Lawrence Berkeley National Laboratory
Recent Work

Title
VECTOR DOMINANCE AND MESON PHOTOPRODUCTION

Permalink
https://escholarship.org/uc/item/3206z8f9

Author
Beder, Douglas S.

Publication Date
1966-03-28

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/3206z8f9
https://escholarship.org
http://www.cdlib.org/

UCRL-16781

University of California

Ernest O. Lawrence
Radiation Laboratory

VECTOR DOMINANCE AND MESON PHOTOPRODUCTION
- )
TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call
Tech. Info. Division, Ext. 5545

- _J

Berkeley, California




DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. '

TS




Submitted to Physical Review for publication

UCRL-16781

v UNIVERSITY OF CALIFORNIA

Lawrence Radiation Laboratory
Berkeley, California

AEC Contract No. W-7405-eng-48

VECTOR DOMINANCE AND MESON ;‘PH_OTOPRODUCTI“ON |
Douglas S. Beder

March 28, 1966




‘ . VECTOR DOMINANCE AWD MESON FHOTOFRODUCTIO!

#
Ed .
Dovglas S. Beder
B
- ation Laboratory
California
California

March 28, 1965
© ABSTRACT

In this note we assume that matrix elements of currents are

a

o
1)

inated by vector meson intermediate states. Thi sumption is
: yove == T

hen used to relate pseudoscalar meson photoproduction to the

(strong interaction) production of vector mesons. Numerical

comparison is hinderéd by the lack of "overlapping" data for the

i

above two reactions, but predictions ap

Rl

pear to be in rough agreem

- with extrapolated data for photoproduction of XK'

valid, this vector dominance g

2]

sumption could be a useful tool

for high energy photoproductio

;j .
=B

redicticn. -
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INTRODUCTION

In this note we shall study some consequences of the assumnption

that matrix elements of a vector current (such as the electromagnetic

LR

current) are dominated by vector meson intermediate states. This’

o

.1 \ e a . ' .
. assumption™ will provide a relation between electromagnetic and

strong-interaction matrix elements that has been previously derived

n

A : . S L2 . o rys
from current-commutation relations. The main concern of this paper,

“however, will be to relate photoproduction of 0  mesons to production

of vector mesons by O mesons (via strong interactions). Usin

(68}

the idea of vector dominance, we are not evidently restricted to

J

1

b

eripheral models of photoproduction,5 but hopefully can eétimate

photoproduction from experimental date on vector meson vroduction.

Our aim here is therefore to indicate in some detail how the

comparison between the two above reactions is t0 be carried out,

and to examine dbriefly some preliminary data. We feel that this

type of comparison ‘should be more meaningful than a theoretically

unfounded comparison of pnotoproduction with elastic pion-nucleon

scattering. It . is to be hoped that future hotor

B

o]

oduction analysts

will continue the suggested comparison as & test of the vector

dominance approximation.




II. VECTOR DOMINANCE

We first consider a photon emission matrix element: vector

dominance is illustrated in Fig. 1a _and Eg.(12): ‘ Low

T(A—»IB-;-;V) = Z.T(A+B+Vi> X fﬁ- . ‘ (la)

: | 2, |
The vector mesons here have zero (L-momentum)® but nonzero.

L-momentum; i.e. the vector meson amplitude is "off-mass-shell."

. . S .y .
The photon vector-meson coupling” for the dith meson 1s taken to be

it i

eMi2 Vi ' ' _ : o :
— < . et = (v |5 |o) | | (2)
J.i X 7 _ ‘ ) '

where € are polarization Lovectors.
Similarly, an amplitude for - P-wave x - % emission will

be approximated as in Figure 1b and Eqg. 1b -:

o | €
T(A >3+ [xx] P - wvave) = T(A -~ B+ p) Ep LELEN (1v) ' o
’ ' M - s, :
. o] e . 1
Here s .= (x = + x_ )2, i.e., the square of the "effective mass"
1 92iS >JL1_ 42 . ) - » . ]
of the p . If we extrapolate to 5_-.= 0 -in Eq. 1b, then the
above equations imply .
Gy .
. gp ,, fp ’ ' . ' : 'f'.
T(A - B + [xnx] P-wav YO mass) = - > B 4 . b
T(A - B + [5x] P-wave, zero mavs) " T(A»_ B f 7ISOVECTOR) | N
e - " o 5
This is précfsely the result of Ref} 2, . essuming g = f and . ; -E%

pr P




anp?oprlately evaluatlﬂg certain constants appearing in current
commutation relations as in Reference 2.
Approximations equivalent to the above equations were used .

5

by Gell-Mann et al! to estimate the rates w - 3x and w - 5wy in
terms of 0 ww couplings--their results can be considered a
particular case of Eq. 3 with A = (17,785 MeV) and B = x .

For example, we have the relation

W

!
Elo
"

oy pren !

with f's defined as in Reference 2. Relations such as Eq. 4 have -

aiso been used by Berman and Drell5 to estimate b photoproduction

in peripheral models of the reaCulO“.l It would be interesting and

useful to be able to estimate photoproduction rates without the

.

restriction to peripheral reaction models; we will use vector

dominance in this context in the next section.




IIT. PHOTOMESON PRODUCTION AND 'FRODUCTION OF VECTOR MESONS

In this section we use Eq. la to relate single pion photo-
production to . + nucleon — p + nucleon; we therefore take Eg. la

'in the following form:

T(r P>n B)a ¥ = T(x, B -V, P) . (5)

Here o,B are the charge‘ (or SUB) indices of 0 meson T,
éndvbaryon BB - In Ea. 5 we have an amplitude for:an "off-maés-
shell"” vector meson with zero "mass", ‘We assume that ve may iﬂsfead
use an 0n-ma354sheil'amplitude'(square_of Lemomentum = actugl vector
fest masé) without incurring any serious error. This asSumptibn
appearé plausible when all energies are large compared with the vector
rest mess; wevfurthér Justify this assumption in Appendix A .
-Empirically, we note strong suppressiqn_of the ﬁ(l-,lOEO MeV)
productionkamplitudes (both in = and K reactioﬁé) and therefore

drop the term in ﬁ . TFor = photoproduction; it seems likely

that the o term will be small, for we know that:

() From5 SUB' RS ﬁfgﬁ/ sin ®  where the6
w - f mixing angle @ = sin (0.6). .

(b) The rate = + nucleon - w + nucleon seems slightly

smaller than (= p + nucleon) .

If the o and p eamplitudes interfere constructively,

we might exys

1

N . . . .
a k0% contribution to cross-sections from

-
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the interference: we shall bear this in mind, but for convenience
we will now drop the w term for = - photoproduction.

From 21l these assumptions we obtain

5 .
do . : . £ do /. o A0 Dpy
z Py B) xor =5 Fp (2, By = 07 F) (7)
. £ : .
t where

5
(nP) phase space « 1 (. transverse p helicity lle.
D -
(pP) phase space 2 2.all p helicity states ITIE

The last factor of r is due to the purely transverse nature of the

rhoton: the l/é comes from an average over .incident photon spins.

In terms of the p production density matrix X in the p helicity

representation in c¢.m. we have

1 . : .
r o= 3 (phase space ratio, =~ 1) (1 - XOO) . (8)
In practice, although experiment furnishes our X , experimentalists
usually present their data via a density matrix in the "magnetic
quantum number"” ' representation in the vector meson rest frame, with
the gquantization axis parallel the directidn of the incident =

momentum as seen in the p rest frame. The simple transformation

to a helicity representation is given in Appendix B . From the

‘data, we have -XOO between 0.5 and 0.7 near 0° production angle,

and approximfitely 0.5 at 60° c.m. for L GeV/e 1lab  x momentunm.

0
] £o2 5 2 ~
_ l/é s and the estimate fp ~ 25 , ve obtain
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doc .. B ~ -3  do : ol _

We first consider 7° production; experimentaliy, one can
ascertain relatively cleanly that a measured n° did not result
from a photoproduced p . Since +°P is not experimentally -

accessible, we use isospin conservation (see Appendix C)° to obtain

-

H

o=

ao(x"p » p°P) =

ldo(x"p - pp) + do(x'p »> o T p)

I
1

-

- do(x"p - pon)]b . (20)

.

If we wish %o study -7 D -1 n ; we-use the relations C2 <o obtain

do + ' _ ; o =3 do - O
Iq (v o~ ﬁ_?) = [2(1- XOO) assumed 2.1 here| x lO‘ To (x"p~>pn) .

(1)
If we were to assume that at large angles, vector exchange.
dominates.(as is believed to be the case in X - production ), then

only  exchange 1s relevant, which implies that

~do(xp - p’n) ~ 0 . (12a)
“and '
ao(x’p » p%p) & do(xp-o7p) .. (121v)

: _ N _ o L o
In fact, at small momentum transfer, =z -+ 0 is the largest observed
! S _ ST S

rate. Furthermore, if we accept.available x  deta as genuine
FUES ’ Py - R

7ot

yp 5 rmgee g

-




-

single photoproduction, then the.observed rates at 9OOcm are

e}

approximately equal for x+ and © . This last observation, together

with Egs. 1l and 12, would seem to rule cut vector exchange dominance

at large angles, which is in agreement with tentative o production
. ' + '

data. If we accept the rough equality of 7 - x eand y - ° at

7&'9OQ:anv then we also have implied the reletion
- - + + - o}
do(n=> p") +do(x’ »p") & 3 do(x - p°)

at large angles, which would be worth checking in the fiture.

We will now turn to numerical comparison, using the above

equations.

. ',c"" L
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- IV, NUMERICAT, COMPARISON: n PRODUCTION

Data° We shall rPfe¢ the reader to references 9 and 10 fof relevant
photonroductlon data and present only a few pertinent numbers here.
It is known that at = b GeV/e
+ - o
s / mn (75-857) 3
— {7vp =~ ) = 2 x 1077 w/sr . (lke)
as \\ o 4.0 /
©~p (907) :
-Unfortunately; g production data do not yet exist anywhere near

such' large momentum transfer. We also know at .4 GeV/c:

Eu .Qp;ﬁp(eo%)x 0.0 |p/sr, Q)
‘G B + 7'_ A - :
§§ <%p -7 n(5305>_c: 0.07(?) wb/sr . . (1be)

‘The latter figure is.éxtrapolated from data of Reference 10 where
dataare presented averaged over either energy or angle intervals over
which do may vary by a factor of 3. A similar extrapolation gives

the estimate

eol &

. <1P - 1'n (50 o Gey/bi) 0.4 po/sr .

. The production data for ;ﬁp‘* on arealsq‘rather sparse at large

momentum transfers. For L4 Gev/e,

-%%_ (z"p.— Pn) A~ 1.7 ‘mb/sr _near. t =0 . (152)

&

b e



R PO

Based on th nube o? the ;ovv1rd peak for this reactibn‘(as'seen'inj.c
lld . , _

anbtbli hed 5 2- GeV/E date) we»estimate thet for L GeV 'and

.- o 2
s 60 c.nm., !

Eﬂﬁ (x"p>on) o L mbfer o i)

 Predictions: At small angles it is known for LGeV/e dete that

cdo(n” - %) > do(x” =0 ), so that from 152 we have the prediction

ig (71 - 7 n } L GeV/E)J : ' .

:~> 2 wfer ot b =0

‘féndg;0.0h ub/sf, at -60° ;-ﬂilfT

'_Thé la ter. nunber is to be comrared xﬁilﬁc lhc dﬁ nom

guess‘

["th % in Ecuaujon 10

)

tnan we predict»that '

. dss (o - -7 5 60% hoev/e) = 02 o, (7))

'even wit houo mny uadiulohul contr;butlon from the w inuermcdiate-

¥ . . state. This Pumbcr is to e compared with Eq('lhb Ve thus see S

agreement‘to ,ithi f&CuOf 2 with crﬁdely;extr nolated detm;




peak
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Vector dominance also predicts 'l:he.t Y - exhibito a forwvard .

shabed li e the forwvard peak in #->p. The situation with

regard to forvard pea}'ﬁ 1s as follows:

(&) do(y » xn) is approximatelylo given by -

(c)

do = exp[3t]

o = n) 2 éxnt ot]

(See the bi‘bliography of Reference lO)

do(x = 0) : “the result of the. T*"uropea.n collaborationllb ‘was,

for x” - po, o » exp[%] $ however, this exnonentia‘l begins '

to failf appreciably below data s.*'ou.nd t. X 0. 1% Ce\ﬁ The same

-5
groun :J.l.go found a conciae*‘ably ‘broader reak for n: - . Ve

feel that w0 data exhibit a definitely broader 1c‘o**m.rd.

‘peak t’mn "o,  but clearly mo*‘e date are neces sary t»o cle.rifyv N

thiu pO" nt.
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V.. X PHOTOFRODUCTION

We shall now discuss X photoproduction in a similar manner.
to =x photonvoduCulon For X productlon, the - w
contribution turns out to be imno* cant, so we write Eq. 1b in the

form:

T+ K8) & = 2% - k) + 2 2w o) L (18) o
o] . w. T S

If we furthermove assume that +the reaction° involved are perivheral,

in uhe sense that the amplitudes have unique -channel quantum

. 12 ‘ .
numbers, but no.unique s-channel isospiln, then we' can rewrite.

Eq. 18 :

T(ym—»KA) f

S n(K e ) b S TKpea) . (9)
I L . o

o
Motivated_by- SU3 nredlctions for relativé sigq; of counling éon ta"t"
for mésdn exXchanges (and unable to expe*ime”tally determine ”elativc
phasés of ®w and  p veactiona), we - ten at;vely assume that both:
amplitudes in 79 have 1he same phuse. : - |

The only statistically reliable date availéble for the relevan*f-f

-

reactionseme at 2. 45—GeV7E (pK lab), where™?

- g—? Kp - JAPS 0.07 'mb/sr,
Clase , N - / ‘

do /. - o o S
— (x D'~ Ap /a 0.0k" mb/sr -

at forward angles.
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From these data we infer that Ta)/ T, ~ “4/3 , and therefore,

using our earlier assumptions about f and 7 we Shall approximate
o - = W o’ ==

18 vy

e~ KN v L1 T(K D - Ae) . | (19')
' : ' 0 .

Assuming XOO 2 1/2 for both reasctions (a reasonable approximation

to the tentative data), we have

1
y

do 107 % 1.2 ] %% (X" = Aw.)z 0.07 mb}

‘ +
o) (rp - ,K' A)

]

, _ (21)
~ 0.085 b/sr at 0° .
‘The data on ‘K'p.— wA) imply that
do) A E.dc) :
Lso 7 o 7
‘ 0
from which ve predict that at 2.45 Gev/c anda Ls° c.m. production
‘angle | |
4
5 2= X'A) & 0.05 wfsr .. - . (22)

- Agaln, we find no vhotoproduction datae at this energy.9 At 5.‘6-Ge‘-.7/c,

do +. N ' '
%Q (p » X A)”:O ¥ 0,05 ub/sr . - (23)
‘ 5 |
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Now, at 6OO_the n?_ photoproduction cross section increases by 2
in going from 3.6 to 2.5 GeV/E « which leads to an estimate that

extrapolatedidata imply .

%% (yp > KA ; 2.5 GeV/e , ¥5°) &~ 0.1 pbfsr . (o)

Thus our prediction is again within a factor of 2 of crudely extrapolated
data, This situation we feel merits further analysis when @ore data
are available; it 1is nortrivial to be within a factor of 2 when

differential cross sections exhibit diffractioﬁ structuré.(‘
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VI. LEPION PAIR ERODUCTION-*ANOTHER APPLICATION

Lepton pairs may be assumed to arise from an off-mass-shell

v1rtual photon. Here we adopt the approximation that the virtual

Photon comes from a vector meson state; in effect.we assume that

-lepton pairs come mainly from vector meson decays, at lea t when the

invariant mass of the lepton pair is close to the mass of a typical

vector meson. With this assumption (actually, we must really include -

interference effects again) ve obtain, for example,

S5 (= e*e” N' 5 averaged over age”) =

+ =y
Fi(e e )

ri(

total)

do
as 1

(25)

For more detailed dlscusuions of rcsultant lepto distributions; the

“eader is referred to Referepces 15 and 16.

Another process closely

related-to lepton pair production is électroproduction; For the

latter reaction_we would assUme that a ulrtual photon comes from the

incident lepton, and essentially transforms to

a

vector'meson state,

which then séatters off the target. It is not our intention, hovever,

to further discuss these lepton reactions

here,

(N > v, + "),

58

LK



4

-15-
VII. CONCLUSION

© We acknowledge that these ideas are very simple; they have
undoubtedly occurred to many people, but the author does not recall
seeing such comparisons as suggested_here in the past literature,l

The content of these photoproduction predictions . is not trivial,as both

- momentum-transfer and energy dependence are predicted to duplicate

vector-production features. A comparison between photoproductionvand;'

elastic n - p scattering(at fixed angle and varying energy) has

'eppaued;9but we feel this comparison to be theoretiéally unfounded.

A éomparison of reactions aﬁ all momentum transfers will constitute
a test of whether w-p or x - x is more relevant, because the
forwvard diffraction peaks:are differently shaped for w —+ p as
compared with n - n (see Section 3).

Finally, we emphasize that even the approximate validity-of.

- the vector-dominance assumption would provide us with a useful tool

for preparation and analysis of wide-angle photoproduction experiments

in a range of momentum trensfer where absorption-corrected peripheral7

models are least reliable.

gt
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APPENDIX A. OFF-MASS SHELL, EFFECTS AND GAUGE INVARiANCE._

We first motivate our assumption that off-mass-shéll extrapolation
encounters no rapid variation in matrix elements by considering the
transverse polarization amplitudes for one-meson exchange. Far =

exchange we obbtain

| | | M o )?
(-t) from baryon vertex A\ transverse
5 x (phase-space)x {—

2 _ 2 .2
(t - %) = Ic;l sin” §

It 1s evident here that there is no strong dependence on the véctor
mass. At high energies, fixed t and fixed %yzﬁ are.very little

~different, and also the available phase space is insensitive to rest

masses. ‘In fact,
(wp) phase-space / (pp) phase space = 1.07 at 5 GeV/c

. It is rather the longitudinal helicity amplitudes that are mass-sénsitivé,

since

q' . (A3)

One can similarly check that off-mass-shellveffects are small for

vector exchange. On the basis of these perturbation theory propefties,

1" 14

we infer that our off-mass-shell extrapolation is fairly "safe”.

It is also meaningful to question whether the vector dominance

approximatidh is a gmge invariant assumption; this question applies

i
i

A A e and




to k
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3

equally vell,td peripheral modeis of ﬁhotoproduction.' If (és7pointed
out in Reference 3) the vector mesons_gouple fo coﬁser&ed currents

(a5 in: the case in the exact SU5 limit, and is probébly the case.

for the p coupling to isospin),then our assumption can be stated'

T(y + etc)as eu7 3 (ab)

where Jv“ is conserved, i.e.
&

k, J“(k?) = 0 , all ¥ 7.' ;
The current .va 1s the same éurregﬁ that ¢ouples £0vtheAp ; iEquaﬁibn
Al suffices to ensure gaugé and Lorentz invariance of the sum over
squares of transverse amplitudes. Iﬁcidentally, the Bornivéctor-.
exchange amplitude is éutbmafically'gauge invariant; |

If Ab 1is satisfied, the invariant result obtéined is of the

- form
2 _ .2 2.
Y. (k& =0) = g x* = 0)]7,
transverse spins transverse
— .2 2, . 2 2,2 o 2 2,,2
k = = = -+ e <4 = ! . .
A ADRERHE NSRS A e 756" = m.7)]
all spins transverse o
Our assumptions are thus that IJ ﬂ(ke) : Ig' is relatively insensitive
5 ' : - transverse o '

.



~18-
APPENDIX B. DENSITY MATRIX TRANSFORMATIONS

In Sectién 2 we described fhe conventional coordina%é‘system

‘for density matrii analysis of p prbductionf ‘Wé transform back to
the c.m. system and a helicity representation in two steps:

(a) Rotate in p rest frame to align quentization axis with

) "lirection of motion" of the o ;
(b)' Lorentz-transform along the direction of motion back to thé
c.m. frame.

As transformation(b)'does not mix helicity staﬁes, we neéd-only.
consider (a), which is a‘simple roﬁation. If the c.m. P ’h-momentum
is: P, then we reach the .p rést frame by a Lofentz boost with
B = lpl/bo .. If qu is the c.m. = b-momentum, and the directioq

of p 1s'defined by unit vector e, thén we have to rotate an angle

8' , vwhere

tan 8' = q'( to e) / q'(M. to e)
| ' o (BL) .
sin © o
— c.
B X ’
0 Q. _ ==— % cos ©
Mpq M Jm.

vhere all quantities are in c.m. in the last expréssiOn.

~%
. 4

{

<

g
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APPENDIX C. TISOSPIN RELATIONS

& - In the following we present some relations between crqssgséction§ '

which follow from isospin conservation. We first observe that

_I"+r£>=/-ljll

WIEIENONLEEC RO
lzz,n)\ =\/r§_-1 T = 3/2) +@ __.[I=§), v(cl)
,.'Z: =yt IT=32 - ,@ =2y,
", ») = | |1 = 3/2)
o |
With an gbv;ous symbolié potation we now have
f 4o (xp - p'p} = ‘59 ['[Aj/e[? + WRe A/ Ay gy + u.l'A];/aié_] ,
do(x"p ~ por}) = 39- {IAj/ele -2 ReAg/QAl/g .+.:VI'A1./2|2. ] ,
ao(x'p» 0'p) = |A3/2l2 , o _, o - (ce.)»
dc(#%'ﬁ °°p) =.19. ulA5/21 + 4 Re A5/2 gy * _‘A:L/z.lg]’.

o

.Vd“’(“Jrn‘ - pp)= 35 }As/el - 27Re A3/2 A1/2 ‘ .’IA].-/EF] .

0

From the fifgt four relatlons of (2 vweiimmediatelonbtain'Eq. 10.
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1ll=a.
11b.,

12.
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FIGURE CAPTIONS

Fig. la: Vector dominance illustrated for the electromagnetic
current,
Fig. 2b: Vector dominance illustrated for the [7,7] (isospin)

current.
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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

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.








