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ABSTRACT

Preliminary results from the Hark IT and Crystal Ball experiments
on radiative transitions from the ¢ to ordinary hadrona are prescnted.
In sddition to the previously observed traneitions to the n, n'(958),
snd £{1270), both groups observe o transition to n stata uhich is
tentativaly identified as the E(14620).

1. INTRODUCTION

This talk is the second of two reviewing charmonium regults Evom
SPEAR, The first talk! revicued the status of the n.(2980) which hao
now been observed in radiative transitions Erom both the ¢{3095) aod
the ©'(3684}. 1In this talk, I will review the status of radiative
traasitions from the y to ordinary hadrans, where ordinary hadrons are
defined to be those which, to first order, do not contain charmed
quarks. As in the previous talk, results from both the Mark l!2 and
Crystal 56113 experimente will be presented.

I will begin with a brief discussion of inclunive photon produe—
tion at the ¢. This leads naturally into a discussion of the four
exclusive radiative transitions which constitute the main pact of this
talk. Thrce of these transitions, to the n, n'(958), and £(1270),
have been previously observed. The nhiew resulta are in rcasonable, but
not perfect, sgrecment with the previous measurements. The fourth
observed transiticn is to a stata which is tentatively associated with
the B{l420). This tranaicion has rot been previously observed. I
will conclude with o review of some Tecent results on hadtonic produc-
tion of the E, alang vith an explanstion for the relevance of this
digression.

*ork aupported by the Department of Energy, contract DE-ACD3-~-765FODS15.

(Invited talk presenged at the VI International Conference on Experi-
meatal Meson Spectroscopy, Brookhaven Natioaal Laboratory, Upton, Long
Island, N,¥., April 25-26, 1980.)

DISCLAIMER

I1. INCLUSIVE PHOTON PRODUCTION

Heasurementn of inclusive photon production at the {3095} by che
Hark LT® and Lead-Glass Wall (LG’)‘ry collaborations have shown thau
therc is n sizable direct~photon component in the momentum Aapectrum.
However, because of the relatively poor photon energy resolutions of
the 1iquid argon (LA) shower counter system employed by the Mark IL
(SE/E = lZZ/ElIz. E in GeV) and the lend-glass counters in the LOW
(SE/E ~ 9Z/E1/2). neither experiment wao able to obsetve sny narrow
structure in the {nclusive photon momentum diatribution.

The Crystal Ball detector voe deuigned o provide good encrgy
resolucion for clectromagnetic showers. The use of NaI(Tt) for shouer
dotection prevently allows a resolution of SE/E = 2.8%/EX% (E 1n 6Gav)
€o be obtained.

Pigure 1 shows a preliminory measurement of the inclusive y energy
dintribution at the Y from the Crystal Ball? Itis plotted as a funccjon
of the logarithm of the y energy (Eyin MeV) mo that the bin widthis rovghly
proporticnal to the energy resolution at all energies. This discribu-

tion is baged on a sample of

1000 appraximately 900,000 events
eoo}» obtained during approximarely
= two weeks of cunning near the
2600)— peak of the y. Details of the
E annlyeis can be found in Ref. 6.
§Aoo F The structure observed in
® Fig. 1 is evidence for excluaive
200 = proceoses of the type
)] ey +X .
6.8 0 2 74
In Ep There is clear evidence for the
Lt radiative transitions to the
900 W00 1300 1500 8-10 8-11
e E, (Mev) n n’(958), and a2 new
atate which I will refer to aw
Fig. 1. Inelusive y diatribution the E(1420) whick has recently

8t the ¢ as a function of the
logarithm of the v enevgy (in MeV). been obaerved 3 the Mark IT
(Crystsl Ball) collabor: tion. {Although L
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refer to this stete as the E(1420), this assignment is gti{ll in ques~
tion.] An ndditional transition which has been previously cbserved is
¥+ v £Qzr0y. 114
for thie cransicton, it {a not abecrved ln this tnclusive distribution.

Becauoe of the relatively omall branching fraction

Bach of these four transitions will be discussed in turn in the follow-
ing sectiong.

I, ¢ + yn, yn'

As the » and n' are wmembers of the ssme SU{J) nonet, it mnkes
Bense to digscuos the radiative transitions to theae twe states at the
eame timo, along wvith the transition
to the v°. I will take the extremely

{a} 4
naive approach that it in possible
¢ a to wwderstand these procesges in
i 5 terms of leading-order QCD diagrams.
Thus, onc can imagine that the radi-
(6) 14 ated photon is produced either from
the nutgoing gquark line (assumad to
; N be u, d, or a) us in Fig. 2(a) or

q
-% preenty from the initisl charmed quark line

Fig. 2. Leading-order diagrams 2% is Fig. 2(b). In the first case,
for radiative transitiona from the winimal coupling between the

the ¢ with {2) photon emission
from the finnl-gtate quark line

charmed quark line and the ordinary

and (b) photon cmission from quatk line requires three gluons.
;l;;emitul—stu:e charmed quark In the second case, two gluoms 18
sufficient.

Let me first consider only the process shown in Fig., 2{a) and
aasume it {8 the dominanc one. By ilnvoking vector-meson dominance,

1 can relate the yn° and p°r® decay widths
T >y = Gry I et |

This leads to a prediction for the yr® branching fraction B(y + y1°) =
2 x 10~5 from the measured p°n® ‘branching fraction, 115,16 This 1a
cor-“gtent wvith the experimental meﬂsutemen[9 B(yp + yn°) = (725) x 107
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The next step 18 to relate the widths of the yn and yn' tronsi-
tlons to the width of the y° tronsition. The n and n' have the fol-
lowing SU{3) singlec and octet components

n = ng cosd * " 8inb

n' = ~Mg 8inb + ny cosb ,

where 6 ia the standard octet-singlet mixing angle. 1f one assumes
SU(3) invarlance, only thc octet components contribute to the process
phown in Fig. 2{s) and one obtains (up to phase space corrections)
TP+ Tn*YiT(p + YA):TW ~ yn') = 3tcoa’0istn’e .
Using the experimentally determined mixing angle 6 = -11°, one calcu~
lateo
P(E = yn®):T($ + yR):T(Y = yn') = 3:0.96:0.064 ,
vhich groosly contradicts the experimental mmsuramen:s.a_u The vn*
branching fraction has been experimentally determined to be larger
than the yn branching fractian, and both are at least an order of mag-
nitude larger than the n° transition. The conclusion is that the
ptocess in Pig. 2(b) 1s the dominant one.

One can proceed with similar calculations for the second procest
{shown in Fig. 2(b)]|. Assuming SU(3) invariance (now only the ainglet
components contribute) aod ignoring phase space corrections, one ob-
taing

Ty » yn°):T(P ~ ya):T(y ~ yn') = 0:ain?8se0slo .

This 10 qualitatively in better agrecmont with tha data. However, the
ratio T'(y + yn')/T(y + yn) 1s much larger than the experimentelly wea-
gured ratio.

If ono allows for SU(3) symmetry breaking, these resules are madi-
fied. Fritzach and Jp.cknun” have csleylated the relative widths of
the yn and yn' transitions by considering gluon-mediated mixing betweecan
the three igoscalar states n, n', and nc(2980). Bsaed on the experi-
wental masaes of thesc states, they €ind the following admixture of n
and n' in the n.:

0, - G+ en+clen
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where € » m"*‘ ond €' m 2.2 % 3072, The decay widths {(for Ml tramnsi~

tions) for yn and yn' are

2
T+ ¥m = €2 —‘lz—(g) 3 a2
mg

2
T+ ') = (cH? huz (%) & a? v
g

where @, i» the chermed quark mass, k(k') is the momentum of the a(n'),
and fl {18 an -yerlap futegral. If it ia assumed that the overlap inte-
gral is the mame for both the n und n' transitions, one finde for the
ratio of the two partial widths

T(y > yn') k' 3 E' 2 -
T ~ym \k} \c, 39 .

By earimating the overlap intepral n2 ~ 0.1, Fritzsch end Jackson
also pake predictions for the absolute values of the widths,
P{y » yn) =~ 60 eV and I'(Y + yn') =~ 220 eV.

Branching fracticns for tho transitiona ¢ + yn and ¢ + yn' have

10 The mea-

Tecently been published by the Crystel Ball collaboration.
eurements were based on a sample of decays § + 3y. Figure 3 shows the

Dalitz plot for this sawple of events. Two distinct hands agsociated

M2, (hign)  (Gev?)

Pig. 3. Dalitz plot for ¢ = 3y. Beundary
includea effects of both kinematics and yy
opening angle cuts. (Crystal Ball
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with the yn and yn' transitions are obsewnd.m The projectlon of the
low-mass Yy combinatton, in Fig. &4, clearly shows peaks at the n and

n' maenes. The branching fractions

for these transitions wore deter-

T o
eoﬁ hisiogram: Dote 1 oined from a fit to the Dalitz

- ~= Daliiz Plot Fal
(pond drcan urve! plot. They are B(Y + yn') =

(6.9 £ 1.7) x 1077 and B(y + yn) =
(1.2 ¢ 0.2) = 1070,

EVENTS/A30 MeV)
Y
o

20 The Mark II has mepsured the
branching fraction for the proceﬂﬂlg
<]
050 065 080 095 v+ yn' , 0"+ oty
- Myy (GevI wrse

The data sample used in the Mark I
Fig. 4. Low-mass yy invariant
mass combinations for § + Iy analyeen discussed in this talk fir
events. (Crystal Ball) bapically the same an the Crystal
Ball data sample, a9 both experi-

ments wera running at SPEAR slmultuneausly.zo Previous publicationyg

can be referred to for details on the detector and the nnalyﬂis.l“u'
Events with two oppositcly charged tvacks identified as pions and
tvo or more phatm-mz2 observed in the LA ahower counter modules were

it ©  the hypothesis
R N 2 (¢%]

Bvents in which the fitted yy invariant mass wac between 0.12 and
0.15 GaV (i.e., cansistent with the 7° mase) were eliminated. The
"%y tovardent mass distribution for the events remaining after the
x% and 7° cuta 1is shown in Fig. 5. FProm Monte Carlo calculations of
the detection efficiency (which include an 41 + cos?s d d

for the ¥ decay, where @ 1s the angle between the photon and the beam
dircction), the Mark II measures the bracching iraction B(y + yn') =
(3.4 # 0.7) x 1073,

Due to the bias imposed by cbe rrigger L!uuiremeut,u rhe Mark Il

is unable to observe the reaction

e"e_-*w*:iy.
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Fig. 5. 7*r7y invarfent mass

diatribution for evencs satiafy-
ing (1) with ° combinatians
eliminated. (Mark II)

In order to measure the yn branching
fraction, it was necessary to ana-

lyze the wote complicated proceso

gty , 0 3y . (2}
The #*1~ froc the ¢! cascade derny
provided the trigger. Figure 6 shouws
the invarfent maes of the low-mass
Yy combinations for the 10 events
satisfying fits to (2). Eight are
From this,
the branching fraction B(¢ + yn) =
(0.9 * 0.4) x 10°3 1a obtained.

In Table I ts a compilation of

peaked at the n mass.

the Matk II ond Crystal Ball resulta, along with the previous experi-

uwental resulta, for the yn and Yn' branching fractions.

The Mark IT

measurement of the yn' branching fraction is somevhat larger, but atill

consistent with the previous measurements.
branching fraction that is twice that of the Mark II.

is noc totally understood.

T T
~ 6 B
2
]
3
e
S af .
3
4
z
b
H
2k N
o n 1 1 1 1 J]J
o 02 04 06 08 1O 12
- Myy (Gavt
Fig. 6. Low-ieass yy invariant mase

coubinations for events satiafying
(2). (Mark I1)

The Crystal Ball finds a
This discrepancy

However, it should be noted that the two

measurements are based on differ-
ent decay modes of the n', and at
least part of the discrepancy may
come from the uncertainty in the
relative branching fractionn of
On the
other hand, all four deteruins -

the two decay modes.

tious of the branching fraction
to Yn are consistent. Also ghown
in Table I are the theoretical
predictions calculated by Frirzsch
and Jacksan.? The excellent
agreement between -theory and ex-
periment is better than one has

& right to expect because of the
uncertainties in the calculations.
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Table I. Braaching fractions for radiative trannitions
from the ¢ to the n and n'.

decay mod~ branching fraction experiment
v+ oy oy (3.4 £ 0.7) x 1073 Mark T1
Yy 6.9+ 1.7) x 1073 Crystal 3all
Yy (2.2 ¢ 1.7) x 1073 pasp??
0oy (2.4 £ 0.7) x 1073 DESY-Hetdelberg?’
3.3 % 1073 theory®?
v+ v (0.9 + 0.4) < 107 Hark 11
w Q.2 t0.2) x 1073 Crystal Ball
Y 0.5 ¢ 0,2) x 1072 pasp®)
v (1.3 £ 0.4) y 1073 DESY-Heidelberg?
0.9 x 10_3 thnuryc)
Bget. 3
blges. 8, 11
©Iget. 17

Table 11 ocumparizes the measurement of the ratio B(y + yn')/

B(y + yn). The measurcd values range from approximately 2 to 6, and
the theoretical prediction is 3.9. Thus, 1 think 1t s failr to say
that we have a reasonable understanding of the Ml transitions from the
¢ to the ordinary pseudoscalar meson states.

In order to further explore che properties of tho charmonlum system,
the Crystal Ball ard Mark II collaboraticns have begun similar atudies of
radiative transitions from the ¥'. Naively, ope would expect thesc
branching fractions Lo be agproximately an order of magnitude smaller
than tho correaponding branching fraccfons at the ¢. 3 Presently, no
evidence for yn or yn' production from tie ¢' has beon ohserved, with
preliminacy 90% confidence ievel upper limlts from the Crystal Ball
of B{y' + yn') < B x 107 and B(P' + yn) < 107, As chese linits are
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Table II. B{y + yn')/B{y + yn).

ratio experizent
3.8+ 1.9 Mark I
5.9 £ 1.5 Grystal Ball
2.8 ¢ 2.3 pased)
1.8 + 0.8 DESY-Hetdelberg?’
3.9 theory®
H)Rnf- 9
b)Rch. 8, 11
Inet. 17

ouly a factor of eight below the measured ¥ bramnching fractionms, there
18 no reason to worry about the absence of these signals at this time.

™. ¢+ y£(1270)

In order to understand the radiaff{ve transition to the £{(1270), 1
will once more consider the two processes shown in Fig. 2. The men~
sured branching fraction for the process ¢ - wf 1s approximately
3 x 10‘3.26 Invoking VMD for the process stown in Fig. 2{a), one in
led to expect a rate for the yf craneition which is considerably less
than the measured vulue.n'“ Thus, even in this case, where the Einal
state has P » 7% racher than 0", 1t appears that the process in
Fig, 2(b) is dominant.

New measurements of the Y€ transition have been made by the
¥ark 11.27 Figure 7 shous the #'n™ inveriant mass aistribution (dats
peinte with error bars) for eventa which satisfy a fit to the hypoth-
esip :

vty 3
with X2 < 15, Two structures arc evident in the mags distrihution, ane
at the p mass and the other at the £(1270) mass. Since the decmy
¥ » p°y does not conserve charge conjugation parity {C-parity), it is

assyned that the events fa the p° mass region resulted from p°n° decays
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Pig. 7. n*r" invariant mase

distribution for events satis-
fying (3). Histogram shows
the expected feeddown from
the r77™n° final state as
deterwined by Monte Carlo.
Q(Mark I1)
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Fig. 8. w4~ tnvarient mass

diatribution after subtraction
of mta-n° faeddown., Curve is
described in text. (Mark IT)
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la which an asymmetric de¢ 1y of the
7° led to an accepcable fit ea (3).
A Monte Cario was used to determine
+

the »*n"r° feeddwn fnea the w¥n’y

channel. The resulting distribu-
tion (including production of both
p°n° and ptn‘) 18 compared with the
data in Fig. 7 and can clearly
account £0T the observed p° peak.
Figure 8 shows the 1~ cass
distribution after subtraction of
the = The distri-
bution 1a dominated by the £. An

" n® background.

expregsion consisting of a Breit-
Wigner resonance term plus a flar
background term was fitted to thig
distribution.
shows the beat £it which gave

M = 1280 MeV and T = 180 MeV for
The

The curve ia Fig. 8

the resonance parameters.
branching fraction for (3) was
found to be B(y + vf) =
(1.3 £ 0.9 » 10°2. This branch-
iog fraction is consistemt with
the previously measured valuey of
B(Y + vf) = (2.0 £ 0.3) x 1073
erom PLUTZ!? and BGy = YE) be-
tucen (0.9 * 0.3) x 1073 and
(1.5 + 0.4) x 203 (depending on
the helicity of the f in the final
atate) from DPSP.u
A8 pointed out in the previous
section, we scem to have a fairly
good understanding I (ne transi-

tions to the I, = O mesbers of the
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JP = 07 noumet. If measurements of the radiarfve tronsitions to the £'
and AE could be made, we would have an agditional uhez?k sa the theo-
rerical idens discussed previously, The Mar™ IT has preliminary re—
sults whish show no evidence for transitions to either of these tvo
srates, They give 90% confidence level upper limits of B(p + yf') x
B(E' + KK) < 1077 and By + YA) < 1073, Unfortunately, these limits
are not yet small encugh tc provide meaningful constraints on models.
As in the case of the yu° transition, one expects to see a very small
branching fraction for yl\; because of 1sospin conscrvation. However,
the yf£' transition should be ohservable. Based on a naive calculation
assuming SU(3) invariance (sixx{ilnr to the n-n’ calculation deseribed
utlier),ze one expects

Ble~yfd) 1
By + v 2

The Mark 11 limit is not yet inconsigtent with this prediction.
V. ¢+ yB(1420)

As the E(1420) is a fairly obacure resonance, I will briefly
review what was known about the E ae of che last (1978) Particle Data

Group tab1e529 before discuasing the results on the -~ radiative tran-
gition. The E i3 a fFairly narrow resonance with widch estimates
ranging from 40 to Bu MeV. Measurcments nf the mass lie between 1400
and 1440 MeV. None of the quantum numbers of the E have been firmly
established. The iscspin 13 believed to be zerc as wo charged B has
ever been obacrved; the C-parity is believed to be even; and analyses
of the decay Dalitz plot favor an abnormal spin-parity assignment.
JP = 0" and 1* are the preferred values. The principally observed
decay mode is K¥», but there 1s some evidence for an nnn decay mode.
Finally, up until 1978, the best signals for the E were observed in
pp annihilations at rest. I will wention ouly one of these experi-
uents here. Baillon et a1, studied a sample of pp annihilacions in
the CERN Bl-cm hydrogen bubble chamber. They did a spin~parity analy-
eia of the E observed in the reaction pp + Ewn and Jetermined ¥ = 0.
The Mark II sees evidence for the p:ocesslz

4 ¥
b - ¥E, B+ KgKin . )
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Observation of this transltion egtublishes C = + for the ©. Flgure 9(a)
showa the Kskiw' invariant mags for events satisfying the S5-constraint
(5C) £ir o (4) with x2 < 15.3] fhe constraints are the normal onmes of
energy-momenti-o conservation with an
additional consatraint for che Kg mass.
A peak is seen necar the mass of the
E(1420). O1e s nor compelled co
interpret this structure as the
E{1420), but due to the siwilar char-
acteristics of this structure and

the previously observed E, I will
make this tentotlve assignment.

EVENTS/10,025 Gevic?)

The parameters of the resonance
were obtained by fittiag the lovari~
ant mass distribution to a Breic-

Wigner”" plus a swwoth background.

2 The Mark 11 finds = 1.44T0"0L. Gev
10 L8 20 as 61 = 0.0570°97 coy :
~ MK'“" (Gevre?) an -05_9.02 CeV. These errors
include systematic uncertainties due
Fig. 9. KgKir® snvarient mass to the functional form used in the
distributions for cvents satis~
fying (2) SC fits aad (b) 2C fit, The branching fractien product,

fits {i.e., observation of the based on 47 * 12 observed events,
shoton o ot Tewuled) 2o (5. 1y a(y 2 0 202 + b -
tlanel requircaeat M@ < 1.05 (1.2 £ 0.5) x 307333 wien che as-
GeV. (Mark 11} sumptions that the E 15 ar isoscalar
oud that Kg and X1, productionr are equal in the decay of the E, oac can
celate the KK ne, ¥*K%n®, and X°K*n* branching fractions and determine
the branching fraction product B(¢ - YE) x B{L + KEn) = (3.6%1.4) %1073,
Previous ex-pcrimzn:szg have found the decay of the E to be associ-
ated with a lov mass KX enhancement which is alsy observed by the
Mark II. If a cut requiring HKK < 1.05 GeV is {wmposed on the data,
the shaded rogion ie Fig., 9(a) is obtained.
Since the signal is quite clean, it is possible te relax the re-
quirement that the photon be cbuerved. The resulting 2C fit to (4) is

shown in Fig. 9(b). Although there is an improvement in s:atls[i:s,y'
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there 1a also an {ucrease in the background level. However, as shown
by the shaded region, the KX pass cut again substantially redices the
background.

The Dalltz plot for the sample of events shawn in Fig. 9(b) with
maases between 1.375 and 1.500 GeV {che signal region) 1s shown in
Pig. 10. The curve: show the low-mass and high-mass kinemaric bound-
atiea aud the dashed lines show
the wominal K*(890) mass values.
The points are plotted as functions
of the (Kn)° invariant mass aquared
vs, the (l(w)’ invariant mase
squared. The KK axis, if it were
shown, would be at an angle approx-

,;C 06 - 7 imately bisecting the two Kt axes.
One aees an exceas of eventa in the
04 4 upper right-hund corner of tle
T L L I Dalite plat.js It is not clear
04 06 0.8 10

2 22 whether thege events correspond to
Mirs  (Gewrc?)

" g low-mass KX enhancement (spread
¥ig. 10. Dalitz plot for events out by the movemeat of the kine-
vith 1.375 < Mgy < 1.500 GeV.

Curves show low-mass and high- matic boundary aa the KKn maas

wass kinematic boundaries. changes), or to constructive in-
" *
:::;esuﬁ::s s?(l;:(ka?i;ml K - terfarence whera the K* bande
ovarlop.

Figure 11(a) shows the Rslct invariant mass distribution for eventa
in the oignal reglon and Fig. 11(b) shows the correaponding diatribu-
tinn for events outside the signal reglon. Thero 1a evidence for a
low-masa KX emhancement for events in the aignal region which ig absent
for events outeide the signal vegiun. One possible loterpretation of
this enhancement ir the §(980).

In an attempt to understand the decay mechanism of the E, fits
werc made Cc the Dalitz plot which fncluded K*K (the {nclusion of both
this state and the charge conjugite state are fmplied by thin nota-

tion}, ¢m, and phase space contributioma. These three contributions
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. were added inceherently, but
T
the K*K contribution included

comnonencs from both the chayned
and neutral K* states, which
wvere assumed to {nterfers con-
structively where they cross on
the Dalitz plot (as demanded by

tie even (-parity ot the E).

EVENTS/0.025 Gov)

20 L J  The best fic favors §m as the
primary component of the decay

or -1 with
o . N ) S(E~+ 6m) x BB K _ 5.2
ve 10 I 12 13 a4 5 B(E + K&m)

Mxie®  (Gev)

Ths quoted error does not in-

Fig. 11. Kgk® invariant mase dis- clude possible aystematic errors.
tributions for events (a) in the

signal region and (b) outside of One has to be careful in inter
the signal tegion, (Mark II) precing chils reault, as the best

fit to the Dalitz plotr does not
completely simultte the KX invarient mass distribution. This indicates
that the decay mechanism 1s not cowpletely 'mderstood.

An attempt has been made to decermine the apin of the E vy analy-
ols of the double decay angular distribution for events comsisizat with
$+YE , E+»&n .,

However, the limited statistics do oot allos s statistically signifi-
cant determination of the spin.

Preliminary results from the Cryatal Ball alsoc shov evidence for
the trangitior § + 12.7 Figure 12 shows the K+K'w° invariant mags
dis:rihuunngs for evenca which eatisfy the 2C fit o

"ERZY LI 5
with Hxi < 1.1 GeV. Although the Crystal Ball detector has excellent
energy resolution for photons, the abaseace of n magnetic f£ield daes
not allov a momentum measurement ror charged parcicles. Thia reduces

the congtraint claes for (5) fxom & to 2. Evidenze for an P signal is
seen {n this distributionm.
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Fig. 12. K"K r® invarient mass

distribution for cvents satisfy-
ing (5) with Mgg < 1.1 GeV.
{Crystal Ball)

v+ ynwhn= N

As the Crystal Ball cffi-
ciency calculations are still in
a very preliminary srate, estci-
mates of the branching fraction
are only good to a facter af

two at best. When corrections

are made for the K'K™ mass cue?’
and the vnobserved decay modes
of the E, they find B(¢ + YE) %
B(E + Kkn) ~ 2 x 1073,

Ad van mentioned earlier,
there is some evidence for the
decay of the E into nn'n . Fig. 13
shows the nnn” invariant miss dis-
tributlon {from the Crystal Ball)
for events satisfying fits to

(6)

In addition to the n' signal, there is evidence for a peak in the E

mage region.

20 T T T

EVENTS/{0.06 Gevl

Fig. 13. ante”

invariant mass
disrribution for events satisfying

(6). {Crystal Ball)

A preliminary estimate of the branching fruction product

B(y + YE) » B(E + nam) finds it
to be gmaller than the corre~
sponding number for KKm, but a
firm cumber will have to wair
until calculations of the efri-
clencies are made.

In summary, the E s ob-
served very strongly in radia-
tive transitions from the y.
The enly other transition that
has been obsearved with a com—
pardable branching fractisa is
the yn' transitionm.
sible significance of this will

The pos-

be discussed In the next scetionm.

Observarion of this transition
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hao established the C-parity of the E as even, Unfoirturnately, a
deteruination of the spin is impossible with the prevent statistics,
Finally, the Mark Il finds the KKn decay mode of the E te be predomi~
nantly én. The conseguences of this will also be discussed in the

uext seccion.
VI, REVIEW OF THE STATUS OF THE E(1420)

1 was acked by the organizers of this confzrence to ilnclude a
review of the status of the E(1420) in my talk. Although this is .ome—
what outside the original scope of the talk, nawely charmonium studies,
I agreed as I think an understending of che E could have important
congequences in regard to understanding the charwonium asystem, As |
have already given a brief introduction to the status of tha E as of
1978, I will confine my discussion to twe recent hadronic experiments
which observe the E, and a comparison of their results with those of
the Mark II.

Tha first results ore from a high statisties (90 evenrs/ub) bubhle

chaober experiment in which the reaction
- * 3
TP KK M B mn

was studied at 3.95 CcV/c.:‘8 Figure 14 shows the KsK:“: invariant mass
for events which patlsfy the 1C fir (che neutron was not observed) to
(7). Ev.dence is seen for borh D(1285) and E(1420) production. A fit
to the Kgkn® invariant mass distribution yialds values for the £ mags
and width of M = 1426 + 6 MeV and T = 40 * 15 MeV.>? These errars are
statistical only.

The Dalitz plot “ar events In the reglon 1.3% < M £ 1.47 GV
is shown in Fig. 15. .- was observed in the Matk II data, there is
evidence for an echancement in the upper rlght-hand corner of the
Dalitz plot. Howevir, in this case, there is also clear evidence for
K*(830) production. A partial-wave analysis of the dats determined
the spin-parity of the & to be J? = 1*, and als: determined the sranch-
ing fractiva ratio

_BESKB 6012

B(E » K¥K + ém)
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Fig. 14. Kgk*n® invardant mass

distribution for events setisfyiug
(7). Data is from Ref. 38.

0.4 0.6 0.8 1.0
2 2
.“ ME o loev2)
Fig. 15. Delit: plot for events
with 1.39 s Mgy, < 1.47 GeV. Dara

i8 from Ref. 38.

However, it should be pointed
out that the E signal 1is over a
relatively large background
which har 8 significant K*K com—
ponent, so that one should :ie-
gard this result with caution.
In another cexpe: iment, the

reaction

np -+ KSK’«‘ +X (8)
was studied at 50 and 100
Gev/c.*® tThe kgr®r® fovariaat
mass disiribution for this sam~
ple of events, in Fig, 16, shows
no evidence for an E signal.
However, 1f a § cut iy applied,
le—( < 1.04 GeV, both the D and
the E become quite prominent,

as shown in Fig. 17. If instead
of a § cut, a cut is applied
requiring one of the K invari-
ant masa combinations to be In
the K* mass region (0.84 < M <
0.94 GeV), one stlll sees an E
sigoal, but with considerably

A fit ro che
Kgk*n' mags distribution in

vorae background.

Fig. 17 yielded vaiues of the
resonance parameters of

M = 1440 4 6 MoV and T = 120 £27
MeV. (Thc curve in Fig. i7
Trepresents the best £ict te the
data.) The errors are statis-
tical only. The systematic

errors, especially for the
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EVENTS/(0.02 fiev)

Mty ®

Gev]

Fig. 16. KgK'z' fuvarfant mass
distribucicn for events satlsfying
(8). Data is from Ref. &0,

ever, questions of kinematic overlap
spuce boundaries have not beer consi
erenca should be
ticated analysis is done.
Despite atl

the gituation is

S ————— e ——
w0t
3 }
g
~
S
=}
3
3
Zz 0}
&
H
4
\
)j
o ==
Lo 1.35 [X0) +8% 210
. Mot ¥ (GeV)
¥ig. 17. KeKin? invariant mess

distribution with Nyg < 1,04 GeV.
Soiid eurve shows fit to masu spec—
trum. Dashed curve shows background
distribution determined fxom fit
Daca is froo Ref. 40.

not much clearer than 1z was in 1978,

width, are probahyr

large.
Anotler Eit made to a s.nmllar
spectrun {after subtraction of
the estimated background duc wu
¥-n misidencificacion) yielded
M = 1440 * S Mev and [ = 62 ¢ 14
MaV. On the surface, this data
seems to lndicarw a preference
for tlie én decay mode of the E

over the K*K decay mode. How-

in rhe Dalitz plot and phasu«

« detail. Thus, this pref-

considered only as an indication until a wore sephis-—

the new information on the E from recent experiments,

One poiat of
controversy is whether the E

decays predominsntly into &n or
K*R. The Mark Il (and possibly
also the Fermilab experviment of
Bromberg et al.l‘o) seem to favor
On the other

hand, Dionisi et al.3® gue

the decay E + émn.

1ictle gviderce for &r and €Eind
the preiominant decry of the E
is into XK¥C, As for the

Dlorisi et al. find JP =

spin,
1+

eariier
uich

which agrees uith sque
results, but disagrees
othecs. Howevar, their deter—
minatfon of the spin goes hand-
in-hand with the determinatico
of the predominance of the K*¥
decay mode. Sincr thais predowi-

nance is not firmlv established,
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I think that one should still consider the spin of the E to be an open
question until the decay mechanism is understood bct:er.kl
To understand my reasons for this excesslve interest in the
quantum numbers of the E, let me refer for the last time to Fig. 2(b).
As discussed yesterday by Donoghue,? 1f pluonium staces®? extst, the
process shown in Fig. 2(b), after elimiuation of the outgoing quark

lines, would be an ideal process for pruduction of such states. I
would like to suggest the possibilicty that the E might be such a
gluonium state, rather than an ordimary aq resonance. Although there
1s certainly na veal evidence for this hypothesis, there are a fou
pecutiarities associated with the vE radiative tramsition from the ¢
winich I would like to point out.

First, the branching fraction for ¢ + yE is larger than the cor-
responding branching fractions for transitions to other ordinary
hadrons, vith the possible @:xceptiom of the n', This 1e in contrast
to hadronic experiments where E production is in general small com—
pared to the production of other regonances. This wuuld lead onre to
infer a connection betveen the E and the 2-gluon intermedicte state in
Fig. 2(b). Whereas the production of gluonium scates is expected to
be mignificent In ¢ rsadiative transirions, there §s no reason Lo ex-
pecc significant production of such states in hadrouie teactions.

Second, whereas in most hadronic experiments in which an E is
observed co deeay lnta KKn, one observes roughly comparable D(1285)
production, neither the Mark II notr the Crystal Ball see much evidence
for D production. The Mark II gives an upper limit for D production
of B( + YD) * B(D » KEn) < 0.7 x 1073 at the 90% confidencs level.
This might be taken as strong evidence for a difference in the produc-
tion mechanisms involved in the two diffcrent processes, and hence an
indication of a large gluonium component in the E. However, if one
assumes that the D and E are both members of the standard JYC « ¥+
nonet, and the E is the primarily singlet state and the D fu the pri-
narily ocret s:nte.“’ one would expect D production ta be suppressed
relative to E production because of SU(3) symmetry arguments. Thus,

this guppression may not be relevant to the gluoninm question at all.
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In my opinion, the most important question which should be re-
solved regarding the E is its spin. If the E can be firmly esteblished
as an axial vector atate, there is no reason not to make the standard
qq meson interpretarion and put it in the same nonet as the D(1285),
A7, and Q. 1f, on the other hand, the E is finnlly established as a
pseudoscalar, it ig difficult to interpret it vithin the standard quark
model. The JE = 07 nonet Ls camplete, and one would have to counsider
the exlgtence of another O nonet, possibly a radirl excitation of the
ground state, in order to accommodate the E. However, 1 think it is

equally plausible to interpret the E as a gluonium stete.
VII. CONCLUSIONS

The first part of this talk dealt with radiative transitiouns fi_a
the ¢ to the n, n', and f. The new results froo the Mark II apd
Crystal Ball collaborations £re basically compatible with previous
regults (ignoring minor factor-of-two problems with the n'). T tried
to emphagize that these transitions can be understood in terms of mini-
mal gluon~coupling ideas, with mixing between the different isoscalar
states. Further work is being done to extend our understanding af
these processes. The Mark II is in the process of studying the radi-
ative transitions to the other tensor states, the f' and A;. Another
direction which 1s being pursued by both the Mark II and the Crystal
Ball collahorations 1s an analysis of similar radiative Cranritions
from the ¥'. As mentioned previously, these rransitions are expected
to have branching fracrions approximacely an order of magnitude smaller
than the corresponding ¢ transitions. This should be verified, and ma,
lead to surprises.

The rest of the talk deslt with the E(1420). As I discussed in
detail in the previous section, it is interesting to entertain the
possibilicy that the E is a gluonium stare. If this were true, it
would open up a whole unew fiald of spectroscopy., However, let me em~
phasize that even ‘f the spin-parity of the E were det:rmined to be 07,
there would be no compelling rensonm to believe that it is a glnonium
state.

Although it was no. emphasized during the talk, there has been
aome effort by the Murk II collaboration to look for other vadiative



21

tranaitions frow the $. All states with reasonable acceptance in the
Mark II detector (i.e., states decaying into combinations of n:, K,
Rg, P, and P), and cven some with poor acceptance (e.g., states with
7°'a or n's in the finol state), have been considered. No statisti-
cally significant signals aslde from those shown today have been ob-
served. Thus, i1f the E 19 not a gluorium state, neither the Mark II

nor the Crystal Ball has any evidence for such a scntc.“

Let me conclude by remarking that in addirion to the understanding

of the charmoniim system that can be gained by studying y decays ‘in
particulor, rad:ative transitions), there is also the possibiliry of
being abl= to study ordinary (i.ec., non-caarmed) hadrons 1n a cleaner
environmenr than can be obtaired in typical hadronic interactions.
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1t has been d thac the scen :u hadre.ic experi-

uen.s and knoun as the E(1420) 1is not the gare state that has
been observed by the !'ark Il in rad’ative transitions from the ¥,
However, becausa of the consistency of the paramerers of the
atates seen in thegse two processes and the cutward similuvity of
the Dalitz pleta, I think it ia logicel to consider them to be
the game Ftuce until game evidence to the contrary fs praduced.
J. Donoghue, invited talk this conference.

A gluonium stute 1: 3 bruad state of two or more gluons.
Unfortunately, the marvea of the other members of che nonet (the
Aj and the Qa) are not well esough known to provide a reliable
estipate of the mixing angle.
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