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ABSTRACT

Prelinminary results from the Crystal Ball and Matk 11 experi~
menta at SPEAR arc presented on rudiative transicions from §'(3684)
and J/¢(3095) to an nc(z9ao) candidote state. In sddition to the in-
clusive photon signals reported previcusly by the Crystal 8all, both
detectors now sec exclusive hadronic final state signals at masses

cansistent with the states Luclualvely determlned mass of 2983216 HeY,
INTRODUCTION

The existence of the lS° pseudoscalar partrer of the J/y, the
L) and its detailed properties yleld important tests of the basic
cheruoniun model.! Houever, the difficult hlatory of the pach to the
discovery of a likely cindidate for the ny leads one to proceed with
some ciution before finally pronvuncing the tock completed. In pre-
viously reported preliminary results?*d from the Crystal Ball
collaboratson™ at SPEAR the existence of a state which I will eall
“n,(2980)" wans demonstrated by the cxamination of inclusive photon
apectra from ¢'(36R4) and J/©(3095).

than flve o in the y*(3684) Inclusive spectrum, no signal wgs scen

Though seen as a signal of more

inicielly in exclusive flnal states by the Grystal Ball {or other

dotectors). Clearly, confirmation of the stateg existence through

. the observation of exclusive hadrunic {inal state decays was needed,
In this raview I will report cvideace fram the Mark I15 and

Cryntal Bull detectors for such [inal stare hadronic decays, In

addition, 1 will review the parameters of the state derived fram the

inclusiva photon spectra of the Crystal Ball,

THE INCLUSIVE PHOTON SPLCTRA FROM THE CRYSTAL BALL

Flgure | shaus the Luclusive photon disteibution from che
3 (2684) .
eated In the figure os ave the transitfons from x¢3550) and %{(3510)

The transitlons to the well-established x states are indi-

* Work supported by the Department of Energy, ¢ontract DE-ACD3-76SF0Q515.

(Presunted ot the 6th Internacional Conference on Experimental Meson
Spectroscopy, BNL, Upton, New York, April 25 - 26, 1980,)
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100 vy, Y seen, but not relatively so
X1l palt Pegmonny
L se%:hfv;:: large, iz a greater then 5
K o eignal for a state ac
£ soo0
H E, = 636:13 HeV, The corre-
~ 4000 sponding mass of the state
)
g is 29B3:16 MeV as obtained
153 from this cpectrum slone.?
2000 [ Figure 2 shows the in-
1000 clusive photon spectrum
100 200 500 1000
» €, e N from f/4{3095). The wost
obvious structure seen in
Fig. 1. The inclusive photon spectrun

obtained from the decay of 800 K this spectrun are the ra-

¥'(3684)'s. The analysis leading
to this spectrun and that of Fig. 2
is described in Ref. 2,

diacive transitions co n,
n' and some additional
structure (labeled “Glue“?),
all at the endpoint of the spectrum. These structures are discussed
in derall in another report to this conference.® 1In addition an en-
hancement above background can be seen at a phaton energy (after fit-
ting) of about 112 MeV corresponding to a mass of 2981 HeV. This fa

another indication

Fig. 2. The inclusive photon spectrum
obtained frem the decay of 900 K J/¢(3095)s.
The data is plotted vk, &nE since the
resolution, AE/E, 18 slowly varying in E.

for the seate
“"c (2980)".
gecn in the spectrum

Also

1s an apparent cxcess INCLUSIVE J/% 130981 GAMMA SFECTRUM
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E Hamos,
and it 1s found that " Ereqy
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a
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]
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the NaI{Tt). This energy has scparated from tho main hadronfic track
aund is erroneously fdentified as photons by the Crystal Ball mnalysis
.software, It is expected that in the near future, uaing Monte Carlo
codes, one will be able to subtract thia background from the photon
spectra an! 60 find the true photon yicld at low cnergy. This had-
ronfe “gplit off" energy also causes some problems in the Crystal
Ball when exclusive statea are considered, as I will discuss later
in this report,

In order to extract the best infi 1on possible v ding the
mass and T, the natural wideh, of "n (2980)", a 9-parameter fit was
simultaneously made to the §'(3684) and J/¢(3095) inclusive spectra
dn the region of the state. The 9 fit parametrers are: 3 for a hack-
ground quadratic for the ¢'(3684) near 634 MeV, 3 for & background
quedratic for J/¥(3095) near 112 KoV, the amplitude for a Breit-
Wigner folded with a Gsussian resolution of 43 MeV (FWHM) at the
¥'(3684), the smplitude for a Breit-Wigner folded with a Gaussian
resolution of 11 Mey (FWHM) at the J/y(3095), and the mass of the
agsumed resonance, The 'natural line width, T, of the Breit-Wigner
shape was also varied externally to the fir and the dependence of xz
on I' vas determined. Figures 3 and 4 show preliminary results of

OEPENOENCE OF FIT ON 2.98 WIOTH thig fitting procedure,” In
87

T T T v Fig. 3 4s shown xz(l') and A(I)
56 1\ (aco where A(T) is the number of
55).. .. counts in the extracted gignal
o
* sl 4 at the J/¥{3095) as a function
of T'. A broad minimum in xz 13
b 1 seen centered at T' = 20 MeV,
s2l 11 A
12500 |- A
'Emm [ Fig. 3. Resultp of the 9 param-
™ N cter it discussed in the text
< 00t - as a function of the separately
P varied line wich T. The theoret-
& sooof- - 1
1 ically expected! width is also
2500 |- —l shown: a) x2(r); x? for thc 9
° ) N | parameter fit b) A(T); the num-
o i© 20 20 a0 sp Dber of counts in the extracted
- P-FULL WOTH (M&V) . Nc(2980)" signal from the

J/(3095) inclusive spectrum.
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Fig. 4. Blowups of Figs. 1 and 2 {n the region
of "n.(2980)" signal, with minisum x2-9 parameter
fit results overplctted (=20 MeV). In both (a)
and (b), b d, and b (frem fit)
subtracted spoctra are shown.

Hovever, the 1 o liaits (XZ - ’ém 1) of T ara 416 and -11 HaV.
Thus, the expected QCD value! of ~5 MeV for the width of the standard
n. is only about 1.5 0 away from the experimentally preferred valus
of 20 MeV, Indeed, F=0 15 less than 20 from the experimentally
preferred value, Figures 4(a),(b} show the common best fit with

He 2981 (215) Hev and 7= 20(*18) Hev (4% = 53.2 for 66 degrees of
frec*m) overplotted on the data for the J/9(3093) and ¢'(3684)
inclusive photon spectra respectively. The error on the mass of

15 MeV is predominnntly systematic. The error on I', howaver, is
purely statistical. No attempt has yet been made to realiatically
estimate the systematic errors of ' from the Crystal Ball experiment.
Clearly, uncertainty in the form of the background for the J/¥(3095)
inclusive spectrum fit might influcnce the derived T.

Figure S5 shows an angular distribution of the photona in the
region of 'n (2980)" obtained from the ¥'(3684) inclusive spectrum by
dividing che dats into bins of cos®| and ficting che inclusive spac-
tra of each |cos 8] bin to a folded Breft-Wigner plus quadratic back-
ground.” If "'\C(Z‘JSO)" 18 a spin-0 particle onc expects the resulting
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Fig, 4. Blowups of Figs. 1 and 2 in_the region
of "ns(2980)" signal, with minimum x2-9 parameter
fit results overplctted (=20 MeV). 1In both (a)
and (b), ed, and b (from £it)
subtracted spoctra are shown.

Hovever, che 1o limtts (s = k2, = 1) of T are 416 and -11 Hav.
Thus, the expected QCD value! of ~5 MeV for the widrh of the standard
n. is only sbout 1.5 ¢ away from the experimentally preferrsd value
of 20 MeV, Indeed, =0 15 less than 2¢ from the experimentally
preferred value. Figures 4{a),(b) show the common best fit with
H=2981 (215) Hev and T=20(*16) uev (2= 53.2 for 66 degrees of
fres?m) overplotted on the data for the J/¥(3093) and ¢'(3684)
inclusive photon apectra respectively. The error on the masa of

415 MeV 1a predominantly systematic., The error on T, howaver, is
purely statistical. No attempt has yet been made to realistically
eatimate the systematic errors of T from the Crystal Ball experiment.
Clearly, uncertainty in the form of the background for the J/¢(3095)
inclusive spectrum fit might influence the derived T.

Pigure 5 shows an angular distribution of the photons in the
region of "hc(2980)" obtained from the $"(3684) inclusive spectrum by
dividing the data {nto bins of |cos®| and fitting the taclusive spec-
tra of each |cos 8] bin to a folded Breit-Wigner plus qusdratic back-
ground.”? 1f “nc(Z‘JBD)“ is a spin-0 particle one expects thc resulting



rig., 5. The angular distribution
of the radiated photon in the
decay y; (3684) + y"'ns (2980)", The
angle is the polnr angle of the
photon to the e* beam direction.
Overplotted is the expected
distriburion, Eq. 1 text, for

& apin-0 particle.

angular distribution to be
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The ds s of Fig. 5 are clearly consistent with (1); howvever, the data
are also consistent with a flst angular distriburion which would be
inconsistent vith a spin~0 assignment for the state.

HADRONIC FINAL STATES OF "nc(2980)" FROM THE MARK 11

Fig. 6.
"'nc(2980)" + KKy in Mark I detector,®
The Ky trovels several centimeters before
decaying into va~,

The decay ¥'(3684) + ¥''n. (2980)",

First veports
of the obaervation of
badronic decays of
"nc(2980)" came from
the Mark IT collabo-
ration at SPEAR,®
Figure 6 shows such
a decay in the
Hark IY decector

' (36843 + ¥"'n _(2980)"
L .50
TR

2)

Additional work has
been done since the
publication of

Ref, 8, and I will
report here the pre-
liminary results of
this recent analysis?



Only data from ' are presented. The final etates studisd wers,
k3 +
o ¥ Loection gniy) K'K. =
/
/ U K+K-'+"
i Pyt~ (R ehiysen) *
¢ ey +] AEAY

3

M Form, P~
] Pl si *
Folly FLe(21Pulsin 0ur2) sy
Maosured PRR T
Hodeons L7,

-5 where only the photon’s direc-
Tig. 7. Diagramnatic description tion wvas mesasured and the had-
of Mark II technique for separa-~

ting radistive decay signal, For ronic decay products angles and

a true tadiative decay, with only momenta were measured. From
one photcn in the event
DH.:pD.U. Ak the fully measured hadrons one

constructa & aissing momentum,
$H' As shown In Fig. 7, the
direction of 3’" is obrained relative to the photons direction obtain-
4ng BH. A quantity,

L (21%y) -sneu/z)l O]

ia then calculated Eor esch event.

Figure 8 shous the Tesulting P> distribution for M<3.35 GeV
where M 18 the 0-C mass obtatned from the hadrons. The mama cut is
made to remove contributions from the x astates.

The major background in thie analysis is che process

vowm®x (&)
where all but one of the y*s from

the % *s are not aeen.

Fig. 8. P} vo. events/5x10"" GevZ,
tor the fina) states of Eq. 3 text.
w The radictive peak reglon has
Q\M N PZ51x10-3 GeV?, the control region
§ N it A
Pl

o has 2x10-%P? 5 1x10~2 GevZ,
vl

EVEN5/{0.0008 Gei2}

mass cut of K< 3.35 CeV on the re-
5 0f 5 1 15120 25 constructed hadron mase is msde to

¥ o}  remove contamination from the well
- P tow?} wne  known x states.
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ror n® decays it can be shewn that,
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@ 2 Zmno
o )
2078 3.8 Mev, d"y/d(PL)'—;_—z_z = const. ,

e T o+ P )

! _ (et
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This yields a rather flat smoothly
varying Yf distribution for Fig. 8.
However, for a radiative decay of
V' to a particular mass, one ex-

pects a peak at small Pf as in the

case for the data of Fig. 8. This

peak results from reaction (3) if
only one y is present in the final
20 state,

Figure 9(a) shows the mass
(M) distriburion obtained from the
data of Fig. 8 cut at Pi< 0.001
cov?. There is a rather clear
peak at a mass of 29783 8 MeV in
excellent agreement with the re-
sults of the Crystal Ball. In
Fig. 9(b) is shown the mass disgtri-

" butlon obtained from a “control re-
glon", 0.002 Gev’ 5725 0.01 6ovl.

Fig. 9. The Mark II sipgnal for
cxclusive f£inal states of

. "nc(2980)". (a) The reconstructed
hadren mase M (GeV) vs. aevents/2.5x
10~2 GeV obtained for Ps1x10™?
CeV2. (b) M (GeV) vs. events/2.5x
1072 Gev? obtained from the con-
trol reglon of Fig. 8. (e) The
background subtracted discribution

0 5 20 2 0 for M{GeV) vs. cvents/2.5x 10-2
Gev2, 4 clear signal 1s seen at

- M G 0" = 2078+ 8 Hev. .




There is no evidence for an enhancement in this distribution at the
"'n.(2980)" mass. Using the distribution of Fig. 9(b) to give the
shape of the = backgraund for 9(a), one can subtract 9(b) from 9(s)
after optimally normalizing the distribution; one obtains Fig. 9(c)
which shows a sowewhat enhanced signal at 29781 B Mev.

Table I shcws a eummary of the preliminary resulta from the
Hark II collgboration. As shown in the Table, an upper 1limit has

TABLE I. MARK II Preliminaty Results for ¢' -+ y" c(z%o)"

L.

H""c' = 29781 8 MeV. r..“c.. < 30 MaV (90X C.L.)
Final State - f Br(¥" - ¥'n.") % Be("n + £)
KK r (1.520.6) 107*
K K x (from I-spin conservatZon) 4,5£1.8) x 10_6
v (0-373:%) x 1078
27t 24" (@5%) = 1w?

been placed on [ for the state of I'<30MeV (90Z C.L.). This resulc is
comparable to the mass resolution of the detector in this mass range.
It should be noted, however, that the best fit to the peak haa I' = O.
HADRORIC FINAL STATES OF "nc(Z9BO)" FROM THE CRYSTAL BALL
The erystal Ball collaboration has recently repor:edm prelimin-
ary results on observation of the dccay "nc(ZQSD)" - |'II+I_; The re-
gults were obtained using a 3-constraint f£it in the Ball for the
process,
I/4(3095) + v + "n (2980)"

hadrons N

No indication for an cxclusive signal has been seen yet at ¢'(3684);



however, preliminary cstimates of inclusive branching fractions (see
below) yleld a larger number of "nc(2980)" from the J/¢(3095) data
sample by a factor of about 31 as campared ta the ¢'(3684) data sample.

Exclusive hadronic final states are reconstructed in the Crystal
Ball by meamuring both the energy and angles of the photons, while
only measuring the angles of the charged hadrons. Thus for exclusive
finsl states of the type,

et sy + et T, mpnet,2, .. (8)
the 2% and n’s can be completely reconstructed as iy the radistive
Y. The four constraints of encrgy-momentum conservation are reduced
to two by the loss of information of EC:. Vsrious assumptions are
wade for the masscs of ¢t and 2-C fits are made for each mass assump-
tion. Particle identification for C° is thus made through the fitting
process. Fits with C.L. < 0.10 are discarded. Additional constraints
are added by assuming ° or n° mass assignments to the correctly
paired photons. These additional constraints improve the mass
recvintion obtained from the fit.

Presantly the Crystal Ball has an anomalous loss of about a fac-
tor of 2 in the efficiency for reconstructing exclusive final states
like (8). This loss of efficiency is due to the "split off" hadronic
energy mentioned previously, The eplit off energy fakes extra low
energy photans in the event, and sa confuscs the tapology routines,
i.,e,, avents which should be classified as having 2n+2m+ 1 photons,
are found with addition photons and thrown ocut of the correct topolo-
gy class. Work with the Monte Carlo codes is progressing toward a
solution of this problem. It’s worth mentioning that the Mark II
collaboration had a similar problem with split off enaorgy in the Lg
Argon and has solved it quite successfully.

In order to estimate the efficiency for detecting states like (7)
quantitatively, a known process was examined in derail, The exclu-

sive state chosen was,

J/¢(3095) + ya'
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“Fig. 10. Examination of the process~

es of Eq. 9 and 10 text in the Crys-—
tal Ball; 2-C fit results are shown.
(8) Myyy (HeV) vs. events/32 MeV, an

n' signal ia seen at My, =956165 MeV.

(b) EHL (MeV) vs. events/16HeV, an n'
signal 1is seen at 1400220 MeV. The
shaded histogram shows events with
400 5 Mgy < 1000 MeV. (c) Men (MeV)
vs. events/32 MeV, a p signal is
Ecen uat sbout 770 MeV.

The general topology of these
events is,

B A ¢ 1)

Figure 10(a) shows there-
sulta of 2-C fita to eventa of
topology(10) when the minimum
X2 fit preferred C'Cws'a",
The confidence level for all
events shown is greater than
0.10. A clear indication of
an n' at the mass of 965£65HeV
1a observed. The mass error is

due entirely to the uncertain-
ty in the proron energy mess-—
The unshaded histo-
gram of Fig, 10(b) shows the
correspording discribution in
the high proton energy with
the n' peak at 1400220 MeV, A
cleaner n' signal is obtained

urement.

by cutting on the wx mass dis-
tribution about the p wass.
Figure 10(c) shows the % masx
distribution ubtained from the-
events of Fig. 10(a). A clear
indication of a p i3 seen. On
cutting st 400 s M., < 1000 che
photon energy distribution
shown as the shaded histogram
of Fig. 10(b) results, VUsing
the n' signal from the shaded
histogram of Fig. 10(bd), we
obtain 365% 30 n' events re-
sulting from a sample of B00K
J/v(3095) decays.

- 10 -



Using previously measured branching fractions ofl!
Br(1/9€3095) * ') ~ 7x1073 an
and!?

Br{n'-+py) = 0.298: 0,017 , 12)
plus & Monte Carlo cutimate of geometrical efficiency of 0.53+0.1,
we expect 905+ 170 n® events. The efflciency for correctly idencify-
ing topology (9) is thus estimated as 0.4+ 0.1. One should note that
(11) was obtained through measurement of the process

I+ ynt
Y 13)

while (12) was obtained by direct measurcment of the py final state.

So far the two decays of n' into yy and oy have not been mcasured

well in the same detector. The Crystal Ball hopes to accomplish this

in the near future and so possibly reduce the aystematic errors on

tha inclusive n' measurements. Of course, in order o obtain supcer-

dor wmeasurements, reeolution of the split off problem is needed.

Figure 11 shaws th}: preliminary K+K_'n" mags distribution ob-

tained from 3-C fits to the
topology

»
-]

Ie09S) vy v KK (14)

&

The branching fraction of
"nC(ZWO)" is, using I-spin
conservation, a factor of two
smaller for the KK n® final
state than for the Kgnﬁk;

EVENTS/HI0 Mev)
S

NO o

500 2900
e M'(K"
- ) Einal srate observed by the
8. 11 Hpgao (MeV) vs, eventsfi0
HeV for w‘g"t's In the mass range of Mark I11. As is indicated in
"n.(2980)", No signal is evident. Fig. 11, no sigual is seen yet
The regfon above 3045 MeV 1is contam-
inated by split off photons as de- b
.seribed in the text; 3-C fir results K™ split off effects are the
of the Crystal Ball are shown.

by thie Crystal Ball, Assuming
+
same as n~, un upper lim{t on

the produced branching ratio

1s obtained.

-1 -
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Br(J/4(3095)+1""n (2980)" )*8c("n, (2980)"+K*K1%)< 1.5%10-4 (90ZC.L.)  (19)

As ghown in the sumsary section,
this upper limit is consistent
vithin error with tha Mark II
measurement.

Pigure 12 ghows che prelim—
inary nn+-- mass distribution
cbtained from 3-C fit ro the
topology

IKEIS T e
A signal 18 acen at a masa of
H“‘+“_'2972315 MeV in excellent
agreecaent with previously re-
ported masaes. The masa error
i3 primarily due to the poor
statistics aof the measurement;
1416 events are observed above
Indicated in both
Fig. 11 and 12 is the rcgion

background.

where fake split off photans become a serious background,

5

EVENTS /{10 Mev)

a
2700 2800 2900
Wyyoy= (V)

Fig. 12. Evidence for an exclusive
£inal state signal for J/¥(3095)
vadistive decay to nax. H.,, (Kev)
vs. events/10 HeV is shown for
events in the manss Tange of
"nc(2980)". A mignal is evident at

wy "2972+15 HaV. The region above
3845 MeV is contaminated by aplit
off photons as described in the
text; 3-C Fit results of the Crys-
tal Ball are showm.

3100

These

tegions are excluded from cansideration.

Using the previously determined estimates of efficiency for

topolagy (15) the Crystal Ball collaboration obtains a preliminary

product branching fraction.

Br (/4 (3095)+"'n, (2980) ") #Br ("n (2980)" enr*n")=(2.721. 5) 207

Figure 13 shows the anpular
distriburion of the radiated pho-
ton obtained from events in the
reglon of the peak in Fip. l2.

Fig. 13. The angular distribacion
of the radiated photon obrained
from the region of the peak in
Fig. 12. 0, is the palar angle
of the rndIa:cd photon relative
10 the ¢t bean direction.
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Though the statistics are poor, the distribution is consistent with
the expected distribution {1) for apin-0.

SUMMARY

{(8) A eandidate n, state has been obscrved in radiative transi-
tions frow the ¥'(3684) and J/¥(3095). The mass obtained from the
inclusive spectra of the Crystal Ball is,

H,.nc,. = 2981 £ 15 MeV {1B)

the vidth obtained is,

r = 20(*}%) Mev (statssticnl error onty). 0%
rough estinstes of the branching fractions are’? (very preliminary),

Br(v' (3684) > "0 (2950)") ~ 0.2- 0.5% (20

Br(374(3095) + ¥"n (2980)") ~ 12 1)

where J/¢(3095) branching Eraction is stromgly correlated to I.
(b) The "n,(2980)" has baen observed in exclusive decays from
the ¥'(3684). The masa abtained from tha exclusive fics of the

Matk I1 1s,
Moy = 29788 MoV (22)

an upper limit has been cbtained for the width,
T < 30 Mev (502 C.L.) . (23)

The final states obsetrved and their product branching fractiems
ara given in Tablo I. Uaing thao Crystal Dall value of,

Br(1/4(3095) + y'n, (2980)") ~ 0.352 24)

The *'n.(2980)" branching fractione of Table 1l(a) are obtained.

(€) The “n:(ZSEO)" has been observed in exclusive decays from
the J{¥(3095). The mass obtained from the exclusive f£its of the
Crystal Ball is consistent with the inclusively obtained mass, The
poor statiastics of the prescat measurcment don’t allow a significant
weasutemant of the width.

Using the value (21) (¥%2) for the radiative branching fraction,
the 'n,(2980)" branching fractiens of Table I1(b) are obtained.

- 13 -



TABLE 1I(a). Mark II F Ansunt

Br (' (1684} + y"n (2960)) = 0.35%

Final State - £ Br(*n, (2980)" - f)z
+
K, K n t §.3:1,7
K £ r (from I-spin congervatian) 12.92 5,1
% 02(5}
P +0.9
2% 2w 1'3(-0.6
TABLE II(b). Crystal Ball F A
Br(3/9(3095)+ vn_(2980)") =1%
Final State - £ Br("n, (2980)” + £)%
* = 0
K K« < 1.5 (90% C.L.)
noet 3 tl.5
YY < 0.5 (90% C.L.)

(d) Determinacion of the spin~parity of the " (2980)" f.

. central to the of this d as the theorcrically
desired ng- 3Se far no decays of the type,
0 (2980)" + 3%, or KK @5

have been reported. However, the limits on these decays should be
inproved before one can state with confidecoce that they are substan—
tislly smaller than the branching fractions into presently ohserved
states. The lack of these decays (25) imply that

L=0m,f, 26
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There i% evidence (Figs. 5,12) that the radiative photon’s angu-
lar distribution with respect to the ineident et beam is consistent
e 49« (ecos®e) . @n

1f measurement cvontually provides stronger evidence for (27),
and if the radiative transition can be shown to be a magnstie dipele
transition,?3 then the 0 assignment will be established.

CONCLUSTQNS

A candidate ng stare at M=2980:10 MeV with radiative transitions
from ¢'(3684) and J/¥(3095) has been firmly established by the results
of two experiments and with inclusive and exclusive cvidence from both
' (3684) and J/¥(3095). The challenge remains Co unambiguously identi-
£y this candidate state with the theoretically desired n., the ]So
pseudoscalar parincer of the 1/¢(3095). The present sample of data
vhich has led to the establislmenc of the candidate state is about
108 V' (3684) decays [aor both the Crystal Bail and Mark LI experinents,
and about 106 J/¢(3095) decays for the Crystal Ball experiments.
Clearly, in order to muke further progress toward uniquely aseigning
JP for this state, at least 4«10“ decays must be gathered hy one
experiment having ar least the capabilities of the Crystal Ball or
Mark II detectors.
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