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Diruolr production is studied in 217 Cd/c 
V--hydrogen and T--beryllium collisiolu in an open gametry 
ritb a lead glass array tom detect photons associated with 
clc e. l'be Jcy mass spectrum shows P 2.6 standard deviation 
pe& above background at ?I 3.5 CCV. Ihis result Implies chat 
0.10 f 0.28 of the '$'a arc produced via fbe radiative decay 
of omm of the x(% 3.5) states. 



We beve observed production of x@ 3.5 CeV) atetee in en experiment done 

l t Pemilab using a 217 G&‘/c VT- beam incident on beryllim end liquid 

hydmgen targets. It has been suggesteti’ thee hadronic productioo of the 0 

oceer. prirarlly through the production of en intermediate y state. folloved 

31 hy t&decay x+0 +~or x*$+bedrons. Arecentruul~ from the 

Qpll ISFi has indicated that such intermediate x (It.ates are important in protan- 

protoll eollisfms. UC report here on results obtained in e sureh for x + 

* + , in r-n interactiom. 

wo chicego CyclotrmHagnet speetrcm~ter facility “es used in em ape* 

g-try to detect and identffy pertieles essaciated with dkuon productian. 

A l baetic dravlng of the apparatus is shown in Figure 1. !Xegative pious 

of 2l7 CcV/e atrike 1 2.5 cm-long berylliu teqet follovsd by. 40 cm-10~8, 

3.0 u-dlsmeter liquid hydrogen ta%et. The trigger required tva penetrati~ 

.putfclee in dirgorully-epposed quedrmts of a acintilletim counter bodescope 

louted deemstream of e eteel badroe ebsorber (2.5-3.5. thick). Tbfa perticuler 

~eometris constraint reduced the traec rate due to p-t 1aw-o~ a dimnorm 

@.+I erkl due to lows8 dimoes originet~ frm pious deeeflng &a flight. 

Durky mst of the t’uus. the W- btn intensity vas 8 x LO’ rfpulse. The K- 

l d ; co%%e&atlons of the beem “ere about 2.52 arid 0.52 respectively. The 

qpied trigger rate n-a* 3 per pulse. TNr report is based on e total iacideat 

hum flux of & x 1010 pioae. 

aqed particle positions were meesured upstreae of the magnet by e 

yw# wire aystea of multiwire propettfeeal chambers ead dovnacream of the. 

-et by 16 gape (28 planes) of l ultitire spark chambers. l’he magnet was 

mm with. l&u: central field. A 2 r1c.q 18 cell threshold Cbereakev counter 



aliawd partial a-K separation in an 8-M CeV/c mmentum interval. A 76-element 

&ad+ass Berenkov array (each 6.35 cm I 6.35 cm x 61 cm, 20.5 radistloa lengths) 

detuxd ptccoas. 

Tim lad-glass array calibr.aion was maimred during this experiment with an iED 

8y%a. yollovlng the data nm. the array was moved into an electron beam in 

CL ?racm ;ru at Permilab for calibration. To demonstrate the 

vision 02 the lad-glass W¶teOL. be show in Figure 2 the Y-Y mass spectra for 

. -1r of lvdronfc triggers from the deco run. There is a clear 11' peak with a 

fmll tirh at half maxim- of % 35 UeV. The no ia not seen due to tbc limited 

ummerse acceptance of tb.e array. The background curve in Figure 2 vu 

Weed by pairing Y'S from separate events. All photona are required to have 

I) mergy above S CeV. Badronic skwers have been remwed by a cut OD the lateral 

cpccr? ai tic shower. 

ihr &m#n sass spectnun above 2.7 GeV fa &awn in Figure 3. A clear 9 

w of &UC 160 events above background is evident. ti full width I+ half 

rrtu of the tr peak is 108 tIeV and is consistent with the expected resolutlm 

d dte qpantus. Events with u+u- effective masm between 2.9 and 3.3 GeV were 

fit LD the -constraint (1-C) hypotbwis that the v';- are from the decay of 

c&a q(3?9S). Demanding a chi-squared less tbau 10 for tke 1-C fits extracts 163 

* -cI (referred to hereinafter as 1-C fit $'a); vc estimate cbe non-0 

Wtizu in these 163 events to be less than 10 events. Figure 4 shows 

Lh ?c?lrpm x Csy) and transverse mmentum (~2) dlstributlons for the 1-C fit 1, 

wea". Exe raw f discrlbution peaks at O.&S. wblle the acceptance corrected 

4l.st.rl.b~:i~a caa be Fit to the form (l/E)(l-~$~ tith A * 1.25 f 0.23. T%? pT 

depedaxe cf the 0 fits the form (p,) cxp(-BpT) with B - 1.45 f 0.13. We bavc 

also fit the f and pT dlstrlbutiom separately for r-p and r-i&e events. The 

results of these fits are given in Table I. 

W bwe crvined the photons rsmclatcd vitb tbe 1-C fit 9 events. Pbotmm 



uitb (1) energy lesa than 5 GeV. (2) lateral shower distribution coasistent with 

l hdronic shover. or (3) y-y invariant oass consistent with tbe no were removed. 

Zhe cut (1) removea photons in an energy range vhere our shouer finding 

algorithm ir, uncertain. but doss not remwe any X signal (photops fra Z's 

muat have 
't 

P 10 CeV in our epparacus). Zhe cut (2) on lateral shower 

distributions removes % 702 of badronlc showers and only % 152 of real photon 

sbarara . Ffgure 5(r) shows the $-y invariant mass spectrua. The esthated 

backpound (dashed lfne in Figure S(a) ) WUI obtained by taking photons from e%wntS 

with u+p- invariant maas in the range 2.7-2.9 CeV and 3.3-4-O CeV (Noo-9 cvrntsl and 

cOalming these photms with the complete sample of A-C fit '#'a. Th.ia tiekgrou& 

wu then normaksed to the number of photoos observed in the Non-@ CY~". waled 

by the ratio of 1-C fit $ eventa to Non-$ l vemts. liu rem&t of mbtracting thin 

he&ground is show in Figure 5(b). 

?igme 5 shows a dear peak in the *y maa* spcctrm at % 3.5 CeV. Ye fit 

the distribution la Figure S(a) vitb a CaussLn plus tbc normalized background and 

find l II excess of 17.2 t 6.6 events centered at 3.51 GeV with a 0 of 75 NeV. Zlm 

ccafidence level of this fi& t 99Z. Ue expect a *y maa resolution vlth 

0% 60 NeV based 00 the observed width of our 1' peak (see Figure 2) since the 

ormr in primarily In the photo energy detcmirution. 

If we attribute the excua events at 3.S CeV to the process Z + Or, we 

obtain. with l Monte Car& detctalmed acceptance of 0.15. 

cB*’ <“WI 
- 0.70 i 0.28. 

“* xpl.5 

Xhia rault compares favorably with tbc value of 0.43 t 0.21 obtained by Cobb 

l t al.3 .t + % 0 io pp collisfoM *t r"i-- ss Gev. 
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OIlr D s 60 I(CV +-r ~11s resolution does not allow ua to clsnrly s=p=rate 

ti ~(361s): ~(3510): x(3%35) states. although our fit lmlieatcs the higher ma** 

L preferred. u We note that a current glum3 fusion model predicts production 

- secticms for these stat- in tk ratio 3:b for xWlS): X(3555). Produc~loa 

.I of the x(3-510) by fusion of two gluau IS forbiddc. Folding in the measur & 
,_ 

kmching ratios for x + yI. we would expect to see $-r's in thr ratio 1:6.5 for 

I ]IobU): Z(3SSS). out data im coosiatent vltb this ratio. 

X8 reupltul*tc. cur measurement of the Jrr mam spectrrr in the region 

3.4-3.6 revala MI excess of 17.2 t 6.6 mats &me the expected background. 

Zwbdlng wceptencc correctiona. this remit faplies thet * 7OZ of allO's 

k ~-m fnteractlorm et 217 feV/c near + - 0.5 came fm the production of x 

oedca fol.Ld by tbc decay x-w. 
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ap(4.45 p,) (me tut). 
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