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In a broad-band neutrino exposure of the Ferrilai' 15^fs.
bubble chamber, we observe the production of the Zz '!-'-•>,
charmed baryon followed by Its decay to ."..*(22*<)> and -".
We find Che xass of the * * to be (2257 i~10) M«V and :r.e
•C c**) - *(AC"^) sass difference :o be (168 :^3) XeV. Pre-
viously unseen two body decay •zoie* of the c"'226O) ar--
observed.

The first evidence for char-, vas the cbs*rvatien*^ of r-e J . a:
SNL and SLAC. This state is nov Identified as the spin pari:-. :~ --re
state of cham and antichara quarks -cZ) and i**s :hus th« firs: ;a*-t rf
"hidden charr". Dilepton productior.-- by neutrinos has subsetj«.-t. -:e«r
shown to be a manifestation ot bare chars. The first observar:.r .: s za
charr state vas --*&* at BSL in a neutrino interaction in the *-::. ;.--!*
chamber. This event was identified as the production of the :s;tr:-..et
charred barton state. I,-"*"1"'2-26), and its decay to the isosin?'.*t sutt-.
'c*(226*>).^' These states v«r« subsequently obsen'ed ir pnotorr-j-^ct jor.
at FXAL,4' and another exaeple of the .".-*n226O> r.as recerrly bee rer
by the SSL "-ft. bubble chasber group.~1 The bare chjr-~i "»*ci s:a:«s,
the 3Q865) and the D*(2OO5) vere first seen in e*e~ acRihllati.-rs i:
SLAC,*' and have since been confira*d in other experiments at SLAC. Tr«se
states have also been observed in neutrino interactions."*

:«ii

In this letter, we conflra the existence of the charred Saryo-a,
obtain a neasuresent of their xasses, and r«pjrt the observueicr ?: pre-
viously unseen two body decay aoies of she '.*. The :c""(2i2*>^ :$ ietect
through its decay into the *c*(226O) ar.i a -*. The rate for :.—.. 2-I-re-
production ior various 'c* decay sodes is alss presentee!.

The expetirent uas carried out at the F<?rai National Ac.s'erat^r
Laboratory using: the double horn focused -.'idebans -ucn r.cutr;-.r -tra- J-J
the 15-ft. bubble chanber filled with a heav̂ .- r.eon-h-droser. -i>.: ,rr?
(64 at. t neon). The results presented here aro >ase<i er. an .jr.il.*.;> J:
the 134,000 photographs taken to date in the experiment.

The is:tractiy. length for hadrons in the heavy nron =ix is 1.25
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-evcrs the chasber dianeter is 3." =) so that hadrons produced in the
•vr.tr isc interact lens typically interact, while suont leave the citaaber
without interacting. Neutral strar.ge particles are detected via their
decays such as T.j - -**— and ' - p-~. The flla ua» scanned, and partial-
ly double scassec, far events with a possible neutral strange particle
decay (vee). All such events vere ateasured and geometrically reconstruc-
ted, and the -*:a;-s vere Vincsaticaily fitted using the programs 7VC?
and SQtA-- •'««* that -lade satisfactory two or three constraint Vlneaae-
ical fits to Kg - -""-" or .". - p-?~ decays vere retained. Kineaatical
aebiguities between the decays were resolved using the «* probabilities
of the fits and the center of =ass decay angular distributions. Events
with a leaving negative track with 3o=ent-«a greater than 2 Z*\'fz, were
taken to be charged current interactions. *e thus sbtainec i ianpl* of
31il K$ - -*-" and 22?* ". - ?-" decays in a total sample sf -. 130.000
charged current neutrino interactions.

In a previous publication'' (based on par: of tnis data sarale>
we ha « reported the observation of the chanced 0° •sesar thrs'igh Hi «1*-
cay into ?"-*-". -c have also searches for sh«_charr»s .-aryun, ."-*.
through its decay into ".-*. '. -**-*-", K°p. and S.°p-"-~ by examniR? th^
distributions in the effective masses of the d*cav products. Zlo sî rtir-
icar.t ^tr.cfire is visible in the K°p and the Kc?-*-" r-as' distributions.
Exar.i::ati;r; of the '-* md the •.-**-*-" r-ass distributisr.s (the "-* is
shevr. in rig. 1) j-r.j s.-ial! enhancements near the expired "-*" "JSS.
Kcvever. :he statistical si^nifleaner of these ».nhar.cer«nts is at -ost
tve star.icr-; ieviati.-r.s «ach.

To investigate these structures near the .*. r-tss. v« :onsii«r
the possibility thi" sosc t>: the .*c* events arise zron the decays OJ a
L.*~ i3i3 a "-* an-: a. -*". Since the *x?«cted O value far these decays
is srall, ts*"res;l-tion in th* =as* dif:<r«nce in - miZ^) - »(.'..*) is
very ;coi - 5 MeV). In the first 3::L char- evert.^ as well as^in the
F»ra:lab ?»ot»3r:duction experiaertt."** the #c"*" =a*s vas 2260 MeV and the
=ass iifference vas near 166 MeV. "*iru> the** values as a guide. •-«
select events with a *,-* «ffective^aass within 22*0 z 25 J!eV in which
there is at least one additional -*- <25 '!eV is our nass resolution.)
The distribution in the aass difference, la - a{ •-*-*) - n('.-*), shown
in ?i$. 2a, shows clustering arvjnd 166 MeV. The ir. distributions for
the -ean of the control regions vith -«•.-""> below and above the ,.".c* sass
(Tig. 2b) shous no clusterinc. The '.-"" "sass distribution for events with
lr in the ran?* of 166 : 6 MeV is showr. in ~ig. 3a. Ve observe 3 events
at a sass of 2260 XeV, where we expect 1.5 events. The probability that
this is x statistical fluctuation is lr"-. The .".-* nass distributions
for the near, of the central regions ir. ir. >elow and above 166 MeV, Fi^. 3b.
has no peak at 2260 XeV. *e consider this correlation between tho '.**•*+
JWJ the .'.-* nattses :; be due to the production of the :. {2i26>t follow*?̂
bv its decay iht? *c*'226O) -", and subsequently. -c^C'eO) - - . The
:_** is manifestly exotic and the width of the ".c* is consistent with sero
at would b* exrccttd for charaed baryens.

A sisil.tr anaivsiswas carried out for three other possible '>c*
decay aodes ir.t. •-*-*--, jc°p, »nd R°p-*-~. To reduce the large coabin-
atorial back;r:.nd in the four body aodes, we have selected events where
a .'.•+ aass i« ir. the T*(1385) region (1332 : 25 MeV). or a K°-~ aass is in



the K*!S92> region (892 r_32 XeV>. W Tne distributions £r :r for the :•-•?
body :.c* decays. .'.-"*" and K°p combined, i* r.howr. in ria. 2;. a::d the ;o--
bined 1= distribution for all four decay aodes is shewn n fi:. Id. The
coebined '.-" ana K-p =u**s distribution*, selecting ;r tr be ir. the range
166 r 6 MeV. are show, in Fig. 3c while in Fij. 3d -« further include the
sass distributions for ch« channels Y*C335> -*-" ar.c :<*";-". -* ri^i
a tocal of 23 «v«acs with nass (n) in :h« range 226: : :S *eV and la in
Ch« raaf* 166 : o, vith ch« breakdown giv«n in Table I. -si-g t.-.e appro-
priate control zc^iens in a and la. w* «xp«ct a back^rour.s of c «v«nts,
where we observe 20. pie probability of this befr.i; a statistical fljcr-u-
ation is less than 10"-.

In order to esci=a:e the rares for 1. prcs-cner. f;ll-w*d by
the decay Z^^ - "._*-*, with the •.."" decaying as. absve. •-•« correct t.-.«
nu«b«r af these events observer above sacksreund b" tre V-" brarchir-c.
ratios, the V° scan and detection •fficienci^s ('•:'.',. and f~e e:iiciescv
in the aeaeureaent and reeontcruccicn af th* charge; :rac>.« ' ST* ;er trac"*
Noraalizlng this to the total nusber ;:" charged current interactions. ..>
obtain rhe rates as <iv«r. ir. Tible 1.

To obtain our best estimate ;: the .*c"°" - J « ir.d trie lz~~ - "c*
^ass difference, ve use rhe 3 ev«-;s v.ta "* - *-* sir.ee tJ-is sa-ple has
the ssallest backjr-juri. The Vi'^es ^stained are

It is interesting to note that cne of the 2? events is crrsaslv a
example of quasielar *c charr baryc- production. K;r.e-a:*.cs j-rs :r;u>.
identification sugs**: that the reaction is . N'e - ." •-*-*-•-- with no
nissir.j particles. The evert thus has the 1S"« --C si^naur* o: i':am
production. Examination of the rasses then indicate*- that the event is
another exasple of the reaction:

- p — - i : _ • * - « " • — • • • —
C C w >»

Two of the three - *s in this event are overstcpnec as S* *?•£ the :rter-
prctation of the third positive track heavily favors -* over K* •>••• ceoret-
rical reconstruction, ionizaticn ar.Ji 1 jr.gitudir.«l <.ntu= bal,»r:»t. Tr.r.:-
verse sosenttai is balanced to vithia "!• XeV c. There :s no v:s:>.-? evi-
dence for stubs at the pri-ary vertex or adiiti.sn.il r.e^tral* ir. t::v iovr.-
streaa 7 radiation lengths and 2.5 interaction len^t-5. The rrcriMlif."
that this event is associated strang* -rarticle •prsl .c: icr. with J -:ss:r.-
K? has been calculated tc be less than 3"".. The tvr r*levj^t -;«>o irr
H ( ' C * ) • (2276 : :5) KeV and 1= - 16i . 5) Mel.

In su-sary we have presented evidence f.-r tk-: exi«t<tr.c>. •>: • -rh
the I.** and .".c* baryons. a -.easui .-=«nt s: their -asses. 4* well JS :i»
first observations af tw>_bcdy decay -.cdeis s: the *."": "c" - -"" and
less si^nifirance. *

tw>_bcdy decay .cdeis s: the .: c

* - s*p.

Ve vculi liXe to thank the people at Femilab ltd the scanning ar.s
-Jeasurir? jraups at 3rookhaven National lab an: Sevis labs wnose efforts
M d e this ex?eri-ent possible. This vo.-k is supported by the I'.S. Depart-
ment of Enerj" and by the National Science Foundation.



7ASLE Z. Observed Event'; of the Type j$t - a Z •*•. Z "**
>

with 2.235 CcV < !l, ̂  < 2.285 GeV and 160 MeV < i* < 172 MeV
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Signal is «v*ncs «bov« background corrected for j«t«ctisr. * : : icier.c.es

and unseen neutral decays of the K° ar.d the .*.,
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CEXN BEBC wideband K2 experiment, private cooKr.ication, .". 3eutsch=ann
and 0.1.0. Morrison.

%. The two VSl chars baryon events (Refs. 3,5) have a Y*(1385) and ¥*
(892), respectively. In their 'c* decay products.

9. Fijures shov all aass combinations. In Table I ve have =ade corrc/c-
tloos for sultiple coobinatlons witnin an event for both tr.t sun*'.
a»i the oackground.
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