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R 'X‘hoae experimonw yielded negative rosults ). but the poaeibility remaina that
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| AN ATTEMPT TO OBQERVE A POSITIVE-STWGENESS BARYON
 Louis Lyonsf and Orin I. Da.hl T }' “

Lawrence Radiation Laboratory
University of California
Berlkeley, California

' November 3, 1964
Previous ateempw hswe baen ma.de to diacover a atrangenone H baryon :

- '(henceiorth referred to as Z in this lettar) as a resonance in the NK system o

- . such a pa,rticle cou,ld b.a.ve a mam betweon that of the proton: and 1.43 GeV (the S

-NK maes threahold) ‘In thio case it would decay by a weak strangenesa changing
o reaction to a mr.cleon and onc or moro pions, to a nucleon &nd 8 lopton pair. or to

a nucleon and a y ray.

Intereut in euch a poasibility haa recently boou atimula.ted by aeverai SRR

theoretical apoculations._ “Thus it haa been uuggeated th.&t tho z may be the
'isoamglet membor of the E— representation of 503. the. doubleﬁ a,nd trzplet EESEE
' perhazpa beiﬂg the . Ni/z (1510) and the Y (1660) ) Then the equai-maas opaczoé
| rule predicta a Z maas of i 36 Gev ). v We might a!oo expect that, apart from e

" “accidental canceuation of ampli.mdos. production croms sectiona should be-

: sixmla.r for tho reactions

Cw P "'Z*.-e' K" S Pt N ) PR ERE

L oamd

. "'since these proceesea involve members of the same SU3 reprenemations. and

. +p-°Y (1660)+K° it

" both requﬁre .K -type oxch&nge procewe&. The croes soqtion_iox reaction (Z)};:_,vi_'{j}:

O at 2. 2 GeV/c ie ~ 60;&5”
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5)° umng the -

A z* hae also been predicted by :Sehrends a.nd Landovitz -
-7

group Ga They H cpect a maas of 1.09 GeV and a lifetime of the order of 16
aec.»_ o ‘ ‘ | O [ " . |
Harari and My}l&ﬁ, 6) point out that if the 35 representas:iozx of SU3 io o

, ) populated, a -Zof 1sosp1n12 would exiat, but the mass of such a partxcie would;
probably be above the NK maas. | “ I ‘ |

| e have searched for re&ction (i) in Zilm taken m. the courv:ae oi a Co
.ayatemtic study of 1 5 to 4.’« Z GeV/c " p interactions in tha Lawrenca Radia&wn _.
: ‘iLabomtory' 8 72»in. hydrogen bubble chamber. ‘I‘he amount oi film used m ﬁ:his o

o)

. | _ ana.lyms is shown i’or each mcxdent momentum in Ta.ble ﬂ. _ It ia ‘ao be no%ed thaz o
'. the threshold for production oi a Z oﬁ mass 1.‘41‘3 Gev (i. e. ’ mmmum maas ﬁor‘
domin&nt waak decay) by reaction (1) 19 i 5 GeV/c. , T e
| | : We ﬁnd no evidence for the emstence of a, Z ’I‘he upper umxt that we :
lcan aet on ite productxon depanda on the proceau by which ehe Z decaya. S |

SR A' A
¢ ) i

: .A. Fast deca,y to pw or mft~

Xi tha z decays before it can give Y visible track, we would obg@rv@

4wha,a appea.rs to be a atrwgenema-violatiag procesa

't.":‘»,

ﬂg,mfp?pfwfﬁf'

- *Lﬂig; B +p»n+n +K

' We ha.ve s@arched for thesa reactiona ln the topology of Lprong eventa where ‘

I '
b

“ the negative track has measuxabla curvatmre and decays (topology T). Those

.evenfcs ﬁtting tha Z-body reactmn 3 R TR
R P* E + K
. whem mt ana.iyze& £urther. . The rem&inﬁng eventa were ﬁtted to raactions (3)

‘and ("‘). wizh aubaequent K dacay L
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. ."-Q”r',-‘.{.;. v' ;

Au eventa th.ae gave saﬁeiacta':’z;y fits at produceion and decay were ex- E ;___
. amined on the acanmng tab!;e. .an.d thoae th&t were obviously inconmmenﬁ (on .

B - xhe Daei@ uf track ionization) with the fitted hypothesie were rejecteé M

'- *  bhistogram of the mass squared of the mzcleon + pion system ﬁ'or ehm rema.ming |

l“evenw ia ahovm in fig. : The ma.ss reaolution is éhz;wn on. thca mstogmm and N

'- is smaiier than the bin size. eo 1& seema that am upper limzt on ehe number of N

)  _ evemt@ abOVe backgrom:d ae a.ny aingle msa value ia &boiztk 3&2 This Cotreﬂmndg

m a crosa section of 3&5 ub S G : ' h

. ' IR
T R PO
£ '

B, Fast decéy t'o; "pwf'a”, .

X‘ast decay of ﬁn@ Z to p'n 'a resule‘:a in the fin&l sta.te K ps w s . ‘:Wé:

»‘Ih&ve periormed prcduction and d.e:ca.y fxts to an éoprong eventa in which one of

(

' .the mgative tracks decaye in the chamber. ‘ Of the 389 events of thw ca,t@gaz-y “

é‘.

: thme g&ve powible fim. T:iow«sver. them were also cunmment with b@mg

= E: ot " and indeed aeemed more ukely cmdidates far the 27 ﬁ.xml etata
When emmined on the acanning tabl.e. "3“-"" T

tl
PR frer N ARSI

Th@ mass combimtions pw w, p'ﬂ+. and pﬂ' were calcul&ted for the

thme pasming events. No two af thege njne mase va.lnea agreed wzthin their

.x‘:’v

errors. We thura set a Iimit oi 2. mz 7 pb on the cxow aection £or

e, . ‘:‘43 r;‘.-."
RPN e

. “perizt .zt epratent

aa wcll a.s ior the reac&ions

D SV L
LI PR -

. . s . S e -
wd [ PRI S AL i |4 5‘,.,,,._1
St : ot -
o AN
R L

. L b -, .
T L
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We also iooked for the mactiou ’

- 1r +p-°‘Z +n +R° "

i 4,.1:‘
i

' fonowed by the pw %" decay mode._ This woul.d re@uit in sha ima.z aeate U R 5
CpntnT RO, A search amoxxg thom eveats consiating of four pronge and a v
producad no evcnt fxtting this fmal atate. 'Here. ;ona event ’womid corre@pcm.d to

a cross mcctﬁon oi 0 4pb which is the kimit we set on the foncwing posmbilitxea"

P

T +p"°'§{° + at s 27 S ETeep et v -z7 "’P+ Tem _ 5
w +p“"K°+7r +m +Z 'If'.’."f**‘";“,»w '"a.-*_-’, : 'x‘Z'-""P+" -

,.; ., 0, ‘f ;,‘
w +p—-o'R°+1' +v +Z° "'”‘2%5‘-»;;;1; IR A "P+"y-'_g

. - . LRI " F R . . - .o . - y
Clag i se . ) R D I A LRI (S SAEY [ [..!-,

RN o Fmé‘décay éo three pa.ri:iéieé iizclv.iding fwo ‘hehtr?alé 5 e

e followa. W@ exa.mined those events of topology ‘I‘ that are incanswtenﬁ with

The more obw’.ou.s three-pareicle decay modes tha.t include two neutml

T e ,.,,%i;a‘ P

v*‘pa,ruclea are‘.g'."i'“*‘% A R R
_Z -°p+1r +1r

+»§-1r°

",z -°n+w
SN A -nte +v~"'

?_-f;,,z, ~on+p s

fHowever, from experience oi other strange—particle decaya. we might expect '
the last two modes to be- relatively unlikely. unlams the mass a£ tha z wem be-"'_;i"_‘ :
'-low the . N mass threshold, ...~ - PR o L

It is difﬂcu!t in a hydragen bubble chamber to 1dem1£y the a.bove mode@

. of decay, but we can set an a.pproximate upper limit on the pionic decays as '. _v S

the 2-body raaction Py p- E + K ' where the de..aying tmck io coxmistene

o 'ﬁwith being a K , and where the miwing mam (MM) ia the reactzon




or S S B
o ,“ + pwx + ot + MMZ R o

iax in the ranga 0 028 to O 425 or 1.04 ta 1,44 GeV. resp@ctively. ‘fi‘héée two

rangea inch..de a Ia.rge fra.ction oi the availa.’ble phaee apace for the p'ﬂ’ %% and

nw+-n decay mo:’iee.' allowwce for ta@ rejected part has been mde in calcui&fzimg

iy R I ‘..: L T ".u’i':*""“, <.’ ‘ Cogy i :

the ¢roas ﬁectioxw below. R T
Those eventa giving @ masa squ&reﬁ below 2 2 <;?re""a fox’ exthex tha pxo..on :
e + Ml‘»ﬁi or the w + MM, were cxamined on the scanniag table, a.nd those that o
, _wm;'e obviously :.nconsiment on. the basis of track iozuzanon wm'e x'e;ected A
‘ ‘A;."";.hiatogram of tha maae squa,red of i:he P + MM i or wt + M'MZ fox' the rem&inﬁng

B events i8 shcwn in ﬁg. 2 The reaalution on the z m&@s g wome ‘than for the e

T fitted ewexam of category A a tYPiCM maes error is a.pprosdmtely’ 40 Mev

3 ’.{‘here are at most 3&2'events a.bove backgrouud at any one -ma@.s value." 'E‘his

YAy the Ll ore

fﬁcerreapamds to'an upper limit of 15210 t»lb S ;
" Ve do not set a- iimit on the croaa aection if the main decaY is vm l,epftonic
L -f,.mode@. We feel tha.t a ccnaidemble fra,cnon of these eventa would bhave been de- -

-

tected by the above meshcd but the emct pruportion requires a def:mied cal-

’:‘-"_-'v,culmtion o£ the e+ and. p spectra expectad a‘rom Z decay; and a,lao d@pends : :

. .on the praduction angula.r dwtribution of the zt,

- D, N’edium—ram decay

the production reactiou »“;4}2‘[.? <
\\“ 1’ '*‘ p - K + z

' using values of 1.33 1.36 and 1.39 GeV for tha v Al mams. -'A. parabom wa,a

' “then fitred thmu,gh the three vahwa of X x‘or each event, to de:termima the "

2 -

vahw of th@ z m«w at which X i a mimmum. Md thm error in thim m&m. B



__5 were not a.nalysed further. H I L

'=the whole of! the mass range for which the Z would decay via. a weak interachon.

B T UCRL-M?S%

o E‘rom the wid.m& of these pambolm. vm emtima&e th&t we wou.ld obtain a B -

satisfactory fit provided the z mma ia greater thaa 1.15 Gev. The decay

,,,,,,,

'wa& also f.’it ad as

o a .
: 1:: .;'Z,' Lo i_'._ MECEN B Lo : o C Coar “v.! ,u.(, PR
or R , PO
: o RERCE L T B z -°n+ "”- B , o
) . _- . :~ \‘.l ‘ . L . * ) T ,.,"
~ for the game threevvalues of the Z° maae.-_ AR

The events giving a aatzafactory fit were examined on, the ac&nning tablea
v’lﬁ‘i'}e cvents were not inconsistent mth the requimd track ionivation. . Theaae« all |
had diﬁerent maas va,lues for the Z .and none gava sa.tiafactm‘y decay fzts. . o
s "‘_We sea a hmit o£ 0.120.1pb on the production croae aection for a.ll decay modes. -
L Note that there is a scanning loss for small-angle Z deca.ys., We have not |
‘a.nmved for this in the above crosa-aection eatimate gince tha evalu.anoxx of thm _' -
o correction depends on ghe data.ixs of the production and decay kinematics of the

Z for the particular decay moda considered

! o .
RS RRTIS LR O

' i Evenes of topology 'I‘ were 'u.sed, the positive track being interpre&ed

o as the z . Aga.in events consistenﬁ with the two-body r«aaction w xs p - 2‘: + K

N g e ORI
AR "'Jf \-.»‘.:‘\-.

T ’I‘he K decay was. ﬁiwt ﬁtmd a.s K 2. or er?.' a.nd then production fxta
were made for Z mass’ values of 1. 06 4. 09. and i‘“iz Gev as well as 1. 33,
1.36, and 4.39 GeV The p.mrabolic ﬁtting techniqua wae’ &ga.m used to determme'

the best z*. 'mass for each even&. 5 Here we estimate tha.t we are senaitive to

The 10 successful events were examinad on the ecaming table. Oniy

- . one, of these couid not - obviously be rejected on the baeia of track ioniz&tmn. s We <
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are thtm ableza tu et ‘an upper limit of 5 ub ‘on the production of a Xongdiveci

z of any- mass; o e R le EERETA

_ Thu.s we Einc!. no evidence foz‘ tha exiaterme of a atrangenem +‘1 b&ryom
in the mags regiom below the NK threshold ’I‘he limits tha&: we aet on L ito pro»:
| duction cross mction are sumrized in ‘I‘abie 2 In particula.r it aeemﬂ that

| if there exims a 2 as pradacted by %akmrai or by Bahrenﬂa and L&mdowt:a,
then it w pmducm mom we@kly than considemﬁonm diacuwed above wm..ld

B

lead one to expect.

vy, v " [ (A ,

W‘@ wiazh to thank Prof L. W Alvarem for hﬁ.s conemued ineerest and

B encoumgemem. ' uﬁas Pam Starr was maponmble for the camiul ecamxing oi

i

.:'p@@&&bl@ z evenm. and Mr. _ W Kaeuner for the eiﬁciem procemmg c»f tha o
';;é&za. L. L. mshes to ?:han!: Prof Alvarez and his gxoup for thexr hoapita,my

B during hia ata.y in Berk@ley, amé. Dm. G, amd S Goldhaber for sev«eml mtcametm« »

. discawsions. R SR
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S Tabled B
RN E‘zlm used in search for 2t T L e

. Beam Mo‘mentu'm ; el ' Quantity of Film

1.65 B 890 B2

(ch/c) - Rolle - Events/yb. Evento withidentified K decay/ph”

DR R R 2070'1”;' T T
o 2. g k o \158  7250‘_ ‘_ o
& as S e een gy T

’I‘otal J24e 0 0810 e 3BT

'I‘he numbers in the la@t column, allow for the fouowing factors' ‘ S
‘ ‘}. Only a fmctxon of the K 8 decay thhin the cnambar. : To obtain an upper
| limit on the pmduction cross aaction, wae &asumed the K ‘s to‘be pmduced
, | in the forward direction, when they ha.ve their maximum momema..
_ z Oniy 85% of K mesons decay by the X 2 or sz modea. o
o '_3.: There is a Ecmming lasa of 20% £or one~prong decays oi‘ K meao?m &é
_ these moment&ﬂ . L v ‘ R |
. 10% oi the evenw failed to pass the ge@metry pﬁ'ogvra.ma.‘ :
| To check our amtimate of the efﬁcxency of obaerving K decaya .. we have | ‘1
. calcul&ted from the obmrvad number of K K°p events in which the K
give@ a visible decay wzthin the ch&m‘ber. that 30&»& events of. this f,nal

.state should appear in topology T. N The observed number is 33% N
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e Tabla z
S Symmmry of’ msults of aearch for a Z paxticle

: . R - “ . N : P cal el
PR S - B . P T A T A

Production’ ' Lifetime . . Decay Mode - Limit'on cross section =

y oty . - ey ! LR e

P ehomt O BTLC T gas
! , ,

ghert ., pm 11" zmz?

Co L O . Lt e L
b T awe® L
) R . medium {‘_;z,_! all e 'i_,",'LAs':-'}':v-v‘ 0. i:’a@.!.? IR

',,,,‘.": Z,?éz.’? bl - v:

. v H
B . oy ¢ N
. - T [ ‘
VL ,i-ﬂa"%_u;;xhu! (S RES EL M
B i e . i .
K [} L. .
N : v A L o
" . BN
Tl e [
Pyt
i

o ".!he valuw qu.osed hem am for any, 2. m&ss valua withm the phymca!. rm@e. o

'I‘he iimit on & parcicul&r z mwm m uauauy mora ﬂtrmgent. L o

T"" his a?p?;ies cniy for a’ 2z’ maszs above 5. 15 GeV a.ud does not include
a factor to allow for the sca.nmng efﬁciency for detecting amanua,ngle

Z dec&y’ﬂ. B K | ‘ P v‘ I‘ l‘
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o / Woz-k aponsorecl by the U. 8. Atomic Energy Commission. »

o
/

!?Préaent addmas. Nuclear P‘hyaic& La.boratcry, Oxford. Engl&nd

/ *‘ g?’he mass ca,mmi: bea below the proton mass, aince otherwiaa the proton ..
_ / ’ ,,-' . would be unstub},e. | |

. / By shcrt, medium. or long lifetime we mean that tha Z wxn typicauy :

: K
e

B ﬂ,i'? decay before it lsaves a visible track,. will decay after having left a visible

41’( R

! 7" tzack. or will decay out side the chamber, re@pectively.
A : HI‘:‘. is possible to hypothezsize other weakly decayﬁng particles thh liietxme@
= guch th&t they do not leave a viaﬁb&e tmck in the bubble chamber, a,nd, thus gwe -
rize to evﬂms that do not appear to conserve etra.nganeaa. Apazrt from,thev z,
the only such parsicle that might merit looking for at preaen.t ie"a awa,ngen@..éé.
+2 boson, . L This could be produced iu reactions msch as K' +n-°A+L s |
Kfep = z'+Lf, or  wT4p=E+LY or, 1fthe isospin of the L is i,
| K++p-°A+L , stc. Then the L would decay into K+ ¢, K + 21:, E{ +a
l.eptozz pamir. K+ y. ‘Such an L, could not be heavier tham i C%e’@)’9 3£uce it woulci '

then d@cay strongly or electromagnetically imo two kmma, nor could it ba much

;'lightcr than a K, eince othermse there would be appreciabla dec&y of the K into "j

: it. An L with a'mass towards the lower end of this range could be lang-uved

' (compara our dianwion of Z-decay and Mfetime in the text}
' ”The:se faw are prebably au spurious. Certainly thoae eventa that give a mass
for the Z above the NK threshozd cannot bee genuine. ainee such a parezcle '

would decay a.lmost entirely by strong interactiona. :
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7 Fig. 4. I-hatog:am of mase squared of pion plus xmcl@on from evema cmxsietem
3 Sk AT T
with v‘ +p—°K ‘*‘p4ﬂ ar w +p‘°K +n+'u The wi&%h oé’ the reaoluﬁon function
,f ;‘ ] : P ey ¢ M
:’i.s‘shown a.bove me himogrmn for mase aquared values of '1 6 and z 3 C~eV
f I‘ig. Hmtogram of mans @quared of p+MMi or w +MMZ £or avents con»_.“‘

£

vaistem with- © +p~'>K +p+MM or n +p"°K +n +MMZ. The widﬁh of the reaoluzion
Z




of successful events

" Number

¥ UCRL-11754

]
e i
SRR LN SRR |

T - — — T -~ » |

=

Width of . width of
resolution function .= - . resolution function . -

i

~ -

L2 L5 8 '_ 2.1

N- T mass squared (Gev?)

| Fig.1 -

2.4

"MUB-4466



events

| Numb"er.' of

(O BT kg gy e o st

. 1
. .

T e L8 20 21 22

'Mds‘s_i squared (Gie'Vav)".’_"f‘f

MUB-4467



This report was prepared as an account of Government
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