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, 0.,6 ,tow 28 ·GeV. Theintegral,rechil'properlies. yield. values, of the average for .. ,::', 
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"."; ward ,momentum transfer. 
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Calculations based on the ,model ,of Ericson et aI., as,"';' " ~. 

t .... 

',modified by Selleri 'are in good agreement mth the excitation f\mction but 
, ' 

'predict some'What smaller values for the average forward momentum transfer. 
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~Research performed Under,: ,the .'auspices of the U. S. ,Atomic Energy Commlssion. 
'. -:, 

<.tPres'ent address.: ,Lawrence' Radiation uaboratory , University, of California, 
Berkeley, California. 
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, , l,'\':' "Interest' :'ih .the "~(.P'1p7f .. +::rea:ct:i;(;m lias been' grea1?ly~st~t~~,1;>y' the' '~<} :~:'-: .':"" .,:,< ;',:\':" , 

i'~'(,;/~~;" ·~~~~ticai~~~i;';;;.·~~':~i~~~,;s:lleri~·.·.~·.v.s~:~~:}1<~Y··c~~~~~,'~~~i~~~:}:; . 
'::;':\!~~~;I':: :::":::::::n:::::yo::~~:e:::t:::::~·~n::~:t~:':l]~t~\1;1~( •.. : 

''/-/ c,'- < Fermi gas .model for a description of the nucleus • Remsberg,' presentedan,;~,-;:,;t;;;,;:.,;~,~i;'{;;;-~~i::~> 
, ':, ': " :"', '" 65 ' . +< ::~;6~j':'~:;)tr8;;~,:':,<'-

, excitation function and some inte~al. recoil properties' for, the eli (p"P7T )N;L, ;:,,-:~;,;;;~(~:~!:~/':<, 

, ~ " . " ,'. ". .'.. '.' ":~~~'~';:~K:::,;t~~:~1~:;Y~,~ : 
reaction, and the relatively good agreement ,nth the calculatJ.on ,indicated' :_"/::"\.;:~',",\~:(;§."",;:;-:" 

i '. 
':":'" 

~: 

~~1"" that this, description 'of the reaction is' basic~lly valid." The predicted' 
-",' 

',' ". 2 
,clearly demonstrated by Remsberg IS' eXperimental data~Remsberg' .also 

upon the calculation by taking into accou,nt the Fermt"mome.ntum of the 

,:' particle in the kinematics of the elementary-particle interaction. Recently" ", '" ':) '''J'' ,.: ' 

;, 

" 

",,', 

: .... 

,,-. 

'" ' • ', f! ~ 

.. ~:>.~ ,,: 

";,'" , 

, 
. '~.' 

• t., 

'.' -

, .. 

Selleri3 has further improved upon the calculation by allowing a kinematic :' 
I ' 

. factor in the one-pion-exchange theory to be off, the, mass-shell, 

cluding ~ form factor for the exchang~d pi6n~ . 

, '27( +) 27 ' In the present work on the,Al p,pn Mg reaction, we present the ".' ;.:< .~,:.; 

excitation function together with more extensive'integral recoil measurements 
, . 

,which yield, in this case, the,average forward momentum transfer. ,These', 

-measurements are interpreted using only two-body kinematics to yield 
";~ . 

the "missing mass" bf the outgoing particles in -the reactiOlL Alsothe 
J . . . . ;'i \ 

'are compared with the improved calculation to,:f'urther test the model of 
'" 

Ericson et al. in ~ lighter target nucleus • 

The earliest ~easurement of the A127(p,pn+)Mg27 
~"~ -i 
; 

reaction\was 
\ 

who :,obtained a cross section of 0.1 ±0.07 mb at 5.7 GeV. The ,excitation 
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,;;, -,," function' .. :rrom tbresholcF to 0.6' GeV ~ha6 been'; det~rmrneaf.by.::kuznet'so,va, 'POkrovskif;";~~,~~;~:.',,:~;;~j:~d, 

>:;/: a;;~ Ry~o';, 5 
and' the~:'~~'~llt~rese~~~~·ii~~·~~'l~;;~~{;lue. of ~;.;~~~~~i~;; 

-. . cross section at 28 GeV has been published, ahd:,a prelim'inaryreportof this',·;}'~~~:~l~\1:t~;~~: .. :· 
, - '. ~". 
r " .. 

" 

~r'~, :_" 
work emphasizing the recoil properti~s was, presented?::in' i96? .<',,:' .. " 

" .. " ... 
, '. 

~:::j- ~.;'<. ~.. ~ .. 

• ' -r,~. 
. i,,,, 

.;. ,'. .~. ~(. 'J : • 

':/'.: '·<',}r~,;,II. 
! •. ,- ~.. " " " .... 

""''l;' .,' .The cross-sec:tion and recoil properties were studi~d:,in'.:.the.i sam.e .• ,:t~g~t:2;r:,~}:i~~ik:~i.t];~~" 
. ." -\ ':. " .~ , .. ' -, ~:~,:" ';',,: ~'<',;::~,;:~",J"~·"",,.;·,~,::~':'~:~i(~;~:'{l~;t{, 

.', :'. ',-:'stack, which "c0I?-s~sted of an Al target ~d plasti~, catch~r/'~?11~:;~:whil~ ~the,{:$:;~'?;t~,+:;:~Jj~;;);~~~;·\,', 
, ~ ~ :' '. .' 24 '. '." . . . ~:\" ?" . ' .. : >. ~.:--. !,~., ~i~~ '~:{~-~{i~:f~:,~t ~ '-'Jf~:::~~" 
. :.,;. " beam was mon1tored by the product1on of Na in the target, itself •.. ' ·A ,target"~7';-:,/,;; ~:~,.~~.;'.!:.?;.:';:. 

~J .~. , ~ .' • _. ! , ~: ~'... [ • ~ - / ~' •• ~t,::~.:;t:~;:~;I:~:~~~>=l~t~,! ~ 1 '», stack consisted of a O.OOl-in. Al:target r'oil (99.9~ pure) and tlir·ee·,O._b0025~i!f;:;{f~f;';;jW~~:: 
,,.'\. . .':': .. . ,.:(1::1:~;':;<t.~~~1~~::'~~11t~~ 

'<, ' 

. , 

2' '~ 

.' , 
·'.r 

Mylar foils which acted as forward recoil catcher, backwardrecoiJ, 'catcher,':£i?;';i:.y~:~~;,~'t~.l,~:.;;;;;;':(7 
.I~·· .: . ~ ". " ,.\<:~~;~:·~?~~:·tt~~:·,1~;t~;~]·~~~T~?~:· 

and activation blank. The Mylar foils were trimmed with a acaJ:.'peJ.:'such:~th~t)(~:;~f'~\'~l~~\tP;o::~> 
, ....... ". .' ~ : .. ":',Ii~.\~I·"i,.~·~·~r:~·:.}-~,;..:?··· 

they protruded slightly beyond the target. In addition,: anot~~; :M;J.ar :~oii;~~S~~!~~i:~~n~4~~;2~· 
, .;; .;~.~ ... '~~?P~f~ ~'r~:;;P~':~I:'~~:/ 

. twice _as large, was folded around the. stack covering the, leading ed.ge. Th1sh~~:~;~:'';?~i~:;~.:,:h:~:: . 
. ," V'r~;J,~~.~,r .xi;~~,;~}!~~~:i·:;·~~!:7::"· 

served'to guard the catcher and blank foils . and hold the'stack together~.In.'f,:,~:~:.:~~,:;tf.;~;~;';;· 
, .~~~ ';~:'.:~:.,\,,~~ .~~ ... ;;~~~~~;~~ :~1~."-

e' the case of the irradiations to measure the recoil properties perpendicular, \~.,.,...:.~ ... i ;(:,-;:~ . 

to the beam, the target stack was held at an 'angle. ·of. 10° to :thebeam,and 

second activation blank. foil 'Was added ,to the stack so that, ther~ was one,: 

blank on each side of the target:. ' ... .; . 

'."'.,,"-:' 

'. , t._ .. ~ 
;:.~.;r~,. ~ '~" 

.:' ~" 
:,-,0" The irradiations were. performed at the"Brookhaven Cosmotron' and AGS~. '/ .. J".".: ...... ;;:, 
;.L"~I,l:,,. - :' . .'; .. ~ •. '.~.~~ ........ ~ ... ~~-.. ~\~ •• ,.~.~t. 

;'., 

,';:;. and at the latter··nla:chine.it was necessary to',r~duce the beam intensity t'o"~::':·;1;:~;>;"'.~;~:.';; 
~ ~ . :f:; 't . ..~. ' .' . -' . ~ , '. ~;.~' .:\~,: •• ::- /~'."~',~~~'~~:':" . 

Ll:<\ :;::' prevent the burning of the plastic foils. The .irra:diatibnssometini.es i8.sted~<:'·.·. ' .. ,.;~.~: 

:>l·,:-:,·::~;,~:ias long as 20 min';'. but' corre'ctio~s were made for the --variation of thebea;ni'::">' .. ,;,·"',t::.}.. 
T~.~, : ", t~{~' '..t-r .' '. "., ~ ~ '. .~.\ 

.I' '_ " ~. ,', 
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:~,~,~~:~,;~ ~" / .. ~"" 
)·· .. intensity during . the ·bombardments.-, ,";, 

", 

.' 
, ' 

.t" I 

, .~ 
........ 

. ' .. ., ~ . 
'." . 

, j-~: ;., . .' .. . - ',' 
'. ' ~ '" f' .' 

........ f' . 
~ 'r'. ,: 

.. -~ 
" .... 

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

~. .. ... 
.. ;~, 

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

'\". 

..~ . ', . . - ..• ....: ... :... .... 



..... 
; <: 'analyzed to obtain the area of the 842-keV, photopeakrelative t~the counts in'· <, 

':;~'{;acti vi ty to these channels was negligi b~e. , Several' of ,the, best spectra were 
..:: .. 

" ,.' 

'. ' ..... :,.- """ 
•. J' ,the fixed set of channels., In each experiment each crystal was calibrated wi th( ., ' 

~ "~,, , 

the 835-keV gannna ray from a Mnstandard obtained frOm the National Bureau of ' 
," " 

"\' " 
" 

.,-,' 

.', ~' 
Standards ~' The standard was mounted' in such a manner to simulate the geometry! ,'; "', 

" ". 
. ',' 

.. ~. ' .... ' 

.. '~., . 
'. '. ;. I~' 

,of the samples, ,and it was assumed that the photopeak. efficiency of the '842-keV, ' 
.. , .... 

',,< peak was lr{o"lowerthan the 835-keV peak~ For the' abundance of the' 842-keV 

,~.';~~/;<;, gamma ray in the .~eCaYOf Mg27, the, value of 0.70 was used. 8 During the 
.. ' :'-"' 

'" 

,chemical separation, on~ ml of the Bolutionin which the target foil had 

disolved'was set aside. 

crystal 'Wb.;l.ch had been calibrated by the beta-gamma coincidenc~:': 
.;,.. ':.' 

; .. ; 

,.0·.·· 

.. :. 
;., .~ 

.. , 
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," ... :~ ......... :. ;~. ,,' .'; .' 
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.. ' ~ " .. : ',"';:-... ·t .. 

. . ~ "".' .:.,~ t' '" . ',,: 



-'t.';:···-; ," techn1que·.(:<Later,::th:is;:~,so:tution :.'W;i:{:assa.Y~d::1ror;j~ts·:,sQdlitin'!k,c·phteii£'- .to .. :'det'eriiiin· - .,,:~:.~ 

~~.~~ 
" ;; >;·,,:-,·.;theproduction crosssect:LOn, .. <1 ,and values of.·W,:· BW;,and:1..nl one.case ':;:PW~~:;":"I';" "~'*;;\~!-$A7(;'i,~ ,. 

-! .. ~,,:-,l\:/:~.. . 
~/"'.<. ',.,and'the 
. <.~ ~ ..... ~ ~,~.~ ~ 

B, 

in' the forward, .backward; 
. . . . .' .,.. .. ,. _:(.'.~~." ~.<.~.:.~ .. ,(~~ .. :~ .. "!{.:,,._ "" ,"_d 

quantity W is the thiclaiess .·<?f the target :fdi;E~;~;:.The~.n\nnDers.: 
~ . - "'. ~ ~ .... . .... ~~ ... ~ ,~~ '~,:. . 

'····.'y~~i;. andBW represent, for tlie··.·standard targets,:. 
. , 

,.\.;:;.~. ments, respectively, at each bombarding 

:' the average about '2ey{o of the backward catcher fOils,., and,.l% ,or '~ess ·.o(.".the .. :t:o:;':-.'~~!~r~~~':;~;:';·~;"l':-·:'; 
. ~ •. , ~ .•• " ~.~.r~t.' ~" ·/~t·.· ~) .:.:~. ~.~ ~ "~;'.~\' .. ~~~~;';:t~15~~;(:.:~.;;~:~\r]:~~~;.' 

.,." ward catcher foil:S .• In addition to the' error in the'; blank subtraction and' that'.<;'~':;;"'''~:<F<t'\~;'i': c 

. ':",,' . "';~~'. . '},:,; :'<':': :"', ::~ .~}::;' .. :: n~tif~;~~r~t~B:':.' 
,~. due. to the counting .statistics, it was estimated .that there .. :were .other.:contri·;"J::'::il!)<';.-'j:.:~,"·:!:~F' 

,,'.",i<. butions to the .errors of. FW~d: BW due;~to .the.,Mg:;ch~~~al:.Yl~lcis (2%);;'th~:~y~p;:r,·~t:~';:\9'~~~;,\";~.: 
"~.: intercalibration 
. ~\.~: . 

. '. . ", k4 ,::" ;~:~ .;;,,<:;::'.' '>< .. ,:':~~:,~~\:~} 
of the counters with the' Mn./ : source' .. (l%)/:: .. ~dthe:r-eproduc~ b:l;lJ. . 

. . . "',; ."" c'>,)";.,: ~ .'~;; . ),. ;:i.~?: ..: : :,~~t:,:'\:f.€<:.:'r:i))~:: 
, .... :.- of selecting the fixed set of channels (2%) •. ' It,·was.estimatedthat:theerror;~;itf~';' 

the cross-section measurements had additi~ma':J;~~tri~~tio~'s;,~~r~~'''~heNk.c~~ii:iti.p;T .', 
, " 

, . 
,.' yields (3%), the determination'of the Na'24, a~tiJ~;,·(l~);\~~e:'~~:~~~i~t;.; .. " ,... ',1 

'24" .. \ ;'. . -"""" " . " . ,: -i". :'.;: .. ::.:.;.". :,' .:~." ". " ........ '. '~'J '2 .,., .... : ,"!'P.\:;,;', :. ; 

.... , , efficiency of the: 'well counter· for Na' (2% ) , .' 8n~ the' ·unc'~rta:1ri.tY . i~the Mit. Tf:: ,:~.~:L· '.~ . h~:~': . -.;. '24" : ..... ;' \' .;.': >:<,",; .... J.> ;"~!~1.;} ::,fY:.':1 
::;.: .... ,; ~':;'" saturation factor for 'jjhe irradiation" (1%).: .The Na , .. cross :,sections ,us'ed: .w~r'· " ~' '#}~J:~~~r:':': i 

',:'.<;~~;!:)~~:~. those' recommended. by Cmmning,9:but'· the' "7% ~~ert~1nty\::of .. ~~~~.~:. ':~~i ~~;' 'c·~6:~·~~~)~~,.;)~~t~t.:~~~~j~i 
,~:. '", .<1:: ., .' . '.. "', j ./ " ' : .. :' '> ;,': ;";)':'~ .. 1:,':" ':", ... :: ~ '': : ".<~i;. ;,,//:'i;:1;;:f~;~~~;~~~;~~:~:~!'~:'~ 
·;'?;:~{r~;:i. sect~(;ms was not' folded into t~~ ·~.e.~rors~. f~~ .. ~. ~16,~e'~·:.~~·?~~~~i?(:.:·T~~ .. ·.~ross:s,e:e.~1~~~;t;l!:~)~;i~~,'j 
'=~?:~\"~' ';values have been corrected ·b6th .• for ·recoil i~~B of ~~'27;,a~'~ :~et~rlni~~d" ~by ,F :·.~~;;{;;3;:i\;,~~~~i~ ~J 

';~;:'.;;, B, and for recoUlo~s of the N~24.~n~toi .. ,~~.d~:erm:~.e~: ~rerl~:ly.t~;if;,t+~~~~~~ft~~~: 
.. :;·;~~~t:'~{,y: To investigate the·possib11ity:,of ·'impilrities.-in· the' target ::(0:1,1 contz:ibut1:rig'':;f~;rf~::t:{{:}i 

.:: './Y -; r • .' . . . '2"... . ' .' :.. " '. -< .. , .::" . <'~;<.,. -. : ,;;-:{..,.'" ·":·'2e:.~:"3;:~~;):.:~;.'~·:11:t1'!'~~'::~;f~ 
~ . .':·;,:~r}:1}t to the yield of Mg 7 ,.severaL measurements·:.wer.e~'made,:of ::the' .yield·;·.of,Mg ·:":,b;v.,; i~\:i.')· .~~;j 

., ..... -; c 41 .. :;.. 
- "f~ ." 

.f.' ..... ~.-' _ 

<> ••••• , ..... 

,( . 
. \ 



f' .,' :'!"i:"~'-::A1to the:"~erit~~~~~,::, 
i. -

,'L,:/:::}:/Of'the 
~. ' .... ' 

,,', ::~i;\,~::" in!puri ties should' 
d ~""I.:"1:' .~,1 

: .... "t .. • ;' 

values 
'.,'. 

llessofthe these cO:ITe~timls; 

, have 'not ,be~~:madet6"th~ 'data:~',/ 
-. " 

However, 'as first pointed out 

"~'prOd~ctiO~" ~f~'Mg27'bY:'th~' ,~riusii~n '~;_~;~eso~:'ir:~~:\Ai2,~r:;i~'~h~e~sstiry 'due ,to,:r', .,'i' 
("~.) r '.~'. ~ . . . -,.,.,~ '. "', . '. . , "'.' .~, • • 'f.; ./ 

",.;,~,.»:~·:,/,(,:,:the Mg27, produced by the' '(n,p) reaction 
" '.' ," ",', , .. .#f<;; ~.:<, 

.:.,,:~ :,~. in, the foils. In order ,to e'Valuate, this correction, the two thick target'.·,;-.":',:::!<<,V~,:':' 
; ,:';;-':"Y; ", ' ",' ' ,.', ','.'" ~,:,' " " "14 :>:::·;\~:,,:::~~,:(q~:!~t~t~. 

~~',.:." .. ~,'.~":,',,.,~,',',,':,;."".":._~';"",:~:".~, .. ~.: •. ,.J,r .• ,~.,.','.' .• ,( .• '.,'.;.· •• ",':,··~, ..• :::i:~~~t::~:::o: ::::'::::::::c~:~:::~~::n::d Un::res::M·;;::Jf~2 ... 
: <., _ :':-,' ,', . ", " " ", ' ,',"" '~:', ,,', '" ,:<;>:: ,:. ,::·;::,::;;r~~;l!.'~~};;> 
;;' ;{~HP~?jB,,;t~e, .. effec~, of, the," S~CO~dax~y:'~~~trons because, o~ thei~:,~b~~q~e::path~, ::O~gh ,~h~:~:~~:}~3j.i;~~';~,~,:·: 
l:~.,?<K\ti;;,:;~:.,';:1i:.;ta.rget. ',Thus"equat10nsfor the average path . lengths .' of ,the 'neutrons were,"· ',' ,5.';;?i~:~l~J{·j,;:\;>,·,' 

",~~~~~~~:dc:Z:::2h4 ::a::4:i::::::n· ::·::.::::.:~::h::; .:t;::: :~:e:J:~~~jf~~t~i~; 
·':~,,~::~:~!f~t~i;.!,~{anci' that the re~ofl proPertie~of the Mg27pr'Oduced by',tlie':··sebondS.ry reactiOn" :.,: .. ~r;,~:>'{;j.~'./ ' 
',,~':<):~,:~,V-t,'~;:~ " "" , ' ',I ,', ,.~", . "': " ' " '2', ,:c, .. ,,',' I; ,', ' " ' """'<'.;;.?':'~;.:,',~.<-, " 
" ~ ; ";-<:, \~' ,was consistent with' FW =,BW' =,PW":i: 50' ±20 lJ,g/cm .' 'Assuming that these figures '.." ' ' 
.' :~,,-:~,,,,,~,-'~,;.'~.;:i-,,.,,~ .I,., 4. "._.; ........ ,. ,', 

'r : ;', ;'.f. ; :. '.J~: . 
~;.-;' .. ~: . 

. . ' " . ~~~t;~~~~~~~"~':·('· ~'~ .. 
" ....... .. ,~ . .-, 

",'. ;'.' 
o J. ... """~: • '-,.~. : :. 

" 



....... .' 

· ',',. ~~f;::~,:::/~'t'ap:piied: att a.U', ;the'"'bombaraing.1"en.e':'~il;es ;". th~;' , ta;':we:r:e),~o~i-
~}'::'\\,::f:6'~:I}~:~',,"':', ", "':~·:~'~~':~;~:<.::f~;f,:",,;.,!,;~:;.,{-·/;j:·~~i.:~rr~··,~:··,.:t'?j:)k:;~{~:i:t~l;;:;:~~::::f~'?tg;t~;.f.\t~rt~; '~'" ":i~,·,,:·;;'(f .. 
"···.~:::~:'i;.,;:·(,.:-~,:tributionof' ,the.·.secondarY,:reactionand;;a:re,l:pr~6enteQ.~;:iri/;Ta.l;)lej .•. , .. :.'From·:,~;:~t,\~;(, , 
"f,~tlt:':::';X(;f':', ',,' :"~~';;'7 .. ,.' " ~'; ~':"<:".::, '~'. ~:: \i:~·:,:;;;~::~~)~~-;,~?·:I;,,'\D:71Y~W::~~1~~'l·ii~~~;:):,~:i:~~?!~:~B3~~fI: 

::, ~.i ':t:(~~::'; kinematics it. can be shown ,that, there can: n.ot.::15¢, ;a.nYi:Jp:;Pn: 1:'::~eco'1:ls'J.n:~:~he·~li·'" 
· .~~~ i~:~':~::~,~~~~~~~,: . -. ," - . ~ :-, "-~ .~ : : ': ~;';' .~~~ .. ~ .-..... ;J~ ~ ~~.~.~;?: ~~t{:;~~::;)~;~~:~:~/.> ~:~~ ···~·-\~;~!.::~:t:·· 

, ,<:;. ":~~;i\r- backward hemisphere 'and, thus, it <is encO\u-aging :,to find ;the' vaLues': of, BW It,. .. , 
,,~::>;~'::'/:e~ , ":', ".:' ~: .... :::: ,:;::.:, :~: ";'~~,;~:";::~::t::,: ':,~" ~ '~:', :'~,;:.·i~~S:,,";;; ,'~~ ;,( .. ;t::"ri~}~~,:f 
.. ,.':>:':.',;,!>:I,'c.:1almost consistent w.i.th,zero'.~,:~ However, at the hl.gheBt,bombarding ,:energies,q.he" ''''''~!{~i?'~'}, 
"'·~·:~·.; .. :i:~·~~~4:):. . '. ';~' ~~ :.<-: ·/·<"·~·:)·:~~~~.5:~-,~·i-; .. ,t~; ·-~·:~.:,:,~;·~~:::-~.I:~~.:~~i~;: .~~~ .. ~~;'~ 

;~;.~';'; ,.:." ,angle of the recoils . can be quite close to ,90?, "arid';'the posit1ve':value:"of:;,ml::~'+·~~::~'~~:h·:t:?,;;; \.0:; 
~,: !"'::, ", ' ',,' "', 2, ,~,: '.'>' ": ' .:,<;,:':"~".::::j ,-?;~,~~;,',,~,'.o·:;;/'~~::J::~-tl~·{~~;~~~~~~;i~j,~:f 

" "-:~',':,'';.:.' might be due to scattering of the'.Mg 7. recoils in:'the:~stopp,ini:pfocess".: 'It/~ll\~,~~!:~~~:~Ft;';~·:t~ 
" ,:.,,:: .. ?,,: ~; "'16 ,",' ,,: ' ' "';: .: .. ::~ ~:?~'.;':.,~~'. /, '~~';:; ,:; . ~~"i::"y~f ::': ~ .. ;~~ ,:r:~~f~ri~~:;(~3j~~f;~';~ .- <,f~\t/i;~ can be shown "that in the forward hemispher~)Jthe, e~cess". of ,the:', scat:t"er~ilg':':~;~~::h;}Y';~:i:::~;~~~£-' 

-~ - • _ - -:. t .~. : -: : '. ~~-.~':~>'~~' .. -:~·· .. ~·~:.::·:~.:-:1~:~·~. '~~j:~':<,~:~:::~.J,~~:?j .. '" ~:~~'i;;~; :.,~~:·~·-;;f.~:~~i~:fttf;tttJ:·~}ll~h~it,~~.· .. 
' .''-' .. ;:~};::~.??:,~.> out of the target compared: to sca.tte:ringin~,is juSt.' given by 'the ::amoUnt:~,Qf~~~i:,::$;'':';:;f:'"'' ~.;:}} 
':. :'0" _" ,-. ' " ," ' c' ... '~.,y~",,;.;~-:'. '::'::;S;>~:;:~·:~~\;,:~'-· .,;~':·i~~&':~;:;~~~;tc~~:~~: ~~~:; 
.~ .(,:'~ .. ~':". : " scattering into the backwaJ:d heniisphere •. .' '';rhus,'' at -the' three ;,highest~'energi:e'5t 
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The value. of PW in 'column.5. has beeri divl.ded by: 0.985" ;th~ cosine"ot~ 19 ·",·"~:;:.'.,f,.;'~;~.',\,h':; .. 
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:',,{ .-',':,: .' . ' i?4' 18 ' - ,." "" \:~7,~;'J;,~~':J:~';:'''+:~ ;~;;:;£!'};~:'~{:~i~M.}J~~f}/::i; 
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~::~:~~:':.~~:~~:~~~:' .' ) ~ ~". _ ~~ -. . :: :: .. ~. ~~': .... ~~~-.~'~',~~--:,~:'~ \~'f:.~:t:' .. " .. ;:.'~._., r~~~fi~;:~.{i~,~:S~ .. ~~;~:;:v\:-;·~~ 
','~I~·'.::;;:.'·',~ and are presented in colUmn ? ',Since'range:-is' almo~t':prpp0r:tio~l ~o,.velQc:1i?y.:'~~~" .. ~~r;,:.'~~h:.j;~', 
··,~1!':~~;;/.;-~."':" , " , '.18 .. .-, ':,' ,;".;: ,:':" .. ;. ;~'-:<'2:,"',<>~;: "', ,,;,~':':' :<'-,''- .':,.- .~-~.;~:t':'J:,D:';Xt~~£tl},:.':~~ 
"~,;:::~~.~(,; }':;': in this, region~ . the value's .in' column 6' repr~sen:t ' the' average :ot:.: the ·,proj,ecti 9,nS;?3);i:i:1;'-'< 
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Figure 1. . . "27 ' 4- 27.. 
Excitation function for the A1 (p,P7T)Mg reaction.. The solid points are 
from this work. The open points are from Ref. j5and have been multiplied by 
trie factor o~60. Curve 1 (dotted) is calculated as described in Ref. 2. 
Curve 2 (solid) includes the. off-the...,mass-shell factor. Curve 3 (dashed) 
also includes the pion form faCtor. Curve 4 (dot-dashed) is the same as 
Curve 3 with the Fermi energy raised to 75 MeV. "Where the curve is not 
shown, i tlies underneath the' solid curve. 
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Plott'ed against incident proton energy is the average forward momentum transfer 
as derived from the forward recoil measurements, FW. ' For an explanation of the 
curves, see the caption of Fig. 1. 
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Figure 3. ,," 
The root-meanO"sqmi:re va1ueo,f'the' "mis:;>ing'rn.9.ssuaS q.erived from {q cos e) 
by two";bqdy kinema~ic~ is: p1dttedveI'f3us 'in.cid€lIitprot~n energy ~ ,T~e point, 
at (w2) 1/ 2 = 1.15lndlcates the threshold of the ;rea,ctlqn and the hne 
labeled ~(1236) indicates t.he mass of thefirstA3!2;3/2) isobar. ' The curve 
is calculated including the Qt;f~the ... mass-she11::f~ctor 'with a Fermi energy 
of 50 MeV. ' i ' 
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