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Basic to the design of any muon shielding are the 

calculations of the energy loss rate (dE/dx) and total range 

for muons of different energies. A Fortran program NALMURG 

has been written which calculates dE/dx and the total range 

of muons in various elements, mixtures and compounds of 

interest for energies of 10 MeV to 500 GeV. The program is a 

modification of one originally written at O.R.N.L. 

The energy loss rate is calculated including collision 

losses corrected for the density effect, pair production, 

bremsstrahlung, and nuclear interactions. (l- 3 ) The range is 

calculated by numerical integration of the energy loss rate 

from a threshold energy (10 MeV) to the energy of interest 

and addition of the range of the threshold energy} 4 ) Multiple 

Coulomb scattering and straggling corrections are neglected. 

All formulae and constants are given in the references cited. 

Details of the calculation will appear in a future FN report. 

Enclosed in this report are the results for various 

shielding materials. Tables la-c give the results for ·iron. 
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Tables 2a-c give the results for iron when collision losses 

alone are considered in calculating the range. Tables 3a-c 

give the results for lead. Tables 4a-c give the results for 

uranium. Tables 5a-c give the results for NAL soil as defined 

in TM-168(S), including only those elements with a fractional 

weight greater than 1%, with a nominal density of 2.0 gm/cm 2
• 

The density is a function of the effort made in compacting 

the soil and a reasonable range is 1.7 to 2.1. Tables 6a-c 

give the results for NAL heavy concrete with a density of 

4.0 gm/cm 3
• 

The format in which each table is printed is as follows: 

The first line states that it is a muon dE/dx and range table. 

The second line gives the fractional weights of each element 

in the substance under consideration. The third line gives 

the inverse of the radiation length for the substance under 

consideration. The next three lines consist of labels for 

the columns of the table proper. The first column gives the 

energy of the muon in GeV; the second the momentum in GeV/c; 

the third the energy loss rate (dE/dx) in MeV/gm/cm 2 • The 

next three columns give the total range of that muon in units 

of gm/cm 2
, cm, and ft. The last four columns give the partial 

dE/dx's for collision losses, pair production, bremsstrahlung, 

and nuclear interactions in MeV/gm/cm 2
• 

Also included for ease of comparison between various 

shielding materials are two figures. Figure 1 shows the 
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energy loss rate (dE/dx) of muons in soil, heavy concrete, 

iron, lead and uranium. Figure 2 shows the range of muons 

in soil, heavy concrete, iron, lead and uranium. 
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Table 2b: Iron, Collision Losses Only 
2.4 GeV-85.0 GeV 
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2c: ·iron, collision Losses Only t1i~~tI~2 
90 GeV-500 GeV 
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o ... IOE :lJ O, 4 lOE OJ Q,ZzU Ol o. 189£ 06 O.lUE J5 c.181t 0) o.ll:U Ol o.~ o.o o.o 

' 
0 .420£ ·01 0,4lOE CJ C. Z26E 01 O, lOE <;6 o.z••E ~5 IJ. IO'if OJ o.ll6E O.l o.o o.o o.o 
D.4J0f OJ O,,.J Of OJ tl. ll6E Ol O, Hit li6 o. 2<;1 f ~s ti. 124E QJ o. ll6E Ol o. 0 o.o 0..0 
0.441)£ OJ o, 440.E OJ O.ll6E 01 o. lvlE .16 [ .1HE cs o. !14lE OJ Ool2 6f vl o. 0 o.o o.o 

; 0,#oSCE OJ o. it'>OE OJ Ooll6E Ol o. l06E v• O,l1>2E 05 o. 161E OJ Ci .l l6E Ol o.o o.o o.o 

i o,,,Of :lJ 0 .4•\lt OJ Ooll6E Ol O.llH 06 o.zi.eE OS Q, U'IE OJ o .l l6E i)\ o.o o.o o.o 
o.u~ JJ Q,4 ICE 01 O.Z lf>E 01 o.U'if 06 o.nu OS o.8"U OJ o .l l6E ol o.o o.o o.o 

~ o ... ee£ OJ O, '<'OE OJ O•llff Cl o. llOE c• O. lf'lf !'5 o. 9164: 0) o .Zlff 01 o. 0 o.o 0.0 

f 0.490E DJ o. 4'10£ OJ O. llM 01 c. ll"li o• O.l85E 05 0, •HE OJ o.UlE 01 o.o o.o 0.0 
0,50C E CJ o .... 0 0E OJ 0.llfE Ol o. un o• O.l9'E OS o • ., ... JI OJ c.llfE Ol o. 0 o.o o.o 
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Table, 3a: Lead •. 10 MeV-2 .. 2 GeV 

t.OCCCC-0 PB 

TM-229 
ii.i~un 
~ iff~~~-i~-

l/ltO c c. t53Ci!~ CC Cll!~OIGM · . 
___ _£_ __ . _____ p ______ ~E10.x.,.to:r . - _11,ANGE----------------- -. ~ .. -. -- -.-- ----- J)E.IOX-PARTtAL. -----

. ---------------------- CGU. SJCl'I PATii ""OD ·ett!'lllSTRAl 
(GfVt IGEV/Cl (f':'V/l:M/Cl'SOI f(.Mfl'.:>flt!i.OI , {(M1 . H"TI . (11.U tM MfVfGM/CMSQJ 

.O.lC·CE'.'.".(a _____ ,0,.47·1\E~O.l ----·-·0.3:9ZE l'l. 0.155E ·Cl o.U'rf cc. O.lt'tM-,t.z: - 0.3·9 .CL __ c • .n_ .o.n o.345£-tft 
'1.Zt(,£-f l l'.6S~E-Ol f'.2"<6f Cl f1.40QC Cl 0.43i!E oo· n.14Zf:-l'll o.24&f 01 r.o o.o :i.5Z5f-!14 
0.31.c;e-01 C-.851E-01 C•l"•E n -· o.~53E Cl o.e401" cc ~-V5F-l'l1 0.194£ IH r.o o.o ,.&43F-0+-

__ 0.4CGE.-oi __ .. c.1rne..co __ c~--c.1&i!E -01 ___ -.c.1s1'! CZ- o.133£ ,01 !!.431'.E·!'l--· o .• 1&s¢1u ____ __r.o_ o • .o. o.nn-c4. 
o.5N.e-.r1 o.n4E m'i t.152f H •J.214F. ez '.l.tn°E 01 !l.&l'>F-Ol n.1sl!!i ".ll r.o o.o ci.!H7F-~4 
-0.6-0CE-Ol o.1zef or. C.l4lf Gl C.2Sl!!' oz .... 249f M !"'.8161"-0l ci.11tt~1 n r .• n n.!I 0.8B!IF•C4 

__ o.7C()E.•Oj ___ .0 .. .1.t.tE cc _______ C • .l34E Cl . C.355E 02- 0.313'E 01- 0.1L3E. OC, - O.l34Et0.l ___ _. .. c .• o. 'l.:L .o.q52£-04 
c..sccE-tl c..1531: no ~·.12qc c1 o.1t31" 02 'l.31>uE 01 ~ •. t25F er 0.120"\Cl r.o n.n 0.1011"-03 
(J 0 '1'C<Jf-C'l 0.165F 00 c.iz5r Cl 0.510" CZ Oo440f 01 !'.147F ('(' OolZ5F.;Cl t'oO IJ.IJ l'ol07r'•03 

- Q,,}l){'E_ CQ ___ 0 • .17bE GO __ !:'.122E Cl o.591E C2 .. 1l.5ZlE :u .J •. 17U Ou n.122E,01-.. --£.o_ c.o o.U2F-03 
o.ucE re c • .tl>t'E er •.• 12r.i: 01 0.674c cz ').5<J3F n r-.t<J5E Cl' 0.121'11' 01 r.n o.o o.117f-o3 
o.IZtE co 0.199·1" co i:.tHE 01 G.l57E ()2 o.667r 01 C.21'1F er· "·ll•·E Cl r.o t-.o o.122E-ll3 
ll.BCECC _____ o.zu~co. L .. U7E.C'1 C'.!!42EC2 1).742£01 ·r:.21i-4E.QC_ .... o.u7E!ll .. r:.o. n.o o.l2TF-03 
c.14-0f re o.z22E nc "•ll6F tl r.ne~ r·2 n.01ef 01 c.2681" cc t.llf>F. Cl r.r, o.n !l.132"-03 
o.1sc;E c.o r..233F co r.l15E 01 0.1010: :;3 o.~~4f 11 :·.2<J3l: no r.ll5E 01 r.c o.o o.136E•03 

.C.lf.CE cc ____ O.Z~ltE .. 0.0. .C.oll5f Cl o.UOE C'3 o. 0 71f 01 - :;.3l'?E N' o.us.e t;1 .r.o o.o 0.14lf-(13 
0.17CE Nl C.255~ CC' C'oll4F fll ~.11111= 03 n. lf5~ n ue344t O~ n.114• Cl r. • ., o.o 0.145~·03 
O.lPCF cc o.Zl>S"' cc O•l14E {'l O.l2P.F. !33 (l.11'1!' :n o.369"' ()() O.ll4F. ()1 r.o ll.O o.J4CIF.-03 
o.1HE oo o.2'7&E ·•J1; t.113e r,1 o.137'= C3 o .. ~znr n :;.3"!5E cc o.u3e 01 c.o c.o n.l59E•03 
o.2ctE oo c.2111?E t::c c.113E ll o.145c '3 o.1211F 02 o.1tzr,1' UI' n.u'.J~ 01 ,..o "·" o.157~·°"03 
c.22ce ro o.3<'~E nr c.113i: C'l o.1&3". '3 o.144F 02 c.471F ct 0.113~ lil r.n o.o o.165E-!13 
c.24tE ci:. 0.32~E cc c.1.ne 01 o.1e1~ 03 ~.159f n ~.s22= oo 0.113~_01 r.o o.n !l.lT3E-03 
Ci.26CE ro o.350E 0(1 t.113F Cl e.t'?e• C3 '.l.175E O? '.\.5731' Oil 0.1.nt Cl r.n o.o o.lf!lf•03 
c.zece rn c.371E o~ r.111tF tl o.2t6c: C3 1;.1ci1r :z 0.624" co 0.1141= r.1 r..o o.trtl)r-c4 o.lHF.-03 
o.3roe re o.392E cc· i::.114£ 01 o.233i; ~3 0~2r6F 02 '.'!.675<: r:r. 0.114!: l'l l".o o.H3E-C4 o.l"l5f•03 
c.3Zf'.F er: o.412F oo f·,ll4E n o.2s1c: 03 o.221F 02 ,.725F r.r· 0.114• n1 r.o· IJ.6Pl"-04 ,.z~ZF.-03 
()~34(E ((' (.433f 'Jr. r.ll5E Cl l).261't J3 '.1.2361' oz ~.776F (10 C'.115c 01 r.o "·H50:-C4 o.2r. .. ~-03 
c.36LE Q(,_, 0.453£ cc loll5E ll C.ZBbC C3 0.2'i21' :12 !".1!26"' co 0.115~ Cl o.n r.114"-C3 ~.216F-OJ 
o.3ecE co o.4741" cc c.114e n c..%3<: n c.2&-rr n ~.137&F oc o.11e.i: 01 r.o ~.143t;.:c3 o.2nr--03 
C.4tll;E O'J r.4e4f: '.::·•: L.ll6F 01 C'.32:;F. G3 o.282<' 02 ~.9:16r. co C'oll6F !'l r.l' ~.112~-i:-1 o.23l'F-03 
o.42CE cc o.515E c~ c..117E 01 o.337E C3 c .• 297f n ~.'1761' cc t;.Un 01 r.n a.2ozt:-C3 o.236f-o3 
o.44CE er o. 535F u .-...111e n r:. '155~ c3 11. 3121' 02 :i.1• 2" < .. 1 i,.1171' 01 r .n n.zv,e-r.3 o.243r-03 
o.46CE rr 0.556E OG c·.11rF ~l 0.37?" ~3 n.327F 02 ~.1~7~ 01 o.tlP~ 01 c.o l).266F-e1 ,.24<1F•03 
c.4ei;e c.o o.576E cc c.ueE c.1 c.3s9<;: C3 'l.3421' 02 n.112F !ll o.11P~ Ill c.o e.29~"-C3 o •. 2s&e-03 
o.50lE re r.soe.e cc c.uoE 01 c.1tC51' 03 ri.3571' ::iz ~.u7r Gl c.11"• Cl r.o C'.333F•r·3 c.26:i!F-n3 
o.sscF r .• ; r.&47E or- ~.l2:'"E ~·l 0 .• 4471; c3 u.3"4~ :n n.t2QF rit o.12r-i: 1n r.D n.4Z2F-ITT r.z1Pi::-03 
o.&OCE cc. C-.6%E co '.l.121e C:l C.48'0" (3 0.431F n C.141E 01 c.121E Cl r.o o.'H6t;-03 O.Z94f-03 
o.t.SH rr;, o.741\E 'lr c.i22E 01 0.53rE r'3 li.4t.7F c2 n.1sn n ll.1221' 01 (.Q t'.614"'•C3 (l.lG'lF.•03 
c;.1r:rE oc c.7<J9F 1.,c •·123[ rt o •. 571<: t3 c.5f<3F ~7 r·.1651' r1 o.12'H 01 r.n n.716f-C3 o.324F-o3 
o.75tf 00 c.~49= Ob ~.L24E Cl o.&llE C3 0.530f ~2 J.177E 01 D.L24E Cl c.o o.A22F-C3 !l.339f-OJ 
c.erc! ro o.~c;9e QG r.12sF n1 o.651F C3 o.574F 02 ~.\PA'!' c1 .n.125! rt r.o o. 03Zf-t3 c.354F•03 
o.e5l·l' (•j 0.'~5CI" llf. ~.12M: ('\ r:.691C C3 ~.6F0f ~2 ~.2rrF 'Jl i,.12t,~ ,1 r.o D.lf'41',-C2 (l.36!'F-03 
o.9tc·E_J)Q_ --- C.H~OE IJl c.1z7E Cl 0.7311'. 0 D.6441' CZ o.zur Cl 0~121e Cl. c.: <'.11M'•C2 :>.383E-03 
c.<ii:;oe cc c.11-se 01 r.1ZP.E·Cl o.77CF c3 o.&791' c2 l.223r 111 0.121" l"l r.1· n.12'!i;:-rz o.301f-(13 
o.1rcE c1 o.lH·f "l •'·12F!E n1 t.a11=r. ~3 r..113" 02 0.234~ ct r.12a• r1 r.~ o.14ci;:-r2 ri.1t11f-03 
o.uoE o 1..12cr ct i::·.13(E n ~.ee7<: C:3 :i.1ei~ 02 0.2561' 01 o.13r~ ct c.c o.1651'.-C2 o.4'+0f•03 
o.lZt'F 01 G.l30E' r;1 C.13H fl l).<;63" ~3 n.~4"1' 02 l'.l.27H !'l ~.13H 01 r.o 1J.101r:-r.2 ll.4r.l\E-D3 
c.13rE Cl <l.140F ".'l li.133F 01 o.1r:4c '.4 n.q15f ~2 n.3r:>F 01 l'ol3"F Cl r.t r.21P.F-('2 t.4'161'-03 
o.14CE .C.l.. 0 • .150E Cl Col34E Cl c.111e C4 G.9B2E 02 ,.122F 01 O.l33E 01 c..o Cl.Z46£'-C2 o.523E-03 
c.15CF 01 C.160'!:' ('! C.135!' r.1 r:.1B~ ~4 IJ.ltS!' 03 r.344F "l r.t34F. OJ r.o 1'1.275"'·1'2 C!.55lf•03 
{'.l&O[fl c.17~FC1 !'ol3bFCl o.l26::'·f'lt r;.111r:o3 '1.l65C:Cl o.135~r.1 '·" r .• 3f'4F·f2 (l.t;7l!E-O!I 
1..17.CE __ fL __ t.-.ltOE 1.1. Ool3n 01 0.134'.: 04 :>. llqE 03 C'.3"!f.f (1 C.136E Cl [a262E·Cl4 o.334"0·C2 !l.6C5E-03 
o.1ec.i: c1 r.1cci:: <11 c.l3"F rt ".1411'' Jlt G.124F ~3 c.1+r.1r r1 n.t37F f'l r.:>47F-r3 !:'.365"-rZ !l.63ZE-O!I 
c.1qr~ rt c..2coE 01 c.13c:r: l'l o.14pc G4 ~.l'IGF 03 o.47PI' Cl r.13R~ tl r.511~-r3 r.3~6~-rz r.65~F-~3 
c.2•.'<'f 111_ o.ZlOf Cl '-•l4CE Cl o.155'.' l4 o.131r :n ~.lt4i:>E 01 0.13"~ 'l r.7~2~-o n.427l!'•t2 t.68bl"•t3 
o.22c!' r1 r·.230t: "'l t.141£ Cl r,11nc !'' l),14:)f' 01 c.1tc'r Cl "·l"n !'\ c.13<:>F-C·2 IJ.4'?2~-r2 o.739F-03 



Table '3b: t,ead, 2. 4 ~eV-85. 0 GeV 

loOC:l'.'COC l>B 
l/XO • Ool53C29~f CO :1<1SQ/Gfi! 
----1:----------P----:1"1: /Cx~:roT- __ Jl1'JllGI!--- ------------------------ m; f-Dll•l'Al!Tl-At.--------------- -

-------------------- COLUSID'I PA_l~ Pll.l'O BllS::MSTUl NUCll'All 
tGfO 1&EVICI IW:VIG14/CMS01 tGM/C"l'SQt fCtO 1Hl UU. 1N Ml"YISl'llClltSQ-) 

C.-240E--Cl------ C.-2SCE -Gl-- C. 143.f Cl - - Ct. 194!; .04 - Oo l-6-Zf !l:3 D. 531£ -Cl- -- -C.142!'; 01- : __ r..2CJ"•C2 I}. 'S59f!•02 - O. 7~2f!•OJ 
o.2<>H r1 t.21ct: ct r;.l44E 01 o.uai: ~"' e.nttt= ·03 t'.5.,lf 01 Cl.143E ti r,.2Tt"-f-2 o-.6Zlt'=•rz o.ll44t=-o3 
C.2t'C'E "l C:.2'1CE \.;l 0.1451' l'l Ct.211" "" n.tR6f 03 r;.f>lll' 01 l'.1441:: 'Cl r.34~·"2 n.61l!!l'-f2 o.llflE-03 

_ o. 3CC E--C-l~--0.3lOLCl----I'• l 46f. Cl----0.-22'iE-C4- -,---fl-. l98F :> 3------!l.-65ll".-·"-l-------C• l45!E- ll l--1C.4 I lll'•l'--2--- -0.:'7-'101'•'12---0. 9411E...0.3 
c. 32CE ct e:. 331,i;: 01 r.. t47E Lt n.23~" C4 o. 2101' f'.!3 r..6'10F n n. l46E Ill r .4%1=-r2 n.A43e-r.2 o.1ooe-02 
o.34Cf c1. o.3sti:: L·l ~.l4~E Cl o.252~ 0-4 "·122" 03 Cl.72f>E c,1 r.l4"1E rn r.'57~e-r2 ?.111tie-n2 o.t0'5E-02 
o.3t.CE-Ll-----C • .37aE-C-l. _ __:_c.15!JE.-Ol-----!l.266,. _(Jjj - 0.2341' 03----~.'16RFJt c.141'E lll------I-663F.-C2--- -0.9-'41'-CZ- ---.C.110~-02-
0.38CE o (l_.3r;oF 1.;1 ·u~l'5JF c1 n.279" Cit n.2-46£ 01 !:'.snF r.1 0.14°1; tl C'.'751ii=-r2 o.101i:-nr o.1ur-02 
0.4C-CE (1 C.41CIE Cl C.lSlE 01 o.292E 04 o.zsee 03 n.B4'5F 01 n.14°!' C·l l'.84G"-C·2 ".l.U"i<:•C'l t'.UtE-02 

-C. 420f -!l 1---- - .CC. 431.E--Dl- . -C• l 52E--O 1 - - O. 30SE -C'4 o,. 269F :13 - - - Co8R3E -01-- --0• 15."JF. -~l- ________ r_ Q32F•02--------0 •. l23!"-Cl -----:O. l 2f>F.-C2-
0.44Cf fl 0.4501' Cl r.153E Cl ri.3t'1= 04 0.2f>lf' 03 C'.921!' rt o.151E Cl r.1n3-r::-r1 o.1'31!'-Cl 0.131F-02 
0.46CE Cil C.470E Cl r.l54E til 0.33t>E C-4 Oc.2"'~ !)3 rl.9SlilF Ol o.t5tr: rt r.112F-rt o.U9E-C-l t'.l36f-02 
C.48l.E--'-l-----C •. 4t;OE-Ll r..t55E Gl- o.34'it' !'It n.Jr.ltE ·33_ e.9'16E 01--- o.l'S2E -Cl o.122r::-l'.'1- O.l47IO•nl -ti.14tE-02-
c.sctE Cl c.510E 01 r.l55F u 0.3'5'7E 04 n.3151' 03 0.11'3<' 02 n.t52F Cl1 r,.1320:-Cl t.t5'51'-{;l O.l46E-02 
o.s-sr-E Cl o.560!' 01 r .• 157E C:l c.3Ml: 04 i:>.31t3F C3 C.113" 02 n.1541= Cl r..159"-Cl l).17Ti;-n1 O.l59F•02 
C.60tE Ll------D .• .61C:E Ll --- -0~ 159! Cl-- ' .. C.4ZlE !)4_ _Q .• 371F !}3 o.122r CZ __ !).l5'51= 01- ---- c. lJ!6F.•C'l - n.11111r::-01 - '0.1 TZF'•02 
Ci.65CE <l G.660E (-1 r..16f'£ Cl Oo4'52r:: fl4 0~3'19F 03 0.131" r2 o.151>!: fll r.214':-rt ,,.2ZOF-fl r.t!!SF--02 
c.7ClE Cl {;.7131' .Jl r-.t62F Cl o • .r,B.3E 1'4 0.426f C3 Oal40F "2 t'-ol5'?1'; 01 r..243=-tl 0.243"-0l 1'al97E·02 
o.75tE r.l-------C.76CE o .c.1611' ct o.5141= ::l4 o.453F 03 :i.14q~ 02 n.u<ii: -01 c.273"-tl l'.'.265f-CIJ o.21oe-02 
c.eu:i: Ll c-.s1cc: 11 c.l65F c1 o.545!' C4 0 .•. 400" 03 n.157"' rz o.1s~E 01 r.304!'-r.1 n.2e9i:-ci r.222r::-n2 
c..e5t•f fl v.f16t'f Cl r-.l66f 01 o.57'50: 04 ll.51'7F 03 C.l66f oz o.ts0E 01 c.336"-n o.:n2r::-c1 l'.z35i;-02 
C.9CCE Cl C..9lt.E Cl ~.167E Cl 0.6C5E- ci. 0.533F 03 n. l7SF rz r..t6rF lll r.3611E-rt o.'336E-i:t o.21tar=-02 
O.C1'50F Cl C.'161F 1;1 C:. l6RF fl o.635E 04 o. 5<;<>F 03 C.184F C2 o. lf>rf ()I o.1tr1r::-n o. 3600:-1"1 D.260E-t!2 
11.1u.-E c2 C:.H-lF oz 0.17oe n o.664F J4 o.585£ en o.1n!' r2 n.16ll' 01 !'.435"-{;l ,.3s4e-o o.2n~o2 
c.llCf lZ o.uu: 02 c.17ZE Cl o.723!' '" 0.63"1F _C.3 o.209f 02 c.l62f flt r..504"-Cl 0.434':-Cl Da29RF-02 
c.12re= C2 C.12tE 02 c.l74E Cl IJo-"181= C4 0,6AP.I' 03 ~.226f !'2 o.163F Cl "·576"-N 0.4851"-rt tl.3231'-02 
t.l30E LZ o.131!" r:;z r.l76F 1.1 t.e311r:: :4 n.73Bf n "•2421" rz o.l64·E r.1 r:.649F•"l 11.5361"-tt r.349E-OZ 
c.l4CF: <.2 o.1411' r.2 r:.11ei: n o.e"'4E r4 c.7PPF n :lo259F rz n.t65E 01 r.12o;c:-r1 11.c;ese-r1 r..373E-02 
o.15CE c-2 o.1s1e c2 c.1PC'F. rt G.95C" P4 a.e37F ~3 ~.21sr o "•166!' 01 r.sr2i:-t1 n.6411"-rt o.3'1!!£.,.02 
O.l6fE [2 o.l6lf C2 r.1e2e Cl D.ltllO 05 o.~A6F 33 r.zqlf &2 n.t66E 01 r.P~lE•Cl 0.695C:-Cl 0.423F•02 
Ool7t:iF f.Z 0.171!' C2 r,lf4E Ctl 0.1C6E r.5 !J.03·4c: (:3 f.3f'6F r.2 ~.167" 01 r.'16ll=•rt 11oT4'l':·l'l 0.41tf:l!;-02 
o.i~cE f2 c.lflE <:2 c.ll'6E r1 c.111" rs o.'l2H 03 c.122r r.2· r.l67S: ni r.1r41; re c.l!o4i;-c1 r>.4731'-02 
O.l9CEC.-7 o.1c1El'.2 r:.1PeECl 0.117E:l5 o.P3EC4 r.3HJ!C'2 "-l6"F01 r.113ero o.1160E-l'l Cl.49t!E-02 
C.ZtCE CZ c.2r11; C2 ~.l9Cf Dl o.122E (l'S o.1r.H 04 c.3?3f C2 C.lMIO Cl (._1211' rn c.•H6E•t:l c.sne-ni 
o.22re i;2 c-.2z1e 1'2 u.194f c·1 o.u2i: ~'> o.1171' :;4 c.3B3F c-z o.t6°!" 01 r.1311" rr o.lt'3': re o.sne-n:.i 
(i.24C-E t;2 r.241E L2 c.l9H'Ol ll.143!0 C5 C.126F (\4 f.412" (;2 r.l7rl' Ill r.156E ro O.ll'SE rn n.6Uf'-N! 
o.26U C2 ::.Z61F 02 0.2< Zf Cl O.l.51E :is o.134F J4 :.441F 02 r..1711' 01 r..174F (.Q C.1261' rn o.67ZE-02 
c.zaa r2 c.2ei~ O?. r-.2<5E r1 o.1621: ~5 ".l.143-F C·4 ~.47:'.JC nz o.111s: ct r..1c;41; rn n.t31ll! ro !J.7221:-02 
c.30CE t2 f.311!' c2 :,2r6:E ul 0.1721: os n.t52r n4 '.\.4"•r (:2 n.172E c1 r.1761: C•'l- e.1sni: rn n • .,.,1i::-02 
c.3ZCE C:Z G.3Zl~ C2 c.zt 0 E Ctl o.1e2-i:: cs 11.1i.r.F ~4 o.526" CZ 0.17~'" Cl C.l<;'ll" t'I' 0.1631' en !'.!IZlF-02 
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6b: NAL HeavvConcret.e. 2.4 GeV-85.0 GeV 
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:rable 6c: NAL Heavv Concrete. 90 GeV-5-00 GeV 
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