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- peak in the distribution (B Py * B.) at a value correspondingtoa . - v
mass of 1405 MeV in the er system produced in
K"

by K~ at rest.v Because of statlstxcal hmxtatlons no 1nformauon on the spm

" Frisk-and Eksponﬂs) seem to observe a wxdth of 1 MeV ~ The reason for
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A T=0 Zu resonant state at 1405 MeV, Y, (1405), has been

_observed in various bubble c¢hamber experiments. 1,'3) In nuclear emuls'ion,'. :

: .’L‘isenberg et al, 4) found that the }31\' effectwe mass dwtnbutmn showed a ;

strcng enhance.ieat around 1405 MeV I‘nsk and EkSpong 5) reported a : i l '

C]“Z_ in the reaction

11

+ C12 =% ta + B™7, Both experlments analyze‘ i'ntera.ctions prodoced~

" and parity of the Y0 - is yet knovun, but its width has been given, The .
.bubble chamber expenmento of Aleyander et al, ) and Alston et al, 3) yleld

' a full width at half maximum of P 35 # 5 and r= 50 MeV, reSpectlvely. b B

this disagreement could be tound m the fact that the two techmques have "

cr

differént resolutmn in energy. In our r*}.perlment we u.,ed two larae stacks

-f emulsion where the ener gy resolutmn is 1 vMve .The zn mass‘e;pec-'
wsum obtained for K™ mteractmn in C1 shows promment enhancement in.
the reglon around 1412 MeV However, usmg an 1mpu.lse model to calculate

the expected dxstnbutlon £or du‘ect E-rr productxon, we can explaln the



?'measurements of each dxp angle were made, , All angles a.nd a.ll Z ranaes

‘ured once.r For all the steep tracks dxstortion measurements have been -

; made to correct the d1p and pro;ected angles, but thxs correctxon dxd nat'

prongs.

Wlth these cntena. the eVents not used

. -o

econdary stOpped in the stack. (

,.-v"

+

erv mtera.cted in ﬂight. v These crltena do not mtroduqe any b1as because

'1‘

s'-"

have been rnea.sured by at least two pe0p1e: .. The pion ranges were mea.s-"i

/

a B

measured only for comparison.

-An: ettempt has been made to select fromkv




the

Ce3- . ucmL-10bai

Zaprong events Lhose m whmh the t{ eagture wa.s on Clz. This

uelectxon 1s merely based on the -)ogsvbllity of detectmg tne recozlmg

E nucleus, whlch is often dlfflCultg 'The events have been di*wded into 4 cate<" . -

gories based upon-the anpearance of the star center e,y those showmg

(e) rec:nl (&) blob(e), (e} eleCtl’Gﬂ( ) and (d) CIean star centel. In fig, .!.a

the recoil events are plotted on a scaiter dla,gram wzth M2 (square of the '

~inva

- lines are I-:mematxca;l'relahons between- p2 and ‘MZ_ for different nuclei, .

r-Tn_c

. rar ue-eneroy relation of Heckman et al,
S chec

R t1e 8.

riant *mass -of - :the: ..E-:'r s'ystem) ~- andy 'p "_(ftotal", momentum

&

. squared)'as coordinates;. ‘In fig, 1b the remaining events are plotted **

e . together using cifferent symbols for the three categories; - The straight

select‘on criteria aré the followmg. :

| '(‘a) For each eveni. the dip and projedted a.ngle of the recozl have R

"','-‘been calculated from, the rela.'hon p = - (pz i ), also from 5, we ca.lcu-fi”;_‘> o

11

i :i:‘-lated the length by assummg the B mass for the xecoxl and umuw the

6)..‘ All the eveénts were then .
’ted under high magmficatmn for agreement w1th the calculated quantn— -

Those reco11 events w1th pro;ected a.ngles w1thm 10‘ of the calcalated

k ‘rjlvﬁ'jValues and dip angles of the nght order of maﬁmtude were accepted 1f the :

Actually they are ca.}.culated by apolying energy-.momentum conservatmn o

to the process K +N - 23 + w + V' i where N and Nt are nuclel in thezr

'ground states dlffermg m a.tomic number by umty Lmes are shown

only for C, O Br, and Ag which: are the most frequent nuc1e1 in emul-

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

‘ 'Ev,correspOndmg line is slnfced to the 1eft In f1g. la are’ shown lrnes for >

\

”‘ in some of the exc1ted states, '8911 eorreSponds to that energy '

11 7.

sufhcxent to allm'w B. -'L1 +a .'



w

.

K pecied for B
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recoil lengths were in agreerment with the calculated ones, -The expected

lengﬂw are’ L <5 ;«. Since the ,mean diameter of a grain'in 1{5. emul.sions
S is 0,44, we 'do not ex pect our recoil cute"la to be 1a.ultleos for I'ECOI.}.': v

.w1th L< 0. 8p. (2 grains) which corresponub to' p =100 MeV/c, For

-«

p < 60 MeV/c and a larwe calculmed mp ‘angle the reco11 is not efpc\,tea to

ha-ve a detectable range, therefore such events with a clean star centc’-:r have’

: neen accepted Six o:. these events were ad:lad to thg recoﬂ. samplrw This

a 90 steriori method of selecting the recoil ‘events has been adopted-in ordex

to have a bias-free samp}.e‘; In fact, "it is often'difficult- to decide whether .

there'is & *ecoxl a blob, or an electro..1, esgecmlly for lenmh < 1.5 o Ony

the o‘cher hand, the pxobabﬂxcy for an electron to have the same length a.nd

3

dircction expected for the recoil of a given event is .amall
i

(b} Included in the category of blob events were thoze with more

than one grain at the star center or those with 2 single grain not satisfyving - =7

the ca.lculateci recoil crii:e'i'ia.". 'Part'of.the evénts on 016 or h’eavy nuclei

are mcluded in thxs ca‘tegory, beLdIlae they have .ahorter recoily than ex-
11 ' :

i ,(.c) The elec.tron events wex;e those with recoomzable .:iow ek«actron‘u;
D *‘;hos'e‘with 2 or'3 grains which were ‘directic)nal but.did no ‘satisf {y the
criteria f6r recoils Thls category may contam evputs on 016, for which t}ié"~
recoil. dlrectxon is the same as £or Cl"' but whose length is sh"o;'ter.-f .

(d) " The clean' eveni:s _wer'e those Wlth no yzszble e‘lectronv,: vrc;,coil b;'

blob and w‘i’th"é. p>60 M'e.sv/‘c.‘ ‘AS_a"cisff}:ringithe sé_\ é_ri:teri'a. were only“lév events .
out of 21‘8' with’ p> 60 Me.’V/c;. _ 'Thi-s meaﬁé th.at',\}vé' /eXp‘evct. o'nly i. 4'ev;ents
with p>60 MeV/c to be m thls c.ategory ra‘o‘,he r than among the rccoxlu.

RS

Table 1§ summarizcs the epa.1 a.tlon of eventb into chfferem categories.




_enouﬂh to give B’

- is apprecmbly dlfferem. from tha.t of B

only. . In flg. la the maas 1405 MeV a. rea does not show any pa.rtxcular ‘

emz .“zcement, a peak seems to eccur a.t 1412 MeV It is evxdcnt' that the“"B

. . L. e

e5- . . " UCRL-10641 .. -

Ta.ble 1, Number and fyﬁe of event“:sv."

,«:';,_A;'I?ype,{ .. | Recoil | Blobs_ Flectrons | Clean '1>.2‘pror:gz§ _Tota.l
No, ev,} - 133 43 ) 45 | 17} 32 | 270

i

| In flg. 1 we note the f0110mz1na»“' '

(1) T:e recoﬂ events I’e oetween the hne for 016 a.nd the line corres~-

A T {

B pondmg to the la.,t e>.c1tud state for B1 (for whlch the excitation energ gyis .

L

11 L1 -' g.l),' In tlns sample we are conf1dent dxa.t the

- “maJonty oi the reactzons are on Clz. In fact the 1\15 range -energy relation’ . .

.

11 for p>100 Me\’/c. There doufbt-

- less remains some 016 contarmnatmm LSpecmlly at low momenta, bun its .

: e_ffect on our in’rerpretatmn of the process under study is negh'nble. -

-~ (2) The >2 prong. events lie far from the sohd hnes m fzg. lb These ‘

mteractxons are those m whlch a hea.vy nucleus has been left in an eﬁ.cxteu

sta.te a.nd the excxtation energy wa.s enoagn to allow an’ evapora.tlon prong or. . .

those in which the s or the Z had 2 secondary 1nteract1on on a px oton. o

’ Hea.vy nuclei are most lxkely to &We such events because of the large’ uenumy

of nucleons

o {3) Some 70% of the blob electron, or clean events he near the sohd

-3.4

o 1'me° in ﬁ’g lb ./any of them are probably mn.era.ctxons on 016 (fro*r* i.he o

e

way they have been aelected) The remammo 30% .:how a dxst1 1butxon sxrfnlar"

",vyv . A ;

. to tl'nt of the >2 prong. events.

. In the followq.ng we s hall restnct our analy.;m to the “e‘coii'veizents

11

. ~is oftenleft in an exczted state mdced the dxstnbutxon of pomts mdxcates ,




: ‘exc1ted states are preferred I‘rom our chagram thls means :.hat for -Y

corresPQnd to YO praoduction in the B

" ~and -(b) for the 133 interactions on C

v _~ the Z--p::e*wr events and (b) the mteractlons on C

b - UCRL-10641 .

0

‘ 'productxon m (31 we do not e.:pect a pe:xk in’ the pZ dlstrlbutwn beca.uoe
d:.fferent exmted otates gwe d1£ferent pa va,lues correSpondmg toa
.1405 I\ﬁeV mvariant mass (M l 974 DeV Yo Smce the r)osztxon of the peak |

o'v.,erved by F rmk and EkSpond isat p = 170 N’eV/c. all t‘xelr eve"lts would

11 ground state. In f1g. 2 the

mome"xtum dxst1'1but10~1b are plotted (a) f01 a.ll our sa.mple of 2-prong events

12. The distrzbutlons do not present

' any evidence of peeking at any particular p value,

1y

It is very important to include among the inte ra.ctions on C‘]'_2 those -

~events with P < 100 MeV/c.- We may ha.ve contamination from inte ra.ctlone

16

on 7, but 1f we had nct taken such events our M dl.;tnbutxon woulu have

' -ha.d a non—neahgxble blas. In flg. 3 we plot the M d;.,trxbutlons for (a) all

12 In the la.ttel i.he '

dotted-lme d stubutxon represents the o.mtrxbutmn we would have 1f we nad

 not ta::en any events w;th p< 100 MeV/c. As we can see in ths.s cacc we

have a symmetncal d1str1butxon a.round 1405 MeV whlch could ea.sﬂy simu- '.
rate a resonance. The M d1str1but10n in f1g. 3a. dces not dlffer substanua.lly e

f{rom the one observed by Elsenberg et a.l 4)¢ ‘I’Ius dlstrlbutlon can be easﬂ.y

mterpreted as that expec;ed for d1rect z.,n' productmn. ’

'-_ An 1muulse model a.s suggested by Block ) has been calculated for

the: reactlon ; (e ‘f‘ o L

It assumes- tha.t the capture takes place on.a smgle nucleon and neglects

' fmal state interact1ons. ‘ It has been calcu.lated for K' captures m s p,



s "_'*"thh the 1mpulse model only for a restrtcted sa.mﬁle oz events.— In fxg. la

= “i:he

ahd“ d' s'ta.'tc—:"s. ; The wg.ve funcuon for uhe nucle’ar dcnsuy d:.stmbutmn m

7~

; 17
GO was acsumed to be the aame as the cha.rae cnsh 1butmn meabured by

-

’_.‘—Iofgt dter 8) Thlo ca.lcula.uon has been donc for ES. captur@s sur‘h tha

11 has been left in 1t crround state, and the data ca.n bP co*npa; ed

.11,

1l
1

lme (B m 1ts fxrst e*ccxted °'cate) l1cs a.oart: f1 om the Cl“ 1i ne."

S (the g;ound sta.te for the Bu nuclcus) by only a: dlstance corre.mondmg to

1.5 utandard ‘deviations, where we assume for o the average er.c or on the
. .eve.l.'us.-_ For tnis reason 1t is hard to Select a sample of evpnts to ccnmaare
withihe 1mnu1se model, We assuned i:ha.t the e\ren‘ts wzthm 1.5¢0 from
‘the’ G1 line are of type (1) In Em 4 the M and p2 dlstnbutmns of dlese

'39 events are comnarcd 'mth the calculated dxotributions. : An s sta_te cap-

L ture see*‘ns to give a better f:.t than the others but the statlstlcs am too

"den-. that, .

(i.

'noor to,a.llow any conclusmn‘un tlns ma.tter. . In a.ny ca.se 1t 1s e*)

.;_ we can explam the data wmthou» an apmal to YO (1/’ 05) oroductmn | The

: '-.vd1s szbutmns of all the events onv (fws Zb and 3b);_ ould be easﬂy :

A'.'obta.med by a superpos1t10n of curves ca,lculatea for dlffe‘-‘vent excued statcs

T of 311, thus shifting the' M P"ak t° l°“‘er values.

in g ’ . B R .
2 RN TR ER A I T L P S

In conclusion; our. data do not show any evxdenc 1 3 ‘
in Cl : w1th a width of l MeV If the YO (1405) haa a. w1dtn c;f }"' 2 1 Mev
it would traVel a distance d 23 fmbefore decaymg,. Smce the B“ radms is ' -
= fm; tne E ‘and 3 snould aot ha.ve 111terac£ion§ mside the nucleus. .

.Thereto.e w1th our’ ene*gy resolutmn we snould ‘detect 1to> prT oductlon. -

1f bhe YO (140‘3) ha.a a. 10 MeV wmth Wc .,hould be able to see” such a

- width in the dxstnbution m flg.

* about " lfm bcfore aecaym 'I'he

o productxon e



"well deﬁned Conseauently, m th1s :pernnent we. carnot dlsu“xamsn pro-"

.

5'vduct10n of Y w1th a w:.dth of a.’bout 20 nMeV ‘ram nonrc sona,;xt direct

.'above reasons

"'scanners for their painstaking measurements,

;Because bor.h e:;cxted a.nd ground tates are mvolvcd the reactmn is. not

0

o production. If the w1dth is of ﬂus order of magmtude, we. ca.zmot measure

'3”1t iifx' a.ny',’ca because the ma.ss dxstmbuuon wxll bc broadencd for the

L .

contmued interest.  We w1sh to ',hank Dr. M. F erro ~Luz:«:1 and e

LR

‘v“c are deeply grateful to Dr W rI Barmas for h1s r*uldanae and

) {Df. G.” Alexander for many‘h'él_pful dis'cu,'ssiéns.;*_Wej a.,re'vindebted..t_o: our: o
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_FIGURE CAPTIONS . = .

Fzg. 1, -Scalstteir dié.gra.m of 'MZ versus pz, (2) recozl events, (b) blob
electron, or clean events and events wuh more than 2 prongs. Tn‘e eohd“‘
‘lines represent kmemaﬁmal relations for several kinds of Auclei (see foot--

note on page 3). The sy‘mbél-*'?ll—'-wl indicate the 'M%. and p2 valdes for

% : : i2.

¥, of M=1405 + 1 MeV producedin C'* and with B“ in its ground

state.. The number of events is gwen in parcnthesls.

3

S‘ig. 2. lp I = pz i -distribution; (a) all 2-prong events, and (b) recoil

events -—— 1.e.. Zl'n' productmn on C]'Z

Fig. '3,  Mass of (Zw) system distribution, :(a) all 2~prong events and :

- (b) Zw production on Clz.. In (b) the dotted dxutnbutwn is obtamed uamg

only events with p >100 MeV/c.

. : ,) ) . .
1 Flg. 4. (a)p” distributio_n of the events within 1. 5" standard deviai:ions frqm:

~ the Cl line in fig. la. These are assumed to be events for which the

gll has been left in its ground state, (b) M2 distribution of the sa‘mvev |

4 sa.mple.' ' The curves are calculéted by an impuise model' e s—state o

capture, ----——p -state ca.pture (usmg 4121), ,""""""— d- state captur

(usmd l.l)32) _
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