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I n t hi s pape r we r eport on the o bs erva t ion of DO Bnd U 

me sons pr oduced i n nG interaction s at 40 - 70 Gc V/ c . Our r es ul t is 

t he fi r s t direct observ a tion of i5 meso ns in hadroni c pro cesse s at 
such low energi es * ). 

We have al r eady publishe d the r esult s on 1\+ pr oduc ti on det ect 
e d via t he de ca y modes f\+- Kop ;r+Tf- and 1\+--:/\ rr+ ;;-+ r.- / 1/ • 

c c 
G on ti nui ll~ t h ro anal ysis of t he same dat a oampl e we l ooked for si gnals 

of D/iJ mesons i n the inVari ant ma ss spectro J.1( K~ + rn.1! ) vii th 

m = l, 2 , J . The chann e ls wi th dec ay s in t o K( 390 ) , K(1 4 JO) Wid 

q(770) we r e analyse d BS well. Si gni fi c ant signal s of fi mes ons were 
obse r vC'd in the mass s pectra M(K +( U90 ) IT - ) and 1.', (K+(890 ) " - rr-). 

No indi ca t ion o f charge con jugate d DO a nd D+ mesons wa s f ound . 

The a cceptanc e of t he spec trome t e r al l ows one to dct. ,., c t jj me nons in 

the kinema t i c a l r egi on x '> O. ? , whe r e x = p:/ p~ax is t he lo n[;i tudi 
nal f r actiona l mome nt um in the cent e r of mass ny nt "" o. 

~'he ex perime n t was perfc I'loed wi th t he s pec t r omet e r BI S- 2 

l oc lit ed in t he ne utral beam l in e 4N of t he Serpukhov acce lera t or. 

' m]o'i t:.1. Schema ti c l ayout o f the PC 1- 6 
~~~ 120' -Z <M~ I" l .'Nl 

131 8 -2 s pectrome ter: A - anti  ~ , wuucO i nc i dencf' co w1t er, 'r - car

bon t arge t, PC - mil ltiwi re n _,1~ I I ' Ipropor ti ona l chwnbe r s, M - mag

net, H1 .2,J - sc i nti llat ion 

hodoecopea, HCC - lead glas s 
A T 

Y,L M 

Cherenkov count e rs. r~n - neut )0 
I I ~m 

r on bparn <noni t o r. U ',21) - 2,c"" 

*) Short l i ve d parti c les pro  -It
duc e d i n hadroni c interac ti ons 
a t 50- 60 GaV/ c have been seell lIIil ~ III ~~m 
in t he emul s i on experiment 19/. 
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The spectrometer is depicted
'-

Vl Ln fi g .1. It consi s t s of multi
Z 
o wi re proportional chambers and 
~ 
z othe r detectors in front of 
'iii 
o 
~ and behind the momentum ana
u 

l y zill €; magne t . The tri gger 


conditions required four or 
 i 
pj g . 3 • I nvari ant mas s spec t ra M(K~ 7T+TT- ) a nd M( KO lT +1!.-n ). 

MASS IIf'rT" I , GeV!c' 

.49 .50 .51 .52 mo r e char ged par t i clea d e tec t 
The arrows s how the expected locs t i o n o f th~ DID

ed behind t h e magne t . For signals . 
thr ee di f f erent s pectrometer 

c;on fi g urat i vn o; ( tarGet posl tion Hn d length, position 0 1' 1i!\(PCs, magne
6tic field po l ar i t y ) 11 . 4 x 10 e ve n ts were re c orded c orl 'esponding t o 

:; 5 -2 
an i n t egra l l umi n os jty o f _ ( 1.9 ± 0. 5 ) x 10 c m • The mean beam mo trizing t h e mass apectra by an e x ponen tial bac kg r o und and a Ga ussian. 
me n t um fo r t h e de t ec t ed D mes on s i s about 60 GeVl c . A more det ailed 2

The c entral ma ss values o f the peake , Lln o= (1 067 t 7 ) Me V/c and 
description of the spect r ometer BIS- 2 and t he experimental (:olJ d.i t i 

lJ
D

- = (187 1 ! 7 ) MeV/c2 , are i n goo d ae;re ement wi t h t he maBlJe s o f t ha 
ons is given elsewhere / 2/ . charnsed mesona DO and D- 131. The w] d t hs o f the peaks, =r DO 

'l'he spectrome ter had no deLe c tor fo r i de n ti fi cation oJ.' hadrono = ( 34 ! 1 2 ) YcV/ c 2 and rur = (40 :!: 12) MeV/ c 2 , a re compati ble 

and · all charged par ticles we r e a s sumed to ue pion s . Th e K~ VlU with the expect ed mass r esolut ion. For mass sea l e c a l ibra t ion the p o

ai tiOD of the K+(89Q) signa l was uacrl . The ma ar; values and narl·O" widthsidentified by the deca y s int o two charg ed pion a . The invarlllH t mas 

spe c trum lIl( If + n-) of all J{~ candi d a t e s i s shown i t! rig . 2 . lo'l'l.' a or the peako allow one t o c onc l ud e t hat t h e obs e rved signa l a a r i s e 

f rom weak d e cay s of the c hllnDe d mes ona .00 and D- . The same ar/,P\l
2 2 s 

further analysis 11 900U KO c andidat e s f rom a U1SBB interval 489 
•ments exclude a n interpre tatio n at· the signals as u K resonanc e . 

The o bserved s ignals of DO and n- have n stati s tical significance 

Me V/ c to 505 MeV/c were s olected . 

Firs t ,th e p r oducti on of DID was e8urchcd for i n tho doctt.y 
o f 5 and 7 standar d deViati ons, respec t i vely . The c omhi nation - Lo-eveamodes D± -- ' j(\, n ±, 'i)\, ____'K'o 1i + Ii - and 1) t -+ ' iC6 n + 7T - n ±. Tho 
ratios in the DO and 0- ronan intervals are 1 . 2 and 1.4 . r eapecti 

mass spec tra M( KO 1f± ) cont ai n only a few events ~n lhe 1)/ U mass 
s vely . r eg ion because t h e de tecti on efficien cy is sma.n. The mS6S a pec tra 

M(Ko TI+n - ) and !.I (KO r,+rr- 71 i ) are shown in f i C.3. llo signals are 
6 B 

seen in the DID IDas a regio n . 
- +

Next we analyz e d t he DID dec ay mode s i n t o X-(890 ) and pions . 

The ~ (890 ) are defined by (K~ 1T±) combinat ions wit h i nvariant mass 
2 ..,from 840 JJ.e V/c2 to 940 MeV/c • The mass spec t r um J.l (K~ n +) wi th a 

u 

~ 
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z 
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signal of about 4000 K+ ( 890 ) is plot ted i n fi g . 4. A simi lar mass 

spect r um was obtained for M(K~ TT -). The mass s pe ct r a 1l(K+ (890 ) n-) 

and M(K+ (890 ) TT - TT -) are shown in fj g. 5. Cl ear p eak s of (2 1 :!: 6 ) 

and (32 :!: 7) combi nations a re v i sible i n the DO and 1) mass r e 

gions , r espe c t ive ly. The so lid lines in f i g.5 a re t he fit s pa rame

Fi.g.4. Invariant ma6_ 
spectrum M( K: n +). 

11.5 QI \II \2 u 
MASS l!<.f.-l, GcliN 

2 
3 



Fig.5. Invariant mass ' spec tra _ 
a} ~.I89O)rr- bjK'""ItU):I..-n r,;(K+([l90) r. -) and M(K+(e<p)rr-;; ) 

showing the signals of TIo and 
D- mesons. 

No signals of the chali .c 
con j ugated states of DO and 

D+ dccayi ng into K- (890) are 

observed. The mass spectra 
,NVARIAN' ...., . G.vl,' M(K-(S90) TI +) and M(K-(890)li+rr+) 

u r e shol'm in .fi g . 6 . ,Ie have also analyze d the DID decay modes into 

K(1430) and Q(770) but have not found any indication of a DID sig
nal. 

'rhe absence of any U signal has to be in terpreted by charm 

production properti es . As men t i oned abo ve, t he same dat:l sample exhi

bits astrong c:i[;nal of t he charmed uaryon ,,:. Neglecting I\~ I\~ 
pai r produc hon, the obse rve d I\~ baryolls have to be accompanied by 
jj mesons. Another argument in favour of the more abundant production 

of D in comparison with D mesons in the beam fragmentation region 

is based on the quark structure of these particles. The D mesons 

have one valence quark in common wi t,h the bewn particle and can be 

produced in the forward di recti on wher eas D mesons and the beam 

particle have no common valence quark. 

For an estimati.on of cross " ,"c tions the detection efficiency was 

detel~ined using Monte-Carlo te chni ques. The simulation included the 

momentum distribution of the neutron be am, geometrical apertures, 

trigger condit~ons, chamber ineffi c i ency, d ec ay of particles in the 

spectrometer, multiple scattering . and r econs t ruc tion efficiencies. 
Two c.ifferent models were cons i de red: t he di ffr uctive production of 

a D A + l3ystem and the inclusive production of D mesons with the c 
further assumption that the /\~ is produc ed wi th a mean gap of 

PC llMO l.· K-II!9J I""'· 
~ 15 
:r 
s 

" 

m 

8 Fig.6 . 	 Invariant mass spectra
M(K-(890)1r+) and . 
M(r(890) 11+ 1T+) in 
the DO/D+ mass region.INVARIANT MASS, GeV/c 1 

4 

1.5 rapidity units relative to the n. The diffractive cross section 

was tissumed to follow the law: d2 b Idl-fdt 0<. 11M2 • exp(-6t), where 

M is the mass of the D 1\+ system and t is the squared momentum 

I 
c 

transfer. The inclusiYe j) cross section was parametri zed as follows: 

Ells d2 b Idx dP~ DC (l_x)l exp(-1. 5P~). The Monte-Carlo simulation WaS 

performed for each bin of the two-dimensional (PL' PT)-distribution. 

The efficiency versus (PL' PT) is nearly mode}-mdependl'nt and we used 

the average of both models. The integral efficiencies in a region of 

30 GeVlc <PL<60 Ge Vlc and PT<l GeV/ c are (5.6 :!: 0.6) '10- 4 for DO and 
(3 .4 ± 0.4) . 10- 4 for D-. In order to minimize the model dependence 

of the resulti ng cross sections the experimental momentwn spectra 

were taken into account in the calculation of the integral efficiency. 

The longit udlnal and transverse momentum s pectra of detected 

50 and D mesons are shown in fig.7. The backsround WaS subtracted 

by es timation of the signal in the mass spectrum of each momentum 

bin. The invariant longi tudinal momentum spectra corrected for the 

acceptance are disp l ayed in fig . u . To determine the dependence of the 

invariant cross s ection on x, an anstitz F(x) 0< (l_x)N has been 

fitted to the momentum spectra. The fit yields Nj)o= 1.1 ± 0.5 (stat.)± 

± 0.4 (syst .) and ND-=0.s.t0.4±0 .4.The systematic error reflects the un

certcdnty of 1be beam spectrum shape. 'rhe lines drawn in fig. tl correspond 
to the fitted functions F(x). Predictions of power law for the struc
ture functions F(x) are given by the quark counting rules 14/. The 

minimum value of N = 3 is predicted for D mesons produced by in

coming neutrons assuming a gluon exchange mechanism with point-like 

sea quark pair production 151. This value is in disagreement with our 

data. Deviation from the counting rule predictions in the very forward 
region were also observed in other r eactions 16/. The flatter slopes 

in the hi,gh x region points 


to the contribution of diff~ 


tion-like processes. 

0 D' 

a 

; +-+-tt~ 
,2 -+--t--'l' -+

-0: 

z 0'u , l 0 ++ ~ 
«'

Fi.g .7. Longi tudinal and ~1 	
~ 

t.r an svers e momentum z 5 -+--++--+s pec t ra of de t e c t ed 50 
u 

-t-- 
and D- mes ons after 20 	 !l2 OB3D 40 50 60 114 CU;
backgro und s ub t r action. 	 p~ I GeV/c pf , IGeV/cI' 
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Fig .B . Invariant long!tudi nal 
momentum spectra of DO and 
D- mesons corrected fo r accep 10' 
tance. Also shown a re the f it s- f ---t-::--t-, .,.' O-,Il -X,I" of the power law depend ence 
(l-x)N . 

+ -t 10' 

0: "'+ . 
~ lu 

+iSo,11-X f ----1z 
u , 

10 

101 , f 

20 30 ~o , 0 60 70 

PL I Gev/c 

The acceptance-corre cted transverse momentum spectra over the 

ranr;e PT< 1 GeV/ c are shown in fig.9. The spe ctra are compatible 

with an exponential decrease . Fitting the function dG /dPi<x exp ( BP~ ) 
to the spectra, one obtains the slopes Bno= ( ' .4 ! 0 .7) (GeV/c)- 2 

and BD- = (1.7 ! 0 . 11) (Ge v/c)-2 . The me an transverse momentum of 

both spectra i s a bout 0.7 GeV/ " ,,"ssuming the fit ted PT-dependence 

also for PT>' GeY/c. 

'raking into accountLhe detection effi ciency, the signals in 

the kinemati cal r egion )0 Ge V/c <PL<GO Ge Vlc , PT<l GeVl c corre s 

pond to the crose sections tilne s branching ratio 

Gj)o • B1~1 = (0.9 ± 0. 3) fb and 6 D-· B~ = (2 ., !: 0 . 7 ) fb. 

The definition of K+(890) candidates inc ludes a l arge fract i on 

of nonreson ant (K~ Tt +) combi nat i ons. For thi 8 reason one cannot 

exclude a l l c on t r jbutione f rom t he nonresonant de c ay modea 

DO ..... KO IT + If- and D- -Ko 11 + n - Tt - to the sele cted sample . The 

branching r a tios BR" Bn 2 h ave to be values between the ratios of 

the dec a y modes DO - KO IT + IT -, D- - KO 11 + "If - "If - and t he r esonant 

subchannel s with K+(B90). The branching rat i os bave been measuredlY 

for the decliy s DO - K+ (890) TT - (J.4 ± 1.4 )~ , DO - KO 11 + 1\" - (4.2 :!: O.An 

and V- _KCi IT + 11- IT-(U.4 ± 3.5)%. 

'I'o ca l culate the cross sections per nucleon "e have to lenow 

the atomi c weight dependence of the croae section . This dependence 

i s gene r a lly described by a fac tor A~, where A is the atomic 

wei ght n umber. The parllllleter "" is unknown for open charm produc 

t ion, and we have ~sed oc 2/3. This value seems to be favoured 

f or the re gi on x> 0.5 if £X. varies .nth x as observed f or non
/7/ •charmed parti.cl e s

6 

Fi g.9 . Acceptance-corr ected trans 10'r 

v e r se mOlllentwn s pectra of DO and 
- mes ons . The l i ne a represent fit s 

of the exponential f unction 0-, eXIlI- \7 pi Iexp(-Bp2).
T t</o 

'Ii' 
~,oJ 
'C 

" "<t'~$""" 7~ 
D', exp 1-1" p~1 

Nex t we es t im a te the inclu
10l[ I 

sive cross sect i ons per nucleon o U4 Q.8 12 


in the kirJelll a tica l r egion p? , GeV/ c' 


30 GeV/c < P1 <:: 60 GeVIe; an 


P'r < 1 GeV/ c . Po r -Do production 


we ob tai n values in the i llte rval 2 fi b/nucleon < blio < 11 t' b/mlC leon 


using t he extreme val ues 01 the partial cross section 


0.6f"b < 6'uo • BH,< 1. 2 fb, and of the branching ratio 2 .0'''; < BH,< 5.0%. 

As a cons e quence of tI le unknown branching ratio BRe\)- -K+( 890 ) rr- n-) 


only a lower 11011 t of the inclusi ve D- cross section c an be ca l c u


lated. We ob t ai n GD- > 2 f' b/nucleon us i ng the limi ts of the pa rtial 


c roso sec tion S D- • Bl~ :> 1 .4 jJ'b and of the branc hing ratio 


B~<ll. 9\~. 


As we see the 15 cross section is of the same magnitude us 

the II~ cross section obtained in thi s experiment /1/. Our r es ults 

suggest that charm is more copiously produced in hadronic interacti 

ons even at energi ,s close to the threshold than was so far predicted 

on the basiS of perturbative QeD calculations 18/. The most like ly 

interpretation of our results is the associative product; on of 15 
mesons al i d II + baryons by incoming neut r ons in di ffraction- like c 
processes. 

The autho l.~are g r a teful to A. M. Baldin, D.A . Che plakov , 

Yu .N. Denis ov, N.N. Go l ovin, Kh. Ya . Khri stov , K. Lanius, A. A. logu

n ov , M.G. hloahc heryakov, I .A. Savin, A.N. ~iSSUJU,£Ul, L.D. ::io lovi ev. 

A.N. Tavkhelidze, 1~.E. Ty urin, I.S. Zlat e v . I.P. Kolpakov, and 

E.I. Mal taev for thei r support 01 these a Ludi ('0, Lo :>.S . Gerah tein, 

A.B. liliidal.ov and A.K. Likhod"d fo r ueefu l cli ar:ullnjotJO und r ema rks, 

to the s taffa of thFJ :.ierpukhov nC.ce leru l or for LllOll' help i n ae t ti ng 

up and r unning tlLi u c xperimr"nt, t o h.M. Llkl16chc v a lor hor con s tan t 

par t i.cipati on in th,,' tlxpor \ mont . 
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Ha6nlOAeHHe D - M.,3nHCtB B nC - B3aHMoAeHCTBHAX npH ~0-70 r3B/c 


B Hei1T poH- yrnepo~H~X B3aHMoAe~cTBHRX npH HMnynbcax nY4Ka HeHTpOHoB 
~0- 70 r3B/c Ha6n1OA~nOCb po~AeHHe 04apOBaHH~x Me30HOB DO H D- . 3KcnePHMeHT 
B~nonHeH c nOM~b~ cn~KT pOMeT pa ~HC-2, pacnono*eHHoro Ha nY4Ke He~TpOHOB ~H 

ce pnYXOBCKor o YCKOPHT eJ1R. CHr Han~ Ii -Me30HOB Ha6nlOAalOTCR B cneKTpax 3Q)$eK
THBH~X Macc CK + (890) ,, -) .. (K' (890) "- ,,..,. KH HeMaTH4ecKaR ofinacTb perHCTpa4HH 
D-Me30HoB - 30 raB/ c ' P < 60 r~B/ c H PT < 1 r3B/c. anA 3TOH ofinacTH onpe

L 
AeneH~ napLjHanb H~t· Ct'4eHHA alnC ... DO+X)· BR = /0,9+0,3/ MK6 H a(nC .. [J+X).BR t 
= /2 . 1+0 . 71 MKO , Cn~KTp npoAonbH~X HMnynbcoB AnA ~HHMaHoBcKOH nepeMeHHo~ 
X > 0.5 onHCUBileTCR 3<lB HC" MOCTblO r (z) • (l _ z)ti • npH N D0 = 1.1.:.0, 5,!0 . ~ 
.. No- = O .B,!D,uiO.~. C~C ~T P nonere4H~x HMnynbcoB napaMeTpH3yeTCA 3Kc nOHe H
4HanbHoi1 4>YHKU ..t·I~' da d P-r ~ eltp (-B PT ) ' npH Boo = 11.~,!O,71 Ir3B/C/-2 
H Bo- = I I . 7,!O. 8/ /raB/c /-"-. 

Pa60Ta B ~nonHeH~ B naoopaTopHH B~COKHX 3HeprH~ O~~H. 

npenpH KT OObemfHeHHoro HHCTKTYTa AAepHWX MccneAoaaHHA. nY~Ma 1985 

Aleev A.N. et al. EI-8S- 662 
Observation of 0 - Mesons in nC -Interactions 
at ~0-70 GeV/c 

The 	production of Do and D- .mesons has been observed in neutron ca rbon 
interac t ions at 40-70 GeV/c. The experiment was pe r formed wit h t he spectro~ 
meter B15-2 l oca ted in the neutron beam 4H of the Serpu ~hov acce l e r a to r . 
The si9na l s o f D mesons were detected in the effective mass spec tra _ 
M(K \ 890) ,, - ) and M(K+ (B90) ,,-,, - ) . The kinemat ical r eoion o f t he de tec ted D 
meson s i s 30 GeV/c < P I. < 60 GeV/5 and PT < 1 GeV/c. For this reo ion t_he 
partial c ros s s ect ions a re a (ne .. DO .. X) . BR = (0.9+0 .)) Ilb an d a{oCoD +X). 
= (2.1+0.71ll b . Tile lon Clitudi nal momen t um spec t r um Tn t he r eo ian z > 0.5 
can be- described hy F(lt) _ (1 -lt )N wi t h Nrro - 1. 1.:.O.S.!,O.4 and ND- = 
= 0.8+04+0 .~. The t r an!>vc r 'ic momentum spectra were pa r <Jtrle tri zed by t he 
exponent ial fun c ti on du / dp 2 . c :Ep(-DIf!r ) wi th B " {1.4+ 0 . 71 (r.eV/c)-2 andno
Bo- = (1. 7.:.0. 8) (r. eV/c l-2. r 	 

The invest ioati on ha s been pe rf orn~d ~ t t h~ l rl bo r~l o ry of Hi9h 
Energies, JINR. 
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