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ABSTRACT 

We present experimental evidence for the existence of the decay 

( 684) 4 + 6 + + - + - + - + -'¥ 3 --> yX, X --> 11-, 11-, 1l 1l K K , 11 1l and K K . There is clear 

evidence for at least two X states, one at 3.41 ± 0.01 GeV/c
2 

and the 

other at 3.53 ± 0.02 GeV/c2• The X(3410) decays into 1!1! and KK and 

thus must have natural spin-parity. 

* 
t 

* 
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We present evidence for the existence of new high mass even-C 

states. These states are observed in the decay sequence '¥(3684) -->rX, 

X --> 4n±, 6n±, 1l + 11-K+K-, 1l + 11-, and K+K:'" There is clear evidence for 

at least two X states. One of these states may be the one reported by 

the DASP Collaboration. 1 •2 The existence of several even-C states in 

the mass region between the '¥(3095) and the '¥(3684) has been suggested 

theoretically by many authors. 3 

X -->41!±: The data are obtained from approxiffiately 100,000 '¥(3684) 

decays measured in the SIAC-LBL magnetic detector at SPEAR. 4 To search 

for X--> 4n±, we select events detected with four charged particles of 

total charge zero. Events of the form '¥(3684) -->1!+1!-'¥(3095), '¥(3095)--> 

+ - + - + - 0 5 e e , ~ ~ , or 1l 1l n are eliminated by requiring that the mass re-

coiling against the low momentum 1!+1!- pair be less than 2.95 GeV/c
2

• We 

estimate that the residual contamination from such events is less than 

lr:JI,. 

Assuming that all the charged particles are pions, we can calculate 

the miss.ing mass square, m2 , distributions corresponding to '¥(3684) --> 
X 

+ 4n- + x. Figure la is a scatter plot of this distribution versus the 

missing momentum, p . Figure lb shows the same quantities for the 
X 

reaction '¥(3095) --> 4n± + x. In '¥(3095) decays, the band of events near 

m2 ~ 0 extends over the entire range of p , whereas in '¥(3684) decays 
X X 

these events cluster primarily in the region 0.1 < p < 0.3 GeV/c. In 
X 

Figs. 2a and 2b the events from Figs. la and lb in the range 0.1 < px 

< 0.3 GeV/c have been pro"jected on the m
2 

axis. The comparisons between 
X 

Figs. 2a and 2b, and between the data in these figures and the resolution 

functions predicted by Monte Carlo simulations, lead us to the conclusion 
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that the missing particle in this p region is predominately a n° in 
X 

~r(3095) decays while it is predominately a 7 in w(3684) decays. 

In Fig. 2c the events from Fig. la with p > 0.3 GeV/c are plotted 
X 

2 
versus mx along 

0 
with the n mass resolution predicted by a Monte Carlo 

simulation. 6 0 
From the absence of any large n contribution in Fig. 2c 

and the assumption that the n° momentum distribution in 4n±n° is similar 

at w(3684) to that at w(3095), we estimate that only 15 ± 8 4n±n° events 

2 contribute to the 96 events shown in Fig. 2a with -0.03 < m < 0.03 

I 2 2 (GeV c ) . 
X 

The mass distribution of the 4n± events with lm~j < 0.03 (GeV/c2 )2, 

calculated with the constraint that m
2 

= 0, is shown in Fig. 3a. (Si~ce 
X 

the constrained fit required that m4n ~ ~( 3684 )' events corresponding to 

w(3684) ~ 4n± center below the w(3684) mass.) The rms mass resolution is 

estimated to be· about 0. 025 GeV/ c
2

. There is clear evidence for at least 

two states, one at 3.41 ± 0.01 GeV/c
2 

and the other at 3-53 ± 0.02 GeV/c2.7 

X ~6n±: A similar analysis has been performed with 6-prong events. 

Again an accumulation is found at low missing momentum. Although the 

statistics are low, the mass spectrum of the Fig. 3b is consistent with 

the behavior observed with 4n. 

X ~~+n-K+K-: To study this reaction it is necessary to use both 

kinematic fitting and time of flight information to distinguish 

kaons from pions. 

2 2 

+ - + - 2 The invariant mass of n n K K with -0.03 < m < 0.03 
X 

(GeV/c ) is shown in Fig. 3c. The structures in this figure are similar 

to those observed in the multipion decays. The enhancement just below 

the mass of the w(3684) is interpreted as w(3684) ~n+n-K+K-. 

+ - + -X ~n n and X~ K K: We search for these reactions by looking at 
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events with two prongs. The major potential background is w(3684) ~ 

e+e-7 or ~+~-Y· To eliffiinate electron pairs we require that both 

particles pass through the active areas of the shower counters and give 

low pulse heights in these counters. This requirement gives a rejection 

of 5 X 10-5 against electron pairs. We similarly require that both 

particles point towards an active area of the muon spark chambers and 

fail to penetrate the 20 em iron hadron filter. This yields a rejection 

of 7 X 10-
4 

against muon pairs. 

The missing mass squared was calculated for all two-prong events 

which satisfied the above requirements. Figure 4 shows a scatter plot 

of p versus m
2 

for both the nn and KK hypothesis for events with 
X X 

lm~~ < 0.1 (GeV/c
2

)
2 

for either hypothesis. Fifteen events were found, 

four of which (shown with dotted lines) had two or more photons detected 

in the shower counters 

w ( 3684) ~ rnn or yKK. 

and were thus inconsistent with the hypothesis 

With our m
2 

rms resolution of 0.04 (GeV/c2 )2, it 
X 

is not possible to distinguish which is the proper hypothesis for every 

event. However, the most likely hypothesis for each event is about 

equally divided between the two possibilities and it is quite improbable 

that they are all pion pairs or all kaon pairs. There are no events at 

m
2 ~ 0 and p ~ 0 where we expect 0.9 event background from w(3684) ~ 
X X 

+- +- 8 ee or~~· 

The pair mass for the remaining eleven events after applying the 

constraint m
2 

= 0 and using the most likely mass hypothesis is shown in 
X 

Fig. 3d. The background from eer and ~~r is estimated to be less than 

0.05 events. The events cluster at 3.40 ± 0.01 GeV/c2 with an rms width 

of 0.022 GeV/c
2 

consistent with our expected resolution. 

~--~ ( 
... 

~- .. . ~--···~----- ·-~ -· -~-·· 
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Branching fractions: We have estimated branching fractions, Bf' 

Bf 
1Jr(3684a -> yX,X-> f 

1jr (36 4) -> all 

for each of the two X states. B4 + , B6 + , and B + -K+K- are 0.1~, n- n- n n 

within a factor of two, for each X state. The sum of B
11
+

11
- and BK+K-

is 0,13 ± 0.05% for the X(3410) and has a 9r:$ confidence level upper 

limit of 0.027% for the X(3530). 

Conclusions: We have presented evidence for the existence of at 

least two X states. In the case of the 4n decay modes the evidence is 

conclusive that the X's are formed by the radiative decay of the 1jr(3684). 

All the other channels are consistent with this hypothesis. One of the 

X's is at a mass of 3.41 ± 0.01 GeV/c2 and the other is at a mass of 

3,53 ± 0.02 GeV/c
2

. In the 4n± decay mode the X(3530) appears wider 

than the X(3410), and wider than what we would expect from our estimated 

mass· resolution. This suggests the possibility that this state may be 

broad or consist of two or more unresolved states. 

All X states must have C = +1 since the o/(3684) has been shown to 

have C = -1. 9 The X(3410) must be a natural spin-parity state since it 

decays into two pseudoscalars. Most theoretical models 3 would assign 

it to the spin-parity state ~C = 0++ or 2++ 

We are indebted to F. J. Gilman for useful discussions and 

-r 
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FIGURE CAPriONS 

1. Scatter plots of missing momentum versus missing mass squared for 

four-prong events in a) t(3684) decays and b) t(3095) decays. 

2. Missing mass squared for four-prong events. a) t(3684) decays 

3· 

with 0.1 < p < 0.3 GeV/c. b) t(3095) decays with 0.1 < p < 0.3 
X X 

GeV/c. c) t(3684) decays with p > 0.3 GeV/c. The solid and dashed 
X 

lines give the.predicted resolution functions for a missing n° and 

y, respectively. 

2 
Invariant mass distributions after applying the constraint mx = 0 

+ t + - + - + -for the modes a) 4n-, b) 6n , c) n n K K , and d) the s urn of :rc :rc and 

and K+K-. No missing momentum cut has been made. 

4. Scatter plot of missing momentum versus missing mass squared for 

two-prong events calculated for both the nn and KK hypothesis. 

Events with a dashed line (including both events which are off the 

right side of the graph) contain evidence of two missing photons. 



1.0 

0.8 

0.6 

-~ 0.4 
Q) 

<.9 -
~ 0.2 
::> 
1-
z 
w 0 
~ 
0 
::?; 

<.9 0.8 
z -en 
en 
::?; 0.6 

0.4 

0.2 

0 

- r- -~ 

· .. 
... 
I• • • 

: .. . . . · .... 
: .. i .. 

·:·. . , .. .. 
. \ . . 

~.;:~.: :?~~··.:: .. ::·.:·.-~· ... :~:-~~· .. ~- . 
.. ~- .... ··· .. · ····.;·,•:,.~., , .... t!.·~! . -~~ •',1\., • :· • • '• . ·: .. . . . ..· .... ·. 

,\·:.~ ., . . ... ·..... ... . .. . .. , . '·· :·:· . . . . . :. 
!!~.: ...... . . . 

'·.:.fl.:. •• 
( b) ... • I , i •, .... ·' .. 

. ·. ·<}//:>>:.. ... · 
. . . "! • ••. . .... • . • .. 

·: .~_;·;. .:~·::.: ~ •• '· ••• ~: =: .: ••• • :· •• 
•. f;··•:.·~· ;: •" I« • • "• . ·;.-..~ :• 0 ,. • 0 0 ..... ._ .... ... · .. ~,.,. : · .. -·.:. . . . : . . . . .. : ·-

•. • ..... :.r!:"J~., ... ·: •· .~·, ••. '·· ........ • :-. . . \ ..... -!,-· .. :;·· ~ . . ::'·: · .......... . 
• 

0 0 
.. ,. ... 1-• o 0 00 0

• o
0 

o •o\

0 

• o I .. .:. :· :' ... -~·.7: :·. ·.:· : ... i ::: .,. : • •••• 

-0.2 

., t .-..•.:,o· ... - t •• • ... ·. ;;.J~-: :·~ .. ,~:-· .. :.· .· .::· ... : . . 
.. ·z~.p-:..-~,. · ==· · ·:\ :· · . · i.:;;: 
•. ;.~·; •. • .... "'.=i':. .. :~ .• ' . .,,''4° .: ·~ .. ·~:rl:'l . , ........... ,•4. 

.-.. :' ==~-~;. (.' . ··.: :::~ ~~ ... ~ ·=·· ::·::. 
-~ t.• ,·.'. :_',. . . . : ..... : . 

,.,.y-.. :. -:· .. : . ···.'···. . .. 
·-:.·i. :::~ . ··.: . . . 

" ••• ,..... " • • ·' 'It 

~t::.~ : .. ~-,.: . 
. ~~~<t: . 

0 0.2 
m~ (GeV/c2)2 

Fig. 1 

0.4 

2 768A 2 

C\1 -C\1 
(:) 

~ 
Q) 

(..!) 

I.{) 

40 

30 

20 

10 

__ .,..... ~· ·' 

(a) 0.1 < Px < 0.3 GeV/c 

1Jf(3684) 

0 1 1 1 n- 1 1\1 1 1 7 1 

1Jf(3095) 

0 60 
d 
......... 

~ z 
w 
> w 

40 

20 

0 I I 1... I ' [\ I I I l 

20 

10 

0 r 1r1 II /I I I '\ I I I I 

-0.3 0 0.3 
mi (GeVIc2)2 

276UI 

Fig. 2 



C\J 

~ 
~ 
(.!) 

I() 
N 
0 

~ 
(f) 

1-z 
w 
> w 

20 

15 

10 

5 

0 

5 

0 

10 

5 

47T± 

(a) 

67T± 
(b) 

(c) 

0 ~--~~--~~~~~~~~ 

5 (d) 

0 ~--~--~~~~~~--~ 
3.2 3.4 3.6 

MASS (GeV/c2) 

Fig. 3 

3.8 

27688<11 

0.24 

~ 0.16 
N 
~ 
~ 0.08 
(.9 -

N>< Q 
E I 

-o.o8 r 
0 

<· 

I 
• I 
I 
I 
I 
I 

6 

• 1T1T 

o KK 

0.2 0.4 0.6 0.8 
MISSING MOMENTUM (GeV!c) , .... 

Fig. 4 

·-



r------------------LEGALNOTICE--------------------~ 

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



e 

TECHNICAL INFORMATION DIVISION 

LAWRENCE BERKELEY LABORATORY 

UNIVERSITY OF CALIFORNIA 

BERKELEY, CALIFORNIA 94720 

... ..:.• 
;... • • t• 




