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In recent years the e.. .... -perimental study of strong interactior:.s. 

hasconc€ntrated en discovol.·';ng ar~d deter:nining the quanttml nu::bers 

of 5..'1 i.1'lc:.·e~sing family of (~lo:;tly 1.!.."l::;table) particles. As a 

cc.nseqt:e:1C6, it has otten ~appcned that the attention of p.'1ysicists 

\':~s devoted to a comparatively small p:a.rt of the total cross sectic:1. 

tu, .. therm.ore, because the coupl:L'I1g of the more massive particl<;;s to 

tte few available primary particles decreases as the ~ass increases, 

the id-sntifica.tion of the :-.e:'l particles, becomes harder J end they 

aCCOl.l.n.t fer an even smaller part of the al.'ilost constant tc.tal cr03S 
.. ' sec .. ~c:'l. 

l:1is state of a.ffairs is a cC~l.ee.quence of th~ att:-act:'ve 
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is ,·rlth thel8,tter aspect of hajrc!~ic p:-ocesses -especially ';!'1 

the hie-it enerTJ rcg5.cn. ~rc Erzt s·x:!'"!,,[l.!'ize sor:c rcc{;.nt HO):-:-{ en 
the s'J.bject 1), 2) and then P!'ol:.ose 2. dct=..il-ed mod;;;l for p:'oC:ucJ.:.icr: 

pro~C'e:3e::;. l:Ic sh9\'! as an ext.ml?le ?- prGli:!' .. :.11:::.r:r c.:llculation fo;c­

t:1;,~ p!·oton-protonca~.e l',nic:., ';!l spite of' its lir.!-lt<:.ticns) 

ill:.,:,str.:.tes certai..'l'l basic f\3a'tures of the ~odel. 

2.1 Introduct1,on 

Tne eA~ension of the Reece pole ide~ to the reulti-Reggc case, 
. . . . ~... . . ". . . 

rc:;~'~:;c:":.ted c.ia.v"a11!'rLaticalJ.sr ir~ •. 1.J. 1 t ~~s ccn·s~c.l~!"ec. by ~a.n:." 

au.thors ir. the pJ.st yes,rs.3 )-18). ~'Ja approach the proble:i1 !1·C~ a 

51-iii', tiy di..f'fcrer:t a.."1g1e, hJ- gen~ralizi:lg Teller I s tec: ..... "':iqu~ 19 ) 

to t~e ~ulti-Regge case. T.~e advantage of this approach is 

N a 
, .. __ ",A ... __ ~ 

Fi~. 

---

N 
z 

, A. 

I 
P.3z 

\ 

it provid\3s <l natu:"al set, of v.:lri<:.bles (Toller vc.!'i.2..bles) 

" 
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Let U:3 st~~t by a fa'Ililiar eY..2..'"!:ple: suppose we 'tra:.'"lt to 

d.:::scribe the e:mplitude for the P~'OCCS3 'td.th tMO initial e.."1c. 

thr~e final spinless particles shc ... ;n in ·Fig. 2, at a fiA·.?;c. 

.. ,' 

Fig. 2 

value of the total energy-mo:c.entum four vector Q. vIe choose 

fib" in 'Which Q::::O and . ..... l?lb a."ld 22b point:in the 
in ~ihich again Q = 0 z direo:tion, and a seco.~d fra"!le "a" 

a..'1.d no:.". Ela 
lie in the 

points in the direction, while E2a ar.d p':)~' 
-..Id. 

y-z plane. Of .course, the complete description of 

the fir.al state i,'1 i!-a!:le "a" requires two more de6!'Gcs of 

fr~edo~ cor~esponding to different po~siblG shapes of the 

t · .-.. ~ b d' (en 't' \.. !"l.ang.Le lor;nE;t.. . y '0 ,. P , an P3~. • ce r.e SHape 
~'a _2a _ ~ 

or the t::-ia'1gle is given, the size is determined by ene~g:J 

conservation). ~'le call the;:;e bi~ de.r.!'ees of .freedc::1 "i"1te:"':1al 

if t!1ere are N + 1 a. 

Q = O • 
.-w 

andd~ncte them by v • a 
particl·.?;s attached to cluste::-

V 
a. ' 

..Ji ."~'" :) ..... ,"':..""'J. l.:....!.. __ c ... \". •• oJ 

.". : 
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~'le c~n nc~ .... cc!nplcte the desc1'i:;it.ion of the pl'OCe:3S by specif:,rJ ... -:g 

the relative o:.:-ienta:'ion of·fr6m€.3 "a" Cl.:."ld "b ll •. L"l oree:-- to 

this is just e rot~tiu~, C~,· 

g:'oup of the h;J~og~neous Lorentz g;.'oup "/ith respect to the i'ou:."-
. Q 'r .... ,,-, .. -t···~, .. \-,.,~ t' .~-- f .... a.t,· b.Lh ~o 1<', ,.-VDcr.cr • .·.e l-'~'" ~.,<:: I ~ ... e v.I .... :.. ~ ..:'_j.~s 0 ... m _on y I. rt;~ .... ·1 .... 1:::_ 

angles « , () and (3 , \o;7liCZ'.1'/C designate collectively by g. 

Be.::.,1.Uf;e the l.."litial state is a t":o-particles state, it defi.l'l~s a 

direction but.not a plane, and th~ ~~plitude is independe~t of ~~o 

In the general case in ... ·:hich r.lore than t",IO particles a=e attac~ed 

to cl1lster "btl, not only does the amplitude depend on /-:., but 

3.1so on' 3 Nb .,;..' '4 , .. i..-1t;ernal -Variables of crus'ter' '''b lr.'' Tnut,' "'t:~ 

can de~otc L"l full.gcnerulity the ~plitude as 

Usin~ a completeness theoraa, this amplitude can be e~~dcd 

as a suril over projections on the unitary irreducible repres~nta.ticns·· 

of the rotation g:-oup. Tnis is juzt the ,·rell-kno,,-n partial-\,:ave 

expansion. 

Nm·: consider the case :.n \·;hiC:1 Q2 = t < 0 , and we are ~!l 
the physical region for a procees in which and are 

are the four-monenta of the inc~rfl,i.'1g particles. Toller's anc..:y~is 

co:.sists 1..'1 choosing again t\·ro fra~es, It a" and lib It, 'in both 

of \,t.ic...~ Q t::.1{E;::l the fO:r:l 

Q = (0" 0, 0, ,,;:::t). (2.3.t) 

'Zhe rel:ati\"e OriSl'ltation of t.he t-.-:o frames is no'", gi'/en by an 

it by c1, rotation around. t~l~ z axis of angle )), a boost i.v: 

:':-:;:! x di::'E;ctio!1 of pa!'2-':1etel~ t , c.:1d e.. nC'fl rotatio:: e..r0~d 

,'. .." .' .... ~:.. I 
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the z axis Qf angle /'f. 'l:''heexp.::.nsion has no,'1 to be d;:;,ne 'o"re"!' 

projoctions on the unitary irl~ed.ucible represe:1tations of the three­

di-:lcnsional lorentz zroup 1·:::icn run in the,corcplex j pl~"'1E: alo:'.g 

th.3 line Re j z:' - ~. Toll~r 19) ha~ 5hO\';n hO',I, by shift-inz :'hi::; 

. CO;1tour, one picks up leadir.g cont~:i.b~ticns of the Regge p':>le type 

for the asymptotic behavior L, the ~~ergy. 

2.L~ Q,efinition of the Toller Vari2.bl,~s 

No~{ ,':e go to the multi-R:a£me C:lse of Fig. 1 J :L" ,,:hich we fi."'C 

a mur.ber of invariant mom.entum transfers, tab' t be ,···, t yZ ' 
thereby defini.ng a e;iven g:l'cup:~ng of the final particles :1-'1 val~i(;\!s 

: • ••••• •• t' ,', • 

a conventional fr:: . .me by :3 N. - Iv 
~ 

'. 
case, but t~e 

j\ 
is pr~se~lt~ 

i."ternal varia~les 

(N
i 

is now the nu..-nber of final pa.rticles atta.ched to cluster Ifill). 

TheZ'e are n01'l hO'IJeV01" two possible choices fer "ilt conventional 

fra':1es, depending on ,·;h(;ther cluster l1i" is to the ri£ht. 0:" to 

the left of the 2i-poi.'1ti.."'lg mo~n.sntu;n trDnsfe:r J i. e., whethc~ Q... 
nJ. 

or Qij has only non-vanishing z-compc.nent. Calline these t,,:o 

i'ram.€s ir and i1 'we have, iii frEJTle ir 

ar..d 

Qij = ( j-til sin.'1 qi 0, 0, i-to . cosh o. ), , , 
. l.J -l. 

a: rI .- "n !r'a-!:e i1 

0.. = (-/-t, 1- sinh c. 0, 0, J-to : cosh c. ) 
.'l~ 

. ., , 
nl. -l. fl_ .... 
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can in ge:1eral be thcught of a.s [:1'1 irLt.ernalvaria:;le of clustE:~ 
II'; n .... . T-r we defirte the in\t-s.ri~nt ... -

(N.r +1 

s,: :; l·~ 
.,j" I i-~ -L k=2 . 

we h~ve the relation 

where 

s:in.'1 q. = 
::t 

, 2 

1\1 
J 

,\. 
\2(J. 
1\ "'hi' 

, 

z:.aZ:3 squared s . 
::t 

of clus7.,e~ 

(2 0 4.1) 

I.f., hm·;ever, ~J = 'i S. b0CO~03 the mass squared of the' 
::t 

o~tgoL~g particle att~~~ed to cluster IH" - , t!lere are no V, 
::t. 

v~~iables, and C?i is fi:Xed by thl:3 values of the tHO adjacent 

momentum transfers ~_; and t ..• 
-h . l.J " 

To complete the description of a process' such as shotm in 

Fig. 1, it is sufficient to give the relative orientation "of 

each pair of consecutive ccnv(:;:~t:l..cnal i'ra;:cs of the type hl , ire 

I."l both these fra:nes ~i is "diagonal", io e., has '1a..~ishi."1g 

ti.r.la, x and y components, and e.,sain the ralative orientation 

is specified by three paraJneters of the little group with respect 

to OA' , .... lhich "Ie denote by g.. • T'nus 'fa can express the 
nJ. nJ. 

~plitude as a ~"lction of the complete set of Toller variables 

v , .g , , tab , V, , ... , Syz , t , V • a . ao 0 yz Z 

"r. 
~~ iz e3.sy to see that Yll~e:1 an i11tc::mal cluster "i" has only 

cn~cutGo~~gparticle, the ~~plitude ceases to depend 5c,~rate:y 

0:1 :'h.: t-:[O c.dj~c0r!ta'1z1es Y hi C!:ct /~1ij , and dCPGnds cnly 0:1 

t:i-:: t'...L:1 ;,;.),:.: y,. + }.( . .>.. ':his is pl'eciscly the "-:'l2:1e Used 
l. f.J.. / "l.J 

:.:: r-:::e::-t:::c'J~ . j 5) . a::.d 16) !or '':':1e 21~lysis of the C2.S.3 i.~ 
• 

.. ·:h:.c!-~ t,\·,"o ;\cg:~ ?oles 21d trlrea fi.::2.1 :J3.!'ticles c'l"c p:'~€;5(;:Y~. 

t; 

.' 
,. 

! 

.. 
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'In ge.'\e~al 'I'.'C C01.mt the nu.'T,bcr of varia,bles in the' follm':in~ ,.:o.y: 

the!'e f.l.re ':! "1 ,I 
J .~i - ..:. interna1 va.ria:'lcs for each clustc::- a:-.c:. 

tot~l 

o~ J N - 4, being the total rLtucber of. particles 

Up to nO'll only one i'r":.me "jas associa.ted to the end clusters. 

It is illustra.tive tointroduc~ bro additional fra:n.es 8.1' and 

in \..tlich a..'1d are respectively "diagonal", i. eo, 

one of the L"11.tial p-~rticle:J i3 at rest (lab framE:5) 0 'I'hese 

fr~ncs are aeain roached rror~ the "r.ciehbouringll fr.1:llcs a
l 

and 

such that 

and 

sinh q n a , 

, " 
direction of pf.I.!'.l;';leters q and c a ·z 

" 

Thus the lab energy of a given proccssdescribed in te~ of 

Toller variables is just the 6":l.Crgy developad by particle tz 

,,:b.e:1j starting from a frame in lofhich it is at rest, undergoes 

the succession of Lor~ntz transfo:::r.ations of para'1leters 

qz' ~z" qy" ••• ' qo' gab' qa" 

In the follo'lring \~e denote ~Y cosh 7 this energy measu.red in 

units of tho rest mas~ of the incident particle. 'i11e expre~sicn 

ot cosh 11'(' in te:'ms of the Tollo:, va!':iablc~ is sc:ne~':hat i:wolved, 

:a."1d the leading term Hhen all cosh 'ij are large is 

cosh "1 ~ .... (cosh o. + cO"l .. ,.') ~o-'" :'" cosn ~ab ·0 - ""'" 0 ... ;,., :;bc 

, ••• (cosh o + cos vJ ) cosh Y' COS:1 a • "Y Y ;yz ·z 

(2.4.5) 

" I 
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L"'l terms of the Toller val~ic::.b~.es the n:ulti-Rezge-~~le hypc-:-
'tL ' • 1) 

rl~Sl.S re~Q.s 

••• (cosh 

- . .,... 

tab' ?:'bc'···' {yz -':~ co 
all ether variables f~(~d 

t b' V. , t. ,/0{ r a 0 DC OC 

'l'i1is e:"~pres9i.cn ~s obt::lincd b~! 3l~CCe~:3~ve 2.pplics.t:"cn o! Tollc~"':3 

group and e)~r~cticn of the le~din6 as~ptotic contributions. 

At each ~tep use is made of thl~ .facto::"i::!.a.tio:1 property of the 

residues of Regge pole~. The dependen~~ en the variables ~l 

<=""ld )i , v:hich also factorizes, has be6:1 mcorporated in (3.1) 

:l."l the residue i'u.'1ctions. 

, It is i.-nportant to re:-!:.ark ,that the li.":1it in Eq. (3.1) . 
c=.!".:.n.ot be achieved in a simple ':iay in tcX"!nS of other variables. 

For eX6.7!lple, if one variable ischosc.'1 to be the total energy, 

a cu!:lplicated prescription is required. for the above l:L"Uit. 

l';'nen the phase space integ.ration is perforined for the 

c.:~l~\.<~aLio:1 of a Cl~OSS section, fren Eq. <:3.1) it is clear th.:~~.:. 

~sscciated "!ith high vE.lues of ~ 

I :::-"Y'--:r~ 
-'-- c- valt~.C$ of t!"lose . 
c< .. 

~ , t\s a CC!'1.8·3q:'lt:nc:=, distributions p2aJ:ed at., 
-OJ 

s::-~~}.l v<J.l\.:c:J of the s't!be~e~'gics corresponding to lOi·:e:- ly::'ng 

.. 

¥' 
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R0!!P;C trajectories are e:0)ecJ,:,cd~ ~b ext:-e.-r.e eX2.mple of this is 
~- . . 20) • 

Bel'Gcr I s calcu.la.tion of the proc~f:s 1"'J! - 1!~JN 'Ii·? double 

Regge exch.:'....'1ee of a pion and a IlPo!:lcra11chon ll • 

th2.t he obtai!~s is' strongl::r p0~!-:Cd. at around 

The distributic~ 

1.2 C-eV. :in 
. .. 
t,tlC 

n~ sub en e!"gy • 

and emission from sc\"eral vertices, ... .,c conclude that the 

of· z-"'..y trajectory belo'..: the ?c·r::era.nchu!c "Jould constit'.:.te dO'J.~le 

co:mting. That is to SD.Y, there is no· increa.se ... rit~ "'ncreasing 

lab er.c!'zy of the aver3.[;e rr.a3s ~::litted from a pair of adjacent 

vertices corlJlectE::d by a non-Po;:-.er2.nchuk trajectory. If there ::.s 

T..'1U3, 

~~~h factorizable reGidues is e~sential for our mod~l. 

'J.::ric quantum m;,;::cers of particle cori1b;nations ecitted at 

internal vertices r:u3t be those. coup10d to t'iiO "Pomera."1chons" , 

in particular B = Y = I z 
:: o. Let us cienot.e the !r .. ass 

..., ... 8.!"1d assurne that :.. t !riay 

be 2.pp~~OY.i!r;e.t~d by a delta functio:1 cc:1tered at m. Evidently 

m c<"xmot be less th:m 2 lPir( ,~ .3 C-oV., ~·;"hile consisten~y of 

our- mocel does not tolerate 0. va.lue for m rr.uch g!'c.:.ter thGZ'l 

2 G~V. Eventually .... re ar-e goi:'1[.~ to 8.110'.'; this !,articlc to decay 

\';ith va:::-ious 

dec?] ;::oc:.es the outgoing p,3.::'ti~lE;::; attached to the end ve~'t:'ce5 • 
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difie:::-ential cross section \or.l.th ninternal vertices 

;;. C<') ab (ta~) 
tb ) ••• F(t ) (cosh t..,,'o ••• c z yz ,,_ 

4.3 

&( (t ) 
(coshr ) yz yz &( 

yz 
P • ." .P1.f. 

~ ..... , • J 

-.~-

Inl JIll" ,a. z 

d "<J\.: •• d w d(cosn r: . Ld(cosh ; ,.,) 
, u y ao y;.. 

Adr..i.tiono.l Asr;nrnntions 
, -

In orde::-to make this model practicable, ''Ie have still to 

in~;;.rod.uce the follm·.r:LT1g specific a~su:'!lptions: 

'~) .' ... e' ...-'I"'\-''''S'; of' ..... tl..~ P ,.,.,~ .... ~ ~"". , . - I>:, ";:'''~'''' ~on _0... ..c. C; •• c. . .:;..."lC •• _,< t.raJec·(,ory 

b) S:(~onc!1tial dep.:::ld"ence of t~e e11d ve::'te;~ fu,ctions i.~ the 

, .. 

c) Alsq ~~ponential dependence of the L"lternal vertex functions 

in the adjacent mo:nentum tra...'1sfers. !ndepe:1.c.ence of w ca..'1 be 

assumed until SO,ile better u."1dersta.."'!ding 0:1 this point is adlieved. 

d) 3Cj,ua.tion (4.2.1) is to be il"lteg::'ated over all phase space. 

This ir.".plies using 80:1 asymptotic R'~Gge pole e.:-:pansion c.o'.V!'l to 

th::-eshold. Recent '''ark by Dole::"" Horn a"1d Sch:l'!.id sugzests that 

this may be a r~asonable reprcs~~taticn for the a~plitude, at 

least in t:...T1 a'{ero.ge s€:'1se~~ Thera a:.'e ho',·:ever !l'lL".lerical difficulties 

in perfo~.~n6 this 3 n + 2 d~~cns~o~al ~~tegration and in a i~rst 

atte!!1pt. 'H(,;: avoid them. l..'1troducing scme further approxir~ation5 

describej ir. the next section. 

a) 3ra."lchin~ rz.tios for the d..5..fferent decay :r:odes of the finc.l 

~a:'ticles. In the ne.:,:t' sectio~ 1;/e giVe Co. pa.rticula:'" e:(a~!?le. 

v 

• 
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I\,·};~j,+.:: 1.\;1.:,,1 Ann~m:1ra:'.t.:i.(.:·,:)· -----.-........ ' .... -"':'-'--.--.~.-:----.. ---....... 

He in(l1.cate here 50~e ac.d:1.ticn31 approxi.":1ution3 tho.t. :.1.s:.;':C it 

p055~,ble to c:y:ry out the pro~ .. ~am v'.lt}Jned in the previous 

, .... lthout per'forming a detailed rlumerical integ:-ition 'of :::q~ (L."2.1) ~ 

The pres~nt calculation should be tn%en as a rou~~ estL~~te a~c 

u~ed only tor th0 purpose of orientation and illustration of tte 

\'Ie start by substituti:"lg the exact expression for cosh? 

by the asymptotic one gi'/cn by Sq. (2.4.5). T'fe then define 

cosh 

Xij :: In (cosh ~ij) , 

CO sb_,_f"I:.:,.{ ___________ _ 

cosh 0 ·z 
y 

1(' (c.:)sh q. + cos W.) 
J. J. 

i=~ 

A."!c. \.!(~ \-11'1 to J us:L"lg again a::.ymptctic, e.pproximatiol1s and a l:L"le.::.r 

c;.:p:-esaion for the PornerC'J'lcnuk tr~j.;:ctory 

d 
n 

Ci .. -;:: 
, '::'0 

t (t .. ) f (t ) 
a ao z. \ yz 

dt , •• "dt ao yz 

fo; (th.· , w., t~J.) 
.... .I." J. ... 

.... + J.;. 
:(z 

., 
7. ) I yo:.. J 

-'I.. -I·, d',' d I • ~ .... b ••• "'""''' ....... 1.' •• v .. a 7z u Y 

+ .... + x yz 

'T!1'3 key si.'!lp:!..ifics.tio~ is to assu.~a that fOl' large cosh 1 the 

+ 
"t' ) ... 

d-=-pcnde::.ce of 
+ 

on the and. I • b~' ' f::. l' ;,.J 5 J as g::!.v~n ~".::.CJ.. \ ....... 1 •• 1' 
i3 cufi'icisntly 

.\ 
-J-~ , t'i,3 set equal to 

- L.,. , and all CO;;) "'J t ~ set e:qU<l.l to sc::>.e a.veraze, 
.... 

: ... 
-'-. .., ~ . ., ) 

• • .J.~'" \, , 

{.~ '.: ~- . . '.:~ " 

-' 

-~ 2. 

C03..:.J • 

( - • J' t;g .• -r) 
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i\ 
in 

c: ~ 
2 A 

-') 
I ... 

.;- C(i~) W • 's . -' \ • ' .• ').1 

If A ~~ m2
1 

,as l\'e expect. if pr.:.rticle lao is a nucl~cn, ,·;·a a e. 
h::ve f::,o~ .Eq. (2.4.h) 

'f' 1 if !n2 (l. "" m1a . j cosh q~ .~ ? '2 
\ 

!'l2:1 - !!l. .... .:.:. 

l ,~ . ~ (s.r.6) --1 l..:. m"'a)') m. • 
2m (tl )~ ;.:: .a 

1.:- a 

1~!'1~ effect of appro:dml'.tion (S.' 6!;') is'to decouple the 

inte~::,.n.tions ov~:r the t' s a7id the w's from those over- the 

r .' t .. ) . r ( + t . .) 1 (S.1.7) • . "" t (,I)., :: (I 
.. ~_ .. ".L 

: ~ C.&";' • .:. \ "'h. J 0 e: .. .., L '; "h' , 
J ' ~.l. l. l.J - • .l. l.J ~ 

fa (tab~ == ga exp (t a t ab ) , and 
(S.l.e) 

f:/\,z) == gz exp (V t ) 
~. z yz. , 

after peri'o:"I:1';ng the t integrations in formulr:." (.5 • 1 03) , 

- (1), we have lctti11g the 

n '" c: ..... 
az 

1~::' t~! ~ -. I.: be; -~ 

For n ) • i 

nm from 

d:: 
"tl~:.~ __ J... __ 

lob" x "yz yz 

o to 

S (xab+ ••• + x yz 

+ . 
x ) az. 

Y _. 2 t!. ' 1('5 + ~ • and. y.. = c:. tit , 
yz Z" l.J 

••• , :.~ ... • 

J 
.f.l"p ""' ... .., L"1ti3gr2.1s in Sq. (.5.1.9) 

v 

I 

I 
1 

i 



.. If 

, -

-,~ 
" az 

'Y = O<'/~ 

i3 

, 

SC'l;:~ properties of the k'1cti0!"!3 F (z) 
n· 

F (z) -~ 1 - z + O(z2) 
n 
·z~O 

actually 

n 
r.y 
I i 
n'=L 

dz' 0 

are 

1i1 (1-!- z In ' ) .. 

dcsir.;:d region of' z for va:i..u.:2S of n up to' 3 or l~. 

5.2 

all 

Let us uee Eq. (5.1.10) for the description of p~oductio~ 

proceS:3Cs in p-p ccllicions ~md. rCViGvT ~·!hat par<l:1eters aP.9~:~r 

and what is thdr physic2.1 sir.,nificc..ncc. 

','!e v:ant to consider t~!O possibilitie.3 for particles 22.. .sr.d 

2z: e3.ch of the.."", is eithc:!' a proto!!. or.en I = ~ isob1?1' 

re!Jre~enting a vl.'101e fa:::ily of pO:J5iblc physical etates e:dtted 

at this vertex. Thus \'le dc.fir~0 t:·!O p~~arneters 

such that 

ga r = \ 
-'--'l ) 
(2 'C)"<:! = 

" 
2<:. 

.:rn.d 

cosh q':'. 

(5.1.7) 

g e 
~-

g 

if'particle 2a 

. " ~ , 
.L_ pa:'ticle 2.:::. 

-:.he value 

.j.. t ..... \., • 

.... .:. ~ '·'.f 

.. 
1\ 

is 

is 

of 

a p:cotc~ 

~"'1 iso~21~. 

'"t/?~/ • 
~ - .... ) 

(1 

o 



'/ . , 
I ~ 

y CGpcnc!enc:e O!1 of 

t::-2..jectO::-Y. 

ar.d. tho isobar produced in thE': colJ.ision. ~,!c a.5~11~c th.:..t the 

'0 fi:'3t goes i.'1'j:.O .b·lO piODS or tuo i~'o~?in:onc. d~pio:1s i.n 
2 2 cos 0 and - sin G ; ;,;!1er-::.as the SCCO:Kt decays into n:r 

2· -~ • 2."",~ .• 
ir . .rr~ctions cos 1.:/ a.l1d SJ...i1 1:)". 

Toe scheme described o.buvc" in spite. of its drastic aseurr.ptions, 

is able to provide a rcason2.bl.:: di~script:i.on fo: th~ t~e!!0. and 

Table • 'l\{O sets of values of the pG.rameters obtained by fitt:L'lg I. 

n-n m"os.!?...££Qticn s 

gJ2'!Y 
~. -r.. 

A y Ze g cosh q e 
Stilt, 1.90 1.21 .38 4.59 . 1.14 2 .91-

Set 2 2.14 1.12 . .34 4.l.~7 1.27 2 t.25 

triO sets of values for the p8.r<:.rneters: Set t is obtained by 

fitting the ela5tic cross section ~!d the cross sections fo~ 

p:oductio;! of given !1t:.l'!l.bers of p:"'cnss ~ HO"flever J it ?I'edicts a. 
+ - . c:::-oss section of '3.7 mb o for the 'tt "'?t p P final state,at 

30 G::.V/c. Beca.use the e:cperi:;.e.:1tal value seC!lS to be rather 

.:....:... eo, 

.53 

.32 

decays of the boson :L!to t ... IO pions and of the 

.... 
o a.::-e f" '.:~d, '~nd .. ~!-!c; \ra:~€: ob:'ai!1ed foJ.- the '1": ',c-n p 

C:':'02·:;; s;;:ction at 30 GeV,. is 1 f.l';)o i';~ 3ec tl1c.:t t11e effect of 

J<' 

c.)sn '1" allm:e::' to 0~ 

, 

•. '-oj 
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larCtl!' th2;n h:o. Hishcr values of' thi~ para."'!',ctcr, yihich 5~O'll a 

tc::(lcncy to i!HprOVe the fit, "lOuIe. mea,1"l a higher value for t:H~ 

is.002..r ,m.a:;;s J and' this is 'still quite:; tolerable, as Hill be Sr.0~·:n 

belc~·! • 

In a ::-ec~nt fit of elastic p-p, '!"!-p, a..l1d 
. 22) 

R..-'lrita. et ala ha.ve obtained. values ranging from 

p-p data., 

1.77/GeV2 

to 3.25/GeV2 . for the co~fficicr.t of L1"l the exponential 

at a. proton-proton-r:Po:neran(,!~lon" ve:;'te.:-:. If \-Ie choose for 

concreteneS5 't = 2/C-GV2 J frcn Table 1 a:1d the relation 

y == ~ 1/'$ ... :e obtain 0(1 = • 7/GeV2, a value higher than obta:L'1.E::i 

in ref. 22), but. not beyond reaSO:1. 

In the t.\,.'o Regge pole c2.se) C'n~'1 et ale h2..ve ShO .... ;:1 eX.2..":",Dles 
';5) , .,' .- , d' -l t' ~ , -. If" ~ (~. - ) 

_iJ pe~_'{e ar:;~11.. ne V.2.J..ue u. _ m ~q,. '0: .;; 

t is ccntrolled. by "&, i. e. A = 1/2'! , ","-:- obtain from Table 

l~ 2 tiS 2 A;~ 'i::t 1 . ? 
Gc"l- 0 

This is a quite reasonable value for the average reass €~nitted at 

Z!l. i.'1temcdiate v~rte:~. Finally, frcin' Eq. (S.1.6) ... !e obtain 

is bt::3t shcMn by the re::n!lts in 'l'D.'::>le 2, ':,71ere the contribut.io~:;: 

of t:.e vo.r~.ou3 possible dia,zr,,::15 to the tot.al C1'083 section a:'o 

g;:,"v;;~::. 1."1 dotail foJ." a.'1 inciQon'.:, n:c.::',1G:'yLt:l;1 of 30 GoV/c~ 

Tc.ble 2. Cross sections in r::~'). 
to~ p-p collisions ~t 

cC;1-:'rlbutsd by 
':0 r'o~r/, ...... '!' ....... 
.,I \.1 _ oj Ie, ,' . .L.o 1.. . .:,. 

0 
___ 6 ___ 

2 

o 9.10 10.73 3.59 
5 ~ Q'j 5.,30 ; ,,01 

0 ' . .1-)-2 5'~ . '-' 
(''':' 

• v.:) 

3 

.23 
, ..... .v. 
'" .", 

• \.-'.J 
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It is clea:~ th.n.t '::ith l'!U!1O:::- .::ha1'1ges .s.t the fmd ve~tices, t.he 

mc~ .... l ~n be uscd to d:;sc!'ibe c·jlli'.;jio!l.s involvi.l"lg· a::.y pai:::- of 

~cid0~t D&rticles o • .. I " 

It is te!l:ptbg to ex"(,rapolate and sec wh.::.t a:::-e '~he p::-Gdictio!1S 

deter!,l;ned in t}{c &ccele?.'ator regie-no In refs. 18) and 2) i"(, is 

~hO'.'f!1 that if the PO!c.~r2.i"1chu~\. t.rajectory is flat, a:'1y a-nplitude 

",lith ::"J.cre than three ?cmor<'...."1chuk lines vielates the n-oizsart 

limit. 

cO!1t:cibutcs to the C:-05:5 sect::'on <l term ber.uving like 

diaz;~a . .'":lS Z!.npcz.rs to cal'1.:.ve like . . , s raised to 

::1"~ rezion up to ,OC GeV. irlstance values of 

55 ~b. and 80 mo. fo~ the total cross section at L~cident ~o~e~ta 

of 300. G~V/c a~d 30CO GeV/c, respectively. Tnus, there is ~~ 

inco:-.sistency in our l:!.odc:;lJ becau.se the elastic cross S€)ctiO::i in 

the fOI""r/t;.!'d c!irection divided by s has Co consta.~t ber.av:'or. 

'I"nis incc!'4sistency is not surp:dsing: it is poi.'1ted out i.'1 

!'ef.. 11) th.~t Yiolatio:1s of unita:dty occu.r \,then cu.ts in the 

C!l1[;tllar :!lo!"::ent\!.':l pla.'1e a!'e not included. Another \':e~k poi."1t 

in cur model is po~3ibly rel~ted to the prec~d1~g one: 

pr.;:j,icted. 

yalt:.a is 6.5 £It 

~ultiplicity 

3000 G;:;V/c .. 

inc'!'e3.SCS too slo·.dyo J... typical 

su??rcssing the low multiplicities at hi~~ ene!'gy would·improve 

bOt!l the be11avicr of the total crOS3 s~ction a.."'ld of the average 

.-
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'I'":le results pl'esented h'';)l'e 8.:::"0 just. ~c.h·~ b.egil'1!'!ing of ou.r 

de\relo?ing a qU~·1:tita,tiv0 tU14e::-... ~tc~nding of p~oduct:!.on pl'OC\2::;8~5 

:L"1 te::':::s of a multi-!\eggo <1Tl2.1:lsis o Still there is m:lch to be 

don<::l. 

a."1d to i!1COrporate net: .. piec~.3 of cxperi..'7lental evidc!1(,·':::. 'd'a 

'-Imt to end by encouraging the cxpc:'i; .... :(;ntal st~dy a"1d detailed 

an:'.J.~r5is of the type of proces~e3 considered here" 

thc:t it is ~ richfield to exploit ';;l1d t:I3,'c. the resuits obtai.'1ed 

up to now are e~1couragir.e. 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com~ 
m1SS10n, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 

or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

8. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­

mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behal f of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 

of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor . 






