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A T = 0 :ETI' * . resonant state at 1405 MeV, Y0 (1405), has been 

. i 

~. . ~ 

.: v· •. 

. · . ., 
•'· ;.". ·•, 
.·.•··. · . 

.· . . , .· 
. : -~ . ,_,_ ... 

observed in various bubble chamber experiments. l-3) In nuclear e.:rrtul~io~ •. 

.. ; .. ·Eisenberg et al. 4 ) found that the l:'ll' ~ffective mass distribution showec:l ~._: ~- ' ' 

. / 

: . strong enhance .. 1ent around 1405 MeV; Frisk and Ekspong5) reported~ _· · 

pealt in the p distribution (e, = E:z: + £TI') at a value con·esponding to a 

mass of 1405 MeV in the. !:~ system producedin <:;: 12 in the reaction :. 

.. I. 

\' .. -.~ 

K - · ell "'± 1- B 11 . B th . . . t al .. t t' d . d 
• "~" - i.J. + Tr +. • , · o exper1men s an yze 1n erac 1ons pro uce · 

... 

by K- at rest. Because of statistical limitations no information,:on. the spin· 
. \. ~·. . 

and parity of the Y a'*'· is yet known, but its width h~s been given. The 

'oubble chamber experiments of Alexander et al., 2 ) and Alston et al. 3) yield, . 

··' 
.·., a full width at half maximum of t' = 35 :i: 5 and r.:: 50 MeV, respectively.; . ·, 

J .... 

· Frisk ·and Ekspong5) 'seem to obs~rve a wi~th. of ::::: 1 MeV. The reason for 
. . 

this disagreement could be found in the fact that the two techniques have· 
: : : ~ \. : 

different resolution in energy, In our: f-!Xperiment we used two large stacks 

-,f emulsion where the ene2·gy resolution is ·::::: l MeV.; The Z'll' mass· spec;., . _ 

: .... ·urn obtained for K- interaction in c 1 ~ shows promi.nent enhancement in 

the region around 1412. MeV. However, using an impulse'model to calculate' . 

the expected distribution for clirec{ ~,. production; we can explain the · 
. ~ . 

.,·. ·~ 



\ .. · ... 
·, J..·' '. ·;· _; ,- . :~~ ~;: ~. ~ •, 

_<:..:,·· t.'. ;· r .·i,:" .,;· 

-~- . ·•. . . : ' ~ 

._'•, 
• ,j 

::' ... 
. . : ' ' ·~ ·. - ····,·: '. • l ~;'~ ;'~i:: 

~; ~:j i:c: ' .;: :' . . ~ 

'->~ · :.:·· ,. · i-:F~.(~·::H)_. __ r.t_· c , .'· 

.. ~. . !.. ' ,! • ' ~ ,. .:; ·. ' ~ ... "": • - -

..• ' .. -.•. · > .. ' .. · '· :, .. ''6'''.····(;····., ,:· .'. ::· .·:. 
observed results without appeal·_ ~o ·.Yo:: p405) produc~ion;·. Vie; do nf?t 

''1; •. ·.-. ,----.--~· . • '''· .·_;!·:~ .. >t··j:·-~-.--.~~-:.''" .-.:·.~_;·• .. 
'C::orifirin-the 1 MeV width £or the:· Y0_-'(14q5) resonance._'· •;,, .. 
. ~ .•· • ~ ~ r • l'' . - . · , - • . ~ ., ! '~ ~:~· : ' ~- ':• , .. ' • 1 

·· ·. ~. 1 • • • • 

. : · Two large emulsion stacks were'·exposed .to the K beam_ from the 

•. ,.t 
' • .:: ·. ' • · •• ,f . ''. . ., ~~ j .·~ .•. 

;: ::; ·· .\~C: R.L ~1 064'1 ;, 
'·-: . ,, 

·;;' 

,' ro.-• ..• · 

····~;·.· :: ·: . -· · <·.. ~-~. :_ •. ··... . · ; _.i~ : . ~-~~--L·.· -· . : · ·. l . -~- ~:>- . --- .. 
::::·Bevatron. · The ·:K · were brought to rest' in the central part'ofthe·. stacks . 
~:< . .'·~~· ... ·.·.·~ .. _·, .. ,•:··, ~·· .. ,' ,.. ,., -~·;,··,·~;_~~·;~r . . ~·-.,. .. ·_"}·'.·. ;,: ' 

.. 'and a large percentage of_ seconda.ry:parti~leljl came to rest in the emulsion; :; : ... r·· .. ; ... _ . - . , . . . . 
I ' ., , . . .· . .. :: ,.·. ~ . . . . ~J l· ~ s~mpl~:~~.7}70 -~ve~ts th~-~ ~~~wt~,d., -~:1T~ ~rr~~\lction h:s been analyzed. . . 

J · The criteria in selecting this satp.ple v{:~re: {a) the·:: K( inte1·acted at. rest,-':· 
~ . ' ;. ~ . 

j_-.· the·~- ~ame-to:'res(in.the·stack ~n:tl{c')i:lthe .; . ~- _ . . . :z~-:decayed :lri4light~ .the, L 

l··\ .. -. :·· :(,i~ -~~:~,~~~darr __ sto~ped .in the.· s~~k. ,' ~vV~th ·~1ese·-~riterik the. events no~ used'
1 

- .• ,·:::::;· y~~-~ 

j . •' ~.; .f~ ;~ :f"? tho•: :~1e ~:1th:t · ir T:~ ~onS .we"." ~the" ~teCp do'r hat a:: let tl~.i s~ack'(; ~ > .· .. ·. · 
t\;.~>·_,·:,3 -.;_·,.,orlntera~e n g.-. esecr1ter1a onotmtro u~any 1as ecause ··" :r;';~::; 

J<;:;~;~_:;:~;'~~ ... ~_;,,; .' ;-<~.~f~r- K•: a:t rest. the di-~tributio~ ~·£:.pr~~g~.,·is e~pected to be. isotropic-~;- Eight _i -?~. _.· 
~J . :! . ' .; \ ' ' • 

~ ·' ;·. ,· ·:· ·• ·' .· · .. ,,-_..- 1 · · -:· .. ·\~ .. 1-' · ~ ·' · · ·:,. '· ,._·_.; •. ' · '.·.· ~~ ····."~1· .. : . ..__-·:~e·- .. 
' ·_measurements o£ each dip _angle were ~ade• 'All angles and all _I: 

r.;: .~.;.f/\ " . ; have be ~n measU:;ed by ,;t ie~sn~~· ;~~~fe; 1
1
The pion jarige s _;.~ r~ me as" ' 

l '~ .; ; . ! , .· .. U<e.~ once, For all ihe ~teep · ~r;-cks 'd\r~or~:on mea~ure:t\•n\• ~v~ he en 

'L made -to correct the dip and projected angles.· -but this correction did not i . . l,: ... !'~.~ .. :~~' ., ~--:_·. . .. , ' _., 

~ :J·: .. - . _ _ change the angle between the .·::?;:and th~·;w~ ·_by_more:·that?- ~.s· deg• _· Our ;, 

~-:· .:· .. :- :._.:, programs for the IBM 650 calculated for each event'the_total momentum.:· .• < 

•' -.• 

r- . . . . . . .. : . ·-_ .. <: , -· .: - ·. -~ ,: . . 2 f . - . - :. . . 2{·,,, . 

1 ,., ,.. <e =~ + ew>." the invariant mass of th~;;~l:,~·-_aystern· t1[M .= (E'it·+. E~) :~ .. )H:r::··.:·_._.' 
~- .. ;' ' : (~' +' e_1T)

2
] and the appr~priate erro_r,sr_ ~~e aye rage e:ror i~ 'p w~~ -·4;~~~·'~.~~~ 

~ .... , -> · · 1.9 MeV/c and never exceeded3.5 M~~~~; · The'av~r~~~-~~:~~,-[~-,.-;;r~a:s <;··~(;:_:::~ 
l ·' .. :~-·· · .... ·;;_'<'~· - •;" .· • ·#: ' :·, . . il,:·---~~ ·, -~. ,· .. ,· .-.·"':'~r.'-: >:,·; r •. ~. ·~ :· :5~i, 
1 · ·. ·; 1.0 MeV and ~M) was 1.;9 MeV~'~-\;:: '· '-" :,-. · · · ·· '1 . 
. ! . n ·', . . ' . , : . , . . max .. i :.:.; ~. ' ' ... . .. ;. :_; .. ! > ,' . ;•, 0£ the 270 events analyzed, lz ~O:d addltioi.al ~;on~s With ~le.;gth ~ ;.;}c 
i '~··_·:· ·','shorter tha~ that for a 30 MeV~proton,' 1which;is the Hmit fo~ ev~por~tion .-; 

L': ~.: . .. -~ prongs. This small sampl~ 'of 'events :~iih~6re~ than :i _pro~gs ha~ be~n :_ ·: < : .. ,. ,::) 
1~ ·.-·, :' . ,. . ' .· ', '' __ ;, :_.· ;_:' ·: : .. .-: .·.. ., ; . ,·'· ... '. 

•· • •, • ', -~ ,\ • ' ' '.:-~.· ~ r ' •. ;.-" 

~. : 1 • . ·• · measured only t~r comparfson.' An attempt has been made to select' from , .. _ .. 

L . :· ' L h.;!~: ' ;' :<> . . • . ' • . ·' ' 
-~ _-.,;../ J ... (~ . 

~ . . :,· t;i,~_1 __ ·,: i_ .. ; ___ ,'i: ,, ·--:. i- .>. 
.• l • ; ~ . ·., • ~--; l '~ . ~· f- . . 

~ ... ·- ~ f . 
~~ . ~-.:~ ·!·] .. i< : 
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the 2 •prong events those in which the K capture was on C 12 • This 

selection is me~ely based on .the possibilitY of detecting the r~coiHng · 
. . 

nucleus •. whi~h is often difficult. ·The events have been diVided into 4 cate..;. · 

gories based upon ·the appeara'nce of the star center, i:.e• ~- thos~ showing 

(a)' recoil,. (b)"blob( s), (c). electron{ sh and (d) Clean' star cente1·~ In fig. !a. 

the recoil·events c.ue plotted on a scatter diag;am with M 2 (square of tl"le 

·invariant 'mass ·:o£ ·.·:the.: . ~'IT system) .. and·:· 1p '(totar . momentum 

squarc·d) '-as coordinates~ .. ·Iri fig. lb the remaining events are plotted .. ,_ 

: · together usi11.g different symbols for the three categories' ·The straight 

I 
I· 

·. >' li·nes al·e kinematical:relatlbhs between· p 2 . a~d :M2 for different nuclei:* 
I i_.· . ~ 

The ~election criteria are the following:. 
l"t t 't' 

. .. ~-

(a) For each evel'i(the dip and proJedted angle of the recoil have 
·, · .. 

_been calculate'd from, the rel~t~.ori E.= .. (J?:E +E.,.); also from p, we calcu.; 
.. '·. /. .· ..... ·. : . 11· 

·lated the length by as sumuig the B : mass for the recoil and usil.1g the 
··. ,· 

.. ;'. 
. range .. energy relation oi. Heckman et ar. 6 ) .. , .Ail the events were then· 

. '' ·. checked under high m~gnific~tion for 'agreement with the CcUculated quantiio. ': ~ 
') 

. , 

i; 

. . . . . . 
. . 

ties • Those recoil 'events with p.rojected angles withi~ 'foo of the calculated 

. values' and dip angles of the ·right order of m.agnitude were accept~d i£ tl"~e . 
. . 

' ; 

. . ,,.. ~ . ;. ' ' .. ' ~ i . · .. 
~ : 

*. Actually they are calculated by 'ap;>lying energy-momentum conservatio1-i 
. . . . 

to the process K .. + N-+.!: + 11' + Ni • where N and· N* are nuclei in their 
. ' .· ' .. 

gr.ound states differing. in atomic number by unity. Lines are shown 

only for C, :0, Br. ·and Ag which are the .most frequent .nuch~i in emul­

siori,. The. nucleus N' is often left in an excited. state and in that case the 

: corresponding line is shifted to the left, tn fig,. la are· shown lines ,fo.r · 

. B 11 in some of ~e excited states; 

££·. ' t 1.1 • B 11 L. · 7 . su 1c1ent o a ow , · - 1 + a. • 

·11 B9 . ·corresponds to that energy · 

. . • J. 

... ._ .............. ,. .... _..;,,., ·~· ... · .. ,_:s· .... ... '.;, .... ~.. ........ • - .. ~y ... . , 
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recoil lengths were in agreerncnt \rJith the calculated ones. ·The expected 

lengths are' L ~·5 !J.·· Since. th·~ mean ·diameter o£ a gra.tn ·in K5. ~mulsions 

is O. 4 tJ.·, · \ve. do not· expect our ·:recoil c:L"iteria to be faultLess for recoils 

with. L< 0. a~: (l grains) which corresponds to· p = 100 MeV/c. For 

p < 60 MeV/c and a large calculated dip a.ngle th'e recoil is not expected to 

have a detectable range, ther~fore such events with a c_lean star cente't" have 

been acce.pted.· Six 6i these events v;et·e added to the re~oil sample. This 
' ,-· ,-.·: :· . 

a posteriori me::hod of selecting: the· recoil events has been adopted in order 

to have a bias .. free sarn.ple. In.' fa.ct, ·it is often difficult to decide 'whether . 

there is a :recoil, a biob, or an electron, especially for ·l~ngth < 1.5 tJ· ;· .: On;. 

the other hand, the probability fo:t• a1~ el~ctron to have the same length and 

dir·cction e:;J,Jected for the recoil of a given event is small. 
!; 

(b) . ·Included in the category of blob events were th~.::.e witl1 more 

thar:>. one g1·ain at the star center or those- with a single grain not satisfying··· 

the .:alcula.ted recoil criteria. 
. . 16 . ! 

Part of. the events on 0 o:r heavy nuclei 

are included in this category, because they have shorter .1·ecoils thai:l e:n:­

pected for B 11 • 

. (c) The electron events were those with recognizable slow el•::ctrons 

•)L" t.~ose with 2 or 3 grains which were directional but did not satisfy the 

criteria for recoils. This category may c'ontain evei:ltS on. o 16, for which t11e 

recoil dire<;:tion is the same as for c 12 • but ~vhose length is shorter •. 
, I , 

I 

(d) The clean events were those with no visible el~ctron, recoil or 

blob and with· a p > 60 MeOX/c. ·Satisfying these. criteria were only 16 events. 
. . ' 

out of 218 with. p > 60 MeV /c •. This means that .we expect only 1. 4 events 

\;.).th p > 60 MeV/c to be. in this category ra.the1;than among. the recoils. 

Table I summariz~s the separation of event~ into different categories • 

. , 
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~ : • • :· ' '<: Table I, Number and type of events.· '·· ! ' •• ~ -. 
'··-~ . ·, ..... 

. ':,··:.· . : .. ' 
I' . ,. 

(· ' 
, ,",,Type. .. Recoil j Blobs . .El.ectrons . Glean ?-2 ,prongs Total 
'•, ,. ·' . I 

No, ev. 133 I 43 45 17 32 270 
' . ' : ' · .. 

. . ~ . ' ' . ./ 

'• 

~ ~ - ·; . ~: • . '. ' ! . 
In fig. l we note the following: 

. .' . ~ . ' . . 
. • 'l . . • 16 . . .. .. . . . ,· 

·The recoil events lie between the line for 0 and the line corre&-
. ' i \ -, ~- : . ! : . ; • 

pondh1g to the last excited state fo; B 11 (for :Which the excitation energy is 
• •• . I • I 

enough to ;:rive n 11 - Li 
7 

+a.). In this sample we are confident that the 
• •, I ,, ' o 

· ·t · th t· · c 12 maJOrl y ol e reac 1ons are on • 
. . ' 15 . 

In fact the N . range -energy relation 
' ~ . ' . 

' . ' 

is appreciably different from that of B 11 for p > 190 MeV/c. There doubt• 

less remains some o 16 contarni,nation, ~';·specially ~t low momenta, but its 

effect on our interpretation of the process under stu~y is negligible. · 
. 

( 2:) The > 2 prong events lie far from the solidlines in fig. lb. These. 
: ~ ·'~ I 0 ' 

' .i' ' • ' I i ' 

interactions are those in, which a heavy nucleus has been left in an excited 

state and the ~xcitation energy was enough to allo'-'t an evaporation prong, or. 

those in which the 'IT_ or the 2: had a secondary interaction on a proton. 

Heavy nuclei are most likely to give such events because of t.~e large derJ.sity 

of nucleons. 

( 3) Some 70o/o of the blob, electron/ oz: clean events lie ncar the solid 

lines in fig. 1 b. 
' ; .·. ·. ,' · ... :-" - .. ' ·'. '! .. '. .· . 16 . . 

Many. of them are probably ·+nteraetions on 0 (from the 
' ; • • ' ! - ! ; ·. -~) !. •• ' 

way th_ey have been selected). The remaining 30o/o. show a distl''ibution similar·. 
', •·.· ., '·' 'I 

to fr.a. t of the > 2 prong events. 

In the following we shall restrict oul· analysi_s to the recoil events 
. ' . . . . . . . . . ' 

only •. In fig. 1a t~e mass 1405 MeV areadoea not show any particular 

11 enh::.ncement; a peak seems to occur at 1412 MeV. ·It is evidcn.t that the B 
~ . . . . . . . . 

is often left in an excited 'state; indeed~ the.' clist:dbuti<:>n of points .indicates 
., . . . . . ' ~ 
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. !: 

excited states are preferred. ~rom our diagram this means that for· Y 
0
* · 

production in C 12 we d9 not e:cpect a peak in the pl ¢listribution because· 

different. excited states give ·different p 2 value's corres~onding to a . : . 

. 2 . 2 
1405 MeV invariant mass {M = L974 BcV ). Since the position of the peak 

observed"by Frisk and Ekspong"is at p = 170 MeV/c. all theil.· events would 

correspond to ' Y 
0
* prqduction in the·. B 11 gr·ound state·. In. fig. 2 the · 

momentum distributions are plotted (a) fo1· all our sample o£ 2 -prong events 
! : ' ' 

and (b)'for the 133 interactions Oll c12• The distributions do' not present 
; .~ ' 

any evidence of peaking at any particular · p value. 
12 .. 

. It is very. importal1t to include among the interactions on C those . •; 

events with p < 100 MeV/c. We may have contamination from interactions· 

on c) 6• but if we had net tak~~ ~u.ch events our M distribution would have 

had a non-negligible bias. · In fig. 3 we plot the · M distributions for (a) all 

the 2 -p1·ong events, and (b)" the interactions on C 12• In the latte1· the 

dotted-line distribution: represents the distribution we. woUld have if we had 
~ . . . 

not taken any events wi.th p < 100 MeV/c~ As we cari s·ee in this case we 

have a symmetrical· distribution around 1·405 MeV which could easily simu-

' 
L~.te a r.esonance. The M distribution in fig. 3a does not differ substantially 

from the one observed by Eisenberg e~ ~. 4>, This distribution ~an be easily 

interpreted as that expected £~r direct ~;\production •. 

. An impulse model; as s'l1~gested by I3lo~k:7); has bee~ calculated for. 

the· reaction· :c 
,,_, .. 

. .. . . . 

K~ + (:;l2_ :2;± 4, tr~·+ Bll. {1) . 
. ·i 

• /. '.! 

' . 
:•r 

. . . . ' . ' . . 

It ass~mes that the capture takes place on a single nucleon and neglects 
. . . 

final-state interactions. It has been calculated for K . capfur~s .in s~ p, 

·:···•. ·r•""·•·•··· 
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. and d states. . The wave function for the nuclear dertsity di~tributi~ri: .in 
. . . . I 

c12 wasassumed to be the aame as tl~e ·cha~ge distributlbri'mea~ured by 

Hofstadter. S): This cal~ulationhas beeti.d;one for K .. ~ap~ur<es ··s~chth~at .. 
• •. ' ' ' • -' • : •• · 1 ! • • •. ·' •' .. 

'the B 11 has be~n.left in its gr:ound :state,: add the data<:~~ be .compa~ed .. ," 
.. .. • • .: • . • ,_1 

. · with the impUls'e: model only for a .·re:stricted satrtple of ev,ents. In fig. la 
. . . ·.. 11 . . . . 11 . : . . .·. ··. . . . . . . ' ·. . 1' .. 
· 'the n

1 
line'{~ . ·in i;s first. exdted state) lies apart :hom the C .... line . 

(the gr~u~d state for·the Blf nucleus) by o~y a·distance ~Orl·esponding to. 
' . ·'·. ' 

" .. ·1.5 stan'dard deviations~ where we assume for (] the average, er:r.or oi.t the. 

events. For this reason it' is hard to': select a sample of events to 'compare 

with the in'lpulse model. We assumed that the events within 1.5 d from 

.. . 1' 
the C . "" line are o£ type ( 1 ). In fi 3. ~ the M2 and p 2 distributions of these 

. . 

39 events are compared with the calcu,l<:tted distributions. An .s -state ca.p- .. 

ture seems to give a better fit than the others, but.th:estatistics a:;:e too 

'poor to 'allow any conclusion:in this ma.tte~. :In a.:hy.·ciLse :it is~ ,~.~r_i,9-eilt,that. 

we can ~xplain the data with~~t. an. a~p~:.\1. t? Y 0.11=. P4.9,5) ~roducti?n'. . ':fhe 
' . . ' . 1 ' ... .. ·,. ·' ... ·.' . .' ·,' '· ....... :. . . . .. ':·. 
dist:dbutions of all the events 'o:h c ~ .. (figs~ .2b and 3b}·c·c>'cl:d. be easily 

obtai~~d by a supel'positi6n of.cu:r~es calculated for di££e'ierit excited states. . . . .· ,' ~-

of a11, tltus shifting the M 2 peak. tol~\.vet values •. ~ .. 
. .. . ' .'. . . .·· .... \. ' : * :: . . . .. 

In conclusion;: our data do not,·:Show any evidence•,it_p·r ·.yo production . 

in c 12 with a \vidth of 1 MeV. If ~1e ~: 0* 0405) had a .Wid~.J( t;;· i:i l 1\1'eV 

it would travel a distance d':=::~3f~.beforeidec~yini.'' Since the B 11 radius is 
. . 

~ 2.5. £rri the :E and ''ll' shoUld 11ot have interactions· inside the nucleus • 
• ~ ' ,'• -:. :_•: ' • 1... •• 

-:' 

Therefore·, with our' 'energy resolutidt'i ·we .sho~ld. ~detect· its ·production. 

If the ~· Y0~.' ( ~405); ha.s a ,10 MeV ·w.i_dt~l: vje. shou].d, .~~,·.a"L?le to see ·~uch a 

width in .the,, distribut~.on. in fig. '3b'.! ·Ivior,cover~:::it ;:woilla' go:. o~ll.y . . \: \ ' . . ·. .. . ' . . ' . . 

'' about ~.::1' fm ·before' ~ecaying~·': Th~., . .v.iidth. tli~lt'\i.~vo~~C!··.'·be ',furth.er: iiii~ . '. ., : . . ' ·.· ' . . .. , 
: ".'. ;. 

creased' by' Coulomti scattering arid 'secondary i,t1t6ract:fo~s witl~in tl1~ riucleus• 

._ .... _,. .. -~· 
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BecauSe ~oth-·excited and gro_u.D.d· .ntate_s are ·inVolVC¢11· the 'r~3.ctioti fs-not: ·;~ 

w<i:ll defined •. · Conseq~ently, in this e~cperiment we cannot.d:i,stingu.ish pro· 

. ·ductio~ 'of Yo*· with a ~idth.b£ about 20 1vfeV fro;J.1.· non~·esonant ~irect. ·; . i 

production. 
' . . ' 

I£ the width is of .this order o; magnitude .• we, calli""l.Ot measure 
. . 

. lt iti any' case because the l'nass dist1·ibution will be proadened for: the 

above ,'reasona. 
. ... 

. , ·vvc are de.eply grateful to Dr. W. H. Ba1·kas for.his guidance aitd 

continued interest. We. wish to thank :Dr. M. Ferro:·Lu,zzi ,;,l.r.td 
•. ·.: 

·Dr. c.: .Alexander for many helpful dis~ussions. · We. are indebted to our'-

scanners for their painstaking measure:ments. 
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. FIGURE CAPTIONS .. :, 

Fig. 1 .. 
. 2 . 2 

Scatter diagram of M · versus p i. (a} recoil ·events, {b) blob, 

electron, or clean events and even.ts with more t..han 2 prongs. The solid-~ 

'lines r~present kinematical ·:relations fo1· several kinde of ·nuclei (see foot-

note on pa.'ge 3 ).. T.he 

Y * o£ · M = 1405 ± 1 
0 

symb6l·<j-~...:..:l indicate the ·.M2 and p?:. values for 

MeV. produced in c 12 and with Bll in its ground 

state.• The number of events is given in parenthesis. 

Fig. 2. ~~~ ~ e_~ + ?.n- ·distribution; (a) all 2-prong events, and (b) recoil 

'< events i.e •• ~"'I' production on c 12• 

Fig. · 3. Mass of (:En) system dist:l'ibution, (a) all 2 •prong events and 

(b} :Zrr production on c 12• In (b) ~e dotted distribution is obtained using 

. only events with p > 100 MeV /c • 

. Fig. 4. 
2 (a) p distribution of the events within 1. 5 standard deviations from 

th C 12 1' . f' 1 . e 1ne 1n 1g. a. These are assumed to be events for which the 

B 11 has been left.in its ground state. (b) M2 distribution of the same 

J sampl __ e. · The curves are calculated by an impuls~ model: 

capture, .. -~-.- p -state capture (using ~21 ~­

(using. ~32 ). 

r.l ' '. 

: :: f : ~· • 

. ··~· 
- .• - -... • -- io • -· .... 

-,.· 

---s·state 

. ' 



li 
I 
I , I 
I ·~ 
I· 
I 

J 

·-·'SN 
~10 -

E .09 Q,) -(/) 

>. 
CJ) 

-~ 
w -

..... 
0 

"'0 .06 
Q,) 
~ 

0 
::I 

.05 0" 
CJ) 

E 
.04 ::I -c: 

Q,) 

E 
0 
:?: 

.02 

.01 

1- --- __ .•. .., 

1-11-: . --~~- ~ - ·-· --' 

(a) 

Recoils (133) 

• 
. Iii! Typical error 

IB9 1.91 1.93 1.95 1.97 1.99 2.01 2.03 

Mass Squared of, (I7T) System (Bev2 ) 

MU -30009 

!· 
t 
f 
I; 

' I 
l 
I 

' 
' 
! 
f· 
' 

1'.' 

[,_' 
I· 
I. 
t 

.1.' 
r . ,. 
~-

' ;. ,_ 

~ I· . 
j ~--- '""""~"'"""'-...--~·----_,__....,.....--~---~:·-~-· _ ... __ _,._ .. __ "':..__._ ........ - .... ____ ........_., ......... --r-- .. -~----:"":'"'--;-----.-·-'1',.._--:-:--. __ ..,... .. _~'."9'"Y''\.,..,...,1t~O!J .. ~~""-''"1'"':'''"":;.7"l'~~~~l! 

i: 

' 



. ·--, 
L~12.- 1 

,---

; UCRL-10641 
L ___ - ..... ··-- ---·------ -· -- .. 

(b) 

.24 
L:. -BLOBS {43) 

A. ELECTRONS (4 5) 
~ 

.22 
0 CLEAN (17) 

Ql >2 PRONGS {32) 
.20 

..--
>(.) NIN 
~ .18 -
~ 
w .16 
1-
(/) 

>-
(/) 

.14 
t:: ......, • 

Ll... . 12 
0 

0 oJ w .10 
0:: ...J 
<t 0 
;::) 

~I 0 
(/) 

A ... 0 

.A 
.A 

ll. 
0 • 

0:: 
~ ~I :::> 
1-

.... 
\ 011. 

ll. z 
w • ~ ... 

0 

~ 
0 
:::!: 

I» .a. A ~ 
0 {\. • ll.ll. 

0 flo . & ·• 0 G 
ll. ... ~ 

• ... tl- s 
0 • 

• 

1.74 1.78 1.82 1.86 1.90 1.94' 1.98 2.02 2.06 

MASS SQU-ARED OF (I 7T) SYSTEM ( 8 ev2) 

~~-.1.-'.... ·--. --·-----· -t 

·I- F'ig. _1 b. 1 
··-········· .,_,_- ·- .• . ..1 

MU-29208 

1.: 
-..--.-. .;,.,.,.-.'~·' _ _...,_. ... ..;. .. ,""';!'.~~_........ .. ~~~,.>M1'!l~l'~~~" 

' 



~ 30 
'­
Q) .... 
c 

0 
(\J 

"­
Q) 

0. 

"­
Q) 

.0 
E 

10 

30 

~ 20 

10 

0 

~. ~ 

All 2 Prong . Events (238) 

100 200 

K- + C12 
- I:t + rr=r- + 8 11 (133) 

100 _200 
Total Mo.m en tum 

. \ 

(a) 

300 
(b) 

r- . -~ . . ---. --~ 

IUCRL-10641· 
L-·-· -~-~-· ......... _. __ •. ) 

I 
r 
t . 
I 

I 

r , 
r 
' ,:. 
! .· 



l 
J 
I . ' 1 

' j 
l 
l ~ 

. i 
i 
H 
I 
' ' ' i 

! j 
.J ~ 
1 ~ 

40 

> 30 
'Cl) 

co 
l() 

20 0 
0 
0 
... 

10 Q) 

Q. 

U) -' 0 c 
Q) 

> 
lJ.J 

.... 
0 ... 
Q) 

.0 

E 
30 :::s 

z 

20 

---. ··---~­......... ·- -·-

( ... ·. . ' - .. 

i UCRL-10641 · 
- -· . -···· · .... ~ . ·-. ----·.·--· ·. 

(a) 

All 2 Prong Events (238) 

._ . .,... 

(b) 

K-+C'2- I±+ 11-.r. + Bu '(133) '· > 

1.34 L35 . 1.36 

Invariant 

1.37 1.38 1.39 1.40 ' 1.41 '·. 1.42 1.43 

Mass (l:17) Sys tern ( Bev) 

' 

1---:---:·-----... ,. --,~-1 

l; Fig.' 3. ,I 
, ~--_::_;c.;.~<- ::..': .:J 

, . 

MU -30008 

_-

t· 
~ 

!··. ,, 
j.· 

t 



-
"'>J"' ~uiO ·-

10 
0 
0 

" . (/) ·-; 5 
> 

L&J 

ci z 

15 

..... 10 
> 
Q) 

Ol 

0 
0 

~ 
(/) 

'E 5 
Q) 

> 
L&J 

ci z 

(a) 

Events Within 1.5 Ct (39) 
'· 

. 02 
· Momentum Squared 

(b) 

.05 .06 .. 07 
p

2 
( Bev2

) . --c2 

Events Within 1.5 0" (39) 

(~--.... . ........ -~---;-----~~-.~ .... ~ ··~ ·~-,---.._,/ 

i UCRL-10641 1 I . . ·J 
-~ Mo ~·-· •• ~ ·-·•-...... ___ ;_'"_ -···~--• _l 

.08 .09 

0~~--~~~-=~--~~--~--_.--~_.~~ 
'1.86 1.88 1.94. 1.96 1.98 2.00 2;02 

Mass Squared (In) System · (Bev2l 

' 

l . t 
f 

.~ 

t 
1 

r 
!· 
'· ! 
\ 

~ 
l 

;: 
r 
i· 
" ! 
I. 
! 
I 
t· 
i 
i 
I 

i' 
f 
( 

k ,, 
k ,, 

' . i 



This report was p~epared as an account of Government 
sponsored work. Neit4er 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, w~th respect to the accuracy, completeness, 
or usefulness of t~e information contained in this 
report, or that the use of any information, appa­
r~tus, 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 respiting from t~e use of any infor­
mation, apparatus, m~thod, or process disclosed in 
thi,s report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employe~ or contractor of the Com­
mission, or employe~ 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 th~ Commissi 0n, or his employment with such contractor. 
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