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ABSTRACT

“A two arm spectrometer system has been used at the Bevatron to
sea>rc"h for a new vector meson, the X°, which has been Suggested as an
explanatmn of the lovs} experimental limit on the K L p p rate. The
branching ratio limit determined by this experiment, |

T(KY >y X° = yee; 350<m o< 425 Mev/e*) < 6.6 X107 (90 c L.
T (K9~ all) | A (90%¢. )

is incompetible with the theoretical prediction.-

Ty
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Mlostv_ attempts to expléiﬁ the low experimehtal l_ivr'nit.ori the K°L—> gp
br#nching fatioi_ have been based o;i the presqmptioﬁ that some inter-
medi.a_te-' ‘staii;e (or lstates-)i d‘estrﬁct-ively inferfereé with the ‘vex.p_elacted two

| photon iﬁf;ermediate state. .S'ince fhe decay.KoL > .vi.vacvtually occﬁ.rs it
givesA a cont_ributio# "on the mass shell" to the imaginary part of the
decay matrix clement for K‘L—» M- | ;A_‘te.i'm inté.rfe_rin‘g vﬁtﬁthis v
contribution fnust also come frovm a state on the mass shell.

Various theories have considered '1‘ntev'rmedi‘ate states that include:
a pair of as yet unobserved, uncharged.leptons'.2 (note that l_ep'tvo,n number
consef&ati_oﬁ and angulé.r morﬁenturri conservatidﬁ 1mply that é'v; state:
is impoésibie), a >1:Tip,$ res'ona,nc':"e3 reported by Ram-rn4, as well as the
37 and mﬁ modes. The 3w and mry stai:_és have been examined in some
detail with the conclusion that the n'ec_esskary' coupling stféngt‘hs to tng
muons _wouid have to be unreasonably large'_s. | |

Anothef possible intermediate state suggested by Alles and Patié
requires the ‘existe'nce of a new vector fnesbh, for which the sea.rch:
described here was conducted. The Alles-Pati meéhaniém requires‘
thafﬁ-the' K_dL decay into a photon and a new .rv.neson (’,Xo) zwith vspin-'pari‘ty

7% = 17 and mass between 350 and 425 MeV/czl'. To make the

K°L—> XOIY decay sufficiently ‘s.tror;g for Iplausible_ ’coupl,ing strengths an - |
upper l_i'i'nit on the x° mass is set by phase space consideration. The
lower limit on the mass .is. set by considering (i) the absence of the

.K+;> ot + xv(_)‘ decay mode,  (ii) the anomalous maénetic moment of the
muon, van-d (iii) the limits on the branching ratios of nand n'—~ x° + Y
decays'. V | | |

To 'supp.res"s the unobserVed decaf of thevxo_ i_ntb dipic)n_ ,fina'.l' states




){° is less than 0.1 MeV/c'z,'

3.

the G parity must be negative. The x%is then a low mass mes'on.'v

The predorninant'decay mode is expected to be X° ~ n’y. It is estimated

. 0, v _ ) S
by Alles and Pati that ?&co* :fl)“ B ) > 5%, and that the width of the

In order to account for the ebserired suppres.siqn of the KOI_.* |..I.+'J,-

-modei, Alles and Pat1 requlre

I‘(K°-'X\() » % 10-2
=z21.2 X10:
nd .
T (KGL all)
Thus there is the necessary condition that

F(KO ..,va...Yee or ypp)> %10 -4
I-‘(KOL-* all)

A search for. dielectron and dimuon decays5 in the suggested‘iﬁvariant

~ mass interval was made using a double-arm, spark chamber spectro-

meter located in a neutral beam at the Bevatron. The apparatus has

been »desvcribe‘d befo,re1 and is shown schematically in Fig. 1. The

spectrometer magnetic fields were set to enhance the detection efficiency
in the desired dilepton invariant mass interval.

The trigger logic required a particle to count in the H array in one

spectrometer arm and a coincident partlcle to reg1ster as a "lepton" in

the other arm. For the trigger, a "lepton" was defined as a particle
which was parallel to the neutral beam line within'# 45 mr (as deter-

mined by the hodoscopes F and R), and which was 1dent1f1ed either as

an electron by counting in th_e Cherenkov.counter (Freon-12 at 1 atm)

or as a possible muon by penetrating beyond the vs‘econd of the 17

.counters in the range box (corresponding to a minimum muon momentum

- of 550 MeV/c). " This triggering scheme was used in order to collect a
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' sample of K£3 decays necessary for normalization and backgrotind
studies along w1th the p0581b1e K-y decays

The re_construc_ted events were required to‘ pass cuts on trajectory

continuity on each side, vertex reconstruction, and kinematic consistency:

vt(ith the as s.umed decay_. Invaddition, range cuts were applied to the
possible Kp, 3" Ke3 and K - yup events to insure ‘that the. secondary
particles were properly identified. That 1s,v a muon had to stop. w1th1n
20% of its expected range and a p1on had to stop more than 30%: short of
the expected range of a muon of the same momentum. Thus all K13
events had a pion wh1ch was clearly identified because it either 1ntera‘cted
in the ahsorber or decayed in.flight. Events which were consistent with
K°L - '1‘1-+1r- decay were eliminated from the Kp'3 spectrnm.
Figure ZA‘s‘hows the me invariant mass 's'pectr"um fro.m Ke3 decays,
in the‘data sa‘mpble. Fig. 2B is the spectrum of dielectron invariant
| mass from the same Ke3 events where the 7 has de{liberatel_y been mis-
identifi_'ed as an electron. Figure 2C is thes_pectrum of dielectron
events 'svhere ‘both secondaries actually counted in a Cherenkov counter.
The Cherenkov counters were measured to be more than 99% efficient
for electrons and to count other particles as ‘electrons less than‘ 1% of
the time. Note that the scale of the spectrum of Figure 2C has been
multiplied by 100 relative to that of 2A and 2B. |
To estimate the limit on an e+e.— s.ignal, a smooth backgronnd Curve
was drawn through the observed dlstnbutlon Since the »re.solution was

: +
measured from the KL i B | peak to be 4 MeV/c (FWHM), the possible

enhancement was expected to be visible in b1n w1dths of less than 6 MeV/c2

Peaks of this width were therefore 1gnored for the purposes of def1n1ng




e

the backgrouri,d. ‘A limii: on the size 'of‘the possible sighal wa.sk taken to
be the d1fference between the observed number of events in a glven mass
range and the background curve, plus twice the. stat1st1ca1 uncertainty
on the total number-of events in the range. Thls was considered to be a .
_corisefvative estimate of the ‘90% confidence level upper ylimitv.

It ha._s been assumed for the purpoSes of normalization i:ha;t the
detection efficieney at a given invariant mass m‘ée -for_.'KOL—'> yxo» ye+e-
is the same as that for the K° > et v events in Fig. 2B at the same

£3

the apparatus would in fact have been somewhat more efficient for the -

value of'-meev. The Dahtz plot distributions of the K, , data indicate that

detectlon of a vector x° decaylhg into two ferm1ons than for the charged
secondaries from KB' Consequently the upper lim;ts obtained are rather
conservative on'these grounds also. |
V‘Vith.t;hese consideratioﬁs, for I‘e'e <6 'MeV/c-2 the worst case in
the rahge 350 < mee"< 425 MeV/‘c2 gives the limit |
l“(K°L->V¥/ x° = ve'e) :
'(K® - all)
L

< 6.6 X10™° (90%C.L.)

Below 350 Mer/‘_c our sensitivity deteriorates. However, even at

320 MeV/cz, somewhat beyond the range of interest of Alles and Pati,

-4

the limit'is 1.7 X 10" at 90% eonfidence'

If the analys1s were carrled out as above but w1thout background

subtra'ct_lon, the corresponding limits would be ‘9;3 X 10 5,
350 <m__ < 425 MeV/c”, and 2.5 X 107 % at 320 MeV /c?.

Althou_gh the limits are _expected to be less precise for the dimuon

“ mode than for the dielectron mode, a éir_nilar enelysis has been made
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with the pp; spectrum. The analogous spectra to those in Fig. 2 are

s.hown in Flg '3 fo‘r the K};jdata. Note that the greater 'I)ackgrouﬁd in

the assumed pp sample shown in Figure 3C precludes a definitive

confronfatién of #he thgory. Suchi backgr_ﬁoun‘d is e:ﬁpe'cvted beqause_Kp_‘,’

decays Qith w decay in flight are a source of realv dimuonvvev.e’nts and

because. the rang.e.devices are not as good .at distinguishing muons from

pions as the Cherenkov countérs are at d'istingt.'lisvhi'ng electrons from .

other partiéles. ' |

| Fér» the dimuons of Fig.‘ 3C, for 1"prL < ()AMeVI/c2 and

370 <m < 450 MeV /cZ, the limit is . |

| TR > yx° = w'e)
(K%, ~ all)

<2 x10"% (90%C.L.)

' Aga'inv the limit is less i‘igorous at lower ma;sée's and a statistically "

4 at 90%

inéignificant Peak at 360 MeV,/c2 gives a limit of 8 X 10.-
confidence. | |

| 'Thus although the dimuon limit is not quite inconsistent with the
theory at the lowest range of the m;cxss of interest, the dielectron limit
definiteiy contradicts the predictions of Alles and Pati. Unl_éss there
is some new reasonvf_or a 'strong suppression of the dieléctron" decay
mode relative to the dimuon mode, we co._nclude that the x° does not .
exist. | -‘

' Since the completion of this work a report haé appeared of an

experimerit which sought the 7’y and e+e_ decay modes of the x‘°7.
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The result obtainéd is 'ekpressed as

TR < 24X 1077 (90%C. L),
L o ' |

a factor of 50 below the theoretical lower limit.
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FIGURE CAPTIONS
Plaiﬁ view of the apparatus. F va.n‘d R arevc-(;uriter' hodosc‘o‘pe.s. Hv
is a si#-(:ounter array. T is a fast-timing counter.
'I;_hg. T e ig'varia;nt mass spéc'tfurh from Ke‘ “events.k

The ee invariant mass spectrum obtained from the events in

Figure 2A by deliberately misidentifying the 7 as an e.
'The actual ee invariant mass spectrum. _Ndlte that the ordinate has

| been expanded by a factor of 100 compared to Figures 2A and 2B.

The smooth curve indicates the subtracted vbackground;

w3 events.

The pp invariant mass spectrum obtained from the events in

The np invariant mass spectrum from K

Figure 3A by deiiberately misidentifying the m as a [T

The actual pp invariant mass spectrum. Note that the ordinate

h!afs been expanded by a factor of 10 compared to Figures 3A and

'3B.  The smooth curve indicates the subtracted background.
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