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In this letter the preliminary re8u~ts concerning' the J/YJ.Jani, Z.Mihalui, G.Nytrai, Gy.Pinter 
production in the reactionCentral Research Institute for Physics, Budapest 

e;r- -f2C ~ J / Y:' + X.Gy.Adam, A.V.Bannikov, J.Bohm, Choe Song Hek, I. Farago, Ya.V.Grishkevich, 
B.A.Khomenko, N.N.Khovanskij, Z.V.Krumstein, Yu.P.Merekov, A.A.Nikolina, which have been based on a part of total statistics and rough

V.I.Petmkhin, K.Piska, K.Safarik, J.Sedlak, G.A.Shelkov, L.G.Tkachev,
 

estimations of fraction of J/1J!' s resulting from :."aoiative
V.V.Tokmenin, L.S.Vertogradov, S.Vyskocil 
Joint Institute for Nuclear Research, Dubna decay of the X and from decays af "1'1 particles, are reported. 

T.Soukup, S.Valkar, A.Valkarova, P .Zavada SeveraJ. results exist for Xl' (J51 O) .and X (3555) producz 
Institute of Physics and Nuclear Center of Charles University, Prague tion in ~- hydrogen arid sr: berylliurn interactions at ener

1A.K.Javrishvili, A.I.Kharchilava, T.A.Lomtadze, E.G.Tskhudadze gies rv 200 GeV/ - 7/ ( MX /oJ$ ,.., 0.2 I Vi ois t Iie total erleres 

Jnstitute of Physics, Tbilisi 
in C1.íS) o.nd the sole result has been obtained in the near thre

shold enerc;y region at 38 GeV/8/ ( MX/rs ~ 0.43). As usual, 

only the sum of crODS sections of X~ and XZ. VJf3S measured 

since both h1gh ma.as resolution of r J /'1J1 :J.::r~3tem and hieh 8:a

tistics are needed to separate X and X2. • Solely in recent4 

experimRnts at 190 GeV and 225 GeV, the ratio of cross sections 

6'"(X ... )/u(X2,) has been esto.blished as (0.78 t 0.21/5/ , 

16/ . )/7/ ' , _ , /1-8/(1. 1 ± 0'.4) arid (0.96 ± o. h4 • Re su L t s o f exp er Lme n t s 

for t hc f'r-ac t Lou of J/1f' s pro.Iu ce d ViR X -stat.es are- surnmar-í.zcd 

in the Tablc. 

Ano t h or source o f indirectly p r odu ceô J/lf' ' s a s y' (J685) 

parti elo with -56% of its decajs le~ding to final stutes con-

t ui nine t h e J /Y . The mee sur-ed cr'o s a ae c t i o n r-a t La of <5 ( Y')/ 

6" ( if ) td, e!leretec ,.", 40 GeV are co n t r-ad.i c t or-y , 'I'he SIGI~~ spec

trometer/9/ reported the vaLu e of G" (-'J!')I (5 ( 1J! ) = (0.14 + 
", 0.05) f9 1" 4jI- Cv inteructions a t 50 Gc-r and 0I11EGA group/10,11/ 

rcceived this value to be equnl to (0.9 ± 0.4) and (O.}2 ± 0.11) 

Ln 'jT-r aud orF'W -interactions u t 39.5 Ge", reepectively. 

dt~rbCÂhi"il;'llliL.iH HHC1'B11'l'I 
mlà~~!jd; ~Jtc"'~.a05anFlI . 

~jM;:. m.. /!~·n=&&' h 



Table. 

The fraction of J /1J! 's produced via X states 

in the x F > X F . region at total CMS 
energy fi. m ... 

Interaction Vi'"(GeV) XF"min Fraction Raf. 

'1T-p 18 0.2 0.11 ± 0.04 /1/ 

CjT-p 20 0.45 0.70 :t 0.28 /2/ 

11 -P 18 0.2 .0.36 :t 0.05 /3/ 

'ir -Be 18 Q. 0.305± 0.05 . /5/ 

'7r -Be 20.4 o. 0.37 :t 0.09 /6/ 

""'-Be 18 O. 0.31 :t 0.10 /7/ 

CJT-p 8.7 0.4 0.44 ± 0.21 /8/ 

Ht H~ H3 n~ 
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Fig. 1.	 Side view of apparatus: 5 -vetu oounters, H1, H2, H3 _ 
vertical hodoscopes, H4 - horizontal hodoscope. 
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Thus·, one can conclude that questions ooncerrríng ,the pr-odu c

tion of 'f' and X states in near-thresholci reeioll. of ener

gies are still open. 

The experiment was performed in IHEP Serpukhov, usinr;' an 

unseparated bearn of negatively charged particleé with mornentum 

of 38 GeV/c and .1p/r = 1.5%. A beam telesc.ope consisted o f 

six scihtillation counters and four' threshold Cerenkov counters. 

The composi tion of the b~arn was- found to be err- : K-': fi =100 : 

·11.8 :. 0.3 • 

An apparatus for a detection of dimuon ~vents i5 shoml in 

Fig. 1. The central device of the spectrometer was a three gap 

streemer chambez-. (4.7- x 0.9 x 0.8) /'12/. The chamber was fil 

led with a neon-helium" gas mixture (7o%Ne/ 30%He) with the ad

dition of· isobutane and i~ worked at atmospheric ~ressur.e. Five 

carbon targets were placed in the chamber along the beam direc

tion. The thickness of each target corresponds to 5% cf. pion 

absorption length and to 12% of' radiation length. IJead glass C0n..: 

vertera in the chamger ( - 20% .of radiation length each) were 

"uaed for T -detection. 

A telescope for the muon pair detection oonaiated of 4 

scintillation hodoscopes and 3 hadron abaorpers. The 80 cm thick 

lead wall havirtg an opening for the beam wo.s placed behind the. 

end of a streamer eham~er. Next two iron absorbers had the 

thickness of 1.5 m each. AlI that determined an energy thre

shold of penetrating muona to the vo.lue of 5.3 GeV. 

Vertical ho do s'cop ea Hl, H2" and H3 having s'izes of 2" x 2 ma 

.:1'. 3 x 3 m1 and 3 x 3 ~2 , respectively, made from glasBtubes 
:t of 32 mm in diameter filled by liquid scintillator (white spirit). 
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An arrangement of glass tubes in two planes in the hodoBcope al 

lowed to reach the sp ace resolution of,." 1.5 cm and the "..; 100% 

detection eff~ciency of relativistic particles/ 13/ . Plastic 

s~intillator counters 1.1 m long and (15-22) cm wide were úsed 

in the horizontal hodoseope H4. 

Fast,processor analyzed pulses comming from hodoscope~, 

beam t eLeacop.e and vebo counters and selected r r -candidates 

according to a set of trigger criteria/14/ . In'such a way, the 

number of triggers of a streamer chamber was reduced to 

onejpulse at beam int-el1sities 'of {l. -1.5} x 10-6 particles per 

seconq. 

An off-line analysis of the trigger information gave the 

possibility of reconstructing muon trajectory in hodoscopes and 

to estimate a coordinate and an angle of muon track in the 

streamer chambe~ pictura.. ~he events satisfying the software 

trigger conditions ware scanned and measured with the aim to select 

+ real ~;W -events produced in tha target. After thia procedure, 

in the case of positive solut1on alI secondary tracka were meaau

red including strange particlea ( 1<: , AO ) and e « -paira 

of r -converaion. 

To estimate t he nonprompt hackground .contamination ( 'fI"-:-) 

"..,nJ decay) remáining in the dimuon sample we have anelyzed 

mea~red evente of ~-C interactions in pictures rrom the 2 ~ 

propane bubble chamber of LVE-JINR. It haa been calculated ueing 

Monte-Carlo .s1mulations that (with use of the hardware, soft 

ware and film processing criteria~ the background does not ex

ceed -- 8% and makes the contribution lnto the region ar the 

invariant maas o~ dimuons :S 1.. 5 GeVl c2• 

4

.... a)
~ 

~
 
~1110
 
~
 

~~ .... 
c 
~ 
UJ 

Fig. 2.	 Invariant dimuon masn 
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Fig. 2 shows the invariant mass àistribution af dirnuons 

without taking into account the acceptance of the set-up. lt 

should be pointed out that we concentratE:d our interest on the 
.) 

JI'f region in the first stage of analysis. Lt explains a re

lativa decrease of number of Ml""r ~ 0.6 .rJeV/c2 events .. Never

theless, the pFesented mass spectrum agrees in the main features 

with the resulta of other experiments, e.g./ 15 , 16/ . 

A clear peak of J /"'f. parti eles with the mean maas value 

<M~/Y>= (3.10 ± 0.01) GeV/c
2 

arid with C1 '::: 0.07 GeV/e2 ia ob

se-rved in the invariant mass distribution of dimuons in the 

ragion Mr r > 2.2 GeV/ c2 • The backgzound under the peá.k was 

estimated to the value - 10%. The longitudinal momentum distri 

bution (fig. )a) in the J /"J!. p ea k (corrected for the acceptance 

of the set-up) wi th well dominated maxí.mum in the region X~ r.J 

0.3 agrees by the form with the similar distribution obtained in 

papars / 17 , 18 / • The p~ distribution of J/~ particles (fig.)b) 

for XF > 0.05 trtay be described by an exponential behaviour 

- exp (-1.4 p~ ) in agreement with previous pe.pers/ 17 , 18/ exe

mining the sarne interval of x~ • The aceeptanee of the appa

ratus for the ~/lr -'jW~- decay mode was caleulated assum1ng 

the isotropic angle distribution in :J/1f rest frame. The 

;' avez-age detection efficiency of J/~ parti eles having x;» O 

aquals to cc >= 11% and E. incresses with )Cf and wealcly 

depends on PT. 

A aear-ch for the radiati ve- decay 'of the X has been per

formed in the mass spectrum of the ~ J/~ system'(fig. 4a). 

Firat of alI one must rej ect alI r J /11 

phot-on which in the combination with any 

event s cont aining a 

other photon gívea 
;t 
~: 

Fig. 4. Invariant mesa spéctrum 
of 1I"J!1l sys-tem. Shad.ed a~ea 
corresponds to events containing 
T '8 with Pt > 0.2 GeV/c; a) 
alI '!lI?/! ,e wi th regieter~d '( 's, 
b) after t-he eubtractiori of 
events wi th reconatructed dí IJme
aon (0.09< My lf .(. 0.18 GeV/c 2) . 

Fig. 5. We1ghted mase d1atribu
tion of two photons (over all 
d~uon masa range). Dashed li 
ne - gauaaf.an fit with<M)",> • 
= 131 ·MeV/c2 and G'::::: 18 MeV/c2• 
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4 0the effective mas s in t he qrO 01' mass regions. The .ef

fecti ve	 mas s d s t r-I bution of two gammas over a.Ll, dimuon masses,í 

taking into account the efficiency of the Õ -detection in the 

streamel' chamber ( J75~) is demonat.rat ed in fig.5. The peak in,J 

"rr· maas region ,is' well reproduced using gaussian dLs t rdbu t Lon 

2	 2wit~ <Mr;r>= 13.1 Mev/c and (5 = 18 MeV/c and , therefore, the 

events in the interval of 90 <Ml'1'<180 MeV/c2 are interpreted 

as erro mesona a The invariant mass distribution of the r J/Y 

system when r' s produced via ,"0 deoay have been subtracted 

ia shown in figo 4b. ~'here were no events in the h'l0 maas re

gion. 

The p; dístri bution and energy spectrum of gammas ac com

panying the J/1f's are displayed in figo 6a and 6b. One can 

ae e a pronounced rnaximum in fig.6a in the region of p; < 

0.02 (GeV/c)2 which is attributed to events with only one detected 

pho t 0 ..1 from errO -> Ti decay. 

• A Monte-Carlo calculntion of the X radiative decay haa 

shown that in ,-J 90% of eventa the X produces a photon wi th 

PT> 0.2 GeV/c (see figo 6c). Therefore, our main aelec~ion 

rule for the X atates ia a cut on PT(r) » 0.2 GeV/ c in con

tl'ast to the paper/8/ , where the Er :> 2 GeV aelecti-on cri 

terion has been used (see figo 6b, 6d). The shaded area in 

figo 4a, b and 6b corresponds to the Õ J/1J!. syatem containing 

the pho t on wi th rT> 0.2 GeV/ c. One can see an accumulation of 

2 seven events b-etween 3.46 and 3.64 GeV/c in fig.4b that could 
, . 

be attributed to the X", and Xz. decaya and two background 
2 

even~~ at maas ,v 3.37 GeV/c • The transverse momentum and energy 

diatributions of gammaa produced in these seven eventa are in 

.1'	 N a)	 b)lhf'	 
20 , N 
f5I ~ 

I 
10 to 

5 

'O.0lI	 0,i2 I. ~O ~8 o ~ ri 
PTr[(G~V/c)l] f. r (~eV) 

c)	 d) 
~~ 

~:I ~	 
NJ 

2 ~ 

W '.~
t -E1 f-c.~v) 

Fig. -6.	 Spectr-a of T" B accompany1ng :J/~ part1cles: a) P~ 

diBtrlbut1on,b) energy distribut1on, ehaded area cor

~esponds to r' s hav1ng PT '> 0.2 GeV/c, . c) PT' d1s
tributian ando d) energy spectrum of T' 8 with theJ	
; J/Y mass between 3..46 GeV/c2 e.nd )..64 GeV/c2• 

Full ~in&s - result af Monte-Carlo calculatlon of 

x ~ "r J I Y decay.
(: . 
ij\ 
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fa.ir ag1"eement wi th calculated orie s (fie. 6c ,d-). Preliminary 

Monte-Carlo. .exmnination has S110\"ll1 that one can expect abou t 1 

backgroulld event in the X me.as region. Taking into account 
'J 

the acceptance ~f the appar~tus and detection efficiency of 

7 's, the fraction of J l"'. particles prorluced via radiative 

decay of Xi and X.f stateS is estimated to be (0.5 :!: O.}) 

(without subtraction of oné possible backe;round event). 

T-hus, assumine; 6: (X.,) ~ e ( X,2,) one can cottclucle tha t 

a { X J is p.erhaps som~what hie;her (;<"'01 2. 5 t~mes) than a cross 

section of prompt J /1J! production. This conclus-ion is in ag

reeffi€nt with t~e result at E~- = )8 GeV/8/, w~idh was obtained 

using different experimental technique and also with results 

of investigations at higher energies/5-7/ tsee Table 1}. 

As mentioned above, the vnlues of the cross section ratio 

6" ('"'J!')J fS (y ) measured iT/9--11/ are contradictory. In these 

exper-íment s t lre -r: was detected via r / decay contrary to 

our experíment where due to measurement of momenta of alI par· 

tic-les associated to J /'ll i:t could be possible to detect the 

1f' ín "(T"'f>v- ]-/lt' decay moàe .. A yi'eld of' ~he 1;f" everrt s in 

the latter case ia a1.Jout three timesgreat~r t~an in the formeI' 

one. If one takea the result of paper/9! as an eet1mation of 

G (yl}/ (J' t"!t' ) then abotrt. two ~I-> 'fT"",- J I~ ev eut s would be

exp ect ed in our expe:r;imental sample and the result/ ll / predicts 

- 1} such avents. These eat-imates have been done under the as

sumption that J-ü /( d)(F 'ClPT ) has the aame ,behaviour for 
, 

] /1l and i" p art Lc'Les ; 

The invariant mass diatribution of <JT'+Cff- J /'lJ:' sye t em is 

diaplayed in fig.7. There is a ~ack of any remarkable enhancement 
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M1/'f 1f+".- (~eV/c.2) 

Fig. 7. Invarinnt maaa distribution ofqr+.,,-J/lJ! syat em, 

above background in the 1.f' mass region. Moreover, one oan see 

at most one event of ~/~jW~- decay in fig.2b. These resulta 

together with a good mass resolution in a streamer chamber 

( G''''' 40 MeV/ c2 for qr"''IT- J/"'l system) allow to make a deduc.!
I 

tion 'that our data prefer the cross section ratio G" ("J!')/ G' (~) 

obtained by SIGMA sp~~trometer/9/. 

In conclusion, a streamer chamber is a useful experime~tal 

technique for the investigation of hadron and ~ -accompanying 

of dimuons. The fraction of J/~'s resulting from radiative 

decay of X states has been e~timated to (0.5 :!: 0.3') in the 

>t F > O.O~ regio~. An investigation of the 'Jr+'JT- J/Y mass 

spectrum has confirmed the result/9/ obtained for the cross eec

tio'n ratio G" ( 'tJ!')/ (S (1J! ). 
·1 
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flHHH, HJJ.p. El-87-397 

Anpoaaoe H y-COnpOBo)K)J.eHHe nparasrx JJ.HMIOOHOB 
H J/'I'-qacnnt, 06pa30BaaWHXCR B rTC-B3aHMOJJ.eHCTBHRX npa 38 r3B/c 

Ha cnexrporaerpe PHCK (5-MeTpOBaR crpasrepnaa Ka~epa, nosreuteaaaa B MarHHTHOe 
none) H3yqanOCb anpomroe H y -conpOBQ)KJJ.eHHe npRMblX MIOOHHhIX nap B rTC-B3aHMO
JJ.eUCTBHRX ripa 38 r3B/c. Ilpencranneast peayns'rarsr no pO)l(J:(eHHJO J/'I'-qaCTlflt B peaKQHH 
" C .. J/'I'+X. Pacnpenenemre J/'P no npononsaoeay HMnynbCY c yqeTOM axcenraaca 

L..~+~- ' . 
YCTaHOBKH HMeeT MaKCHMyM B o6naCTH 1'000,3. IloBeJJ.eHHe J/'I'-Me30HoB B 3aBHCHMOCTH 
OT xaanpara nonepesaoro HMnynbca xopouio onacsrsaerca 3KCnOHeHQHanbHOH KpHBOH 
- exp (';'l,4 p2T ) . H3MepeHbl HMnynbcHhle H yrnoasre xapaKTepHCTHKHy-KBaHTOB. 
B cnexrpe 3<p<peKTHBHhIX Mace 2y Ha6nJOJJ.aeTCR nHK B 06naCTH ,,0 -Me30Ha. Cnenaaa 
ouenxa BKJIMa B 06pa30BaHHe JI'I' -qaCTHQ pa.u.HaUHOHHoH MOJJ.hl pacnana )(c" yJ/'1',y 
(0,5 ± 0,3). HenOnb30BaHHe xaaana 11" .. J/'1' ,,+,,- JJ.JlR onpeneneaaa OTHomeHHR cese

HHH pO)l(J:(eHHR O'('I")/O'{'I/) noxasano cornacae c JJ.aHHhIMH, nonyqeHHhlMH aa cnexrpo
MeTpeCHrMA H pasaornacae c peaynsrararaa YCTaHOBKH OMErA. 

Pa60Ta nsmonnena B JIa60paTopHH anepnsrx npoõnera OHflH. 

IlpenpHHT 061>eAHHeHHoro HHCTHTYTa R;J.epHbIx accnenoaeaaã. ,Lly6Ha 1987 

Jani J. et alo El-87-397 

Hadrons and Gammas Associated to Dimuons and J1'1' Particles 
in IT-CInteractions at 38 GeV/c 

A study of dimuon's production in ,,-C interaetions has been performed with the 
5 m streamer chamber of the spectrometcr RISK~INR at the accelerator U·70 of IHEP 
(Serpukhov). A contribution to tho produetion of JI'l';particles from the radiative decay 
Xo" J/'II.y has been catimated to (0.5 ± 0.3) and nu evaluation of the 'J" produetion from 
'J" .. n+,,-JI'l' decay mode has been obtaíned beíng in agreement with the result reported 
by SIGMA spectrometer's group. 

The	 ínvestlgatíon has been perfonned at the Laboratory of Nuclear Problema, JINR. 
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