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In designing an upgraded muon shield, the existing 

calculations for the muon energy loss rate (dE/dx} and range had to 

be extended to those energies expected from the Tevatron. Previous 

technical memos (TM-229 1 and TM-26% 2 ) provided results for energies 

up to 5%% GeV. TM-229 gave results which considered contributions 

from collisions, i.e., atomic ionizations & excitations, pair 

productions, bremsstrahlungs & nuclear interactions. TM-26~ 

provided muon ranges based only on the collision process since 

the other three processes, being subject to large fluctuations, 

could result in seriously underestimated maximum ranges. In this 

TM, results will be given for calculations for muons that will be 

produced by the Tevatron considering various types of loss 

processes. 

The tables and graphs were generated using a slightly 

modified version of the FORTRAN program NALMURG. The energy 

loss rate for the collision losses has been corrected for the 

density effect 3 in the various materials considered. The muon 

range is obtained by the numerical integration of the energy 

loss from a threshold energy of l~ MeV to the energy of interest 

plus the range of muon at the threshold energy. Multiple 

Coulomb scattering and straggling effects4 were neglected in 

these calculations. 
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Results are provided for iron, "moist" Fermilab soil, 

lead and uranium. The calculation for soil is based upon the 

analysis of the soil given in TM-168 5 • A nominal soil density of 

2.~ gm/cm 3 was assumed and only those elements which contributed 

1% or more of the total weight of the soil were considered in the 

calculations. A reasonable range of values for soil is from 

1.7 to 2.1 gm/cm 3 • "Moist" soil assumes a water content of 

10%, although the water content of the Fermilab soil may be 

as high as 14%. 

Tables la-d provide the results for iron considering atomic 

collisions only. Tables 2a-d provide the results for soil using 

atomic collisions only. Tables 3a-d and 4a-d provide values for 

lead and uranium respectively using atomic collisions as the only 

loss process. 

Tables Sa-d, 6a-d, 7a-d and 8a-d provide values for iron, 

soil, lead and uranium respectively using atomic collisions and 

pair productions as the energy loss processes. 

Tables 9a-d, lOa-d, lla-d and 12a-d give values for iron, 

soil, lead and uranium respectively using as the loss processes 

atomic collisions, pair productions and bremsstrahlungs. 

Results for calculations including atomic collisions, pair 

productions, bremsstrahlungs and nuclear interactions are provided 

by Tables 13a-d, 14-a-d, 15a-d, and 16a-d respectively for iron, 

soil, lead and uranium. 

The format for these tables are as follows. The top two 

lines identify the substance and the energy loss process(es) 
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employed in calculating the dE/dx and range tables. The third 

line gives the fraction {by weight) of the element{s) considered 

for this calculation. The fourth line provides the inverse of the 

radiation length. The fifth line is the label for the columns 

of the data. The first column from the left provides the 

muon energy in GeV, the second column the associated momentum 

in GeV/c, and the third column gives the rate of "total" energy 

loss {dE/dx) in uints of MeV/gm/cm 2 • The range of the muon of 

the given energy is provided in columns four, five and six using 

units of gm/cm2, centimeters, and feet respectively. The seventh, 

eighth, ninth and tenth columns respectively give the partial 

dE/dx in units of MeV/gm/cm2 for atomic collisions, pair 

productions, bremsstrahlungs and nuclear interactions. Note 

that partial dE/dx due to process{es) not considered in arriving 

at the "total" dE/dx are still printed in the tables. They have 

been printed to indicate what their contributions would have been 

without having to go to a different table. However, the "total" 

dE/dx column adds together only the partial dE/dx from the 

procsss{es)-ment.ioned in the heading of the tables. 

The dE/dx data from the tables have been plotted for soil, 

iron, lead and uranium for various energy loss process(es). The 

associated data for range has also been plotted except for the 

lead data. The points for lead and uranium are very close to 

each other so that the lead data points have been suppressed from 

the range plots. 
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Figures 1 & 2 respectively, provide plots for dE/dx and 

range considering only atomic collisions. 

Figures 3 & 4 respectively, give dE/dx and range plots for 

data considering atomic collisions and pair productions. 

Figures 5 & 6, give plots respectively for dE/dx and range 

considering atomic collisions, pair productions and bremsstrahlung 

processes. 

Figures 7 & 8 are the plots for dE/dx and range respectively 

for processes considering atomic collisions, pair productions, 

bremsstrahlungs and nuclear interactions. 

The computer program used was a slightly modified version 

of the program originally written by R. G. Alsmiller, Jr. and 

J. Barish of O.R.N.L. and transmitted to me via D. Theriot and 

A. Van Ginneken of Fermilab. I am particularly indebted to 

D. Theriot for his help and useful discussions. 
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Table 3c 

LEAD 

Atomic Collisions 
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Tabl'Et 3d 

LEAD 

Atomic Collisions 

F. p. nF1nx-ror Rll~IGF OF.f:)X-PA!>'Till.L 
·-------------------------·--------.,.--. COLLISTO~ PA TR PQO"l ~PE'i'H~~ L NUCLF AR C(;F.\J) !GEV/G) OlfVlr;~/r:!-i'>ll) (r;•11r:"l'\f'l) ... !Cf+) · ·· tFTt · .. · fUL IN MFV1Gl1/GMS!ll 

;i;;" nF+o 3---·-. c;ao F+ o~ -·- · • 1q?i:-+o1 -·-··-·-. u~iq or, --·-----~ ?.74E+o•r---·-·;qo or:+o 3··---~·1q2r: +01·---·---~1t1tOE'+o1----·· .4nF.+·o 1·---·~·4i3n ou-
, r,oqr.+oJ .r,OOF+nJ .1q3i:-+01 .3~JE+On .284F.+oc; .q~OF+03 .1qJF.t01 .456F+01 .49tE+D1 .4,RE+OO 
.fi?.nr.+01 .l'i21lF.'+03 •1q1F:+'l1 .J11•F+06 .2qJftQr; .• %OE+03 ,1CJ3F.+01 ·'•72E+Ot .stOF.+01 .45~f+Dn 
,f,4f'Jj.+Ql .n40Ftl)3 .tq:·iF+01 ,341.i::+On .30?.F.+O'> ,qqoE+03 .1q:5F.+01 .11Rl1F.•01 .• c:;:»11F+D1 ,41;7f+(l0 
,f,l){!F+03 ·--·- .f.fiO F+OJ "-·-· .1cn;::+o1 ....... 1i:;1,F.+lln .......... 111.Ft-O? ··-·-·· ,tO?F.+04 ·-:-,---.tCJJf.+01 ----··.s;o4F.+01·---... i;41r:+o1---. --.4'!2E+OO" 
.n~OF+Ol .6110F+OJ ,\qJ~+01 .1n5E+OG .~20f+O<; .lO<;F.+04 .• 1CJ3E+n1 .• S20E+Ot .'7&fiE+Dt .4qfiF+OO 
.700F+01 ,700F+03 .tCJ4F+nt .J7<;F+Ofi .12qr+ac; .• tnaF.+04 .. ,1q4E+01 .. ·,53fiF+01 . .~l\<;F+Dl ,c;11E+OO 
.12ni:-+111 . .7?.0F+Ql .tt;J4F+01. ,11\'iF.+Oli .· .131\F+oc; ... ··· .11.1[·+04 · .. ··•·· .1q4f.+01.· ...... ,c;c;2F.+01 . ,f,QlE+Ot .c;~&E'+DD • 74 nF +O '.l----~ 7l.O F+ 01----.... 1 q1,F +l'J 1. .... ______ '3qr,F:+ or.--·----·-~ '34 7!-•0 I) .. - ... ·--~ t t4F.+O , ... ·----.·1ci1+F. +oc·-·; 5 61\ E+O 1"·----·-·. i; 2~F +!) 1·--·--. c;i, O':+O o-
, 71i llF +03 ,7601"+03 .tCJ4F+01 .4an~•O& ,lC)fiF+OS .tt7E+04 ,1q4E+01 .c;ll4F.+Ot oli41F•01 ,c;;;~+OO 
,730Ft03 .7AOE+03 .1G4E+01 .411iF.+llG .lfi'if.t05 ,1?0F•04 ,1q4(+01 .6DDF:+Ot ,6fiOF+01 ,c;t;qf+llO 
,lll)IJF+03 .11001".+'ll .1q1.f.+Ol .427F+On ,;t71+f+Qc; .1?.'3E+n1 •• 1q1,F,+01 .&tr.f.+1]1 .fj7CJF•D1 .• S114F.1-Ql'J 
• 8?. l'lf. t 0 3 .... :-···. R 20 F+ 0 3 ...... ___ .1q«;F.+01 .... -- • 417F.. Oil ------·-· .1111f +O c; ....... _, .12nf.t0 4 ..... , ____ ... 1 'lSF. tO 1----.... Fi 32 E•o1 ·-·-·-·- ,r,qqc+o, .. --. -. c; qq~+O 0 
.n4nF+01 .~40~+03 .1q~F•01 .447~+Dli ,3q2F+nc; .17qF+D4 .1qc;F:+Ol ,641\E+Ot .7t~E+Dl .&1~~·00 
.~nl'J~+ol ,PGOF.+03 .1qc;~+n1 ,4S7F.+Oli .401F•OS .132f+D4 •• 1qc;F+o1 .fi64E•01 .717E+01 .li~llE+ao 
,l\R~F.+111 .A~OF+Ol .tGSF+01 .4fillF.•O~ ,4tOF+05 .11i;r+04 .1qr:;F+n1 ,fiROF.+01 .7s~F+Ol ' .n4?E+ao 
• '10 OF. +O 3 ... ~--... q no Ft a 3 .... _.. • t <j<;!"' +O 1 ___ .. -- , I, 71\E+ QI) ............... • '•1 ':tF.+O i; .... _.... • t 311Et Q ,,---·--........... t q <;F. +01 .. ··---. f;q7F.+ D 1·---~ 771:,E •a 1 ·---; G<;7E+ :lo· 
• q~QF+03 .q~QE+IJJ ,1qsF+Ot ,4111\F.+06 .42'11"'1-Q<; .140F+04 .1qi;r+o1 .713F+01 .1qi:;i::+o1 .&72E•O~ 
.940~+03 .CJ40F•~J .1qsr+o1 .4qR~+Ofi .437Ft05 .143E+04 .tq5E+01 ,72qE+Ot .R14F+01 ,6R6E+OO 
.q~qF.+n~ .qr,a~+03 .1q~F•01 .sn'IF+06 .44~F+n5 .145F+04 .1~6F+01 .74SE+01 .1134E+01 .701i:"t00 
• CJ'l~F•n1 · .-...... qlla i:-+ ni .... - .1qi;r:+o 1 ·· ... 'itCJF.+ O·n --· ... ·;. 4si;r+oc; -·-·· ·· .11.qf:•04 ............ ~1qr,i;:+o1 ·-·---·~101i::::+o1-----. ac;1r.+01-----.7t"fft-1l o· 
.1onF+o 1. .10!JF.+IJ4 .t'lnf+01. .i;~qE•On ,4fit1F.+oc; .1«i:?Ft04 .tqf>F+01 .777F+01 ,1171E+Q1 . .7lOF+OO 
.102F'+Ol+ .102F+04 .1.9F.Ft01 ,<;40F.+06 .· .1+71F.+nc; .. · .• 1';5E+04 . ,11'\ni::::·+D1 ·.,.· .7q4F.•01 ,11q~i::+o1 . ,74«5E+OO 
.t04F.+04 .1041"'.+04 .tqf.!".+01 .SSOF.+Dfi ·. · .• 461.F+OS ..... 1Sll€t0t. · · .1Cif>Ft01 · .• !11tE+Ot . ,q14F.:+01 .7i;OE+OO 
~ 1OF.Ft04---.. ·.1OilF.04 .. ----- .1. Cjfil"'+O 1---- -----. 501 J::+llli'----·.4q2r.+n s--·----;· Hl?F+O 4--·-; 19fiF.+O 1--.-~ 112qE+o 1---;·q HF.+O r-"'""-;776F'+ ca-
• t OllF.t-04 .1011F.+'.l4 .tqF,ft-01 ,S7?F+06 ·.S02F.+05 oH>'iF+OI+ .1qnE+Ol ,l\4GF.+01 .q«i7Ft01 ,7q?.E+OO 
.HOF.:+04 .110E+04 .1qnFt-Ol ,S!l4F.+Ofi ,512E+t}I; .H18F.+04 ,1%E+Q1 .• 8GSIZ+01 .C~7<3E+!J1 .808E+OO 
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Table 4a 

URANIUM 

Atomic Collisions 

MtJON DF.1nx· ANO RANGF. TABLES 

_ ~ANGF . OF/nX-PAQT!AL 
--------------------------------------- -···coLLlSION ···-··PAIR. PROl'.l ,. ... llPEM!;TRO.t--·-1'JUC\.FAR·--

. f'iFVl (GFVIC> fMF.V/r.M/CM'\Q' (l';M/CM<;!'ll CCHl.. CFT> CALL IN HEV/G~/CMC:O) . 
• 1001".-01 .1,70E-01 .:n 1•F.+01 .161tF.+01 .'iti2E-01 .21\:":E-02 .11r~E+01. o. a. .7HF-oi; 
.?.ODF-01 .~ROE-01 .7~ti~+01 .c:;14i::+o1 .?.70F.+OO .B~§E-02 .?.~tiE•Oi a. o. 14&1:'-04 
• 3:) 0F-01 ·-----·~ ~·H E-:11 ...... - .1.f16F+!) 1 .. ·········· • 9'17F .. 01 - ... ·"' 21F·+!l 0 ·-·--·-····- .17?F.-O 1 -· -· .1RtiE+01 · -.---o. ---··-----····o .----··------: 21c:i=-n4 --
• 400F -01 .tilDl':•On .tfd.r:+n .1.C)l\1:'+0~ . ·"'llE+OC .~11r.-01 .1ri1E+o1 a. . a. . .::>'12F-O~ 
.c;onF:-Ot .114f+~O •1.H>F.+01 .2'.'~l".+O?. .11.7f+01 .• 1~1.r.-01 .1..4f,f::+01 o. o. ,3i:,c:;i:'-01 • 
• i;ooF.-01 .• 12-~F.:+!lO .t:Hif+Ot .?.c:ic:;F+O?. ' .1c;4r.+r11. ...• ?fl7F-01 ..•.• 1:>:f1F.+01 o.. 0 4111"'-0' • ro n t".o 1·--·.14 o i=+ o o ···-·--·-. 1. ;n~;:- +o 1 ·---·-·.:no"'+ D?. ··---.1 q r..E +IJ1·--·.611i:-o 1·----·~ 1?.qF. +n1--·o ~- ·a·: : s 11f.;.o 4-
.110oi::-o1 .1i;;3F+l)O .1.22<F'+Q1 .41+qi:-+112 .?.3(1f+01 .771F-01 .121tf.+!J1 o. o. .r;11i.i:-n4 
.qani:-01 .165F+oo .t?.rir-+01 .r;~1E+o2 .?.1qr:+o1 .q111r.-H .12nr::+n1 o. o. • 6 c; 7F'-oi. 
.tOOF:+OO .17tiF.•'10 .11.7'-+111 .6Hol:'.+02 .~23F'.+01 .10f>F.+OO ,t17F+-01 O. · o. 73oi'-01+ , 
• 111'1F.+0 0 - ----··. 1IIP,r::+00 ..... -- • i j tjf: +O 1 ...• 7 0 2 F + a 2 •.. • 1 n l!F •O 1 -----·-···. 121E+0 0 -~---· --· • 1.1c;F+01. ··-·-·-·o. ---~---- 0 • - : R 0 3?- a "_ .. 
• 120Ft00 .1q9F+(}O .tt4•+f)t .711qf+O? .4111F+o1· .13Fif+OO .114£+01 0, . O. .R76F.-Qt

1 .110F:+o1J .211F+no .1.t?l"+n1 .R77F•07 ·'•oOF.+01 .t?tf.+oo .112E+o1 a. o. .q1.qF'-oi. 
.14iF+l'J'.J .222F+OO .111.r-:+01 .%7Ft02 .r;n7r;+o1 .• tofd''.t!IO .111f.+01 . o. . ' IJ. .t'l'2E-O~ 
.1c; or.+n n ·--~····. ?.1~ F+ oo ···- ·- · • 11 u· +o 1 · ···:····· .1or,i::+03 ·•·· ·-··. c;~1.F-+o 1 ·---- .1112F+n a-··----·.1n~+o 1 ·-·a .-------·o ~--·-·--------···.10 ci:::-113 
.u;n""+oo .;:>t,4;:::+na .110F+n1 .11?!':+01 .r-.o.,F.+01 ,1q7f .. OO •• 11flf+o1 a. o. .111i::-o~ 
.17f1F.+On .?S~F+OO .1101"+01. .1?-1+E+01 •• ti4()1='+'):1. .21.~f"+OO .110Ft01 O. O. .1'.?l•"'.·!P 
.111 O!i'.+00 • ?11'iF+ 00 .1oqF+O1 • U3f.t 03 .6q7r::•O 1 • 2'qF.+OO .10'1F.+01 0. 0. .1·~1E-O3 
• 1 q OF +on -- -- .• ?7F1F.+1}0 ·- ....• 10 '"Jl"+Q 1 .......• 1112E+ 01 - • 71+?F+n 1 ...... ·-·. ?.4SFt I) 0 ···-···-··. 1oqi::+o1 ·---· D .-------·--o. ·- -~·--··· ··----··· .110~-o '!. 
.~iJOF'+OO .71\71'"+00 .1oqr.+ot .1c;1c-+01 .7Cl1F+01 .?.n!lF+OO .111qF:+01 o. o. .14fil:'-Q'I 
.2:.'fl"'+OO .:rn.l\E+-00 .10'1C::+01 .17f1F.:+IB .11q0Ft01 ' '.2q2F.+OO ,· .1oqF.+01 a.. . .·. . o. .1.<ilf-O'i 
.240F+OO .• 1?GF'+OO .1oqr ... 01 .11111F.+t'J3 ,ql\f,Ft01 : .3?.4F+no .: ..• 1oql"•Ot' o •. •' ··,:< o. .t/'iF'-0~ 
-~ ?r. Ol"+on ----. ,;o E+ 1Jo ·- ·--- .1 nc;~+o t --········-. 20.r.E+ 03 ·---· .. ·---~ tuaF +112-·····-·· .1ssF.+o a-·---~ 1oqf'"+o1-·--· o .----· -----·o ~-·······- · · --------~· 1q1JE'-o j ··-
• 2R 1F.:+01 .J71f+OC .10GF+n1 .?.2'i"'+01 .11AF+02 ,JA7Ft00 .1ogr+o1 a. . ,JqllF.-0~ ·'04~-03 
.1anF'+'11) ,1'J:>F1o110 .1i)Cjr.' .. Qt .2r.1F.+:01 ~1.27F.•02 .41./IF+OO .1oq;:: ... 01 o. .271F-04 .?1qi?po~ 
.1~nF+QQ ,4l2F+OO . .1.1DF•01 . .2n1F+Q1 ...• 137E+02 .~50F+OO .110F+01 o.· .~J~F'--01+ .~~4f-OJ 
• 14 !'IF+ o o ··· ···· • ,, :=n F:• o o --- · · .11 OF +a 1 -··· • ?i\cE• n ..... ·· .1 r.. rF t n ... ·· · ···. 4111F,+O o -----·-···. tt or• 01 ·-···· o .- ··--···---:---------·-··. Ril7F.-o '• -··-----·. ?1i11F.- or-
• 3.; 11;:: + o a .45.3F.+OO .111.E~01 .2q~F.+03 .1L;f.F-t-02 .S12HOO .111.fi-il1 O. ,1orii:--u~ ,?.1)3F'·IJ~ 
.:>:~flr-+ao .t174i:•OO .111:::+01 .1u,r::+OJ .1f>FiF+IJ2 · ..• 54JF.'.+-OO .111.F.+01. o. .11qc:-01 .?.77F.-rn 
.411'1F+Q!) .4q1.F+OO .11?.r+o1 .:n1+i::+o1 .17''.iF+Q2 .i;714f+OO .u?.E"+01 o. .170F-OJ .?'12E-!J"' 
.4~0F•Ol ···-·-····~c;t;1"+00 ·····- .11?.E+01 ... ,"l;<;~f.+O'r." .tRltF+02 .......... r,ri~F+oo--····---.1t~F+Ol -·--· o.--··-···----····.·201"'-0r·-·-·- .~1)7F-C3 ___ _ 
,41+1lF.+OO ,c;1c;F.:+Ofl .11?>+-01 ,36qE+01 .1q'-t~t02 .Ft1?F.:+OO .112'='.+01 O. .~3F>E-03 .1'.llF.-J3 
.4nl'JF+OO .St;6F+iJIJ .1111="+01. ,'1'"71='.+01 .?n''lF.t02 .t.FiF;f'.t-1)0 .1131':+01 o. .n1r-03 .11tif-O", 
.4i10t'"+QO ,c;7r.,r: .. oo .11~~·01 .4Q<;F+03 .?1?.F .. 02 ,6qf:d~+(\0 .U3f+01 Q, .HliF.-03 .1r;oF-·p 
.?OOF+~O ···- ·.5qr.F.+OO .i.11.F ... 01 ·- ...• 4??.F+01. .221f+O?""'·-· ·.7"7f"+no ········· .1111F.•01 -:-·-··a;--·· .. ······-· ···--··-·--·"··"'1•1F.-01 .. ··-··· .3nc:;F.:-J~ ·-·-
.c;c;ni::tnn ,(-,4!F.+iln .11."if+~t .1.r,r,F+O~ .21+4F.t02 .RO?.E+OO .11?F.t01 o. .43.'H.:-01 .411C::-OJ 
•1'-0flF+O.J .r,q!\F.+ 110 .11F.F.+nt ,?0<1t=:·t-'J1 .?.li7F.t-O? ,!\"f,FttlO .ilnFt-0.1 a. ."i1'1F-0">; ·'+?i~F-01 
0 F>51JF-+00 .7!.'lF.+~O .1.171::+01 .i;c;?r-_:1-01 .. ;>qaF+O?. .C!SOF.+IJO .117E+Ot Q, · ,644F.-O"'! .474F-H 
• 7!J OC:: • 0 (r--·-- ;1q·:i F+ O 0 -· --- ~ 1.1l!F+01 .. ···---·. 5q5i=: + 03 ····-.. ··-.11:?t+0 2 .•• ·-·-- .10?.f.+01 ·---·. 111\F +01····--0 .--· ·-·~ 7t;4f>·O 3--. 1'>11F'-O -r-
07<; !JF". • OO .~l+qF.i-00 .11q•+01. ,nl7Ft03 .334F+n? .11.Cf+at •tt.CJr::t01 a. .Rfi'H:-01 ~c;t.7E-01 
.P..O!JF+OJ .R:i9Ft-OO .1.?.0F+nt .&7qF.+03 .3%F.•lli?. .117E+01 .1?.0F.+01 a. .<3'\5>:-o~ .r;'l4E-O~ 
.11"i!J'F•llo .qc;oF.+:io .t?1F+n1 .n1~+01 ;11ii""+O? .1::>11F+1J1 .121r.:+ot n. .111F.-02 ,r,:>o;::-·n 
• q o l'J1=" +a o · - ·-··· .1 o o i:- • o 1 .1;:i1." • o 1. ·· · ···· • 76::>::-• 01 · • ·· ··• '• o o F +o?. · --··-··.Pt E'+ o 1 -----··.1? tF. +a 1 ··--· a~ .... -··---···-··--·---· • 1zJF-o2--· • r,:; 7"" -or·-~ 
.o.i:;1Jr+oo ~t'l'>F•Ot • .t22l""+Ot .A01."'+0.'~ ·'•"1"'i-0? ,1"1P.F+IJ1. .t2?F.•Ol o. .1.V1P.-02 .r,q~F,-1]; 
.toor:::+01 ,tt!"F+~l .U?31'.,.0l ,.l\t,i.r;:+Q1. .t141f+O?.. .11,?F+llt _ ..• t?.lF.t·f)l Q, '. · .tt+'=lf-02 ,71~5:-')~ 

11CF+01 .12or:+c1 .1~4f+01 .9?~F'.+Ol ' .4R~F+f'Ji' ..• 1'iQ~+01 •· .t24f+01 o. . .1rr,~-o:? .~GJ~-~7 
: 1?. nii ~a 1···---.1~3r.r: .. 01 -----··· .1 :> tiF +o 1· ...... _ .. • , too;::+ 01+ ···· ·:····· • i:; ?.7• •o? --· -· .113'-+n 1 .. ---·-·.126~+01 ---·- o ; ............. ·-·----·-.? 1J r.E-t' 2 ·----. '7fiE- a;-
• 110F+n1 ,1.1+:H'+01 .1?71".HJt .tO!IE·t-04 ."i!;llF+Oi' .• 1'H'F+01 .1?.?F.t01 o. .231F-02 ,qr,qi::--o'! 
.t4'1t=:•n1. .t'.)'H:+n1 .t?.~F'+Ci .111i1='+01+ ,l)t:)l':+O? .~'lOF.-t01 ·.1211F.+n1 (I, .?r14F'.-OZ .H?F.:-o::> 
.tt;11f•01 .l!iOF.+01 .1?qF'.+-O:I. .1?4F.:t01+ .6'SOEt02 .2t3F+01 .12qF+D1. n. ,?.C:ll+F.-02 ,10C!F• 1H 
.tfil')Ft-01 ···--···-·.110E+-f'J1 ·-·· · .11nr:+nt · -···.112r::+n1, ··--···.6q1r+1Ji' .. -··--· .?.?7f.+~t ···-·-···.130•+01 ·--··a.· .............. ~?.FiF.-02 --·· .1Pr-02 ·--· 
.t70F"+01 .1ROF.+ll1 .t.1i.i=- .. 01 .13qF:+t1'+ .7;l1f'+I)? ,?l1::!E+Ot .t:HE+01 ,qi;oi:--n5 .~c;,'1•-02 .124E-a? 
.1~nF+01 .tqOE•n1 .13?F+Q1 .147Ft-04 .771.E+O? ..• 251E+Ot .13?.F+01 .?65~·03 •.• q1~-0?. .tltE-02 
.1qnF+01. .?.OOf.+!Jt. .• 1321".+IJ1 .• 1r;c;F.+04 ' .A11E+:J2. ' .2r,f,f+01. . .132E+C1 ..• S&OE-03 ' .4i?5E-:l2 ' .1~qf.-O<? 
·• 20CF+n1·--- ;;? 10 F+ 111 --·----·· -~ 1131'" +01 ···-···•······.1f.?.Ft QI+ -----.1\? OF+Q?. ---:--. ?.7'lEtn 1----·-·~1"3:-SE•O 1···-:-.--;!lf>l\E-n 1 ·-:-··---;;4;q~-o z---- ~T1+6E'.-'07-
• 2?.0F. +01 .230E+01 .1:,?E+Ot .177E+04 .9?.'3E+02 .30r;f+01 .USE+01 .152E·02 · .S30F.-02 .101F.-!l2 
-----------------·-···-- -····- ··--·---------· ------------·-· 
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Table 4b 

URANIUM 

Atomic Collisions 

E .P OF.IOX-TQT ?l\Nl;F OE/l)l(-?A11Til\L 
. ----·-----------------···-·-··------·--· COLLISION ?AIR PP,r'lO nRF.MSTP.AL NlJCLF.AR ft;FVl tGEV/Cl . P.1EV/l,M/CM~Ql fG"1/r,MSQ) . (CMl ·· tf"Tl · (ALL TN HFV/G'VCM'lO> 

;;2'+ l'JF+ or---~ 2r;o E• !l1 ·-·-.. -·. · .11~,r-1- o t · ---· ~ 1 CJ?E • D•• --· ---:-;1o1F. +-o ::r----· .. :--;~1cr+ a r·----~-1 i~i::+or· ----. 222 F.-IJ'2 ·-·-·--·~GO 2F.~02---·~ t7SE .;o ::!--
• 21', r:F"+01. • 270r-+·01 .1. 'l'7F.+!11 • ?.rl7E•114 .1 ORF.+O~ • ~'5'5E+01 .1nE .. n1 • ?%E-o?. • 67;F-(!?. .1,qQE-(! 2 
.2111lE+IJ1. .?qOE•Ot .• 13~F.+01 .22H+04 .tH>F.+03 .1>11)f+l11 .• t3~F.•01 .175F.-Qi! .·7'511='-02 .:?'J4F.-07. 
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Atomic Collisions and Pair Productions 
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Atomic Collisions, Pair Productions, and Bremsstrahlungs 
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Atomic Collisions, Pair Productions, Bremsstrahlungs, and Nuclear Cnteractians 
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