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ABSTRACT 

The differential cross sections fqr pion photoproduction have 

been examined alongvlith those for pn ~ np and pp ~ nn scattering. 

It is found that an r.f = 1 pion parity doublet fit is consistent with 

both sets of data if a full dynamical zero in the NNn: vertex function 

is hypothesized. If a square-root-type dynamical zero is postulated, 

some problems 1'lith consistency between fits arise. In the former case, 

the zero is at 2 
to ;:::: -0.05 GeV • In both fits the M = 0 

and B trajectories are introduced. 

TIle possibility of an M = 1 parity doublet type conspiracy 

for the B trajectory has also be~n investigated qualitatively. This 

assignment is suggested by a B trajectory photoproduction finite 

energy sum rule and by consistency requirements between phenomenological 

fi ts and the Bietti-Iby'::Chu pion photoproduction sum rule which predicts 

to ~ -0.03· Gev2 •· Additi~nal experimental tests for an M = 1 B 

trajectory are l,)yo}:0sed. 
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INTRODUCTION 

It has been known for some time that the differential cross 

sections for positive pion photoproductionl show a marked forward peak 

very close to t = 0, similar to the peak found in np charge exchange, 

wi th a width close to 2 
J..l. A number of people have conjectured that 

an M = 1 type conspiracy involving a pion parity doublet would prove 

to be succe s sful, as it Ifas in np charge exchange, 
2 

and preliminary 

fits have been mad~ for small t. 3 We give an account here of' a more 

detailed fit of photoproduction data from 2.6 to 16 GeV and t ranging 

. 2' 
up to -0.5 GeV. We find that the ,M = 1 parity doublet (the pion n 

and its parity doublet partner n') provides'a satisfactory explana-

tion of the data if the p, A2 , and Btrajectories are also 

included (as they were in Ref. 2). These latter trajectories are all 

assumed to be M = 0 trajectories with the BNN residue vanishing at 

t = O. (The B parent trajectory is completely neglected here, i.e.~ 

we assume it decouples completely from the NN and ,),n channels). 

The only other known meson trajectory that could be exchanged here is 

the Al trajectory. Although the ~ trajectory (with an M = 0 

assignment) seems ,necessary to fit certain resonance production data,4 

we do not include it here. Thus the fits here are consistent with the 

assumption of zero (or small) couplings. 

The question of the order of the zero in the pion residue function 

is also inyestigated (this dynamical zero is denoted here by to)' We 
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find that the assumption of a full zero in the vertex function is 

preferred over that of a square-root type zero in the above model. 

Constraints involving factorization have been imposed from previous 

fits,5 and a fit assuming the existence of a double zero in the pion 

NN ~ NN . residue function has been carried out for the reactions 

np ~pn and pp ~ nn. 

rather than 

assumed. 

This double zero occurs around 
2 

t ~ -2·5 J-l o 

as is the case if a single zero, is 

We have also qualitatively investigated the possibility that 

the B trajectory is an· M = 1 rather than an M = 0 object. For 

some time people have speculated about the possibility of the B 

trajectory conspiring with an as yet unknown trajectory, usually 

. 6 
denoted by p', from certain high energy data,. Here we find evidence 

from two sources that this may be the case. The first is a photopro-

ductioil sum rule for the B trajectory, similar to the Bietti-Roy-Chu 

sum rule for the pion trajectory.7 It was found that there was evidence 

fr,om this sum rule for a conspiring pion with a zero in the pion residue 

at to ~ -1.5 1/' qualitatively (hut not exactly) consistent with 

phenomenological fits of the data. We perform a similar calculation 

using the small photoproduction isoscalar amplitudes for the B trajec-

tory and find similar results ; the B residue is small and nonvanishing 

att = 0 with a zero displaced by about 2 
-5 J-l • The second source 

comes from the pion photoproduction and NN data, relying on the Regge 

fits. The small M = 1 B amplitude suggested by the sum :rule seems 

'" 

• 
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inconsistent with the large M = 0 B amplitude found in the fit. 

Further, if one demands consistency of the position of the zero in the 

pion residue function found in these fits with the Bietti-Roy-Chu sum 

rule, an M = 1 B trajectory is preferred over M = O. Experimental 

tests involving pp --7 nn, yn --7 rr -p, and rrN --7 wN* reactions at small 

t are proposed to make a quantitative determination possible. 

In Section 1. we' give a brief account of the pion photoproduction 

formal.ism. In Section II we describe the data and the fits. Section III 

describes the photoproductionB sum rule. Section IV is concerned 

with qualitative remarks designed to support an M = 1 assignment for 

the B trajectory. The Appendix contains some remarks about 

photoproduction kinematics and conspiracies. 

I 
I 
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I. FORMALISM FOR PION PHOTOPRODUCTION 

We define our sand t channels as 

s: )'+N~T(+N 

t: )'+T(~N+N 

We next define t-channelparity-conserving kinematic-singularity-

free helici ty amplitudes by the formulas: 

where 

F t 
1 

Ft 
2 

F t 
3 

F t 
4 

1 

,1 

t ' t 
(f + f ' ) 

++,1, --,1 
1 

2 ' 
t - ~ 

1 

(t)2 
t 

,2' 
- ~ 

:~~, ~D -(-t -, --'-' -~-::-2-)~-t-'::'-4m-2;"")~~-' 
t 2 2 

Zt =(s + '2 -m - }-)/2k:p v/2k:p, k 
2 

t - 11 
I " 

2(t)2 

(1) 

1 2 10. 
.p == '2(t - 4m )~. 

The pion contributes to F 2 t only while sense-nonsense coupled triplet 

states contribute only to Flt. F3t and F4
t

, in leading order are 

, composed of nonsense-Donsense coupled triplet amplitudes and uncoupled 

triplet a.m:plitudes respectively. 

Ii 

,". 
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The Reggei za tion of the parity conserving amplitude s yields 

F t 
1 

F t 
2 

. t 
F3 

F t 
4 

L 
i 

L 
i 

[ 
i 

-ina. ) (1 + ai)(l.± e . 1 

---";'2"'--~' ---~ rsR
i 

( t) G
SR

i 
( t ) 

. S1.n :n:ai 

(1 + a. )(1 + -ina. ) . a.-l e 1 

rori(t) 
1. -

G 1.(t)(L)l 2 sin na. . or Vo ' 1. 

(1 + a. )(1 + -ina. ) e 1. 

[ai 
- i i 1 

2 sin na. 'NR(t) GNR (t) 
1 

_ l:.(a. _ 1) t - f-L2 - i(t) G i (t)jCL )ai -
l 

v 1. t 'NR NR v ' o 

where va ~ 1 GeV
2

. 

(2 ) 

The residue functions y .. (t) have been given labels descrip-
1.J 

tive of the vertices. We label the singlet, uncoupled triplet, sense 

coupled triplet, and nonsense coupled triplet Nix vertices by 

0, 1, S, N, and the regular 
.J 
[p ;" (-1) ] [p __ (_l)J+l.J. and irregular 

,nX vertices by Rand r. The residues may contain powers of a 

or t depending on the ghost-killing mechanisms and t= 0 coupling 
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schemes7'S and are denoted by G .. (t) (Table I). The connection of the 
lJ 

y .. with factorizable residues (3, .• is given in Table I. 
lJ . lJ 

The cross section in the schannel in terms of helicity 

amplitudes is given by 

(3a) 

or in terms of the parity-conserving amplitudes, 

da( -2 ;?;89 S 
d t I-l b Ge V ) = '/'2 2 

41((s ...; m ) 

+ 4zt~4m - t)/-t):2(I-l-.t) Re(F
3

. F4 ) ..• 
. Ii 2 . 1 2 . 2 t*· t} 

(3b) 

At t = 0 we get the additional constraint arising from the 

required analyticity properties of the amplitudes, 

2 t = I-l F3 (s, 0) . 

Notice that this constraint removes the apparent singularity in da 
dt 

(4a) 

at t = O. In terms of the M = 1 parity doublet conspiracy between 

the and Jl' 

functions - IT 

lOT 

we obtain the following relation between the residue 

" 
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(4b) 

Moreover, -the first daughter one -unit below the parity doublet 

d - 2 , I 
must have a singular residue '7n (t) cr. - ~ 'lNR:n: (t)_t-.o that is 

correlated with the -rt' residue to avoid a singularity of lit in 

t - -
F4 (0). Indeed, this condition is the result of the pseudothreshold 

relation found by Ball, Frazer, arid Jacob3 for the use of unequal-mass 

baryons (see ApIlendix) . 

The gauge invariance relation giving the pion-nucleon coupling 

constant for -:n: + photoproduction is 

lim (t - r/) [f t _ 1 (s , t) - f t 1 ( s, t) ] 
2 ++, --, 

t-. [1 

2 
- [1 eg. (sa) 

-0 

Hence we obtain the connection between g
L /4n and for 

n+ photoproduction: 

2 
g 14n 

. - n(- 2) 
where )'01 [1 

b 2 
n[1 

a e (see Table II). The relation 5a also 
n 

requires a factor of (t 2 [1) in the Bresidue; otherwise the B 

would contribute to the pion pole. 

The constraint arising from factorization on the n' residue 

function from nucleon-nucleon fits is given by-
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'(y rr;yrr') := (rrr12' /(a«,)~ r~~)NN fl"t ' SR NR photoproduction H-- (6) 

where and are the same functions listed in Table II of 

Ref. 2. 

Finally we remark on an amusing connection between the cross 

section calculated from the gauge-invariant Born term and that calculated by 

using the M = 1 rr-n' conspiracy, as suming Namely, for 

small t and large s the Regge contribution is equivalent'to the 

Born approximation. Satisfying the norrruHization condition and the 

" ( ) ~ eg (,' I 2) consplracy condition with the residues, ~rr t ~ ~ 1 + t/~ 

~rrr(t) ~ ~g , one obtains 

389·5 
2 2 411(S - m ) 

22 
e g 
1+ 

(1 + t/f/)2 

(1 - t/j.l2) 2 , 

+ 

( dO") , 
= dt . 

Born 

and 

., 
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II. THE DATA AND FITS FOR + /,p -7 n: p, np -7 pn, 

AND pp -7 nn SCATTERING 

A. The Data 

Thephotoproduction data usedl were positive pion photoproduction 

data at 2.6, 2.7, 3.4,3.7, 5, 8, 11, and 16 GeV/c lab momentum. 

Reliable high energy negative pion photoproduction data are scarce; we 

used only one point at 3.4 GeV/c, 
2 t = -0.37 GeV as a constraint. 

We have included data up to t = -0.5 GeV
2, consistent with the NN 

fits. ·We have included the possibility of systematic errors quoted by 

the experimentalists on the order of ±5%. In all, 62 photoproduction 

data points were used . 

The np -7 pn and PlY -7 nn data were described in Ref. (2). 

In.all, 74 data points were used. 

B. Parameterization of the Pion Photoproduction Fit 

The most important part of the parameterization of the pion 

residue function is the zero at to. If one makes the assumption that 

the zero in the NN -7 NN pion residue is a single zero (Le. a square 

root type zero in the NNn: vertex), then the square root zero must 

propagate throughout all vertex functions of the form XYn:. If, however, 

we assume that there is a full zero in the NNn: vertex and thus a 

double zero in the NN -7 NN pion residue, only reactions involving NN 

need have the zero. (Of course there is nothing to prevent any other 
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XYrr vertex function from having such a zero, but it is then not 

required to be in any specffic place.) While the origin and full 

content of the zero is not well understood, it seems to have some 

connections with' PCAC,8 and recent work of Toller9 indicates that 

the hypothesis of a full zero in the NNn vertex function is preferred 

over that of a square-root typ~ zero from group theoretic grounds. 

Since earlier fits to NN scattering assumed the square root type 

vertex zero, we have fit the NN data with the full NNrr vertex 

function zero hypothesis and find that the zero is then required to 

be at around rather than at 2 
-1-1 The photoproduction 

pion reSidue function has a single zero in any case (we assume nothing 

about the ),nrr vertex in the full vertex zero case). We find that 

consistent fits to all data can be obtained with the full vertex zero 

hypothesis but that some discrepancy exists between the values of 
2 . 

g /4rr obtained in the' NN and photoproduction fits if the square root 

vertex zero is assumed. 

The parameterization of all trajectories and residue functions 
. 0 ~ 

was made consistent with meson-nucleon and nucleon-nucleon fits.L,/ 

The rr, n', p, and A2 trajectories were considered fixed and the 

B trajectory slope-was assumed unknown. Factorization from meson-

nucleon fits constrained the p and A2 ' residues, which were taken 

to have the Chew and Gell-Mann ghost-killing mechanisms at a= 0, 

respectively. Thus this fit violates p - A2 exchange degeneracy in 

this respect. The t 
IT was made to choose nonsense at 0: = 0, and its 
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residues were constrained through factorization with the NN fit and 

the conspiracy equation. Altogether three couplings 

five exponentials, one trajectory (B) slope, and the zero to were 

used as variables. In addition, the 2.6, 5, 8, 11, and 16 GeV/c data 

were allowed to have systematic errors of less than ±7%. 

C. The Fits 

Photoproduction fits for both cases of a full vertex zero and a 

square root type vertex zero were obtained .. The parameters obtained 

in the former case are listed in Table II. The amplitudes are 

pictured in Figs. 1 and 2, and the fit itself is pictured in Figs. 3 

and 4. Although little effort has been made to test the nonuniqueness 

of the fits, it is probably true that they are not unique, so that 

these parameters should not be regarded quantitatively too seriously. 

We note in passing that the small p amplitudes found here seem 

consistent with the result of small )'n:p coupling found in photo-

production dispersion relation calculations. 

A fit to the np-pn and pp-nn data was obtained with the 

assumption of a full NNn: vertex zero, and these parameters are also 

presented in Table II. The notation used is that of Ref. (2). Fits 

with the square root zero at various locations were also obtained, and 

will be discussed below . 

The best photoproduction fit for the square root vertex zero 

2 
case "Tas obtained with X = 73 for 62 points and a value of 
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2 • . . . 2 g /4 rr = 16.S, ln some disagreeme.nt with the value of g /4rr = 13 

obtained in the NN fit for this value of -0.027). Fits 

wi th larger values of to tend to decrease for photoproduction 

faster than 
2 . 

g /4n for NN scattering, so that the farther out we 

move to the closer we come to consistency. However, for to 

vre obt~in' g2/4rr = lS and 11.7, respectively, for yp . and NN 

scattering; we cannot move to farther out and retain an acceptable 

value of ·2 
g 14rr for NN scattering. On the other hand, moving the 

zero in to to = -O.OlS only raises 
2 

g /4rr to lS.7 in NN 

scattering. ·Thus some inconsistency seems to exist. This discrepancy 

may, however, not be serious, since we cannot be sure that there are no 

other M = 1 . conspiring parity doublets (e.g, B - p'). If there 

were, one could put a zero at some t < 0 
B 

into the B residue 

function, and the data could then be fit with a wide range of values 

for to since the coupling of the pion would then no longer be 

constrained at t = O. We discuss this point more fully in Section IV. 

The best photoproduction fit for the full vertex zero case 

was obtained with X
2 

= 66 for 62 points (not significantly different 

from the previous case). With a value of to = -O.OS, nearly equal 

values of 2 
g /4 rr = lS.4 and 14.7 were obtained for photoproduction 

and NN scattering respectively. Thus problems of consistency do not 

seem to arise if the zero is assumed to be a full vertex zero. 

The value of the rr- /T(+ cross section ratio at 3.41 GeV / c, 
I) 

t -0.37GeV'- is measured to be 0.73/2.1 =:: 0.35. We obtain 
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cr(n-)/cr(n+) = 0.87/1.5 = 0.57 for both types of zeros, giving a 

'2 total X of about 3 for the n and n+ cross sections in each 

case. 

The photoproduction data can be fit well only out to about 

2 t = -0.5 GeV with the models assumed here. Past this point, the 

data show a break which we do not quantitatively reproduce. This 

break may be related to the structure in the pp ~nn cross sections 

past t = -0.5 which the NN fits could not quantitatively describe. 

It is possible that the inclusion of other trajectories (e.g., an 

M = 1 p' or some amount of Al ) could be used to affect quantitative 

reproduction of the data . 
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III. THE B TRAJECTORY PHOTOPRODUCTION SUM RULE 

We begin by writing the sum rule, a :positive moment sum rule 

for the even v part of the t-channel photoproduction amplitude which 

contains the B (but not the rt) trajectory. This t-channel amplitude 

is proportional to the photon isoscalar amplitude which in CGLN10 

notation is (we use CGLNfs v in this section) 

r(v, t) _ Al (0 ) (v, t) + t A2 (0 ) (v, t) 

The sum rule is then, 

1 o -
2 

-() eg t + fJ. v 1m A v,tdv + vB 4M 2 
t - fJ. 

where YorBCt) is the same residue used in the photoproduction fit, 

2 
fJ. - t, 4Mv = s - u, 

and 

R(t) = 

(X -1· . l 
2 (1 ) (2 ) t/1I2(2m) B /( .389)2 (XB + (XB + (XB t-" 

We evaluate A(v, t) by writing its multipole expansion formally as 

(8) 

A(v, t) \' 'PZ ( t) eg t + fJ.2( 1 + 1) (10) L i v, + 4M t· 2 -v + VB v + VB . ' 
i - fJ. • 
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where the multipole sum has the (real) Born term explicitly removed. 

The sum .~ ~i(v, t) is given in CGLN through the multipole expansion 

i 

of 1- (0) 
i 

where 

(wt :" Mt.t 2 ) tf3 ( 0 ) (v, t) 4n + - -------~----........ 
q (W - My2[(M + E

2
)(M + E

l
) J~ 

The final form of the sum rule is thus 

(11) 

1 
+ -

rr 

CXB+l 
\4» . 1 B N 

v 1m L 'ri (v,t)dv ==;YOl (t)R(t) "";'CX-B-+--:"'"l 

i 

(12) 

We use the parameterization of the multipoles given by Walker
ll 

to evaluate the sum L »?i (v, t). This parameterization utilizes 

i 

six resonances and a number of nonresonant parts, which are generally 

small. 
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The results of the calculation are presented in Table III; 

and the integrands' of both the Bietti-Roy-Chu and the B - meson sum 

rules at t = 0 are plotted in Fig. 5. 

It is seen that the B residue is finite at t ='0 and has a 

zero at 't <:v - 2 '--~J..l • B 
The implication is that the B trajectory is an 

M = 1 trajectory, conspiring with an as yet unknown trajectory usually 

denoted as pf. Before turning to the relevance of this to scattering 

data, we remark that the form found for the B residue suggests an 

analogy with the pion residue function and perhaps suggests some 

correlation between the two trajectories in the sense of exchange 

degeneracy. If the B trajectory were to pass through the B meson 

and through zero att = 0 the slope a f 

B 
would be 0.7, which is 

riot unreasonable. 

We comment next on the reliability of the positive moment sum 

rule. First, we note a deficiency of the B sum rule that the 

corresponding pion sum rule does not possess. First the Born term 

2 here is depressed by a factor (t - J..l) relative to the pion sum rule 

so that the inherent stability of the pion sum rule due to a large 

Born term is lost. Secondly, the small isoscalar amplitude is 

presumably not too reliably determined, as it involves cancellation 

of large and nearly equal resonant amplitudes forft+ and n photo-

production. Thus, if there were important isoscalar resonant contribu-

. tions at k > 1. 2 GeV Ic the sum rule would be, inaccurate. We remark, 

however, that the integrand is positive over the whole region 

\I 

., 
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k ~ 0.2 to 1.2 GeV/c; hence to reverse the sign of the integral (thus 

making the B an M::;: o trajectory), one would need to undo the 

total effect of the fj.rst six resonances. Since we are working with a 

positive moment sum rule, this is not inconceivable. However, the 

convergence of the integral over the first six resonances is good even 

with the positive moment, so the sum rule as it presently stands 

converges well. Notice that the "duality concept" as advanced by 

12 . 
Schmid and Chew, whereby dominant Regge trajectories provide a semi-

local average to the energy dependence of the imaginary part of the 

amplitude at low energies in the resonant region, does not appear to 
.,' 

hold in this energy region,as the contribution of the first six 

resonances to theB sum rule integrand produces only a wide positive 

bump over the whole region of integration. In fact, the Bietti-Roy-Chu 

sum rule integrand is even worse, being purely positive at momenta 

0.2 < k <. 0.7 GeV/c and negative for 0.7< k < 1.2 GeV/c (see 

Fig. 5). Thusphotoproduction amplitudes at these energies seem to 

violate the Schmid "duality concept,,, though there is no reason why it 

should not be valid over a larger energy region. Finally we remark on 

the zero in the B residue indicated by the sum rule. The zero is 

caused by cancellation of the Born term that rapidly increases in t with 

the nearly constant integral. If we double the integral, the zero 

moves outward to t B ::;: -0.14; if we cut the integral in half the zero 

moves in to t
B

::;: -0.06. Since we cannot reliably estimate the errors 

on the integral, we cannot really be sure that the zero is not in fact 

at t3 == 0 (thus indicating art M::;: 0 B trajectory). 
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We have also investigated the possibility of evaluating the 

rt and B residues using ordinary cutoff dispersion relations. The 

results are only roughly in agreement with the unsubtracted sum rules, 

yielding M - 1 rt and B residues without any zeros and with 

magnitudes at t o larger than those of the FESR by an order of 

magnitude. Hm·rever, the cutoff dispersion relation is satisfied very 

nearly by the Born term and roughly by the resonances, so that the 

calculation of the Regge term is inherently inaccurate. 
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IV. IMPLICATIONS FOR SCATTERING DATA AND THE PION SUM RULE 

The actual existence of an M = 1 B trajectory cannot 

conclusively be established from experimental evidence. As we have 

shown, an M = 0 B trajectory is certainly compatible with the existing 

data. We argue, however, that an M = 1 B trajectory is also compatible 

and perhaps preferred by existing data, but that exhaustive fits using 

it would be inappropriate until measurements at small t are made of 

the high energy cross sections for the processes pp ~nn and 

rn ~ :n:-p. These measurements should serve to determine the existence 

of an M = 1 B trajectory in a model where only the :n: and B 

trajectories haveM = 1, since the :n:-B and 11' -p' interference terms 

change sign between the processes pn ~ np, pp ~ nn and between 

rp ~ :n:+n,rn ~ n-p. If the B has the quantum number M = 0 these 

interference terms at t = 0 are zero in all cases. However, for an 

M = 1 assignment these interference terms would be nonzero at t = o. 

Further, the small t behavior of the pp ~nn reaction also provides 

a clear way to distinguish the type of zero in the :n:NN vertex 

function. 

Another reaction which would be critical in determining the M 

quantum number of the B would be * :n:N ~ wN near t = o. Notice that 

this reaction is the analog of the reaction * :n:N ~ pN involving :n: 

exchange. Finally, pn ~ np polarization measurements near t::o 0 

should affect this determination; these measurements are currently in 

progress. 
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We now consider the implications of consistency of high-energy 

data combined with the pion sum rule for an M == 1 assignment for the 

B traJectory. 

A. Phcitoproduction 

If we take the-result of the B sum rule' at least as an 

indication of the magnitude of the B residue, there appears to be a 

contradiction with the fit. For It I > iJ. 
2 the fit with to == -0.03 

seems to require at least a factor of 30 times the B contribution 

given by the sum rule. The M == 0 B assumed in the 'IP ~ 11+n fit 

may therefore be interpreted as simulating the effect of a small M 1 
; . . 

B amplitude together with the p' ampli tude s . If we as sume small 

J1yB and 11YP' couplings, a medium NNB and medium NNp' nonsense 

coupling, and a large NNp' sense coupling, the M == 1 B and p' 

will very nearly.simulate the M == 0 B amplitude assumed in the 

photoproduction fit, being predomiitately equal to the sense-nonsense p' 

amplitude which vanishes at t == 0 ~(see Fig. 6). 

It is possible that with different p or A2 ghost killing 

mechanisms (or the inclusion of some amount of M 

B would be required to fit the data. In any case, the 11 +photoproduc-

tion fit can surely be made consistent with .an M 1 B-p' conspiracy. 

Next, we consider implications of an M 1 B trajectory for 

photoproduction. Assuming the existence of an M == 1 B trajectory 

and the zeros indicated by the sum rules in the 11 and B residues, 
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it is phenomenologically clear that more constructive n-B and 
. '\:.,: 

interferences would give better results for the 

fit to the n-/n+ ratio at moderate t. This, unfortunately does not 

predict that the n-/;+ ratio near t = 0 would continue to be small 

since the p and A2 terms vanish at t = 0, and these terms are 

significant at moderate t. Notice that local fluctuations (Le. 

maxima or minima) should occur in the n-/n+ ratio in the M = 1 B 

model when the n or B residues vanish. Notice also that as 

t ~ 0 an M =1 B trajectory predicts that the n-/ n+ ratio would 

be different from 1, whereas the model utilized in the fit with the 

M = 0 B residue vanishing at t = 0 yields the prediction of a 

ratia of 1 at t = O. Even if the p' nonsense and B residues 

were s'mall as indicated by ·the sum rule, interference with the large 

nand n' amplitudes would produce a noticeable effect. Hence, a 

measurement of the n photoproduction cross section near t::: 0 

would provide a critical test of the p'-B conspiracy. 

Next consider 0 photoproduction. Ader and Capeville and we :n: 

Braunschweig et al13 have fit low 0 photoproduction data energy n 

utilizing an M = OB amplitude very similar in magnitude to what our 

M = 0 B would yield for nO photoproduction at small t (e.g., 

t ~ -0.1). For higher values of t, the p amplitudes in our fit would 

simulate the B amplitudes in these fits (which did not include the p). 

Hence the conjectured simulation of the M ~ 0 B by an M = 1 B + p' 

should fit the o 
:n: photoproduction data. 
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Finally we remark that the presence or absence of polarization 

in n p ~nOn is not critical to any of these arguments, since we may 

always fit the polarization with a sufficiently small p'nn residue. 

B. NN Scattering 

Next we consider implications of an M = 1 B_p' conspiracy 

for the pn ~ np and pp ~ nn reactions. First,suppose that the 

zero in the pion vertex function (nNN) is of the square-root type. 

The value of the zero to = -1.5 ~2 is consistent in the sum rule and 

the photoproduction fits, but leads to some inconsistency in the NN 

fits, since 
2· , 

g j4:rr in the NN fit turned out to be rather low. 

HOvlever, an M = 1 B trajectory could easily remove this discrepancy 

by releasing the constraint on the pion residue at t = 0, thus allowing 

a higher value of 2 
g !4n to be obtained in the NN fit via destructive 

interference of the 11 'with the B at t = 0 [the p' ,and n ' would 

also interfere destructively (see Fig. 7)J. Notice that since more 

parameters are introduced in an M = 1 B fit, the amount of freedom 

in fitting the NN data actually increases, so there is no doubt that 

a successful NN fit can be performed. The zero in the B residue 

would help to provide the necessary sharp peaks in the cross sections 

and the medium sized NNB and NNp' nonsense couplings would no doubt 

be nonviolent enough to achieve consistent fits. Thus, the pion could 

still be held accountable for a large role in making the sharp peaks. 

Notice that in this case destructive interference in pn ~np implies 

f ' 
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constructive interference in pp ~nn so that the pp ~nn cross 

sections should remain larger than the pn ~np cross sections at 

t'= 0 if this square-root type vertex zero model is correct. 

Suppose now that the nNN vertex zero is a full zero. The 

value of this zero required to fit both photoproduction and NN data 

is 
, 2' 

t ~ -2.51-1. This value is not consistent with the pion sum rule o 
,but could be made consistent if the M = I B trajectory were present. 

Moving the pion zero to 
, '2 

to = -1.51-1 would lower the t = 0 'contribu-

tion of the pion in the NN fits significantly (assuming fixed 

2 g j4n ). The extra contribution needed in the pn ~np cross section 

could then easily be provided by constructive interference of the B 

with the n,' and the p' with the re' (see Fig. 7). Thus, in this 

;::ase of a full vertex zero, the interference in pp ~ nn would be 

destructive so that there should actually be a dip in thepp ~nn 

cross section for It I < 0.02 GeV2 (Le., the pn ~np and pp ~ nn 

cross sections should cross over)., 

To summarize, if the pion photoproduction sum rule is correct, 

the existing NN data seems to favor the existence of an M = I B 

trajectory regardless of the type of zero in the reNN vertex function. 

If the pion sum rule is yielding misleading results, there is no 

preference from NN scattering~for an M = I B trajectory since it 

could be that a full NN:n: vertex zero at t = -0.05 would be consistent 

with the sum rule. The existence of higher resonances with large yN 
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couplings could well change these sum rule results. In particular, 

measurements of the total cross section up to 2.6 GeV/c (where our 

Regge fits begin to work) would provide information on the yN partial 

widths of these resonances. 
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APPENDIX. ,KINEMATIC SINGULARITIES, CONSPIRACY, RELATIONS 

AND GAUGE INV ARIANCE 

'''' 

The kinematic singularities for photoproduction and Compton 

scattering have been previously derived from the connection of helicity 

amplitudes with invariant amplitudes utilizing gauge invariance. There 

has been some confusion as to whether this method agrees with the 

methods using Lorentz invariance or crossing matrices as the photon 

mass is taken to zero.' Since this question has been dealt with exten-

sivelyby Gotsman and Maor, ,we shall present only an outline of our 

procedure with seve~al newobservations.16,17,18,19 

There is complete agreement on the kinematical factors for the 

processyrc -? Nl N2 with ail unequal masses m f 0, 
! 

fl., 

respectively. . 16 18 19 We start with this expreSSlon ' , for the parity 

conserving amplitudes free of all kinematical singularities. 

""" F ,4 

1 
== sin 

1 

(f~'_'l 
.- ' 1 I- Zt 

Equation Al continued. 

+ 
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where 

,-..; 
F· 

5 

I'-' 

F6 

.:J ::: 

::: 
1 

sin 9t .. 

{tt - {m 
Y 

1 

ft t2, 

4~)-; : +-,0 (t -

+ ~)2] [ t (m - ")2l}~' M 
~ + m

2 - ::: 
2 Y 

,..., "" 
6 ::: ~ - m

2
• F 5 and F 6 refer to amplitude s with zero heli city' 

for the massive photon. 

(Al) 

, 

In the unequal mass case, the helicity amplitudes are analytic 

at t::: 0, since no pseudothreshold or boundary of the physical region 

coincides with this point. The above factors of lit are to cancel 

the ha{f ru1g1e factors 'at to. (Note that Zt ~ 1 as t ·~o. ) 

Since both 'F 
3 

and F4 only depend on ft at t == 0 we have the -+,1 

relation 

6 .(~2 _ my 2) ~(s,O). (A2) 

This is a conspiracy relation that is satisfied in a non-trivial way 

by M = 1 parity doublets. Such relations are the only conspiracy 

relations present in the all unequal mass case. For equal masses in 

the initial or final state, Zt ~ 0 as t ~ 0; and for equal masses in 
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initial and final states Zt re s at t = 0, so that the conspiracy 

relations cannot arise from the half-angle factors 

for these cases. 

In addition to this there are the threshold and pseudothreshold 

relations18 

o(t - 4~) (a) 

== O(t - tf) 

(c) 

V2 (m)' ± 11) '16 -1'4 ( d) 

2 
OCt - (m)' ± 11) ] , (e) 

(A3) 

where 2 2' 2 
4tk = [t - (m - 11) J[t - (m + 11) ], 

)' )' 

In order to take the limit to equal mass baryons 

(6 == ~ - ~ == 0), we consider the pseudothreshold relation, (b). From 

the limit immediately that -we see F4 (£ t as t ~ 0 so that 

F t 1 -'F is analytic at t 0 as given in the text 4 2) 4 t(t - il 
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[Eq. (1) J. For the M = 1 J1-1r' conspiracy this relates the residue 

of J1' for the nonsense amplitude to the first daughter in the coupled 

triplet state. 

By expanding the relat.ion (b) in a Taylor series about t = 0, 

evaluating at 2 t = 6 , and comparing the first order term with the 

conspiracy relation (A2), we obtain the photopr?duction conspiracy 

relation 

2m F
2

(S, 0) (A4) 

analogous to the Volkov-Gribov relation of NN scattering. (Notice 

that for m = m this applies to p production.) 
y p 

Now let US consider the limit of zero mass for the photon. As 

Gotsman and Maor noted, the normal ~d pseudothreshold relations (d) 

imply a new factor 'of 2 
t - I.l 

more interesting. Since 

for - -F4, but for F2 the situation is 

is an amplitude for a zero helicity 

massive photon plus J1, having a transition to the singlet NN state, 

one may expect a pion pole in this amplitude.' Except for the case of 

o 
'IT photoproduction where charge conjugation does not permit the pion 

-pole, one cannot argue that as my ~O F2 becomes proportional to 

2 
t - I.l Rather, one obtains the normalization conditions for the pion 

pole contributing to This condition and the 

...-

2 
t - I.l factor in 

/ F4 is the full content of gauge invariance for the t-channel helici ty 
" 

amplitudes of photoproduction. 
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We consider in more detail the zero limit of the threshold and 

pseudothreshold relations (d) and (e). To satisfy these equations we 

must demand tha tthe zero photon helici ty arrrpli tude s FS and 

do not diverge in the limit of zero photon mass. Clearly the difference 

of the relations (d) yields a factor of 2 
t - 11 

,.." 

for F4. 

For the pion pole term we assume the usual Regge form 

§(t) 
't, 2 

- 1-1 

0: 

:n: +R(t, v) , 

where ~(t) is a smooth function of t with no kinematical zeros and 

R(t, v) is regular for t ~ 1-12 Using perturbation theory to obtain 

the coupling of the pion pole exactly at 2 
t := 1-1 (definition of charge 

if you like) one has the condition 

~ , 2 
T eg m (21-1 + m )( 21-1 - m ) 1-1 

",' y y y 

To leading order in m 
y 

the relations (e) become 

O(m ) 
y 

(A6) 

(A7) 

Again the difference of the two relations (A7) gives the required result: 

1 eg 2 
2 2 1-1 (A8) 

s - m 

Thus the theory of photo production for the massless photon can be 

achieved as a smooth limit of the theory of the massive photon with the 

use of the known analyticity properties of helici ty amplitudes. 
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Next we consider the Compton scattering amplitudes for 

-.t -.t 
)'11 -7)'11. The result is that the anrplitudesFRR and Fn are 

analytic, vrhere 

FRR 

t .. ) 
flO,-lO t 
1 - z t 

The unequal mass conspiracy relation 

, (AlO) 

for the parity doublet solution. This relation eliminates the 

apparent pole in at t = O. 

We have checked that the M = 1 conspiracy is a solution to 

all conspiracy relations for NN, photoproduction and Compton scattering 

processes and that the residues factorize. It should be noted that a 

slight change in the kinematical singularities given in Ref. 2 is 

necessary to have them obey factorization. Namely, the factors 

(1 - t/4m2)-1 in Eq. (1) should not be present for the singlet and 

uncoupled triplet amplitudes. Since this factor is very close to 1 for 

o < itl < 0.5 these NN fits are not affected~ 
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'l'able I. Definition of G .. (t) and the full residues 13 •• (t) lJ lJ 

l. 1'he factors G .. (t) in Eq. (2) are 
lJ 

a: Chew p with M = 0 ( a:t p 

GSR(t) ~ a: 
Gell-Mann A2 with M = 0 ' GNR(t) t A2 

a: Gell-Ma.'1.n rt ' with M = 1 rt' 

2 

{

cxt(l- t/[J. ) 

a:(l - t/tO) ~}{: :: ~} .{a: Chew ~ 
1 Gell-Mann 

B with 
G01(t) Gl1(t) = 

rt with 

2. Define X(a:) _ (1 + a:)1' (0: +1) 
-~ (2~+1 )r(a:+~) 

The connection of the full residue functions 

the functions y . . (t) in Eq. (2) are 
lJ 

'. ;, 

M = O} 'I 
, , . 'vi 

. Vl 

. M = 0 . ,I 

uncoupled, 

coupled, 

[3 •. (t) with 
lJ 

~ 
t-t 
1 

I--' 
CD 
I--' 
\D 
\D 
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Table II. Parameters for fits with fullNNre vertex zero at to == -0.05 

Parameters fixed from meson-nucleon scattering5 

a == 0~58 + l.llt 
p 

aA2 0·5 + 0.86t 

b A2/b A2 
12 11 

- p - P 
I'NR hSR == 

- A2/- A2 
== 'NR 'SR 

-8.8 eO•4t 

== 3·5 
-O.llt 

e 

Parameters obtained in nucleon-nucleon fit [notation and data normaliza-

tionscorrespondto Table II in Ref. (2)J. Residue units are propor-
1 

tional to (mb)? 

i == 89 for·74 points 

-0. 025 + L 25t B :...800t (a + 2)e
lOt 

a 1'0 == :rr B 

-0. 025 + t :rr 0.919(1 + t/O.05)2 
llt 

a, 1'0 == e 
:rr 

a B -0.4 + 0.9t re' [bO:rr (o)/a:rr (0.) Je
4

. 8t 
1'22 

p -4.4t re' 1 2.2t 
I'll 0·35 e 1'12 == -68 (a 1)2 e 

:rr . 

A2 L8 llt 2 
14·7 I'll e g /4:rr == 
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Table II (Continued). 

'Parameters obtained in 11+ photoproduction fit. Residue units not 
1 

proportional to (~b)2. 

x2 66 for 62 points 

-0.4 + 0.95t 
- 11 -0.078 e9 .1t 

Ct
B )'01 

p 0.166 -9.0t - 11' '2 - :rr 3·7t 
)'SR e, " )'NR - - (2m/ [J,) )' or (0) e 

A2 -1.lt :rr' , -2.6t 
)'SR 0·77 e YSR hNR:rr 1.86 e 

B llt 2 
15.4 )'01 -2.95 e g /4:rr 

,/.-

., 
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Table III. Results of the B meson sum rule 

CXB+l 
1 - B N 

Eq. (12) reads ; YOI (t) R(t) -~-+--1 = B(t) + I(t), where B(t) 

is the Born term. The power series expansions of ret) and B(t) 

around t = 0 are given by 

I(t) -0.027 - 0.06t + 0.06t2 

B(t) =. -0.0058 - 0.294t. 

The residue is zero at tB ~ -0.092. 

The contributions [X(-103 ~2YJ to I(t) 't=O are given by 

P33(1238 ) 0.01 Sli(i56O ) 0.13 . Nonresonant 0.01 

Pll(1470 ) 0.21 D15 (1652) 0.00 

D13(152O ) 0.21 F15 (1672) -0.01 

." . 
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FIGURE CAPTIONS 

Fig. 1. Real parts of the rr+ photoproduction amplitudes at 8 GeV/c 

for full NNrr vertex zero to = -0.05. To leading order, 

dO" I· 1 12 . 1 ( 12 dt = 2 rr i B. +2 iPSR + A2)SR+ rr'SR 
r( ±photoproduction 

Fig. 2~ Imaginary parts of the rr+ photoproduction amplitudes at 

8 Gev/c for full NNrr vertex zero to = -0.05. 

Fig. 3. + rr photoproduction fit .. Curves have been multiplied by 0.99, 

1. 03, 1.03; 0.97, 0.93, respectively for 2.6, 5, 8, 11, and 

16 GeV/c. 

Fig. 4. Small t region for rr+ photoproduction fit with the same 

normalization factors. 

Fig. 5. Integrands at t = 0 for theB and pion photoproduction sum 

rules CfJ.:V 1m Al(O) and _;2 1m A
1
C-), respectively)~ 

Fig. 6. Conjectured simulation of M = 0 B amplitude found in 

photoproduction fit with. M = 1 B, p' amplitudes. 

Fig. 7. Conjectured M = 1 B amplitude and resulting rr amplitude 

forpn ~np scattering near t= O. 

rr amplitude with M = 0 B as sumed. 

rr amplitude with M = 1 B assumed. 

M = 1 B amplitude. 

... 
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The mark on the vertical axis yields 
dcr . 
dt (pn --) np) 1 mb 

at 8 GeV. 

Fig. 8. Real parts of the nucleon.,.nucleon amplitudes at 8 GeV/cfor 

full NNJt vertex zero to = -0.05. To leading order, 

To leading order the coupled triplet amplitudes factorize; 

e.g. , f f '( I )2 
Jt 11 n 22 = - n 12 • Note that the (12) amplitudes' 

have additional weight in the cross sections. 

Fig. 9. Imaginary parts of the nucleon-nucleon amplitudes at 8 GeV/c 

for full NNn vertex zero to = -0.05. 
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This report was prepared a~ an account of Government 
iponsoredwork. Neither the United States, nor the Com
mISSIon, 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 behalf of the 
Commission" includes any employee or c6ntra~tor of the Com
mission, or employee of such contractor, to the exteni 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. 
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