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'There have been two recent 'criti'lues of the 'H-meson. Fung et al~l 

pointed but that a cut on the 2 pion mass in the p region leads toa purely 

kinematical enhancement in the 3 pion mass at 990'MeV in the reaction 

+ 1\++ + .:. 0 
:rrp~ w rcrc:rr. Barbaro-Galtieri and Soding,2 in a very thorough review 

of the problem, pointed out furthermore that a cOnsiderable part of the 

re sidual H enhancement could be eXplained by the Ti I decay mode Ti I (958) --7 , :rr + rc -Y 

where in the fitting procedure for these events the Y is misinterpreted as a :rro. 

While we concur with both of the above two observation~ we find that in 

a sample of 17,082 + + - 0 + rcp--7 :rr:rrrcrcp events, without p selection--a procedure 

which Fung e,t al. correctly objected to--and after allowing for the Ti I --7 rcrcY 

decay mode there is a small but distinct residual effect; let us call it 

h,(lOOO). Furthermore, the h(lOOO) effect shows up clearly primarily outside 

++ of the 6. band. 

We have studied this problem in an eXposure of 180,000 pictures of the 

72-inch hydrogen bubble chamber at the Bevatron to a 3.7-GeV/c ,/ beam (here-

after called "new" eXperiment). This was combined, whenever ,feasible, with 

earlier data3,4 (hereafter called "old" experiment). 

To interpret our observed effect, we need a 'luantitative comparison 

between Til production and the H effect. We first proceed, with our data on 

, Ti I production: 
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1. The Reaction 
+ + + -

:rep -? p:re :re :re 'Tl ' neutral 

We have treated the events of the type 
+ + + -:rep-? p:re:re:re +MM (MM = missing 

mass) which did not give a one constraint :rea fit by attempting a lC fit with 

o 
'Tl • ' While this procedure will of course include some events in which the 

n 

neutral'MM is not really an 'Tln it does pick up essentially all 'Tln events. 

+, '-In particular the 'Tl' -? :re :re 'Tl decay is very clearly separated (see Fig. 1). 
n 

We find in agreement with the earlier observation of Trilling et al. 4 that 

, + A++ , 
'Tl production goes exclusiyely via :re p -? u 'Tl [32 events (new) + 7 events 

(old)] (see Fig. 2). To ascertain that the above procedure does not loose 

any'Tl events (or pick up spurious ones leading to 'Tl') we have examined the n ' , 
MM distribution (for a '30% subsample). Figure 3 shows M(:re+:re-MM) vs ~ for 

, ++ 
events in the 6. band. The 'Tl' events are a clearly distinguished cluster 

and agree in number with the above estimate. 

Finally, there is one well-known subtle point in our procedure. Namely, 

to what extent we are also observing the decay mode: 

+ - 0 
:re :re :re 

since m(:reo:reo:reo ) happens to be close to the 'Tl mass in this decay. From the 

known branching ratios of the 'Tl, 28.9% 'Tlch and 71.1% 'Tln ' we find that the 39 

'Tl' events here observed represent 47.4% to 57% of the 'Tl' -?:re:rc'Tl decay mode 

depending on whether our procedure includes none or all of the o a 
'Tl' -? :re :re 'Tlch 

mode. Let us adopt the most conservative point of view; namely, that the 39 

events correspond to 47.4% and estimate an error corresponding both to the 

statistical and systematic uncertainty of ± 10 events. 

• 
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2. The Reaction 
+ + + - 0 

re p -? pre rr rr re 

If we consider the entire re+re-reo distribution, 2 X 17,082 combinations, 

the TJ and ill stand out clearly and some structure at 1000 Mey is discernible 

( see Fig • 4). The TJ ('" 330 event s), the ill ('" 4500 event s), and 6++ ('" 7000 

events) account for a large fraction of the total number of events. In these 

++ 
numbers the events corresponding to double resonance formation (e .g.,.m6 ) 

; 

are given twice. Thus to get a clearer picture of the various channels it 

is important to. separate them as much as possible. 

a. 
+ A++ + '- 0 The Channel re p -? w re rr re 

++ . 
As wil); be discussed elsewhere 'we have "purified" the ti. sample by 

background subtraction. + - 0' Figure 5 shows a rr re re mass plot in 10-MeV intervals. 

We note a narrow peak (r := 20 MeV) at 980 MeV, possibly on a somewhat broader 

base. 
+ _. . 

If we look at M(re re y) instead, we note a corresponding narrow peak 

at 965 MeV· (see Fig. 6). We find that for the "new" experimen:t 82% of the 

+ + + -events have a corresponding re p -? prr rr rr Y fit in which the Y replaces 

the rro but all other track assignments· remain the same. From our data we ' 

cannot distinguish between these two interpretations. We can use our observed 

TJ' -? rrrrTJ rate to predict the number of 
n 

TJ' -? rereY events. The Particle 

Data Group5 give R:= n' -? rereY - 22 - 0.3l±0.04, while Barbaro-Galtieri 
TJ' -? rereTJ - 71 -

and SOding2 quote Rittenberg's value of R:= ~ := 0.54±0.o6. The larger 

value of R combined with our 39 
+ + 

TJ' ~ re re TJn event s predict s 39 X ~.o' 
4P+% 

:= 44·5±12·5 TJI -? rereY .events. These events are shaded in Figs. 5 and 6. 

The peaks we observe are somewhat larger, but could be accounted for without 

stretching the errors appreciably. What is much more indicative of a residual 

++ effect is the peak we observe outside of the 6 • 
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b. The Channel 
+ + + - 0 

re p ~ re pre re re 

In order to reduce background we have made various cuts in which the 

following events are removed. 

(i) 

(ii ) + - 0 -The re re re , mass combinations corresponding to the reflection of an ~ 

( + - 0) 4' 6 meson M re re rc = 5 0-5 0 MeV. 

+ - 0 ' ++ 
(iii) The re re re mass combinations corresponding to the reflection of a 6 

+ M(pre ) = 1130-1300 MeV. 

(iv) 
++ 

The 6 band itself. 

+ - 0 In Fig. 7 we show the re rc re mass spectrum wi'th cuts (i) and (ii); Fig. 8 

with cuts (i) to (iii); and Fig. 9 with cuts (i) to (iv). The n~ber of' 

events which can be ascribed to the h(lOOO) signal are shown in each case. 

We find thus that there appears to be a residual effect ~~' 1000 MeV, 

r h ~ 50 MeV which may have contributed in some degree to the old H(990) 

observations, particularly in the + + - 0 re d ~ re re re pp reaction. This effect 

appears to be produced primarily in the channel 

+ + 
re p ~ pre h ( 1000 ) 

As the h(lOOO) occurs on a very large background we are at present unable to 

determine ,iP, decay modes, or whether it occurs as the decay of another object, 

e. g., 

Furthermore, it is noteworthy that in our data we observe only about 20 cases 

+ - ++ 6 
of <:p ~ K K (also produced outside the 6' band). This implies about 10 

<:p ~ rep decays are expected. Thus the h(lOOO) effect cannot be due to the 

rep decay of the <:p meson in this case. This also raises the interesting 

: I 

.' 

.-.r::-



• 

'. 

-5- UCRL-19229 

question whether the ~ ~ rrp observations in the literature5 could actually 

be attributed in part to h(lOOO) • 

In conclusion then, while th~H(990) may be dead, the h(lOOO) appears 

to have arfsen like a phoenix from the ashes. 

REFERENCES 

*Work suppo'rtedby the U. S ~,Atomic' Energy Commission. 

1. S. Y. Fung, W. Jackson, R. T. Pu, D. Brown, and G. Gidal, Phys. Rev. 

Letters 21, 47 (1968)" 

2. A. Barbaro"-Galtieri and P. Soding, Is There Evidence for an H Meson? 

(Is It Just the Tj'?), Meson Spectroscopy (W.A. Benjamin, New York, 1968). 

3. G; Goldhaber, J. L. Brown,S. Goldhaber, S. A. Kadyk, B. C. Shen, and 

G. H. Trilling, Phys. Rev. Letters 12, 336 (1964). 

4. G. H. Trilling, J. L. Brown, G. Goldhaber, S. Goldhaber, J.A. Kadyk, 

and J. Scanio, Physics Letters 19, 427 (1965). 

5. N~ Barash-Schmidt, A. Barbaro-Galtieri, L. R. Price, A. H. Rosenfeld, P. 

Soding, C. G. Wohl, M. Roos, and G. Conforto, Rev. Mod. Phys. 41, 109 (1969). 

6. w. R. Butler, D. G. Coyne, G. Goldhaber, B. H. Hall, J. N. MacNaughton, 

and G. H. Trilling, The ~!m and Tj!Tj' Production Ratios in the Reaction 

rr+p ~ f::,.++ + Boson at 3.7 GeV!c, Contribution to the Lund International 

Conference on Elementary Particles, June 25-July 1, 1969, UCRt-19225. 

.,F 



~ 

~ 
'S) 
. t\l 

;-:, ~ 
Vl 

. '. . "1--J 
.(;: 
~ :s;; 

F, tu .. 
,1 

. , I ... :- , 

.. .llf3.~;. f"ents 

i... 
i' 

50~ 
.1 

.!. 

. -~ 

.. i 

'; 

10· i 

.. ! 
.... j 

; 
j. 
I 3D 

"1 

Zo 

;: 
1 

•. 1 

r - . 

! 

I" 

!: 

;", i 
i 

-6-

I 
I 

. ~ ,-. 
j • 

--.~. 

I' 
.... "'_ .. ' -· .. ··i-· .. ·" .. · 

[ . 
"1" 

r 

.! 

: ! ., 

!. . ; 
i. . . . , 
i 

., !. 
. i 

'1--" ....... -j 

; . 

O~~~~---+~~--~~~~~--~~~-4 
BOO. 1000. 1200. 1boo. 

(MeV) 

pr': t .~ .. 

• 

.' 



• 

gOO. 

, ( . 

:~ 
J 

", 
I 

- 7-

i' 

, , 

, 
•. j .1. 

i 

:~ 
.~ 

~'10 
.~ . 

. ~ . . 'S; i 

l(j . 

(MeV) 

j 

! 
j 
j 
i 

I 
•. 1 , ,I 

.--~,,-,,---,,---,' -.. --.--------~.--~,-.- .. l 
!' I 

I 



-8-

Fj~.3 

3.7 'Be V Ie 

11Sb 

.. .. .. .. -.' •. ; ... -.' .. ~-.... :.~ .... ..... , .. .. .. .." .:: .. " .. .• .. ... : ... : . • .. ~ *.,.. .. 
............... -: •• ,~.;. •• '". \ .. •• i-: ....... :- ... • I·. ~ I... .. -.-. .. .. .. .. . .. I .. 

••• - .... ~ •. ' •• _., •• : .... II'·" •• '" .t~ :."'.,:" • e • 

• '" ':. I., •• tI'. .. ... e-'.· .... .... " .. .. ~ '":-... " :: ;··.1"" ...... 
~.. .." --: .: .. .., .-... ' ..... , .... .-..: ....... ~ .. ···1·.: ... : ··· ... ~.:·:.·:.:·.:-:·.·~'I .. '". OW 

.. ...... .... .. .. .. .. ~ .. \.:~.... .:.. ... : ... '.-\.' .• ::··.·.:·.·i' .. .. .~ ... : .~.... ... --
.. > ..... .: •• ' •• 1. ". .... t .. ~.·:· .• :.:... .. .. : -: .. " .. , ••••• 

-.. '. ·.:I .. :·~·: .', ...... " ... : '. a.- '.:.. !.:- -,.. I. :~.:.£:: .. ~;'_ .. 
• - ............ :jto ••••• ::.;... • • 

' . . ' .. - , ....... , .. .. .... 
.... .. .... ~.!" .... : :.,.. ~ .~-: .".: .. ".:.. .." ...... ~: ' .... .:- .. ~,!",... ...:-".-. -; .... · .. i... . .... .., •.•• ! ... i~.:" .. ~~. 'CI ... ~ ..... ~: ...... ; .. .... ... ~ ... :. . ,: ..... ! ........... : .. ,.:. . . . - '.- :. . . .. 

: : .. 

' .. 

,. 

,.-. :- _ •• If· ..... ·l. 

-- _ .. -
~. 10 '.' 

: .. :- -.. -:,-
: . -
. '. .. 

.' 

. . 
'. 

.,. 

.. 



• 

-9- R9' t 
3.? BEU/C 2 X 1?082 EUENT5 

.::> 
w 
r: 
o 
~ 

1500.r-----~--~--~------~----~------~----~ 

1200. 

900 . 

" 

" 

;;; 600. 
t
Z 
W 
::> 
w 

300. 

o~~ __ ~ ______ ~ ______ ~ ____ ~ ____________ ~ 
400. 600. BOO. 1000. 1200. 1400. 1600. 

M~55(PI+PI-PIO) (MEU) 



-10- Fiq. 5 
3.7 BEU/C 4890 EUENTS 

200.~----------------------------------------

175. 

150. 

125. 

100. 

15. 
J 

50. 1 

25. r 
J II) nJlt J 

o~~~~u~~~~--~.-----------------------~ 

'!""2S. 

-SO.~ ____ ~ ____ ~~ ____ ~ ____ ~ ____________ __ 

400 • GOO. BOO. 1000. 1200. 1400. 1600. 

MASS (PI+PI-PIO) (MEU) 

• 



\ ..... 

(0) 

III 

<l' 
4 

-11-

~ ~ & ~ ~ ~ g 0 ~ 
AfJJI o~1 S~ IJCJAE] 



q 
w 

" tl " . ·LJ 

~ ~. 
~ .. 

o 
~ {1 
,.. 0, 

I- :l. a J. 
,., <I 
]I ;J 
rJ -
0; !( 

< n 
~ :r 
0-
« 
11 
M 
!l 

~ 12 ~ 

f) 

1 ex> 

2,0 

-20 

300· 1300. 1100. 



\"" .- fI' .. 

fi9·1 
Aloor 31 lei/"I 

":::.. 

~ 
~ 
........ 100 
.~ 

~1U 

n # p ":) "t ,,-lTD P rrt x ~ ~ 
x x x x x 
x xx xxx X 

I.'" ~ If': 1I1 .... ~ .,_ I x xxxxxx x. xx x x -) , ~r~"M fehttJlItQ. x xxxxxxx 'xxx xxx x 
xxx xxxxxxxxxxxxxxxxx xx x 

x xxxxxxxxxxxxxxxxxxxxxxxxxxx 
x xxxxxxxxxxxxxxxxxxxxxxxxxxx 
x x xxxxxxxxxxxxxxxxxxxxxxxxxxx 'Z.?> 3C;S' ~(X)S 
x x xxxxxxxxxxxxxxxxxxxxxxxxxxx 
x xx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
x xx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
x xx x x xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
x xx x xx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
x .,; xx xxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
x Ji,i;J X)(XX X XXXXXX xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
x xxxxxx xxxxxxx XXXXXXX)(xxxxxxxxxxxxxxxxxxxxxxxx 
X xxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xx xxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xx xxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx x 
xx xxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xx xxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xx xxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx x 

x xx xxxxxxxxxxxxxx XXXXXXXXXXXXXXXXXXXXX)()(xxxxxxxxxxxxx X 
X xx xxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxuxxxxxxxxxxxxx x 
x xx xxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
)( xx X)(XXXXXXXX)(XXX xxxxxxxxxxxxxxxxxxxxxxxx)(Xxxxxxxxxxxxxx 
X xx xxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
x xxx xxxxxxxxxxxxxx XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)( 
X XXXX XXXXXXXXX)(XXXX xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx X 
xx xxxx xxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx x 
xx xxxxx xxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xx xxxxx xxxxxxxxxx'xxxx XXXXl(Xxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxx 
xx xxxxx xxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xx xxxxxx xxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx x 
xx xxxxxxxxx xxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xx xxxxxxxxx xxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xx xxxxxxxxxxx xxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xx xxxxxxxxxxx xxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx x 
xx xx xxxxxxxxxxx xxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxx 

xxx xx xxxxxxxxxxxxxxxx xxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx . 
xxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
= = ==== x xxxx xx x x li<x xxx x xxx x x xxxxx I xx xxxx xxx xxx x >t<x xx xxxx x xxx xxxxx x x ltex XXXXX xx x xx xxxxxx x 

'~TES DIVIDED BY,OO. 8 800. 1000· 1"lOO. "Noo. 11,()O· 
MASSC+-Dl NUMBER OFF 204 NUMBER ON 23191 

Mo.~~ (rr tl-WO) (HeV) 

...... 
v.> 



--14-

)()()()( 
X)(XX)(X)()()()( 

)(X)()()(XX 
)()()()()(X)(XX)()( 

X><XXXXX 
)(X)(XX)(X)(X)(X)( 
X)(X)()()(XXX)(X)( 

)()()(XXXXXX)()(XX)( 
)( )( )II( )( )( )(' )( )( )( )( oX )( >< )("x )( 

)()(XX)(XX)()(XX)(XXX)(X)()( 
)()(XX)(XXXXX)()(XX)(X)( 
XXXX)()(XXXX)(XX)(XXX 

XX)()(XX)('XXX)('XXXXXX)( 
XXXXX)(XXXX)(XXXX)(X 

XX)(X)(XXXXX)()(X)()(X)(X)( 
XX)(XX)(XX)()(XXXX)()()(X)(XXX)( 

XXXXXXXXXXXXXXX)(XXXX)('XXXX 
XXX)(XXXXXXXXXXXX)(X)(XX 

)()()()()()()()(~)()()()()()()()()()()()()()()()()( 
K)(XXX)(XXXXXXXXX)(XXXXXXX)(XXX>(X 

)()()()()(XX)()(XXXX)(XXXX)(X)(XX)(XX 
K)(XX)(XXXXXXXXXXXXX)(XXXXXXXXXXX 

)()()(~)()()()()()()()()()()()()()()()()()()()()()()()()()()()()( 

)()()()()(~)()()()()()()()()()()()()()()()()()(~)()()()()(~)()()()( 

XX)(X)()()()(XXXX)()(XXXX)()()(X)(XX)(XXXXX)(X)()(XXXX 
••••••••••••••••••••••••••••••••••••••• X)(XXX)('X)(XXXXX)(X)(X)(XXXX)()()(XX)(XXXXXX)(XX)( 

X)(XX)()(XX)(X)()(XXX)(X)(X)(XXXXXXXX)(XX)(X)()(X)()(XXX)( 
)()(~~~~~~~~~~X~~~~~X~~XXX~X~X~~~KX~XXXXXXX~XX 

XXX~XXXXXXXXXXX~XXXXX~XX~XXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

XXXXxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXX~XXXXXXXXXXXXXXXXXXXxXX 

••••• X ••••••• X ••••• XW •••• X •••••••••••••••• 
~XXXXXXXXXXXXXXXXXXX~XXXXXXXXXXXXXXXXXXXX 

•••• X ••••• X ••• X ••••••••••••••••••••••••• X ••• X •• 
~XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX~X~XXX~XXXXXXX 
XXXXXXXXXX~XXXXXXXXXXXXXX~xXXXXXXXXXXXXXXXXX 

•••••••••••••• X ••••••••••••••••••• X ••••••• 
XXXXXX~XXXxXXXXXXXXXXXXXXXXXXXXXXXXXX~ 

XXXXXXXXXXxxX~XXXXXxxxxxxxxxxxXXXXXXXXXXX 
•• ~ •••••• ~.~ ••••••••• X ••••••••••••• ~ ••• _X 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxxXXXXXX~XX 

. XXXXX~XXXXXXXXXXXXXxxxxxxxxxXXXXXXXXXXX 
xXXXXXXXXXXXXXX~XXXXXXXXXXXXXXXXXXXXxxXXXXXXX 

XXXXXX~xxXXXX~XXxxxXXXXXXXXXXXxxxXXXXXXXXXX 

XXxxxxxxXXXX~XXXXXXXXXXxxxxXXXXXXxxxxxXXXX 
XXXXXXXXXXXXXXXxXXXXXXXXXXXXXXXXXXXXXX 

. • ••••••••••• X ••••••••••• X •• M ••• ~ ••••• x ••••• 
~xxxxxx XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

••••••• ~M ••••••••••••••• M •• M ••••• X.M •• X 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

.X •••••••• X ••••• X •• XX.· ••• XX ••••• X ••• 
XXXXXXXXxxxXXXXXXXXXXXXXXX~XXXXXXXXXX 

xXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXxxxxxxxXX 

XXXXXXXXXXXXXXXXXXX~XXXXXXXX 
••••• XX.X •• ~.X ••••••• xX ••••• 
••••••• X •••• X •••••••••••••• 
•• X.X •••• X.XX •• ~X ••• XX •• X. 
XXXXXXXxxxxXXXXXXXXXXXXXXX 
XxxXXXXXXXX~X~XXX~XX~X~XX 
XXXXX~XX~~XXXXXXXX~XxXXXX 
XXXXXXXXXXXXXX~XXxxxXXXX 

~XXX xXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXX 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXKXX~XXXXXXXXXX 

xxxxXXXXXXXXXXXX~XXXXXXXXX~xxXXXXXXxxXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXxXXXXX 

XX)(~XXX)(~XXXX)()(X 
XXXXXXXXXXXX)( 

XXXXX)(XXXXXX 
XXXXXXXXXX 

XX)(XXXXX 
)(XXXXXX)(XX 

XXXXXXX 
XXXX><X 
XXX XXX 

XXXXX 
xXXX"X 

XXX)I(XX 
xxXXXX 

•• ••• XXXX 
XXXX>< 
XXX Xx 

XXXXX)(xxXXX>(XXXX 
XXXXXXXX><XXXXXXXXXXXXXXxxXXX 

XXXXXX>< 
xx 

• • 
" " " 

~. -

lL 

~ 
lL 
0 

'" W 
CD 
r 
::> z 

In 

.§ 
> 
CD 

0 
w 
0 

> 
;::; 



• 

'/ 

-15-

~s. ~ 
)(.)( )( 

x 
X)( 

x 
)( 

)(X 
XX)()()( 

)()()( 
X)(X)( 

)()(XX)( 
XX)(Xl< 

XX)(X)()I(X)()( 
XXXX)(XX)( 

)(:~::~~:: cS 
)(X)()(X)(XXXX ~ 

X)()()()(X)(xxxxxxX)(' 
)( )( >( )II( >< )( )(·x )( )( )( )( )( )( 
xxxxxX)r()(XXXX)(>C 

XXXXXXXXX)(X)(XXX)(X)(X)( 
)()(·)(X)(X)()(XXXXXX)()(XX)(X)()()()( 
)()()()(XX)(XXXXXXXXX)()(X)(XX)(X 

X)()(XX)()()(X)()()(X)(XXXX)(XXX)()()( 

0 

XXXXXXXX)(XXX)(XX)(x><XXX)( 
X)(X)()(x)()(XXXX)()()(X)()()()()(X)(X)()(XXXX)()( 

)()()(XX)(X)(X)(X)()()()()(XXXXX)(XX)()(X)()()(x 
)(X)()()(XX)(X)()(X)(X)()()()(XXX)(XXX)(X)()()( 

x)()(X)(X)()()(XXX)(XX)()()(X)()(XX)(X)()()( 
xX)(X)()(XX)(XX)(XXX)(X)(X)(XX)(XXX)(X)( 

XXX)(X)(XXX)(X)(XXX)(>()(XXXXX)(XXXXXX)( 
xxxxxxxxxX>()(X)(xxX><X)(X)(X)(X)(X)(Xx><xxx 

)()()()()()()()()()()()()()(X)()()()()(X)()()()()()(~)()()()()()()( 

XXXXXXX)(XX)()()()(X)(XXX)(X)()(XXXX)(XX)(X)()(X)()()()(XX 
)()()()()()(~~~~~~~~x~~~~xxxxx~~xxxxxx~xxxxxxxxx 
xxxxxxxxxxxxxxx~xxxxxxxxxxxX~XXXXXXXXXXXXx 

)(~)()(XX)(X)()()()(X)()()(XX)(X)()(X)(XXXX)()(XXXX_Xxx 
xxxxxxxxxxxxx~xxx~xxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxx~~xxxxxxxxxxxxxxxxxxxx 
xxxxxxxxX~xxxxxxxxxxxxXxxxxx~xxxxxxXxxxxx 

XXX)()(XX~)()()(X)()(XXX)()(X)(X)()()()(XX)()(XXXX)()()(XX 

xxxxxxxxxxxXxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxx~xxxxxxxx~~xxxxxxxxxxxxxxxxxxxxxxxxx 
xxxXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxx~xxx 

~~ 

XXXX)()()(X)()(X)()(XXX)(XX)(XXX)(XXX)()(X)(XXXX)(~XXX 

xxxxx~x~xxxxxxxxxxx~~xxxx~xxxxxxxxxxxxxxx~xxxxx 
xxxxxxxxxXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxXxxxxxxxXxxxxxxxx~xxxxxxxxxxxx~xx~xxxx 
xxxxxxxxxxxxxxxxxxXXxxxxxx~xxxxxxxxxXXxxXxXxxx 

xxxxXXxXXxXxxXXXXxXxxxxxxxXxXXxXXXXxx 
XXXXXXX)()(X~X)(X)(XX)()(XXXX)()()(X)()()()(X)()(XXX)(X)(XXXXX)( 

xxx, XxxxxxxxxxxxxxxxxxxxxxxxxxxXxxxxxXxXxxx 

0 
I::: 
• 
~ 
1::::< 
... 0-
\:::IQ 

t 
Q... • \=: 

~ 

~ 
r-

"] 

~ 
'" ~ 
~ ..... 
~ -.. < 

<3 

~ 

xxxxxXXXXxXXxxxxxxxXxxxxxxxxxxxxxxxxxxx 

~x~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxXxxxxxXXXxXxxxxx 

xxxxxxxxXxxxxxxxxxxxxxxxxxxxxxxxxxxxX 
xxxxxxXXxxxxxxxxxxxxxXXxxxxXxxxXxx 

XX)(_)(XX)(xx)(~xXX)(XXX)(X)()(X)(XX)()(XX)()(X)()()(X 
XxxxxxxxXxxxXXxxxxxXxxxXXXXxxxxxx 
xxxx~xxxxxxxxxxxxxxXxxxxxxxxxXxxx 

xxxxxXxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxx~xxxxxxxxxxxxxxxxxxxxxX~xxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
XX)(X)(XXX)()()(X)(X)(XXXXXX)(XXXXKXXX)(XX 

XXXXXXXXXXXXxXXXXXXXXXxxxXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXX><XXXxxxxxxxx 
XXXXXXXX~XXXXXxxxxxxxxxxxxxXXXX~XXX 

xxxxxxxxxxxxxxxXXXXxxxxxxxxxxxxxxxxxxxxxxx 
xxxxXXXXXXXXXXXXXXxxXXXXXXXXXXXXXXX 

xxxxxxxXXXXXXXXXX 
)(XXXXXXXXXXXXXXX 

XXXXXxxxXXXxxxxxx 
XXXXXXXXXXXXX 

XXXXXXXXXX)( 
xxxXXXXXX·XXXx 

XXXX~XXxXX XXXXxXXXX 
xxxxxxxx 

XXXxXX 
xxXXXXX 

xXXXXXXX~ 

1 
.cD 

XxXXX)(XX 
xXXX 
XXXX 

XX><X XXX)()I(X 
XXX)(XX 

XXXXX~XX)(X)(X><XX 
XXXXX)(XXXXX)('XXXX)(,XX)('XX 

xxxxxxx 
)(X)( 

X 
>< 

" >< 

-
z 
0 

'" W 
QO 

:£ 
=> 

~ 
Z 

'" ~ 

... 

~ 
u.. 
0 

'" w 
m 
:£ 
=> 
Z 

.., 

§ 
:0-
m 

0 
w 
0 

> 
0 

f{i ~ 'tq :;:: 0 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.L" __ "'-"~~~~ . 
o 

/"\ 

~ ...., 

'"' ~ 
\ -= ~< 
'-oJ 

~ 
~ 



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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