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ABSTRACT 

vIi th some simple assumptions on the behavior of the discontinuity 

of the cut in the angular momentum plane (associated ';lith the simultaneous 

exchange of the p and the P trajectories), we shmr that the high energy 

n:N charge-exchange polarization is expected to have the follmving 

features: It has a z ,ero near the fOTIrard direction [say with 

It I <1 (Gev/c)2 L whose position depends on the energy .. ·In the t 
.... 

region between t = 0 and the position of this zero, the polarization 

decreases 'Hi th energy and beyond this region the polarization increase!? 

with energy. Consistent with all the other available n:N data, 'Ie 

shovT that. the present charge-exchange polarization and differential 

cross section data can be fitted bya small p-P cut contribution in 

addi tim to the p contribution, ,·ri th the p trajectory choosing· either 

sense or nonsense states at a = O. If the p trajectory chooses the 
p 

± 
nonsense state, the crossover effect observed in the high energy n: p . 

differential cross section can be explained naturally without introducing 

a zero in thehelicity nor~lip amplitude of the p, which is needed 

in the present pure Regge pole model. 



. . 
It is per:b...aps w'ell-lmmm'by nOi., that the high energy -

1( P 

charge ... exchange differential cross section near the forward direction 

can be explained successfully in terms of the t-charinel (1(1( -> NN) 
. 1 

p trajectory exchange. If the 1( p charge-exchange amplitude near 

the for,Iard direction .is indeeddominaied by the p amplitude, then the 

phase of the helicity-flip and nonflip amplitudes should be about the 

same, 'Thich implies that the charge.exchange polarization should be 
. 

smal1. The latest available data on charge-exchange polarization by 

2 Bonamy et a1. at CERN is shOlm in Fig. 1. The average polarization 

for all points w'ith 0.24 ~ It I ';? 0.04 (Gev/c)2 is 16 ± 3.5';~ at 5.9 GeV/c 

and is 14 :!; 4.5% at 11.2 GeV/c. The polarization data are certainly. not 

consistent with zero. To explain the observed magnitude, one has to 

explicitly include, in addition to the p amplitudes, some background 

contributions. Various possibiUties within the Regge model have been 

proposed ever since the report of the preliminary results on nonzero 

Charge-exchange poJarization at 5.9 GeV/c became available.' Among 

these proposals) there are J for example, (a) interference betvTeen the 

I) ampUtude and the tail of direct chal'1_"1.el resonances, 4 (~) interference 

between the p a~plitude and the contribution of another trajectory,5 

(c) the possibility that the p trajectory is complex for negative t , 6 

and (d) interference between the . p and the contribution of the cut 

associated with 7 8 p and Pomeranchon exchange. ' 

Let us examine the energy dependence of the charge-exchange 

polariza tion that vlould be expected from these various possibilities • 
.. 

Define the t-channel helicity nonflip and the flip amplitude A' and 

B such that at high energy one has9 for th~ differential cross section: 



dO' 
dt = 1 

/ 2 
lorrE 
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and for the polarization 

p = 

l' 

':'2(kakb It I) 2" Im(BEt AI 

l
r ka1A112- t kb1BE/21 

. _1 

, ( , \ 
-I 

(2) 

where E is the total lab energy of incident pions. FE.ctors k a and kb 

are given in Ref. 9. For E » 1-1 and It I « 4g2, k ~ 1 and kb ~ a 

If a single trajectory O! is exchanged, AI Eet et- , 
c:c and B cc H' ~ . .w 

(a) ,If vTe assmne that the tails of direct channel resonances behave 

at large E as x/E, then the polarization d~e to interference betvTeen 
, ' -(et +1) 

these tails and the p falls at high energy as E p If the 

elastici ties :x: are not constant but are themselves decreasing 

functions of E , then the poJ_arization disappears even faster. 

(b)' Let us now consider the polarization produced ?y the exchange 

of two t-channel trajectories of O!l(t) and Ct
2
(t) , T"here Tire take 

If the contribution to the amplitude of Ct
l 

,is larger than 
Ct

2 
-Ct

l 
Ct2 , the decrease in the polarization is given by P c:c E 

l/4H
2. 

On the other.hand, if there is an energy region in whichCt2 do~inatesJ 

cxl -cx
2 then in that region the polarization "rill increase: P c:c E Note 

also that Bose statistics require any trajectory ,rhieh can eontr:Lbute 

-to rr p charge-exchange scattering to have odd signature, iThich 
, 

implies for smal::' It ~ P oc t'2 sin ~ (0:
2 

- Ct
l

) . 
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(c) The proposal'that the p trajectory !:\aybe complex for certain 

negative values of t may be thought of as an extension of the idea of 

having two ,trajectories) vhich would require d l (t) and (l2( t) instead 

of being real) to be complex conjugates of each other for nesative t. 

It is possible to get the polarization to be independent of energy ",ith 

this proposal •. 

(d) The energy dependence of the polal'ization expected from interference 

between the p Regge pole and the p-P cut has been studied recently in 

t,vo papers) by Delany. and Gross 7 and by Huzinich and Tepli tz. 8 In this 

note we wish to examine in further detail the\dependence of this 

polariza tion upon both energy and momentum transfer. He "Till point out 

that the Simplest assu.mptions about the discontinuity ·of the cut) such 

as were made in Ref. 7 and Ref. 8 imply that the polarization should 

decrease as the energy increases (contrary to the expectation of these 

authors), but not so fast as to be in conflict with the experimental data. 2 

We will first derive a general expression for the polarization 

due to the interference between the p pole and the p-P cut; ,·re ignore 

the contributions of higher-order cuts as hopefully negligible and certainly 

complicated. Since in our fits the p-P cut contribution to the 

differential cross section is sw~ll) it is plausible that the contributions 

. of higher order cuts are even smaller. He then discuss in some detail 

the expected high-energy behavior of this polarization. Finally) we 

present t"ro sample fits to the existing charge-exchange polarization 

data consistent with all other relevantrcN data. 
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Associated with the simultaneous exchange of the p and the 

PomerancnukRegge poler, 'in the t-channel} tnere ,viII be a cut in·the 

angular mo:nentuI!l plane, whose rightmost extension 0; 
c 

is given bylO 

0; (t) = c Max [a(t') + ~(t") - IJ . 
r-: p r 

,~ +\~r ~ VItI 

' .. 
Assuming that the traj~ctories are linear (for small t) and that 

~(O)= I} this gives 

0; (t) 
c· == 0; (0) 

p 

, . 

+ t . (4) 

The value of ,,' is at present not well determined} although earlier 

f ·,j.. 11 t th l "'s 0 _ e data suggest that ~ 
, 

lies between o I -2 
and 0.4(GeV c) • 

The fits ,'hich will be discussed later have <Yp' == 0.35} ,·,hieh together 

with the value 0; == 1.0 
p , 

gives a ' == 0.26. c 
From Eq. (4) 

, , 
0; <0; , 

c p' 

for any value of '0; 
p 

The conclusion of this paper is essentially 

independent of the value of 

or it could be as large as 

, 
~ used. 

a p 

For instance CJ> 
, 

could be zero, 

Performing the Mandelsta:11-';-Tatson-Sorr£:erfeld transforrnation on 

the partial wave expansion for the helicity nOnflip and flip ~nplitudes 

and keeping only the p pole term and the contribution of the cut, we 

get for large E 

A'(E,t) 
1(0; 

== .$+(t)(tan 2 P + i) 

'. 

" 
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and a similar expression for B(E)t) 
+ . 

d D+ an 

" 

replaced by , $- and 

P - •. T1:e ,symbols 13- are the reduced residue functions for the poJ.e terms 

and 
± 

D the reduced discontinuities across the cut in the J plane of the 

t-channel helici ty a.r:1pli tudes, He assur.Jethat the backgrm.md integral 

b 'd k 1 t t 'J -_ 1 . 'L>' 1 can e pU,sne a v eas 0 -2) loa /" 2 For simplicity) ,-re vEl 

ignore contributions to tr:eintegral in Eg, (5) fror.'lthe 1m·rer limit) 

tpesecontributions beirig of background size. This' ,.is equivalent to 

evaluating the integral as if L::: Q), From hermitian analyticity) 

D(J,t) is real for t < hm 2, 
rr 

+ 
We aSSUIlle that the discontinuites D-(J,t) can be ,rritten ,as 

-;I;- rrJ 
D (.J, t) (tan '"2 + 1) = 

= 

+ 
The C-'s are given by 

n 

(_)n on r 
+ i 

C -(t) = !iT n 

+ 
exp [ _ 1;(J D-(Jzt) -rrJ 

cos -2 

co y+n .--, + 
2~ c -(ex 

n c J) 

n=O 

+ 
D-(Jzt) 1 

I 
I OJn rrJ (ex _ J)Y Lcos I 

'2 ...J 
C J=ex c 

1) 1 
J 
,. ,.., 
i irr i 

exp: - '2 (J - 1) i 
l I 

.J 

(6) 

, and are real. 

If the cut is 1ogaritl1JiJic as expected,12 then r = O. From (5) and (6), 
, , 

the contribution A c of the cut to A' is 

I 'ex CJJ 
rCn . \ C rrex 

L 
+ , I E I (+ c A (E) t) = 

\ Eo) "anT + i) c ~ /' ~ ; i ~ 1 

n:::O l tn ': ~ J '\ -< 
\"-'-'0, 

1) C + 
r + n 

i/+n+1 
(7) 

1'( - i 2" 
i 
I 
; ... 

)-



and a similar expression for B c 
- + - -1.J'i th . C . replaced byC' ,;'There 

n n 
_ + .J.. 

C - = C .:. cos 1\0, 12 .. A formula similar to Eq.(7) has been derived in 
n n c 

Ref. 7. To order 11th E 

(n = 0 ) term: 

" 1 I I"~ phase of A r i - c ; 
L . j 

= 

. I 

the phase of A c is given by the first 

-1 1\ 
+ l)tan - E 

2 tn E 
o 

+ 0 / 1 ~ \ 2 E ,<n. EO 

(8) 

It .is crucial for the discussion belO;'T that to order lltn E the phase 

of A 
c 

does not depend on the details of the discontii1Uity of the cut 

(the set of C ). thus to this order the phase of A r n } c and B 
c 

are the 

same. Since for small t, and a 
c are nearly equal} the term 

1\. 

2 tn .!.. 
E o 

is really the leading term of the phase difference between the cut and 

the pole} and so must not be neglected; a similar point has been made 

in Ref. 7. 

At energies so large that Cn/Co « (tn E)n) A ' will bel{e 11 
c 

approximated by the first term of Eq. (7). The energy 'dependence of 

the polarization "ill then be given by 

( )

a-a, 
E c P 
~ . 
.... 0 ' 

p '" -: (-,+1)/2 
i 
I 

J 

I 
I 
\ . 
1 
I 
{ 

. ' 

,;.1 
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In the sn;all I t I reeion of int,:=:rest, for y ~ 0, and a very vTide 

range of E, the energy variation of the polarization is controlled 

primarily by the sine' factorj see Fig. 2 for a graphical illustration 

of this. He should point out that a Siml)lifted version ofEq. (9) has 

been given by Delany and Gross in Ref. 7. HO':iever, when they discussed 

the ener~1 dependence of the polarization in this s~all It I regionof 
Ct. -0: 

interest, they only considered the E cp factor, neglecting the 

logarithmic denominator and the controlling sine factor, and so were led 

to conclude that the polarization should increase with energy. 

We can define the effective ~tkn of the cut, 0. so that 
eff ' 

phase of A' 
c = 

11:o.eff phase of (tan --~~ 
2 

+ i) . ( 10) 

From either Eq. (8) or Eq. (9), we can see that at large energy, 

= Ct. (t) _ 2(Y + 1) tan-I 
c' 11: 

- ex (t) -c 
Y + 1 

f-n(E!EO) • 

(11) 

We can nmr' see what the energy dependence for the polarization will be" 

for E, large enough so that Eq. (11) is valid. For given' E and s~all 

It I , will be less than Ct., ; as the energy increases 
p 

Ct. ~~ will rise, the phase of the cut and the pole will get closer' 
e~~ , 

together, and the polarization vill fa,I1. At larger It I, "There 

Ct. ~f > ex ~ the polarization will increase. These remarks are illustrated 
e~ p 

in Fig. 3. 

, ) 
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Be~"'ieen the· region in t in Tilhi'ch the pola:ri za'tion ,.,ill rise) 
. . , 

and the region in \'ihich it I,rill fall, is the POi11t a = a . at this eff p ) 

point the polarization is zero. That iSj tbere is a moving zero in tbe 

polarization at the value of t satisfying 

a (t) - a (t) c p 
2(r + 1) 

rc 
-1 

tan 
r -I' 1 

( 12) 

He turn nOiV' to the question of whether energies of 5.9 and 11. 2 

GeV are sufficiently large to warrant the ~pp:roxirr3tion of keeping only 

the firs t te:rm in E q. (7). The anSi.,er to thi s que s tion depends on the 

derivatives of the d:Lscontinuities(the C's), which 'Ire do not knov. 
n 

From Eq. (5), keeping the first term in ECl. (7) is eCluivalent to assuming 

.that 

rcJ ( cos "2 a c 

Ct -J 
is independent' of J, for those values of J for which (E}EO) c is 

significant. For the energies in Cluestion this is perr...aps a fulluni t ' 

of angular momentum.' He would expect that the contribution'to the 

helicity-flip amplitude 

.since B 
P 

is large in 

B c 
should change sig..11 at J = OJ hOi-rever, 

I 
cor.:rparison ioTi th A , we assur.:e tbat the 

p 
I 13 A , and we knm,r of no reason 

c polarization depends primarily on 

why R+(J,t) sbould oe zero at J = O. In our i~orance of any 

detailed e;..rplana tion of the cut residues} we ·,;:..11 ma}~e the' simplest 

possiole assumption} na.llely that R+(J,t) can oe apptoxi;::a ted :;J a 

-" ' 
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constant (or at. most an exponential) for _-1 ~ J :::;·a • 
.::: C The ex:~)onentia2. 

can be incl~ded by adjusting ~ ". "" ~or some cnOlce or for 

n > 0, arid A c is given by the first ters of Eg. (7). In fact in the 

fits ue will take EO = 1 GeV and l = 0, although these fits to the 

presently existi!1.g charge-exchange polarization dat.? are insensitive 

to this particular choice. More e)..'}llicitly the cut contribution is taken 

to be 

I 

Ac (E,t) = 

with 

"There and 

tnE i 1! 
2 

are the parameters. 

a 
i)E c 

The factor (a + 1) c 

(13 ) 

is 

included here to be uniform with the parruneterization for the p-amulitude 

of Case 1 beloH. 

In our numerical analysis, together '-lith the charge-exchange 

polarization data given in Ref. 2} "'e include a sar.1ple of high energy 

1!N data} such as the differenti al cross sections and polarizations 

+ + 
of 1(-P elastic scattering, the 1(-P total cross sections and charge-

exchange differential cross sections. The exact da~a included are 

enumerated in detail in Ref. 11 end 14. ~'Te add the p-? cut contribution 

of Eg. (13) to the Regge amplitudes of 1) 
J. ; p' and 

ampli tudes are paral1leteri Zed in the same malll'1er as in 
. , , . 

p • 

Po~ 
.J.~_..I.. • 1 I, 

_'T. 

p and 

Two 

d · ~~.I.. ...J....J..'+ f .I.' lIIeren ... parame:.erlza"lons or "De p a:::pli tudes, deper~ciing 1.r11ether 

p' 
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the p traject6r~ chooses sense or nor.sense at 'dp = 0 J are considered. 

'tIe .. Till proceed to discuss our fits for these t";·iO cases separately. 

Case 1: . The p trajecto~y chooses 

., . r 
= (a + l)aO ! (1 A 

P 

Bp 

p -

se:J.se at = o. He write 

1(a a 

(tan 2P + i)E p 

a-1 
+ i)E P 

(14) 

where the tel~ G is introduced here in order to exolain the observed 

sign change in the difference 

dO' 
dt I 

+ 
1( P 

dO' 
dt I 

-, 

1( P 

in the small ItJ region (so-called the crossover effect).15 Hith the 

inclusion of P.J .p' and p plus the cut contribution, vTe found that) 

having comparable fits to' all the other data as .in Ref. 11 and 14, the 

charge-exchange polarization data can be adequately fitted. The fit for 

the charge-exchange polarization is illustrated in Fig. 1. The 

parameters for the cut and the p contributions are tabulated in Table I. 

For comparison, we include in Table I also the corresponding parameters 

for the p a. .. ·np'li tudes given in nef. 11. Figure 4a shows the prediction 

". 
of charge-exchange polarizations at 5.9, 11.2, 22J 50 and 100 GeV/c 

over a large interval given by this solution. We i11ustrate.in 

F . 5 '''.... t t' h ,. d . .eo.". . .' , . ..... • t 16 
~g. a our 1~1J 0 ne c ar.ge-excnange J..l..l.eremaa.l...cross-sec ... ].on a.a a 

. at 13.3 GeV /c and the contributions of the individual terrr;s. ~otice 

the do~nanceof the pcontrioution} except near the dip where the 

contri~ution due to the interference teti'Teenthe p . and the cut is 

significant. 

,';:' 
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Case 2: The p trajectory chooses :lonsen.se at ex = 0 . -VTe· 
p 

para:r.;eterize here 

llex ex 
A ::: ex (0; + l)aO exp( a1 t; (tan. 2P + i)E 

p. 

P P P 

(15 ) 

1t'0; Q; ~ 
-.L 

B = 0; (0; + l)bO exu(b t\(tan 
p 

+ . )1;' P 
2 

l oW 

P P P • 1 I -

+ 
In this case) the crossover effect described aGove bet',Teen 1t' p 

differential cross sections is naturalJ_y explained by .the che.nge in sign 

in the su..-n of Im A 
p 

and Im A ' • 
c At ex = 0) p A ' = B = 0 , the 

p P 

sizable charge-exchange differential cross sections observed near the 

dip is filled by the cut contribution. The cut and the p parameters 

for this case are also tabulated in Table I. To give a qualitative 

feeling hml the crossover effect and the bottom of the dip in charge-

exchange differential-cross sections are fitted, we present in Table II 

a comparison in X
2 + 

associated with the high energy 1t'-p and charge-

exchange differential cross section data for Case 1 and 2 and the 

corresponding values in Ref. 11. The fit to the charge-exc:lange· 

polarization data.for this case is also illustrated in Fig. 1. Its 

prediction on charge-exchange polarization for a larger interval 

at 5.9, 11.2 and higher energies is illustrated in Fig. 4b. Our" fit 

to the charge-exchange'data at 13.3 GeV/c and the contributions of the 

individual terr,lS for this' case are illustrated in Fig. 50. 

He s1..U::;::arize that; following the approach of ?ef. 7, 'tie have 

presented a general expression for the energy depei'~dence of cr.zrge-
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exchange polarization due to p ana. p-P cut cor.tribution. Hith the 

assumption the discontinui ty is cons-;-zut a::1d charge-exchange 

polariza ~ion is ma:L'11y a.1.EiD interference ce"t'\'ieer: A c and 

charge-exchange polarization should behave as fo110\·T5. There is a zero 

whose location in mo:mentum transfer Eoves ~'li th energy. In the region 

\·There It I is less than the position of this zero} the polarization 

decreases ivi th increase of energJl'} and in the . larger It I region the 
,-

polarization increases with energy. The cut contribution needed to 

explain the existing charge-exchange polarization data in the small It I 
region is quite small as illustrated in Fig. 5 (also for example at 

11.2 GeV/c) t = O} A ' = O.l3A ' c p for easel)) although its contribution 

It I region) in particular near the dip region could be 

substantial. \-lith the introduction of this cut contribution} the data 

can be consistently fitted with the p trajectory choosing either sellse 

or nonsense states at ex = 0 . \-lith the p choosing nonsense at p 
+ 

a O} the effect in 1r - differential cross section can be -. crossover p p 

explained naturally 'l;Tithout introducing a. zero in Ap The. assumptions 

involved in this paper seem to be adequate in explaining the existing 

dJ' da ta. However} their validity . remains to be further tested 

experimentally. 

He 'l;Tould like to than:{ Professor Geoffrey F. ehei'T for having 

suggested this investigation} and Dr. Robert ~~ews for several helpful 

discussions. 

.. 
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Regge Poles, UCR1"'16940, to be Elublished in P::J.ys. Rev. 

12. Heinz J. Rothe, Study of Branch Points iD. t:ie Ani;u1at- lv:omentu,m Plane, 

UCRL-17068, 1966 (unpublishe'd); V. N. Gribov, r. Ya. Pomeranchuk and .. 
. K. A. Ter-l,lartorosyan,· Phys. Rev. 139, 2184 (1'965). 

+ 
13. Although the ~-p elastic polarization in the s~r:e and energy 

region is also observed to be -15%, the situation there is much 

more complicated because P and pI trajectories can also be 

exchanged, and because the cut contribution to the polarization 

will presumably be coming from B c rather than Ac It is thus 

conceivable that cuts would not contribute as significantly to 

elastic polarization as they might to charge-exchange polarization. 

It has been sho'.m in Ref. 11 that the elastic polarization can 

be reasonably fitted with Regge pole amplit~des alone. 

14. C. B. Chiu, S. Y. Chu, L. L. Wang, Regge Pole I·:ode1 for the Secondary 

Maxima in dT and NN Scattering and tne :'Io-Compensation lvIecnanisi7:, 

UCRL-17302 (in preparation). 

15.. R. J. N. Phillips and H. Rari ta of Ref. 1 gives a deta 11ed. explanation 

on this point. 

16. Saclay-Orsay Collaboration: (a) ?hys. Rev. Letters 14, 763 (1965); 

(b) Physics Letters 20, 75 (1966). 
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TABU I: ParaI:leters for the p a:::a. the cut 

"' 
Case 1 Case 2 So1. a of Hef. 11 

I aO mbGeV - 0.63 - 0.71 

cut ( 
\ -2 " 1.27 O.OLJ. I a1 GeV 

l 
1.69 

. '" _1 
a
O 

mbGeV 1.75 c: (0) ~ 1.49 - p 

a1 GeV -2 
1.92 1.90 2.01 

p G 1.21 1.79 

bO mb 28.9 28.5 29·2 

-2 0.07 0.07 0.12 b1 GeV , 

( ri (t) 0.57 + 1.0lt 0.57 + 0.99t 0.576 + 1.02t 
! P 

ri .. ~ ~(t) 1.0 + 0·35t 1.0 + O·35t 1.0 + O.34t 
~ l ric (t) 0.57 + 0.26t" 0.57 + 0.26t 

TABIE II. A X2 comparison for the differential cross-section data 

Present yror~{. Ref .. 11 

Data Tote. 1 points Case 1 Case 2 Sol. a Sol. b 

± 
des 141 158 164 , ...,-" 161 1( p -:J:J 

- 0 dcs 56 86 98 87 87 1( p~1( n 



Fig. 1. 

Fig. 2. 

Fig. 3.· 

Fig. 4. 

Fig. 5. 
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. FIGURE Cl'l.PTIOHS 

1!~p. .. charge-exchange polarization at 5.9 and 11.2 GeV /c. 

X f' R·.o 2 '-\" are. _ rom • e.L . • The solid c~rves 

and the dashed curves are cor:!'espond':'~gly the fits for Case 1 

and Case 2. 

The energy dependence of factors in Eg,. (9) for "l = OJ 
.. ... 2 
EO = 1 CeV at ~.~ -0.15. (GeV/c) '. 

The functions ex ·.f"fCt) at 5.9 and .11.2 GeV/c J e.1. 
op(t), ex (t) 

c 

and a (t) for Case 1. p . 

Charge..:.exchange polarization at 5.9J 11.2J 22J 50 and 

100 GeV /c as predicted by. (a) Case 1 solution and (b) Case' 2 

solution. 

Tne fit to the charge-exchange differential cross section for 

(a) Case 1 and (b) Case 2 at 13.3 GeVjc. Data points 2: are 

from Ref. 16a and J:! . from Ref. 16'0. Notice the p trajectory 

contribution is dominating except near I" t = -0.0 
. 2 
(~eVjc) 

where . B vanishes and the p-cut interference contribution 
p 

is comparable to the p contribution. 
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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 employ~e 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. 






