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ABSTRACT 

Evidence for three new partlcleB observed in the Crystrl Ball 
detector Is presented. The first particle, at 3592 MeV, Is seen in­
clusively In t transitions from +', and Is thus a candidate for n' 
The other two, at 1440 and 1640 MeV, ar- best seen In exclusive de­
cays of % Involving a proopt -f, and are thus candidates for bound 
•tate* of tw xluoni. Detailed reasons .ire presented to support the 
contention that these states are distinct from previously observed 
candidates such as E(142G). Alternative hypotheses are discussed. 

I. INTRODUCTION 

The aearch for new particles or states in data from the Crystal 
Ball has been concentrated In three sectors: CI) the detection of 
the retaining unaeen members of the chamoniun family below charm 
threshold, auch at the lp,, n and n' (l'S and 2 ]S ){ (2) the 

1 C C O O 
search for new states X below the 4 which appear in ^ * YX, where X 
can Include q<j or RR resonance* as well as oore complex objects; 
(3) the search for states with open charm In the continuum nbove the 
i". Of these three, the search for the tg Btates is clearly of 
greatest theoretical significance, but Is also Inherently most 
ambiguous experimentally. In this report, we present evidence for 
•tates found in categories (1) and (2), and Show that the spin-
parity analysis of the oblects X lends some credibility to the pf 

hypothesis. 
After a brief discussion of the detector, this report considers 

the candidate for T,'. It then Bunmarizes the findings on the two 
new *tat*e in i + yX. Because the interplay between theoretical 
prediction and experiment has been remarVibly close for thi6 chan-
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76SF00515, »nd by national Science Foumlatit/-. Grant PHY79-164M. 
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nel, we then present a historical digression outlining this Inter­
play. Trie leport proceeds with an overview of the detailed analysis 
of the two new states. Finally, the thaoieticsl interpretation and 
alternatives are explored. 

11. THE DETECTOR 

the Crystal Ball Is & fieldless, aegmenteo' spherical shell of 
Nat(Ti) surrounding chambers having charged-particle tracking capa­
bilities. The detector, built and operated by rhe Crystal Ball Col­
laboration^ is shown diagrammatically In Figure 1. A detailed de­
scription of the apparatus Is given elsewhere;2 for the purposes of 
this discussion th'sre are several salient parameters. 

^ 

-JZ12SL . c ^ ^ ] 
CUSBA'?K CHAMBERS 

if;. 1. Schematic cutaway view of the Crystal Ball Detector. 

(a) The good energy resolution for photons i s a well-knovn a t ­
tribute of this instrument, kt B - 100 M*V, the *xror of , . . H 
MeV is crucial for the Inclusive observation of ^' * Yn'> I * s s 

c 
well-known is the point that the energy resolution at E • 1000 HeV, 

T 
o • i 30 HeV, is also crucial for Inclusive observation of ^ + -,x 
if X is in the ranfce 1-2 GeV. 

(h) The Crystal Ball can overconatrain events tor exclutlva 
analysis. For an all-neutral final state (with the neutrals shower­
ing electronagnetically) we have a JC fit — the vertex position 
along the be.ims is an unknown. For additional nonshowerlng charged 
particles, one constraint (energy) is lost per psrticle but the 
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vertex constraint la regained. One constraint la addsd for aach 
Intaraedlate aaaa (auch aa n or w°) bypotfcesiied to be present In 
tea final state, typical exclusive states f roa tha Ctystal Ball 
«ttl be ZC, X and 3C. Cdaslned with the annular resolution for 
1 toV - 1 to 3P) sod charged particles Co • .3 to 1°), tba 

i * 
exclusive states often ham substantially bettor aaas resolution for 
the new partlelee than do the Inclusive searches* 

III. TTO n» CMtPIMTE 
c 

Follocd** t** <*i«ar-«ry* of * candidate *t«t* for > k tn tit* in-
elusive Y *f«etr*. ( m *• and f» a further search for tha transi­
tion *' + vi* "*a aade with the saae Crystal Bait data, those data 
ware subjected to refined pattern recount* ion cuts developed subse­
quent to that discovery. The fanlllar itrend photon Unas caused by 
transitions %' * IXQ I 2 *T"1 xl 2 * ̂  d o n i , l l t a t n* distribution. 
Sasll but statistically siftnlflcant buspa appeared at photon ener­
gies of 638 MaV <the previous candidate f«r $' * r\ y) and at 
•* 90 tteV. This latter peak Motivated additional data runs at *' 
which brought the total Timber of $• produced in tha detector to 
1.78 x 10 s <± $%}* Fljture z aitovs the epeetrun of inclusive photons 
fro* the additional date, ahicfa Is shut 5WC of tba total, the 
off sets sentloned recurred In the new date set, lhe Insets show the 
hackgroend-sobtroitei} fits to the total data sasjole. M l * I 

TABLE I 
Parsaetere of n and «* candidate* froa Inclusive fits* c c 

"e nf 

<B > 638 S * tfcV 91 i I HtV 
Y 

H 2978 ± 4 tfaV >592 t 5 MiV 

T 12.4 ± 4 I HeV < » MeV { « * C.L.) 

Significance 7o 4.4 to M o 

BMt' * 1 + state) {,28 ± .08)* (0.2-1.3)X (95* C I . ) 
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Fiji, Z* Inclusive photon energy spectra*, from 4.' + TX for the a»et 
recent half of the data «aapl*> Inseta are the background sub­
tracted signal fraa tua antic* data saaple. Vie probable underlying 
tem alncrM la Included* 

aumsrlas* tha parastttera of the atatea gleane* fro* these f i t* . 
Note chat for tha candidate q!(3S92] two types of background sub­
traction war* perforsed. Thft Inset thorn the least restrictive tech­
nique, in which tha background polynoalal la alloued to attenpt to 
fie the bcap» toother netted f i ts the background polynomial alone 
to tha ration excluding tha peak (74>MO HeV) and then constraint 
the background to this result for tke subtraction and subsequent 
peak-flttingi Inn statistical significance of the peak grows fron 
4.4 to 6,1 a.d. For this change tn technique as expected If the 
background "robs" the peak In the former pechod. The natural full 
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vM£i at half aailana far this state Is n*t eeseureeMe with our 
resolution* but la < 9 H*V <»5T C-i») la either f i t . Vila Is In 
contrast to the q * where our test value f rtm coawlwed f i t s to * and 
+* Is T - 12.* t 4*1 Ml*. 

ClvSn that this a£ candidate aeeae statistically slfERtflcent, 
the effect awat he checked for the possibility that i t le arete*-
axle, an investigation of such possibilities has been reported by 
Tortor,* wherein details eao he found csts'rtlehina that 

(1) There eta no tyataaatlc effect! tn the spectra of 
charged particles, either real or fictitious* which can feed 
Into the photon spectrum through the altldentifIcation of • 
charged particle as s neutral. 

(2) there ere as obvious exelualvt channels, such as 
4* + «S°t or ssdes appearing in the Y-itlstributlon through 
nlildentlflcetlon, which product a spurious y line at 
- 90 (lev. 

C3) Checki to teat for unknown syicenatlcs yield null 
results. These taata Include a parallel Identical inclusive 
analysis of f and alio internal consist!ney chicks on *' 
whieh look for tha signal In data subiats divided with 
rcipect to geoMtry and tlee. 
OUT coneluaion ll that the «• candidate 1* fully on a par with 

G 
the previous n ctndldetti Insofar ai the i,' Inclusive photon* are 
concerned, It leeks the useful ceaplessiktet/ evidence from an al­
ternative spectrus (ea fop * * n f iy) end as of yet leeks totally ex-
elusive final atstes which could cenfits It end flue q m n t w number 
deteralnatlona. 

There has been one previous references to a possible nj state 
near this eass» aeaeurad in the cascade reaction 

T L _ 
+ -* e 

The Crystal Ball cascade analysis, 6 while quite sensitive to sup­
pressed reactions (such as *' • a* v ) t saw no evidence for n' in the 
cascades. Independently» «e have now weeeured B*(i' •* y * 3592) • 
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0.2-1.3* (9S2 C.Z.). Hie expected ^ width (> i HBV) and the rate 
for n^ * Yin obtaiaed fro*, aealtnjt fro* our observed $» * ̂ y , 
permit « determination of B»(*' + -rV>B8<n' * T*> < W 8 , T M e 

c c 
produce Is onobeemable la any wtparfaaat done thus Car. It does 
not appear that: our present n* candldata la related to the former. 

TV. W W STATES T M K a DECAY 
Too new states have eaerged iroa the study of 4 -» Tx, with enb-

•equenc exclusive decay nodes of X* He have naaed the two etatee 
1CJ440) and e(1640). A list of the properties of these states •« 
derived froa Crystal Bell data la given In Table II. 

TABLE II 
New states froa 9 decay* 

Nane t(1440) 8(1640) 

Mass 1440 + " H« 
- 15 

1640 * 50 HeV 

r ( in t r ins i c ) 70 + jjj K i V 220 + }J° HeV 

J r c 0"* C99.B9H c.L.) 2 1* 4 (958 C.L.) 

Observed Decay Mode 1 * 4(980) + r, 

' • KK 
8 •» TlTi 

BR(^ + Y + s tate , (4.0 t .7 1 1.0) (4.9 1 1.4 i 1.0) 
s t a t e * observed decay) x 10-3 x 10-" 

These properties distinguish the states froa previous ones of sill­
ier nasaea assigned to qq nonets. As such, the new atstaa satisfy 
the nlnltsel requirement to qualify at bound states of two glttons* 
but that assignment Is not ttnidue. We will dlscoss alternate 
choices. 

Some scepticism la in order concerning gloonla candidates 
because of tbe large amber and variety of (a) atatea available la 
particle spectroscopy aad (b) ftluonl* atatea predicted by varloua 
theoretical models. In simple Cera*, the chance for colnctteacee la 
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large. A good deal of our enthuslara for then latest candidate* 
staaa frea their appearance in a particular place judged a priori to 
be a pooalfale cornucopia oC Kiuoaia states, we now digress to «i«* 
a sketch of the history of »uch speculations. 
Speculations on duonia 

the following la not scant to ha an exhaustive survey of all 
inputs to this sebject, but should Indicate at least th« eaneral 
conn* of events. The earliest reference to the idea of glnoM 
bound to glnoas occurred alaoat slsmltaoeo'jsly with the concept of 
the noa-ahelian itroup acructure of the field quanta* lone, before 0C0 
in ita modern form eaaraedr A eelf-couple>) glnon suggesta fIvan* 
only bound states, and references to aoch were node early by ttmbu 
(1966), Fritssch and Gell-Hsnn (1972), Wliion (1970 and m n y 
athftt,' in content with various theories• The flrit specific 
prediction for t"ie tuo-sluon channel In f, tlacaya wsi Mdt for Che 
idealised caie of coopletely nonintortctlnH gluons by Chanovltt6 

(1975)i who considered the process 4 * Y W * all hadront. itils » s 
calculated a* if the YSB were virtual and l:hs > dlsappearsd In the 
final state, but the transition ygg * hidroni was taken as unit 
probability. The effective reault vae the large branching ratio 

f(* * yutt) Jo « 
rti + ing) ' - j r ' 1<« 

Ckon and vbloehln* (1976) 
showed independently that 
the process * • -jge; should 
be identifiable by the 
unlove spectral distribution 
of the real y (Figure 3}, 
which contain* aost of 
the rate at large 
Jt • E / Jfc«t* Mg, 3, lite spectral distribution 

for the photon expected in (. * igftt 

with eluonti aessl»ss and nonlnter-
eeelns. 
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The realization that tha rail y could probe the glnon-fluon 
mass spectrum appeared In a work by firodaky, at a l . l ° (19773, where 
cbe *- and sngular-distrlbutloae At the t fo.- eonlnteracting gg f row 

T and 4 * KKK were con-

AAAA^AAS* 

} pahmholl7*BmplM 
aa moss ipwiront 

Fig. 4 Color combinations possi­
ble for two gluone in 1 * 3g and 

sldered. (that the 4, ia a 
likely place: for such bound 
atatee to appear ia clear fTOW 
Figure Am It shows that la tha 
standard 3-gluon decay of «. (* 
Color aiflttlat}, any mo sluons 
cannot M I D I color singlet 
because they need to conblne 
with the remainlnK KIUOR (a 

color octat) to torn th* %. In tha process 4, * YRB, however, the pg 
are foread to be a ainglat became tha -y la colorless, and thus the 
T potentially aanplea tha &t nasi apactrua of real part idea , |U 
Brodsky Bade thil explicit by ahowlng htw a a* resonance would 
Appear in tha IncLuslva Y ipaetnm t Figure 5). Even no re specula­
tively, Kollor and Walahl! <197?.I9?ft) presented Independent argu­
ments that tha high-jc and of 1; + tM would be greatly auppreiaed and 
would consist largely of t + ^^taaonant , u c h ** * * "*"' y*'' 
T f . At very low a they expect** the prediction for YMC to lie 
correct. At intetewdlate 3 thay speculated that bound gft states 
£onld greatly dlatort and anduUte the -f-speceroau Figure. 6 la 
derived f ro» thai* aarllaat 
paper (the sealea have been 
•odlfied for coaparlaoo with 
Figure* 3, 5, and ID). One 
ouat keep in M«4 that expert-
•entally that* photon signal* 
will appear superposed on a 
aucb larger rapidly Falling t 
backs round fron *° decaya* Ms. 5, Modulation* of the inclu­

sive Y etiargy apectroa In % + ygg 
expected hy resonances In eg. 



-9-

Flg. 6. A nonquantltatlve prediction of sup­
pressions and sodulstlon* of the Inclusive y 
energy apectrua In t + ygg, Masses ussigned 
to buap* are only to Illustrate the upproxlmete 
x-reglon and have no deeper significance. Thle 
plot it derived froa the aource, not reproduced. 

A large nuaber of predictions of various types has followed 
these early papers. One In particular (BJorkcn 1979) I 3 deserves 
Mention, being as explicit a prediction as ever appears, given that 
it predicts an approximate •*»*, the best production and decay 
channels, the rate, the background and even the specific detector. 
we reproduce it here: 

"But an even aore Interesting question Is what lie* 
beyond. Tf narrow gluoniua state* dominate in the 
region fro* M » 1.4 Gev to H • 2 GeV, the/ should 
provide <- 301 of all radiative decay nodes. The yray 

energies «re 1 GeV, and probably badly burled In con­
tamination irom n D decays. A ZX f-ray energy 
resolution corresponds to a resolution In gluonlum 
•tasa of order 30 MeV. It say be unrealistic to try to 
resolve any gluonluBi lines by •eaeureaent of the 
recall Y' Mye alone — even using Crystal Ball — and 
reduction of background by looking for exc.'.uaive 
gluonlw decay channels nay be needed. Hire one sight 
try for lose of those involving neutral decays, e.g., 
t|. But It will be difficult. A scenario appropriate 
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for the Crystal Ball might be 

•• * T + gluonlim 

L+ yy *-t TT 

1/2? 
1Z 
3HS x 38? - 14? . (5.7) 

The net algnal is ~ 7 event a/106 decays, even with a 
rather generous branching ratio asstuned for tfco nn 
decay-channel." 

initial Experiments on ( -t YRR 

With thle theoretical cotlvatlon, experimenters were looking 
for these specific features after each was predicted. J. S. 

Whit taker i"* (1976) first 
attempted to see the hlgh-x peak 
In if, + YPK in the Hark I data, 
with an Inconclusive result. 
Another attempt to Measure the V 
end point spectrum was made by a 
small solid-angle, high resolu­
tion NaT detector at SPEAR 
(SP-27).15 While no n° back­
ground subtraction was possible, 
It was shown <P. Hoore 1978) 1 6 

that the sharp high-* peak 
expected had not oaterialized. 
Figure 7 shows this result and 
indicates the equivalent limit 
a < 0.05 (95* C.L.) that an 
unmodified theory would need to 
hide the effect in the it° tail 
above x - 0.8. 

The firs-, indication Of a. 
nonvanlshing rate for i •* jgg 

came from the lead-Glass Vail 
detector (Ronan, eC «!., 

1 I 
QCO 

+ L-~*V* 

100 

| , 
— 

oco 
Prediction 

< Ml rT 
i n y i 
LlJ 

0 

t 
V| N't \ 

! 1 
1000 uoo ISOO 

IM»V) 

Fig. 7. The unsubtracted high-x 
end of the spent run (, •* yX (data 
points) (SF-27). The histogram 
1* the lowest order OCD predic­
tion with and without the pro-
case (, + Tt°p° (which is 
indistinguishable from vp 0). 
The arrows Indicate where n' 
and f would produce y's, for 
th« purposes of scale. 
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197S).1T Figure g above the 
broad, indistinct.signal after 
subtraction. Th« shape ves 
doeaed consistent with the 
theory* after large distort*one 
ay the poor-resolution shower 
detectors. The branching ratio 
use 2 tc OX (0 < x < J). 
Evidence for • contribution over 
that previously Measured for 

Fig. 8. Tb£ ,o-snbtracted hlgtt-
% *ndl of the spectra * * ifX 
(IcadMHass Hall). A c solid 
line la a fit to the lowest 
order QCD calculation, vHll« the 
dashed line la that part of Che 
rate attributable to known 
channel* of i radiative decay. 

4 • vtoii resonant 
cited. 

Tbia result ins quickly followed 
by * Hark Tl analogous aeasure-
osnt (Scharre, et al., 1979)18, 
Figure 9 shows that even with 
poor photon resolution, eh* 
greatly inpraved statlatleal 

precision rules out the hlgh-x peak originally predicted In 
I * YKK. However, the branching titlo <V-St above x • 0.6) is not 
In clsagreeaent with theory. These two experiments showed that the 
prompt y's exlic, but that the simple OCD calculation Hid to be 
•edified — • conclusion easily sccepted by theorists who were 
beginning to see large second-order corrections appear in related 
calculations. 

When the Crystal Ball data 
on the «°-suppreeaed high-x In­
clusive T spectrusi becaae 
available" (.979), It was 
clear that the nronpt y signal 
naa rich In structore (Figure 
10). Bunas, incte elearly visible 
at y energies corresponding to 
radiative transition* to n. 
n*. and a - K 5 0 Hev, with 
hlnta of effects eleewfcere In 

Fig* 9* As for Figure 8, except: 
for Mark II data. 
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the spectrin. Work to fInd 
exclusive channel* In f 
decay culminated In the 
detection by the Hark it 
(Scbarre, l»79> 2 0 *« 
* * T^K***. oy the Crystal 
•all (asensan, 1979)21 m 

+ -

Fiji. |0. The untubtractad hlsh-x 
end of Che spactrua ^ * -j" ' r 0 B 

early Crystal Sail data (>us»r 
l?79). The particle nasal along the 
top of tha eraph itrvt •• seal* 
narkera, twt aa aatlflnaenti of 
hypotheses eo straps In the spectnra. 

and possibly In 
Figure 11 steM 

the Mack II result, share 
the ***£** dearly resonate 
near 1440 HeV, with a strong 
suggestion that KK are 
resonant at {(960). 

In response to these 
data, Chanowltx, Donoghue at 
e l , , and lehikava" (1981) 
have Independently proposed 
thac thla reaction could 
be" * • l ( ( W ) t 4 W Inataad 
of ^ * vE(142QK where 
£(1420) • K*K has ions, bun 

a*slfitt*d t» th* a* )*** f>os*t ew Che bani* of I t s spin drttradne-
tfoa2*.. Tha enaeUl tMt (anon* others) la a spin-parity detnrsans-
tlon of th* object t«M» In f decay, 

Tha Crystal Ball detector has bean taking more data at the *., 
the total saaple la now 

state* 
seen in these t decays* 
Crystal Ball Results on • » tiCI440? 

The updated Crystal Ball result for v * v i c W for the entire 
data saaple Is atiown In Figure It, The shaded events are those 
with m < 1.12S CeV, i . e . , those likely to be associated with the 

Kit 
tail of 6(9*0) (th* central value of d is below KK threshold). The 

ronftfaiy doubling the data staple 
2*17 > 10 ^. W now continue with s discussion of the 

%. 

.1 & 
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10 

feHUMHit^ 

t.5 

Fig. 11. Ht« Invariant XJC*** 
mats soeetr* fro* tilt reaction 
V • YXBX*if5 CHsrlt II data). 
Tht Spec truss with a detected Y 

It given In <a) and with no 
tueh rattfiction lit (b}> 
Croaahatched ipeetra eorreape;;* 
to a Bits cut on • . gi which 
selects K-K* associated with 
4<9BO>. * 

«o 

3D -

HI 

[Y 

1 
J 

IT 

n/ 
| 

Hi 

ti 
i.e i.6 

M„.„.„i 
i.a 2,0 

Kiwi 

Fig, 12> The spectrins analogous 
to Figaro 1| for the entire data 
eaaple froa the Crystal Bill. 

corresponding Inclusive , distribution is Cham in F**ire I J. The 
width of i in the Inclusive distribution should ha dominated by the 
tntrfy resolution on the K, whereas the exclusive f i t reducaa the 
reeultiaR error on W ) « « negligible level compared to the natural 
width of 7<(J 0̂ MaV. table l i t ahows the comparison of these errors. 

Ifct a b i l i t y between EU&20) + K*jt «ad t<i*«» * «„ la iliue-
trata* by axaoiaiag the Dalits plot for this dewy for (<?*«0), 
M«ir« M. Otcay tato *** «wld stedwe btnda «« ahem, wbile decay 
into «* would populate the region of Kit «asa«s from the klneutlc 
boundary yp to the KS M«« cat chosen. The lattiir hypothtaia looks 
•ore eoulfttnt with the data, but United statistics and the proxi­
mity to the boundary of the K bands abacurea the In, srpretatlon. 
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TABLE H I 
HMoluttons for Inclusive and Cxcluaive f • yXi 

{detector} 
(Induced by f } 
/ in a single \ 

/In « atngle \ 
^fitted event' 

1440 HeV 
TOlteV 

1212 Hetf 
± 29 MeV 
i 16 HBV 
t 62 HeV 

~ ± 40 HeV 

1640 MeV 

220 HtV 

ttii HtV 

1 27H»V 

± S t r M 

i 51 HaV 

* i 20 Hat 

The ambiguity can be raaslved 
analysts of these data. For added 

flfcCOlL MASS (MtVJ 
2000 1500 1000 

Fig. 13. lti« apectrw «4Ml4«*ie 
to Fig. 10* tee *re* tfca entire 
Cryatal Ball data saaple. *Jae 
baekground-suppM»»ing cuta 
applied in rig. 10 have not been 
used hare. 

by a complete partial vava 
details of EhlB analyala «ee 
Scharre.25 liie analyala ia 
carried out using four coherent 
partial wava aaplltudee 
together with a noncoherent 
phase apace aaplltudai 
% * yX 

XXs 
6 a 
8 a 

(phaaa apaea) 
(•sin 0) 
(apln 1) 

x*i + if K («pin a} 
K*i + K*K <«e*ti I) « 

while theae anplltudaa «*o not 
exhaust all poaeibllitlss, chay 
serve to clarify the likely 
alternatives, the raaule at 

, n ft JJil4<jaM. ,r 

http://-l.tr-
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Fig* U . The Dalit* plot for the 
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the l i t to tin data i s 
abowi in Ftffit* 15» tfwra 
the fllcalCicaot aaplltvda* 
aTe tlaplayed. Only 
« V (spin 0) attovs any 
raaonant f a n naar tba boas 
observed in • . 1h* 

total contribution of 
K*E + K*K *• lets «*** 25* 
(MK C.L.) and i t Mn-
raoraat. Is ofdsr. to gain 
a feeling for tlw relative 
probMlitlos of fcheae 
aapUtudaa. If ona aaali-
tude (plua phaia fpaea) ! • 
to eijlaln tha dlatrl-
buttcn, fica wata aada 

Fig. 15. Tha • ^ 
K K » 

dependence of tha turvlvlnjt 
partial wave aaplltudea for 
t *• %fm (Cryatsl Mil data). 
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with ***• (spin 0) and K K + K*K (apla 1) separately. Ibe »te give. 
the probability that K*K (apln I) can explain the data to be only IX 
of that for tha 6*«° (apin 0) hypothesis. Alternatively, if the am­
plitude la forced to t« t t + phase space, the probability for apln 
1 la only lO"** of Chat for spin 0. Ibo cossietitlon aaong these 
hypotheses la Illustrated by the •• arid a„ Dalits plot projections 
in tha t aaas region (figures 16 and 17) together with their 

a> -

o 
o 

! • 

S 

K? 

0 

(el 

BtwFif 

iJO 1.2 I j * 

Fig, 16. Projections lo • _ 
of the ttVt 0 Balits plot f8r K 

(a> 1,4 < « _ < 1.5 OeV and 
<b) 1,5 < • * / V < 1.6 CeV. 

K+ltV 

T 1 

Q.€ 1.0 

Fig, 17. Projections In 
n similar to Fig. 16. 
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eaaplmmUtr pl«« owteidc thle region.. Figure 16 •hem that tfco 
f i t seed* < 4 t * achieve the l w aaea KX excess aad Figure 17 abom 
that the f i t cannot tolerate K alone, which causes too extreme a 
p«ak la •_ . Both curvaa ahow that a significant change in shape 
oceure In the fjtt owes reason adjacent to the j . The conclusion to 
which all of thia enalyele point* la that the 1(1440) i t a o~ state 
dacaylae. aaliily *1* «w. A* etated in Table II, the breaching ratio 
product It 

*<* + IfOBd * Kfcr) • « . 0 a .7 * 1.01 * 10-3 , 

«ha» the f iwt error la eteciatieal and the ae»nd is ayateaatic. 
The decay 1 • tnm for which there w i BOH indication In the 
preliminary data, hat not yet been quantified i i the present staple. 
It sight be expected frOM the decay 6 * n*, but the Information on 6 
dacaya la not definitive enough to pero.lt a Meaningful prediction. 

Cryatal M l Raiulta on i + vB(1640) 

A aearch for M bound atatei decaying into nn vac he pin laaedi-
•cely following BJorken'a iuf.gestion.13 After ueeuaulBtion of tht 
auple of i dlacuiaed above a an effect wa* vlalMe In the channel 
(. •» $Yi A 30 f l t i Figure IB show* the Invariant uat of any two y'e 

1 0 f •! ' ,••:-.' ','./'••' • ' t ;'. ••', plotted afuilnst the invariant 
! • • • •• ; v V • , - / • . : • , • ' • • • • maae of any two others <1S coo-

','".' •! " V . • *'•;'.•• '.'.:•'••, i blnatlona jier event). Sienala 
. i ,.;:! ,•';" \"" I eorreapondiog t« i * Y I I and 

2 OS 1- . '"f'*l":'<.?f.''"V''"'if;'' ' '.t' '- i * Y*°w 0 « « eeen, «ith a large 
E >• it, r": k '»\ '. • -* background that la mainly com-
s 1 ,:,V- i*wi\ 1 1 C'**'•,?','..': "'' ...••"v3 btnatoriel. The 5y events 

* : ^ * W J e r * ^ V : \ i "* f t t t 0 t h* h»«* h« 1» 
.1 * * Trnn (5C) and the Invariant - 1 - 1 

0 09 10 maes of i>n la displayed (Figure 
"' rr ••— 19). An enhancement emerges at • 
ttf. 18. Scatterplot of a „ , „ , . „_„ .... . 

Yt Bees of 1660 MeV with a large but 
v* • for all fifteen COB- . , J J t , 

YV uncertain intrinsic vldth of 
blaatlont of v'p froa t * 5Y .+100 . 
CC*y»Ul Ball data). * " ° I 7 0 "•»• Table III 

http://pero.lt
http://iuf.gestion.13
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Fig* 19, The Invariant eat* 
spectrum of r,i pair* fro*) fitted 
Crystal Ball events of the type 
t + yr\t\. The aolld curve Is the 
sun of a Brlet-Wlgner tern and a 
snail constant background term. 

Illustrate* that ilttwvgh toe 
precision in the, energy of tit* 
photon and the fitted M M * M 
very similar to the cat* tax 
the i(1440), the natural width 
of thti object doalnaeae the 
expected width of the 
transition v-llne in the 
inclusive t ipeetrueij ftla 
broadening aikai it harder to 
see, and indeed ve aee no clear 
evidence of this state in the 
total inclusive laaple (rirure 
13} unlet* It corresponds to 
the broad exce** to she left of 
the vliible i(I440) peak. The 

Inclusive y distribution of Sv evince alone alio shows no peaking at 
the expected k - 1113 KeV, but the nnr *ode la e-.pectcd to be 
statistically inundated by background. 

We have naaed this candidate atate 0(1640) in a thinly veiled 
attempt to acknowledge the acuity of the motivator of the March, 
and as the only rational alternative to the unacceptable nine B/J. 

The state has been searched for In other channel!, with ne sub­
stantial result* In the channel 4 ' n°»°, where the dominant 
v°n° effect Is at f°C;270), there is a suggestion of an effect at 
1660 (Figure 20). Interpreting all the event* above f° Ifi thil 
region as signal leads to an upper limit Btt(t •» )g) BR(§ * tit) < 
6 x ICT1*, which la clearly not restrictive given that 
BR<* + -»8)BB(B * nn) - (4.9 ± 1.4 + 1) * 10*« it found In the other 
channel, 

A epln-parCy analysis of the + * yni) event* hat been Mdt.'B 
Awe Dtatlst. s restrict the low value spin state* to 0 or 2 f the 
three independent angles used in the fitting procedure ere shown In 
Figure 21. The procedure was verified by applying i t to the 
4. + yt° * Y»°*° state, where i t excludes epitt 0 by an enormous 
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1.0 i.5 2.0 
,, M , v (Gevt 

Fig. 10. The aa«« speetrua of 
t°«° iron fitted Crystal Ball 
eventa, including the agst 
eoaaoa OHM where the ¥ io not 
41stlojtulah*ble a> 2 i ' » vn> 
thus 4oM tMt appear In the 
araoiou act i * 5y. 

riit f>omt 

Flft. 2)* Definition of -anxlt* 
voad In Cbt spin-parity 
analyela of the e(l«*0). 

factor) we note that ouch of 
tha significance of tola exclu­
sion M M enveloped frea the 
fitted D -€ -6 correletiona, K n o 1t»» aa&c procedure applied to 
+ * T9 yield" the remit that 

probabi]lty (8 Is spin 0) -probability (0 Is spin i)' 
m .045 
plus I6K constraints on paranr* 
atera of the spin 2 angular 
distribution. Thla two 
fttaftdard deviation result My 
also COM liwm correlation 
affects, but It appears that an 
axtrenuat of the coco distrl-
button suffices to explain tha 
praftrance for spin 2. (Figura 
22, lease | * 1). This result 
aakss the iplr determination 
•oaowbit tees coaoellinf j * 
claanat detemlbatlan r îat 
• w i t sore data. 

plausible Theoretical mtrr-
pratatloao of the Hew States* 

The establishment of a 
bound state of two pluons would 
inposa severe restrictions on 
tha dynamics of oCD; it Is thus 
prudent tt examine alternatives 
to this interpretation of i and 
0. Table IV llstn only • f«v 
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' • * , 

'm. 

Hju 22* Projection of th* 
3-dls*neional angular 41*-
trlhtttlon onto the • axis* 
Tht dashed U n 1* tBe 
distribution expected for 
spin»0> the solid lin» tor 
tpin-2> These expectations 
lneludl the effects of 
finite resolution and dttec-
tor efficiency. The insat 
shovi the distribution 
within the bin, .9 to 1,0, 

csndldata tbtorlss in which Q" 4' sad 2 + + (or d*4") objects appear, 
out svsa thus few show the intrinsic tobiptlty of their assignment,. 

In the Jaffa and Johnson bag »od*l, M the t would be their O -* 
ftluebell predicted st 1290 HeV, while ths 6 could aet-ve as either of 
their 2** glutbnlls predicted at 9fi0 and 1390 MeV, or as the alaliar 
nasa 0 objicti (if we ignore our pralinlnary spin determination)! 
Ths bag <Jaffaa)i' also predicts qqqq objsctai a 2** at 1650 MaV and 44 a Q st 630 MaV; we cannot exclude thus. 

The physically appealing nodel (valence glttane paired by color 
aejtnatiaa) of Oho, et al., 2 B predicts a 0 < a ' 0 ) state which con b* 
adjusted :o fit t(l«0) exactly but than has only 6 W gleooic con­
tent, lbs prediction for the 2** ( SS 2> gluaball alao has a fres 
psrsBbtsr but Is expected with **»ft K7-2»D Ce*» a broad vidtb of 
«* 100 HeV atttf BOX Rluonic concent* In this scheme the O ( lS > 
glueball might bo the s*(980). This thaory nixes the qq and sa 
reaonaneaa narkedly and has specific predictions for the ratios of 
I + (qqh anH ^ + (ugly f o r partlclea of slnlLar spin-parity, 

Finally, an alternative explanation for » la as a radial exci­
tation of qq, froai which Cohen and Upkto 2' predict 6""*" objects st 
1 2 W and ISOOMeV. 

Table Vt by no wane exhausts the pnsslbllitlea far asslgn-
asitts, but even so the experlaentsrs haws an nnemriable task) tney 
nvst find caanldatea for all hypothesised nonalueball atete* snd 
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TABLE IV 
Plausible Theoretical Interpretations 

of the Nev States In ̂ ,-decny. 

S t a t e 0++ 

Model 
J a f f e & Johnson 

Color vlt , 
Cho c t l l . 

Pa* . 
J a f f e e 

Nature of S t a t e (TEJ 2 o r (TH) 2 

filuebal1 

] s 0 

g l u e b a l l 
<tqqq 

P r e d i c t e d Mass 
and ~X jzlue 

960 o r 1S90; 
100S 

980; 
7 fl* 

65(1; 

Correspondence •? S*(980l? 9 

S t a t e 0"* 

Model 
J a f f e & Johnson 

Color ^IT , 
Cho e t n l . 

Cob en & 
U p k i n 

Nature of S t a t e (TEHTM) 
g l u e b a l l p luebaM 

q^ r a d i a l 
exc lLSt lon 

P r e d i c t e d Haas 
and T g lue 

1290 
1003! 

tuned to 1440; <a) 1280; <b) ISO 
ox or 

Correspondence •.O440)? i<1440;? 
(a> r,n«(1275)?, 

Stunt on 
(b) i<1440)? 

S t a t e 2++ 

HOdul Bap, 
Jaffc & Johnson 

Color v.(iT , 
Cho e t E 1, 

Bap, 
J a f f e 

Hature or State (TE) 2 or (TM)2 'S 2 

glueball glueball q<W 

Predicted Moss 
and X glue 

960 or 1590; 
1007 

1700 (r -
BOS: 

ino) 1650; 

Correspondence 0U64Q)? 9(1640)? B(U4f))? 
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have a Few candidates left over, or must resort to poorly predicted 
values of oasses, widths and relative branching ratios to try to 
eliminate incorrect theories. The appearance of these strong {, rad­
iative transitions, as predicted only for fUueballs, must remain the 
most compelling feature of these data. 

VI. FUTURE DIRECTIONS 

Resolution of the above dilemmas lies in multiple directions of 
research, 

(A) More data on $ + -yX must be gathered to affirm the 
2 assignment for the e(16W) and to look for more candi­
dates. 

(B) A search for different exclusive decay indes of the 
states already found should be made, In Present and future 
data, 

(C) A better understanding of the background and sys­
tematica of the inclusive y distribution fro:! tt especially 
for hlgh-x •y's, would aid in extracting the predicted branch­
ing ratios t/n, rj'/n, "6/f» f'/f that would constrain many 
models. 

(D) A precise measurement of V + -yX should be ctade to 
see if there Is the predicted recurrence of the set of states 
seen in y, • fX. A second appearance of this strange 
assortment (by qq standards) would be a uoverful arfruoenc 
that the set is a direct result of sampling the color singlet 
state of two gluons. 
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