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Ia a broad-band neutrino exposure of the Fermilax 15-
bubble chamber, we observe the producticn of the I.7 71.1%;
charned bdarvon followed by its decar %o ;c*(:zec) and -7,
We find the zass of the ’_" 2o be (2257 = 12) MeV and the
a(:c*‘) - :(Ac*) aass dif?crence zo be (ib68 = 1) MeV. Pre-
viously unseen twc body decay =odes of the _“iI26G) are
observed.
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“he first evidence for char— was the cbser?atien‘) of The 2., a:

BNL and SLAC. This state {s now .[dent:ified as the spin paritv .~ %zure
state cf charm and antichara guarks ;55) and was thus the first rase of
"hidden char=". Cilepton produczion~ by neutrincs has subsesuseni. seer
shown tc e a =anifsstation of bare zhar=. The first observar:i.: 7 3 tarve
charr state was =ade at 3NL in a aeurrino interaction in the "-I:. su-=le

charber. This event uas*ide::if:ed as the production of the iszoriulet
charzed 5a5€on state, I_. 12:26), and its decay to the isosingle stale,
“Lese states vere subseguently observed in shotoorroiuction

. >

o (2260} . i
at FSAL.“] and another exanple of the 2. ¥127260) nas recentlv Seem rer:
by the 3NL 7-~ft. dubble chamber ;roup.S’ The bare charmed mescn states,
the 32}865) and the D*(2005) were first seen :in ee” amnihilaz:.ms a:
SLAC,?’ and have since been confirmeZ In other experiments at SLal. Trese
states have also been observed in neutrino interacttons.-’

In this letter, we confira the existence a3f the charred -arve-s,

obtain a neasurez=ent of thelr xzasses, and reror: the observaticn »f sre-
viously unseen two dody decar noles of the F. The I *Fili26) s ZJetectad
through its decar into the " *(2260) and a -7, The rate for 1.7 2.2

production for varicus ' * decay =odes is alsd presented.

The expevirent was carcied suz at the Fermi XNaticnmal Ac.e’eraics
Laboratory using the double hora focused widedanc =ucn nectrins Sea~ ans
the 15=ft. bubble chanber filled with a heavy neon-hvdrozen =ixI.re
{54 at. % neont). The rasultls presented here arv dased on an antlusis of
the 134,000 photogragchs taken to date in the experizent.

The interact:o~ length for hadrons in the heavy acon =ix is 1.23
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‘the chazbher dianezer is 1.7 =) so zhat hadrons prcduced fn the
nc interasticas typicall: interact, while zuons leave the chunber
.n:era::i:;. Neutral strarge particles are detected via their
ars such ag ¥ - -~~~ and ° ~ p~". The fila uas scanned, and partfal-
= double szanznec. Ior events with a possibie neutral strange particle
decay (vee}. ALl such svents were neasured and geometrically reconstruc-
ted, and the Zi2zars were kinematicailr f{ctted using the programs TVGP
and SQUAR. Vees ==a: awade satisfactor: two or three constraint ainemar-
fcal fits to X§ = -7=7 or X - p=” decays were retained. Kinemarical
asbiguities be:aetn the decays were resoived using the <2 probabilicies
of the Iits and the zeater of =ass decayr anguiar distrilutions. Events
with a leaving nega::ve Track with Soc-entun greater than I JeViz, were
tacen 0 be charged Iurrent interacticas. we thus dbtained 3 sanple of
3141 K@ = -*-7 and 2297 * - p=7 decays ia a total sample 3£ - 120,200
charged curreat neukrizno interactions.

In a previou *ub:icatian'} {Sased on sar: of tais data sa-oler

we ha e reported the ddservaticn of the charzed 97 =eson

cay ingo FP-%-T. e have aiso searched ior the_charmec .aryoum, [.T,
throush its decav ints =%, ° =*-%-=_ ROn, and ¥Op-"-" 9y examining the
distritut:ons In :he efieczive masses o>F the decaw products. No signir-
fcant sgrusture & igib.e In zhe k°p and th §°p°°" =asc distridetions.
Exanizazicn of the “‘ and the “~"-"-" zass distributions (the =% 1s
shown in Fig. 1} shon, snall enhancements near the expectes '.% tuass.
Howevwer, 2he stazisiical sézatficanze of these cnhancesenis s 1T ~csi

T stanmsari deviaticns eackh.

estigate these structures near the i-- =ass, we consider

that somc of the . events arise Irom e Zlecays of a

a -T. Since the axpected O value I3r these decavs

is s~aLi, stion in the zass difierence in = 1.7} - x(n o) s
wery xo0d J. in the first 3UL chars event, 3 3s well as ia tke
Ferz:lad pactopraducticn experizent.=) the "o mass was 22150 MeV and the
=asc liiJerence uas near 156 MeU. Using these values as a guide, we
seiess events with a =% 2ffective nass within 2240 = 25 MeV in which
there Is at least one additional -*. 2% “eV is our mass resolution.)
The distribuzion in the =ass difference, 1z = =('~*-") - ai'-*), shown
in Fig. la, shows clustering ar:und 1656 MeV. The = distributlons for

the ~ean of the contral regions with ~7 - ) below and atove the “c‘ =ass
(Fig. I5) shows no clustecing. The "~ —ass distridution for eveats =itk
L= in the .a“.e 9f 166 = b MeV ig shown in Tiz. Ja. We ohserve 8 events
at a2 =ass 3f 2160 VeV, uhere we expect 1.5 events. The prodabllicy that
this i3 4 s:a:is:.ca. fluctuatzon s . 177+ The “~* mass distributions
for the =ean oF the contrayl regisns in - bdelow and above 146 MeV, Fig. 3bd.
qas no peak at 2160 YeV. We consicer this correlation bejween tha vhet
and the '=* ﬂasscs t2 be due to the production of the 7. (2:26), foliowes
bv ity decay intz °_ " 2260) -7, and subsequently, . F(2160) - - . <The
I is manifestiv €xotic and she width of the e is consistent with zerc

as would be exres%ed for charaed bdarverns.

A sioilar analvsis was carried gut for three other poss!ble st
decar modes ini, “=*=*-= K%, and K03-"-". To reduce the large combin-
atorial btackzro.nd in .he four body modes, we have sriected events wvhere
a '=* aass s i the YU(1385) region (1382 = 25 MeV), or a %9-" =sss is in



the \ 1992) zegi~n (892 = 32 MeV) 5) The diszrissticns in = for the twz
Sody :c deczavs, =7 and I° sombined. fs shown in Fiz. 2c. and the co=-

bined .= disiziiuiion for all four Zecar 3odes is shcum it Fii. ld. The

combined =~ asng X°p =ass dist-ibu'ions. selecsiag 1= to “e in zhe range

166 = 5 MoV, are showw in Fig. 3¢ whil ie in Fig. 3¢ we furiker include I

=ass dizirizutisns for the channels Y®(1385) =*- an¢ X"7:-T. e i

a total of 20 eveats with nass (=) in the range 2263 :
the range 186 = 35, with the breakdowr given iz Table I. Usi
priate contrcl Tegzicns in 3 and lm, we expect a bacxgrouns I
vhere we cbserve 29. 'he probabilizy of this being a s2atis
ation is less than 10°°

ng the appro-
£ events,

- - —
In order to estizate the rates for T,  prazsciicen

the decay - 7% - .. T-T, wizh the "_~ Zecayiag as E:v . e 2z tne
aumber of these events observed above sackgreund hang
ratios, the VO scan and detection effi:ziencics €'- rfictenay
in the seasurement and reconstrucIisn >f the charge:z trac Ter trackl.
Normalfzing this o the total nuzber I :tharged surren? in i30S, a2
ob¢2ain ~he rates as iven in Table L.

To obtain cur best estizate oI the 1.7 =ass and e 1.7 - T
=ass d:ffercace. ue use the T events with "Eg— 7== since this sazpie has
the s=allest backgrzuri. The wa'ues c2tained are

b
2f7. ) = 2037 2 12 Vet

<

it is iateresting T2 acte =ha: 2ne af the 17
exa=ple 3f gquasielar ic char darvec~ zraduciiczn. Finm

c
ideatification sugzes: that the reaction is . Ne -
nissing rarcticlies. The event thus has the 187= -
production. Exazmination of the —asseés then indica:
another exazpie a3 the reaczzicn:

£ =
- - -- ”l - - - ‘--l "
T te e et ¢
Two of the three - 's in this even: are overs: szned
pretation of the third positfve zragk ~eavily favor
rical reconstruction, fonizizion and ~ongitudinal -
verse mozentutt {s balanced o within "7 VeV 'z, The
dence Sor stubs ar the pri~ary vertex or adiizional
tream 7 radiation lenzgths and 1.5 imteracticn len:
that this event is associated strange cariicle prod
x? has been calculated tc ¢ less TManm 3%. The oue
=(°c*) = (2276 = 157 MeV and Im e IED = 3) Mel.

In summare we have presenced cvidence fov TR axislenc. 7 toark
the :c.‘ and .~ barvens, 2 medsur sSent dF thelir —asses. s WoLl 43 Iue
first observatisns of two_bcdy decar mcdes 3f the T T: 1T - -7 amd witn
less signifizanze, "7 - &5, N
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TABLE I. Observei Zventr: of the Tvpe .Ne = u‘:c APPSR N
with 2.215 G2V < M, _ < 2.285 GeV and 160 MeV < im < 172 MeV

re

[
==
5 .
Ce ay Mcde Zvents S3ackgrounc Signal z.B/z(charge current)
ot a 1.5 17.6 (1.8 = 0.8) x 10679
£ 7 2.0 25.5 (2.7 = 1.6) x 107
P 4 1.5 12.4 (2.5 2 1.3 x 2079
iopf"-,'(x.p-) 1 1.0 - -
20 5.0 55.5 (5 = 2.3) x 19"

]
Siznai is e'nnzs” above backgroung corrected for detectish efficiencies
and unseen neutral Iecays of the £ and cthe .
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ani the dackground.
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