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Unitarity, analyticity, Regge asymptotic behavior, and a 

resonance approximation are combined to derive a new sum rule. The 

sum rule is very convergent; the contribution of high-mass resonances 

is suppressed by a decreasing weight function. The spin-flip and 

non-spin-flip residues of the p meson in the nn ~NN amplitude are 

evaluated at the mass of the ~ and in conjuction with the first-

moment finite-energy sum rule a calculation of the p-meson mass is 

performed. The results are in good agreement with experiment. A 

calculation of the p and fO resonance parameters in the nn ~nn 

amplitude is also discussed. 
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INTRODUCTION 

The recent calculations of strong-interaction parameters from 

the finite-energy sum rules have been quite successful. The results 

have been in agreement with experiment to within the limits of error 

imposed by the model~ Moreover, they have provided the bootstrap 

1 2 
problem with a new approach which has already enjoyed some successes. ) 

The finite-energy sum rules relate all the moments of the 

discontinuity of the amplitude over a finite region in energy to the 

Regge parameters. However, in practice only the first few positive-

moment sum rules have been used. The higher-moment sum rules emphasize 

higher-energy behavior so that in'the context of most models they become 

redundant. As the negative-moment sum rules each contain the value of 

the amplitude or one of its derivatives at some point, they supply no 

additional constraints without prior knowledge of these unknown 

constants. It would be useful to have sum rules in which the weight 

function decre.!3-ses) since even the low-positive-moment sum rules already 

put an uncomfortable emphasis on the higher-energy behavior of the 

discontinuity of the amplitude. 

In Section II of this paper we derive a sum rule with a 

decreasing weight function by using two-body unitarity in the complex-J 

plane in addition to analyticity and Regge behavior. The weight 

function that multiplies the imaginary part of the amplitude is QJ(z), 
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The derivation involves a small-width resonance approximation (not 

the usual narrow-width approximation),which we discuss in detail. By 

a small-width approximation we mean the width of the resonances we 

consider are small enough that the Breit-Wigner formula is reasonably 

accurate, but we do not take the limit 1m a ~Oin the discussion 

of this paper. 

Finite-energy sum rules in general contain a parameter N, the 

upper limit of the integral of the imaginary part of the amplitude 

multiplied by some weight function .. In order for these sum rules to 

be m:eful in bootstrap-type calculations, N must correspond to the 

"intermediate energies", so that the integrand may be parameterized by 

a sum of resonances. We find that for the sum rule presented here, the 

value of N depends on the magnitude of Im(a). If N is to correspond 

to intermediate energies, Im(a) can not be very small. This restric

tion may be eliminated if we actually approach one of the thresholds of 

the amplitude. As the threshold behavior of all the quantities involved 

is known, we can derive a sum rule similar to the one presented here. 

This problem is being studied now and will be discussed in a future 

paper. However, for the conclusions of this paper it is crucial that 

experimentally near the mass of many prominent resonances, 1m a ~ 0.1 

and not much smaller. Note that 0.1 is small enough to allow neglecting 

terms of order 1m a compared to one,without causing a very large 

error. Of course, since we do not take the limit Im(a) ~O, we must 
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be careful that the coefficient of Im(ex) in such terms is not much 

larger. than one. For example, when 1m ex is multiplied by 2£n(2N), 

as is the case of this sum rule, nonlinear terms in 1m ex should also 

be included. Our small-width approximation does introduce an intrinsic 

error of about l5~ into our calculations. 

In Section III we apply the sum rule to a calculation of the 

non-spin-flip and spin-flip residues of the p trajectory at t 2 
mp 

in the leT( ~ NN scattering amplitudes. The nucleon plus all the 

established nN resonances below 2 GeV c.m. (center of mass) energy 

constitute the input for the sum rule. The dominant contribution comes 

from the nucleon. Since the identical model can be applied to the 

. finite-energy sum rules, it is interesting to ask whether our sum rule 

has dynamical content beyond that contained in the positive-mqment sum 

rules. Our numerical calculations indicate that they have very dif

ferent content, and therefore, our sum rule may be used in addition to 

the finite-energy sum rules to restrict further the resonance parameters 

of the model. In this case, we have four equations for three unknowns, so 

we have a check on the internal consistency of the model. The 

calculated mass of the p is about 900 MeV. 

In Section IV we discuss a simple model of nn ~ nn: scattering 

in which the amplitude is dominated by the p and fO resonances. 

Again we obtain reasonable constraints on the resonance parameters. 

Together with the finite-energy sum rules, these equations provide 

a nearly complete bootstrap system. The slopes of the Regge trajec

tories [which are arbitrarily set at 1 (Gev)-2] and a scale for the 
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resonance widths cannot be determined from the equations. (Our sum 

rule is not nonlinear enough in Im(a) to obtain a scale for the 

resonance widths.) For such a simple model, the determined values of 

the masses and ratio of the widths are quite reasonable. 
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II. DERIVATION AND DISCUSSION OF THE SUM RULE 

Let A(t,z) be the amp~itude for the elastic scattering of 

two spinless particles for which t is the square of the c.m. energy 

and z is the cosine of the scattering angle in the t channel. 

The asymptotic behavior of A(t,z) as z ~ 00 is assumed dominated 

by the leading t-channel Regge pole which we denote by R(t,z). 

Although the functional form of the Regge term is somewhat ambiguous, 

we require that R(t,z) reduce to the correct resonance formula 

when a(t) is near an even (or odd) integer. Other modifications of 

R(t,z) do not affect our derivation, and we choose the explicit form 

R(t,z) 
Pa(t)(-z) ±- Pa(t)(z) 

-n[3a + lJ A(t) -- -
J--' 2 sin na(t) 

, (1) 

where ±- refers to signature. 

If t is near MP-, the mass of a resonance of spin L, then 

Eq. (1) reduces to the Breit-Wigner expression with Im(a) = a'Mr, 

where r is the decay width of the resonance. 

The resonance pole also corresponds to a pole in the complex-J 

plane. The unitarity relation 'can be continued to complex J, 

( 

a±(J,t) - a±-*(J~~t) (2) 

where ± again refer to signature and, t is in its physical region. 

If a(J,t) has a pole at J = a and if 1m a is small compared to 

the distance to other singularities, then a*(J*,t) may also be 
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represented by a single pole plus a background of order 1m a. 

Equation (2) then implies the relation! 

p[3 Im(a) + o[ Im(a)J 2 

Since Im(a) is real, the phase of [3 is of order 1m a, 

Im([3) 
2 O(Im a) • 

Let a(t) be the position of the leading Regge pole. 

a±*(J*,t) has a pole at J = a*(t). With the Froissart-Gribov 

definition of a(J,t), Eq. (2) implies 

I 
2ip(t) 

where 

00 

lim I J ± dz Az ( t , z) Q'J ( z ) , 
J-? 0:* n 

(4) 

~i [A(t,z + iEJ - A(t,z - iE)J 
I 

+ [A(t,-z -iE) 2i 

- A(t,z + iE)J (6) 

Since the integral in Eq. (5) is divergent for Re(o:) ~ Re(J), it 

should be evaluated for Re(a) < Re(J) and then continued to J = a*. 

If Ai(t,z) is approximated to any preassigned accuracy by 

its leading Regge trajectory for z ~ N, we may rewrite Eq. (5) as 
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2ip 

where R is the contribution of the other J-plane singularities. 

We propose that the real part of Eq. (7) may be applied to the 

calculation of some high energy parameters. In order to do so we will 

make the following two approximations. We will argue that for 

Im(a) ~ 0.1 and N reasonably large, the last integral in Eq. (7) 

is small compared to the first two, and that in the second integral, 

terms containing Im(~) are negligible. 

We consider the integrals 

(-sin y + i cos y) 
2 1m a (2 Re a + 1) [1 + 0 (1m a) ] (8) 

and 

lim 
J~a* 

N J dz Pa(z) Q'J(Z) 

1 

[sin y + i(l - cos i~] [1 + O(Ima)], 
2 1m a (2 Re a + 

(9) 

where y = 2 Im(a) £n(2N), and we include only the leading terms in N. 

(For N ~ 3, the error is only a couple percent.) The integral in 

Eq. (8) is proportional to the Regge integral in Eq. (7). Since experi-

mentally the Regge contribution approximates the average magnitude of 

the imaginary part of the amplitude for small values of Z 
1 (or s), 
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the integral in Eg. (9) can give a good estimate of the size of the 

first integral in Eq. (7). 
± 

From Eq. (1), the explicit expression for R (t,z) is z 

for right signature, 

° for wrong signature. (10) 

Substituting this in Eq. (7) and with the aid of Eq. (8) we obtain, 

R (t,z) z 

From Eq. (3) Re(~)/Im(a) is of order unity (for this discussion p 

may be set equal to one). Equation (4) implies that the quantity 

Im(~)/Re(~) is of order Im(a). Therefore, if sin y is not very small, 

or equivalently, if cot y is not much greater than one, we can neglect 

the term [Im(~)/Re(s)]cot y. The left-hand side will then be equal to 

[Re(S)/Im(a)]sin y, a quantity which is of order one. The magnitude of 

the second integral on the right of Eq. (11) can be estimated by the 

contribution of the next leading singularity in the J plane. If a 2 and 

f3 2 are the position and the residue of the singularity, then this 

contribution is of order f32/N(a-a2). As for the finite-energy sum 
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rules, for large enough N this term is much smaller than the left-

hand side. However, in order to justify neglecting this term we must 

show that the first integral on the right is also of order one. As 

mentioned before, the magnitude of the latter quantity can be estimated 

by considering the integral of Eq. (9). As N is increased from its 

minimum value, this integral starts from zero and grows in magnitude. 

For some value of N its magnitude actually becomes comparable to 

that of the integral in Eq. (8). This condition is realized when 

cot y ~ 1. Thus cot Y is a measure of the accuracy of both approximations, 

and the condition cot y ~ 1 gives the desired relation between N 

and Im(a)o If Im(a) is very small, cot y ~ 1 demands an extremely 

large N. However, for the experimental value of Im(a) ~ 0.1, this 

condition is satisfied when N ~ 10, which corresponds to intermediate 

energies when t is in the resonance region. The next oscillation 

of cot y occurs for a very large value of N and does not concern 

us here. 

Including the above approximations in Eq. (11) we write our 

sum rule in the final form of Eq. (12), correct to leading order in 

liN and Im(a): 

sin (21m a tn 2N) 

The successful calculations with the finite-energy sum rules 

suggest that. for z < N, can be approximated by s- and 

u-channel resonances, even though t is outside the ellipse of 
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convergence of the partial-wave expansions in the sand u channels. 

We have parameterized A±(~,z) by a sum of resonances and applied 
z 

Eq. (12) to the calculation of some parameters in the nn ~NN and 

nn ~nn processes. We havE used 5 functions for the s- and u-channel 

resonances for the sake of simplicity. When compared to the Breit-Wigner 

formula, this approximation causes only a 1% error for Im(a) < 0.2. 

However, the problem of a correct parameterization of in 

the region t > 0 needs a separate and thorough investigation. 
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III. CALCULATION OF p RESIDUES IN· :n::n: ~ NN 

The derivation of sumo rules like Eq. (12) for inelastic 

amplitudes with spin contains no essential complications •. The procedure, 

which is similar to that for the spinless elastic case, is: (A) substitute the 

fixed-t dispersion relation into the partial-wave formula (i.e., derive 

the Froissart-Gribov formula); (B) continue to J = a* after introducing 

the leading Regge pole; (C) use unitarity to evaluate the amplitude at 

J = a*; (D) analyze the resulting equation as in Section II. There is 

only one modification of the basic formula, Eq. ('or). If inelastic 

two-body intermediate states are included in the unitarity relation, the 

left.,..hand side of Eq. ('7) will be -1/2ip times a ratio of Regge 

residues. However, in our resonance approximation the real part of 

this ratio is proportional to the phase of the residues, which is of 

order Im(a). Consequently, it can be neglected compared to terms of 

order 1. We apply this procedure to the spin-flip and non-spin-flip 

amplitudes in the :n:n ~ NN channel and calculate the p residues. 

The t channel is :n::n: ~NN, the usual invariant amplitudes are 

A and B, and some useful kinematical factors are 

2p (t - 4ri')!, 

2q 

6. = 

z 

(t 4 2)! I-t , 

s + 6. 
2pq 
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x /z /, 

v 2M s + l:::. 
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The nucleon and pion masses are denoted by M and ~, respectively. 

The value 2 
t = mp is below the NN threshold, so that p 

are both pure imaginary (z ~ -ix). 

and z 

The amplitudes A' = A + vB and B are proportional to the 

helicity amplitudes in the t channel: 

A(t,z) + vB(t,z) 

TJt,z) sin G t B ( t , z ) , (14) 

where Gt is the c.m. scattering angl~ and + and refer to the 

++ and +- helicity amplitudes. The isotopic- spin projections are 

and a similar relation for B. The (-) amplitudes are pure I = 1 

in the t channel. The partial-wave unitarity relations for Tt(t,z) 

with only the two-pion intermediate state are 

= 2ip T (J,t) T *(J*,t), 
± TI 

where T (J, t) is the amplitude for TIlt -7 TITI • 
rr 

We assume the p trajectory gives the asymptotic behavior 

of A' (-) and B(-) as z -7 00. 
4 The Regge terms are 

(16) 
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AR(t,z) 
p (-z) - P (z) 

-n (20: 1) 0: 0: 
+ 2 sin nO: 

and 

~(t,z) 0: '-'. n pq ( ) p' (-z) + P:V(z) 8 ( )0:-1 
n 2' rv :2 _2 r t, Sln n~ Ml Ml -

(18) 

where P~ is the derivative of the Legendre polynomial. The normaliza-

tion of the residues is identical to the normalization of the r+(t) 

and r_(t) defined by Desai in Ref. 4. We continue the Froissart

Gribov formula to t = m 2 and J = 0:* and use unitarity to evaluate 
p 

the amplitude at this point. To leading order in N, we find 

and 

1 
- 2ip 

1 
- 2ip 

2 
r *(m ) 
+ P 

*(m 2) 
i3 n p 

2 
r *(ro ) 

- p 
* 2 f3

n 
(ro

p 
) 

4rvf - m 2 
p (-i) dx AT (m 2,_iX)Q *(-ix) 

z p 0: 

r (m 2) 
+ P (2i N)2i 1m 0: (19) 

2i 1m 0: 

if if 0:-1 N 2 

2(~) J (-i)dx Bz(m ,-x) 
4n lpq P 

Xo 

r (m 2) 
[Q ( .) Q (.) J P (2i N)2i 1m 0: 

)( 0:*-1 -lX - 0:*+1 -lX . - 2 i 1m 0: 
(20) 

We have already dropped the contribution of the other J-plrule singulari-

ties [the R term of Eg. (7)J, and in evaluating the Regge integral, 
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some trivial factors of order Im(a) have also been dropped. The 

bars denote absolute values of quantities that become complex for 

t < 4 MF : N = -iN, p = ip, and z = -ix. 

When the real parts of Eqs. (19) and (20) are evaluated, we 

find the terms on the left are of order Im(a). To leading order in 

Im(a) , the sum rules for 
2 r (m ) 

± p 
are 

2 -1 
(4 MF _ m 2) 

e (N 
dx A' (m 2, - ix) r (m ) -A. + p 8 2- z p J( pq ,..' 

Xo 
and 

2 -1 MF ( dx B (m 2,_ix) [-iQO(-ix) r (m ) A. 
4rr

2 - p z p 

Xo 

where 

A. = err 1m a sin(2 1m a fn 2N)/(2 1m a) 

and, for example, 

-iQ (-ix) o arctan (l/x) • 

Ql(-ix) (21) 

+ iQ'2( -ix)], (22) 

In order to test these sum rules, we saturated the discontinuity of the 

ampli tudes with the s- and u-channel J(N resonances. We parameterized 

these resonances as 5 functions and included the nucleon and all the 

established rrN resonances up to 2 GeV (N corresponds to 2 GeV). The 

masses, widths and inelasticities were obtained from the most recently 

available experimental data. 5 



UCRL-18057 

-15-

The resonances and their contributions to the sum rule are 

listed in Table I. We have also listed the contribution of several 

prominent resonances above 2 GeV to show the size of these terms in 

the sum rule. (Of course they are not included in the final sum.) 

We set m = 775 MeV and r = 140 MeV, and obtain 
p p 

and 

2 r (m ) 
- p 

12.6, 

2 r (m ) = 2.45. 
+ p 

These results are increased by only 10~ if we set r = 90 MeV; the 
p 

(23) 

sensitivity to changes of m 
p 

is much greater. As in other calculations 

of the p residues, the ratio of r to is large, r Ir = 5.l. 
- + 

As discussed in Section II, cot y should not be too much greater than 

one. However, we are forced by the experimental data to choose N 

corresponding to 2 GeV. Then cot y 107, so that the intrinsic 

2 error of the sum rule is at least 15%. Our determination of r (m ) 
± P 

is about 3 times larger than Desai's form-factor calculation.
4 

[Desai 

quotes the numbers r (m 2) = 0.87 
+ r 

and 2 
r (m ) = 3.98. ] 

- p 
The models 

involved in all of these calculations are crude enough that this 

probably is not a serious discrepancy. 

Comparison with the finite-energy sum rules leads to some 

interesting conclusions. We may use the same model in both sum rules. 

If this model is a "good" model, we should be able to use sum rules 

of different "physical content!! to derive restrictions on the free 

parameters of the model. Our sum rule makes some use of direct-channel 
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unitarity, and therefore, it has a chance of differing with finite-energy 

sum rules. It is almost obvious from Table I that our sum rule is not 

equivalent to the positive-moment sum rules. Our rule emphasizes the 

nucleon and low-mass resonances, but the principal contribution to the 

lowest-moment finite-energy sum rule is the N(1688). The higher-

moment sum rules emphasize the higher-mass resonances even more. 

There is yet a better check on the nonequivalence of the two sum 

rules. If the sum rules had the ~ content, then a plot of 

2 
r (m ) and m from our sum rule should be coincident with the curve ± p p 

from the finite-energy sum rule. (If the resonance model is not 

perfect, then the curves would only approximately duplicate each other.) 

If the sum rules have different content, the requirement of consistency 

within the model places bootstrap-like restrictions on other model 

parameters. In this case, the only free parameter is the p mass. 

[Our sum rule is not dependent enough on Im(a) to calculate it; the 

finite-energy sum rule does not depend on Im(a) at all. ] Since there 

are four sum rules and 2 
m], only three parameters [r (m ) and we 

± p P 

also have one internal check on the model. 

The p residues are calculated from the finite-energy sum 

rules using equations like 

~ 
N 

2 J 2 r (m ) == 
2n2 :&"2 

dxx B (m , -ix) , (24) p z p 
xo 

and a similar relation for 2 2 
r+(m ). We plot r (m ) in Fig. I from 

p p 
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Eqs. (21) and (24). From this plot m is seen to be about 900 MeV. 
p 

2 
= 1040 MeV. Similar results are obtained for r (m ) with m This 

+ p P 

is consistent with the results of the r (m 2) sum rules, because the 
p 

2 r (m ) finite-energy sum rule is a rapidly varying function of 
+ p 

m at m ~ 900 MeV and is very sensitive to the exact parameters 
p p 

(or existence) of the more massive resonances. Thus, there is enough 

internal consistency in the model so that we conclude that our sum rule 

has different content from the finite-energy sum rule, and may even be 

used with the finite-energy sum rules to obtain restrictions on the 

model parameters. 

Our sum rule together with the finite-energy sum rule and the 

resonance model of A z and B z yield 2 r (m ) = 11, 
- p 

2 r (m ) = 2.5, 
+ p 

and m 
p 

900 MeV. It is difficult to attach errors to these numbers, 

but in view of the intrinsic error of 1570 in our sum rule and a 

possibly incomplete model for the finite-energy sum rule, an error 

of at least 40% is reasonable. 



UCRL-18057 

-18-

IV. A MODEL OF THE p AND fO MESONS 

We consider a model of the rtrt ~rtrt amplitude in which only 

the and fO included. The poles at t -- m 2 and p resonances are - f 

at t = 2 
lie on the leading Regge trajectories for isospin zero m 

p 

and one, respectively. We may then write the sum rule, Eq. (12), at 

each of these values of t. If we also saturate the discontinuity of 

the cross-channel amplitudes with the p and fO' we obtain a set of 

two equations, 

2 
m. f. 

sin(a. 'M.f.in2N.) 
l l l l L J J 

m.q.q. 
l l J 

( 2L. + 1) P L (z..) Q1, ( z. .), 
J j Jl i lJ 

where 

and 

of the 

matrix, 

i and 

4q. 2 
l 

p 

X 

z .. 
lJ 

N. 
l 

or 

-

j 

j 
(25) 

both correspond to the p or f O· Other symbols are 

2 2 m. - 4~l , 
l 

1 + 2 2 
mj /(2qi ), 

(26) 

and L. denote the mass, width, and spin, respectively 
l 

fO; X
ij 

is a 2-by-2 submatrix of the isospin crossing 

(! 
3 ~) 
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and sl is a c.m. energy between 1250 MeV and 1600 MeV. We set 

ex! 
p 

ex! 
f 

in the following calculations. 

Equation (25) is then two relations among the masses and widths 

of the p and fO mesons. The solutions of these equations can be 

studied numerically. The results are very encouraging,considering that 

only the grossest features of n-n scattering have been included in 

this model. (For example,we have assumed that the imaginary part of 

the I = 0 amplitude is zero up to 2 
t = m

f 
.) 

We search for solutions of Eq. (25) by scanning over values 

of the parameters 400 MeV ~ mp ~ 800 MeV, 800 MeV:::; mf~ 1400 MeV, 

and 0.3 ~ (ff/fp) ~ 3. Due to the factor sin y, the equation we are 

using is somewhat. nonlinear. Although this nonlinearity serves to 

exclude some of the solutions, it cannot give an absolute scale for 

the widths. In one set of solutions we find that m increases from 
p 

500 to 700 MeV as (fp/ff) increases from 0.3 to 1.5 and as mf 

decreases from 1200 to 900 MeV. To complete the bootstrap, we use 

the finite-energy sum rules which pick out the solution: m 
p 

540 MeV; 

mf = 1150 MeV; and (ff/fp) = 3. Although the dependence on N is 

large in the finite-energy sum rules, it h: sufficiently small in 

Eq. (25) to limit the uncertainty in these numbers due to variations 

in N to + 20 MeV. 

We should explain why m is too small in this model and too 
r2 

large in Section III. The bootstrap of the p mass in the Jfn ~ NN 

system depends on the accuracy of the finite-energy sum rule, which w·e 
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discussed in Section III. In this bootstrap we have not taken proper 

account of the low-energy n-J( scattering in Eq. (25). Thus, the 

two-resonance model is probably untrustworthy in our sum rule. 

Another disjoint set of solutions contain the physical masses 

and the f meson but give a width of about 350 MeV for 

We find that we can bring the solutions of Eq. (25) into agree-

ment with experiment by either of two mechanisms. We can fit the 

experimental parameters by inserting a scalar meson. The scalar meson 

is broad with a mass of about 500 MeV. Also, simple models for the 

nn threshold bring the results into good accord with experiment. 
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Table I. Contribution of each resonance to our sum rules, 
Eqs. (21) and (22), and to the finite-energy sum rule, 
Eq. (2Lf) • The numerical values of the masses, widths, 
and inelasticities are found in Ref. 5· We used a 
value g2 = 14 for the TIN coupling. 

L2I ,2J Eqs. (21) and (22) Finite-Energy 

Resonance 
Sum Rule 

Identification 
r r r r 

+ + 

Nucleon 2.70 8·53 .05 .62 

N' (1470) Pll .09 ·30 .09 .L:3 

N(151S) D13 .21 .72 .2S 1. 27 

N(1550 ) Sll .01 .003 .01 .01 

N(16So) D15 .10 -.19 .29 -·55 

N(168S) F15 .44 1.54 1.31 4·59 

Nt (1710) Sll .02 .01 .0S .04 

6(1236) P
33 -·99 1.Ll2 -.25 .76 

8,(1640) S31 -.01 -.003 -.02 -.01 

.6(1920 ) F37 -.12 .25 -.97 1.50 

TOTAL 2.1+5 12.6 .87 S.66 

N(2190) G
17 

.11 ·36 2.02 3·79 

6(2420) H3,11 -.05 .11 -1.66 1.79 



Fig. L The p residue, 
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FIGURE CAPTION 

2 r (m ), is plotted as a function of m. 
- p p 

Curve (a) results from our sum rule, Eq. (22). The finite-

energy sum rule, Eq. (2L~), produce s curve (b). In both 

calculations we have used the resonances listed in Table I; . 

the nwnerical values of the parameters are listed in Ref. 5. 
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This report was prepared as an account of Government 
sponsored work. 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 

B. 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 contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 

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






