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For two-body reo.ctions, the variation of the cross section, 0, with 

the incident laboratory momentum, p. , is found to be consistent with the 
:U1 

-n 
relationship, CJ= const. p.--. The vo.lues of the exponent, n, c.re found to 

in 
fall into throe groups, alJout O, a broad group from 1.5 to 2.0 o.ncl about 4~ 

The three categories nre discussed and some consistency is found with the 

Hegge Pole model. 

Results are lJresented in this letter on the variation of the cross 

section, 0 1 with incident laboratory momentum, p .• for two-body reactions 
ll1' 

of the tyrxi 

.A+B"'"" C+D. (1) 

The results for inelc.stic renctions c~re shown in Figures 1 o.ncl 2. For 

roo.ctions involving resonancos, the cross sections havo often been 

detorn1inod o.t different momenta by different groups and it mc.y ho.ppen that 

the groups have cUfferexi:t methods of analysis o.nd of estimating bo.ckground. 

Hence, o.s can be seen in Fic:,,,-uros 1 o.nd 2, tho results are sometimes 

inconsistent. 'Ill.e inconsictencies are pc.rticulo.rly importo.nt for re,~,ctions 

with double resonance product:Lon where tho re,sonances 21.re wide, such as 
., .. ~ b . -;i • 1 . ( l) n + p "'"" ~ p, as cc.n e seen in ]ig. i • 

PS/5504/dmh 



CCillJ/TC/PHYSICS 66-14 

At low momonto., cross sections tond to fluctuate boco.use of the 

occurrence of resonnncos in tho production proco.ss. If 1 to avoid this 

difficulty and to o.void threshold effects, we consider only higher momenta, 

so.y groo.ter than 2 GeV/c, then it co.n be soeri in :Fie;ures 1 o.nd 2 that the 

results may be expressed by the following relo.tion : 

whore K and 

p == 1 GoV/c. 
0 

C5 

n 

TT ( 
1~ pin (2) 

aro constants o.nd is a dimensional constant tnkon as 

Tho values of the exponent, n, for these o.ncl other inelastic two-

body reactions, o.ro listed in To.1Jle I, togother with the rcmgo of incident 

lnboratory momentum over which they Hero co.lculnted and tho constant K, 

which is tho cross section ext1~apolatocl to piri = 1 GoV/c. In tho 

co.lculation of tho exponents, n, c;iven in Table I, results for momenta of 

more than 2 GeV/c have been used wherever possible. 

Tho results for roctctions 1 to 4 o.re shown in li1iguro 4 of Anderson 

et al.( 2). The results for reactions 5, 6 and 7 nre given in the following 

pnper( 3). Tho ronctions of double resonnnco production 32, 33 and 34 for 

which the cross section is difficult to determine will not be considered 

in the following discussion. Tho vnlues of tho cross section for renction 

8 hnvo very 1nr,go errors .2nd this reaction will also not bo considered 

further, 

11.fter mnking allownnce for the uncortnintios of the rosi.11ts, there 

np]Jears to be throe c:roups of vc-:.luos of exponents, 0110 about zero 1 secondly 

a broad group of vo.luos oxtonding from oxtremo values of 1.1 to 2.8, and 

thirdly a group with Gxponont ctiJout 4. Ue now consider those throe 

cntegories in turn. 

Ccitegory 1 muy be g·onornlisod to include el::stic scntters, which nre 

well known to have approxim2.tely co1rnto.nt cross section with respect to 

incident e"1orgy, i. o. > n ~ 0. The sur11rising rosul t that the cross sections 
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for the inelastic reD.ctions 1 to 7 are approxim.-::,tely constnnt is discussed 

in the following paper ( 3). There i; is suggested tho:L if the renctions can 

be interpreted in terms of a Fe~1Illo.nn diagram in which a diffraction 

scattering occurs o.t one vertex then the cross section will be ccnstant a.t 

high energies. 

Category 2, consisting of inelastic reactions 8 to 34, has a large 

range of exponent. A coD.1L1on characteristic of these reactions is that they 

can be described by a Feynmann diagro,m in which a single meson is exchnngod. 

For reactions 9 to 22 (and nlso 8, 32, 33 and 34) this meson has zero 

strangeness and it can be seen that tho exponents tend to group around 

n F<:: 1.5. For reactions 23 to 31, the meson has a strangeness of one and 

the exponents tend to group around n A:< 2.0. Hence, we would suggest that 

category two has two sub-groups with exponents of about 1.5 or 2.0 according 

to whether the exchanged meson is non-strange or strange.respectively. 

Reactions 35, 36 and 37 of co.tegory threo, nll have the charactoristic 

that they do not have, at high energy, a forward diffrnction peak (GCM == o0 ) 

but do have a backward peak ( 4 ' 5). In terms of l!.,oynmann diagrams, a forward 

peru{ would .. 'equire the exchange of ;;wo uni ts of chc,rg3, while a backwnrd 

peak would require excho.nge of a particle with baryon number B = 1. 

Backward elastic scattering is o.notl1er reaction which would require exchange 

of a particle with B = 1. As croso sections for backward elastic 

scattering are not available 7 wo hnvo :9lottod in Fig" 2d, tJ10 vnluos for 

the differential cross section (do/dt), C\t 180o(G, 7) or near 180o(s, 9) for 

reaction 38. Boco.use of constructive o.nd destructive interference between 

the isobnrs produced, tho values of do/dt fluctuate considerably, but it 

cnn be seen that if these fluctuations are ignored, a rough fit to the data 

can be obtained with a lino having tho equation : 

(do/dt) 1800 = . ( I )-4.o 7~3 Pi,1 P 
---- 0 

(3) 
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One of the most striking fenturos of Figures 1 and 2 is thc.t for 

o, given value of i-i. , siniJe"Y' "Y'P.~ccinn:::; tend to hnve the same cross 
in 

section. Thus nt 3 GeV/c, if we consider the 9 reo.ctions (numbers 23 to 31) 

jT10E;cm, 8 of them have approximately Jche 

SD.me cross section of aboli.t 0 .1 ·co 0 .15 rr:b. It ccm be seen in Fj_g. 2c, 

thnt ignorinc threshold effects, the cross 

renction 37 which re~uires tho exchnnge of 

section at a given :p. for 
in 

0 
a strm1ge baryon (o.g. A ) 

similar to th,':Ct for :i:'eo.ctions 35 ::md 36 where exchm1ge of a non-strange 

bD.ryon is required. 

is 

It is possible to interpret those results in the framework of the 

Regge Pole model. In this model the differential cross sections are 

ex1;ressed in terms of tho square of tho total energy, s, but nt high 

energies this is directly proportionnl to p. • A compo.rison of these 
in 

rosul ts with tho Regge Pole model co.n:not be mo.de directly, since the model 

predicts the v:lrio.tion of the differontio.l cross section with s at n fixed 

vnlue of t 
' 

whereas we report hero on the totnl cross sections, a, 

integrated ovc;r o.11 t-vnluoc:J. In tl10 Polo model, tho differential 

t . d /1' · t· 1 -'- ,,. 2a(t)-2 A 11 + 1 . ld cross soc ion CJ a·c is propor -ionn__ 00 . •) • . s snm v-vn_ue,s yio 

most of tho reaction cross soction, tho exponent, n, ;hould bo approxinm sly 

equal to r2a(o) - 2j. If tho veJ_ue of t:x..(t) docreusos as t decreases, then 

the exponent n will bo sl:Lc{hJcly grontor them [ 2a( 0) 

ronctions, oxchnngo of the Pomoro.nchuk trnjoctory is postulo.ted o.nd ns 

a(O) = 1, tho ox~0onont is oxpoctod to 1Jo about zoro. For tho first sub-

group of cn:tegory 2, 01cchcmgo of tho p or H tr2jectory is expectud cmd as 

a ( 0) is c:,bout 1/ 2 nnd as a ( t) clocrol~So s as t clocreasos, the exponent n is 

mqiocted to bo tly grc;-,,t0)r thc.n 0110. For the second sub-group of 
*-

category 2, the K~-trnjoctory i,s oxpoctod to dominate and as this has a 

a( 0) value sl:Lc;htly loss thnn tJia-i; for· tl1G p or for the R tro.jectory, tllG 

vo.lue of the exponent n should !Jo slightly [;,To,-:.tor than for the first sub-

croup. 'l'ho trajectories for nucleons, isobc~rs ~end hyperons are all believed 

to have nog2ti vo values of a o:c t = 0 1 and hencCJ tho oxnonont will be 

apprccio.b1y larger than that fo1~ G!:,tego:cy 2. If for backwo.rd o1astic 

sco.tterinc; of nogativo pions t~10 differential cross section, do/dt, is 
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plottod o .. gnins t s, tho exponent is about 4. 5. 

In ono-moson oxcho.ngo models, such as the c,bsorption model, one 

oxpocts difforoat vnluos of tho oxponont 1 n, according to whether n pion 

or 0 vector meson is oxch::cngod. Hc~t tho exponent for roo.ctions 9 to 22 

show no difference due to tho m2,ss or spin of tho exch2ngod pnrti,clp. For 

interactions roquicring pion oxchungo, ono in.stead considors in the Ro:;·ge 

PolG modol tl10 excho.ngo of the R-trnjoctory. As tho R nnd p tro.joc,tories 

beliovocl to bo similnr, we would oxpoct similc::,r vo.luos of tho oxponont 

for all ro::c'Ctions for which tho R or p tro.joctory is tho dominant one. 

Hence tll:Ls mo.y bo considoroc1 ovidonco in Lwour of tho Rogcc;e Pole model. 

(10) 
'I'his lott<3r is pnrt of n rovio-w 1xcpor given nt the Stony l3rook 

Conferonco on Two-Bocly ·Re<'~ctions, April 1966, ancl o. mo.re dot2cilod d.iscussion 

and furt!.lGr roforOilCOS Will be c;iVOJ.1 there• 

'I'he Quthor is gro:coful to tho ·organisers of tho Stony Brool~ , 

Conference. Ho woulc~ l:Lko to express his thanks to tho numerous people 

who generously comrmnicfl'Lecl unpulJlished ·oxporimontal cross so ct ions. Ho is 

deeply incle htod to Dr. E, :D'lr~;;1inio for his considerable help in tho 

propnrc/Gion of this paper. Ho wisho:3 to th2cnk Dr. R •. Armenteros~ 

Dr.·V.'r.·Cocconi, Pro:f.,G. Cocconi and Prof. Ch. Peyrou for helpful 

discussions and comments. 
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Variation of the crGss section of two-body reactions of 

category 2 with incident laboratory momentum. 

Fig. 2.n)b)c). Variation of the oross section for two-body reactions of 

category 3, with incident laboratory momentum; 
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d). Variation with incident laboratory momentum of tho 

'tlifforential cross section dcr/dt, for scattering at 180° 

in the reaction n - p -1< pn - • 
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TABLE I 

"._,_. ___ "_"_"~· -···- -.. -·------~·---.-~-·"-1.r----
R E A C T I 0 N · INCID.HO:tf- GeV/c. 

No~ 

1 p + p -> p + N~(l400) 

2 p + p-> p + ~(1520) 

3 P + P-> p +N:it:(l690) 

4 p + p-> p + N:it:(2190) 

+ -5 n+p->p+A1 ->prmn 

+ -6 n + p -> p + A2 -> pnn n 

7 K + p-> p + (Knn)(1320) 

8 n+p->p+n 

- -9 p+p->n+n 

- 0 10 K + p-> K + n 

0 
11 n + p -> n + n 

-12 n + p -> n + n 

13 n + + p -> N*+ + n 

14 ').+ + p -> ~++ + w 

+ + 15 n + p -> p + p 

-16 n + p-> p + p 

17 K+ + p -> p + r-> pK0 n + 

- * 0 -18 K + p -> p + K -> pK n 

19 n+ + P-> N:i:++ n° 

+ :it:+ + + 0 
20 n + p -> N n -> pn n 
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Min 

10 

10 

10 

20 

4 

4 

5 

3.0 

3.07 

2.9 

2.os 

4.0 

2.75 

3~0 

2.os 

4.0 

30 

30 

30 

30 

11 

11 

10 

9.0 

18.0 

18.2 

8.0 

s.o 

s.o 

8.0 

11.0 

5.0 

10.1 

s.o 

s.o 
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Constant, K. 
mb. 

0 3 + 0.4 
• - 0.2 

0 25 + 1•3 
• - 0.15 

0 6+ o.s 
• -0.3 

0.1 

0.1.5 

11 + 22 
- 7 

2 3 + 1.6 
• - 1.0 

1 1 + o.6 
• - o.4 

1 2 + 0.4 
• - 0.2 

2 3 + 2.1 
• - 1.1 

4 4 + 3.6 
• - 2.0 

3 0 + 2.3 
• - 1.6 

15 + 14 
- 7 

3 2 + 1.9 
• - o.7 

6 3 + 7.7 
• - 3.5 

6 4 + 5.5 
• - 2.6 

1 1 + 1,1 
• - o.5 

1 2 + 1.7 
• - o. 7 

I ... 

Exponent, n 

+ . 
0.3 - 0.3 

+ . 
0.1 - 0.3 

+ o.o - 0.15 

+ o.4 - o.9 

0 

0 

0 

+ . 
1.7 - 0.3 

+ . 
1.5 - 0.2 

+ . 
1.3 - 0.2 

+ . 
1.5 - 0.1 

+ . 
2.2 - 0.2 

+ 
1 .. 7 - 0.3 

+ 
1.5 - o.5 

+ 2.6 - 0.4 

. + . 
1.5 - 0.2 

+ l.s - o.6 
+ . 

1.9 - o.5 

+ . 
1.1 - 0.2 

+ . 
1.3 - o.6 



22 p + P--7P + N:;ie(l238) 

- 0 0 
23 n + p--; A + K or I: + K 

+ + + 
24 n + p~I: + K 

25 n+ + p~Y*(13s5) + K+ 

- 0 
26 K + p---).. A + n 

27 rC+p~A+w 

- + -28 K + p4l: + n 

29 K- + p-; Y:i.:+(1385) + n 

30 p + p 4-A +A 

31 - A-~o A~o p + p~ t.. or '-' 

+ :te++ 0 
32 n + p~N + p 

33 n- + p--'Jo N*0 + p 0 

34 K+ + P4 N~++ + K~o 

- ,- + 
35 K + p---4 '- + n 

)6 K- + p-)?-(1385) + n+ 

- - + 37 K + p ~ ;: + K 

- -38 (it + p -4 p + n ) 
180° 
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1~73 5.0 

G 15 

3.0 4.65 

2.08 8.0 

2.00 s.o 

2.24 10.1 

2.24 3.5 

2.24 10.1 

3.0 6.94 

3.0 6.94 

2.24 3.5 

5.0 
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Constant, K. Exponent, n 
mb 

5 3 + o.6 
• - 0.4 

4 + 7 
- 2 

1 7- + 5.0 
.:.; - 0.7 

1 0 + L 2 
· - o.6 

1 3 + l.l 
• - 0.6 

7 + 6 
- 3 

3 1 + 1.7 
• - 1.1 

2 2 + 2.4 
• - 1.1 

4 8 + 4.2 
• - 2.2 

0 9 + LO 
·- - 0.5 

o 6 + o.a 
• - 0.4 

1 9+ 2.4 
• - 1.1 

2 5+ 3.0 
• - 1.3 

,- 0+4.2 
Jo -2.3 

1.3 :!: o.6 

. + . 
1.6 - 1.4 

+ 2.1 - 0.5 

+ . 
2.6 - 0.5 

1.9::: 0.3 

+ . 
2.8 - 0.3 

2.0 ::: 0.5 

2.2 ! 0.25 

+ . 
1.9 - 0.3 

. + . 
1.8 - 0.4-

+ . 
3.8 - o.s 

+ 4.1 - 0,7 

3.5 ! 0.3 
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