
TWO-WEEK LOAN COpy 

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



o 

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. 



• 

To be published in 
Proceedings of the 
University of Pennsylvania Conference 
on Meson Spectroscopy, Philadelphia, 
April 26, 27, 1968 

UNIVERSITY OF CALIFORNIA 

Lawrence Radiation Laboratory 
Berkeley, California 

AEC Contract No. W -7405 -eng-48 

UCRL-18316 
Preprint 

K* SPECTRUM AND DIFFRACTION DISSOCIATION 
EFFECTS (INCLUDING Ai) 

Gerson Goldhaber 

June 1968 



.. 

* K' SPECTRUM AND DIFFRACTION DISSOCIATION 
EFFECTS (INCLUDING A

1
) 

Gerson Goldhaber 

Department of Physics and Lawrence Radiation Laboratory 
University of California, Berkeley, California 

June 1968 

My talk might be entitled "A Look at Bosons in a 
Strange Light, " by which I mean I shall concentrate on K>:<'s. 
In this paper I will discus s the following: 

1. 

II. 
III. 

IV. 

':c 
A Survey of the K 's. 

Reactions Leading to K* Production 
The Q Peak and K':'( 1420) 
Structure in the Q Peak 
Spin and Parity of the Q Peak 
Comparison with the Quark Model 

The Next K* Cluste r 
Evidence for an Enhancement in the XN 

. -Maifs Distribution 
The A1 and the General A Enhancement 

Is the A1 Produced Outside a Diffraction 
Dissociation Peak As Well? 

Resonances vs. Diffraction Dissociation 
or Deck Effect 

Page 2 
Page 2 
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Page 10 
Page 22 
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By now SU( 3) and its clas sification of particle s into 
multiplets is very well established, and we all know and 
accept the scheme described by Gell-Mann and Ne 'eman. 
For instance, we have an isovector, the iT, two isosinglets, 
the fI and fI', and two isodoublets, the K and R, all of which 
correspond to a single state split by SU( 3) breaking. In 
order to study higher mass states one can study the iso
vectors, as has been done in the missing-mass-spectrom
eter experiments of Mag lie, Kienzle, and coworkers. One 
can also look for any of the other I-spin multiplets; for 
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2 Gerson Goldhaber 

example, one can look for the isosinglets. However in this 
case there is mixing between the two isosinglets (at least 
this is the case for some of the nonets that are well e stab
lished), so that the relation between the observed mas sand 
the center of the nonet is more complicated. The isovector 
and the isodoublets on the other hand appear to be separated 
by a quantity b., which appears to remain fairly constant, 
and thus in the search for higher-mass bosons, one can 
look either for the isovectors or for the isodoublets, the 
K*' s. Looking for bosons "in a strange light" thus corre
sponds to looking for the K*'S. 

I. A SURVEY OF THE K*'S 

There has been a considerable amount of work on 
this s~bject, which I want t? review and .discuss. Th.e K 
and K (89,0) are well establIshed, ,~o I wlll start by dlSCUSS
ing the K>:" S beyond these. The K-'( 1420) is also well estab
lished, so I will only mention it to the extent that it relates 
to the other nearby K* I S. 

* A. REACTIONS LEADING TO K PRODUCTION. Let us 
consider ,the type of experiment in which one observes the 
higher K'~'S. Thes~ are primarily K+p or K-p reactions 
giving four J?articles in the final state; for example, the 
reactions K p -- K+TT-TT+P (see Fig. 1). Here one picks the 
K+ TT- to be in the K>:'( 890), which thus gives three particles 
effectively, K*O( 890)TT +p, and allows one to form a Dalitz 
plot. In Fig. 2 we see the N>',< band and a large K':C° TT + en
hancement along the horizontal axis. This consists of one 
well..:kilbwti feature, theK*( 1420), for which the evidence 
that it has JP = 2+ is rather good, and a broad enhancement 
roughly from 1.1 to 1.4 BeV, the Q peak. 

>',< 
B. THE Q PEAK AND K (1420). As may be noted on the 
Dalitz plot, the entire K>',<TT band runs into the N* band. It 
is general practice to cut out the N':< band and study the rest 
of the Q enhancement. I have compiled some data on this 
region with the help of Bronwyn H. Hall. See Figs. 3 to 5. 
In Figs. 6 to 8 are some more recent contributions sub
mitted at the time of the Meeting. 

Let us first discuss the qualitative features: On th~ 
right side of the Q peak is the K"'( 1420) decaying via the K';<TT 
or Kp mode. This is clearly discernible as a distinct fea
ture in the three first momenta: the Wisconsin data at 3.5 
BeV Ie, our data (LRL) at 4.6 BeV Ie, and in the Bruxelles-
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Fig. 1. Example of the triangle plot for the reaction 1 
K+p -+ K+ IT-lT +P. Data of Firestone et al. (LRL, 9 GeV /c). 

CERN dataa-t5 .. 0 BeV /c in Fig. 3. For the higher momenta 
the K*( 1420} is no longer clearly resolved unless one makes 
cuts in t; namely, t > 0.3 (BeV/c)2. The same general fea
tur e s appear in the K - P data in Fig. 5. 

This behavior is readily understood as we can study 
the K*( 1420} -+ Krr decay mode. The branching ratio of 
KlT/Krrrr :::;; 1 then allows one to estimate the KlTlT contribution 
due to the K*( 1420). This contribution decreases as the in
cident mo~ntum increases, since a[K*( 1420)] is propor
tional to Pi' b' as Morrison has shown, while a(Q) appears 
to remain 8'early constant with increasing Plab' Further
more the t distribution is wider for K*( 1420) than for the Q 
peak. 

C. THE STRUCTURE IN THE Q PEAK. There is every 
indication that the Q peak is not a single wide object but 
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Fig. 2. An example of the Dalitz plot for the reaction 
K+p .- K*plT+. These events correspond to the K* band on 
a triangle plot similar to the one shown in Fig. 1. Data of 
the BruxeUe-s -CERN -Birmingham collaboration. 2 

rather has more structure. 

The que stion is: how much structure? How does it 
vary with incident momentum and with t? What is the rela
tion between the structure and alignment of the K,:e( 890) 
which comes from the decay of the Q peak? And finally, 
what is the behavior of the Kp decay mode? It is clear 
from the present data that the Q-peak structure changes 
with incident momentum, as can be noted by following the 
vertical lines at 1.2, 1.3, and 1.4 BeV on Figs. 3 through 5. 
Thus, for example, the 3.5 - and 4.6 -BeV /c K+p data show a 
single peak at 1300 to 1320 MeV (Fig. 3), while the 9 - and 
10-BeV/c data (Figs. 4 and 10) show two peaks at .... 1250 
MeV and 1360 to 1390 MeV. 
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Fig. 7. Additional data on the K'ITlT mass submitted at the 
Conference. 

Aside from the structure in the entire Q peak (with
out any cuts in t), a variation in structure is observed for 
cuts in't to'ge1:h-er with the, ... selection of "polar" and "equa
torial" alignment of the K-"(890) from Q decay. In particu
lar, the CERN-Bruxelles-Birmingham group (5-GeV/c K+p) 
(see Fig. 9) suggest the presence of three distinct reso
nances, in addition to the K*( 1420}. This is however not 
observed by the Johns Hopkins group (5.5-GeV/c K+p) or 
the ANL-Illinois -Northwe stern- Wisconsin groups (5.5-
BeV Ic K - p) (see Fig. 10). B. H. Hall and I have combined 
the se three sets of data in Fig. 11. Some evidence for 
variation of the structure with t is shown in the LRL data 
(K-p at 2.6 BeV Ic), where the mass -squared distributions 
are shown for various cuts in the K'ITlT production angle (see 
Fig. 12). 

D. SPIN AND PARITY OF THE Q PEAK. Figure s 13 
through,16 show three distinct attempts to get information 
on spin and parity in the various mass regions of the Q 



10 Gerson Goldhaber 

* Fig. 8. Additional data on the K TT mass submitted at the 
Conference. 

) 
peak. Chien, Slater, et al. at UCLA (K+p at 7.3 GeV/c) 
have studied the density distribution in the Dalitz plots for 
the KTT¥ system (see Figs. 13 and 14). They conclude 
JP = 1 with 2 - not ruled out. In our own work at LRL 
(K+p at 9 GeV Ie) we have studied various angular distribu
tions described on Fig. 15 and conclude JP = 1+ or 2 -. The 
Johns Hopkins Group (Luste, Pevsner, et al., K+p at 5.5 
GeV /c) have carried out a Berman-Jacob analysis of the 
two successive decays Q -+ K*TT and K* -+ KTT. They obtain 
a'weight function shown in Fig. 16 which corresponds to 
JP = 1+ or 2 +. From all the se data, JP = 1+ appears 
strongly preferred for all parts of the Q peak. 

E. COMPARISON WITH THE QUARK MODEL. Let us 
consider the situation of the possible 1 + K*'s, namely the 
K*'s which go with the Ai and the B. I am now assuming 
that the Ai and the B are reasonably well established; the 
B ·will be discussed in another se ssion, and I will say more 
about the Ai later in this session. If we accept the Ai and 
B and that there are K*' s which go with them (I think that 
much we are likely to believe), there is a new phenomena 

~., 

\ 
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which can occur here; namely, the two K*'s can mix since 
the way the se two K*' s diffe r is just that they belong to 
octets with different charge conjugations. We thus have two 
nonets ()f particle s tied together. Gatto, Maiani, and 
Preparata have called thitf group of 18 particles an "octo
decimet" (see Fig. 17). 1 

Apart from the possibility of particle mixin$' we 
can have interference effec ts between the two 1+ K 's which 
can occur in the mass distribution. Figure 17 shows the 
type of mas s distributions which re sult from the invoduc
tion of a phase angle <I> between the two amplitudes. This 
problem is under investi¥ation by a number of people, in
cluding Kane and Mani, 1 Altarelli, Gatto, and Maiani, 12, 15 
Harari and Quinn, 13 and Lipkin. 14 

So far there is not sufficient data to attempt a fit 
with this model. Furthermore, it is not clear at present 
whether the lack of structure in some of the experiments is 
real or due to resolution problems. In my opinion there is 
at present good evidence for at least two K*'s in the Q peak 
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Fig. 15. The decay proper
tie s of the Krrrr system shown 
for five Krrrr mass regions 
I-V with N~<++ band removed. 
(a) M(Krr)O; (b) M( rrrr), the 
shaded histograms for 
events in the K*O( 890) band 
and for K*0(890) events; 
(c) cosQ', where Q' is the 
angle between the outgoing> 
K and the inc ident K+ in ~ 
the (Krr)O rest frame;g 
(d) cose, where e is the .... 
angle between the odd rr + i 
and the K+ in the (Kim) + ~ 
rest frame; (e) COSS, where 
S is the angle between the 
outgoing Kand the K'!<0(890) 
flit:tht direction in the 
K*'U( 890) rest frame. 

We show the decay 
properties of the KTI"1T sys
tem as a function of the K1Trr 

80 (0) 

40 -

40 (e) 

mass for five mass regions 20 

defined as (I) 1000-1180 
MeV, (II) 1180-1280 MeV, 
(III) 1300-1400 MeV, (IV) 
1420-1500 MeV, and (V) 

on 

1600-1760 MeV. Regions ~ 
> 

II, III, and IV correspond ~ 
to the (1250,), (1360), and 
(1420) mas s bands, re
spectively. Region I is a 
control region, and Region 
V corresponds to the L
meson mass region. The 
top two rows of five histo

20 . 

102 
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L RL (Ref.8) 

K'p _Kt".8".+p qr;~v/C 
m N ::sz: 

N*"'· out 

239 232 151 213 events 

- K' 

K*O(8901 ~d K*O(890)in NIt+"out c.m. < . 
71 52 events 

-I 0 
grams each of Fig. 3 
show, respectively, the 
mass distributions of Cos ( XBL 687-1195 

(Krr)O and rrrr systems. As may be noted, the main decay 
mode of the K~( 1250) and K*( 1320) resonances is K*(890)+rr; 
however, the p+K decay mode is clearly present. 



18 Gerson Goldhaber 

IU A F IJ '" t:.T ID '" 

Preferred 

I 
+'1. 

, \ 

+2. 

0- -- ----

-.2. - -- -- r Z-

#OF -= V6",rr .. 131 • I'IS " .not. + 18~ 4- 88 • -'I 
NJ /-2 I-Jj 

XBL 687-1196 
J<ItO TT + ,.,,,ss ,,,, q6V 

Fig. 16. Weight function deduced from Berman-Jacob 
analysis for the K*TI' mass peak. The corresponding theo
retical spin parity values are shown on the right side of 
the figure. Data from the Johns Hopkins group. 3 

in addition to K*( 1420) which lies above the Q peak. Com
parable feature s now appear in the pp annihilation data at 
rest, the C and C' (see Fig. 18). The situation can of 
course be more complicated, although at present we are 
not forced to assume higher complexity. 

There is one interesting test that can be made for 
the presence of K* mixing. As is well known, the coherent 
production of the Q peak on heavy nuclei and perhaps even 
on deuterium (see paper in these Proceedings by Pevsner) 
is expected to proceed via Pomeranchuk exchange. If in a 
good resolution *xperiment only a single peak- -pre sumab1 
the 1250-MeV K --shows up, we have no K* mixing. If K 
mixing occurs, and if the Pomeranchuk is a unitary singlet, 

* * then both the K (1250) and K ( .... 1320 and 1360) should be 
produced in the coherent peak. 
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THE 

K * MIXING BETWEEN 
NONETS 

MIXING 

Fig. 17. (a) Illustration of the o~todecimet. 

(Ref.9) 

Fig. l'Z(b) Computation of the interference patterns in 
the K1I1I mass distribution for two K* resonances at 
1250 and 1320 MeV added coherently and a third at 
1420 MeV added incoherently. The computation was 
done for a series of values of the phase angle <p between 
the two coherent amplitudes as described in the text, 
and is shO\\n in parts a to j. In part k the incoherent 
sum of the three resonances is shovill. 

TWO 1+ NONETS 

M IK1T1T) (B,V) 

Ip 
I 

Let Bp ~rk/(Ek-E-i~ rk), with k =1, 2, 
and 3, correspond to the Breit-Wlgner ampli
tude for each of these resonances; then the 
resulting mass distribution can be expressed 
as 

d(]/dM <X (la,B, +B. e
i
<P,2 + la,B.,2)p, 

where Ek and rk are the resonant masses and 
widths, respectively, <p Is a relative phase an
gie, and a, and a. relative amplitudes, an of 
which must be determined from experiment, 
and P is a phase-space factor. As an illustra
tion, this expression was evaluated for E, 
= 1250 MeV, r, = 50 MeV; E. = 1320 MeV, r. 
=80 MeV; E.=1420 MeV, r.=90 MeV; a,=I; 
a. = 2-'/'; and values oC <p from 0 to 9"/5 in 
ten equal steps. 

XBL 687-1197 
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Fig. 20. More detailed KTTlr mass distributions. 16,17 

II. THE NEXT K':C CLUSTER 

The ABCLV collaboration have observed a high
mass K*, the L( 1790), in the 10-GeV Ic K-p experiment. 
This is now confirmed in most of the high-energy K+p and 
K-p exp.eriIl1ents. A compilation is shown in Fig. 19, and 
some further details in Figs. 20 and 21, and Table I. As 
may be noted, there may actually be an entire cluster of 
K*1S from 1.6 to 1.8 GeV. So far no additional structure 
has been clearly identified, although some evidence has 
been pre sented by the CERN -Bruxelles -Birmingham Group 
for a possible peak at 1660 MeV (see Fig. 22). 

On the quark model we might exppct the four L = 2 
K*'S corresponding to the nonets with J C=1--, 2--, 2-+, 3--. 

III. EVIDENCE FOR AN ENHANCEMENT IN THE AN 
MASS DISTRIBUTION 

We have investigated the AN channel in the reactions 
K+p -- App and K+p -+ ANNrr. Here the AN system can have 
the quantum numbers of a K*. This is thus an interesting 
channel in which to investigate the mass region> 2055 MeV, 

...... 



* K Spectrum and Ai 23 
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Table I. Summary of properties for L-meson 
(ABCLV Collaboration) 

Mass: 1785 ± 12 MeV 
Width: 127 ± 43 MeV 
JF: 10-, could be 1+,2-

Branching ratios Events % 
KTTTT 194.6 44.5 ± 15 

Kp 43.2 9.9 ± 6 

K*( 890)rr 106.4 24.4 ± 8 

K*( 1430)TI 71.9 16.4± 8 

Kw 21.0 4.8 ± 2 

KTT <10 <2.3 

as it is not expected to suffer from the severe background 
problems of the KTTTI channel in this mas s region. Also the 
comparison with the corresponding pp and pn channels, in 
which evidence for possible boson peaks in atot have been 
observed by Abrams et al., will be of interest. 

In our own work (Alexander et al., K+p at 9 GeV Ic) 
we have observed a strong enhancement near the threshold 
for AN production. Aside from a clear broad enhancement 
there is a suggestion of structure at a mass of 2240 MeV 
(see Fi$. 23). The Birmingham-Oxford-Glasgo~ coL~bor,..
tion (K p at 10 GeV/c) has studied the channel K p --+- AnpTT 
and observes a similar behavior for the An mass distribu
tion on the very limited data available so far (see Fig. 24). 
The Rochester Group (Ferbel et al., K+p at 12.6 GeV/c) 
again observe the low-mass "KN enhancement but do not see 
any clear indication of structure (see Fig. 25). 

More work will be needed on the investigation of this 
enhancement before its properties can be definitely estab
lished. 

IV. THE Ai AND THE GENERAL A ENHANCEMENT 

This seems to be the Conference at which more 
structure is reported. In Fig s. 26 to 33 I show some 
rec ent re suIts on the TIp or TTTTTI mas s distributions from 

• 
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Fig. 24. The An mass enhancgment. Data of Birmingham
Oxford-Glasgow at 10 GeV Ic. 1 

various experiments. It would appear that some structure 
in addition to the Ai peak--the so-called Ai 5 peak--keeps 
showing up near 1.Z BeV in a number of experiments. 
There is the disturbing feature that the Ai I) peak is not 
always at the same mass. It occurs at 1. 1'7 BeV in the 5-
GeV Ic data of the University of Illinois and at 1.2 to 1.22 
BeV in the Wisconsin data (7 GeV Ic) and Notre Dame data 
(18.5 GeV Ic) respectively. We can thus take three approach
es to these data: (a) We add up the data from the experi
ments at the various momenta a la Ferbel and then the 
effect disappears - -and in fact so doe s the conventional rela
tively narrow Ai' (b) We assume a mechanism whicp can 
give rise to some motion of the peak with incident momen
tum. Interference effects with a coherent background could 
be such a mechanism, for example. (c) We can assume that 
we are all victims of large statistical fluctuations. 
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Fig. 25. The AN mass enhancement. Data of Rochester 
at 12.6 GeV /c. 18 

I am afraid it will take much more data and several 
;further con-terences before we can settle this point. 

A. IS THE Ai PRODUCED OUTSIDE A DIFFRACTION 
DISSOCIATION PEAK AS WELL? As we all know, in most 
experiments the Ai is produced in association with a very 
large diffraction dlssociation peak. The que stion is then to 
find out whether it is also produced in other reactions? 
There are a number of such examples in the literature 
illustrated in Figs. 34 and 35. Whether the effects ob
served are indeed the manifestations of the Ai is perhaps 
somewhat in doubt as yet. 

In the case of the Q bump, evidence for K*( 1300) has 
been seen in a non-Deck-type reaction 'IT -p - AK'IT'IT by 
:Crennell et al. at 6 GeV/c (Brookhaven). 

• 
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Fig. 26. Th€ TIp mas s distribution. 21 

B. RESONANCES VERSUS DIFFRACTION DISSOCIATION 
OR DECK EFFECT. At present we know of three well
documented cases of diffraction dissociation effects: 

(a) the A peak in rrp (discussed here) 
(b) the Q peak in rrK*( 890} (discus sed here) 
(c) the baryon peak in rrt:. (discussed in Schleinfs 

paper in these Proceedings). 
All three have the feature of nearly energy-independent 
cross sections characteristic of Pomeranchuk exchange. 
Furthermore they all have good evidence for additional 
structure indicative of resonance formation. Whether the 
resonances are produced by the diffraction dissociation--or 
are equivalent to it, as Chew and Pignotti have recently 
suggested28 _-is still under debate. To my mind, the evi
dence that there is some resonance structure present in 
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each case looks very convincing. 

I wish to thank G. Alexander, A. Firestone, C. M. 
Fu, and C. Wohl for helpful discussions and C. Frank, 
B. H. Hall, and H. J. Rice for help in preparing this 
article. 

This work was done under the auspice s of the U. S. 
Atomic Energy Commission. 
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OXFORD-MUNICH-BIRMINGHAM-GLASGOW 
RUTHERFORD LAB - I. C. (LONDON).27 
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Fig. 35. 
a) cos 0;\ Cor reaction (1), 
b) cos 0,\ for reaction (2), 
c) Mass of (17:11:11-) for reaction (1) with cos oK > 0, 
d) Mass of (11 11 11-) for reaction (2) with cos 6A: > 0 

(the phase space prediction Is given by the curve). 
(These plots are corrected for losses due to the finite 

fiducial volume and short decays). 

(1) K-p - A'TT+'TT-'TT+'TT
(2) K"p - A 'TT+'TT-'TT+'TT-'TTO 

XBL 687-1213 

301 events 
1266 events 

(1) M('TT+'TT+'TT-) = 1117±30 MeV r = 50±50MeV 
(2) M('TT+'TT+'TT-) = 1111 ±10 MeV r = 50 ±25 MeV 

+ 
(1) O'(AAi 'TT-) ~ 9±3f.Lb 
(2) 0' (AAt 'TT-1T0 ) = 15 ± 5 f.Lb 
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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 behal f 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. 




