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ABSTRACT 

Direct channel or absorption effects are first con- 
sidered for r exchange reactions, and in particular for 
TN- pN. The discussion is then restricted to nondif- 
fractive pseudoscalar-meson baryon scattering reac- 
tions, where only two helicity amplitudes define the 
scattering process. The 6 GeV/c Q amplitude analyses 
are reviewed; energy dependences of various features of 
the data are then studied to obtain a qualitative under- 
standing of the energy trecds of the helicity amplitudes. 
The relation of these results to TTT~~ analyses is discussed. 

I. INTRODUCTION 

Many features of two body and quasi-two body scattering data are most 
easily understood under the general title of direct channel or absorption 
effects. The most familiar examples are momentum transfer dependent 
features of the scattering data: the “anomalous” forward peaks in certain TT 
exchange differential cross sectionsI-” 
elastic scattering. G 7 7 

and the crossover phenomena in 
However, absorption may also result in energy or 

particle dependent variations in the data. 

In the present talk we investigate the general features of absorption b> 
systematically studyin g data over a large energy interval and in several ctif- 
ferent reactions. The relation of our observations to XST scattering analyses 
is emphasized. 

The qualitative ideas associated with absorption are introduced in 
Sec. II using the familiar reaction TN -+ pN. The study is then restricted 
in Sec. III to the simpler pseudoscalar-meson baryon scattering reactions, 
described by two helicity amplitudes, and having only natural parity ex- 
changes in the t channel. Only nondiffractive reactions are considered. 

The Q amplitude analyses at G GeV/c are discussed first, providing an 
introduction to the t dependence of the scattering amplitudes. To extend the 
results of the amplitude analyses, data in several reactions are studied to 
deteri:zine qu&itative trends in the energy depeEdences of the scrktering 
amplitudes. In particular data in q and Kp reactions are contrasted to re- 
veal possible direct channel effects. 

The observations are summarized in Sec. XV. 

*Work supported by the U. S. Atomic Energy Commission. 

(Invited talk presented at the International Conference on YTYT Scattering and 
Associated Topics, Florida State University , Tallahassee, Florida, 
March 28-30, 1973.) 



II. INTRODUCTION TO ABSORPTION 

For many years absorption has been known to provide a simple explan- 
ation of the r-p - p On data at small values of momentum transfer. Histori- 
call 

J 
simple one pion exchange (OPE) failed in p” production, predicting 

G ’ 1. In contrast the Gottfried-Jackson OPE plus absorption model8 PO0 - successfully reproduced the p o differential cross section and density matrix 
elements. 

More recently it has been emphasized that in F exchange reactions an 
unambiguous signature of absorption occurs for -t < rni. As discussed by 
Kane, g pF/ and &/dt for po production should turn over in the forward di- 
rection, but p 
been observe 

H1 da/dt should have a sharp forward peak. 
ct 

This has since 

17 GeV/c. I1 
at 15 GeV/c,h, 10 see Fig. 1, and more recently at 1’7 

Analogous features are seen in the forward cross sections for 
the reactions ^yp - i+n, 1 pjj - G, 3 and np charge exchange. 2 

200 

IO 

Fig. 1. Differential cross sections from the reaction 
TP -p On at 15 GeV/c. 
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In the absorption model the explanation for this behavior is straight- 
forward. Absorption “smoothsl* the amplitudes, thus in the forward direc- 
tion helicity amplitudes possess only the minimal t dependence, (tmin-t)&, 
consistent with conservation of angular momentum. The net helicity flip, 
M, is defined irl the s channel 07 helicity frame. In the limit of large cner- 
gies, the dominant r exchange amplitudes flip the nucleon s channel helicity , 
resulting in r exchange contributions to nN- pN of the form: 

Hy = f&t) - 
(tmin- t)a 

(1) 
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where X is the p helicity, and M=h 
h = 1 a&~litude dominates vielding 

-1. For scattering near t-f;Min, the 
p H-05 as observed in Fig. 1. 

pPopular model that embodies the featurPelslof niLorption is the Williams 
A 

OPE-6 12 or poor man’s absorption model;13 this has been successfully 
compared to the high energy p” production data. l0 

The unique features of the data discussed above are a special argument 
for absorption however, relying as much on the proximity of the 7r pole to 
the physical region as on absorption itself. More generally absorption or 
geometrical models suggest that s channel helicity amplitudes have the 
approximate form-& 

f&t) - J&r 4-t) (2) 

where r, the radius in impact parameter space where the amplitude is max- 
imum, is approximately r - 1 fm - 5 GeV-1. Thus L!&= 0, 1 amplitudes are 
predicted to have minima (or zeros) at -t - 0.2, 0 6 GeV2, respectively. . 
The former zero is responsihlc for the CrOSScJVer effect in elastic scattering 
reactions, 7 the latter usua!ly vies ;vith the Rcgge signature zero ‘as the 
more basic interpretation tar helicity flip amplitudes. 

For the reaction nN- pN, the com- 
bination pifo clJ/dt isolates UntXItUral 
parity exchan,rti ( 3 to lcttcling order in the 

fah--l. Recent esperimcnta:i‘esults 
(Refs. lG-18) suggest that ,D(;~ &/clt has 
a change in t dependence near -t - 0.6 
GeV2, perhaps even possessin;; a dip in 
this momentum transfer region. The 
most optimistic evidence of this type 
(Refs. 17,18) is shown in Figs. 2 and 3. 

One explanation for the pto dcr/dt 
data associates only the forward peak 
with 7r exchange; this decreases rapidly 
becoming less than an approximately t 
independent background near -t ,- 0.6 
GeV2. lg Alternatively the data may 
suggest that the T amplitude has a min- 
imum near -t - 0.6 GeV2, similar to 
the p amplitrtde in ~-p - ffn. For the 

interpreted as either an absorption 
~~~el~~ede~t~~~~~ei~a~~~r- pn can be 

effect (Eq. (2)) or a manifestation of 
s’g . 

f&(t) N T(t) l-e -iacrP@) (3) 

-3- 

mb/(BeV/d2 1 + 
0.1 E 

0.0011 f +. I oh 0.0 
/ / 

1.2 1.6 2.0 

ltl,(BeV/d2 zzsu~c 

Fig. 2. Differential cross sec- 
tions pro dcr,/dt at 4.42 GeV/c 
from Ref. 17. 



n 

since CY (t)=O at -t-0.6 GeV.’ How- 
ever, f6r r exchange the signature zero 
should occur at -t- 1.0 GeV3, in dis- 
agreement with the data. The pwo dp/dt 
data may therefore provide the first re- 
alistic comparison of absorption and 
Regge model explanations for the struc- 
ture of helicity flip amplitudes. 

III. PSEUDOSCALAR-MESON BARYON 
SCATTERING 

To continue the study of absorption, 
we now restrict the scope of this talk to 
nondiffractive pseudoscalar-meson 
baryon scattering reactions - the sim- 
plest class of reactions for which a sub- 
stantial library of data presently exists. 
Features of the dam will be related to 
the s channel helicity amplitudes: 

NONFLIP 2 fmZO = f,+ 

and (4) 

0.00, L---i- 1 I I I I 
0.0 0 2 0.4 0.6 0.8 1.0 1.2 1.4 

Fig. 3. Combined differential 
cross sections p ‘IO do/dt from 
the three channe s Y n-p - p-p, 
n-P - P On and n+p - pfp at 
6 GeV/c, from Ref. 18. 

FLIP=f &l-= f+- 

The amplitudes are briefly reviewed in Table I. 

Table I s channel helicity amplitudes 

Amplitude 

fAA=0 

f&=l 

Ifahl2 

do 
dt 

t 

.i--- 

da 
a?- 

t 

Typical Dominant t channel 
Reactions quantum numbers 

T-P - 7r”n 

T-P -c Ton 

0 
w 

1 

K*,K** 

P 

A2 

It=O, 8 

It= 1 
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Measurable quantities then have the following forms: 

p&Z 
dt 

+ (5) 
do 

Rx= - If,=,1 2- lfa=112)cos Olab - 2Re (fbxo f~-.l)sinf$TJl c 

where P is the polarization normal to the scattering plane, and R, A are 
measurements of the nucleon polarization in the scattering plane, as shown 
in Fig. 4. 

Hnvin: measured a sufficient num- 
ber of quantities in Eq. (3). the> deLai!ed 
structure of the scattering amplitudes 
can be determined in a model independ- 
ent manner. In TN - TN for example, 
there art four complex amplitudes: t 
channel isospin It=O, 1 and helicitics 
M=O, 1; for comparison in 7X - 1~3 
there are t-v,~elv-e car-nylcr nmplitud2s: 
It=O, 1 and his iltilicil:\, ;ir!!jlii’iiici!:s. S LI c n 
an amplitude analysis lor ;;X -- ;;X has 
recently been possible at 6 GeV 

& 
c; the 

results of the Argonne analysis’ O are 
shown in Yig. 5. Qualitatively we 

Scattererj Scattered 

\ 
b,Recoil 

!G) (b) . 

Fig. 4. Scattering geometries 
for the measuremel;t of the R 
ancl A polarization parameters. 
Initial target polarization, PT, 
is in the scattering plane. 

I I ,,! I I 
0 0.2 0.4 0.6 ” 0 0.2 0.4 0.6 ” 0 0.2 0.4 0.6 ’ 0 0.2 0.4 0.6 

-t (GeV/d2 1281.iJ 

Fig. 5. TN s channel helicity amplitudes, Hit 
GeV/c from Ref. 20. 

~, determined at 6 

d _ * 
,. 
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observe: 

(a) 
k 

=0 amplitudes, since the Pomeron dominates the helicity nonflip 
(and possi ly also the helicity flip) amplitude, no model independent infor- 
mation is obtained for the fo exchange amplitudes; and 

(b) It=1 amplitudes, the p e::change amplitude is consistent with absorp- 
tion model predictions for the helicity nonflip amplitude {cf. Eq. (2)), and 
with absorption or simple Regge model predictions for the helicity flip ampli- 
tude (cf. Eqs. (2) and (3)). 

To test the sensitivity of these results to possible systematic effects in 
the data or to different analysis techniques, the Argonne20 and Saclay 
solutions are compared in Fig. 6. The agreement is good, except possibly 
for -t 2 0.4 GeV2 where some deviations are observed in the It=1 amplitudes. 
These amplitudes will be taken therefore as a guide to our further study of 
meson baryon scattering reactions. 

-rrp AMPLITUDES 6 GeV/c 

t 111, 
- ARGONNE 

0.01 - 
0 0.2 0.4 0.6 0.8 1.0 

-t (GeV2) 

0 0.2 0.4 0.6 0.8 1.0 

-t (GeV2) XBICS 

Fig. 6. Moduli of the 6 GeV/c TN helicity amplitudes from the 
Argonne analysis, Ref. 20, and the Saclay analysis, Ref. 21. 

-$- 



To extend the results of the 6 GeV/c TN amplitude analyses to different 
energies and reactions, we now consider six signposts which may lead to 
qualitative, if not quantitative, extrapolations. 

Special Channels 

If high ener,gy scattering amplitudes can be described by the t channel 
exchanges involved, then reactions having only one known t channel exchange 
should provide the best means to systematize our study of the data. This 
logic has motivated the many analyses of n-p -) Ton and n-p - non reactions; 
recently data has also begun to accumulate in several new channels: 

(a) K’L~ - K& - m” exchange dominates the forward cross section; 

(b) K-p - Y/‘A -K* exchange dominates; and 

(c) K-p - qtA -K** exchange dominates. 

These reactions are listed with the “old faithfuls” in Table II. 

Table II Special channels of interest 

Old New 
faithfuls allies 

X 

X 

X 

X 

X 

Reaction 

0 
np--nn 

K”LP -K”sr) 

K-P - 778” 

K-P - 7)p” 

- 

L - 

SU(3) 
amplitudes (a) 

- $2 v 

WT 

4373 %T 

2 [(4F-lb - ,1@) 

EZ (2F-l)V 

-l/6 (2F+l) (T+3V) 

l/3 (2F-k 1) STT 

t channel quantum 
number exchange 

P 

A2 

A2 

I W*P 

K* (K**) 

(a) Note that F is defined such that F+D=l, and experimentally 
FAA=0 - 1.25, FaZ1 - 0.25. 

(b) It is assumed that $ exchange is negligible, having zero 
coupling at the nucleon vertex. 

The physical states no and 17’ are dominantly SU(3) octet and singlet 
components: 

q”=q8cos 0 - ql sin 6 

77’ =q8sin 8 + vl cos 6 

-7- 



. 

where 6 is typically in the range -112 0 2 -23’, the limits of the quadratic 
and linear SU(3) mass formulae. 22 A compilation23 of the K-p - (qO,n’)A 
data is shown in Fig. 7. The data in the two channels are quite different in 
structure, and may suggest that absorption differs for vector and tensor 
exchange reactions. 24 

I I I 

K-p-w+ 

l 3.9 +4.6 GeV/c BNI 
W 4.25 GeV/c 

Amsterdam et al. 
x 3.95 GeV/c 

Saclay et al. 
A 3.3 GeV/c Oxford 

100 

IO 

I 

I I 1 

K-p -+I 

l 3.9+4.6 GeV/c BNL 
n 4.2 GeV/c 

Amsterdam et al. 
x 3.95 GeV/c 

Saclay et al. 

I I I I 

-0.5 -1.0 -1.5 0 -0.5 -1.0 -1.5 

t (GeV/c)2 t (GeV/c)2 1,1,,,0 

Fig. 7. Compilation of data in the reactions K-p -voA and K-p -n’A. 

AmDlitude zeros and minima in differentia cross sections 

An intriguing feature of many differential cross sections is the existence 
of minima at approximately fixed values of t (or u), independent of the reac- 
tion energy. This is shown in Figs. 8 and 9 where the locations of minima 
in the differential cross sections for n-p - non and n-p - non are recorded, 25 

fixed t dips are observed at -t -0.55 GeV2 and -t - 1.65 GeV2 respectivi?ly. 

Similar fixed t dependences are found in the contributions of s channel 
resonances to the imaginary parts of the s channel helicity amplitudes. This 
is shown for 7rp scattering26 in Fig. 10, where the locations of the first zero 
in the contribution of the dominant resonances to helicity flip and nonflip am- 
plitudes are plotted. 

-8- 
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Fig. S. Manclelstarn pl:lne plot of the minima in the differential 
cross section for T-p - 7%. 

s (GeV2) 
3456789 

I 2 3 4 

PT,LAB (GewJ I _,,.,, 

Fig. 9. Mandelstam plane plot of 
the minima in the differential cross 
section for x-p -“q’n. 

-P- 

l First Zero /:I f++ 
n First Zero in f+- 

Fig. 10. Location of the first zero 
in the contribution of prominent 
resonances to the s-channel helicib 
amplitudes for np scattering. 



For K-p scattering a more com- 
plete separation27 has been done yield- 
ing s channel helicity amplitudes with 
definite t channel isospin It=O, 1. The 
results are shown in Fig, 11. For the 
I.-t=0 helicity nonflip amplitude, and the 
It=1 helicity flip amplitude, the fixed t 
zero structures at -t-O. 2 GeV2 and 
-t-O. 5 GeV2 respectively, are again 
observed. The other two nml:litudes 
are smaller in magnitude than the first 
two mentioned (ci. Fig. 6): thus the 
random structure of zeros in these 
results, Fig. lib, c, may only reflect 
uncertainties in the analysis and in the 
resonance parameterizntions used. 

The cLata suggest therefore #at: 
(a) zeros or ljronounc~d minima occur 
at dUt?S Gf 1YlOKiCIlb ir:iilSl’W kit 

change only slov+ly, if at all, with beam 
momentum; and (b) several of these 
features eAxist virtually from reaction 
threshold to tiw highest energies pres- 
ently measured. 5iae note that these 
results also carry over to 777 scatter- -> 
ing \vhere rec:tint :;:Y:~J-zL’s~ 1‘c’VC’ll L-.’ 
similar fi\:c(! t zero structures in ~77 
amplitudes n-ith well defined t channel 
isospin. 

Polarization changes with energy 

In channels with one t channel ex- 
change, or with two exchanges thought 
to be exchange degenerate (l3XDj polar- 
ization provides a possible means to 
observe different relative energy de- 
pendences of helicity flip and nonflip 
amplitudes (see Eq. (5)). For el\;zmple, 
a large class of absorption models mod- 
ify or !‘absor’b’! the noniiip amplitude to 
a much greater extent than the flip 
amplitude. If the absorption is then en- 
orgy dependent, t;he nonflip amplitude 
will vary n,iCi energy more rapidly than 
the hclicity flip amplitude9 resulting in 
possible changes in the polarization. 

To determine the ener,gy trends in 
the data, polarization results for the 
reactions T-P--- iron, 2g E”p- CA’, 3O 
and ~;+p--lC%+,~~ are plotted in Fig. 12 

Fig. 11. Location of zeros in 
the imaginary parts of the s 
channel helicity amplitudes for 
K-p scattering. 

0.2<-txl.0 GeV2 

01 I I IllIll I 

z 1.0 
0 - t-- a 
; 0.5 
4 

s 
CL 0 

5 IO 20 
PLAB (GeVk) 1,,,.2 

Fig. 12. Polarization data 
plotted as a function of beam 
momentum. 

,. 
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+ + -rr+p-K C 

. 

0.5 
t 

0.1 c-t < 0.2 GeV* 

t 

-I 

zf 1.0 
t 

0.3 c-t I 

L 0.2< -f<0.3 GeV* (b) 

I I Illlll 

I I I IIll\ 

0.5 CtC0.8 GeV* (d) 

Fig. 13. Polarization data for n+p - Kt-* plotted as a function 
of momentum transfer and beam momentum. 

and Fig. 13 for beam momenta 2 2 GeV/c. Momentum transfer intervals 
are chosen where the polarization is only slowly varying in t. The data are 
observed to be consistent with little or no energy dependence. This suggests 
therefore that helicity flip and nonflip amplitudes have similar energy de- 
pendences in the momentum interval -2 GeV/c to -14 GeV/c. 

Phases of the amplitudes at t=O 

Although amplitude analyses typically require a prohibitive experimental 
effort, this is not the case at t=O for many pseudoscalar-meson baryon scat- 
tering reactions. That is, the magnitude of the helicity nonflip amplitude is 
obtained directly from the forward differential cross section, and the imagi- 
nary part of the amplitude is provided by the optical theorem, for example: 

Im (T-P -Iron) = d!-gT T 
4&n ( n-p 

-O- + 
’ ’ 

and 03) 

Im(K;p-X;p) = - & c&n - &n 

-11- 



Recent results for the phase of the forward amplitude for KEp -K’s, 32 
are shown in Fig. 14. The data are consistent with having a constant phase, 
@=-133.4%-3.3o, over the momentum interval 1.5 to 50 GeV/c, in. remark- 
able agreement with the naive Regge model prediction, Q, = -135O for a,(O) = 
0.5. The curves on the figure result 
from using the optical theorem: 

Q = -tan-l 

and parameterizing the data with the 
power law form: 

The solid and shac!ed curves compare 
the phases of the forward am$tudes 
for KEp --K”~ and ir-p --iron, & re- 
specti\lcly . The unrxrbinties in the 
curves ;~re -djo for 7-p -. T(‘II :lnci 
-i-$O for I<$-+ I<@. 

If the phases 01 thi’ Ivrhm-cl am- 
plitudes arc in approsinx~te agreement 
with the Regge plias~, then equal for- 
ward cross sections should be observed 
for those processes relxtecl by s-u 
crossing and dominated by IXD t chan- 
nel exchanges. 34 Near equality of the 
t=O cross sections is in fact observed 
in the channels ;rp - K2 and Kp - ~2,~~ 
see Fig. 15, as well as for Kp charge 
exchave36 and ‘lip - KA, Ep - 7~1 
data. 3a 

In summary it is observed that: 
(a) the fortvard phase for KE;) -+ K$ 
is consistent with being energy in&- 
pendent; and (b) the phases of the 
ampli+tides at ~-CI are consistent xith 
simple Regge predictions. 

Shrinkage 

Using the parameterizations 

Cb 

dtCCe 
b(s)t 

(8) 

-160 1 

Fig. 14. Phase of the scattering 
amplitudes at t-0 for the process 
KEp --) “$1. 

5.0 T...--i- i--T-7-T?-~T.- -_--..__ -_ 

t 
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1 
e 

+ + 
7r+p-K ): i 

i 

q 7r-p -KKOEox2 

0 K-n-r-~‘x2 ’ 

CI K-p-n--,7 
+ ( 

I 

I 
0.5 

1 
0.1 / 

2 5 IO 20 
PLAB (W/c) Illll.l 

Fig. 15. Differential cross sec- 
tions at t=O for the reactions 
m -KZ andRp -. S. z , 



. 

dg 2o!(t)-2 
x a ‘lab (9) 

the energy dependence of the scattering 
amplitudes can be studied as a function 
of momentum transfer. A recent 
Serpukhov result for T-P- 7pn is 
shown along with previous data37 in 
Fig. 16. The curve in the figure rep- 
resents the simple Regge prediction, 
cy’=l, approximately normalized to the 
data below 20 GeV/c. The Serpukhov 
data is interesting and may suggest 
that shrinkage has stopped by - 20 
GeV/c. However, the evidence is not 
yet overwhelming. 

At lower energies we obtain the 
effective Regge trajectory, a,ff(t), 
shown in Fig. 17 for the SLAC 
K;ip--K” 

?F 
data, 32 and for the reaction 

n-p- . n 35 The solid curve in the 
figure gives the canonical p, w trajec- 
tory cr(t)= 0.5+t. 

The K” 
cl? 

- K& and n-p - Ton data 
(Fig. 17) o show shrinkage, o! = a(t), 
however 

aKEp- Kg < ?r-p- 7Pn 

for -t & 0.4 GeV2. Analogous differ- 
ences are also found between the energy 
dependences of the reactions Kp - ~11 
:r * -KA and the,rc$te# C reactions, 
Kp--71% or q-L. ’ 

Simple Regge models would erro- 
neously predict similar energy depend- 
ences for KEp - K”# and n-p - fin 
reactions, and for A and I; reactions. 
By contrast, it was observed in the 
previous secticn that the phases of the 
forward amplitudes were in good agree- 
ment with simple Regge predictions. 
For example, the Ktp - K& data3* 
yield aeff(0) = 0.48 + 0.04 as deter- 
mined from the phase of the forward 
amplitude, but sff (0) = 0.30 f 0.03 

2 5 IO 20 50 
PLAB (GeV/c) n.,.. 

Fig. 16. Slope parameter for 
the reaction n-p- fin. 

I .o 

0 

aeff 

-0.5 

-1.0 

- 1.5 

I I I 

K:P-%P 

T-P - Ton 

0 I 2 

-t (GeV2) 11,119 

Fig. 17. Energy dependence of 
the process K’Q - Kgp; ;rp- 7ion 
data33 is shown shaded in the 
figure. 
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from the energy dependence of the for- 
ward cross sections (see Fig. 17). The 
Regge model relationship between the 
phase and the energy dependence of the 
scattering amplitudes fails therefore at 
t=O; a similar conclusion for the helicity 
nonflip amplitude at momentum trans- 
fers -t > 0 can be inferred from the n-p 
amplitude analyses at 6 GeV/c. 20, 21 

Cross sections at t=O 

In factorizable models (see for ex- 
ample Table II) the reactions x-p- fin 
and KEp - K”sp are related by a single 
constant, assuming p and w exchange 
amplitudes have similar energy depend- 
ences. This prediction disagrees with 
the data, as discussed in the last sec- 
tion; the magnitude of the discrepancy 
is observed by comparing the forward 
cross sections in Figs. 18 and 19.32 
An analogous comparison can be made 
using total cross section differences;39 
where n-p - 7rcn is replaced by 

and 

K;p - K”# by bKkp 

(see Eq. (6)). The results are shown 
in Fig. 20. Again the Kp data are 
observed to decrease with energy more 
rapidly than the Q data. 

One conclusion is that 0 and p ex- 
changes, dominating KEp --L K”$ and 
7rWp + -iron respectively, are just in- 
trinsically different. Alternatively, the 
comparison of forward Ktp - Kc&p and 
Kp charge exchange cross sections40 
shown in Fig. 21 reveals that the mag- 
nitudes of the cross secticns @u::e 
coincidence?) as well as their momen- 
tum dependence are in excellent agree- 
ment. This result suggests that the t 
channel exchanges in these processes 
(p , W, A2) are consistent with EXD, and 
that direct channel effects cause the 
disagreement in the energy dependences 

0 Present Expt. - 
x Darriulat 
C Leipuner 
o Buchanan 
A Firestone - 
V Blrulev 

Fig. 18. Differential cross sec- 
tions at t = 0 for the reaction 
K”p -Kg. 

Fig. 19. Differential cross sec- 
tions at t = 0 for n-p - Ton; the 
solid curve is a power law fit to 
the data above 5 GeV/c, the 
dashedline represents the forward 
cross sections for eLp - K#. 
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0.5 
2 5 IO 20 50 100 200 

P (GeV/c) >,*m.e 

Fig. 20. Differences of total cross 
sections. 

of the KEp -+ K& and n-p - non for- 
ward cross sections. 

To check this conjecture we note 
that the extrapolated K-p - Eon cross 
section, Fig. 21, provides an upper 
bound to the total crq;s section differ- 

the solid curve 8n-~~-n1:K’%?a~ 
ence K-N = uE- 

in Fig, 22. The curve falls below the 
Serpukhov data, suggesting that the 
Kp charge exchange cross section 
should infact lie above the Ii00 -K”$ 
cross section at momenta 220 GeV/c. 
However, negative values for the 
Serpukhov “KfN” cross section dif- 
ferences, Fig. 22, disagree with lower 
energy data (and with duality)41 sug- 
gesting that small systematic effects 
in the total cross sections may be 
causing problems in these cross sec- 
tion differences. 

Thus, if p and w trajectories are 
assumed EXD, simple t channel fac- 
torization_ is in disagreement with the 

Fig. 22. Differences of total 
cross sections for the reactions 
K-p - K-n and K?p - K+n . 

Ki5P - KU@ and n-p - run data. The compariscln of KS - K& and Kp 
charge exchange data then suggest that factorization is infact broken by 
direct channel effects. 42 

K+n - K”p 
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Fig. 21. Differential cross sec- 
tions at t = 0 for the reactions 
K-p - Eon and K+n - K’p; the 
dashed line represents the forward 
cross sections for KLp - Kgp. 

0 20 40 60 
P (GeV/c) ,zll.q 

rv. SUMMARY 

Our approach in this talk was first to indicate that absorption or direct 
channel effects are important in scattering reactions, then to systematically 
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investigate energy trends in the data. This latter study presented evidence 
for disagreements with t channel factorization, and we conjectured that this 
was additional evidence for direct channel effects. 

Generally, the energy trends in the data are consistent with shrinkage 
of the forward differential cross sections, but indicate that many features 
are essentially energy independent: 

(a) the positions of minima in the differential cross sections; 

(b) the location of zeros in the imaginary parts of some s channel 
helicity amplitudes; and 

(c) the polarization, and phase of the t=O scattering amplitude for 
those reactions with a limited number of possible exchanges in 
the t channel. 

These observations provide qualitative as well as quantitative constraints on 
the energy dependence’ of the actual scattering amplitudes. 

The pseudoscalar-meson baryon scattering results suggest that similar 
features may also exist in the ri~(K7;) scattering amplitudes. For example, 
although amplitude zeros have been used in selecting phase shift solutions, 
our present observations su,, ‘+rest that approximately fixed t zeros occur in 
those amplitucles isolating a known meson exchange in the t channel. Simi- 
larly the observed energy independence of the phase of the forward meson- 
baryon scatterin, w amplitudes may provide a guide in selecting OTT phase 
shift solutions at relatively high mass. Finally, the different direct channel 
effects in Q and Kp data indicate that ;: extrapolations may have different 
characteristics in 7r’i~ and Kn analyses, and perhaps also in analyses at differ- 
ent rr or K7r masses. 

V. ACKNOWLEDGEMEhTS 

I would like to thank S. Barish, K. -W. Lai, W. Michael, R. K. 
Yamamoto and A. Yokosawa for assistance with their data, R. Diebold for a 
discussion of their ?r’i~ results, and G. Brandenburg, M. Davier, D. Leith, 
and J. Loos for helpful discussions. I also wish to thank D. Leith for his 
support and interest. 

REFERENCES 

1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 
9. 

10. 

A. M. Boyarski et al. , -- Phys. Rev. Letters 20, 300 (1968). 
M. B. Davis et al., -- Phys. Rev. Letters 2!3-, 139 (19’72). 
J. G. Lee et al., Nucl. Phys. s, 292 (1973). -- 
F. Bulos et al., --- Phys. Rev. Letters 26-, 1453 (1971). 
F, Henye), G. L. Kane, J. Pumplin and M. H. ROSS, Phys. Rev. 182, 
1579 (1969,n 
A. B. Wicklund et al., Phys. Rev. Letters 29, 1415 (1972). --- 
M. Davier and H. Harari, Phys. Letters E, 239 (1971). 
K. Gottfried and J. D. Jackson, Nuovo Cimento 34, 735 (1964). 
G. L. Kane, Experimental hleson Spectroscopy, ed. C. Baltay and 
A. H. Rosenfeld (Columbia University Press, New York, 1970). 
P. Baillon et al., Phys. Letters 35B, 453 (1971). 

-16- 



11. 

12. 
13. 
14. 

15. 
16. 

17. 
18. 
19. 

20. 
21. 
22. 

23. 

24. 

25. 

26. 
27. 
28. 

29. 

30. 
31. 

32. 
23. 

34. 
35. 
36. 

37. 

G. Gayer et al., J’TTT~. phase shifts, amplitude analysis and vector domi- -- 
nance test in the p-region of 7i-p - n-r+n at 17.2 GeV/c” CERN pre- 
print (1972). 
P. K. Williams, Phys. Rev. I&, 1963 (1969). 
G. Fox, Argonne Workshop on Meson Spectroscopy (1971). 
M. Ross, F. S. Henyey and G. L. Kane, Piucl. Phys. E, 2G9 (1970); 
H. Harari, Ann. Phys. (N. Y.) E, 432 (1971); 
J. A. J. Matthews, Proceedings of Canadian Institute of Particle Physics 
Summer School, ed. R. Henzi and B. Margolis (McGill University Press, 
Montreal, 1972). 
P. Estabrooks and A. D. Martin, Phys. Letters g, 350 (1972). 
J.A. J. Matthews et al., Nucl. Phys. E, 366 (1971); -- 
Y. Williamson et al. , -- Phys. Rev. Letters 29-, 1353 (1972); 
W. Michael and G. Gidal, Phys. Rev. Letters 28, 1475 (1972); 
P. Estabrooks and A. D. Martin, Phys. Letter-Fe, 229 (1972); 
R. Diebold, private communication. 
S. Barish and W. Selove, private communication. 
J. M. Starr and K.-W. Lai, Phys. Rev. Letters 2, 310 (1972). 
The presence of a confirmed dip in pH dcr/dt at several incident mo- 
menta would presumably rule out bat R%ound as an explanation. b 
P. Johnson et al., Phys. Rev. Letters 30-, 242 (1973). 
G. Cozzika et al., Phys. Letters s, 281 (1972). 
A. D. Martin and C. Michael, Phys. Letters 37B, 513 (1971); 
F. D. Gault, H. F. Jones and M. D. Scadron, Nucl. Phys. E1, 353 
(1973); E. Fischbnck, M. M. Nieto, H. Primakoff and C. K. Scott, 
Phys, Rev. Letters 29, 1046 (1972). 
C. IMichael, 16th International Conference on High Energy Physics, 
CERN preprint REF. TH 1567-CERN (1972). 
A. C. Irving, A. D. Martin and V. Barger, “Analysis of data for hyper- 
charge exchange reactions ,I1 CERN preprint REF. TH 1585-CERN (1972). 
R. K. Yamamoto et al. , “Negative pion charge exchange and q” pro- 
duction from 1.3 to 3.9 GeV/c, ” hIIT preprint (1972). 
H. Harari, SLAC preprint SLAC-PUB-837 (1970). 
M. Fukugita and T. Inami, Nucl. Phys. B44, 490 (1972). 
M. Pennington, “~i7~. amplitudes, structure and zeros, ” International 
Conference on 7~7; Scattering and Associated Topics, Tallahassee (1973). 
P. Bonamy et al., Nucl. Phys. B, 335 (1970); 
D. D. Brobnis et al., Phys. Rev. Letters 2, 274 (1968); 
P. Bonamy et al., Amsterdam International Conference on Elementary 
Particles (1971); D. Hill et al., Phys. Rev. Letters 30, 239 (1973). 
R. J. Yamartino, Ph.D. thesis, Stanford University (1973). . 
S. M. Pruss et al., Phys. Rev. Letters 23, 189 (1969); 
A. Bashian et al., Phys. Rev. z, 2667 (1971). 
G. W. Brandenburg et al., to be published. 
G. Hohler and R. Strauss, “Tables of pion-nucleon forward amplitudes, ” 
Karlsruhe preprint (19 71). 
F. J. Gilman, Phys. Letters E, 673 (1969). 
J. S. Loos and J.A. J. Matthews, Phys. Rev. E, 2463 (1972). 
D. Cline, J. Mates, and D. D. Reeder, Phys. Rev. Letters 23, 1318 
(1969). 
V. N. Bolotov et al., “A study of r-p - non charge-exchange in the 
momentum range 20 to 50 GeV/c, lt Serpukhov preprint (1972); 

-17- 



I 

P. Sonderegger et al. , -- Phys. Letters 20-, 75 (1966); 
A. V. Stirling et al., Phys. Rev. Letters 14, 763 (1965), 

38. G. Hohler, J. %zke, H. Schlaile and P. snderegger, Phys. Letters 
20, 79 (1966). 

39. S. P. Denison et al. , “Differences of total cross sections for mo- -- 
menta up to 65 GeV/c, ” Ser-,>uk&ov preprint (1972). 

40. A. A. Hirata et -al. , Nucl. Phys. E, 157 (1971); 
M. Aguilar-Benltez , R. L. Eisner and J. B. Kinson, Phys. Rev. B, 
2583 (1971); 
I. Butterworth et al., -- Phys. Rev. Letters l5-, 734 (1965); 

G. Wohl. Ph.D. thesis UCRL-16288 (1965); C. 
Y. 
L. 
P. 
D. 
A. 
G. 

Goldschmidt-Clermont et al., Phys. Letters z, 602 (1968); 
Moscoso et al., Phys. Letters 32B, 513 (1970); -- 
Astbury et al., -- Phys. Letters cm96 (1966); 
Cline, J. Penn and D. D. Reeder, Nucl. Phys. B22, 247 (1970); 
Firestone et al., Phys. Rev. Letters 25, 958 Q.970); -- 
C. Mason and C. G. Wohl, “Reactions??p --. K’n, K-p - 11~’ and 

K-p - A? at 3.13, 3.30, and 3.59 GeV/c, I’ Oxford University pre- 
print (1973); 
R. Blokzijl et al., -- Nucl. Phys. E, 535 (1973); 
R. J. Miller et al - -- ’ “Two bodv final states in K-p interactions at 14.3 
GeV/c, ” Rutherford preprint RPP/H/103 (1972); 
E. H. Willen e& al. , “High energy differential cross sections for K” 
production, ‘I BNL preprint BNL 16681 (1972). 

41. H. Harari, Phys. Rev. Letters 20, 1395 (1968); 
P.G.O. Freund, ibid 20, 235 (1968). 

42. The explanation for thexfference in the energy trends of the forward 
cross sections for KEp -. K”$ and n-p -+ #n is not clear, however. 
Typically absorption models correct simple Regge predictions in pro- 
portion to the total cross sections of the particles involved, However, 
UT < CP < P in contrast to the energy dependences of the data, see 
I?$! ZOywhe?$ i?lrr and &Kr, data are quite similar, and substan- 
tially different frog’the energy dependence of the ib’Q data. Similar 
problems arise in discussin the difference in energy dependence of 
the channels Kp - TA and Kp - ~2. 

-i8- 


