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The QPe!'4ntll'ud~aon proton-nuden. pet piQll-nucltnll com,loti obtained 
.at LAMPF &tad SA1'U1l.N ~e analyled ~ order to. eatabUlh U~e reaction 
m.~'JlUI. n.. pion Indu~ed JUetlonl Iirt ,rtllreproduced by the one-Itep 
..,prOJ,th. We found the.t \he'l.etttrlC1, ~ec:tr. produced In r+ A eo1lisioDt 
direct11teftect the nud~ IJngle-nu..clJO~ftQomenttUrtd~.it1; The produdion 
of q-metolil in p+Acolli.loo, i, notdetttibed r~on.abl1 by ulIUtsboth otle
and two-Itep moder.. We dilcul, the reMona of the diluepandet between 
the ~xpet1ment~Uld model re,ult.. The reabloJjJUon of rj-m-*cinl In nuclear 
Iltediuni II Itudied in ord~ to linal}'ie the dift'erence between the exl,ting 
approaches on thil prote". 

lig. • 7, ref•• 2) 
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i'heriadyof","~pzod~.~~_c:ltiU.~"~1i?cC_... 
[ll} IU1dC4»y [12J.BetOrcUle 'detaned aPeriinesrtill ~,-,..,ttt"1l!e ~_ ' 
aperimeutald&tacalready IllCuuredby 1De&DJ' of~beroroeludioa~ -a to 
IUlci~'tlteeoutribllt1OlloftlledifFmliit·!umoa ~'lOtfle..~1LdW1l 
psOo:a: 

III thiit ~pU '~.hld7·th«Oe:lx.dy ud t_bodyteac:tioft ~ iAorder 
toaaalyie mbtJueshold 'Nliodiic:tioD ii!.,pioa·and prolOl1-nadeuscolliaion.We U~ 
"1Ol~modd'fotptiiDuyand.ecoDdai'y pmdllCtif)ll proce:a- thtwaa a.dC!«tu&te 
ia- tli;«HH:iiptiOa. of \he 'llbtiueelwld ptaeuomeus:. ' . 

. . 
22. ,:produ.dionniechan.i&~, 

2..1 Dh:ect::lJ"lDel!lOD'.prodUtilm' 

~._Ml.der,thefol1oWini,ill.tCr~~um,f6r.gbt1lr~'1.produ~ill,Udron
lI8cl8ld c:aIIi"iOil" . . 

The- ..m~, ~ prodimed a the lmeolfWOll of the' iIldde:m hildrc'mwith &

1lUCiQr~..~. $O·theiDterul.1IJI'Ckc motion 

p;+1f; .....; N+ N'+tt' (l) 
r+1f ...... N+• (2) 

The .tandard_Jlo -demri~ the,iil.tt'lTDal motion of the nliclecms;y to 1Ue the 
F:=i-gu gtotincWatc JI1omeut1:ll,ll:,~tri1)u"otI,wlU<:\1 p~'riide&& ma:Dmw:ainteni81 
momentum of ahod 2&Q·MeVIe. .. We lite 's U~<mD. &tlibatiClll· of the uucleon 
mnmp.nt*' inside & momentum,lphe~ wa~ndtu&.p,: 

.' 
(3) 

where (p) ia aYenge'~density. . 
III otdertoaJla1yu the p&l'ticle ~.:tiOD· at bomhardi~enersia'rar bdow the 

itN-thres&old it i. neceasary '.0 take into a'Ce<>unt the Itigbm<>mentumCOUlpl)m:ni<Jf 
the lUlclear wave·function. 

We_ thedoubJ.e..puuianfullt:t1O!1tuWlied btaea~ tital{I3j· 

, (4) 

The diairihution. i' no:maliRd to IlD.ity. The first term deKribee the' FeaDi.pa 
momentum distribution with f.k =115 MeVIe ,..hcPeu the second ·tcrm rep~ 
thehigh-mo=tllm. compone!lts witli" :: 23& MeV/c and .. nlatift COlltributloat 
., = 0.06 {or .. ~bOll target. We usumedan AI/3 depCJIdeilce rot 7. . 

To analyze the ,,·productiol\ in. badron·deuteron collision we 'use the ·.tano!ud 
deuteron mODleDtunl distribution by llult\ell.(14] , . 

(5), 



-.that.·the -a.~~.b&1UforD1aUoa.~the deuteroa .ave.~ _ 
- ."... -J~IJIf'). ..;.·~;;,.iJ",)C"-" , ... ~.,.):r:="'.. <=n' .' t 

- . -.', . <1'. 

(1) 

where 4<'1> is themombluia diriributioD'of the; audear nuc:1eoas,N1 i1 the JiB1. 
chuc:e co1liaion. nwa.ber.";; it theinvari~t rDcr§ or theinQda1. protOll.m.eleosa 
'1B\emandprlmedindieadcnote the '1~meaOQ momen1.um and" enercyi..: t.hi, p+N 
ay.d,em,9 i. the aucloon IQOmentum~ In iornlula d3tT"N_-.xhfi)/tl~Pttriand. ,for ~ 
elementary '1 dift'errJJtial uouaedion in collisions of hadroD5 willtfr,ee .ucle9a", 
For ,,-produdion in proton-nllcleuscoDillious we use a phase .pace calculation for 
rC$Ctioo (1) udtbe 'l-produ~jOllcroQleCtjolllu"ested. in Ref.(9). ' . 

The uoel sectiOSl for ,,-production in pion-free nucleon'coDisioa .it P&nLl!leteriu_t 
"'·~ta1-daQ.l161u . 

....,.;. .. . . r: ". A(v'i --v'io) (8)-611'N-rJJ({V').-= S + (yA' ~';;o)' 

wlleN"v'iu iJth~ &areahold inytria\lt coerI)' and A and D ~re adju.t-able pN'&al~ 
'We ue A::=.O.268 mbCeV arld B=O.OOJT GeV2 suggested ii& lW.18]. To ae.m~ 
~ Oift'erelllial crOi' sedioDofn:adion (2) we u~d"'/dO:N....,Nparam~eNatiOll 
.uqqt~bYB~W'Det .III6] to describe the experimental a~JarcllainDutioG•. 
rlle ...tchaii~ C~IiOD ll1UDber'wasc-aJCl1Jated b1Glauber 'lUld MatilUa lIT}. 

2.' Two-:body reaction mechanism 
A. cWfetetd way t.o eXplain t.he productioli of mtlJOQ at Aubtbreshold eucp_ it"tAc' 
t .....o-.tep ft!k\ion picture. Tbe proch&ction (If pioa in a first colliiiollOr the iatideld 
proloD· _ith a nuclear nudeon followrd by.pion-nucleon interadil)Jl is assumed 

p of N1 - N +N + 1r (9) 
(10)-1r+N2 -' 'l+N 

Tkim;""tance of ih~ aeeond-.rYPlon-nuc1c-ob reaction 'cha'nneJ lor aubthruhold Ie"" 
and '1-produdion in proton-nuclrull coJliaiotl Wall found byCulintr; et aJ. 16J•. 

'_The ~-pTodudj()n eros. lIec1.ion in tWo-I"'p processes l.aking.into account tbe 
inteniaJ rnotiOll o!lhenudeons iagiven by: 

'E..d3tT~~......,t.! ~ fld:4q d3p. F(,.) W(p",A)+(q) E~~3a"Nd-;;'.Jy'i) (ll) 
. p" - , ., 

where W(P., A) i. thr pr"hlLbilily th.t .pion:; produced ill the first C"Ollillior. are 
rt~u.t",ered in thl" tar~f'l IIlldt'HS, F(1'.) j~1.hf' spl"rlrum of piOJ1li produu'd ill tht" 
6r.1. protem-nucleon w!li;;io!. 4nd 4'\'1) i. the uucle~lU momenl,um dill\ributlon. 
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.B;eilfi"~;pj[8'P'.~~~4B,ta..a~CfOQ 

' 

,~,..----"-diDa in pion"lladeOo~;~•.~tI:4..:~.... . 
The pioO·apec~rn·ia Eq.U·.·~ ill t~ hnl~OfreM. 

(12) 

~eM B~~lrpN_rlN.(~/r.f'p.,jsthe~ntarypioaditt'~tWer~l.ectionand 
crw<J; +N).• the.total·proton-nucleon e:tOssMCtion. 

Tkt::pion..ptoetu&on ~ros.a~icm.... tdelt from' the COD'lpilation: ofexperimea
· tal data by FtamWo ~ at {UJ and the diJTeteptiaJ aolJ ~ion is:~edtobe 

iIobopic·iiI the..p+N. center or~s systemud colllpletely' determined by energy 
and' UJQ~~ 

B7 allaloa wit;i. Ref~It} we _sider.. 

. W~Al.~: It" -:t'4.. (D) 

.where R= 1.24,1/3 Cmis·the racfiu·O£tJaetarget witli.rna. nUmher A·..na 

A- .. 1 +. 1. (H)
.=,.~(p). ~ 

wlsere:'{,)ia average.ndeardenaitJ ...d tijl1(ttr~ • the~lCctioft. of p"Nand 
1FNiuteradiouo .' '. .' ..,. . . . . .. . " '.' . ..,'

Pd et· al(Mlouild tfaat inhtavy Ion colliaioas the r.ssentwcon~rihUtion-to Sub
thraJiol<l ""p~u,,"a is. due to the second'aryA·resooance reacatwiDc~ BeCause 
of the crc&tioaofthc h1&l.. nuclear density iDRucleua-nucleua colliSioa the .~ lin.. 
dugoea the secoadur inferadioD.with both ptojec~ a.ndtarget D~ belpre 
the A-decay. In protQo-nucleul.coJlieiOlli wct:·coasiduaRormaJ nu&at density and 
expect t.h~A~re.oJtancedecay bc!orethe f&J'ther rescattcDngs in nuclftr~ia. To 
lLJi:aly~ the A.production tltannelwc also take accoUnt fot the foUowibgfeactiom 

p+N. - N+A (IS) 

A+N2 - N +N+lI (16) 

The important role of the secondarY pion induad readionusociated with Ute 
deuterons wa.'l .howniu the .tndy ~ subthtc$holdK+~produdion by Sibirt.t::Y &ltd 
Buseher t181. It was found that p+ Ii~ '> 4· +..... + N -. K+ of A ch~.uehakc& 
ahOllt 30%0£ the total K+produdion cross section at bo.nbll.rdirig en.ergies. \elow 
1 GeV~ In order to analyze the contribution ofthe discuss~dttactioll~ediatlism.t. 

the.uhthreshf'ld ri-tne5oft production we co~slder the foRowing proc~sa 

p.+N1 · - d +11' (ll) 
11'+ N2 -. N +'1 (18) 

The importance or this two-body production mechanism. for the p+d-'-+ q+;lBe 
fea,pion was suggested by Kilian and Nann {l.gJ. Ob-nousfy ~11e to the final state 
m\era.ciion\he deuteron and nucleon can fuse tite ollie -Dn(Ieu~ 
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~~~ ''FJ reao.~iOa 

"'iU~ are:r~ bl Ducleat~nvitonment via.tbe~ionor ,the ~(lSlro 
'~ee that1ead to stront diflorlions-Q1 the primordial 'l""J)MuctioD CrOIIf seetioA 
and .ptl&a. htw_ to ~~nt fot ..re~tioD we 11Ie, the ,N ~ JeC'1ioa 
enl~ lJt·BhaleraQ e,nd'Uu (20:} 

:d("N,Ir)::: 4~1W1~ + Im.a:.v) + trJJ:"1m.a",, (It) 

wborefI."N =6.21 + i O.'22fniand '''-denotet t'he '~lJlOmem1Ul1 in the N-red 
.yatem. To take into wn,aiderationthe interul Olotioll otthem.u:1ear nuc1eoa we 

average'lN.croft 'sec:tion1l1 the internal motion. 
The .,.reabsorption {.am • then calcu1ate.cl aa:or~g1.o usumptioG _ uniform 

distribution orpro<luCed ,-me&otul'iaside the DUden. volume fS} 

(20) 

..lien y=pcr8. .8,,=4)..16 fm~aia .the norma1nuckvde!leity, R= r-oA'J3 iatbe 
DUdeV ~ ,. =1.2 Im-.ad (Ti. the --raced 'IN-crou HCtion.1n Tah.,;lwe 
.h~ '~llc ,reabsorptioD factor .calculated' for carbon· ~aq;et &Ad ,for several,Yaluea ,of 

""'"Aratb~r QlIlplc geometrica1lJ1odeI for qre&baol'ption was suuated. by 'e-ins 
etaU {9}. Obviouslytheti1ean·frce-p.th fot'lint~racUo,p'at DOtmalnudar ~aLtet 
demity isextre.cted via . , . 

1 
,);;,(T..) = CF,.N{T,,)P (21) 

aadtbe redNot,tiOl;l taetor ia, caklllaUd,,, 

(22) 

, nil dir:K (Ta}).I) t1aatforc~bon',latpl, the reabaorp'ioafaclor calculateetby 
'. ai~pIc,&~uical.meckJMof abOnt an otdet Of masQitude let~ thaD the r~ 
fC~aleulakd ria Eq..28. ,80th SU"estio~. OIllhe V~lellbaorptioa ~ quite audc. 
thl.e.cape, ... to lI,llalYIe the uta on'l"m,aon production 0& Auckar t.&rgela wit. 
nflieieut ueuraey and,reJianc:c.

'rite, lIdailed c&kut.tioaby meana of ~he ~ascad.e in~eI (21}" far ll~iUieraclioa 
iMide",the ••deus ~tUlt. lbC foUowittlp.rameter:izalion for the tee.blot:ption,~ 

(23) 

tbat' Ioe. aot ',.pee witb' th~ -.uniption. 1&boYc, that ia Shown in Tab.!. 
To 1InderstlUld t~diKn;Pa.ncics .'~ ,.bc>Ye we, iloed 'the accvate' anal,

.. 011" ~&bsorptionin .nuclear mediLFor ihi.purpoeetbedet~5ttldy.. 
A.dependence olthe production of .,-mcsou with diJrereut kinetic eureiea,c:one
.poAdedto "ttN it neCCMat1•. 

> 
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:I Comparison with_exp~riUlentaldata' 

We calCulate '1"'P~llctiOn .s:rou ~i()a inptO~- aad piq..nuclnllGC>Jliajoa by 
meaal or the models considering the ~.a.ad·tWO-8tep •fl-p.roduction•... for pion 

. u.ducedreKtion olllY the Fint CoUision Model {FeU) taking acconntt'&e dUfereat 
momentumdistributiolls of the nudear nucleons was. applied. Forproion induced 
~n we use reM .. ·weJl·aa Two Step Modcl'(TSM) and .take, into considera
tion. the reaction channels discuued. ThecakuIated results a.re-wmpa.red with the 
experitneatal d1l.ta..on".. produdi~ m1rA·coUisions meUtued atLAMPF {221 and 
\he data enpAo;cuUisiOn8by SATURNE[4.'23J: . 

3.1 Pio~induced reaction 

b Fig.l we .1;iowthe c;rOllaection for ,,-mC8Gn pl'oductionm 1r + nc.conmou mea. 
S\lreci at angles less than 30" for different incident pion m~enta.The soli~ eurve 
show the rOM calcula.tion t&king account ~r standard Feani-gas momentum distri. 
bution, whereuth~·dashed.curve show the result for highmomcntnm component. 
The calculated resulb are not coneckdby the 11 reabsorption factor, that have 
decrease the 'I yield up to a radar of. five already for 12Cta.rget. N.cTertheless the 
experimental data are well described except the deep subthtesholdpoint. At inci
dent pion momenta below 600 MeVIc the importance of the extreme momentum 
componeo,t is obvious. ' . . 

The energyspeCtnmof ttmelODIi pr~ucedin pion-deuteron C'.ollidons at incident 
momentum of GSD MeVIc is shown in Fig.2. Thedcute~n target is Vety crucial Cor, 
the aaaIysis of the dire~t productfon mechanism becallse of the two reason. FiI1lt~ 

the 17-reab80rption in deuteron target i, negligible aDd there is no distortion of the 
primordial" $pecbtlm. Thus we can study the production,mechanism directly and 
neglect the nuclear influence except of the inttornal motion. Second, the contribution 
ofthe cascllode reaction channels; particula,rlythe tw~&1;ep mechanism is suppressed 
by alador or ten. The ,.,..meson spectrum calclllllt~d with Hul\hen function (solid 
line) fine reproduces the experimental one. By the dashed 1j,\eWe show the spectrum 
calculated for Fermi-gas m~mentum distribution that evidently d~s not fit the,data. 

In Fig.3 we show the 17-encrgy spectrum produced in 11'+ 120 collisions at 680 
MeVIe. Da!lh~d (~) and dotted lines show tne FCM results Cor Fermi~gaa and 
high momentum Cunctions respectively. 'the experimental data are not reproduced 
at whole. By solid line (a) we show. the result.s !orH111the.u·function with the 
parameters adjusted Cor carbon target [14J. By solid curve (b) we show -tbe Hulthen 
ruults corrected by the 'I-reabsorption fllctor thai was calcula.ted by memso! the 
Eq.20. The experimental data on '1~productjon in 11" + uC· colli.sions are reasonably 
reproduced' by FeM calculatioIls with Hulthen function taking into acCOWlt ~ 
'l-reabfK.trptioD via the assumption (20). 

We conclude that the shape vf 17-meson el;l~rgy !!pCdTUm is very aensitive to the 
type of the nuclear nucleon momentum distribution. ,The energy spcctrll. seem to 
be promising tool to study the both 71-production mechanism and the nuclear wave 
function. 
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S.;2,Promnblducecl reactiollS
 

In proton-nu-deus collislon the' '1amesons ,~ produ~ed via-hoth t.:lff~ diJ'.ed &nd t.wo

&iep mechanisms. In Flg.4 we show t.he expt:riment,al data <r.l 'FJ-production crcSli
 
section in pl2C-collisions measured at l1-mesun energies from 30 to 100 MeV and
 
for production angles less than 40°. By IIOlid lillewe show the FCM. rault cal·
 
cnlated with Fermi-gu mome:etum distrihution whereu .the duhed line 'show the
 

-4 
cc.ntribution from the high momentum distribution. Also we ha.ve not a.ccount for ,,
\ 
reabsorption, thatdt:creaaes the original UOSli section reDULTkably, the expcriillental"...

.j'	 data are underestimated. In Fig.5 we show the TSM results taking into consider

.t	 ation the reaction mechanisms discussed. Thell(jlid line ShOWfil the contribution of 
the 1rNN-<:ha11nel.a.nd the dashed one stands for the 7Td-channel.B3' the d&tted line 
we show the reaulb for intermediate delta production, that stronglyconhibute to 
'1-pTOduction in heavy ion collisions. We notice tbat for the prol.on-nuckus rollWon 
the 11 resonance cha.nnel is not imporlant. 

The 17 energy spectrum produced in p + lIB-colliilontf atprot.oJi .e1Iergyof 1 
GeV is. shO'<llrD in Fig.6. By· solidhne we· show the FeM re&ulta clLku1&ted with 
Fermi gas model function. The result calculated by Jo'CMtakiag account for high 
momentuin distribution is shm~m by the daehedcurve. In Fig.i we show the TSM 
results calcula~ for s-NN (solid line) AIld 1I"d chao1nels (dashedliue). We do not 
correct the calculated results fOf ,,-~rption. 

4 Conclusions 

At tbia .tage- we ltimmanu;, that meaJured.~. CI'OSS section .. wc11 as energy apectla 

;~	 ~uoed in pWIHJUc1eu. collisions ~ LAMPF are well tq)'oduced· \jy the FCY 
c:onaid~ the di~ 17produdioD inprotoo. nuclear nucleon collilioa. The ene,S)' 
aped-ra ace ~ Benatin:t.o the internal mOUQa function applied. Tbcproblem--i5 
the deKri}!tion o(·thedeep iubt.hlcahbld ,,-production at inddentpjou momenta 
below 600 MeV/c. At thismomroDta. we need for high momentum component of the 
nuc1ear waYe.{unction to describe tht" dah.. Unfortunatdy we have oaeexperimentaJ 
point only at. momentum region M. inta~. And we have not ,,-energy· .peetra at 
ambardinS momentum beJuw 680 MeV;tbat seem lobe veery crucial fort-he dired 
prodnetionchannel. 

The experimental data ot: l"hprDduction in prM.on-nucleuscollisioJl obtaiMd at 
SATUUNE ue not. reproduced by the modelacoD.idering the pM$ib1e ,,~produdion 

mechanisms. Tbereact.ion meehlUlisms iuYolved il1t.be·analysi. atequiteadequa1e 
in tbt' description. of the experimental data on subthre.ho}d W'- ,K+- .ndasrtiptOion 
p,odudionin p:A.enwsionB· but seem {anure to reprodlicethe ~pt"fimenta1daia on 
'1-prodl1ciion in prcnoninducedreact.ions. 

The foun·d di.crepancica m.y be conAdered via the 'two e8lK"11tial reasonll. F'ust 
i. the 11-reahtiorpt.ion vi.. lbeexcit.ation Oftbe N-( 153S}reson,ance.. It ii not cntitdy.... 

a.. unckrttlOud and al.o there i•. not c:nmmon a.ppwach to de5Cri~ t.he "N.-intetadiO!u. 
'it in nudeat-environmcnt: To ,tudy lite problem the A·dt>pesuicnc:e ontbe pl'OdbCtioD 
. -r of ,,-metlODS with difTercnlkinetic eu~t(,if'5 IS ne«lsary. Sec.oud i. the khu-matkal",, 

linaii.&tion of the experimental data. 011 " production ;nproton-nuc:1eua callision. 
"'- 

The data werecoUeeted within40"angular ltod70·100 MeV ·fllergy region. ThUll 
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