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Recen t exper iments [1 - 31 i n ves l igat i ng slrange particl e 

produc ti o n i n an t iproton-n u c leus a nni h i lat i o n yiel d e d results . 

t h a t a l f ir s t s i g h t s e e me d une x p e cted . In the PS 179 e xperi ment at 

KS
o

LEAR [1. 2J the prod uc t i o n o f A-hyper ons a n d -mesons in 

a nti pr oton a nni hi lation o n n e o n and 4 He was s t u d i e d at 600 MeV / c . 

At this energy A pr oducti"on on a si n g le nucl e on is impos s ibl e . 

s inc e l he reac tion t hreshol d f or pp ~ AA is Pth = 143 5 MeV / c. and 

as s ociated p rod uc t i o n pN • AK i s a lso f o r bidd e n. Ne verth el e s s. the 

p r obabili t y or A-hy peron produ c ti o n l u r ned out t o be s i g n i f icant . 

t he r ati o R=aC A) /aC K~ being R = 2.3 ± 0. 7 [1 1 and 0 . 9 4 ± 0. 19 

[ 2 ]	 for anni hi lation o n n eon and heli um. r espec l ively. A si mi lar 
o excess of A over K was al so obser ved in l he anni hi l~tion of
S 

a n tiproton s in tan tal u m al 4 Ge V/c [ 3). wher e i t was f ound t ha t 

R=2. 4 ± 0 .3 An atte mp t made in ref . [41 a t expl ai ni n g the above 

f a c t by pion a nd kaon rescat tering effects turne d o ut t o be 

u nsucc e s s f u l. Po r e xpl aining the abu ndant s t ran g e p~rli cl e 

p r oducti on i n anni hi l ation o n tantalum Rafelski 15J p ut f o rwa rd 

t h e h y p o the si s o f t he forma t i on in t h is p r ocess o f super -co ol ed 

quar k -gl u on plasma. However. befor e i nvok i n g various e x o ti c 

e xpl a nat i ons o ne mus t ve r i fy whe the r t he t radi t i onal approac hes 

are full y exhauste d . 

We h a ve calculale d the cross s ect ions o f the A and KS
o 

production i n a nti p roton a nni hi lation o n nuc l e i at low en~rgies 

CEp< 200 MeV) ' unde r t h e a ssumpli on t hat t he s o l e s our ce of the A be 

rescat t eri ng o f t h e a n n i h i la ti o n me sons . Be s ides n-and K-me s on 

rescat teri ng. we a lso have conside r ed the p rod ucl i o n o f A in 

r e acti ons wi th w- a nd n-mesons . since their l i fe time i s 

suffici e ntly l o ng for t h e ir interac ting wi th nucleons of t h e 

r e s i d u a l' nuc l ei b e fore decayi ng . I t mus t be noted tha t t h e 

probabil i ti e s o f w- a n d n- me s on pr oduc t i on i n a n tipr o t on 

a n n ihi lation are qUite s i g ni ficant and a mount lOX a n d 3X. 

r espectively . of the t otal a nnihil a ti on p roba b ili t y a t low 

ener gi e s . 

We cons idered the foll ow ing two - s t ep A- pr oducti on p r o c e s s e s : --· " . . _.. -'" ...1 
~}..(' -r ....,.. , . 
ml~:.-,.._:~ 
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p + pCn) ~ nCw) + X	 nCw) + p ~ (3) 
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nCw) + n ~ 

nCw) + n ~ 

channels such as Cl) may have an energy higher, ~han ~he A 

produc~ion ~hreshold. The necessi~y o~ invoking ~he reac~ions wi~h 

L 
O 

produc~ion ~hannels is due ~p the nearly 100% probabili~y o£ 
-9 0

~he subsequen~ rapid C CT = 1.7·10 cm) L ~ Ay decay. 

The A-hyperon cross sec~ion was calcula~ed £rom ~he 

£ollowing expression: 
oo 

0pA~ CE~? O~~nCEp) ~ R~CEp) f FCE ,Et< * PMCEt<*p 

E~h,M 
WMN-+AXC Et< dEM ,	 (4) 

where o~~nCE-) is ~he an~ipro~on-nucleus annihila~ion cross 
p N P 

sec~ion, RMCE-) is ~he rela~ive probabili~y o£ ~he meson M 
p- . . 

produc~ion in pN-annihila~ion, N s~ands £or neu~ron or pro~on, 

E~h,M is ~he ~hreshold energy £or ~he reac~ion MN ~ AX, FCEp,E
M) 

is a £unc~ion, normalized ~o uni~y, which describes ~he energy 

di s t.r- i bu~i on o£ ~he ann.!, hi 1 a t.L on mesons. PMC Et< i s ~he pr obabi lit.Y 

£or a single in~erac~ion o£ ~he meson M ~o occur wi~h ~he bound 

nucleon and WMN_~AXCE~ is ~he probabili~y o£ A pr oduc t.Lon. 

Eq. (4) was ob~ained under ~he assump~ion ~h~~ ~he rela~ive 

probabili~ies o£ di££eren~ meson channels are ~he same in 

an~ipro~on annihila~ion on bound and £ree nucleons .. We also assumed 

~he A-hyperons ~o be produced ~nly in a single resca~~ering o£ ~he 

meson M on a nucleon o£ ~he nucleus, 

°MN..AXCEt<
W CE- ~ = P CE ) --------.---.	 Co)
MN-~AX ~ M M ~o~
 

O'MN CEt<
 

2 
FCE)* "-' -----k expC - E* / T ).	 (6) 

~ E*2 M M 

* M
Here EM and k are ~he cen~er-o£-mass ~o~al energy and momen~um o£ 

~he meson M, T is ~he "e££ec~ive ~empera~ure" parame~er o£ ~he
M 

meson energy spec~rum. For kaons ~he value TK = 84 MeV was ~aken 

[7].I~ was assumed ~ha~ T = T =T ,where T = 117 MeV [8].A~ ~he 
n w IT IT 

considered low an~ipro~on energies ~he dis~ribu~ion (6) in ~he 

c.m.s. di££ers weakly £rom ~he corresponding dis~ribu~ion in ~he 

, * 
lab. sys~em. For ~his reason we have subs~i~u~ed E~ £or EM in (6). 

The rela~ive probabili~ies o£ meson produc~ion RMCE were ~aken
p) 

£rom [9], where ~he mos~ comple~e se~ o£ da~a £or annihila~ion o£ 

s~opped an~ipro~ons on	 pro~ons and neu~rons are compiled. The 
N

RMCEp) were assumed ~o be weakly dependen~ on ~he Ep' 
To de~ermine ~he probabili~y PMCEt< o£ a single in~erac~ion 

~£ the meson M wi~h a bound nucleon ~he £ollowing rela~ion was 

applied in ~he considering annihila~ion on deu~erium and helium: 

~o~ 

PMCEM) = -_~~_~:~- > 1	 (7)
2

4n r 
NN 

where r is ~he dis~ance be~ween ~he nucleons in ~he nucleus. For
NN 

~he deu~eron wave £unc~ion o£ ~he Hamada-Johns~on ~ype ~he 

-2 -4 
quan~i~y 4n / <r > is 460 mb [10]. In ~he case o£ p He

NN
annihilation i~ was es~ima~ed ~ha~ £or ~he £ac~orized oscilla~or 

4 -2
He wave £unc~ion 4IT / <r > is 120 mb . ,

NN
In ~he case o£ pNe annihila~ion we pu~ PMCE =1 , i.e. eachM) 

meson was considered sure ~o undergo in~erac~ion bu~ only wi~h one 

nucleon o£ ~he nucleus. The reason is ~ha~ in neon, ~he 

charac~eris~ic condi~ion £or a single sca~~ering ~o occur, A 
. ~o~ -1

R where A ~s ~he	 meson mean £ree pa~h A = Cp 0MN ) ,s~ar~s n u c l.' 
~o be obeyed. Ac~ually, i~ is clear ~ha~ a cer~ain £rac~ion o£ ~he 

mesons does no~ in~erac~ wi~h ~he nucleus a~ all, whereas ~he 

remaining ones undergo mul~iple rescaL~ering. There£ore, ~he 

adop~ed assump~ion may ~urn ou~ ~o be a reasonable compromise 

be~ween ~hese ~wo ~pposi~e ~endencies. 

The cross sec~ion £or A produc~ion by IT-mesons was ~aken £rom 

[11]. The cross sec~ion £or reac~ions (2) KD N ~ A n, LO IT , a~ 

low kaon energies C ° ~ PK ~ 153 MeV/c) were ~rea~ed in ~he 

We have used £or FCE ,Et< in ~he c.m.s. ~he parame~riza~ion K-ma~rix approach in ~he cons~an~-sca~~ering leng~h approxima~ion 

f r-om [6]: [12]. When PK > 153 MeV/c , a phenomenological approxima~ion o£ 
p	 JJ 

~he da~a o£ ~he compila~ion [13] was used. 
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To es~ima~e ~he A produc~ion cross sec~i~ns in n- and 
Table. Cross sect.ions or A and K~-production in anLipro~on 

w-mesons resca~~ering processes (3) we made use or ~he rDllowing 
annihilaLion on dirreren~ nuclei a~ 600 MeV/c. The cross secLions 

rela~ions based on ~he assump~ion or ~he rull validi~y or ~he 
oCM ~A),. where M=n,n,w,K, stand ror Lhe conLribuLion ~o Lhe A 

~onsequences or .SU(3)- symme~ry ror ~he cross sec~ions: 
produc~ion rrom resca~~ering or ~he corresponding mesons. The 

oCnp ~ AK+) = 9/2 oC;.cop ~ 'EOn +) 
experimen~al da~a are rrom ·[1,2,10] 

'0
oCnn ~ AK ) = dCnp ~ AK+) 

4oCnp .. 'E°K+) = oCnn .. 'E°KD) = 1/2 oC;.co p .. An +) (8) Cross secLions d He Ne 

[: 
Cmb) 

ooCwn ~ AKo) = oCwp ~ 1\K+) oCn p .. AK ) ann 
1~4. 4 [1-4] 219.0 [15] 540. [1] 

oCwp .. 'E°K+) = oCwn .. 'E°Ko) 1/3 oCw P .. &+). °...pA 
oC n ~11.) 0.002 0.007 0.037 

oC'7]~A) 0.170 0.918 4.45 

or course, ~he validi~y or ~hese rela~ions, especially ~n. ~he case CfC co ~1\) 0.023 0.127 0.99 

or w-mesons, is under ques~ion. oCK-~AJ 0.116 0.624 2.58 
~o~

The ~o~al cross sec~ions 0MN rrom (5) were ~aken rrom ~he oC;.co ~AJ 0.120 0.670 2.76 
c omp.i La t.Lorus [11,13]. I~ was assumed. ~ha~ o~o~CnN) = o~o1..CwN) oCA) 0.431 2.35 10.80 
~nN) , where ~nN) is some isospin averag~d nN cross -secLion oCK;? 2.77 3.96 10.10 
ri~Led ~o ~he da~a [11]. R=oC A) /oC K~ 0.156 0.592 1.1 

We h~ve also calcula~ed KS-meson produc~ion cross sec~ions, 

oK ' in pA -annihila~ion. oCA) O.65±0.14 4. 25±0. 64 12. 3±2. 8 
exp 

oCK;? 3. 74±0.56 4. 51±0. 60 5. 4±1. 1 o' 

exp
 
OK = 0KCd~r) + 0K Ca s) - 0KCa bs). (9)
 R 0.17±0.06 O.94±0.19 2. 3±0. 7 

exp 

Here 0KCdir) is ~he crosssec~ion or direc1.. K~ produc~ion in 

pN-annihila~ion From inspecLion or ~he Table one can derive ~he rollowing 

conclusions:
 
0KCdir) = o~nAnCE-) < W RKPCE-) + W RKnCE-)}, Cl0)
p p p p n p i) ~he overall agreemen~ wi~h Lhe experimenLal daLa on 

A-produc~ion is sa~israc~ory~ 

where WpCWn) is ~he probabili~y or annihila~ion on a bound pro~on ii) Lhe con~ribution rrom Lhe rescaL~ering or n- mesons 
Cneu~ron). The value 0KCas) corresponds ~o ~he cross sec~ion or is subs~anLial (as large as ~he conLribuLion rrom ~he kaon 
associa~ed K-produc~ion wi~h A in ~he reac~ions Cl),C3). We also inLeracLion). ThaL is due ~o ~dmi~ure or ss-pairs in n-rneson 
~ake in~o accoun~ ~he absorp~ion or K in ~he reac~ions (2) C ~he iii) Lhe conLribuLion rrom pions is small due Lo Lhe ~wo-pion 

~erm 0KCabs) in (9)). In principle. kaon cha~ge exchange cnannels being only im~orLan~ ones in Lhis low energy region. 
+ 0 - ~ 

reac~ions, such as K n ~ K p. K p ~ K n, should also be included In r~cL, ~he decrease or Lhe A-produc~ion Lhreshold due ~o 

in~o considera~ion. However, as we have checked, ~heir Lhe Fermi mo~ion or Lhe nucleons may also lead ~o some 

conLribuLion Lo Lhe Ko producLion is pracLically negligible owing non-vanishing con~ribuLion rrom Lhe Lhree-pion annihila~ion 
So

Lo Lhe K being losL in Lhe reverse charga exchange reacLions. channels. Owing Lo ~his possibiliLy ~he A cross sec~ion may grow
S 

The resulLs or our calcula~ions, as well as Lhe exisLing in Lhe case or annihilaLion on helium arid neon. Ano~her rac~or 

experlmen~al daLa, are collecLed in Lhe Table. which may also lead Lo an increase or A-producLion is Lhe increase 

or Lhe kaon branching raLios wi~h Lhe ini~ial an~iproLon energy/16/.

1'1 
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We would like to note that in the £ramework o£ the 

"obligatory" single scattering approximation which we used one 

can quite naturally explain why the ratio R=oCA)/O<:K~ f or

annihilation in neon at BOO MeV/c [1] is practically the same as 

£or tantalum at 4 GeV/c [3]. In £act, in both cases annlhilation 

takes place on the sur£ace layer o£ the nucleus and the mesons 

always undergo inelastic interactions producing the A with the 

same probability which is practically independent o£ the nuclear 

dimensions. We anticipate that the same "saturation" £or 

A-production must exist £or all nuclei heavie~ than neon. 

We conclude that simple rescattering o£ the annihilation., 
mesons is su££icient to ensure a sign1£icant A-production even in 

the low energy region that is com£ortably under the AA -threshold. 

The experimental data on exclusive and semi-inclusive reaction 

cross sections will be important £or testing the rescattering 

model. 

The existence o£ strong rescattering e££ects is the main 

characteristic £eature o£ antiproton annihilation on nuclei. 

Precisely this £eature is the main reason £or the abundant yield 
4o£ hypernuclei in pA-annihilation, which may reach 10

hypernuclei per annihilation [17]. By analogy with the enhanced 

£ormation o£ A-hyperons. as suggested by S.A.Bunyatov.one can also 

expect that at higher energies the £ormation o£ charmed A+ 
c 

-hyperons will be also increased due to rescattering o£ the 

D-mesons £ormed in the antiproton annihilation. There£ore, it 

would be extremely interesting to search £or supernuclei [18] 

£ormed by charmed baryons in antiproton annihifation with nuclei. 

We are very grate£ul to Pro£s. V.V.Balashov, G.Bendiscioli, 

S.A.Bunyatov and C.Guaraldo £or stimulation this work and use£ul 

di scussi ons. 
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