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Abstract 

An analysis has been made of 51000 K 
- - + . . 

~ Tr Tr Tr decays In 

flight in the Berkeley 25-inch hydrogen bubble chamber. After correc-
, 

tions for detection efficiency and Coulomb interactions, the projections 

of the pion spectra have been fitted to expansions in the Dalitz variables 

x and y. In addition, maximum-likelihood fits to the entire Dalitz plot 

have been made. The decay distribution is well described by 1 + ay, 

where the slope a = 0.247 ± 0.009. Comparis on of this slope with that 

derived from a world compilation of 28000 7+ decays shows no evidence 

for CP violation. An isospin analysis of the rates and slopes of 7, 7' , 

and K ~ --'>- 3Tr decays requires, in addition to the dominant .6. I = 1/2 

auiplitude, .6.1 = 3/2 amplitudes into both I = 1 and I = 2 three-pion 

final states. No detectable .6.1 = 5/2 or .6.1 = 7/2 amplitudes are 

required. 
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1. Introduction 

Since the first analysis of T meson data consisting of 13 events, 1 

it has been known that the energy distribution of the three pions is 

governed largely by phase space. By 1957 analysis of a compi~ation of 

892 T + decays2 showed that a fit linear in the kinetic energy of the odd 

pion adequately described the small deviation from uniformity of the 

Dalitz plot. Since then a number of experiments, each generally con-

sisting of several thousand events, have confirmed this simple 

structure. In this experiment we report a measurement of the pion 

spectra for a sample of T which is nearly an order of magnitude larger 

than any heretofore reported. The results are in agreement with pre-

vious measurements, and no structure beyond a term linear in the odd-

pion energy is observed. 

Section II of this paper des cribes the experimental procedures 

followed and the bias corrections applied to the data. Section III con-

tains a tabulation of the Dalitz plot and graphs of its projections weighted 

to remove the effect of final-state Coulomb interactions. Results of 

a variety of ways of fitting the data are contained in Tables I and II. 

H the weak interaction responsible for T decay is CP invariant, 

the spectra of T + and T - decay should be identical. In Section IV a 

comparison is made of a world summary of the data for each charge, 

and no detectable difference in these spectra is found. 

In order to explore the isospin dependence of the decay amplitude 

one must compare the rates or slopes (or both) of T decay 

± ± + -
(K ~ IT IT IT ) with other three -pion decay modes of thc' K rnes on, 
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such as 7' + + ° ° ' decay (K -. TT TT TT ) and the neutral K decays 

K ~ -. TT + TT - TT ° and K0
2 

-. 3TTO. Since 1956, when Dalitz made the first 

comparison of 7 and 7' decay rates, 3 it has been apparent that :the 3TT 

decay of the K meson can be described by a dominant .0.1 = 1/2 
, 

amplitude although varying experimental data have usually required 

small admixtures of other amplitudes. 
4 : 

In 1960 Weinberg suggested a 

comparison of the 7 and 7' slopes as another test of the .0.1 = 1/2 

rule. In Section IV we use the most recent data compilation on the de

cay rates
5 ~n conjunction with our compilation of slopes (Table III) to 

show that .0. I = 3/2 amplitudes into both I = 1 and I = 2 three -pion 

final states are required when conventional pres criptions for multiplet 

mas s differences are employed, and exhibit graphically the limits placed 

on thes e amplitudes by the data. 

II. Experimental Analysis 

An exposure of 1.3X10
6 

pictures in the Berkeley 25-inch hydro

gen bubble chamber has yielded about 60000 K - -. TT - TT - TT + decays in 

flight. The K- momenta range from 270 to 470 MeV/c. 

Mter a complete first scan a third of the film was rescanned, 

and this indicated an overall scanning efficiency of about 96%. Scanners 

were instructed to isolate those events that on the basis of ionization 

had a definite e + or e as a visible decay product. A fraction of the 

3380 events isolated were more closely inspected, and a negligible 

number were found to be three-pion decays. All the isolated events 

were removed froD, the sample and the remaining events were HH'asured. 

A restricted fiducial volume for the decay vertex was defined to insure 

sufficient length of tracks for a good measurement. This resfriction 

Of 
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reduced our sample to 52715 events. Events for which the measure

ment did not satisfy energy and momentum conservation adequa~ely 

were remeasured until a total of 52261 events passed with a confidence 

level greater than 0.001. Half of these events had been measured on 

Franckensteins and half on a Spiral Readei'. About 0.5% of the events 

passed both the four-constraint fit to K- 1T-1T-1T+ and the two-constraint 

fit to K- - 1T -1T 0, 1T 0 - e + e - y. Reexamination of these events showed 

them all to be three-pion decays, and they were ;retained in the sample. 

About 400 events fitted only the hypothesis K- - 1T - 1T 0, 1T <> - e + e - y • 
. 

Combining these with the events originally isolated by the scanners 

gives a total of 3780, in approximate agreement with the number ex-

pected from known branching ratios. 

In order to estimate the amount of 31Ty contamination, about 

4000 events were fitted to both K - 31T and K - 31TY. The n~ber 

fitting 31Ty with a y energy greater than 10 MeV was in rough agree-

ment with predictions by Dalitz. 6 Anothe r expe rime nt, by Stame r et al. , 7 

indicates a branching fraction that is als 0 in agreement with Dalitz' s 

calculations. On the basis of these predictions we expect in our total sample 

about 50 events with a photon energy greater than 10 MeV. Our fit of the 4000 

events indicates that most of the 31Ty events would not pass the criteria 

for 31T events. 

A comparison of the measured pion laboratory-frame momentum 

distribution with a Monte Carlo calculation showed that the scanners 

mis sed about 45% of the events with a pion momentum les s than 30 MeV / c 

(0.5 em range) and about 6% of the events with a pion momentum be

tween 30 and 60 MeV/c. A cut was made to eliminate from the sample 
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events in which the momentum of any pion was less than 30 MeV/c. To 

account for this cut each of the remaining events was weighted by a 

factor 1/ (1-p), where p is the probability that anyone pion has a lab 

momentum less than 30 MeV/c. This probability is the fraction of the 

pion's angular distribution in the K- rest frame removed by the cut; 

it is a function of the incident momentum and the event's position in 

the Dalitz plot. The probability that two pions both had a momentum 

less than 30 MeV/c was negligible. The cut removed 944 events, and 

the total number of remaining weighted events was 52625. The, distri-

bution of " short pion" weights as a function of Dalitz plot posi'tion for 

our events is shown in Fig. 1. An analysis of the Dalitz plot of those 

events with a pion of lab momentum between 30 and 60 MeV/c showed 

that the small fraction of these missed would have a negligible effect 

on the analysis of the Dalitz plot of the entire sample. 

Three -pion decay is completely described by five independent 

variables: two energies, which determine the Dalitz plot coordinates, 

and three angles, which determine the orientation of the decay plane. 

The angles are defined in the K rest frame (Fig. 2) as cos e, the polar 

cosine of the normal to the decay plane with respect to the beam; <p, 

the azimuth of the normal about the beam direction; and Qt, the azimuth 

+ of the IT about the normal. In the rest frame of the K the dis'tributions 

in <p, Qt, and cos e should be flat. Due to the transformation from the 

laboratory to the K rest frame the cut on short pions destroys the 

isotropy of the distributions in Qt and cos e. The anisotropy we observe 

in thes e distributions can be fully explained as a result of the short-

pion cut (Figs. 3a and b). The distribution in <p, however, is unaffected 

It 

, . , . 

I I 

i 
~ 
I, 
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by the weight for short pions. Investigation of this distribution showed 

that scanners missed some events where the edge of the d~cay plane 

faced the cameras. (Figure 3c). The distribution was folded to remove 

the left-right and up-down symmetries and was fitted between 0 and 

rr/2 to a polynomial in <1>, 1_b<l>2. The parameter b was found to be inde-

pendent of the Dalitz plot position and equal to 0.02. Since the effect is 

independent of Dalitz plot position, it does not affect the analysis of the 

spectra. In summation, the actual number of events used to obtain the 

spectra is 50919, which when weighted for the loss of low-momentum 

. pions gives 52625 weighted events which have an average weight of 1. 034. 

III •. Fits to the Pion Spectra 

To compare spectra of various charged modes of K decay and to 

compare data with theoretical predictions, many experimenters have 

weighted their distributions to account for the effects of final-state 

Coulomb interactions. There is some question about the appropriate 

prescription to be used, and different authors have used different ex-

pressions. Consequently we have fitted our data both with and without 

these corrections. Following Dalitz
3 

and Schiff8 it is assUmed that the 

Coulomb interaction between pions i and j multiplies the phas e space 

by a factor n/(e
n

_1), where n::: 2rre.e./v .. and v .. is the relativistic 
1 J 1J 1J 

relative velocity between pions i and j. The distribution of Coulomb 

weights over the Dalitz plot is shown in Fig. 4. 

The usual variables x and yare defined from the pion kinetic 

cne rgies in the K rest frame, 

_J3 
x -- Q I T 1 - T 2 I and y 
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where T l' T 2' and T 3 are the kinetic energies of the negative pions 

and positive pion respectively, and Q = MK - 3:mrr . 

Figure Sa shows the array of the events over the Dalitz plot with 

statistical errors. The events have been weighted for the short-pion cut. 

The events of Fig. 5b have in addition been weighted for Coulo:mb inter-

actions. 

The nor:mal kine:matic fitting of the :measured events gives un-

certainties in laboratory-syste:m quantities. In order to calculate the 

uncertainties in the center-of-:mass quantities x and y, a sa:mple of 

about 2000 events was fitted to the hypotheses K- -+ pion + :missing 

:mass, :missing :mass -+ two pions. These fits give the uncertainties in 

the three co:mbinations of dipion invariant :masses, and these can be re-

lated to the K rest fra:me quantities x and y. The :mean errors in 

the x and y positions varied fro:m 0.01 to 0.025 over the Dalitz plot. 

For co:mparison with previous results the x and y projections 

of the Dalitz plot have been fitted, by using a least-squares :method, to 

. . 2 d expansIons In x an y. Uncertainties in the x and y positions caus e 

large uncertainties in the weighting for phase space at large x .and y 

in these projections. To re:move this uncertainty the last bins of the x 

and y projections were cut at 0.961 and 0.920 respectively, and the 

events in these bins were weighted to account for the cut. Table I 

su:m:marizes the least-squares fits to these projections, both with and 

without weights for Coulo:mb interactions. The distribution in y (Fig. 6) 

is well des cribed by the linear fit. The distribution in x (Fig. 7) has 

been weighted by 1/ (1 + 0.247 y) to re:move the reflected y dependence. 

The low confidence levels for the x fits are due to a presu:med 
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statistical fluctuation at x = 0.6. Although there is a two-standard

deviation x
2 

dependence, the quality of the fit is not substantially im

proved by the introduction of this x
2 

dependence. 

A y2 term in the spectrum can be generated by the square of a 

linear term in the matrix element and by the interference betw~en con-

stant and quadratic terms in the matrix element. A linear matrix ele-

ment which reproduces the y dependence of our spectrum would:generate 

2 ' 2 a quadratic term approximately equal to + 0.015 y. Our observed y 

dependence, (-0.023 ± 0.019)y2, differs by two standard deviations from 

this, suggesting the possible presence of a negative quadratic term in 

the matrix element. 

In a search for other structure we have made a maximurn-likeli-

hood fit to the entire Dalitz plot. The results of a five-parameter fit 
I ., 

are shown in Table lIA. Again the only significant structure is the 

linear term in y. To test the quality of the fit the data were divided into 

bins and the final fit integrated over each bin. A X 2 of 341 was then 

calculated for the 313 degrees of freedom.. A similar fit has been 

made in the variables p and (3 suggested by Weinberg. 4 Here 

x = p sin () and y = p cos e.' An expansion up to p cos e correspondG to 

. a linear yexpansion; however, higher-order terms differ from the ex

pansion in x and y. The results are shown in Table lIB, arid again the 

only significant structure corresponds to a linear term in :p cos e or 

in y. 

We have investigated the y dependence of those events with a 

confidence level les s than 0.01, and found it consistent with the rest of 

the sample. We have also found agreement between the y distributions 
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for those events measured on the Spiral Reader and those measured on 

the Franckenstein. As a final check we have made a number of least-

squares fits to the form 1 + ay looking for dependence of a on the in-

cident momentum, the three decay angles, or the position of the event· 

in the chalTIber. These fits show (as expected) no dependence on those 

variables. (Fig. 8). 

Our results are cOlTIbined with previous results in Table III. 9 

For the cOlTIparison of various charged lTIodes,lTIass differences within 

the K and 'IT lTIultiplets introduce ilTIportant corrections-. For this reason 

a lTIore appropriate paralTIeter g, the coefficient of an invariant, has 

been defined by 

charged pion mass so as to lTIake g dilTIensionless. For T decay, in 

which the pion lTIasses are equal, the invariant terlTI is related to y by 

IV. K -+ 3'IT AlTI plitude s 

- --+ + ++-A difference in the Dalitz plots of K -+ 'IT 'IT 'IT and K -+ 'IT 'IT 'IT 

would be an indication of CP violation in this d~cay. Following 

Wolfenstein, 10 we paralTIeterize the difference in tl1~ slopes for T and 

+ 
T as 

, 
~ i 

" .. 

I 
I 

! 
11 
I. 
i 
; : 

, . 
; I 

j 

, . 

i· 

~ = a(T +) - a(T -) \~ 
a(T+) + a(T-) 

and calculate, frOlTI Table III, L'). = 0.024 ± 0.031. A numbe r of lTIodels 

for CP violation have been proposed, and lTIost of thelTI predict
10 

L'). ;;;; 10- 3. 
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We now turn to a comparison of the presently available data on 

decay rates and the odd-pion spectra for the four decays 

± ±t- t +000 0+- 0 0 K ~ 'IT 'IT 'IT , K ~ 'IT 'IT 'IT , K2 ~ 'IT 'IT 'IT , K2 ~ 3'IT In this dis cus sion 

11 " 
we follow Zemach, who has made a general analysis of the isospin 

decomposition for these decays. The amplitudes used in this analysis 

are summarized in Table IV. The subscripts" ch" and" Ull on these 

amplitudes refer to charged and neutral K decays, which can in turn 

be expressed as linear combinations of the two LlI transitions of which 

each is composed. Columns 4 and 5 of Table IV list these expressions. 

The numerical subs cript is 2 Ll I. Table V gives a summary 

of the data on the three ratios of reduced decay rates ('y) and the three 

slopes (g). The ratios of the reduced rates were calculated by using 

Coulomb-corrected nonuniform Dalitz plot phase-space factors to cor

rect for mass and charge differences 12 and rates taken from the com-

5 
pilation of the Particle Data Group. The ratios have been factored 

to show the deviations from the predictions of the LlI = 1/2 rule, for 

which the value in the parenthesis should be 1.00. The slopes of the 

spectra are from Table III. In addition to the experimental data, 

Table V also contains expressions for the decay rates and slopes in 

terms of various coefficients of the decay amplitudes, which can be 

• 
found in Ref. 11. 

Equations (1) and (2) of Table V imply that the ratios of the 

amplitudes leading to I = 3 final states to the amplitudes leading to 

I = 1 final states lie on circles in the complex plane (Fig. 9a, b). These 

ratios are consistent with the vanishing of the I = 3 amplitudes, and in 

the following calculations we have assum.ed theln to be zero. The third 

.~. 

I 

·1 
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equation implies that the ratio of the I = 1, L::. I = 3/2 amplitude to the 

I = 1, L::.I = 1/2 amplitudes also lies on a circle in the complex plane 

(Fig. 9c). If CP invariance is assumed and final-state interaCtions 

are neglected
13 

these amplitudes are real, and this ratio has either of 

two values, 0.032 ± 0.006 or 1. 75 ± 0.05. Although there is no direct 

evidence favoring the smaller value in K --. 3rr, the success of the 

dominant L::. I = 1/2 rule in K --. 2rr and other nonleptonic strange -particle 

decays obviously suggests the former. 

The data on the slopes (Eqs. 4 and 5 of Table V) imply that 

Re(cch/ach) equals 0.029±0.005. If the ratios of the I = 1 paralneters 

are defined as 

relations (4), (5), and (6) yield for V and W, for the value of 

U-= 0.032±0.006 determined from the rates, the values 

V = 0.218±O.006, W = 0.015 ± 0.006. 

In conclusion, the current data on K --. 3rr exhibit the following 

isospin properties: 

(a) A comparison of 7 and 7' 
0+- 0 rates and a comparison of K 2-+ rr rr rr 

with K~ --. 3 rr 0 show that I = 3 final states are not required. i 

(b) A L::.I = 3/2, I =1 amplitude (a3/a1 
= 0.032 ± 0.006) is indicated 

by the K ~ --. rr + rr -rro decay rate's being too low by four standard devia-

± ± + - ' 
tions with respect to the rate for K --. rr rr rr to be consistent with the 

L::. I = 1/2 rule. 

(c) An I = 2 (L::.I = 3/2 or 5/2) amplitude (cch/ach = + 0.029±0.005) 

arises from, the 7' slope's being 6.5 standard deviations larger than 

is expected from the' 7 slope and the .0. I = 1/2 rule'. 
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(d) The slopes of the three Dalitz plots show the presence of an 

I = 1 state of m.ixed sym.m.etry. From. comparison of the 7. and 7"' slopes 

with the K ~ slope this state is found to com.e predom.inantly from. 

.6.1 = 1/2 (b1/a1 = + 0.218 ± 0.006) with a small adm.ixture of 

.6.1 = 3/2 (b3/a1 = + 0.015±0.006). 

It is im.portant to reem.phasize that the above quantitative results 

are based on the neglect of final-state interactions, which do give rise 

to im.aginary parts to the am.plitudes. In addition, the prescriptions 

we have used to account for Coulom.b effects and m.ass differences are 

subject to theoretical uncertainty. 
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Table 1. Fits to X and Yprojections, 

A. Fit of the Y projection to 1 + ay + by2 

Coulomb factor included a b 

Linear fit 0.247 ± 0.009 

Quadratic fit 0.245 ± 0,009 -0.023 ± 0.019 

No Coulomb factor 

Linear fit 0.211 ± 0.009 

Quadratic fit 0.205± 0.009 - O. 042 ± O. 0 1 9 

B. Fit of the X projection to 1 + 2 4 
cx + dx 

c d 
Coulomb factor included 

Constant 

Quadratic -0.037± 0.019 

Quartic -0.032± 0.060 0.006 ± 0.080 

No Coulomb factor 

Constant 

Quadratic -0.002±0.O19 

Quartic ' -0.010± 0.061 -0.011 ± 0.082 

UCRL-18760 

Confi-
dence 
level 

82.8% 

77.8% 

6.4% 

15. 2% 

0.060/0 

0.13% 

0.08% 

0.14% 

0.09% 

0.05% 
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Table II. Maximum-likelihood fits to Dalitz plot. 

2 242 
A. Fit to 1 + ay + by + ex + dx + ex y 

a= 0.244± 0.013 

b= -0.002± 0.020 

c = -0.067 ± 0.060 

d = 0.069± 0.083 

e = 0.023 ± 0.054 

error matrix (X 100) 

0.0159 0.0080 0.0024 0.0021 -0.0451 

0.0401 0.0120 0.0020 -0.0152 

0.3630 -0.4705 0.0362 

0.6880 -0.0708 

0.2940 

2 2 2 3 3 3 
B. Fit to 1 + ap cose + bp cos e + cp + dp cose + ep cos e 

a = 0.219± 0.027 

b = 0.021±0.024 

c = -0.021±0.020 

d = 0.059 ± 0.059 

e = -0.015 ± 0.057 

error matrix (X 100) 

0.0072 -0.0060 0.0030 

0.0565 -0.276 

0.0213 

-0.01059 0.0030 

0.0082 0.0108 

-0.0115 0.0130 

0.3547 -0.2433 

0.3206 
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Table III. Compilation of experimental results. 

Events Reference a g. 

T 50919 This expe riment 0.247 ± 0.009 

5778 Moscoso, 14 0.242 ± 0.029 

1347 Ferro-Luzzi, 15 0.28 ±0.045 

58044 average = 0.247 ± 0.009 -0.194± 0.007 

+ 9 994 Butler et al. • 16 0.277±0.020 T 

6752 Grauman et al. , 17 0.228 ± 0.030 

5428 Plano, 18 0.28 ± 0.03 

3587 Huette r e-t al. • 19 0.21 ± 0.04 

25761 average = 0.259± 0.013 -0.204± 0.011 

, T' 4 048 Davison et al. , 20 0.516 ± 0.020 

1 874 Bisi et al. , 21 0.586:1;: 0.098 

1 792 Kalmus et al. , 22 0.48 ± 0.04 

7714 average = 0.511 ± 0.018 

KO 
2 2 446 Basile et al. , 2:3 0.382 ± 0.040 

1 350 Hopkins et al. , 24 0.651 ± 0.044 

1198 Nefkens et al. , 25 0.437 ± 0.057 

4; 994 average from Refs. 23 and 25 = 0.400±0.033 
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Table IV. K -+ 3iT amplitudes clas sHied by final- statE! 

isospin (I) and by ~I rules. 

Amplitudes I 

a + bs 1 

cs 2 

d 3 

~I 

1/2, 3/2 

3/2. 5/2 

5/2, 7/2 

a ch = a 1 + a 3 

b Ch = b 1 + b 3 

s is related to the customary invariants by 

s3 - So 
s = 2 ' where 

m + iT 

an = a 1 -2a3 

bn = b 1 -2b3 
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Table V. K -+ 3n rates and slopes. .-
Eq. No. 

o. 

y(± + -) 2a
ch 

+ d Ch 
2 

y(O 0 +) 
::: 

a
ch 

-2d
ch 

= 4(0.95± 0.03) (1 ) 

3a -2d 
2 

y(O 0 0) 1 n n 3 
(2 ) 

y(+ - 0) 
::: 

b 
::: Z(0.99±0.04) 

a + d n n 

2ach + d Ch 
2 

y(± + -) 1 ::: 2(1.21 ± 0.05) (3) 
y(+ - 0) = a + d 2 n n. 

g(O 0 +) [b + C ] = 2Re ch a
Ch

Ch ::: 0.511 ± 0.018 (4) 

g(± + -) = fb -c ] -Re ch a
c

:
h 

::: -0.197 ± 0.006 (5 ) 

g(+ - 0) = Re [2:: ] ~ 0.400 ± 0.033 (6) 
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Figure Captions 

Fig. 1. Contour map showing the variation over the Dalitz plot of the 

weight for the loss of low-momentum pions. 

Fig. 2. Figure defining the K rest frame angles cp, a, and e~ 

Fig. 3. (a) and (b). Distributions in a and cos e. The upper data have 

been corrected for the loss of low-mon~entum pions. 

(c) Distribution in cj>. The lower data are before theapplica-

Hon of weights for azimuthal loss, the upper data after. 

Fig. 4. Contour map showing the va.riation of the factor multiplying 

phase space to account for fjnal-state Coulomb interactions • 

Fig. 5. Array of the Dalitz-plot distribution of events and statistical 

errors~. In a the events have been weighted for the loss of 

low-momentum pions. In b the events have in addition been 

weighted for the effects of final-state Coulomb interactions. 

The axes are divided into equal intervals. 

Fig. 6. Distribution in y weighted for phase space, Coulomb inter-

actions, and a~ut on low-momentum pions. The line is a 

best fit to 1 + ay, where a = O.247±O.009. 

Fig. 7. Distribution in x weighted for phase space, Coulomb inter-

actions, a cut on low-momentum pions, and by 

1/(1+ O.247y). 

, Fig. 8. Dalitz-plo'tslope a from fits to the form 1 + ay as determined 

from different data samples for various intervals of indident 

momentum, cj>, a, cos e, and the distance (cm) along the beam 

.' from the center of the chamber. 

Fig. 9. Plots of the allowedc011lplex values of the ratios of various amplitudes 

as determined £ron~ the ratios of rates 1,2, and 3, 



-22- UCRL-18760 
.-'" 

respectively of Table V. (a) dch/ach ' (b) djan , (c) a 3/a 1. 

For plot (c) d hand d are assumed to vanish. 
c n 

• 
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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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