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ABSTRACT

A Veneziano-type model for
kaon-nucleon gcattering is shown to
give a reasonable approximation to
nature as regards :

i) elastic widths of the Y*
trajectories;

ii) forward scattering, and

iii) backward scattering at
high energies.
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INTRODUCTION

1)

the pion-nucleon system has recently been shown to provide a definite para-

A crossing symmetric, Regge behaved model of the Veneziano type for
metrization for both forward and backward scattering in terms of only a few para-
meters 2 . It predicted several characteristic features which were in good
agreement with experiment 2 . However, as was remarked previously E , the

model suffers from a disadvantage which restricts its predictive power. One

is forced to add satellite Veneziano terms in order to cancel unwanted terms

in non-leading powers unless the condition O<NR (s) = C(As(s) = C(NJ (s)

is satisfied. This complicates the issue in the low and intermediate energy
region. Therefore, the discussion was confined to the leading terms which

give a good approximation at high energy both in the t and u channels.

In this paper we present a Veneziano-type model for KN scattering, a
process which is particularly interesting because of the absence of resonances
in the KN channel. This implies that the +t channel trajectories are ex-

4>. Thus our model

change degenerate and also the u channel trajectories
takes a very simple form which provides a definite parametrization for not

only the forward and backward KN and KN amplitudes at high energy (excluding
the Pomeranchuk contribution 5), of course), but also the elastic widths of the
resonances on the * Regge trajectories. Therefore it will be interesting to
test if this simple Veneziano form is a good approximation to the resl world

at both high and low energies. It would also be helpful in the developmert of

finite energy sum rules (FESR) bootstraps.

Tn Section 2 we construct the KN amplitudes of the Veneziano-type
which satisfy the requirements of crossing symmetry, Regge asymptotic behaviour,

and poles at points corresponding to resonances.

Tn Section 3 we examine the predictions of the model for elastic widths
of the resonances on the Y§ and Y? trajectcories. We also derive the condi-
tions for the elimination of the low spin parity doublets on the Yé and YT

trajectories.

Tn Section 4 we give the asymptotic forms fcr our amplitudes in bocth the
forward and backward directions. We then compare the predictions with experi-

ment. We fit the K p charge exchange (CEX) data.
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VENEZIANO AMPLITUDES FOR XN SCATTERING

We begin by requiring of our amplitudes the following properties :

a) crossing symmetry under s.&—> U3
b) Regge asymptotic behaviour for t or u fixed;

c) simple poles at points corresponding to resonances on Regge

trajectories;

d) they satisfy FESR 6) in all channels.

In the t channel we take into account the (f’,AZ) trajectories
which are required to be exchange degenerate (EXD) and the (a),P') trajecto-
ries which are also required to be EXD. Since the TTL Veneziano formula

forced the _f and P' trajectories to be EXD 7), we assume

Kplt) = Oy(D= X, = XGlt) = X(z)

In the u channel the Yz and Y, trajectories, each of which we take

1
to be EXD 4), are taken into account. Also following Schmid 4 , we assume the

absence of the particle with jI)=%f on the leading YT trajectory.

We then obtain the following representations for the usual invariant
amplitudes A and B :

@) (2)
B (stw)= Z/QI”B(/ (), ~—o(r(s))+Z I’B(/-oéé@f-o(ﬁ(s))
I=p =p
(1)
= ‘—'Eiﬁp(u;z:‘s))
b 28
Bien(st0)= Z ""5(/ ~0rtd), & ~ o4y ()
I=0
= —-'kan(u)t}S) (2)

where B(X,Y) = [ (x)[7(¥)/[(x+¥), »
By f L
A ,,(sz‘t() Z I C(J-04@), ——Q’TJ(S)—}- 22 B(1—o4lt), 5 o(,;(s))

LJ=0

= Ak’,b(“/f/ S.), (3)
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where C(X,Y) = ]"(X)/"'(Y)/[’(X+Y-1).

In Eqs. (1) to (4) the indices I and J denote the isospin in the
t channel and (s u) channels, respectively. In (3) the term
XB(1 X(t), 53— Q/ ( )), which gives AK_p(s,t,u) a pole at s=m‘{21 , must
vanish in the SU(S) limit. This implies that J’o is proportional to
(mA -m) which is shown in Section 3. It is also worth noting that this term

is of leading order for s—-®, u fixed, but not for s-a, t fixed.

We can reduce the number of independent constants to five, since the

isospin identification for bosons gives the four relations :

+ 3 0
m) ’%) 3 R=12 (5)
e

(k)

w — P = O

among the nine constants §§) and J;.

3. ELASTIC WIDTHS

The model provides a definite parametrization for the elastic widths
of the Y* resonances. For simplicity we confine our discussion to the B
emplitude in K p scattering. Expanding Eq. (1) as a sum of poles and using

the narrow width approximation we cbtain

InBg(st)= 3 G S ) (I L) 55—t fmt d—4,})

Isc " %=0
;ﬂu Z (0(1(1")"1""‘)5(5 2‘- 'h+-—/é}) ©

*
where ajy a4 are the slopes of the Yz, Y1 trajectories, respectively.
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On the other hand

_ A
InBy(sH= )"+ G|, 8055 5T iRl
2t

L,T

~ {8 +m) = m } 5/(211)] v

_1 _ el « -~ .
where C =3 for J=0 or 1. ri(i’ S g and Qg ore the K p elastic

widths, (mass)2 and the centre-of-mass momentum of the resonance of total an-
gular momentum j=‘[i%3 z'[+_=1+t/2q?[+. At the energy corresponding to a

=+ = *
resonance [énd taking the appropriate parity ] we equate the leading powers

of t, obtaining

digamfnt MOTY By =384

< [,{7- % -zl+1 (2 691'1 - %4, (8)
for the Y? trajectory, and
© R
FJ (J:S’;; "Wl)z-mf M[/+I)I7/+.L) _ 9o T //)
2 Lt (9)

o et T4

for the Y:(. trajectory. The function M(JZ) is defined by I},‘(z):M([)Z’(—1+...
and a 1is the slope of the boson trajectories. Thus our model predicts that
the expressions on the left-hand sides of Egs. (8) and (9) are constants. We

assume a Chew-Frautschi plot for the Y* trajectcries

X (9= — 067 + 095,
Xy (= —033 1 2955,

* * *
) In our convention the YO resonanccs have masses ,/s::—mo and the Y

resonances ‘]s:=m1, because we followed the convention of always deal-

ing with the _[ = J-+ amplitude.
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We also assume the same slope for the boson trajectory . Using the experi-
mental values of ]:;1 for K—p listed in the Rosenfeld tables 9), we give
the values of the left-hand sides of Eas. (8) and (9) in Table I. For conve-
nience, we also give the values corresponding to a=1 GeV_2 in Table II. As
can be seen, they are approximately constant, significantly so in view of the

large variations of the elastic widths.

Our model appears to predict parity doubling of all resonances on the
Y* trajectories. Since the parity partners of the /1(%*,1115), jﬁ(%7,1520)
on the Yg trajectory and the 2;(%*,1385) on the Y: trajectory are not
found in nature, we eliminate them. This is done by imposing the condition
that the residue of

fu =4 dicat){ f tet) + L. Py (58}

vanishes when JE. takes the value corresponding to the resonance we want to
kill. f1 and f2 are defined in terms of A and B in the conventional
way. For the three resonances mentioned above we get the equations

1 @)
b = —(WA—M)Z,BIO 5 (10)
I=0

1 1
) 2
IZO B = (1520~ m);ﬂm , .
1 1
2)
;/811 - (1.3?\;'— ’Wl)g,ﬁn ' | (12)

We point out here that both sides of Eq. (11) are equal to
g 2
—_ —41-»‘?7[26Q)((nZ|-—-4f£)
d .
The residues of the parity partners of higher recurrences turn out to be

negative. This difficulty can be circumvented 10 by adding a satellite of
the form X}C(Z—c((t),%~c(y$s)) to the B amplitude, where

*)

See I, or S. Mandelstam, Phys.Rev.Letters 21, 1724 (1968).
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L~ jf;Z (13)

The effect of this additional term is small.

The Veneziano constants calculated from the elastic widths and Egs. (10),
(11) and (12) are listed in Table I for a=0.95 Gev 2 (in Table II we give

the constants for a=1 C-eV-'2 for convenience).

Our model also gives a value for the jﬂ coupling comnstant. Taking
8=0.95 (1.0)GeV ° we find

* +33 +3
—gi_ 1.3 a5 (m‘ﬂ -2 ) (14)

This should be compared with the dispersion relation calculations 1) Dkim:

13.5%2.1, Zovko : 6.8%2.9, Martin-Pocle : 4.6i1.j].

ASYMPTOTIC BEHAVIOUR

4.1 TForward scattering

By taking the limit s—w, t fixed, we may extract the Regge ampli-

tudes Bf ’ Af ’ BA2’ AAZ, etc., from the relation

+ - B
B/L - 7 (Bk”,b T Bn*/a “Bk‘n Bk*n
and the severn other similar relations. The asymptotic forms of B and

/ Yt Yim
= A
A=A Tt

the non-helicity flip amplitude 2), turn out to be

&) -1
Bby= - A solxo] (15)



B s,t) = same as in (1 with g - - .
A2(a) same as in (15), wi f §A2

@
F(o«z‘)) fa” = Ay (s‘m -7)

' ~o 3 ]
Ay (s,t) = same as in (16), with §f—> ‘}AZ-

2
Similar expressions hold for Au), By A%,, BP" Here j;(t)

is the signature factor .
— (X

_ 1+ TE
5= InTX

Comparing these results with those of I, we see that the ratio

ch+———?-”——

2
55,( 49m
for both TN and KN scattering where R= jD or P'. Therefore factor-

ization is automatically satisfied for all t once the constants are fixed

equal. Preliminary fits to the TN and KN CEX data indicate that this

equality is consistent with experiment for the case of the f’

Using the above parametrization for the ‘f and A2 residue functions,
we have fitted the K_p CEX scattering data 13). Since our model does not
include the Pomeranchuk it does not give a definite parametrization for elastic
scattering. The CEX fits are show? ﬁn the Flgure. We stress that our fits
1 \

f311 . The slopes of all the

have only two free parameters 11
trajectories were fixed at 0.95 GeV “. The fit shown corresponds to

2

L= 095G, f)= -3ombGd, 0= ~tosmb. )

Here total cross—-section data and factorization wefe used to fix the signs.
Because of large error bars in the data, these numbers are not very well fixed,
but even so the wvalues of the /g's shown and those obtained in Section %
from the low energy data are in reasonable agreement. Another encouraging
feature is the fact that Veneziano residues seem to be capable of reproducing
the t dependence of the differential cross-section, which is usually para-

metrized by exponentials.

Our model implies that the Kp and K'n CEX differential cross-

sections are identical. There is very little data on the latter reaction but

what there is is consistent with this conclusion 14).



4.2 Backward scattering

Taking the limit s—-®, u fixed, we find that the u channel ampli-

tudes for K+p backward scattering is parametrized by

JCI"=" Ectm fr,(ﬁ) 2
1

-1
(J&,S):: SO(Y' A

o T(+wy,) Gomy, e

where

);3(\n2f , y 1 @ 067“’}é
7 Z:Brv("(n’zl‘)"m'm")g'&” « (19)

We have used Eq. (10) to eliminate &ﬁo. Note that the effect of the parity
partner of the jﬁ which has Ju = L is automatically zero. Also

u= E+m J‘UR) 2 oy —
£ s = X 5%k
0 () Y T(4404) casmol,

(20)

where

-

1

— @ 1

Iy, (1) = ”‘Zﬁn (g~
I=0

Here 0((\fa) and JT JG) denote the Y* trajectory and residue functions

respectively. As can easily be seen, f}u=o’1( Ju,s) are both smoothly vary-
ing functions of Ju because of exchange degeneracy and thus we predict no

dip at wrong signature nonsense points. Using values of the /Sgﬁ) from
Section 3 (see Table I), we find that

+ /59 -1
hr=o)=— (228 2 ") G~ o
+0./2

-1
Jn(ﬁ=0)= g1 0,05 G’-QV (23)

.
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Thus, because of the smooth variation of the functions, we predict that
the Yz dominates backward scattering. This justifies Barger's assumption 5)
Also the value obtained in (23) for. I; ( JG:O) can be compared with the
value Barger obtained from an analysis ofobackward scattering which was
| IYO( Ju=0)| ~ 12.2 GeV ', The preliminary analysis 16) op K'p  backward

scattering within this formulation is also encouraging.

CONCLUSIONS

In conclusion, the Veneziano constants obtained from elastic widths of
Y* in Table I,

2 + 27,3 +24 1
B¥= 941 wh B = (s g_“)fmj,

0 YT )
/9(1) 477 -:/;37 Mb@zv /3”“): __(3%6‘1-10‘1‘)%@]’/

should be compared with those obtained from the Kfp CEX scattering in Eq. (17),

Bl =—botmb , B, = —300 m GV

1 1

For convenience, we also list the values cof ég) and 7é2) éé) obtained for
5

the P' parameters from FESR under the Harari assumption :

/9 (-7-} 4 0 m b Ig”(i) ~ ] »2‘ A’Vé W

These values, obtained from different approaches, are in qualitative agreement.
As was discussed in Section 4.2, these values are also consistent with the

backward K+p scattering.

In view of the qualitative agreement with experiment of a wide variety
of predictions, we consider that this simple form in terms of only a few number
of parameters for KN scattering is a reasonable approximation to nature, both

at low and high energies.

However, there is still freedom to add non-leading Veneziano terms
which affect the elastic widtks of many daughters. Such a term could be a

leading term either in the + channel or in the u channel.

More accurate experiments would obviously shed light on bounds of

secondary Venezianc terms.



ACKNOWLEDGEMENTS

It is a pleasure to thank Dr. M. Jacob for discussions and reading of
the manuscript. The authors are also thankful to Professor L. Van Hove,
Dr. C. Liovelace and Dr. C. Schmid for comments, and to Professor W. Thirring
and Professor J. Prentki for the hospitality extended to them in the CERN
Theoretical Study Division.



'8 L.yl = b €6 - ., - 00
Ko qu  (§.5 L vUrE) E%s pep au T2 LY Cv%\
G 8L~ urpy_ . Ll 9°6l- .., _ 00
qu A_‘CQN+ 8 Omwv ANV qur e )ot L°V6 Amv %
06e - . . _ .
620~ e 002~ | .npo
Ggro+ °8°F Lgz+ 706
aNTBA 98BIOAY anTBA 93BIOAY
. 2 . Z
ve-¢ ¢ 0L %9 +£ +] AomoSN G 8L cOb X1 | ¥ ) Aoo&&\
. . ¢—0LX 4 cel = - ¢-01x z
1570708°C [ o fr |« | < (0LL1)YK || sL <L o0°col (ofarcony| € | +c (ss)Y
9 femi T e ¢-0LX S
W LE (e || eeiFotes (Lforo-c )| 2 | (ozs1)/
(wv/ Y2)e e Guny
19D G60=% 18D G6°0=® |
- : 9se) A>mwv d X N\ . ¢ : 98B ﬁ.>owv d 3 N\ P
(6) -bg +) + d (8) -ba -7 - d
Jo ‘*s°y-°I *od HmL Jo syt 10d EL
£xo0q008 eIy ww Lxoq08leay MM
I g99vd




Y8 - .\ Ll . 0°9 = . _ 00
hop am (5.0, e82) A_vmw\ A9 AW 5014 8725 T () &
CTCl= LN bl L*Gl= L., _ 00
" Ao.oN+ vrel) (2) W gege+ 9708 (2)
N'
o 0= (W 13
69°0= | .o eVl g
@—.._‘+ #.MN.T
an[es asfeaoAy anyeA o8BISAY
90z (0L X9 £ L8 (og0e)K ¢*G9 coLxiz | v S (o0e)
LG *079¢ °¢ ¢-obx 2 ¢ (o)X || zveizeie -0k ¢ ¢ (Y
(8£*¢3Gzge) | + -G + ( G%¢xer9e) | - +§
Z g - —0lx Z
4t 4 Amwmvvmw 8°L1¥9°¢8 AppmoMm.m ) 2 - (0za1) 1/
(Uy/ %)e L g Gy
z - +1
ARD L = ® AeD | =®
c- : esw) (a®p) d x ¢ : osw) (aep) d ¥
(6) b IOJ +\M~. +N\ i (8) -ba IoJ 1~.|L IN It
Jo  *sy-t 12 Jo *s°yU°T 1o
£xogoeleay wuy Lxogoaleay MM

II UTdVdL



2)

3)

4)

5)

6)

9)

10)

11)

12)

13)

14)

15)

16)

-13 -

REFERENCES

G. Veneziano, Nuovo Cimento 574, 190 (1968).
K. Igi, Phys.Letters 28B, 330 (1968) — hereafter referred to as I.

See Ref. 10) of I, or M.A. Virasoro, University of Wisconsin preprint
€00-209 (1968).

C. Schmid, CERN preprint TH.960 (1968).

The Pomeranchuk contribution can be added later in the sense of Harari;
see H. Harari, Phys.Rev.Letters 26, 1395 (1968) and
F.J. Gilman, H. Harari and Y. Zarmi, Phys.Rev.Letters 21, 323 (1968).

See K. Igi and S. Matsuda, Proceedings of Topical Conference on High
Energy Collisions of Hadrons, CERN (1968), p.441.

C. Lovelace, Phys.Letters 28B, 265 (1968).

See, for instance, G.F. Chew, M.L. Goldberger, F.E. Low and Y. Nambu,
Phys.Rev. 106, 1337 (1957): or

S. Matsuda and K. Igi, Phys.Rev.Letters 19, 928 (1967); (E)(20), 781 (1968).

Rosenfeld Table, UCRL-803%0, August (1968).

The authors are thankful to Dr. C. Lovelace for commenting on this point.

See, C. Lovelace, Regge fits with Veneziano residues (in preparation).

N. Queen, M. Restignoli and G. Violini, Fortsch.Phys. (to be published),
give references to the original calculations.

R.J.N. Phillips and W. Rarita, Phys.Rev. 139, B1336 (1965).

P. Astbury, G. Brautti, G. Finocchiaro, A. Michelini, K. Terwilliger,
D. Websdale, C.H. West, P. Zanella, W. Beusch, W. Fischer, B. Gobbi,
M. Pepin and E. Polgar, Phys.Letters 23, 396 (1966).

D.B. Cli?e, J.F. Penn and D.D. Reeder, University of Wisconsin preprint
(1968).

V. Barger, University of Wisconsin preprint C00-206 (1968).

K.P. Pretzl, private communication. He has obtained the best ;1,2 values

@y -1 nd 2 — -2
| 3.82|= 300 G ,Z/s’l 330 G/




- 14 -

These values should be compared with the following values calculated

from Table I,

FAl=ams 1 G
I

2

D pa= 831 17 GI*

FIGURE CAPTION

The K p —» K°n differ?n§1a1 cross-section ffo? Ref. 13) compared
. 1 2
to our model with /911 = =30 mb GeV, /311 = -60.4 mb.
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ERRATA AND ADDENDA

Lo (2= (1), 8-y, ().

1) In Eq. (1), add the term —75.1
2
In Eq. (2), add the term —7-?__,1 C (2—0(1(1;), %—O(Y1(s)).

2) 1In Egy. (6), add the term
o (4 +m- 1 3 _
ER) e T
a.l M=o %

3) Eq. (9) should read

L ([ tm)-mS TUMUY) 5:»:5)7“ lguw

‘?’E 41 1 2 (92)
' 72 (2a)! T2,
L (5, -m) =g M) _ L
.2&. * ;1*3 (‘24) 724, . (9b)
f.

4) Eq. (12) should read i: 8) = (1.385+m) f1.

I=0

5) Eq. (21) should read

ol -
Tn(m)_—. - ‘éﬁ(“n‘.%)rz [+ 4 3?!] A’




6) Eg. (22) should read

-1
I Wi=0) = — (224 TS G

— /38

Eqg. (23) should read

-1
L (m=g= — (217, )GV

_/|3

7) The values of the Veneziano constants obtained in the beginning

of Secticn 5, p. 9, should be replaced by

GQ +H£‘ (f) +34
(800 = 43 - 92 b ) [u = - (775' -2&)”5
1)

u
,500 = 3¢ i;j ""[’Gﬂ[/; ﬁ“):: —(7-7 *_’;)MAG&V
=~ (s ) o

=1/l

Therefore, the agreement between these values and those obtained

from forward scattering becomes better.



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

