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ABSTRACT 

The channels 	and p'  are studied at 3.7 GeV/c. The 	and 

data are compared to a Reggeized A2  exchange model, and are found to be ade 

quately described. The branching ratio:. R = •P(A2 - ri'ir)/P(A2 -4 ip) is 

measured directly from the rt and ipt mass distributions, as well as from 

the ratio of the coupling constants for 	Tj and 	production. Both 

estimates are Consistent with a v1ue. of R 0.0±0.04. 
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I. INTRODUCTION 

We present:preliminary results of a study of production mechanisms of. 

L(1236)_._meson resonance channels, and of a search for resonances in many-

body final states. The data sample consists of events with four charged prongs 

in the final state from lt+p interactions at 3 7 GeV/c 

In Section II we present the details of the data handling In Section Ill 

we discuss In tandem the channels p A T1. and . pit t. Both reactions are found 

to be dominated by A.product•ion,. though we observe the decay.of the A 2  into 

rp't. The 	channel is found to confirm an earlier study1  that the A is 

polarized as expected for a.magnetic dipole (Ml) transitionat the nucleon 

vertex, and agreement is found with a Reggeized A 
 2-  exchange model. 2  The A+4rt 

channel is amenable to a similar analysis, and is shown to be adequately 

described by the same model as the 	channei. 

II EXPERIMENTAL DETAILS 

The Lawrence Radiation Laboratory 72-inch hydrogen bubble chamber was 

exposed to an e1ctrostatically separated it+  beam at momenta near 3.7 GeV/c. 

3, Using both kinematic fitting and •ionization.information, we. find . i . n the 

four-prong final state topology 	. 

+p 	pit ++3T 	 (16 300 eents) 	 (i) 
+ 	++ -o 

it p 	pit it it it 	 (16 400 events) 	 (2) 

+ 	~ +.- 
it p -9  pit it Ti MM . 	(7400 events) 	 (3) 

Reaction (1) is a four-constraint (lc) kinemtic fit, while reaction (2) is 

a one-constraint (ic) fit and reaction(3) is a zero-constraint (oc) calcula-

tion. The events considered under reaction (3) are those with two or. more 

missing neutrals for which there is a proton identifiable by ionization. 

The total cross sections for reactions (1) and (2) are 3.52±0.10 and 

3. 2-0.10 mb as given previously. 
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- 	+-o 
InFig. I we sho the mass distribution of the it it it system from reac- 

tion (2) (twocombinations per event).:up±oduction dominates the reactiOn 

butanr signal is also clearly.visible, with a width corresponding to our 

resolutior of about. 17 MeV FWHM. For purposes of analysis we define an ti 

mass region: 

:;538-558MeV  

Using this cut, we show the rpit 1  Dalitz plot in Fig. 2a; and the three possible 

mass projections in Fig. 2b,c,d. The doinant feature of the Dalitz plot is 

the strong 	( 1236 ) signal accounting for 	45% of the rptt events. The 

simultaneous formation of A and T1 is also demonstrated in the shaded portion 

	

+-o 	 +. 
of Fig 1, where the mass o± the it it it system recoiling against a pit mass 

interval at the 	nathely, 

A: 	16O-128O MeV . 	 .. . 	() 

is plotted. 	 . 	. 	. 	. 	 . .. 	. .. 

In Fig. I we observe that the AI*  cut leaves very,.littie background under 

the r signal and therefore we estimate the 	cross sectiOn from Fig. 2b. 

Correcting for the tails of the ri,  we estimate the ratio of double resonance 

events to all events in reaction (2) to be 

+ 	. 	++ . 	 . 

IT it it = O.0O9±O.0012 
+ 	+ + - o 	. 	. 

	

:itp -) itp,titit 	 . 	. 	. 

We then find the cross section for 	T1 production to be 5  141±21 tb 

	

Thrning to the reaction itp - 	 eshow the missing mass (MM) distri- 

bution for reaction (3) in Fig. 3. An q signal with a width of " 70 MeV is 

seen on A large.background; we estimate 220±60 pglir ic 71 events in reaction (3). 

It 



This corresponds6  to a cross section for 7r p 	pic ir Tr fl of 62±17ib. In 

Fig. -l- we show a scatter plot of the (cMM) effective mass plotted against 

MM for a narrow A cut. A small narrow concentration of events is seen for 

low (tMM) masses at values of MM near the TI.  We identify this signal as 

the ri', where i' decays to TrTrii. There are approximately 70 events in this 

cluster and, from a similar plot for A remo'ved (not shown), we find that 

the r events are predominantly associated with A formation,in agreement 

with the results of Trilling et al. 7  based on a much smaller sample. In order 

to determine the cross section for T1TA++  production, we use a feature discussed 

by Rittnberg8 : The phase space for 3ir0
's from the'TIcharged  decay of the 

y t  peaks in the fl . mass region andhas a width roughly corresponding with.that 

of our missing mass T1. . Therefore the lI T  decays in reaction (3) include both 
+- 	 00 

rr it 	 and about 75/a of it 	 ., We include this correction in neutral 	 charged 

our determination of, the cross section 

For the analysis of the 	reaction we have taken those events of 

reaction (3) with a missing mass in the TI  region (510-590 MeV/c 2) and refitted 

them as a one-constraint hyothesis 

it +p - 	ir 	 (Ti - neutrals) 	 (6) 

with a missing TI in order to improve the resolution. Although this gives 

only a 27% pure 	 sample, we find that this technique does not appear 

to lose any 	events in reaction (3) and considerably improves our mass 

resolution. In.Fig. 5 we show the 	mass distribution for all events 

fitting reaction (6). The TI  signal can be seen at 960 (MeV c) and the 

background is reduced almost to zero by the addition of a 	selection, as 

in (5). We define our i signal as those events with a Tr Tc TI  mass in the 

interval 

I 
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y': 	940-98OMeV 	 (109 events) 	 (1) 

The Tl'pyr Dalitz plot is shown in Fig. 6 together with the three mass 

projections. Like the 	reaction, rpt is dominated by A production, 

and we show the qTc and pr mass projections with this signal removed No 

significant evidence for other enhancements in the T1 PIT final state is found. 

From Fig 6c, we can set rough limits on the number of decays 4 
namely 3±3.. This figure can becomparedwith our estimate of the number of 

4 - ric decays from Fig. 2c, namely 50±12. Correcting for the 	branching 

ratios5  we estimate the ratio (A2 - 	')/(A2  -k iit) to be 0.0±0.0, much 

10 lower than previously measured values. 	The A ii  cross section is deter- 

mined from Fig. 6b, the'pTc mass diátribution for events in (6), where we 

estimate 53±11 A*1  events. We correct for, the unseen decay modes of the 

as discussed above, and find a cross section for Ar' production of 30±6 rib. 

The Ar and A 	differential cross sections are shown in Fig. 7. (The 

kinematic variable plotted is t' = it - t . I, where It . 	is the smallest miii 	 mm 

value of Iti kinernatically allowed.) A marked similarity may be seen in the 

shape of the angular distributions from the two channels. A further resemblance 

between the two channels is evident in Fig. 8., where the A density matrix 

elements are shown. For both reactions the A has a polarization that is consis-

tent with that expected fora magnetic dipole(M1).transitions: 033 = 3/8, 

Re o3, _ 1  = ..Th/8, and Re p 	0 This feature has been noted previously for 
3,1 

the Ar1 channel.  

The curves shown in Figs. 7 and 8 are. áalcuiated using the ReggeizedA 2  

exchange model of Krammer and Maor. 2 . While for the An reaction we have used 

the coupling constants given, by these authors, the Ar1' channel represents an 

extension oftheir model, for which wehave calculated a iTA2rl' coupling constant 

which gives a best fit to the data. In the curves presented we have used Krammer 





	

-7- 	 UCRL- 20067 

REFERENCES 
* 
Supported by the U.S. Atomic Energy Coission. 

Pre sent address: Department of Physics, David Lipscomb College, Nashville, 

Tennessee. 

*present address: Department of Physics, Princeton University, Princeton, 

New Jersey. 

1 D. Brown, G. Gidal, R W. Birge, S. Fung, W. Jackson and R. T. Poe, Phys 

Rev. Dl, 3033 (1970), D F Grether, G Borreani, and G Gidal, "The Reac-

tion itp 	 Between 1.3 and 4.0 GV/c, submitted to the )Wth Inter- 

national Conference on High-Energy Physics, Kiev, U S S R , 1970 

M. Krammer and U. Maor, Nuclear Physics B13, 631 (1969). 

More detailed in±'ormationinay be found mG. Goldhaber,W. R. Butler, D. G. 

Coyne, B. H. Hall, J. N. MacNaughton, and G. H. Trilling, Phys. Rev. Letters 

23, 1351 (1969) and Ref. 4. 

) I. G. S. Abrams, K. W. J. Barnham, W. B. Butler, D. G. Coyne, G. Goidhaber, 

B. H. Hall, and J. MacNaughton, "Observation of Regge Pole Effects in 

and W,  A Production at 37 GeV/c" UCEL-19743 (submitted to Phys. Rev. Letters). 

We use an Tj branching fraction into 	of 0.230±0.011, Particle Property 

Tables, Rev. Mod Phys 42, 87 ( 1970) 	The itir r decay mode is not included 

by the ii selection of Eq. (!i), even though kthematically all events with a 

missing y fit the it0  hypothesis. Studyshows that all such misassigned 

/ events have a it it it mass greater than " 570 (MeV/c) 2  

The branching fraction of ri to all neutrals is taken as 0.715 from the 

Particle Property Tables (Ref. 5). 

G. H. Trilling et al., Phys. Letters 19, 427 (1965). 

A. Rittenberg, Ph.D. Thesis, TJCRL-18863, 1969 (unpublished). 

The branching fraction of rl' to itvq is taken as 0.66±0.04 from Particle 

Property Tables (Ref. 5). 

G. Ascoliet a1.. Phys. Rev. Letters 20, 1321 (1968). 



-8- 	 UCRL- 20061 

FIQUflE CAPTIONS 

Fig 1 Distribution of the 	mass for all events from reaction (2) 

(16,433 events plotted twice), the shaded events correspond to opposing 

pit + maes in the 	region 1160-1280 (MeV/c) 2 . 

Fig. 2. Distributions from the channel pit, where Ti -  it± it it0  (337 events). 

(a) pit 	Dalitz plot. (b pit mass distribution. (c) rit mass distribution. 

(d) pr mass distribution. 

Fig. 3. Distribution of the Missing Mass (NM) for all events from reaction 

(3) (7400 events) 

Fig. 4 •  Scatter plot of the (ttt MM) mass vs NM for events from reaction (3) 

with an oppOsing A, Eq.. (5) (5914 events). 

Fig 5 	mass distribution for events from reaction (6) (2454 events), 

the shaded events oppose a•pitmass in the 	region, Eq. (5). 

Fig. 6. Distributions from the channel pit', where the r is selected by 

Eq (7) 	(a) 	Dalitz plot 	(b) pit mass distribution 	(c) 	it 

mass distribution (pitt  not in 	band )  Eq. (5)). (d) pr' mass distribu- 

tion (pit+  not in 	band). The smooth curves are phase space predictions 

normalized to the number of events (4) with 	out. 

Fig. 7. Differential cross sections for 6 	and 	production. The curves 

are described in the text. 

Fig. 8. Density matrix elementsof the 	in the, t-channel coordinate system 

for nq and LTt events. 

I 



I 



4. 

il 



4 
-tu 

30 
cQ 

2.0 
p4 

to 

0 
1000 	1400. 	1800.. 2200 	2600 

40 

30 

20 

to

p4  

1 
600 	1000 	.1400 	1800 	2200 

30 

20 
p4 

to 1 
1400 	1800 . 2200 :2600 	3000 

XBL 7o8-188 

Fig. 2b,c,d 



-2 .- 

4 

2O 

2 XX 	X 	XX 	XXXXX 

2 
2 

X 	XX 	2 	XXX 	XXXXX 
CCXXX 	CC 	CC 	XXYX 	XXXXXCC 

7 XXXX 	2 	X 	X.XXX 	XXXXXXXX 

2 XXXXXX 	XXXXXX 	XXXXXXXX 	CC 

2 X 	-222222 	XXXXXX 	XXXXXCCXX 	2 	 2 

7 2 	XXVXXXX 	YXXXVX 	XXYXXXXX 	CC 	XX 	XX 	 CC 

2 1 	XXXYCCXXXX.X.XXXXX 	XX 	XXXX 	2 	XX 	XX 	X 	2 

2 )' 	XXXXXXXXXXXXXXXXXYXXXXXXYXX 	XX 	XX 	2 	2 	XXX 

Oo 2 - XX 	YXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX.XXXXXXX 	X 

I XXVXXXXXXXXXXCCXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

1 - XXXXXXXXXXXXXXXXXXXXXCCXXXXXXYXXXXXXXXXXXX)CXXXV.X 

I XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
- CCXWXXXCCXXXXCCXXXXXXXXCCXXXX)CXXXXXXXXXXXXXXCCXXXXXX 	XX 

1 2 	XXXXXXXXXXXXXVXXXXXXXXXXXXXVXXXX-XXXXXXXXXXXXXXXX 	XX 	2 

I - XX XXXXCCXXXXVXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XX 

I .KXXXXXX CX XXXX XXX XX XXXXXXXXXXCCXXXX XXX XX XXCCX XXXXXXXXXXXX 	XX 

1 - XXXXXXYYXXXXXXXXXXXXXY XXXXXXXXXXXXXXXXXXXXXYXXXXXXXXXXXXXX 

I. XXXCCXX XXXXXXXX XXXXXYXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

- XXX XXX XXXXXXXXXXYXXXXX XXXXXXXXXXX XXXXXXXXXXCCXXXXXXXXXXXXXX 

XXXXXX XXXXXXYX(XXXXXXXXYXXXXXXX XX XXXXXYXXXXXXXXXXXXXXXXXXX 	X 	X 

XX)(XXXXXXXXXCXXXXACCXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX-XXXXXXXXXXXX 	XX 	XX 

XXXXXY XXXXXXXXXXXXXXXX 	XXXXXXXCCXXXXXXCCXXXXXXXXXXXXXXXXXXXXXXX XX 	XX 

XXXXXYXXXXXXXX2XXXXCCXXXXXXYXXXXXYXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXX XXXXXXXCCXXXXCCXXXXXXXXXXXXYXXXXXXXXXXXXXXXXXXXXXXXX.XXXXXXXXXXXXXX 

CCXXX XXXXXXX XXXX'< XXXXXXXXXXXXXCC CXXX XXXXXXCCXXX XCCXX XXXXXXXXXXXXXXX XX XXXXX 	XXX 

XXXXXXXXYX XXXXXXXXXXXXXXXXXXCCXYXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 	CC 

XXXXXXXXCCX XXXXXXXXXXXXXXXXXXXXXXX%XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 2 
• XX.X1XXXXXX<XY 	XXXXXXXXXXXXXXXXXXX 	XXXXXXXXXXXXXXXXXX4XXXXXXXXX.XXXXX.XXXX 	XXXXXXXXXX(XXX==X= 

• 4 	.1:4 	 :r4.4: 	I 	 r: 	,i. 	I. itL1g2. 

00 	 1000 12) 
• XUDXCCI2 	(iN 	S 	 7327 - 

-. . 	 Macs 	(H€iJ) 
• XBL 708-1849 

Fig. 	:3 	.. . 	 .. 



3 T 

. S&1VOP) (ffO'i2SD) 

	

• 	 ++ CT 

oft  

	

• 	 .. 	. 	. 	. 	. 	. 	 • 	 ••. 

	

• 	 . 	' 	 • • 	 •. 	• • 	• 	•. 	 •. . • . 
	• ••.•. Iz•"  •. 	 • • 

	-•. s 	••..• -. 

	

• 	i,. 
.' 's. J 
	P' 

4 	 -.1 

'- 

	

I• t 	 sd14 	 J ''_ 
I • 	

• 	•. 	.. 	. •. a. 	• 	•.... _, 
.t'. ..,. .. 	• • 	• - 

	

%it 	4"j J 	
SJJL.% 

I-'•  

 

4, 40 
 

11 
	

I•_i•t 	 . S 

	

'.r? 	 •S 

	

.• 	..•-• 	• 	.% 	I 	 • 

	

I IC.. 	
.• 

	

.'- 	. 	• 	•• . -vs- :.. 	-. 

	

iiuI 	 • 4 1 t 

i 1 •_.. 
• 

•-: 	
: 

800 	 1000 	 I0 

XBL 708-1850 

Fig.4 





15- 



a-4 



-i7 - 



•t5 

C3 

I- 
w 
Q4 

14 

5 



I 

05 

N 

0 0.1 

Q) 

E 0.05 

0 

rd 

• 0.0.05 

0.001 



(a)p33  
1 . U 

0s;( ::_ 05 

00 00 ii 	- 

0.0  

—0.5  (b)Rep3 ,
—1 

00 0.0 

(c)Rep3 
S 	 S 	 S 	 I 

1 • 	- 



LI'J/- L INV I 

This report was prepared as an account of Government sponsored work. 
Neither the United States, nor the Commission, nor any person acting on 
behalf of the Commission: 

Makes any warranty or representation, expressed or implied, with 
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any in formation, 
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or 
Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, apparatus, method, or 
process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" 
includes any employee or contractor of the Commission, or employee of 
such contractor, to the extent that such employee or contractor of the 
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 



0 

t 	I.-3J 

z- 0 

o 


