:LZeQ 

v,here k is the incident c .m. momentulil, f 
e 

and f 
r 

as T = ~ ei~j! e~! )~ 
E - E - ir/2 R 

the partial "Ii.dth into the elastic and 2:;+ K+ channel, E the mass of 
R 

are 

the resonance, f the total \-lidth and ~') the phase. The energy depenclence 

of the partial widths has been apprOXimated as 

2 k-L 
[ 

k.2 l£i 
ria k?+x2J -'E-

2 

as given by GlashOl'! and Rosenfeld. 
6 

k. an(l ". are the momentum and 
2 2 

orbital angular momentum of the decay products of the resonance in the 

i th channel. \'le have used x = 350 MeV. 

The parameters A, B, C,D, (xe x
r

)l/2 = ~re f
r

)1/2/ fJ f, ER cmd 

<p could ej,ther be varied or set e9.ual to constants (including zero). 

Since the amount of data available is rather limIted the number of 

free parameters that TIlay be determined j.s alE,o not large. 
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2 
Table II shous son~e of the hypotheses tried together "Hi th their X 

and confidence levels. 11'01' resonant amplitudes \'7e used f:i.xecl masses 

and \vidths as given b~T Donnach:i.e, et a1. 7 i.e.: 

P3, ~ :=: 1688 r .- 280 l·IeV 

D3, En .- 1691 r :=: 270 HeV 

D5, E :=: 1951+ r - 310 MeV 
R 

F7, E 191J6 r :=: 220 l.'IeV 
R 

We wish to emphasize again that the results given in Table II are 

not a complete set, and that they should only be used as indications of 

\-That corn1xLnations of ampLLtudes do account for the data and \·,rhich do not. 

It js quite likely that other [;ets of amplitudes not yet tried vTi1l also 

give satisfactory fits. 

We should like to thank Dr. 'i'lesley N. Smart for the use of h:Ls 

prograril "VI'lAVE" \-lithout ,·!hieh our results vlould be even more prelimtnary 

than they are . 
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Table 1. 
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+ + -I
No. 0:[' n p->I>K 

-In n 
(Cut) 

277 

2J.2 

+ No. of n p 

(Heighted) 

333·7 

365.6 

277.1r 

+ -I
~K 
I + L...>n n 
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+ No. of 1l P 

used in the 
Polarization l·leasure

ment 

218 

127 

,'--/ -. .... --::~.~ ~ 
· ... ~~~.;:.:~b' 
' .. 2:::-~.-.::::~.' 
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Table II. 

~ ___ ~_o 
81 PI P3 D3 D5 1"5 }'7 J1. of Free Degrees Confidence ott 2 Parameters of X Level 

li'reedom 

Con Res 3 52 Ih3·9 < 10-7 

E.D. Res 5 50 11~.3 < 10-7 

E.D. Con Res 7 l+8 92·3 6 x 10- 5 

Con Res Res 5 50 116.8 10-7 

E.D. . Res Res 7 48 108·5 3 x 10-7 

Con Con Con Res 7 ~·8 105·1 '. -6 1.1xl0 

E.D. Con Con Res 9 116 62·7 .01+8 

Con Con Res Res 7 lf8 65·5 .OJ}5 

E.D. Con Res Res 9 lib 57·5 .118 

Con Res Res Res '( h8 60·7 .102 

Con Con Con Res Res 9 l,6 58.4 .102 

Con Con Con Res 7 48 76.6 .. 0011 

E.D. Con Con Bes Res 11 4h lf9.0 .284 

E.D. Con Res 5 h8 6!+. 0 .059 

,E.D. Res Res 7 1,8 59·1 .130 

E.D. Hes Res 7 h8 88.1 2 x 10- l
i-

Con Res Res Res '7 1,8 80.8 .001 

Con Con Res 5 50 101.0 10- 5 

Key: Con - means background amplitude I,lith B==D,-cO, A and C are left free. 

E.D.- means background amplitude "lith A,B,C,D left free. 

Hes - means resonant amplitude of fixed mass and vidth as g:i.ven in 

reference 7, cp and (x x )1/2 are left free. e r 



0- (rnb) 

-11-

0.1 
7f + P --?» 1< -:- L-:-

0.6 

0.5-

0.4 I 
0.3 

0.2-

0./ 

UCHL-18350 

o Carayonnopoulos et 01. 

D Daronian ct 01. 

'i7' Foelsche et 01. 

ll. E3oltoy ct 01. 

o Kraemer ct 01., (7T+d) 

V Grard·S. Smith 

h Crawford et 01. 

[J Dagon et 01. 

(> This experiment 

f 

o L--___ --'-____ .1--___ --1-____ ......1-___ -.-1 

1.00 1.25 1.50 1.15 2.00 2.25 

P1T+ 

XBL687-3110 

Fig. 1 



N t >t 
o 

1000 

.100 

10 
o 

-12-

,--
T = 0.814 :t 0.034 

(Based on 1076 events) 

UCHL-18350 

___ -'---___ L. _____ L ____ --' 
2 3 4 

t (10- 10 sec) 

XBL68T-3082 

Fig. 2 

,..--;-,---. 

;:/'n'>~.:::J 
-, .. ~,::::.- .. -:~:.,: 



c 
.D 
....... 
II> 

of-
C 
ClJ 
> 
ClJ 

..... 
0 

'-
Q) 

.D 

E 
:J 
Z 

-1-3 

50 ,---------r---------, 

25 

0 

50 

25 -

1.358eV/c 
256 events 

-----1 
1.438eV/c 
277 events 

- weighted 

--- unweighted 

o _______ . ___ L==== 50 -------_··--··-1--

1.68 BcV Ie 

212 events 

25 

l 
OL-_____ L--____ .--J 

-I o 

·.XBU'87-3081 

Fig. 3 

U·CnL 18 ') C r) 1\ - ).))\.. 



·-11+ -

events 

+ 1 r--1.-3-5-B-e-V-;-c ---r---r-;-;;-

o __ L1 
I _~ 

-I 1= ~~--f~==~~~~= 
+ 1 J . _ t. 4 5 B cV; c 204 events 

o 

""I 
+1 

. ~-~~---l 
I 

F=========~~==r=~-=== 
1.6B BeV; c 

127 events 

o I--I--J-__ L 
-I 1 

-I o +1 

Cos OK 

,r,'. --

:.<[:~ ~: .. ~.I f; 

UCl\L-18350 



A5 -
Ao 

-1)-

0 

Y 
J 0 ~ 

1 I 

_ I _-'--I_L~J~~~ 

1.3 1.5 1.7 

UCHL-18350 

~r---r--r~~-r~·· ~". 

I --

1-

A4 r 
fj,O ? r 

o ------------

I-

f 1 
A6 

., ........ ..,...=-

Ao 

(GeV/c) 

XBLG87-· 30"18 

Fig. 5 

/--...~.---::- . 

/.L!;; 
"---.:.-



/"~'.~' "'::,,-'" 

~i' ~r~, :.!: ~\: I 

' ....... :-.. --:.. ... -~. 

-16- UCRL-·18350 

B 1 lAO 0 I-----~ 

~ ~ '---I-r---:---+--

f---

-- 1 I I I. I 
-'-l---'~I---+1 . I 

_ 1 .. ~-~-' _~I _~I ~~J~ 
I. 3 1.4 I. 5 I. 6 1:1 I. 8 

P'T+ BeV/c 

XB L687-3079 

Fig. 6 




