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SINGLE-PION PRODUCTION IN‘K+p INTERACTIONS AT 4.6 GeV/C*
£ : S
C. Fu, ¥ J. MacNaughton and G. H. Trilling
Department of Physics and Lawrence Radiation Laboratory
University of California, Berkeley, California 94720
October 30, 1970

Abstractﬁ A study of K+p intefactions at 4.6 GeV/c,leading to single-pion
broduction is presénted. ‘CroSs_seétions for the final states KA, K*(89l)p,
K*(lh20)p are given. FCompafison Qf the results of this study with published
Kfp and Kfn data at the same.momentum indicatesrthdt corresponding‘K_ crdss
sections are significantly smaller, but othér feéturés Such asvmomentum

transfer distributions and density matrix elements are very similar.

1. INTRODUCTION
. The interactions of K+ mesons with nucleons do not exhibit significant

s-channel resonance behavior, and have therefore been largely described in

terms of t-channel exchange diagrams. Consequently the production characteristics

of various‘two—body or quasi-two-body final states appear to change only slowly'
and smooﬁhly with incident momentum. One can therefore hope that with data
spanning a sufficiently large range of incident momenta an improved under-
standing of_t-channel exchangeé may'be reached.

In thié paper we present data on quasi—two-body final states found in
single-pion production in'K+p interactions at an incident momentum of 4.6 GeV/c,
and compare our results with ﬁhose of similar studies at other momenta and with
data»ffom corresponding K N processés. A preliminary discussion of these data

has been given by C. Fu [1].

* Work supported by the U. S. Atomic Energy Commission.

*ow at: Department of Physics, Illinois Institute of Technoiogy, Chicago,
T1llinois 60616.
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2. EXPERIMENTAL PROCEDURE
| The experlment was carrled out in the Brookhaven Natlonal Laboratory 80-
1nch hydrogen bubble chamber exposed to" a 4. 6 GeV/c electrostatlcally separated | .
K beam at the AGS. .The results reported in thls paper come from the analysis
of“the followlngrtopologies: |

(i) two"prong;

(11) two“prong'withzree,

(111) three prong (7 decay)

The  reactions studled are the following:

K tpo Kapra = (_l)“
| ’;;‘K+v+'py%'n°' SR  (2)
o ¢ o e +.:“..+}1_+~,in_‘ ERNER RO “ |

The flrst measurements of topologles (11), (111), and the first two neasure-v
ments of,topology (1) vere carrled out w1th the . Lawrence Radlatlon Laborator&
Flylng-Spot Dlgltlzer (FSD) Further remeasurements were made on Franckensteln-
’ measurlng‘progectors. The geometrlc reconstructlon and klnematlc fitting were
done by5the PACKAGE.program. The elastlc scatters have been discussed else-

where [2] and will not be considered here. Relevant to this paper, besides

the T decays, are 1C fits of'topdlogy (i) and 4C fits of topology (ii). The

1C fits vere insPected on. the scan table to obtain ioniéation information.
Unfortunately, even after such lnspectlon,.cons1derable numbers of amblgultles
remained. In ‘table l, ve give the numbers of events in topologles (1) and (11)
_which fit the various s1ngle—plon productlon channels, 1ndlcat1ng also how many ‘_,f
ambiguous events occurred in each topology.. Slnce_thesedambiguous events may
appear in several different reactions, the'total number'of 1C fits is'less than '

the sum of the various 1C fits, ambiguous or unambiguous, listed in table 1.
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The two-prong—plus-vee and two—prohg events were handled separately and do not
correéﬁond to qﬁite the same incident beém track longth.t From normalization
with T decays, the two-prong-plus-vee sample corresponds to an incidénf flux
of O.TYIub/évent. On the other_hand.the.two-prong sah?ieb(whose normalization
is discussed in ref. 2) corresponds to a flux of 0.83 ub/event.

It is important to note that because of the background of multi-neutral
events, not.all“of the 1C fits correspond to realvonofpion production events.
Rough estimates'indicate that as much as 30% could oe multi-neutral baok—
ground although the dctual background is probably rather less.  In our subse-
quent analysis.we shall be strictly coﬁcerned with the production of clear-cut
resonances; with appropriate mass selections nearly pure somples of the desired

types of events are obtained.

3. RESULTS

~ 3.1. Cross Sections for KNsx Final States

| The Kop:r+ oross section was detérminéd from the 482 events in which the
Ki - ﬁ+n- deoay [topology (ii)] is observed. With the incident flux as given
above, the cfoss section is l.O6iO.l mb including correction for undetected
“decays. The Dalitz plot for this reaction, shown in,fig. 1 shows contributions
from KA(1236), pK*(891), pk (1420) final states. The cross section for these
states, as determined from an analysis of both topologies (i) and (ii) are
given in tabie 2. Details of this analysis are given below.

Because of ambiguities in the kiﬁematic fits of the two-prong events,

only rough estimates of the K+pn9 and K%nn+vcross sections can be given. If
we assign toveach of these final states.the number of unambiguous fits plus
one-half of.the ambiguous fits with an error corresponding fo one-half the
gmbiguous fits, we obtain, fof thevK+pn° and'Kfnn+ cross sections, estimates

of 0.8+0.2 mb and 0.6%£0.3 mb respectively. These estimates are, if anything,
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llkely to be on the. hlgh s1de since they do not correct for multi- neutral events

ambiguous . w1th the one constralnt fits. o

3.2, The KA(1236) Flnal State

The data for the study of this state come from topologles (i) and (ii)
flttlng the reactlon (lj; Tb avoid amblguity problems for the two- prong events
we conflne ourselves to the reglon of momentum-transfer-squared between 1nc1dent
- < 2 (GeV/c) ' The data from topology (11 1nd1cates that
the A‘populatlon at hlgher momentum transfers corresponds to a cross sectlon
of less than 15 ub, well w1th1n the uncertalntles of the overall MK cross
sectlon. In f;g. 2 we show the pnv mass distrlbutlon Tor all K pn events of
topologie_'s‘ (1) and (ii) with -t < 2'(Gev/“c)2 v”i‘n.dicating also the ambiguous
contrihution;‘ It is clear thatvfor pn masses below 1.8 GeV thls contrlbutlon'
is negligible. A it to the hlstogram in flg. 1 for M(pn ) <1.75 GeV with
a superpos1t10n of A and phase space leads to a cross sect1on for A productlon
in the reactlon (l) of 0. 42+O 03 mb. The overall KA productlon from K P

1nteractlons 1nclud1ng all flnal channels 1s then, us1ng the approprlate

Clebsch Gordan coeff1c1ents, 0. 56*0 Oh mb. The tK dlstrlbutlon and A;decay

'dens1ty matrlx elements are shown in flg. 3 and flg. h. The momentum transfer

dlstrlbutlon has been fitted to an exponentlal of the form dG/dT) « eBtK,

0.2 < -tK <1l.0° (GeV/c) ,'where = h.9i0.6 (GeV/c) . Except at very low '
momentum transfers the denslty matrlx elements are. in falrly good agreement |
with the s1mple Stodolsky-Sakural predlctlons [3] p33 = 0.375,. Re p3 1= 0. 2l,
Re p3l 0. This behav1or is known to hold over a ‘range of incident momenta :
from’ essentlally threshold to the hlghest momenta studled

The curve shown on.fig. 3 is taken from Solution l of the Regge pole

model of Krammer and Maor [U] and flts our data reasonably well.
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3.3. The pK*(891) Final State

For monentum-transfer-squared between initial'andvfinal proton -tp less
than 1.2 (GeV/c)2 the final proton is recognizable by ionizaﬁion.‘,With this
reaction, one-constraint Tits to topology (i) are either unanbiguous or have
as their enly anbiguity an interchange between the'outgoing kaon and the outgoing
pion._ Tt follows that in this low momentum transfer fegion the K¥*7(891) produced
in‘the reaction K+ +p = p+ K*f(89l) can be detected by plotting ‘the Kn mass
spectrum fon all eventebin the various.classes listed in table 3.

For the ambiguous‘events (last row of table 3) the choice of the K9n+
mass as the one plotted is afbitrary: since thevproton is directly recognized
and accurately measured, the Kﬁ ma,ss is essentially independent of whether the
Kon+p or K&ﬂop fit is the one'chosen. Tne validity of ﬁhis assertion has been
verified experimentally by compariéon.of Kxn masses in ambiguous e#ents. The
mass distfibution, for -tp <1l.2 (GeV/c)e, of tne events chosen according
to table 3 is shown in fig. 5. A large K*+(89l) peak is evident and leads to
a cross section in this region of momentum transfer ofv0.57i0.04 mb for the
sum cf the Kpn+ and K&no final states. _

For hiéher momentum transfers, -ti > 1l.2 GeV/c)2, fhe ambiguity problems
are somewhat worse in that the proton identification is no longer clear-cut.
We_show in fig. 6 the Kx mass spectrum for such events which have at least
one fit as Kopn+ or K+pnp. Every Kx mass combinétion corresponding to an
acceptable,fit with —tp > 1;2 (Gev/c)2 ‘is shown, except that where Kopﬂ+
is ambiguous with K+pﬂo with the same particie as proton only the Kon+ mass
is Shown. The most significant feature in fig. 6 is the large contribution
at 1420 MeV which wiil be discussed in the next section. There is also a smail
K* signal near 900 MeV of 12':°

5
+8

+ ,
lO_u ub. The overall pK* cross section for all momentum transfers is then

events, corresponding to a cross sectlon of
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0.57 + o 0L = o 58+o Ok mb. This_'_.cr'oss_:_section_;-incluvdes'-zboth ;flnal states .
K pn‘_and K pﬁ_}.and,presumably.divides itself between them in the'ratio 2:l»
predicted.'by'..-'ClebS,Ch-.Gordan’ coefficients. S e

The momentumVtransferfdiStributionafrom'the'sample of table 3 isrshown |
inffigF37r' It hasdbeentfitiedifb:the'forﬁ. )

%fg’oc 'e-B‘tp , 'O.2~<- '-tb < 1.0 .(c'}ev"/c')2

whereiv “; 3 6t0 ﬂ .GeV/ciz.b It is perhaps of 1nterest to note that the values
of B for both the KA(1236) and the K (89l)p channels are qulte similar to the,
value 4.2+0. 2 (GeV/c) found in elastlc scatterlng at Just the same momentum [2].
It is a:prlorl‘%ar from obv1ous that such a 31mllar1ty,should be expected in
view.of:the‘importancevof Poneranchuk;exchange_in.the=elastic channel and_its,
absence in the channels undervdiscuSSion. | | J |

We now ‘consider the X (891) decay, angular dlstrlbutlons and confine
ourselves to 'd-tp' < 1. 2 (GeV/c) | The events in the last row of table 3
pose a slight problem in that’ although the Kx mass and tp are essentlally
1ndependent of whether the K decay is actually K n or K n+, the decay angles
.are sens1t1ve to thls ch01ce.v A reveallng_feature of the amblgulty problem is
illustrated in fig..8 which shows the K°pﬁ+ Dalltz.plots }dr two;prong anbiguousv
and unambiguous events. It is clear from flg. 8 that the low pn mass half of
the K (891) band has essentlally no amblguous events. If 1nterference between
K and elther A or background is neglected, parlty conservatlon in the K decay B =
.requlres that for every K ‘event in-the low,pn -mass halfuof the'Dalitz plot |
with Jackson decay angles a, m there is an event in the hlgh pekis mass'half-
with angles - a, m+n.‘ Consequently events in the unamblguous low pn+ mass
half of the Dalltz plot glve unblased decay angular dlstrlbutlons prov1ded'
that appr0pr1ate foldlng is done. This ch01ce of events was thus made for.
both X° pnv and K pn two-prong topolOgies,'retaining-of,courSe all K*Kevents

for the unambiguous two-prong-plus-vee topology.
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A sample of 350 K* events so selected gives the density matrix elements
shown in fig. 9. The usual pattern of vectdr exchange dominance (poo ~ 0) is

evident, withssignificant pion exchange contributions at momentum transfers

below 0.1 (GeV/c)®.

3.4, The pK*(1420) Final ‘State

In figs. 5 and 6 there aré.subétantial enhancemenﬁs at 1420 MeV for momentum
transfers below as well as above 1.2 (GeV/c)g. The enhancemenfs correspond to
80122_events for -tp <»l.2 (GeV/c)g_ and 30t12 events for -tp > 1.2 (GeV/c)g-
The corresponding cross sections are 0.065io.02_mb and 0,025i0¢010 mb respectively.
Thus the total K*+(1420)p cross section is 0.09%0.025 mb of which 2/3 contribu-
tions to the K px' final state and 1/3 to the K pr" final state. It is interesting
to note that whereas qnlyvabout 24 of the K (891) events have —tp > 1.2 (GeV/c)e;'
about 25% of the K*(thO) are produced with such large momentum transfers.

Because of ambiguities between ®°r" and K+ﬂo.decays'of the K (1420), limited
statistics, and\significant background, we have not atfempted to study the K*(1420)

decay behavior in this experiment.

L. COMPARISON WITH OTHER EXPERIMENTS

It is of interest to compare the results reported here for K+p at 4.6
GeV/c with data from K+p experiments at other momenta done elsewhere and with
similar reactions in KN expériments. We consider these comparisons in some

detail.

+ .
4.1. K p Experiments at Neighboring Energies

Data on K% and A production in the Kopn+ifinal state obtainéd in exposureé.
at 2.97, 3.46, 4.97 and 8.25 GeV/c by‘the CERN-Brussels Group were presentéd
at the Vienna High Energy Cbnferenée [5]. All of our results on cross sections
are in reasonable agreement ﬁith appropriate interpolations of the CERN-Brussels

data.
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The lepes'B in the differential Cross‘sections dc/dt «e T at 5 GeV/c
obtalned by the CERN Brussels group arevalso in excellent agreement with the
,values found in the present experlment. It has been p01nted out earller that
these slopes agree w1th the elastlc K p slope. It is 1nterest1ng to note-that
this agreement malntalns itself over a large range of momenta, the shrinkage
in the elastic data also appearlng to about the same extent in the K *(891)
and A(lé36) production'tS]. | ‘
* The K and A dens1ty matrlx elements appear to exhlblt momentum transfer
dependent behav1or whlch is largely 1ndependent of 1nc1dent momentum Indeed
1t has been shown that thls momentum 1ndependence pers1sts to threshold, a
remarkable fact in v1ew of the expectatlon that on any exchange models, absorptlve
or Reggelzed, the_plon exchange contr;butlons to K productlon would be-expected
to dropfmuch faster‘as a”function_of beam energy than dovvector'exchange contri—_'

butions. [6]%

_4.2;'-EN-Experimentsd

-Two;studies;of the reaction.

K Jr.»vp.,; Lot

haVeabeen.reported‘for a hfﬁincidentimomentum-of.4;6 GeV/e [7,8];'{The K*" cross.
sections_for this reaction reported are 279ié9 ub and 250£2d pb respectively.
These'values.are smaller b& a factor'of about 145 than our measured value of
380130_ubffor'reaction (1). At the same time;dthe_K* denSitj‘matrix elements'
reported in both K p experiments are in goodtagreement with the values found
in the preSent.experiment,over the whole momentum transfer range. This point
is illustrated in fig. 9 which shows both our data and the K;p results of:
Carmony et al; [81. |

-If one attempts to descrlbe the reactions K p - K p and. K p - K p

in terms of a Regge pole model with exchange degenerate P'-w exchange, the K"
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and the K processes should have the same cross S3 ctlon and the same dens1ty
matrix elements. The simultaneous presence of soﬁe p-Ag}exchange would be
expectgd‘to have little effect on this ?xpectation since the p-AE trajectory
is'practically the same as the P'-d trajectory. Furthermore =n or exchange-
degenerate n?B exchange, in the absehce of interference with fhe vector-tensor
exchanges, would also leave the predictibn unaffected. As indicated above,
the simple prediction is satisfied for the density matrix elements but fails
by about a factor of 1.5 for the absolute ‘Cross sectlons.

At lower energies, the work of Donochue [9],based principally on date from
Friedman énd Ross [10], suggests a.differeﬁce.between K*" and K" production

in both the shape of — do and the Value of Poo hear the forward direction. It

dt

appears that for K* , both %%

+ N
for K* 5 Donohue has interpreted this behavior in terms of constructive inter-

énd pbo rise much more sharply at small t than

: . - e s . xt
ference between n and ® exchange in g and destructive interference in K" .

There is no evidence for such a difference in the shape of gc and Poo in the
4.6-GeV data. |

It is interesting to note that a recentbstudy of Brody etval; [11] of the
reactions Kop - K*Op and EB ¥>.E;Bf yiélds nearly equal cross séctibns
for these reactions over momeﬁta from 2 to 7 GeV/é. This observation is com-
pletely compatible with our comparison of K+p - K*+p, Kp— K p and the
following featﬁreé of the reactionsv K n — K* n, Kn—- K n which are charge
symmetric counterparts of the reaction discussed by Brody et al.: (a) The
cross section for K+n - K%+h appears to be about_a factor of 1.5 to 2 lower
than that for K p » K*'p [12]; (b) the cross section for K n — K*'n seems
to be nearly equal to that for K p = K p [8]. Thus the crossvséction for
Kn = K*n would be expected to be about equal to that for Kn - Kn in

good agreement with the observations of Brody et al. for the charge symmetric

reactions.
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.An even morerintéresting comparisonbis that between‘our K+p - KQAT+ and

the reaction' K_n - K?Zf also studied by Carmony et al. (8] where only the.
p- A2 exchange comblnatlon is expected to be 1mportant. ‘Again,vwith greater :
force because of the small number of expected exchanges, one predlcts on the
bas;s of exchange degeneracy equallty of cross sectlons and.dens1ty.matr1x
_ elements. Asrfig;vh:shows, Within rather‘poorhstatistics,.the equality o%
matrir‘elenentsris indeed fulfilled. 'However,’thepKf cross‘section of:l6étl2 Wb
is far beléw "o'ur value of h2013o b for. the XK 'éi«ds"é' section. . .'I'his‘-. 1a§gé Aaiffer-
ence 1s all the more surprlslng because, as p01nted out by Cllne et al. [13]
at 5 5 GeV/c and Flrestoneet al.[].h] at 12 GeV/c the K and K elastlc charge
exchange processes, whlch 1nyolve pre01sely the same t- channel exchanges as
the KA;productlon, have v1rtually equal.cross sectlons and‘tvdlstrlbutlons,'
and furtherhore'thé‘t distributions.of'the elastic charge exchange processes
have essentially the same shape as for the,KA final'states.

| ThlS dev1at10n from the predlctlon of p- A degeneracy has already been‘
. p01nted out by Lal,and Loule [15] Indeed flg. L of the1r paper suggests that
-unllke'elastlc charge excnange, 1n-wh1ch dlscrepanC1es ex1st at low_momenta
but disappeartat 5 GeV/c, the cross-section difference between KA production
by K and XK does not seem to dlsappear at. hlgh momenta,. although a conclus1ve_
test will requlre data for the K n reactlon at hlgher momenta than presently |
avallableo The recent results of Brody et al. [ll] also 1nd1cate a low cross

section for the reactlon K jo) - X A relatlve to K P = K A over the

)

womentum range from 2 to .7 GeV/c.
It is worth-noting that the inequality of the cross sectionsiforgAK-produc-'
tion in KN and'KN reactiOns considerably improves agreement between experiment.

and the SU(3) prediction, applicable in the t-channel exchange1domain;v
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180 » 8™ + Lk » O8] = 2T - 8]
+ 3l > a1 . (5)

Mathews [16] tested this predlctlon assumlng ‘exchange degeneracy to replace

the left side of the equation by EE(K - k°a™).

His results indicate
that the_left side, after the above replacement, ie about 20% higher than the
right side-over'the.t range up to -t = 0.8 (GeV/c)E; With the correct form
of eq. (5), tﬁe inequality of the K and K cross sections brings improved
agreement between theory.and experiment.'b
We conelﬁde this discussion.by shoﬁing in fig. 10 comparisons of do/dt

aistributions for the followiﬁg reaction pairs: (a) elastic K p [2] and K p [17]
at 4.6 GeV/c, (b) charge exchange K'n - K°p and Kp — Esn at 5.5 GeV/c [131,
(c) K&p ~9vK*+p —>'Kon+p and K'p > K*¥p - Ean-p at 4.6 gevV/c [8], and (a)
K+p - koMt S Kop:t+ and Kn - EBA: - Eann_ (8] at 4.6 GeV/c. The curves
shown are.appreximate representations of the experimental data rather than fits
and are not to bevtaken too literally; All logarithmic slopes are nearly the
same, namely about U4 (GeV/c)_'2 with the exception of K p elastic scattering
whose slope 1s about 7 (GeV/c) 2. Indeed both in the shape of do/dt and in
the final‘state.alignments K+ and X nonelastic two-body final states related
through 8 «> u crossing are very similariy behéved. The cross sections
however differ substantially in some ofwthe processes. It is hard to see how
these differences are easily interpretable in terms of absorption effecte;
such effects would generally lead to changes in density matrix elements and
modifications of the shape of do/dt which are not observed.

| We express our appreciatioh to Gerson Goldhaber for a useful discussion,

to our scanning and measuring and programming staff, to the FSD operating staff

under Howafd White, and to the BNL 80-inch bubble chamber crew.
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Table 1. Numbers of fits in the various channels.

'Unambiguoﬁs' : Ambiguous
P ‘ . o : ; : )
. + _ : v
K pn° - | 666 | 501
+ o I . . _
e -~ K%pn (with x° decay) : 482 0
Kpr (without K° decay) : 931 , 591
-+ o T :
Ka'n - o S b3k 700

Table 2. Cross sections for various single pion final states produced.

Total one-pion

Final state Contribution to Kopn+ contribution
KA o | - 0.42t0.03 mb 0.56+0.04 mb
K*(891)p . ' 0.38£0.03 mb 0.58£0.0b4 mb
K" (1420)p  0.06£0.02 mb 0.09%0.03 mb

All other states 0.20%0.11 mb _ ~ 1.3 mb

Table 3. Classes of events used in study of pK* final state.

N Topology | Reaction Fit used

e : 5+

(i1) Unambiguous Kopn B K%
A - N ' o+ +
(1) Unambiguous Kopr K pr

; : : + +

(1) " Unambiguous K pr° K pr°
‘ : + +

(1) Ambiguous K prx : K°pr

+ .
~or K pno
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» FIGURE CAPTIONS |
Fig- l}. Dalltz plot for the K pn flnal state 1nclud1ng only events w1th a .
| visible K° decay- e . | I -
Fig. 2. pﬂ+ mass spectrum in the K pn flnal state w1th +tK GeV/c)
All topologles are 1ncluded, and ambiguous events ‘are- shaded
‘ Fig;‘3. 'Momentum transfer dlstrlbutlon 1n the reaction by p~ KA —¥,K9§n+; ‘
The‘curve is from the f1t given by Krammer and Maor [h] | |
Flg 4 Dens1ty matrlx elements for the A from the reactlon K p - K A
shown as SOlld crosses. Dashed crosses are from the reaction K n - K A
at essentlally the same momentum, from the paper of tarmony et al. [8].
Flg 5 Kn mass spectrumvfor the event classes chosen as in table 3, with
-tp < l 2 (GeV/c "and rem0val of events in the éﬁ+vhanda |
Fig. 6. Kn mass spectrums for —tp > 1.2 ( GeV/c) 'Events in the AT* band
‘have been removed and amblgultles treated as dlscussed in ‘the text
Fig. 7.' Momentum transfer dlstrlbutlon in the reactlon K p - K (89l)p - K i p-
Events have been selected Just as- for fig. 5, and normallzed to the cross
.sectlon of O 38 mb for the K Tt p final" state
Fig. 8; Dalltz plots for amblguous and unamblguous fltS to the K° pn state.
Only the two prong events are plotted.
Fig. 9. Dens1ty matrlx elements for the K (891) from the reactlon K p = K p. 9
bashed crosses are -from the reactlon K p - K p at the same momentum
| from the paper of Carmony et al..[8] | -
Fig. lO. Comparlson of dc/dt for varlous flnallstates produCed by K+N‘andf

- ) ) VT : - .
K N interactions. Solid lines represent K N, and dashed lines‘K'N.processes.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, 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 informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, 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 Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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