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.1\BSTRACT 

'·' 
',I :'t 

. ·: ,· 

' ' ;.·-

· ·. ·-·-'" The fina.J....:state 1r-rc interaction in the process 1r- + p ._. 1C+ + ,(':" + 

' (missing mass) has been studied at an incident momentum of 4 Bev/c by 

.. means of a magnetic spectrometer using spark .chamber~. (l) ~ lead and 
. . ' 
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scintillator 11SaJldwich 11 counter system surrounding part of ~~ hydrogen 
.... t 

target rejected highly inelastic events to enhance detectiod of the 
. ""' . '_, ~ ' 

1C + 1r-n final state.. About 2000 out of the 6ooo measured tw~prong events ·. :: .\ :., :··' .. , 
·.;. 

+­were identified as 1C 1r n. With a resolution 1n missing mass of ± 90 Mev1 • ; ' ' '. ~' ; < • ·~ ',; 1 I 

V· 

the 1r+1r~n+(n1r0 ) background in the 1r+1r-n sample is reduced to a few percent. 

The resolution ·in the di-pion mass is less than ± 20 Mev. 
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(1 ) A Magnetic Spectrometer Using Spark Chambers to Obtain Large Solid .Angle:.' .. 
and High Resolution in 1r..;..,r Interaction Studies, Nu.c. · Instr. Meth. 201 . 

171-172 (1963). ', ;\. •' .... ' 
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'· .y INTRODUCTION '· 1 ' ',- ·. . • .I~-. ' ' 
. . . . ', . ..~. . ' · ..... ~ -··, ' 

. r ~-: ·i,. '·~ :; '." • ~-~, . !' _,. 

·-"--- A spark chamber experiment to investigate the final state pion-pion. 
. ~-

interaction in the process 1C + p - 1C+ + 1C- + (missing mass) has been 

carried out at the Bevatron •. To limit the final state pions to a small.· 

forward cone and :rpaintain a mi~imum four-momentum transfer close to zero,'·: 

. ·: :· 

:- !' 

.'• 

an incident momentum of' 4 BeV/c, the maximum consistent .witit:· reasonable ·· 

fluxes at the Bevatron, was selected. 
I',· 

EXPERJMENTAL ARRANGEMENT 
•i. 

The experimental apparatus is shown in Fig. 1. The hydrogen target . · · ···,-. ( .. '- .:·. ;_, . ... . .·. ;. '. 

is surrounded by a lead scintillator "sandwich" except at the entrance 
' ,. 

and exit. These counters strongly discriminate against final states with ' .• .. ·. . •. ~ 

'•, 

fT.his work was done under the auspic.es of the u. s. Atomic Energy Commission. 
:~ .·. 

8
For presentation at the 1964 International Conference on High Energy Physics 1 '· '' 

. ' .. ~ 

Dubna, U.s.s.R., August 5-15, 1964. 

* Present Addres~: National Institute for Research in NUclear Science I 

I. 
Rutherford High Energy Laboratory 
Did cot 1 Berkshire 1 England 

** Present Address: Brookhaven National Laboratory 
Upton, Long Island, New York 
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neutral pions a:nd/ or more than two charged p~icles. · The. details of the· 
.·-... _ ... , 

spectrometer and spark chambers are discussed in Reference l • 

. BIASES 

. This experiment I . though Very . aCCUrate in' measuring. the momenta and 
.. __ . ,'lf' ··'!" ... 

angles of the final state pions, is extremely biased against very large 

~i-pion masses and large momentt~ transfers. 

The detection efficiency is roughly constant for ~i-pion masses up 

to 500 MeV, decreases monotonically up to 1100 MeV, and is ver,y small for 

higher mass values. 

This bias is maiilly due to the limited magnet aperture which was 

sensitive--to an angular range ~f ± 45° horizontal.ly arid ± e,;;o vertica.lly. 

DATA ANALYSIS 

•' ·: . 

•'. ' 
I. <~ ... ·. 

.... ~- .. · 
• • i •• .' ;' 

r ~ , • · · • 
.·, ... 

.· .. 
·< .· 

•,".. : .... ~ (. 

., ;.; · .. - ' .. :-
·, ..... 

!_· ,- ,; 

,,.-
: -· ... 

'}, 

:c ~ 
. ' ,- . ~. :. •'' ; .. ':• : 

-- ... 
·of the 701 000 photographs taken, only 6000 contained two-prong events~· ,·.• 

' ~ '.: ., 

The rest could be attributed to false triggers, interactions in the spark 

·chambers, ~ multiple tracking. 

on a SCAMP(~measuring projector. 

All of these 6000 events were measured . ' ·''. ~. . . 

. ~ i. ' ~ •• ' 

The events were then processed by an IBM 7044 program system which did[ .. .' -

the necessar,y spatial reconstruction and calculations for each event. 

Possible ~wo-prong final states are 

-l. 1( +p 

2. - 0 
:1( + p + n:rt 

3· + -K + K + N 

4. + + K- 0 K + N + n:1! 

+ -5· e + e +N 

6. + - +N :1( + :If 

7·. 
+ - 0 

:If + :rt + N + n:1! 's 

8. Associated production of strange. particles · · 

( 2 )Hodges~ et al. UCRL-102511 May 25, 1962. · 

- . ~. ' 

•. :, ~ ·. 
I ' •' ;· • ·•, 

-·i . 1· 
! •':: ,. . . ~: .. 

. ·"'. • ;r'' ~- •• . t : •• ~::-.<< . ~ :_·._, 

:·i,, •. 
: ., :-- ~ ... , . 

:.· .. 
··_. __ ,; ·-···.--"'',.: 

\ ., . ' 
~· • I ' - ' • 

' '': • ,,... ' ' ' •• ": ~ • >. :.: 

'_., ·,_· 

':l. 
. .·· 

.·' .. :. ··. 
• l ~· 
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' '· 

The elasti~ scatters are strongly di~criininated against because of the~-::\;:.' 
I . ._ -'' 

l· 
i 

necessarily large opening angle (> 62°). Also if they are treated as a · .. ·" .. .. . '.. .. . ":: ~. ' 
.· .. : .;·. \ 

+- . ' 
" " event 1 the calculated di-pion mass is always greater than 1.1 BeV. 

' .... '' ~ 

.·• • t, . 

Event types 21 41 and 7 all have at least one 1t:
0 and thus were 

rejected to a large extent by the lead "sandwich" counters. 1 

+ -The probability of producing K , K is small compared with pion :prod.uc:tion. ~ 

· Selcve, et al. (3) have shown that the K+,K- events at worst produce a smoo1;h 

.. +- . 
b~~kground if mistakenly identified as 1C 1C events. 

From missing mass measurements the ratio of ( 6) to (7) is 10 to 1 ·for· 

2 2 
. -li. < 9 and 1 to 10 for -li. > 9. Thus for small momentum transfer the back-

ground is approx1,1nately 10%. ' '. 

_ The two-prong events from associated :production have a ;t.ow production 

cross section. .. •. 

... '•, ~ . 
' .. 

' . . ~ .. 

. .. . ~ ' 
. '';: 

,··, 

RESULTS ., ' . 
~ , . . •., . . · ... 

Fig. 1 clearly suggests two resonances in the 700 to Boo MeV di-pion 

mass region.· It is interesting to note that the minimun in the distribution·.-· -
•' ..... -.··., 

is at 760 MeV, very near the g~:merally accepted ma.ss value of the .p meson. L 

' 
Statistically this data is not compatible with a single resonance. The . ·' 

probability of obtaining this sample of data from a single Breit-Wigner 

curve is less than one part in 5000. 
.. 
'· . . ·. ·, 

> + 
The large momentum transfer data (Fig. 3) is composed mostly of " . + · ... 

"- + N + neutrals and is consistent with a single resonance at the p mass~ 

The apparent enhancement at low.values of di-pion mass is expected from 

phase apace considerations and the geometric bias. Analysis is being 

. '· 
' . . . . 

. ~-) 

carried out to obtain the angular distributions of the tvo resonances and ... 
. •, :·,· 

,,__. 
l ,. .-~. 

the geamet~~c bias involved. 

(3) 
Se love 1 et al. 1 Phys • Rev. Letters i 1 272 ( 1962) • 

•. j. 

. ! 

'· 
... ·· 
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· .. '• l ~' ' 



\. 

' '·· 

·• 

r·· 

'·"I.-~. 

. _.,. 

~. ;;.! ·, 

. ' 
'.·.· 

-4- UCRI.-11468 

~.. ' 

Considerable data at 2 and 3 BeV/ c incident momenta b.S.,s been obtained' 

using the same apparatus and· is under similar. ana.lysis a.t this time. 
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FIGURE LEGENDS 
'f, 

• ! ~ 
·· .. _ 

Fig. J. Ex;peximenta.l. set-up at Beva.trsn. 
l,'' 

Fig. 2 1C . + p -+ 1C + + 1C-. + MM for -D. 2 ~ 9~~- a total' of 1391 events •. 

90% are 
+...; 

1C 1C n. 

Fig. 3 . rr +\_p -+ 1r.+ + 1C 

t ·. 2 2 
+ MM for -6. > 9~ a total of '1025 events. 

a!. + 0 
90~ are 1C 1C n + at least one 1C • 
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A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­
mation, apparatus, method, or process disclosed in 
this report. 
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Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
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to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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