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OBSERVATION OF A NARROW STATE AT 1865 MeV/c
+-
DECAYING INTO Kn AND Kt PRODUCED m e e’ ANNIHILATION

G. Goldhaber®* )
Department of Physics and;Lawrence.Berkeley Laboratory

University of California, Berkeley, California 94720 fh rooo

ABSTRACT.‘

We'preseht evidence; from a'study of multihadroniodfinal states-g'
produced in e e anhihilation at cehter—of;mass energiestbetween 3;96
éev and L, 6d‘éev' for:the production of a new'neutral statevwith'mass:
1865-+15 MeV/c and decay width less.than ﬁOhMeV/certhat decays,to‘h
:Kin+ and K+n n n The reCoil'hass spectrum'for<this stateﬁShOWS
struoture with peaksvat';~>2010 and ~ 2150 MeV/c ' Thls suggests
that the state at lBoS'MeV/c is produced only in assoc1at10n w1th

systems of comparable or larger mass.

We have observed narrow peaks near.l.87 Gev/cé-in the invariant'massg
spectra for neutral combinations of the charged partlcles K . (Kn) and |
K n 1 ﬁ '(K3n)_produced.rn e+e annlhllatlon, The agreement in mass, width,
and:recoil.mass-spectrum for these peaks strongiy suggests theyirepresentv'
dlfferent decay modes of the same object | The mass'of this state‘is 18654*15
MeV/c and its decay width (FWHM) is less than Lo Mev/c (90% confldence level)
Thegstate appears to be produced:only in associatlon wrth systems of comparablea
or higher mass. | | |

This ohservation was the result of cohtinuing.efforts ihpthe'searchvforr

12,3

charmed mesons, . Our results are based on studles of multlhadronlc ‘events o

recorded by the SLAC/LBL magnetic detector operating at the StaafOrd Linearv

*ork supported by the Unlted States Energy Research and Development Admlnlstra—,
tlon : : :

Research Professor Miller Institute for Basic Research in Science, University
of California, Berkeley, California, 1975~ T6.
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Accelerutor.Cehter colliding beam facility SPEAR.. Deecriptione of the detector
and event selection procedures haue'been puhlished.u’5
The present.etudy differsffrom our earlier on_el in two-essential Ways.
'_In the first place, it is bééed'oh a hadron:sample of ~.29;OOO'events_ih
the energy'reéioh/ E.,m ;:3.9:;ﬂ.6 Gév. 'This is the'eneréy reéionﬁaboue

1
the W/J and w in whlch the average value of the ratlo R = hadron/.u+u

1ncreases from a level of ~ 2, 5 (excludlng the w and W ) ~ 5;_and in

which we have observed conSLderable structure in ¢ as-reported earlier.6’7

_ "hadron
It was ih the'course of .the exploration.of this detailed structure invohadroh
that we accumulated much of the data for the analySis-of the final states.
Figure 1 Shows'these measurementé'of R together with.the'more receht:orelimi;'
nary'data,8 | |
' Secondly, an importaﬁt innovation used here wasvthe épplication of;time—’
of-flight (TOF) information to héip.idehtify hadrone; The.TOf syeteﬁ'ihcluées
48 2.4 cﬁ‘x'207cm X 260 cm Pilot.Y scinti;iation counters érranged iﬁ_a:cflin;.
vdrical érray immediately outside the-trackihg spark chambers at a radiuslof l:5tm.
from thehbeam axis. Both enas of each counter are ulewed by Amperex 56" DVP .
photomultlpller tubes (PM) anode srgnals from each PM are Sent to‘separate |
’TDC'S, ADC's, and latches. Pulse heightvinformatiohtis used to correct times
‘given by the“TDC;s. The coiiieiohﬁtiméeis derived from avoickup'electrode that
senses the passage ofvthero;é hs long beam pulses; the period betweeujeuccessiYe
collisione.is-780vns; ”Run—to—ruu calibrations of.theiTOF syetem are perfOrmedi
with Bhabha ecatteriog (e+e_‘;s e+e—).events. vThe rms resdlution ofvthe:TOF

system is O = 0.4 ns.

Particle Identification by TOF
Typical_time difference between a n and a K in the Kn:signal is. only about

0.5 ns. We héve used the following two téchniques'tofextract the béét'poSSihlec



|

i infofmation on particlé identity.,. To apply these methods, tracks apé required

to have good timing information from both PM's, consistent with the extrapolated

position of the track in the counter.

A, 'D'ire.:ct Particle Identific'ati'o‘n by TOF

‘In thié'methbd'we_calguiate two X2 values for.eaph obSer§ed ﬁrack, Thé:
fir;t ié related to ﬁhe érobability-£hat ghe tréck'is.é.ﬁ(xi) aﬁd‘thé:secdnq
to the prob;bilit& of tﬁe track beiﬁg‘a Kxxi).t,Here Xf is defined,by;

73 2,2
X = (ti_ t-M) /Ot L

i
where i = 7, K}'ti i; time calcﬁiated for mass>i from measured momehtﬁﬁ;.tM
is measured TOF. if;the track satisfigsvthe criteria X§‘< 3, Xi <\Xf'.the
trackvis called.a K. If Xf < XE_ the track is called a n; the track 'is a;so
called a niﬁhenind reliabie TOF'information is available as whén, forreXamplé,
mére'than oée-tréck hits‘tﬁe‘TQF ééﬁnter;"Theré are alsé a_sméll ﬁﬁmber of
nuclebné and antingclébns which have'been;iaentified'bﬁt these do nqt:playta:'
part in thé present analysis, .

B. The Weight Method

In the weight method each traqk‘i§ assigned a weight cofreséonding to its -
probability of bginé a nt and é second_weight correspdndiﬁg,to its pfobabi;it?
of being a K, Theﬁe are détermined frém the_measured mémentghuand TQE-éésuming
a Gaussian prpbability disfribution Wiﬁh standard dé&iatién-o.h ns, Tracksv.
with»nét (n plus k) probabiiity less thaﬁ’l% are:réjected. '(This éiimina£és‘
nost éf the-hucledns.) Theh; tﬁe relativé n—K‘probabilitiés are renormalized

so that their sum is unity, and two-particle combinations are weightednby the

joint probability that the partiéles satisfy the‘particularvn'dt K hypothesis ,

assigned to them, In this way, the total weight assigned to all nrt, Kr, and
KK combinations equals the number of'two—body»cbmbinations and no double-

-~

counting occurs,
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To be more specific, we define v
Tl
2
and ke

with the normalizing condition -

In the study of the two-body system for example each pair of particles with,

total charge zero gets entered into three graphs:

N N
in M(n" 1t )~ we enter . W W

. . ﬂl T[2-
in M(Kx") ent W, W nd W W,
in n we enter and W_.
AR : S .
in M(K'K ) we enter W Wy .

: C .1 T2

. In our articievsubmitted to'Physical Review Letters9‘we showed the data in =
terms of Method B the welght method We Wili thus here’first show~theoresults

'obtalned by use of Method A, followed by those obtalned by Method B

- 3 L
The X 5 Dlstrlbutlons

« .

- To begin nith,.Figs. 2'and 3 show the'Kin$ maSS'séectrum atdﬁﬁé nvand
the'w' respectively. Here no'doubie counting'ocours as eaoh traok has been"
assigned a definrtebmass and the.correspondingeKn pair appearsronly onCe; A
very strlkrng featnre of these hlstograms is a strong K (890) 51gnaly1n each‘
The data for the W is based on ~ 150 000 hadronlc events and for the W' on
; 350,000 hadronic events. In Flg. h is shown the K™ n mass spectrum for the
data nnderdstudy here, the ~ 29,000 hadronlc enent samplevcollected 1nvthe>
Ec.m. 1nterval 3. 9 h 6 GeV. Here now aside from the K (890) peak we observe
- a small second peak centered at ~ 186)quh:. Flgures 5, 6 and 7 show these |

~ same three mass distributions in greater detail from 1500'MeV/c> to 2500 MeV/CE;

o . . e 4 3
_ The Recoll System Against K x

Figqure 8 shows a scatter plot where we plot the_mass of'thedKn system

versus the recoil mass'against that system; Here a band centered on 1865 MeV.
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is clearly visible.: Howevetlone'can.note that.the recoil mass_doestnOt.eccur‘
at primafily 1865 Mev/ce'bnt rather starts at'abcutvgfcev/cg and"goes'np to‘fl
approninatelf 2.2 GéV/c2 at'leastlas far.as a stroné'Siénaliis'concerned. We
ntiliZe the informatlon learned from the appearance éffﬁﬁe misslng nass spectrum
and make a cut on the recollwmassittom.é- 2.2 Gev;. This gives tise to.the‘nextf
figure (Fig. 9) which now shows a yefy‘largelsiénal centered-atll865 Mév/¢2;

The recoilisystem against the Kin$ peak is sho&n in more detail inlthe
follewing th;ee figures, vIn these.figures a51de from the 29,000 hadronlc '

events discussed in the text, ~ 6000 events from runnlng in late May 19(6 at

EC m = u.03iGeV were added.‘ In Fig.~ lO we show the rec01l system as dlrectly

‘calculated for the mass band 1840- 1900 MeV/c . In Fig. 11 the same data ‘s’

shown only now calculated for a fixed mass -~ namely 1865 Meﬁ/c2 —Qsof'the'if

Kin+ system, ln:this calcﬁlation'weunse the modentum of'tne Kin+ system as
meaSU:ed but replace the.measutea mass.by the‘abone'fixed mass. InvFig. l2
the same aata is shown again‘ Qitﬁ the‘"fixed nass" calculation; but only-fcr‘
EC;@ = 3.9-—£;é5léév called ”h 1 GeV “ and in 10 MeV/c ‘mass intervals,
Background estlmates are obtalned by plottlng smooth curves correspondlng
bto the recoil spectra for Kn lnvarlant mass combinations,ln bands’on-eltherl
slde of the signal regien. The normaliZations,of these curves are fixed by
the areas of the reséective control reglons.
It is clear from Flgs. 10-'12 that there is'Structufe inytne.recoll‘mass.t
_,System wltn twd prominentipeaks at ~-2010 MeV/cg-and -~ 215O>Mev/c2'respec—

tively.

The Ky Mass Assignment

As shown by the top row of Fig.“l3 a significant signal appears even when
we simply consider invariant-mass spectra foraall'possible'neutral7combinations'

of two charged particles assuming both ﬁ and K:masses,for the particles.as was
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done in our previous search for the production of narrow peaks. Through |
kinematic reflections, the signal appears near 1.74 GeV/c2 for the n =x hypo-

' . o : 2 ’ + - = ' '
thesis (Fig. 13a), 1.87 Gev/c” in the case of K n. or K s (Fig. 13b), and
1.98 Gev/c” for K K (Fig. 13c).

To establish the correct choice.of final?state particles»éssociated withf
» these peaks, we use the TOF informaticnias in Method'B.

Invarlant mass spectra welghted by the above procedure are presented 1n
the second row of Fig. 13. We see that the Kx hypothesis (Fig l3e) for the
"peak at the Ky mass 1.87‘Gev/c 'is clearly preferred over either n 'S (Flg l3d)
or K K (Flg. l3f) The areas under the small peaks remalnlng in the'n n and
K K channels are consistent w1th the entire 51gnal being Kn and the resultlng
miSidentification of true K events expected for our TOF syStem.' From COnsidera—'
tion of possible'residual uncertainties in the TOF_celibration, we estimate that
the confidence level for this signal to arise only from i 1 or K K' is less
than 1%, Assuming the éntire signal in Fig, 13d3e,f to be in the Kr chahnel,
we find.a total of 110% 25 decays. of the new state; the significance of the.
peék in Fig, 13e is greater than 5 standard deviatibns.'»No signal occurs in

the correspohding dbubly—charged_channels.

R b L
The K 5 5t 5. Distribution
In our search for other decay modes we have obtained a clear signal in
- S S : N ~ £ -
~the final state K'n n n ., - With four particles in the final state the K momenta
are such that there is no longer any sericps diffiCulty,in_the K/n.Separaticn;
Evidence for the decay of the above state to neutral cembinatiehs of a
charged Kiand three charged n's is preSeﬁted in the third row of'Fig; 13,
Again; we  employ the TOF weighting technique, Method B, disCussed'above;.the
hadron event sample is the same as that used for the Ky study. Four—body:masS[
combinations are weighted by their'joiht n-K probabilities;

As can be seen in Fig. 13h, ‘a clear signal is obtained in the K3n system
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‘at a mess ﬁeaf i.86lGeV/02..'No cofresbeﬁdipg'sigﬁai is evident“at tﬁis ma;s
Orethe appropiiate kinematicelly reflected>mass for'éifherv£he &+n_ﬁ*nf.of‘
K+ﬁ;ﬁ+n_ Sys£ems,, We estimate the number of K3= eecays in the ‘1. 86 Gev/c
‘peak to be 12&4-21 an effect of more than 5 standard dev1at10ns vAgaln,
there is no 51gnal in the eorre5ponding doub1y¥eharéed channei. |

In Fig., 14 is shown the K3n dlstrlbutlon as obtalned by Method A,  The
peak centered near 1865 is very clear. For thl;.dlstrlbutlon it must be |
remembered tha£ tHere are many kKinematical reflectiens in the data. Fbr
exaﬁéle the simplest occurs when one Qf‘the'pions in the Kii;n+ﬁ- signalvis.
' replaced with another piqn,belohéing.to the recoii_system, Dependiﬁg-QnQE
and the details of the recoil system suck a K3%,system_cén have e mese fairly
close £0'1865 MeV/ce, say.Qithin 100 to.2OO'MeV/c2. “Thus withqﬁt much ﬁore
-careful study, End Monte-Carlo calcuiations, we cannot'ﬁeke_ény'statementf
'aboﬁt the presence'er absence of additional stpucture in the k3nisyseem._

in Fig. 15 we show'the recoil-sbectrum to.the K3n_eystem (by Methdd A)?
Here we‘are dealing with.mueh more background end the_sﬁruetﬁ;e in the-reebil
sysﬁem is not as'cleer. Y

In'Fig. 16 we show the two recoil'spectfa by Method B inAhO“’MeV/c_:2 bins,

Fitted Mass values for the Kn and K3n Systems

To determine the masses and widths ef the Qeaks ig the Kx and'Kgﬁ mass .
spectra, we have fitted the data‘given ﬁere Qith'e_éaﬁSSiae.for.the_peak énd
linear and quadratic backgroued terms'unéer various conditions'of binvéiie,
event selection criteria, and kihematicAcuts. Masses for the KEASignei-eenter
at 1870 MeV/c?; those for the K3n'sigeai center at-lSSQ.MeV/CE[ The ;éfeed in
central mﬁss véiues for the variege fits is +5 MeV/c ) within the statistical
errors of :ﬁ3.to'4\MeV/c2, the widthé-ébtained by these fite'egree with ghbsei
expected from experimenﬁal.:eselution éione.. Frem Monte-Cafle calculationsewe
expeet.a rms ﬁaesvresoluﬁion.of’25 Mev/cg for the Kn syetem and 13'Mev/02‘fer 

. the K31 system,



In Figs, 17 ahd118 we:shoe an ekample.of‘thé:fits for the;knﬁahalk3n eysteme
reséectivelyetogetaet with-the correspondieg MoeteQCarie calculatione. ic'these
patticular examplesvwevused a cut which requires the maeS'of the fecoii system-.
to be éreater than 1800 MeV/cg.v | |

Systematic'errors in momentuﬁ heasurement'are estimated to conttibute.a
+ 10 MeV/cg'ﬁncertainty in.the abeolﬁte mass determination,'and can accéuﬁtf
for.the 10 Mev/ca_ﬁasstaiffetence obsetﬁed betWeen the Kn and K3x systems.

:Thus both sighals are cOnsistent with,beingvdecays'cf the'same:state aﬁd
from our mass resolutton we deduce av90% confldence level upper llmlt cf hO

Mev/c for the decay w1dth of this state.

Evidence for Assocﬁﬁ#d ProductiOn‘and Thresholdbaehavior‘

:Frem'Fige;'lO— lE-aﬁd 15, 16‘We7findlnc evidence for the production of
recoil'syétems having masses'less_than crvequal tobl.._8.7lGeV/c2 ih”eithér”
spectrum,. The.Knvdata.cf“ﬁigs. lo; 1i show a'large signal'fcr'recorl'@assesl
in the fahge 1.96 GeV/C'2 to Q.QO'GeV/c2 withfccntributiehe up toc2.5’GeV/c2;‘
The k3ﬁ recoil mass séecttum (Figs. 15, i6b) has more backgroucd,\but.appeare
to be chsisteht with thevKn spectrum, ‘These'spectra suggest‘that the K aﬁd
K3n_systems are prcaﬁced Qitﬁ'thfeshOIds-occuriing'above 3.7 c;m. energy;

As'a further test of this appateﬁt threehoid behavier we have examined
.150 000 multlhadronlc events collected at the ¥y mass (Flg 2; Et :'3.1'

cc.m,

Gev) and 350 000 events at the W' mass (Flg 3 E = 3.7 GeV) for Ky and

c.m,
K3n SLgnals near 1.87 GeV/c . Because. of the large cascade decay ratelO of

¥' to ¥ and thevlarge second;order electromagnetic decay ratell of the'w,'the
rescnaccerevents contain 72,0004exaﬁple§ of hadrcn production by a”virtual'
photon of c.m..energy 3.1 Gev. From fits to invariant mase spectra-(eitﬁ'the:
signai ﬁass.aear l.87'GeV/c2.we find nc.Kn signal larger than 0,3 Standata.;-

deviations and no.K3n signal larger than 1,2 standard deviations in this large
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sample of events. The uppér’limifs (90% confidence level) are 6O events for
the Kz srgnal and 200 evénts”fér the K3ﬁ signal;v

.Thé thresﬁold behavior noted abo?elas well as the narrow.widths argﬁe
agéinst thé'interprétation of.the'étrugture in Eig; 13 éé being avconrentiénal.
K*;'é,g.; the strange couhtérpart'of the g(1680). * | .

Estimates of ¢ * BR

Preliminary Monté—Carlo-qalculations to estimaté detecrion.efficiencies'
fgr_the two modes have been performed; presentvsystematié undertaintigs in‘
these detection efficiencies éouid be as large as * 50%. Our estimate of
the.éross section times branching ratio,d' ﬁR (errors quoted are #tatistical)
averaged éver'éur 3.9 Gev-14.,6 GeV c.m. energy data is. 0.204.0.05 éb_for the
Kt mode énd O.67i:0;ll nb for the K3n,moder ‘Théée arg to be éompared.wirh tﬁe:'
average‘total hadronic crosé'séction ci ih this energy region of 27* 3 nb. . We
héve aléo searchgd-for-these signals iﬁ the evéﬁts at hrgher c.m. enérgies.

In our previous search for the prodﬁctionrof narrow peaksl at hf8 Gev,rthere
was a smail Kt sigral at‘l.87 GeV/c2 corresponding.to a g- BR of é.lO:bO.OYAnb.
This signal set the.upper limit quoted in the paéer (0;>ER.< 0.18 nb“ for the
Kr system of mass berWeeh 1.85 aﬁd 2.40 GeV/ce) but lacked tﬁe statisticél
Signifiéance nécessary to 5e considered a convincinq peak. The valué of.UT]

at 4.8 Gev is 18#.2 nb, In the c.m, energy.range 6.3 Gev-rov7.8'GeV.theuKn.'

g - BR is‘0.0hi:0.03 nb and the average O is 10+ 2 nb,

Summary .and Conclusion °
In summary, we haVe'obéerved significant . peaks in'the invariant mass
- + 7 +F 4 - ’ . . ST
spectra of K x and K'x n n that we associate with the decay of a state of -
mass 1865 * 15 MeV/c”. and width less than 4O MeV/c”. ' The recoil mass spectra
indicate that this state is produced in association with systems. of comparable

or larger mass,
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' We find it significant that tﬁe thieShold energy for peit-producing'tﬁis
state lies in the small intertal between the very nérrew_W'[and¢the bteader_
structureS‘present in e+e_ ennihilation near.h GeV., " In addition, the ﬁarxow'
wiath of this state,'its production in association with systems of even.éreater
mess, and the fact that the decays.We observe. involve kaons form a pattern of;.
observatlon that would be expected for a statebposse551ng the proposed new
quantum number cﬁarm 13 |

* The results presented hete-are the work of the LBLQSLAC cellaboration et-
SP?AR,'WheSe members are: F. ﬁ; Piefte, G. S; Abraﬁs,'M; S,_A}am, A.-M;,BoyarSki,
M. Breidenbach, W. C, Cérithers, W, Chinewsky,ts. C. Cooper, R. G. ﬁevee, J. M;.
Dorfan, G, J, Feldman, C. E, Friedberg,tp. Ffoeréer, G;_Hanson,;J; jétos, A. D,
‘Johnson, J. A. Kadyk',_' R. R, Larsen, b, ke, V. Luth, H, L. Lynch, R, J. M;a'd.éfé.s.i,
Cf é. Mereﬁeuse, H.'K; Nguyen,vJ; M. PaterSOn M. L..Perl I. Peru221; M P1ccoie
T, P, éun;'P. Rapidis, B. RiChter, B. Sadoulet "R, H, Schlndler .R. F, Schw1tters
. siegri.st, W. 'Tar.l'enbaun.l, G. H. Trilling, F, Vannucci, J. S, w'hitaker__, -apd J. E. .
'Wies. o | | i

IWe‘wish to thank_the.LBL and‘SLAC Computeerehtets'for'theit‘heip in’taeilf .

itating the data analysis,
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J. von Krogh et al., Phys. Rev. Letters 36, 710 (1976); B. C. Barish et al.,

Phys, Re&. Letters 36, 939 (1976).
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Energy Research and Development Administration, nor any of
their employees, nor any of their contractors, subcontractors, or
their employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe privately
owned rights.
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