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· Ce•1e1111c ·06pa1osai111~ o'lapoemi11h1x \1acrnu ii pN-a1ai1Mo;1eiicrn11llx· 

npu 70 f3B 110 .. peJyJlhTaTmi np0TOIIIIOf0 beam-dump 3KC:11epmtct'na. 
11a 11eiiTp1111ifui1 /leTCKTOpC 11<1>B3-O1151~1 . . 

~ - ' \ 

OnpeJieJlCIIO '.cc•1c1111c ·06paionai111/ 0•1aponaJlllhlX 'laCTJIU 8 npoT0ll·IIYK.l0llllhlX 83aJl~IOllCiicTBllllX. 
11pi1 ·::J11e·pn11i 70 fJB, ycpem1c1111oe no· pc1y.11,'rarnM •1cn1pcx _11c1am1c1!_-\lhlX 1m1epe1111ii B 11porn1uwM 
bca111:dump 3Kc11cp11i1e11Tc 11a 11ciiTp111i110M ;tcTcKTOpe 11<1>B3-Q_l15111. Be.1w11111a 110.1110m ce'lCllllll pan11a 
.. +I I ·. ' '. . .. . .. · . . . . • ·· q,9 -{):9 MK611/11yK~OII II_ 11axo;t\lTCll B cor,laCHII C TC0pCTll'ICCKIIMII paC'lCTm111,_ Bhlll0:IIICllllhlMII 11a 0CII0BC 

:.- . ·•. ... . '·.. .. . . ·,. . . .. .. ' .... 
nepryp6anrn11oii KX,U c T041iocTh10 Jto (X. 11p11 Maccc o•iaposa1111oro KnapKa m. = 1,5 r:iB II pa1~1ep110M 

: , . ,, , . , , .. l . , . •, -_ ,- . -:_. ( ·•- - .. 

· napa.\leTpe _ 111K_anh1 µR = 1,5 r:i_B. l1c110.%1osa1111al!· B _pa6oTe' rjiopMa m1cprjicpe111u1a1b11hlx cc•1e1111ii 
. . . .. . .· 2 .• • . . . . . 

. B JaBIICIIMOCTJI OT X Flip .L UaX0)lllTCll B Ka4CCTBCIIII0M C0rnaCIIII C pe3y.%TaTaMII TeOpeTll'lCCKIIX paC4CTOB. 

Be1111~1i11a ~wm1oi0-"i1w1cp~pc11ui1a1htloro ·cc•1e111rn B 0611a_crn xF·> 0,5_npor1mop~411T pe1y.1hTaTa.\l,. 

l!MY4eI111hlM 11a ycrn11o~Ke 611C-2, II 0CII0Ba11110M Ha IIIIX yrneplKJleltllll 06 aJIOMaJlhl!O 60.11,woM CC'lCllllll. 
o'6pa30BaJllll! 0•1apoea1111hlX 'laCTllll fl IIYKJlOIHl)'KJlOllllblX CT0.1Kl!0BClllll!X_ B. o"Ko.1onoporoeoii 06:iacrn 
Jliepn~H. 0,• • ' - -

Pa6orn Bh111ru111~11a B Jla6oparnp11i1 llJ1cp11h1x npo6.1eM 0115111. 

n pcnpm!T O6beJ[IIIICIIIIOro 111,d:nrryra l!J1Cpi1hlx IICCJlCJlOBa1111ii. ,Uy611a, .1995 

Bunyatov s:A., Nefedov Yu:A. •.. . . 
Cross ,;5ection for Production of Charmed Par_ticles in pN-I~te~actions 
at 70 GeV in P!oton Beam Dump Experiment . . . . . 
at IHEP-JINR Neutrino petector. . 

El-95-398 

The cross sec.tion fqr production of ch~nne<J:particlcs in proton-n~cleon intcraciions at 70 GcV 
is detennined by :ivcraging over the res"i11ts of four independent measurements in the proton bcain· dump. 

experiment with the IHEP-JINR neutrino d_elcctor·. The Iola! c;oss. sections IS 0.9:'i:~ µb/nudeon,. 

which agre~s with the calculatio~s in peiturbative QCD up lo. a-' al the chan~:ed quark mass 111 _:: 1.5 GeV 
- .' . _: .·.- -. -. . .- .f ' - - .- . ,- ( 

~nd dimensi~nal scale. p~aineter µ; = 1.5 GeV. The shape of diff:renti~I cross sections ~s X F and pi, 
. uSed in the papei, i; in qualitative agreem~nt ~ith the calculations: Th~ ·vafues of the total and differential 
·cross sections: }n the _region XF > 0.5. contradicts the re~~lts obtained with the set-up B1S-2. 

and to the stateme·n1, based on these results; that thcrc i\an anomalously. large cros~ section for production 
of charmed particles in nucleon·-nucleon collisions in the near-threshold ·energy regio_n. • 

· The investigation has been pe~fonncd ai the Laboratory of Nuclear Proble;n, JINR. __ · 

. Preprini of the Joint lnstitiue for Nuclear &cse:irch. Dubna, 1995 
' - ' . . ~ ' ~ 



In trod uctibn 1 
\ . 

. . . Res~ltsof prncessing:thediita ~f the prot~n beam-dumpexperi~ 
ment at the IHEP~JINR neutrino detector by,differerit methods in oi:-,' 

··a~.rt~_isolate:a ;ignal.from "direct" n~utrino.s (froII1.decay.of'charmed: 
particles farid to' estimate the cross section for production of _charmed 
particles in :pN collisfons 'at 70: Ge V \Vere givep iri [1-3) .'._ The results of·.· 

. these :inves_tigations 'were• representecias estimates of upper .limits for.' . 
the cross section; · . : · · · , ·. c._. ' 1 .. : · . . .. ' •• / 

. ' . .; . /- . , ' · ... :· .. ' .. '. ' . 
In. the present paper we report an averaged, cross section derived 

·'from four ir1dependent meas4refuents [1, 3) .and discuss botl1 t_otal 
,cross. sedions. and ·differenfo~l .dJshibutions· in variables Pl and Xp 
·~fmpar?1 ~_ith the QCr-based c~lcula'.ti~ns [41). : . . . , . 

•. .. . . • ·.. . ·. .· .. • l ·.·. . . .· 
. 'I'otal cros~ .. section .. for .. charm prod ri~tion· 
in>pN inter~ctions '~t JO. Ge V .... r . 
! , ' ', ' ,, . ' . . " \ ' ,'· . 

. The ex!pe;irherit~ll;y:out' is shown in-~ig:l. '.Iron'targetwith effec~·~ . 
tive densitie~ pl~ PFtind P~. = ½Pfe~er~ used in the ine~s:un~merits~--

' The experimerital lay-out is described in more detail iri [1 _:_3). · '' •· 
' \. ' • •·,., , J'l ; ' : ,. '\. < <.. , '. -· ' 

._::_ Th~ result offour•measurementsare given in Table 1: In [1] cross . 
'sections ~ere derived' froni• the m;:mber of cha~ged· current interactions\ . 

·:1f. electron' ~eu"tririo~ ~nd antin~utrihos recorded in' the detector: : · · \ . 
'; (~)' ' ·,· =i= .·' ·. . 

Ve +N ~c +x .. ···. ' '. ·. . ·.·.·· . ' .. 
• In [3) i:ross : ~ecti6n~ were·. derived fror:n th~ ~uniber of inco~ing .. \ 

,I .'. ·', ' . ' , \·," · •. h t.1. ·, , - , ,._ ' : 1_, • . . - '.· ., ... '. _ ; .,..._ '. ·.·,: - ... .·• ' , "· 

. "equilibrium". µ+ -mesons arising from interaction of muon 'antineu- ,,.., 
•• ttinos• ill; .the 'last 15·. metres_-of iron._shi~ld instaiieddirectly in fr~n~ of:.: 

; the _detector. · ' · · · 
. . ' . . , , ' . . ,.· .. ',.' . . .. . . .' \ ... 

. , Two methods·were used to derive the cross section: , , 
/ ', • • • ,{ > / • • I _1 ' _ ' • I - ' '. ' _. '• , , , 

• linear extrapolation of-the number of interacted ne·utrinos as a· 
'fu~ction ~fl to the infinitely dense' target; , . .' · .. , ' 

,. ;·.·; -. . : ~ p - '; ' •_.,, . \ ," . . -· ' . ', . .. . - . _: . . · ' 

·• subtraction of the neutrinqinteraction.background from ricmnal 
. , ~~urces (dec~y~ of i ~ and I< - mes~ns ). :· ' ' ' . . . ,. . . , , 
I . . , • ) I 

i. I 
. \ 

I· I' 
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I A ver~g~d over four measurements, the total cross section'fo; 'pro
ductio~ of charmed p~rticles:in pN ·collisio~s ·at 70 GeVis' i' ... ; . 

I.''·. · ' ... ·- , , : ,·'.. +1 I · 

udc(pN ,-S CCX}=.(9,? __ 
0

:
9
-)1-L,b/nucledn 

The upper limit'for,the'cross secti~n is 2.7µb/nucleon atc,the 190%, 
I ', , . l ,, ,', • 1 f ' ·' , , !, . , . ' ~ 

confidence level. The 1cross 'section for ptodtiction · of charmed particle ! ' ··, ' ( ·.. ,, ,, . .. ' ,, ,, ,, 

on iron nuclei/was. supposed to oe linearly dependent on the atomic 
weight: • ' · .• . . . '· . • . · . : . , . .· '/ 
\ uco(pFe) ~A.~: ac;c(pN) :\'a= l. . 

' • ' • ' ' ' ' •,' < 

, '. , ,'. i , < , J •! I '! ' / < ~ , , • • 1 , s • , , , I 

C<>rripaf i son -'.Witli'· other· exp~rirn~nts' . and. 
th~oretickl ·~alc{1Iati~risr · l ' 

/ , ' ' ' ' ,· . .-! 

, Eigrire' 2· sh~ws>~h~.e;peri~int~l data'. .on tot~l. cross sectio~s for: 
: ·. 'producti~n ~f'~harrned p~rticles in NN i~teraction~ ·a~d those. calcu~ 

lated with.the ch~rrru~dquark:·mass··mc = L5GeV [4,5] 'tip'.to;n; , ,,.· 

. ' 'f h~~e- ds ~s· ~he ~lln_ni~g. sti?ng ~ht,er,c.tion con~tanL. The; upper·~urv~ . 
· · 1s derived with the d1mens1onal parameter of. gluon momentum scale 

,iri QCI) µ~ =)Qey, the low~~ o~e w1th µR =,3GeV lsr • .. , _;,.,. · .. · , . 
. Consideration: of the. next-to-leading approximation. of: the·, QCD · 

, p~rtur,haticm theory re~ult'ed. in. the .. 3 ti.mes larg~r cr.oss ~ection, as·· 
compared with theJeacl,ing' approxic1nat~on -~nd • allow~~ a.gree~ent be
twein the ~~lculatio~s arid experiinerital data at Tftc == .1 :5_Geg;· which: 

· ;is the' .value f<>llmving ·from. the mass• spect~um of· J /\fl '...particl~s: .· · .... ·.· 
', >As itev'1de~t fro~ th~ figure, _cmr crns; sedio~' value obtain~cf ~t. 
70 GeV .(VS ~-:11.46GeV)' agrees (within the experi~ental and th·e~ 
oretical uncertainties) ~ith.tlie'c~o'ss sectio~ values.calculated.~ithin 
·perturb~tiVe QCD)nthe next-to~leading approxiination (up to~;) and 
·li~s irell below.the.re~~lts of·the' BIS~2-•experi~ent·.(:./S·==·10;5GeV), 

: [7] • ': ; C ' ' ; ~ • <• ' • ' : . ; •.• .. • \ '. :' • ' . : ' ) ' I • \,/ ' • • • .• 

·•.:,The experimental cross section for:.produdion of_D~mesons in the 
: NJ\~32. e~p~rime~t[8] at 209' 9iV ( ~ == 19:6Ge l1':) is' o;cc'. ~ 1:5' :b 
. ·o:7µb/nu9leon; being al~o. welt b~low 'theestima'.tes of the charm pro~··• 
'<duction 'ci6ss section in the·B1s;2 ~xp~}imeiit [7]. :. . ..... 

\ ; ..... ", .··. ' :','' ,, •, ' . : 

'I·" ., 

.,-: 

Table ~: Cross section tor charm pr~du~tion in pN interactions at 70 G;V-
Authors I.Type .of interac- Target Method Number of inter- Cross 

J.Blumlein 
et:~u (l]-

tion·. of· ~direct" · ·actions . section 
neutrinos. of. ~direct" .::Cneu-. µbf nucleon· 

- tdno~ , pe~ 1018 • , , 
protons __ . . 

-t'~) - ·. . 
Ve +N--+ e"'_+f_ I A.l+CH2_, 

· .. · ·. 40t 
(~) .· ,, .• +N-e"'+X Al+CH2 

· 40t 

Extrapc;,; 
lation · 

Subtrac
tion 

v'µ+N-;-+ µ++x \ '. Fe · I_E::c:trapo~ 
~ lOOOt -lation. 

. Fe 1 ' I Subtrac-

.•. 16.2 ± 12.3 

·...:1.5±5.1' 

19±46. 

·':,,;·
1 mof'litOrs' . \ , ~' ,dumP tcrget 

·0 ~~~~~iw.~~...,...-.--,.·.· 1 f .: 1
4 

· 1ir~~.w~~ -f: ~ ·,,~ · -· · 
S0•1cm 

;_.4.8 ± 3.8 

.f~u~ of 'the \ciperiment with 'run absorition of the proton. beam 
eler~tor U= 70. (Prat.vino) . .::. , . 
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Fjg~re 2: · Exp~;imental and calculated [4, 5] total .cross section for production 
of charmed eartich~s _in NN inter~ctions: ·, · · · : · ·. · · , ;, . _ 
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· I)iffe.rential -_cross_ sections-Tqr_· ch~rm pro-
duction in pN · ~ollisions · · -- -

•, ' .- ,., . -·.' .. ~ -. ~ . 

. Estim~tion oft he t6taL crnss. secti~n for'produdion of. charmed. 
. par~jcle.s. in. the beam dump expeii;nent_ ~epends .on fhc type of the 
differ_cnti~l cross scc0c~n WC l!SC. · _ _ . · , -•-'. .. ,·--:-· _ .. \' . 

In [ l] they used a semi~empiricaLapproximation of the differential 
. - . ' . . . : . . . . . 

. 'cross si:)c:tion: 
.. d2a' - , ~-(1 - I ,. ,;· · - 2 d)1, Fap J. . . . ~FI) . e-bp l. 

(l) ·_ 

· .. 
where· XF = Po/P~a:r· ._ _ _ _ _ __ _ 

_. '. '.The parameter n depetids · on the. type of pa1:ticlcs divid~d 'into 
.' fragments or: prodli~ecl..a.nd irtc;~ases- \~ith increasing 'encrg~·;· At . 
. )Cf;'. :-:t . 1, it c~r{ be estimated the quark C~tiritin{ r{tles [ 10,11 f Fbr . 
· produdi'on.of ch~rri1ed particics iii NN intei-actioris its values ~re n= 1 
for:A,,: n=5 for D+ ~rid_D0 , n=;l forD0

~- and n~4 f~r 15-:-In [.lfn~,1 
was-cho~en,fbr.iJ0 -,arici'·D~ ~-lll{)SOI1~ at70.GeV:,'the pa~a:meterbwas. 

, ch9sen to ·be l. . , ,. _ >·· . ·__ . ··, . . 

In [3] the diffc,r~ntiar~:ross scc:tion was ~arnIT1e~rized 'by the formula 

·d:1 •-,:_ a . 
• dx+d:r;-;.,dpi ~·[(1 ~ ;+)O. _:_·.;_:)]". c-=-:2.sp.L •. 

. '.·' . 
-- <. 

•.~ .. -·, .- _·--. , ___ ··.'-E•± • -. , - . ··-:- .- '. : .. >._ .- : <. . .-- -:--··~·-. -, -·\_··: 
·where·x± == ~n· and; according to t.l1e modeL[9],_:)iwas_ t'.aken'.tq ~~" 
1.5, 6.5; '3.5,. 3.5 for Ac,)J+, D0 , D:and/J? respect.iydy. .· . - . 

,_' :_ In ( 1) ai1d (2) ,E and PJ. arethe ~ncrgy and; frjlllSV~rse 111o'ineJ_1t.um 
· of t.lic~htrrned particle/ E* and-p0are the_c11ergyand:Iongittidinal n10-
rrienturn of th_e, charmed particle in the c;Iri.s., s is the c~ncrgy sqtiarcd 
of colliding nucleons in the· c.m.s. . _·- _ . .._. 

Ex1;iessicin'~' U) :a~d· (2) a~c; dos~ i;l; t.hc,scnsc··that. if :)(r: :-< r,/ 
. · (1- 3:+ )(1 - :c) _;_· (I i..JXpj). Yc~t, paiamct;i~a£iori (2) is prefer~ _ 
''.able.,as it doc$ not distinguish betw~)eri t.heJongitndinal.and 'transverse 

con1poncnts oN:he charrncd pa~tide in~rnentum. ;·A histogram_ iii Fig.3 ,, 
shows- the distributi?n:~~ _· for charmed antiquark .. producti01(calcu- ~ · 
. .lated-at.'-our ,rcquesT by,S~Frixic>IIC on the; basis. of [6]_'for .the energy; 

' . : '. -~ ... - \ ~. , -..... ': '.:,· ',' - ", ' .-=:, ' . - ' .· . ., ,.: .-, ·/_, _;..-,-~ ' 
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Figure 3: Distributioff over _the relative longitudinal momentu,m:' XF.' = 
pij/P-:n'ax Thesolid histogram is S.Frixi~ne's calc1;1Iation for the charmed anti

. quark on the basis of [6f The dashe_d curve is parametrization (2) wi.th n = 
3:5 for n- .:.mesons. The dot-dashed.curve isp~rametrization (2) with n. = 
4.:s .. The dotted curve is .the ms:..2 'resu!Cfor n- -mesons. All distributions 
are ·normali~ed to a u~it area. 
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(v'S =:= 1 L46GeV): The histogram is best described by parametriza
ti6n.{2) a'.t n=4.5 ( dot-dashed curve) .. In our p~per [3fparametrization · 
(2) at n=3-.5 was used to descijbe the distributior{ of D-:: ....::mesons over. 
XF (dashed curve). :A. smaller n for D:.. -mesoris-as compared·with -
antiqua'.rks can .~e naturally· explained by the had(c;nization· effect. . 

, ·, . . I . : . .· ... . . . /. . ·. , . . .. 
. The experiment BIS-2 [7] Y.ielde~the data on1the differentJal cross 

section for production of n- 'and·D0 mesons.at the average energy . 
../S .. == · 10.5Ge V. There·. they .used_ p~raII1et'rization _ (1) and obtaine.d · 
n = __ LL ±,0'.6, -~ '=° !·2 ± 1.1 for p- rilesons,and n = 1:1 ±"Q.6, 
b. = L2 ± 1.1 for p0 m~so}1s. _The distributio~:d1F obtained :n.ith 
tl(e spectrorneter BIS-2 for n- mesons is shown by. points. in Fig.3. 
The . disfributio~ . is · se~n to contradict both thl. QCQ ·cal~ulations 

• and, parametrization' (2) , usect in our paper .. The tofal_ cro.ss ~~c~. 
.tions>aD:.(XF > 0.5):= 4.7± 1:8µb/nucleon arid <Tjjo(Xp > 0.5). ~ 
3.3 ±'l.3µb/nucleon'ai~ much·overestimated .. The sumof totai cross/ . 

:c s~ctions for production· ofD-:: and [JO rn:esons evaluated from our ·ex~ . 
p~riri1ent~l data on the basis ofclistribution ·(2) is ac6(XF· > o:5) =: 

1

(2:8± 3.4) x 10-:2µ,b/n_ucle~n; i.C: more than two ord~r~ of magnitude 
. below· the vah1es obtained in:'~the BIS c:. 2 exp~riment., > ··· ·. ·. ·•· ' · .· 

, ,. . Thaf.n is chosen correctly. at 70. Ge V i~ indir~ctly proved by. th;: . , 
:experimental data obtained Oat liighei ~nergies. · For example, •at 200, .. ,. 
\ ·. ;< -. '.. . •, (. : : :-;- . +2 1 . . .· . . . . . ·,· 

. 370 and 400 _GeVn)s.equal to·5.5. · .. · .. · [8], 6.0±0.3 [12Land.,4.9±0.5 
. ,' -'- ',' ·.• . • , . '· ", -,1.8 · , ·: I · , , ~ ' 

[13] respectively and·only slightly depend·s 'on ·e~ergy; 
·. · To describe differential cross sections by the"irans~erse ~omen.tum· 

:,_·in'parapietrizatioh (1),·w_e took_b=l .. _ Para~'etri~ation.(2);d!: ·~. e:..bpi 
1 

. . ·• •yields,the;same desc:ripti,on of the coefficient values·atp.L:: b1=·.2.5: 
·.· . , The values of b given' in· Table 2 of. [6] show-thaYexperimental; data 

:.·_:up to 400 GeV are well described by paiamet'riiation (i)' at b,;;,, 1. _ •, 
.. ,. 'l11J6]·differenfiaLcross sectfonsfor hadroproduction·ofcharrri.c~l'- ·, 

: culated up to ·a; are comp~red with-ava,,ilable exp~rime~tal d~fa in the> .• 
. proton energJint~rval from 209 _to.800 GeV. The ·coinparison·sh6~ed 

.... J'.: 
'J' ··.· , __ ; ' ' ' - _/~-

. ' ' 

· that nonperturbative .effects must include.cl to describe differential dis
_trib~tions 'over the'rel~tive longitudinal momentum Xp and the trans~. 
verse momentum Pl- · .. ·. '· · · ·;' · ' . . 

:To distributions over the relative longitudinal momentum XF, the-
~ '. • ". : • ' • ' ' ' , ' , • ' ' - 1. -~--.... • • • ,_-· '-~ 

', 



I· 

,1 
: 

se effe2t~milst be simul~tedby a ;a:n·dorn distrib~'tion.ovei)he longt-· 
tu<lfnal momentu~·_of colliding protons with ailowance made for ,the 

-- final state interaction. oftlie C...'.quark in the form ofa function ·oft he 
-P~terson fragm~ntation [14].. __ - ' . _ _ - . . ,· - _ •. 

,• For.theoreticaldesdiption of distributions over the fransv~rse mo_
mentum ·oLcharmed particl~s,· the ave;age .transverse . inom-eritu~1 . 
(I<l) ~ 2q~v2 of.i~~ideritpartons was.introduced. : . ' . ' . ---- . 

. The pararieter b; cha~acterizing the di;tributiori over·.;vi -in· the.,_ 
parimetrjzation f~ = o:C· exp(-bpi),-was found.t:o be very sensitive 
··- .~' . . .. --,,_. P_L.· - .· - ~· < ·,. I·,: >.•·-· \· · .. ·. 

to _the_upper_ iirriit in-pi;·- This is.·b~cause_at.1,arge.p3._the .cross· ~ection -
. drops by a power law rather !~<1:_n ~xponeritially. In the ~ntire Pl region 
,the expeiim~ntal data a·;e well described by:the.formula • 
. . . . - - -- - - dcr: ./ ; C:: . f3 . "·. 

'..•-~-(· ' ,, ) ' .. _· '2 - - 2 .' 2 
dpl. •- b_mc+P1.- __ 

_- · Yet,_ <;tt Pl < 39eV~ bie ~an use ex~onentiai para · 

: I 

Cori~lusion • 

.. L. The total cross 'section i or production' of -chariiied particles ~t . 
"' - - , .- · .- · : · -' ·· . +r1·•:· : -._·---'. _.;,. ,_ 

· ·• protcm ·energy_7O GeV.is ace =JO.~ ::._
0

:
9 

)pb/nucleon o?th~ 
••,-• • •a , ,, • •• .,• ,• .r, •,,S ; , "'·••••••:..-, • • ,><, •,- ~ ,\._, <•"'."""', 

-,. '~ ·,assumption.that the.doss section on iron miclei linearly depends 
on the ato~ic weight. This vai~e ag;ee~, with,the uppe/ ci~ss 
sectionlimits obtained in the protcm bearri dump experiment at - · 
the, accelerator u.:__ 70 -· [15, 16] .: Like mos't data for ()ther energtes"; 

~- thecross section.obtained:at 70 Ge Vis in good agreemeilt with . . : -
~li~ theoretical val~es _c~kulated tip to ~a· in: perturbat1;e QCD. · 

- with the char~ed q;ark mass 17i~:~ 1:sGeV,and the dimensio~al . 
· sJale p-ara~eter µ:n ~ l.5GeVi, , - -·- . , ~ -- . .. --. 

Ex~epti~~s' are the,r~s~lts. ()f 'experim~nts at'folativrlyJo~ ,en-
. __ ~rgi~s ~iththespeftrometer,BIS~2 (v'S,:=)0.5G_eV) [7] on•the 

:. ac~elerator:U--:-70 and aLhigh energie~ with -the)SR:)it CERN -
[ 
. · 1 ,, . .· . . .• '-,,. '.. . < ,. . ' .. ' • ; 

·: 17. 

. :,' ' ~ 

' 
2. Parametri~ations ( 1) arid_ (~) were ;,used to describe di~eren- -

_ Gal cross sccti_oris at proton energy 70- G~ V over the relative • 
- longitudinal" momentum XF 'and trnns~erse momentum Pl-' In ' 

parametrization (l)over the lci'ngitudinal momentumXf- an av~ · 
er~e.value n. = 4 was taken for production of p::_mesons find 
1J -mesons, in parametriza"tion (2) -n was taken to be 6.5 for D- · 
mc:soris ahd 3.5 for D_ ----:mesons. At higher energies experimental 
values of 11 incrrase, being 4.9±0.5 at E= 400 GeVand 8.6±2.0 

· at. E ;, 800 GeV. · · -- -- · "' · · 

· . The :~ammeter, b was taken to --be 1 ii para~etriz~tion. (1 ). -
Param~trization (2) d!O"l. := e-2

-
5

P1. yields simifar 'description at 
tl1e valut~ of the coct:fi~ient.at_p.L b=2.5. _ --"'~ - : - ----

,. At Pl.< 3Gd<2 tl1e exponential depend~nce _describes the ex~-
periinental data ,vell. At high energies ~rid t.he upper boundary 

. : of the_rcgion.f~r Pl > 3GeV2 '.the cros(section drops 'rathet by · 
_ the power law [6]. - - -

·- ; - ,·. . , • : i _. l. ," . . , ·, . .. 

3 .. Analysis ofthe data for higher energies· frori1 200 to 800 'GeV[6] 
. ,. sh<>wed that nonper_t~rb~t.iv~ ~ffects shoi1ld betaken into accourit 
.to describe "differential ·cross'.sections. ·_ At_ lower proto~l ~nergies 

• sirililar effects' a:re .even m~re prob~ble both: in differe~tial and i1{ 
. ' total cross sections. More pr~cise data for·energics dose.to the 
. charm production threshold ~ill help to determine parameters • 

- . i; calculation of cross sectionswithin pertufhative QCl) and the 
size of nonpertur~ativeeffects. ' . . . ' . 

, The auf.hors are grateful to P:Nason and S.Frixionc for useful dis~ 
cussions and calculation·~fdiff~rential distributions-of charmed-quarks 
at the proton energy 70 Ge V~ - , . , . 

< ' ·/ '·'. 

·References:· 

'[1] J.Bl1itnici~1eLaL ·Phys.Lett .. ,B279,-p.405, (1992);': 
· J.Blumlcin et.al. -Yad. Phis. 55, p.2092, ( 1992). · 

'9 .. ~ 

... ' 
.:'.'!--, 



[2} .,N ~I J3~zhko ~La\; l~rcprint'J1-n~p}92:1 l_o;[in; Russian]' 
Prot~ir;o, 1990. · - .. ·. . . . •. . . . 

.-
.. (3i ··.• C s'.har~1l>a~1/bt.al/ Sov,Jou/i>11y~'. of -Atoiriic •·N1.1clei -5-7,,v: 19_"(~1.? 

:.'.: {1994); [Tr.anslatedfrorn·Yad;Phis. }j7/'p:W50,'(l994 )];i: :, . 
·· • PfeprinVJIN-R Pl :})3=327_ [in.R:ussl~n]~ ·Dt1br{a,, fggi_ · 

,' [4F t-.\a~i~,;s~Da~~s~ri,·t(k:EHilNuf:(Pl1ys:·~~O3; ~~:cio7, (1988);:: 
.>':~·-_---:·/'·-~- '·> __ •'~\>~···-- -· :: ... · .. ·.:·· >-:·-_ > '.--·.·-.,·;:~·--.·,_>:,:::1·. --· =--~_-:~· . · ~· -~u5=LPhys. J.3.,3.,,1,.pA9, (JQ89).. ·· · • .. · ~· .. : · · ·· 

-.· •• • - - ' > -~-------. ' -· -· - • • - ._,,.-_-,, 

··••·•[5]. c(Altarell{}(!)i~~oz,G.Ma~;t!rn~lli' and P.Nason. 
:··-NucLPh_ys: B308/p.724; ( 1988): ·~ \: . ·.••· .... 

. :sJ,;ix~6~e,···~.-~1arig~~~,J?.·Nasoi ~n~.G.Ilid~lfi'. 
Nu.~'.· Phys?•tit!Jl/p:'153, ,( fo94)~ -· ·.· · 

~[7] A.N.A.IJev_~t.aL;·z.thys 1 I1f3, i.3.34,_(1~84); . . :-··:i , : .c, 

·. -__ ~.ZJlhys;· C37: p.2_'13, "(198'sj;; Yad.: Phii; 56·,-1;: 147, (19~3): ."~·. 
• - - , '. ; ,,_ ---- - . l- - , ·- • - • - . . 

··[8]:S:Bad~g eLaL~.Phys;~C39; pA51.j (1988) .. 
. ; ·- ' - ' . .- - - ' - . -· . . . ;-'"• , ' - . - ~ -. . .. ·. , ·'. 

A: K:I)khodecl; S:P.Slahospitsl<ii .. · .. ·.· .· ... . .. . . .· .. ··... .•. : ···•· 
Proscedings_ of, thfi Work~hop 9nlhe::UNKExperimental'Pfc:grain~ \·, 

Tin lluf,iari]·,'Serptikhov;:p:64; 1988(: - • '· '. • ·\_'. ;. •. . .... 

J.F;Gunior1Phys:Lett.B88; p.150, {19.79) . . - - _- .- ' ·. . _. / . __ ,_. . 

A.Ker·n_an, ya~Qalen G~'}hys;Rep.106,~n':29 
, . '·~ - ;_ ':/_ ... _,_-... -.: 

l\,(LAdar~dyi~r; et aLNii~l.Phys; B27, p~212,· (1992)~ ·.·· . 

. [i3J.:~.i1~:1a?B~11ite~-et:al:.1?Phys. C40,·;_321;·(i~ss).'. 
~-·-;_.,. - ··.•,. ., ;,< c'";:; •_i":,:;,;•:_- ·- •.,,."•;·._--;,· _;<·-~~,.-~- •. •· 

. ·. [14] (rP:~terson\·D:SdilaUer,J.Schmitt ahd .. P.Zerwas· ·. 
C. ~Phys.Rev.D;21,'.p:105, (1983). . .. . . 

. _- - -- , : .. - . - ,- - - ;,- ~ . •-· 

·· · [15] y.,(AmmosoveLaL:Yad. Phis: ,53, i-999; (1991·)>': ,. 
' - . . .. - . - . •. .,,_ -:. -

/ 
> 

6]· S.V;f3elilw~ ~t-~L ... J)1·eprinl IH~P,90:1:80, ijrot~ 
. •[i 7] ;M~f3asile ·ct~:1:HJuov~,Ci~;cr~t,J\,·(ff;,· Jj9J,.:( 1981 )::, 

•· , : / C • • Rec~i.vc<l by. Publishing Dep~rt~enC .•. . . .• . 

·on ~eptembcr !5,J995. . . :.,, 

/ · :10 
--_,·. ,. 


