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Abstract 

Experiment WA82 has measured charm prodndinn by 340 Gr•V pions and 370 Ge V 
protons on a bugd made of silicon and t,nngstcll. Ck;m, high sbitistics charmed 
meson and bnryun mass peaks have twcn obtained. These signnls have hct'n nsed to 
measure the charm differential cross sr·dion and jt,s dependence on n11clru1t nnmlH'r. 
The semilept,onic decay of ch arm t.o K7r�110 has been st.ndir•d. The r<it.io of branching 

. ->1<0 -�(l 
ra.tws B(D+ -+ J( c+110)/B(D+ -+ 1c-7r+7r+·) = 0.7 ± 0.2 nncl I.he [( mesons have a 
ratio of longi t.nclinal l,o transverse pnla.risat.ion of 0.6 ± 0.-1. 
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Th0 aim of experiment. \VA82 is to study t.he produdion ancl clC'cay properties of 

charmed part.ic!C's produced in hadronic intcrndions. These propert.ies contribute to 

the mHkrstanrlin g of perturbatin� and IIOH-pert.nrbative QCD ;rnd through a study 

of sr'milepl.onic dr�rnys give information on t.lie Cahibbo-Kolrnynshi-Maska.wa (CKM) 
rrrnt.rix elcment.s. 

A major problem in t.hC' study of charmC'rl par ticks is to s<'kd the events including 

charm from the 1000 times more a bnndant. background. This has hC'C'll ad1ien�d , in part , 
by triggering on cYent.s having a high irnpad. 1rnrnmd.er I.rack using silicon rnicrostrip 

ddcdors. This I.rigger (1] increases the charm rnnt.cnt of the rrcorded dat.a by a fact.or 

of � 15. The accuracy with which th<' t.rncks arC' rrtr'asnred 11sing the rnicrost .rips 

ennhles the separnt.ion of t.he charmed vcrt.icrs from the main vert.c•x in a good fradion 

of t.hc cYcnt.s in which charm is producr�cl The data come from Pxprrirnent. \VA82 

thnt was pr�rformccl using the CERN Omega Spcdromd.cr. Dd.ails of the layout. of the 

apparnl.ns, t.hC' trigger condit.ions and the dat.a processing have heen givPn in a previous 

publication (2). 

The charm events prC'scnt.ed m this paper have ber•n select.eel frorn da.t.a samples 

consisling of l.8 x 107 and 1 x 1.07 !.riggers from 71"- and p beams rcspr'd.ivcly. Events 

are sckded with the following charad.r·rist.ics: (1) a. primary vrrl.<'x reconst.rnd.ed in 

the l.Mgd; (2) a scr:ortrlary verl.<'x s<'pnrntrd from t.he primary vPrtcx hy > 6u and 

located out.sick the thin target. (1-2 mm); (3) tot.al momentum vcdnr of t.hc secondary 

vert.<'x tracks point.ing hack t.o I.hr� primary \'ertex within 6D11.m. 
Fig. l(a) shows t.lw efff'divc mass spectra for the c•vcnts comprd.ihle with being 

D+----> K-ir+ir+, D0----> K-ir+, D0 -·-> JC·ir+ir�ir- anrl charge conj11gal.<' states. A clrar 

D signal is seen wit.h 991 CVr'nl .s a hove background. In this fignre RICH informal.ion is 

not. used. Use of I.he RICH information decrcas('s lhl' background by a factor of 3. The 

ratio of the numlwr of n- / n+ is £011ur1 t.o iw 1.4 ± 0.2 anrl 1.4 ± oA for ir- and P hearns 

respccl.ivrly. Fig. l(b) shows the J(+ /(- ir± effect.ivc mass spr.'clrnm r<'quiring that I.he 

J(+J(- mass is consist.f'nt with being a <ft. Clrar D± and D.� signals :irP obsr·n·ed. Fig. 

l(c) shows th(' pKir dfcct.ive mass spcclrnm where t.ltr' p am! I\ havP bc•0n iclent.ified 

usi ng the RICH a ckar Ac signal is ubsprved. 

Figs. 2 (a) 11nrl (h) show the nr("l�pt.anr:e rnrrect.erl x1· distribut ions for the incident 
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Figure 1: Invariant. masses of secondary vertex tracks for the assnmpt,ions 

(a)Kn,Krr <'llld Knrr, (b)</>rr and (c) pkrr. 
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Figure 2: Accept.ance corrected xr dist.ribntions for D mesons frnm (a) rr- and (b) p 

incident data with fit described in the text. (solid) and QCD predict.inn (dotted). 

rr- <'l!ld p beams respectively. The data has been fitted t.o the form 

for 0.1 :'::'. xr :'::'. 0.7. For the 7r- incident beam we find n = 2.9 ± 0.3 and for the 

proton beam we find n = 5.5 ± 0.8. The distributions give infnrmat.ion on the structure 

functions of the incident part.ides. If charm production is dominated by gluon-gluon 

fusion the x F distribut.ion for the 7r- data should be harder than t.hat of the p data 

as observed. Also shown in figs. 2 (a) and (b) are the prediction from next to lea.ding 

order QCD calculations [3] in bot.h cases there is moderate agreement with the data 

but the experimental distributions a.re harder. 
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Figure 3: x F distrilmtinns for ( 1l ) (n- - n+)j(D- + n+) (h) (n•- - n·+ )/(n•- + n•+) 

for Hie ir- hc11rn mid (c) (JJ- - n+)j(D- + n+) for the p be;im. 

Sinn' air- lw;irn is cnrnposecl of (du) q1rnrks it. could be possible that. n-( de) mesons 

would br produced more forward than n+(rd) mesons. In fact a lencling p11rtic!C' dfect, 

ns this is rnllecl, h11s bPrn clairnrd by NA27 [4) but has yet t.o he confirmed. Figs. 3 (a) 

and (b) show for Hie ir- beam d11ta t.he :i:r dist.ribut.ions for (D- - n+)j(D-+ n+) 

and (n•- - D'+')j(D*- + D*+) resprctin'ly. Alt.hough there is some slight indication 

of a rise t.he effect is not. as st.rong as that. indicated by the NA27 dat.a. Fig. 3(c). shows 

t.he XF distribution for (D- - D+)j(D- -t- fl+) for t.hep beam, no rise is observed in 

this dat.a. 

The dependence nn the atomic 1111111ber (A) of the target is usually p1uarnet.erised 

as 

where thenret.ically a = 2/3 for a purely geometrical cross sect.inn and a = 1 for 

a pure point like process. Therc'fnrc by determining a for charm t.he applicability 

nf QCD in the case of charm rnn be established. In order tn measure a \VA82 has 

used a t.arget split vertically into two equal sections nf tungsten nnd silicon. This 

allows a. sirnult11nenus measuremrnt of ow/ rrs; both for nrdin11ry internctinns and for 

charm product.ion. A control rnp;isurement has been made using the /(� signal ;ind for 

< :i:F >= 0.06 we find 

CTK� = 0.74 ± 0.01 

which is in good agreement wit.It previous measurements [5). For D mesons for 



15 

10 25 "' > 0 .. b) (.) e o) 20 ' c) • Ill 0 c 0 .. 
> ' 6 15 w 

Ill " .. c !!! ' i .. 4 0 > w 10 E 0 z 2 2 +i 
0 0 1.25 1.5 1.75 0 75 I 25 I 5 I 75 -o a -0 4 0 0 4  08 

Moss {Kne) GeV Moss {Kn) GeV Cos (1',) 

Figure 4: (a.) the /{ rre effective mass spectrum, (b) Uw corresponding /{ 7r sped rum 

and (c) the rnsflr, distribution with fit described in the text. 

< x F >= 0.24 we find 

0: = 0 gg+O.Oi 
D · -0.0S 

which is in gnorl agreement from the latest value from E772 for .! /1; production nf 

°'JN = 0.92 ± 0.008 [6]. 

A preliminary analysis of the semileptonic deca.y n+ --> f{-rr+ e+v, plus c.c. has 

been performed. The candidate events are selected with the following characteristics: 

(1) a pri1rnuy vertex reconstructed in the target; (2) a 3 prong secondary vertex sep

arated from the primary vertex by > 60- and outside the target with one of the like 

signed particles identified as an electron by the electromagnetic calorimder; (3) one of 

the other two particles was required to be identified as a K by the RICH; (4) require 

that the maximum missing PT relative to the D line of flight be less than t,he maximum 

PT of the v,. If t.he K and e have opposite (same) charge then they are considered 

to be a signal (background) event. Fig. 4 (a) shows the resnHing /{ rre effedive mass 

spectrum for the 50 signal events and the 6 background events shown shaded. The 

Krr effective mass spectrum for the signal and background events is shown in fig. 4(b) 

where it can be seen I.hat the decay is dominated by the IC resnnnnce. A fit tn fig. 4 

(b) using a relativistic P-wave Breit-Wigner plus an S-wave background yields a reso

nance fraction of 0. 7 ± 0.2 which is consistent with the K* dominat.ion found by E691 
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[7] and !Vlnrk IJI (8]. We find 

Thl' accl'ptanr<' corrcdl'd normalised cos OK distribution, whC'fc OJ< is the helicit.y angle 

of th(' kaon in the](* centre of mass is shown in fig. 4(c). It has been fitted to t.he 

form dN 
( ( 

r r, ) 2 ) ----- ex 1 + 2�- -- 1 cos Or< d( cosO K) I T 
and gives f:;:· = 0.6±0.4. This rnl'asnrr'mrnt is in ngreenH'ni. with t.11c value obtained by 

Mark III (8] of (0.5��i �g:�) anr! is consistl'nt with t.hcnrdical pm!ict.ions whirh range 

from 0.9 to 1.2 hnt is smaller than the valnc of (1.8�8:� ± 0.3) found by E691 (7]. 

In smimrnry good charm signals havl' been rxtradPd from thr \VA82 data. The 

;r- F dist.rilmt.ions for 7r-- and p arc lwrd<'r than next t.n lrading ordrr qCD calculations. 

At prrs<'nt. t.h<'rc is no dear pnsit.ivc Pvidcncc for a lcarling partidr� dfcct. For < 

Xp >= 0.24, a m<'asnrPmcnt. of t.hP A dependC'Itcc of thc open charm cross scdion gives 

n = 0.88�ii:iii,. Tlw scmilept.onic dPcay of charm to ]( 7rr.110 has been st.ndicd. The ratio 
--o --.... o 

of lmrnrhing ratios B(D'· --> [( r,+11,)/ B(D+ __, K-7r+7r+) = 0.7 ± 0.2 and the I< 
HH'sons haw a rat.in of longit.udinal to trnnsvt'fse polarisation of 0.6 ± OA. 
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