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We have studied inclusive pN -+ K'K K'K' X final states at 400 GeV/e and

* . - *
present here evidence for K °(2060) » ¢K*#+ and ¢K °(890).



Excitalions of the neutral kaon K(498), presumed to be a d and 3  guark
in  the 'S¢ ground stete, have been observed: " (39u) ('s,), K*(1430)
*e,), K¥(1780) L0, and K”{aUcOJ (*F,) [1]. Possible decay modes for the
K {2000} excitaiion are eK{an}; those accessibie in our experiment, which
lacks neutral particle identification, are listed in Table L. We analyze
the ¢Ktn; and ¢K*“(B9U) finel states of the KK(ZUGU) and compare the
results with other eiperiments,

Experiment Eog3 used the Fermllab Mulllparticle Speclrometer (FMPS)  in
the 40U GeV/e MOW beam  line Lo study proton—nuclel interactions with ¢
mesons in the final state LZ]. A faat trigger processor [3)1 ldentified
events with ab  least Lwe KK palrs whose effeclive masses in the magnet
pend-plane were consistent with Lhat of the ¢. An atmospherlce, multl-cell
nitrogen  Cherenkov  counter  wWith momentum thresholds of S.F (i), 0.2 (K)

and 38.3 (p) Ce¥/c provided track-by-track particle identification for this

¥,
T

Fattern recognition, a global 3-dimensional b-parameler track fitv, and
particle 1dentirication reduced the 3.7 = 10" triggers ta 1.8 x 10° events
gah having & 3 Lracks with 2 1 K" and 21 K. Tracks without Cherenkov
Light wilh o8 5P s 23,0 UeVic wWire duetined as Kauns and wWith
23.0 2 P 3 38.3 teV/o were defined as protons, while wll particles with
assoviates  lighl  were assumed Lo bu pions, Eyvents with « & KW oand 2 2 K
{Lthe 144,471 event Y4-K sample} inecluded 32,084 events with < 1 KK miss
comgINaL 1o Within b MeV/e®  of  bthe nowwtal ¢ mass [ 4]0 UC tnese,
- WU (24,482 evenls) had & 1 additional  KTwt.  oQur  fitted ¢
mass (1.01%%10. 0003 GeV/e®)  and resvlutlon, described elsewhere L4, are

v momentum  error would

¢ momentum  error would

rale, A 4% systemari
Nave  resulted 10 oy Mass 5o from its nominal value, with a corresponding

¢Ka mass shifv of 17 MeV/e? at a4 oKnm mass  of  20bU MeV/c*. Thus we are

conlident of our mass calibrations.
In cur rits we parametorize the bDackground by N(H*Mu)“e_p(M—M“J,

the thresncle mass (M,}, the normalizZation (N}, u and p were varizd. The

nnnnnnn ey Fivmem to oo Mesci b el i orar aoanunlubad giFkh the Dapia i inat riimank s ]
reschance form 1s a Breit-Wigner convoluted with the Caussilan  instrumental
5 : o ¢‘ 0
resclution { ¢ = 14 MeV/¢® for K (ZUBU)) determinea by Monte Carlo.
The vKtn; mass spectrum 1s secn in Fig., 1. When  tracks below plon

theeshold  are included as plons a 9024188 evenlt enhancement whose mass and
wWidth are 2040210 and 6UzhY MeV/ce® is extracted (3</0F=30/30). To  insure
that pions are positively ldentitieqa, tracks with momentum below 5.8 GeV/c
were excludea, a4 4311110 event enhanvement wWwith mass and width 2079z {  ana
61 1h8 MeV/e? (n2/LF=1b/23) remd ined. These Masses ang  widbhs  are
consistent with previous KltauouJ Medsulements [ H5=81.

in what Fol Lows Wi regu e positively rdentifled plons
(P z 9.6 GeVre). The backkround is  construcled  of KTk palrs  wilh
- P LIV

eteTy ¢ 107

TODE = M
1 o o5 MR K ) <

[ Mol /e

U3 Mellies, L
side-band {"y"). These "w"Klu; fiits, with [I'ixea resonance mass (2079
] ¢ * .
MeVse ) and width (B) MeV/c ), glve 810704 K {cubl)  events (“/DF=30/060),
. - - .-
implying thal Lhe 8lgbal 13 entirely in the oK n+ submass of KK KT+, uur
+ + - - .

measured K 1 and oK 1 distribulions are struclurcless, congistent  wWilh
4an 1sospin /2 assignment for this resonance.

The backgreouna-subtracted, avcveplance-vorrocted  LPansverse  nomshiun

distributlion fi1uted to expl-b P{) gives b ob <. 4:U.7 (leVriu)  , Conslstent
*
wlln other K production LY. ine  longituainal G me nLum raction
distribution (KF) could not be determined since our Urlgger dcieplallie
limiLed the kaon momeniut and hence our SenslLivily to ixyl [N
- ib 'a N R
To investlgate thne twoe body duoeay node K “(2000) » gK “(8Y0) + ¢K o+ we

fit  the KESF  mass spectrum, seen 1n Fig. 2, by PlXing Lhe resunance mass

#*
and  width (8Yc  and be MeV/e*),  aod obtain 4050137 Ko(8y0) eVenLs



(32/LF=72/50). We tlhen 1L the gK™n¥ mass, seen in Fig. 3, for K¥n+ mass
combinallons within 140 MeV/c¢® of the K’”(&HU), wlth fixed mass and  widohn
(2U7%  andg b1 MeV/c*). Thus fit when corrected for background and K*LCHD)
combinaticens excluded by Lhe cut glves 172178 wK'“(dao} + ¢Kin;
cemb 1nat lens. Glven our trigger regulrements, ~ 40% of Lhe K‘"(d&u) evenl
sumple i3 a decay product of K‘°{zob0).

Centrally produced rescnances should be charge symmetric (104, From
the faes Lo the wKinI mass spectra seen in Fig.4,
NLE *(2tou) - ¢K'n_J/NLR*“(ZUDUJ + ek ') = U804, consistent wilh Sd and
sd production rates being comparable and in agreement with N(K+)/N(K—] duata
Li1). We see no evidence within vur statistics for K*(zUDO} pelng  pair
produced with any known K resonance.

We wvaiuale Lhu K‘“{:ubu) cruss section (v) using a model Lo obtain the

branching ratio {pk) trom our nmeasured (do/dX ) = BK. Our cross

o
seetlon normalizatlon, deltails to be found elsewhere 2], includes
geometrical accuptance; Lherenkov, Lrigger and reconstructlon etilciencies;
and vorrections for kaon decays before tie Cherenkov counter (0.821), the
¢+ KK branching  Fraction (0. 44%), and the K*°L£UEU) = pKn  relative
branching fraction to charged particles (U.bbf),

To study Loe acceplance fraction we generateda K“(:uuo) evenls with &
aifterential  erusa  section of (|n|xp‘;f'5 expl-2.5 P%) LY]) and propagaled
them through the apparatus, trigger processor, and analysis software. The
aceeplands  IracLlon  ls lnsenslbtive to the partlcular chosee of transverse
momentum diatribution, However, (U 5 rather sensitive to the model of the
fourih  (bactelor) kaun reguired by the trigger. ihe resulls reported Lo
Table | are based on Lhe dourquin-Gaillard model {12] with local quantum
humber conservallon, 1R Lhild case sirangeness.  Hence, the bachelor kaon is

% -
produced close in phese spece to the K °(2Uby) » leﬂ+ whicti allows 1ow

muss KTK#(bachelor) combinations to provide Lhe second trigger g.

The corrected (du/uxF|szU) = BH{yKn) is 1.7010.3¢ pb. Extrapolating to
the tLolal vcross section by d[ou/dxFIXF;U)/(n11), uzing n = J.8 from
K““(dHUJ production LYJ, yilclds ) x HH{wKu) = U.bAtU. 17 ob, T

Bourquin-Gaillard model L1141 estimates bthe totdl Inclusive croas section

U. 3o

Max M'(M'ﬂz)_ld'j. M” is the mass ol Lne

olub) = 4xfu?® y;mx cxpl—5.14/y
simplest  compesite particle consistent with the procuction of resondnee
mass Moand loval conservation of Quantum numbors.  Hoers M ois  2UbU o Mel/sce,
M7 15 (2ULU F HY0) MeV/c®, and Yinay 18 The makumil cenler-of -mass rapidity
tur M7,  1n this mudel olpp * K*“(aUuU)RX + K&ul(UUU)KXJ 15 22 ab. Usiog
this estimaled o, the BR f'or K'J(¢UbU) to WKi oIS U8 and Lo WK*“\dBU) iz
014, The errors, which depend on the accuracy of the model, are estimated
ta be -H0% of these values Li3d.

Using Lhig mooel Lo inter the le branctang  rabio, dnd using  Ule
Measured (5] branching ratio to Ku, (4/2)( 0t} Wi obtaln
P(VK*°(59U)er((KnJ°) = .131.,07. Tnls result  1s  cousistent Lod Witk
P(P"K*“(BBUJ)/r((Kn)“)=.U01.Uj, 1mply ing comparable branching traclions tor
negutral isovector or lsoscdlar members of  the same nonet. Our  derived
ratiu, PipKud /0 iku by = J2%1.0y, Wit computea LY WlLh
TOOK0 )/0CK 0 ) = 250530 ang  [{p K®u )/0(K% ) = 901,32, agree  within
the measurement uncertaintles

The devdys ol K (2060) o Knt, BT, snd ¢KT are nou scen in our
data. Fits with a resonance ceontribution, Table 1, give nearly identical
32 to ones without a resonance contribution. The irst  gecay mwode  is
suppressed because the four-kaon trigger requiremetit excludes Lhese evenls.
The second decdy mode 1s possibly suppressed because of  small  Bhs  andfor

large combinatorial backgrounds when multiple pilons are included, No other

L]
experlment nad reported K (20bU) decay modes comparable to gKnn, e.g.  pKim



and wKnn. ln order to make further compdarisons with existing data, we
assume equal cross sSections for K 9zusmK X and K T(2060)K7X 1n tne
cenitral region. Singe wWe expect F(K‘“(dubu)»wkn)u F(K*+(20b0)awK'), our
k' 1limit implies & lamit on ¢K°, F(uKE)/FCeK ) = 11519, e be
compared [61 with F(p“K”)/Y(p”K‘“) = .8Y9£.60. Alternatively, the the lalier
ratio predicts 297:240 wKt events from K‘liaooo) decay, consistent with our
35158 events.

We conclude thal strange meson resonances above the K threshold  have
significant Bh to KX, comparabie to those of p°KX and wKX,

Wi appreciate the assistance of K. Cantel, R, Craven and 5. Hansen in
preparing and running Lnls  experiment, Uur  work was supported by Lhe
Department of Energy (Arizona, Fermilab, Florida State, Tufts) and the
Nalional Science Foundation f{(Arizona, Notre UDambe, Vanderbiit, Virginia

Tech) .
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Table 1. Possible ¢K(nn) Final States of K °(2060).

Monte Carlo
Heaction Q Value  Acceptance Fitted
{MeV) Fraction Events
K e(eub0y -+ gkErd 447 0040 4311116
+ gKTo(Es0) 188 003N 172478
K't(cob0) + okt 847 Loo4Y 3beb8
+ ¢Kiuln: Zod L0010 813
L0037 10111£ﬁ$

Including bLracks with Ps 5.8 GeV/c as pions,

FIGURE CAFTLOUNS

Figure 1. The vKtn; mass spectra, crosses, fitted to background and
K (2000) tor (a) all tracks; {(b) tracks_ with Psb.8 leV/c
excluded. The dotted histogram is the "W“Ktn; data normalized
to the background fit of the crossed histogram.

- *
Figure 2. The K'n¥ mass spectrum fitted to background and K {840). Tracks
having P& 5.8 GeV/c are excluded.

Figure 3. The yK*a® mass spectra for Kfn® 1n the K (8Y0), crosses, fitted
e background and K {zue0). The dotted histogram 1s the
Ve"K (8Y0) data normalized to the background flt of the crossed
histogram. Tracks having Pa 5.8 GeV/c are excluded.

* -
Figure 4. The mass spectra ritted Lo background and K (zub0) for (a)wK+n H
and (b)yK n . Tracks naving P 5.8 GeV/e are excluded.
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