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,_-,,)';; !~.>}:AI'IG Ui:..AR .DISTRIBUTIONS IN 1r -p ELASTIC ~i T.TERlNO Ii{ i. 
. . ~'.·':~hf:~~~'i:.5·v·;", ·_ ~<'~~--:?·;;·.THE .RANGE SOO TO 1600 Mev·.. . j. , • ~- • 

'.r·-·).l:~·"· .~Jerome~·. Helland, Thom~s-J ~ Devlin. t Do~~ld Ii.' :I-I~-i~~} 
.t: ~ ; ;_~irl~;,.: Michael J. •· -~ongo •. t Bu:-ton J. ~~yer, a.nd Calvin ·o. ·: Wood§ 

. -; \:) '~1 : 'ri;,:;r~~~tr·~t\~:·~~1i~~= .~~~~~fia~:;~{to•~ ' · 
: ::1i·\:· :_-:-,•,;:. ··?·:<-Berkeley California.·'.'· 

't·~?;·'·.~;::q·2···~ .. ,. ' .... , ·'. . . 
'. 

:.)i.·.';_._:.._·:·.-__ :.' __ ;f;:<·.-:; Sep~e~~er 2.4 •• .. ~- \ 
~ · ... ··~·-·. ( '• 2;~.~ •' -L ~,.. ~ .j ' . ·, . . •' . . ' ,-

_·: ;(~\ ·.\ ,; . •' ., , : ·; __ · . '' .· ' _. ,;. ' ·.~. ,• '. , ·,,·, .· ::> . ' ':, < , , '. I 

· ·~-Angular distribut,ioris for pions elastically· scattered from protons were. 
. i ~ . 

·" . '". :,. ··, ·.: ·; •\ f. ... : .... · ", •. \ _:.~ ' ' • ' ··~' •. · 

·. measured at' the Berkeley Bevat~cm in November and Dece~ber' of l96l. ,':;The:·:·;.::,, 
,• .. ~··. ·_; .: .·: ·: .:·· -~ _.·,~ \· __ :. ·' ... ·1:: .. · ": : ::;,, '• .. ~::.-'... \~b· 0·:> ·.··.:'tl'· ·· .... ... i << ',. '-~. "<>\ -. :.··;~·'\, :. "" 
laboratot·y·kinetic:energiee,of the piona~aelected for the measurements were::~. 

--: .. ·:,., --~-- -. :, , __ .··: .,.· :' .· .•. _,_.· ' .... · ·._i '.-'· _. '•' -''+ .. ::_-, ' ' .. . -'·:. '_.··: .. . , . ' .. , · .. ' '. ·· ..... · ·.· •": .. ·:-.;·:.''·: ·--: 
S33~ 581 •. 698 ... S73, and 990 Me:V'for'. 'tl •, '·and. 'T!'.~,: and.' Bll and-1555 1-..·!e:V for 'IT+ .• 

.:-~,,;.· The diffe~;·e~tial c;o.as ae~tion~·-were fuea~~re'd. at'~~ m~~Y--~~ 
,., :Cai~~lt~~~o~s1y .. ~~~ .. each ener.gy . .. ·.t~e:· co:rre~ted d~t~ a~e listed in Tables y,_..: '_.,·· 

:. _:throu.gbvu~'··~i~~g ;ith the c~sbie of the 'pion· scatt~:dn~ -~ngle in, the center~c>r:.. 
·., .,-,. '.·- .. ' ''·, _,.·.· ..... ·.,· .. --'. ,,: ' _-,:;-' ' : .· -~ ·.' •" .. .,_ 

,;_.-mass system. These tables inc~ude:' the dispersion relations 'pointatcosf/. =·r:o~::· ·· 
-· ·~~-'.) It ~·: -~ .~'J." >.,_,7:-,.• ~~... .i . ~... . :... 

' . .J ,I- • ~ ~~ ., . • ' . . ' • ' ' . • • '· ·'. . • • ' . 

,/ ;;:~.;.·.:·:',: ·.··The data.\vere least-squares-fitted with a curve having an equation of· , 
tl:+:~ {· : : ; :: . " . •. . ".: : ' ;. '1- . ; ' ::,i, : .. : j • ' ,• ' '· ; ••• ' . . ' '', ' . '. ; :, • : ' •• j> ' :, : ' • i .. :. . ,, ' : ' .. : : . ~:j : .. 

·:· .. ··,.the form-'··- ... , ·' · ..... ·,·._.· .. :.r.··· .-_ . .- <.-.·. ·"'· ._,. .<'·., ', ... · ···.-...•.. 
. . ; •. ~ .• ' '' . • . '.; ...• '· . . . ~ - : ' , • ' ••. ' ~. . •• ._~.1. -.· 

• . .. .' ,> • ~ • ·:. ~- • ' : ' 

·-··· ··.~· . .- N· .. · ., :. ·.~---~---· ··t. ·~·.·.· .. :.'· 

··. .·:.. ~<e*> ~-.: ~-· .. · a~ cJsn ~{\ .··;.. ·:~~:.::·'-':' (u···· '; ,. 
,:)n* . ·. L . n · . _ ··-~.· ···.:;,!·:; :,' ·-:.•.'· ;··· ",· 

· ~.. · .,-. ' · ·. n=O . ( 

; -· ,·;,.· .. 

-~" ,·.-. ·; .. *' . ; •' . ,'• ... ,' - ' ... ': :.-- ,•' ·. 
8 ' . is the ~.u1gle. in the center-of-masS! at vvhich the pion is scattered .. 

• . • ·! 

~-~e in·e~se~tial a~ree~e~t w:itn>· 
'I·' ' . . .. 

:':'-ih~~·~ ~btained py y.rood et al. , 1 th~ main ~i£~~,~~~~-~bei~g that a~solute n~r .. : 
. -~izations, ~nd hen~e to£~-elasti~ cro;s seciioAs. \.Jere:. ~bt8.ined in· the<;:, .-

t' 

·.,. 'pre~~ent ~~perimerit~ 
.. ' :· ;., .: ~ ··~ .... :.< : ;, __ , . 

the energie~· of these .measurements 
,, "':. ~):' 

'··"' ·. ·, ... ·'. 
·,;., .. 

'") .. .., . ~ ,, ' 
'-~ ,, 

···"":'· 

.f .. · .-.. · 
<'·· ~" 
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:'~The data points and the fitted curves are shown in_Figs. J and 2. 
;:-':·· .. ;':_·· . ./·.·,.;"··" .. -~:.' ...... ; ' ~. , .' ·., ·,. ; ·--~---. •.r·.; .. ·. : ·· .. , ·... j'· ..... r·, .. ':, .. , ~·· , . _,: , ' 
-Attention should be directed to the backward p~ak and subsequent sharp drop.;. · .. 

··of£ of the· c:·r~~s. secti~~ at"
1

1~0. d~g· in ~he .. ··. 1r~ .... p s.cattering. in the vicfnity of the · 
. ~ , 

·, .·:,: ~-· ;. 900-MeV peak, and als.o to~the sharp· rise of the c1·oss· sections near 180 deg 
. ;,.·_~·<·. -.. ~. ~- _. • · · · · r , .. : . ·.· · · · -~ii.. : ·· . • , . ~ . -~ ·; .. :~·-· :. ~ •. {. :. ·• .. 

_·,". in the 1r+ -p scattering in the .vidnity_of the: l350~MeV peak. 
' : .. 

·:\' 

: . . . . .. . 
{ .· •. • ' ~ ' • ' ,. ' .' •' II ' ' ~ 'it • l \ . 

(e' ;'. ~: The values of the coe££icierita·· a~. fnEq~· (t') are listed in Tables VXU 
I .. ··. . . . . . . . . . . n .. ·, . . . . 

· · '~Il.d ·xX, 'and are plotted as a function of en~rgy in Figs •. 3 and 4".- The curves 
j • •" • •\ ;! '• • ' I • i ' <,- ' • I 

: : · ~£ Fig. 4 ,inclu~e !'da~a fr~~~ many: ex}l~ rbn~nts in addition to. this .o~~ • 1 • 2 At ·. · .. 
· ... :,-t.• \ • I 

· . .:- ·. _·. : 19oo M_ey (~- ~p)t~~ sinal~value,,of ~6 _sugge_sts .that there is Httl~_~cattering . 
. · {' . . \ ' . ; . ·' . .. . . . 
. ' !rom partial-wave states with t_otal angular momentum J ::. .1/2. or higher. Th~ 

~ • • • , • . . ·' .<:. 

, . ,·:,-'J ·.·. iiarg~ val~e of a.5 may ind~cate th~t a: eu~er!)Ositionof· _FS/2. a~d . o 5/2. partial 

'.. .!Viaves. i~-p-ror~:lin~nt in th~ scatteri~g at this energy. One possible explanation 
: 

0 

.; , • : ~ :''' _') .; 1' ·:: t , • • ' · i • <, < > > ' , I 
1 

• • , , 

·. ;~ ~ .. ,. 1 . . . '• . . ' . . . ' . ' 

.. , :~:·)i.s t~at·~he :Fs;{ e~ncement comes fror .. "l an elastic resonance int:he isotopi~- , 
' . . . 'i .· ·. . ' . . 3 . .. '.· . 

·' .. . ':(spin ; T_ = l/2 state, con_siatent~ith the R.egge-pole formalism, _, and the DS/Z : . 

· 

1

'pa.rtial·w'ave state may be enhanced by inelastic processes in the T = ~/2. state. 
~~ ': . ~ 

. (' -t.·~ . : • . • . . • . 

·At 600 MeV (w -p) the values of the coefficients do not seem to indicate 
·, 

)··the prominence of any ~ingle partial-wave state •.. The similarity of the differ- .··. 
;· \ .. . . } 

· y.;·, :'i'·: ential-cross-eection cu~ves at 533 and 58l MeYo except for the larger value of 

. , ... v :_ : .~.·. the forward diffraction peak at the higher enEn·gy, .may indicate that the 6oo ... 
~ : >< , ( ... • • • • 

-~ MeV peat<. is due to inelastic processes rather than an.elastic re~onance. 

.~· _··,. :.,. : •· At 1350 MeV (1r+ ~p) ~t~e;s~ll value-~t:.:a7 :~ugge~te 'thatthere i~ little 

. · .. •; ' 

... ··scattering from partial-wave·'·~tates with'J ; 9/2. o~ larger ... The lat~e value. of· .. 
~~.. • •' ~ # • 

"•. ,_.,·;_; ·: ·, a 6 may indicate that F 7/z. s~~ttering is prominent (although 0 7/l. scatt'ering . , ,, 

., • ::~~:~~ could give the same· results)-.
1

; ;r~e F 7 ; 2 assi~ru;nentis. consiste~t with the· .. 

~ ,·· :'Re·g~e:..po_l_ e formalism~~,. , ·'.:!'.·:' .:·. ,y!i '·· ;,, ·.:· ·: ·· .· .:· . .; • .. : .;f.'::.. · > .,' -~ .·,- .·.:~·:' 
\ . - . . . ~ ·- ' - ' ·' ~' 

. t , . . . - ·- ··! ·. ' .. .· . ~; - : . '.:_- -~:. 

' · · · · · T~e total elastic cross sections. ·obtained. by integrating under the fitted·,~<: 
'< 

•. ,·i,- - . '. . . r' < • •• - -

/ , c;uryes~ :·:are listed in Table x. :·. · · · ·· · . · · ·. 

· The details of the exp~riment and data processing will be discussed in . . . " . . -

a forthcombig article. 
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·' ·'> · · · . Table 1. Diffe.rential-cross:-section data and ~r::r_ors in standard 
'·, -..,, · · > : deviations. for Ttt = 533 ,MeV. I ·- . > 

'.'•'• 
. \':- ,:. 

~ .. 
. t'·' 

' ' 
.... .-:"f__~;: --~ 

..;· 
:~ < ••• • •• 

·· . ;'. ·. i \;·,~o .. _.44. 6_. 

.'.t·· -." 

') ' 0.363 

···;' ·-~ . --6._259 
't .. 

0.155 .... · 
,-t'.·; . ' 

. >~'-0.062-
··;.·. ..• ~· ~ ~;.! 

~-1 .~ 

.:.o.l73 .. -~, ... 
..... ... . ,. 

. ~-
~0.445 

... o.s.s 1 

-0.675 

... o. 768 
... · 

:..o.836 
. , . ,, 

.. -0.885. 

· .. o.9zs: 

·' ._,._·, 

•.- .• I 

.. 1'• 

.... 
' 

... 
.. 

, . 

..• 

. . . I 

· :>· ·· <f.zoz :o.o75 

,f 

·, ' 

.· ..•. ~··o. 793 ;: o .122 · 

0.348 ±0.031 

.·~ 
0.071 ± 0.020 

0.054 ±0.019 

0.060 ±0.018 

0.090 :i:0.02l 

'0.142 ±0.022 

0.217 ±0.029 ·: 

,.:·o.ts7:0.o3s 
---: .. 

•f"' .... ~0.145 ::1:0.035 

.d ..... :(· (J~~, v ;\_ ;( 

-----~- • ',><· ::·dg~.,. .. ·· .•.. 
r . .' 

'' 

·· .... ··-. 

'."',, 

• I , 

4. 700 :+.: 0.418 

1.972 ~0.05·7 .. :. 

L506 ± 0.067 

1.034 ~ 0.083 ~~-.:~ .·. .··~ 

O.l75:t:0.023 
., 

O • .i59 :t:O.Ol9 

·,•., . "'· : . 

".' .. . ·J.;. 

-i . • _, .. 

0.386::!: 0.021 

. 0.622:!:: 0~029 

'0.887:!: 0.038 ~' 

·.t.o4s :1: o.o4s · 

·· L399:: 0.065 
' 

. L490 ± 0.078 
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:Oifferential'-eross .. gection data 'and errord'in standard 
,,. '··•·· deviations for T n. == 5 81 MeV~ · · · 

.;..,;' .,_ 
-~ ~ vl-

~:~· . : . :· 

0.086 d:O •. Ol9: 

0.020 :!:0.019' 
. ' ,.• . 

0.090 :!:0.017' 

·o.i21 :o.ota 

•l, 
....... : ..';,·· 

'.', . 
c> •· 

-p' 
-t. 

.· .. 
0.745::t:O.l74~: 

··_{" 

0.280 ± 0.031 

0.057:!:0.027 •. ' 
·., 

. . 
o.o9s = Q.pz6 ._.·:· ... 

. ::· ... · 
., 0.213 ±: 0.028 . : 

'.,._ 
0.429:!: 0.029' 

0~693 ~ 0~0~7. 
:. . _-;· . 

0. 913 :!: 0. 04 6 ,, . 

. ~ . . ' l· :-~ '; . 

.,_. 

. ' ... - .~;. ·~ ·,., 
. ! -~-

'' 
··.·' 

r • -~ . 

. .. ·;. 
.· ~ ... ~ " ·' ~ 

-'· ; 

_., 

... 
·,;.:. 

' _' ' I . -~ .~ ... 

·<." .. 
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.. 
'-~·. ' 

.. ~ .. : '• 
~ . '~ . 

. ,_':' 

"', 
' ~' 

' > 

. .( . :i ~ .' ' ·: . :" 
' -~ . 

f_ 1'::,,~ ·l' 
'1. 

., ,., ,. 
:.:_:.·7.:.. ·.:.' 

·:·· 
~ .. 

.~ ' ' .. :' ' ... 
··L· : •. "· 

Table_: IU..,. ·ni!!erentia.l"'cross•aection data_ and 'errors ·in standa~d 
' · -. · " de~iations for Tv .=6~8. M~Y ~::, · · _. 

•. . . .· ·' . ' • \ . ' ~- ,l·.... ' -: ~: ' 

' .. · 
) .• 426 :t: 0.050' 

,.,· 

. ~ ._.' 

·c1o-(8~) 
·,·_,._>dO~~.· 

~.:.. . ~ '.-' 
· .. 

-~. ~-· ~P ... \· 
·., .· 

'''~.390:.i:Q~~5l' ·" 

_·...-....: ..... i.i• 

'' 
. ·""· 

-.·.1 

. >·-:. . 
... r 

·,. 

t ·~. ' .• 

. -~ .. 
:.:· 

.·.' 

1.2Z 1 :t·0.044 
~-. . . .. L8:29 :AfOtos:<f· ; ; _ _.· 

. ~ ~ .· 

. :..o.lZ9 

.. 
,•' -0.497 

. ..; . ~0.596 

•0.710 
'' 
. ' -0.794 .... 

. •\" '· -· 
.·-i• 

~ r , • 

. ' 
...: .._ . , . ~- . 

·,' ~0.855 -~ 

,· -~ ... 

· .. ().899 
., 

.r. 

.··:: . ·. ~- ... 
'.;.0.934 
··) 

.. 
• !~ • 

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

o.694 :o.o48. :.;-

f .••• 0.607 ±0.04_9 · .• ~ 

. ~-.' 

0.3 75 ::o.-050 " \ .. ' 

.0.15~ ±0.072 . 

0.130 ±0.026 

o. i 13 :tQ.021 

· .. ' :·0.208 ±0.025 

0.267 :t:0.023 

0.27'2 :!:0.027 ""' '(" 

' ·. ~-

·-~ \~\ 
·. 0.195 :!:0.032' 

0.239 ±0.035 
· .. :.·J 

;· o.1s6 :o.o4s 

: ·, ~. . . . :'. ~ . ; . 
.,. 

' ~· . i . : • . 

1.634. * 6.o6z 
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Table x. Total elastic cross sectione with errors. 
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FIGURE CAPTIONS 
•; ·., \o ., ... 

bifferential cross sections 'for' 1r + --p plotted vs cosine of 
. ' 

. : " '·~. ' . ' pion scattering angle in center ... of .. mass syster.n. 
. . - . ' . 

'Differential CrOs.s 'sections for fi' ":',..p plotted vs cosine of . ~ . . 
' ' ' 

-pion scattering ~ngle in center'..of .. mass system. 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com
mission, nor any person acting on behalf of the Commission: 

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. 

As used in the above, "person acting on behalf of the 
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 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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