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Introduction 

As an aid in the design of the proposed colliding beam experimental area 

B-Zero some calculated results of biological dose in and around this planned 

structure are presented. This report concentrates on two-problems identifiable 

with this region: (i) dose in the detector assembly hall when beam is acciden

tally lost nearby. It is contemplated that personnel will be present in the 

assembly hall when beam is being accelerated (and without the benefit of the 

detector being in place, which by itself provides significant shielding), (ii) 

dose on top of the roof due to accidental beam loss. Because of the large di-

mensions of this structure significant economies are possible by making the 

roof as thin as shielding standards allow. 

The doses of interest are predicted by means of Monte Carlo simulations 

using the program CASIM1• Two different designs are analyzed here: The one 

presently contemplated2 and an earlier version3. The latter is included since 

its study was essentially completed before the design change and because its 

simple character might make it of general interest. 

Calculations 

Figure la presents elevation and plan views of an idealized version of the 

present design. The beam travels along the center line surrounded by a vacuum 

chamber of 3.5 cm inside radius. In addition magnets and experimental apparatus 
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are expected to be present. These are not specifically included in the 

calculation for reasons of simplicity in coding and interpretation and also 

because of the sensitivity to future alterations. Instead, the effects of 

the magnets, etc. are estimated by repeating the calculations for various 

(uniform) thicknesses of the beam pipe. A conservative design can then be 

based on the maximum does rate as a function of 11 effective 11 beam pipe thick

ness. This is likely not the utmost conservative design since the maximum 

dose rate for a uniform pipe may be exceeded if one permits the thickness 

(and/or composition) to vary. For the present problems there do not appear 

to be any obvious configurations for which dose rates are expected which are 

substantially higher than the maximum rate for the uniform case, Therefore 

an investigation into non-uniform beam pipes is not attempted. 

Inspection of Figure la suggests a simplification to a cylindrically 

symmetric configuration i.e. a beam pipe traversing a set of four adjacent 

tunnels with different inside radii and possibly different composition (Figure 

lb). This geometry is readily adapted to the general version of CASIM. Dose 

rates are calculated for a set of 20 (longitudinal) by 30 (radial) array of 

volume bins. The radii of the (circular) tunnels of the calculation are such 

that their cross sections are equal in area to those of the (rectangular) 

tunnels of the design. For convenience in interpretation there are added to 

the tunnel radii and lengths small regions of air so as to make them integral 

multiples of the elementary bin size (200 cm long by 50 cm radially). These air 

volumes hardly affect the s imul at ion but serve as 11 detectors '', 1 i ke the con

crete and soil of the walls. 
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Figure 2 shows the cross section of an earlier design again drasti

cally simplified for ease of coding and for gain in statistical significance 

via symmetry considerations. A further reduction to cylindrical symmetry is 

not attempted. In contrast to Figure 1 the same cross section extends the 

entire length of the configuration (40m). 

For both geometries a 1000 GeV proton beam of infinitesimal cross 

section is lost on the beam pipe displaced an infinitesimal distance inside 

the material and parallel to the axis. Given such a beam and the geometry of 

Figure 1 the dose rate at any particular location is then a function of two 

variables; (a) effective beam pipe thickness and (b) longitudinal position 

of beam loss. In Figure 2 since translational symmetry applies~ the beam 

loss point is arbitrarily fixed at zero depth and only variation with pipe 

thickness need be studied. 

A few modifications to CASIM are made expressly for this study. These 

are prompted by the large dimensions of the geometry and by the fact that a 

large fraction of the incident energy escapes through the end of the tunnel, 

These modifications include: (i) use of a collision length multiplier value 

of three but only for trajectories outside of the beam pipe, (ii) enhanced 

probability to select a neutron for low energy particles, (iii) increased 

11 splitting 11 of recording particles over azimuthal angle of production (for the 

rectangular geometry of Figure 2 only). 
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Results 

Figure 3 presents the variation of dose with beam pipe thickness in the 

neighborhood of the air-concrete boundary of Figure lb, for beam being lost at 

zero depth. The dose is calculated for a radial region between 1100 and 1150 cm, 

divided further into longitudinal bins of 200 cm length. From a radiation safety 

point of view this region appears the most critical and it is therefore chosen as 

a test case. Both the largest value (including its Monte Carlo statistical error) 

and the average of the longitudinal bins are shown in Figure 3. The error of the 

average is not calculated. Because of the sizable errors associated with the 

largest values the "fit 11 through these point is simply a constant muTtfµle,of the 

curve through the average dose. There is less jitter in the average and the de

pendence on pipe thickness is expected to be roughly the same, A broad maximum is 

seen for a thickness of about 5 cm. This value is now adopted to study variation 

with beam loss position. 

Figure 4 shows the largest calculated dose among the longitudinal bins as 

well as its average value in the region defined above, for a constant 5 cm thick 

beam pipe versus the depth where the beam begins to interact. A broad maximum oc

curs at about 10 m. For the present problem this value is likely to be more sensi

tive to test location than is the optimum pipe thickness. 

From Figures 3 and 4 it is then concluded that the 11worst case" occurs for 

a pipe thickness of (about) 5 cm and for a beam striking the pipe (about) 10 m 

into the configuration of Figure lb. Table I presents the dose as a function of 
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location in detail for this case. From the variation of dose with radius 

within the concrete, the dose in the air region can be estimated for dif

ferent thicknesses of the concrete. The dose in the soil and concrete sur-

rounding the tunnel may be consulted to estimate the required roof thickness. 

Some adjustments are needed where concrete and soil are interchanged4. 

For the geometry of Figure 2 only the dependence on pipe thickness need 

be studied. The test case employed is once again the air region adjacent to 

the concrete which here extends the entire distance along the configuration. 

Because of the lack of azimuthal symmetry, statistical errors for this case 

tend to be much larger thereby making it difficult to study the dependence on 

pipe thickness in this region. Instead the dependence is obtained from the 

calculated dose averaged over a large region within the concrete (0-300 cm high, 

from 730 to 790 cm laterally and from 1000 to 3000 cm in depth) where statistics 

is good. This same dependence is then assumed to apply in the test location to 

find the maximum dose there. The bins for the test locations are to 0 to 150 cm 

high, from 1000 to 1100 cm laterally. The entire length it rlivid~d into eight 

bins 500 cm long. 

Figure 5 shows the largest value of the longitudinal bins (with error 

bars) in the test location as a function of pipe thickness. Also shown are 

the averaged values over the concrete region upon which the thickness depen

dence is based. Table II presents dose as a function of location in some detail 

for a 3 cm thick uniform pipe. 

I wish to thank D. Theriot and R. Yamada for discussion. 
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Table II 

DOSE IN ASSEMBLY HALL IN REM/l~T.PRCTC~ FOR XIVERTICALJ-REGIGN FROM O.C TO 150.00 CM (RELATIVE ERRORI 
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Tab 1 e II (Cont. ) 

DOSE IN ASSE~BLY HALL IN RE~/l~J.PRGTCN FOR XlVERTICAlJ-REGION FROM 300.CC TO 450.0C tH (REtATlVE ERRORJ 
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co:.2n --s.21E-1 r ro-;.-12r-·--c;-.-03e:-1 r-rn;-nr---:q-;.roE-T7 -,o-~3n--lr.1.7E-11 tu-;Jo,---
10.49> 6.81E-16 l0.S3l 4.49E-16 10.45.l 4.30E-·16 (0.42) 5. 74E-16 ,0.61J 
C0.24) 2.83E-16 10.22.l 3.0JE-16 (0.24) 2.57E-16 t0.22l 2.58E-16 C0.29) 
10.451 4 ... 31E.,.l6 a0.34j 4.l9E-16 W.36} 4.56E-16 {0.49) 4.28E-l6 C0.52J __ 

2000.00 2500.00 6.caE-16 10.ac> 9.51E-16 
2500.0C 3COO.OO 2.32E-lb IC.t3} l.S2E-16 
3000.00 3500.CO 5.54E-16 10.641 4.64E-16 

Io. 84J~---9 .35E-16. 10. 80 --6.44E.:: 16 - (0. 70 r---4~94E-d~-I0~6 l )-5~ 25F lt l 0 ;s6J 
{0.39J 2.61E-lt l0.38) 6.19E-16 I0.45) 4.44E-16 l0.31) 3.41E-16 10429) 

_.J.2QQ.(,)Q____~QQO.QQ _____ l_~ 13E-l5 j o .. 55) __ J .3H-16 
(0 .. 50) 3.86E-16 C0.39J 2.74E-16 (0.30) 4.19E-16 (0.30) 3.07E-16 I0.25J 
J0.5oL~5.65E-16 I0.40) ___ 5.23E-:l~· l0.32J ___ 5.0IE-16 f0.26) ___ 5.45E-16 t0.33J ___ _ 

1600.0C 
1700. 00 

17CO.CO 
lSC0.00 

1800.CIO 
19CO.OO 

1900.00 
2000.00 

2000.00 
21co.oo 

2100.00 
2200.00 

O.O 500.00 9.82E-l7 I0.46J 1.C~E-16 I0.54J 7 .. 14E-l 1 
500.00 1000.00 4.36E-16 (0.54) 3.43E-16 (0.431 2.77E-l6 

___ 100G~ oc - 1500. oo ____ __J. n E-16 ( 0 .. 32J-----3· 6 SE-16 (0 .371 __ _Lt. 33E-16 
1500.00 2000.00 3.17E-l6 t0.43 2.S~E-16 (0.37 3.l4E-16 
2000.00 2500.uO 3.17E-16 {0.37' '2.fl7E-16 I0.30) 2.27E-lc 
2500.CC 3000.00 4.58E-l6 !0.:31 5.85E-l6 (0.571 6.14E-l6 
3000.00 3500.00 2.93E-16 !0.29) 3.fEE-16 (0.251 4.~4E-lc 

--3500 ~oo---i.coo ~00~~~3.-s4E-16 to. 2s > -- 3 .4SE-16 to .321 ---3. l SE-16 

10.31> 4.58E-l7 (0.191 S.42E-17 10.291 6.41E-17 
{0.3dl 2.97E-16 (0.423 2.93E-l6 10.491 2.7tE-16 
10.42) 4.03J:-16 rn.~5J __ 3.56E-16 (0~30)_ __ 5.04f.-16 
!0.35J 3.lOE-16 CC.~81 3.0aE-16 I0.34J 2.97E-16 
{O. 22 .I 1. 97E-l6 (0.17.) 2. l 9E-l6 10 .18) 1. 92E-16 
f0.57 J c.53E-16 I0.4c} 5.35E-16 10 .. 40) 6. lOE-16 
!0.24) 3.57E-l6 (0.35i 4.65E-l6 (0.49) 4.66E-16 
!0.331--3.BlE;...H: I0.25J-4.34E-l6 lC .. 26) -3.93E-H: 

I0.28J 
t0.45) '0 .41J (0.33) ------,C .20J '° .441 (0.42) IC ... 231 ___ _ 



Table II (Cont.) 

DOSE IN ASSEMBLY hALL lN RE~/I~T.FRCTC~ fOR XCVERTICAL)-REGICN fROH 600.00 TO 750.CO CM (RELATIVE ERRORJ 
-~_s___A__f l,,~(;_IJQl'LOLll! TERJ\l, _ _Dl_S_JA_NC~_tAC RC1S.$L_A __ LJINCiJTUOlNAl.,_Jl I S_T_A,N(:J; .. J QOWN) _ _,_!~~ 

-------u;.<J-----~oo;.-00-------z-;;-J4E.;;.11 · < o~-06 ,--G 1sE.:..11 
5CO.OO 1000.00 l.99E-l6 (0.57) 2.02E-16 

1000.00 500.00 3.91E-l6 C0.46J 4.CEE-16 
__ .1500. oo --2ooo.oo __ ---1«63E-16 _ c o.21L ___ 2_.8 ?E-16 

2000.00 2500.00 2.54E-16 I0.66) 2.06E-l6 
2500.00 3000.00 7.91E-16 (0.75) 4.92E-16 
3000.0C 3500.CC 2.96E-16 (0.3S) 2.S4E-16 

-----~500. oo __ itQOO .OQ _____ l. 20E-16 I c. 29) 2 .6CE-16 

---------------------------

l5<Hr;;ol> 
1600.00 

rn .26r---3-~ 77E-l 7 ro-.1sr----r.-92E;;..·17-ro-;TI))------r.7oe.:..1rTo-;n1-~-;-61E-1T ro-;;n,---
f0.41 I 2.39E-16 (0.31) 4.04E-l6 (0.37J 3.77E-16 10.39J 2.43E-16 10.37) 
(0.43J J.43E-16 t0.401 .2.97E-16 io.31) 3.53E-l6 (0.36) 3.lCE-16 (0.J5l 
(0.36) ].22E-16 I0.44J 2.82E-16 (0.43} 2.79E-16 (0.4C) 2.7CE-l6 l0.39J 
10 .35)-3.04E-16 lQ.45J--3. 82E:.:.16- (0. 481--4~ l3E-16 - 10 .48)-J. S<;E-16 ( 0 ~43} __ _ 
(0.72) 3.05.E-16 (0.541 3.65E-l6 40.41' 5.66E-l6 (0.49) 5. 74t-ll: to.57) 
(0.34l 2.42E-l6 I0.38J 2.B<;E-16 J0.3SJ 3.56E-l6 (0.42) 3.6CE-16 (0.3bl 
(0.31) 4.!0E-16 I0.4Cl 4.0JE-16 (0.321 3.7dE-16 (0.34J 3.60E-l6 (0.32) 

1600.00 
1700.00 

17CO.OO 
18CO.OO 

1800.00 
1900.00 

1900.00 
2000.00 

2cao.oo 
2100.00 

2100.00~ 
22co.oo 

-----····--- ----------·----·~·--~-----~--- ··---- - ------- - - ----------------

o.o 500.00 6.98E-17 (Q.42) a.6CE-17 (0.46) 8.85E-17 !0.31) 9.44E-17 
500.00 1000.00 3.JlE-16 tC.45J 2.55E-16 (0.40) 2.51E-16 10.39) 2.03E-16 

(0.48l . 9.77E-17 
i0.37) l.B2E-16 
(0.27J 2.74E-l6 
10~ 36r--z.01E.:..;16 
l0.33) 2.07E-l6 
(0.371 3.75E-16 
(0.24) 3.54E-l6 
IO. 30} ----3 .26 E-16 

t0.591 8.llE-17 (0.56) 
l0.35J 2.17E-16 C0.421 

---fg88:88--!~88:8&---i:~zE=lg- rn:uJ----~=~~g:a -rn:~~t-~:i~~=u -rn=~~l ~=?~~=tz 
2000.00 2j00.00 3.18E-l6 (0.36J 2.48E-16 (0.42) 2.28E-16 (0.29) 2.34E-16 

18-;:ZH--i-:n~i~-f 8:iij-.-
to.24> l.76E-16 (0.25J 
(0.4Sl 4.7?E-lt (0.50) 
(0.21) 2.SSE-16 (0.19J 
(C.27) -3.73E-16 (C:.281 

25CO.CC 3000.00 5.02E-16 10.42} 3.C5E-16 10.31) l.83E-ll: (0.22) 2.71E-16 
3000.00 3500.00 4.74E-16 (O.;tJ 3.65E-l6 (0.40) 3.09E-16 (0.25J 3.85E-l6 

---3500.CO -4000.00----3.21E-16 C0.361 -l.65E-16 (0.22l---2.30E-16 I0.291 --.2.~BE-16 

·----------·-------·----------

DOSE IN ASSEMBLY ~ALL IN RE~/l~T.FRCTC~ FOR XlVERTlCALJ-REGION FROM 750.CC TO 920.00 CM (RELATIVE ERROR) 
__ 45 A .. Fl!NC.J-1.QJi_JlEJ..A.TI...flAJ._J)I ST A_NCf IACR0$_S L~.J.ON.GI JUOJNAJ,. JHSTANC£ WOWN.l __ ,__l_N_,N -----------·---------- _ -~------ ---------------------

iocHf~oo 
1100.00 

1Toa-;oo 
1200.00 

1-z-00.-00 
1300.00 

uoo.cro 
1400.0C 

rsao.oo-·------
1600 .oo 

----u-;;-0---500--;mr z -.-6 4 E_;I7 --, Q .-u,----T. «fC E-17 
500.00 1000.00 . 7.83E-17 (0.131 9.0SE-17 

1000.00 1500.-00 5.53E-17 (C.28) l.C6E-l6 
---¥o88:88-1ggg:88--1~2U:l~ -l 8:*~t--·t: §~~=l~ 

2500.00 3000.00 l.lOE-16 (0.37J 3.17E-16 
3000.00 35CO.OO 4.92E-16 (C.80J 2.61E-l6 

__ __J_5QQ_. Q~QQO.C)l) l ._931:_-1~ t Q.~QL __ l. 9 5E-16 

lO ~53r----2~-38F-l 7 To.33)---2;-4-zE:;;. lT-lcr.-30 3-;-!5E:;;.l 7. ( a-;21JT----.J-;;s1F-n--ro~-i9r---:------
( 0 .68) 9.llE-17 (0.53) lel4E-16 to.31J l.3SE-16 tC.32) 2.27E-16 (0.48) 
(0.33J l.66E-16 10.36) 2.0lE-16 l0.46) 2.07E-16 (0.47) 2.31E-lt (0.32) 

rn :j~ J-l: ~~~= u rn:JA t--~: ~ § ~1~ -rn = §3i---~-=-~~ ~-= i~-rn =~~J-~: i~ ~= H- rn.:-~ 5 J---
( 0. 701 4.00E-16 I0.75J 3.39E-16 {0.741 4.l2E-16 10.57) 4.26E-16 10.451 
(0.651 2.44E-16 (0.60) l.88c-16 (0.4<;) . l.66E-16 10.40) 2.SlE-16 10.55) 
Io .44 > ______ l .66E-:l6 lO .39 L __ 2 ! i 51;:'."ll>_ (O .33 L--~~l 5E::-16 _ (Q. 3? ~--?·7 ?~-16 _ LQ !_.U > _____ _ 

. . -- -··--·---------- _____ ., ___ -----· ---------------··-- ___________ ,. _________ --------------------~-~~-------

1600. 00 
1700.00 

17CO.OO 
1800.00 

1800.00 
1900.00 

1900.00 
2000.00 

2000.00 
2100.00 

2100.00 
2200.00 

O.O 500.00 3.lcE-17 (0.25) 2.75E-17 
500.00 1000.00 2.07E-16 (0.45) l.47E-16 

_ ___l_OCO_,,_OQ_l5CQ..,OQ ___ ~2,.60E-:16 _C C,._39L __ 2 .14E-16 
1500.00 2000.00 l.96E-16 (0.34~ 2~22E-16 
2000.00 2500.00 2.22E-16 IC.28) 2.acE-16 
25CC.CO 3000.00 3.SOE-16 !0.521 2.e5E-l6 
3000.00 3500.00 2.31E-l6 (0.34J 3.3SE-16 

--3500~ 00-4-000.-00---3. 88E-16 LC .34l--3 .9 SE-16 

co.20> · 4.loE-17 
'0~35l l.45E-16 
10.37) l.7lE-16 
(0.37f-l:.90E-16 
10.42) 3.27E-16 
(0.36) 2.22E-16 
(0.3<;} 3.87E-16 
10.34) -- 2.90E-16 

i0.3ll 5.75E-17 (0.53J 6.03E-17 (0.47) 6.lSE-17 (0.441 
l0.451 l.77E-16 (0.351 1.8H:-16 f0.371 l.74E-l6 10.391 
10.31) l.62E-l6 (0.39) l.46E-16 C0.31) 9.55E-17 C0.20) 
I0.40)-2-.;20E-16--IQ.33J--2-;-t6E.;;,;16 (0.29T-~~4CE.;;;.16- C0~33J __ _ 
(0.30J 3.44E-16 {0.33) 3.05E-16 [0.25) 2.6CE-16 C0~28J 
(0.40) 2.21E-16 10.36) 2.02E-l6 J0.35) l.03E-16 (0.2U 
(0.49) 2.73E-16 10.63) 2.24E-l6 (0.43J 2.2IE-l6 10.42) 
I0.30)---2.42E-16 i0.36)--~.25E-16 IC.39) --3.UE-16 I0.-33J ----



Table II (Cont.) 

DOSE J~ WALL l~ RE~/INJ.PROTCN FOR XCVERTICALJ-REGION FROM O.O TO 150.00 CH (RELATIVE ERRORJ 
As_J\ FUNG UOl'L.OLL~T_f~ALQ_I_S_J_..\N'-J:_lP.CB_!;SS)_f; __J,,ONGUUP INAL _QlSIAf'!CL' QCWfliL_t __ _IN_~ti__ ________________________ ~--

640~00 
670.00 

6 ro-:o o--------·1ao-~·ou--~-------1Jo;oo 
1co.oo 730.co 760.oc 

760.00 1~0-;oo 
790.00 820.00 

o.o------sno-;o~----r. 7i9E-12 1 o ~ -o;r---6-;ne- n 'o. on -- 2. 74E-13 ca ~l)a-,----r~25e.::.13--1 o~ l.cr----.,-saFI4 -rn-;ru ,---r.--soE-14 -1 o-;;i-n--
soo .oo 1000.00 4.i7E-l2 J0.06) 2.01e-12 tO.llJ s.OlE-13 t0.14) 2.96E-13 (Q.14) l.21E-13 10.14) 4.S2E-14 (0.14) 

1000.00 1500.00 8.laE-12 (0.11) 3.06E-12 (0.11) l.OJE-12 (0.141 4.4JE-13 (0.281 1.82E-13 {0.27J e.54E-14 I0.29J 
____l_SOO .. C0 __ 2000.00 _____ 9~a4e-12 JO.<:,U __ ,3.3CE-:12_JO.-l4L __ l.40E-12 (0.23) 3.86E-13 (0.20) l.26E-13 IC.23J 6.HE-l't (0.281 

2000.00 2500.00 7.56E-l2 <0.111 2.5ee-12 co.12> t.25E-12 (0.20l ___ 4.40E_..;13 I0.20)-----l.70E-13-(0.1Sl--9.ESE-l4 (Q .• 47)--
2500.00 3000.00 8.07E-12 10.ltl 2.SSE-12 (0.32J 9.0SE-13 10.39) 3.96E-13 10.441 l.83E-13 10.46) 8.16E-14 (0.431 
3000.00 3500.00 6.l6E-12 C0.15) 1.52E-12 10.15) 6.35E-13 C0.26) 3.82E-13 !0.48J 1.55E-13 (C.56) l.C4E-13 I0.56J 

--~5CQ.QQ_ltQQ().Q{) ____ 5.26E-12 (0.20l ___ l.45E-12 10.26) 5.43E-l3 (0.32)_~ 2.22E-13 I0.40J __ 7.49E-14 t0.35J ___ J. 75E-14 (0.33) 

820.00 
850.00 

850.00 
a00.ao 

880.0C 
910.00 

910. oc 
940.00 

940.00 
cno.oo 

970.00 
lC00.00 

O.C 500.00' l.20E-14 CO.Ill 5. HE-15 
500.00 1000.00 2.35E-14 I0~17J l.OOE-14 

_ __lOOO_ ... go_l.50C.JO 3_. 92EE:l4 --f oc .. ~13-11. 5SE-i4 
1500. 0 2000.00 2.41 14 ~~ l .34E- 4 
2000.00 2500.00 3.90E-14 I0.49l l.49E-14 
25CO.CO 3COO.OC 3.24E~l4 IC.44) l.2CE-14 
3000.00 3500.00 s.a8E-14 co.551 2.3BE-14 

- 3500.00--4000.00--1. 34E-14 ( O. 32) 5.4'1E-15 

,0.11} 2.68E-15 
C0.17) 4.57E-15 
(0~26) t.BSE-15 
I 0 • 3 3 r- 5 • 9 2 E-15 
(0.31) 8.96E-l5 
t0.36J - 7.06E-15 
I0.52J l.o5E-14 
l0.31) -2.16E-15 

-·- ---------· ------~-----

lO.lOJ l.21E-15 (C.121 5.76E-16 l0.C9J 2.78E-16 
t0.16J 2.03E-l5 (0.17) 9.03E-l6 (0.16) 4.8BE-16 

rn :jH---2:n~=1~ rn:~B---i=~~~=H rn:ui--~:~1~=1~ 
f0.31) 5.65E-l5 10.291 2.62E-15 40.34) 2.30E-15 
(0.41J 2.83E-15 10.37) 1.28E-l5 (C.36) 2.03E-15 
10.55) 7.35E-15 I0.46J 2.83E-15 10.45) l.38E-15 
10.31) c--9.57E-16 I0.2'il--4.59E-l6 I0.34) l.95E-lc 

to.UJ 
(0.19} 
(g;~~l--_ 
10.56) 
(0.69) 
(0.47J 
lC.321 

gosE I~ hALL I~ REM/lNT.PRCTCN FCR X(VERTICALJ-REGlON FRO~ 150.00 TO 300.00 CH (RELATIVE ERROR) 
J\S _A___f_lJ.NC_ll_QfLQ_f __ _l._AUF_A!,,_ ____ QJ_STANC~_ l.i\C~{jSSL_&__L0~4I TUO IN.A_LQI_SIANC(;_ I DCWNJ 1_Ul (;f-1_ ________________________________________ _ 

64c.00 ___________ 610-:oo---------,-,ro-;cu----------r.nr.1n1 76Cr .oo M-U-;.-o-u 
67C.OO 7CO.OO 730.00 76C.OO 790.0C 820.00 

---1J.o---sno-.--ua---r;it1E-;.Tz--Ta:;.07r--5";7TE;..13-·10;-o-ar---2;;25e-13 
500.00 1000.00 4.33E-12 (0.091 l.E4E-12 {0.23) 6.28E-13 

1000.00 1500.00 5.44E-12 (0.03J 1.S5E-12 (0.07) 7.40E-13 
_-----1500_. 00 _ __2_000_.__QQ_-------6_._JSE-12 ( Q_.J Cl ___ l.96E-:- 12 (0.12) 9 .• lOE-13 

2000.00 2500.00 6.82E-l2 (0.C63 . 2.~CE-12 to.11) ___ 8.lOE-13 
2500.00 3000.00 6.SlE-12 l0.12J l.41E-12 (0.11) 4.26E-13 
30CC.OO 3500.00 6.lOE-12 i0.12) ·1.S6E-l2 f0.22) 9.80E-13 

--~3__?Q_Q.QJ/ __ '!000_.00 ___ _2~ ~4E-J_2 J ()_. J.Jl ___ l • 7 CE-12_ ! 0.23.> ____ -3 .93E-l 3 

ro-.-01r-9~-s6E.;;.--i4-- lo;;o1n-it;--s2E...;14·-lo;u9r--2;;09F-H--ra;;u91-
<o.191 3.54E-13 I0.31) l.29E-l3 to.201 6.02E-14 l0.2U 
(0.lOJ 2.SSE-13 (0.20J l.24E-13 l0.27) 4.34E-14 (0.23) 

18:fgj--~=~H~H-f8:HJ----i:a~~=i~-18:HJ--~:-~z~=U f 8:181--
(0.12} l.4CE-l3 I0.181 5.19E-l4 (0.2U 2.5EE-14 (0.27) 
,0.24) 2.25E-13 10.18) l.22E-l3 lC.37J 4.72E-14 t0.36) 
10.l§I l.34E-13_C0.23) 4.SSE-14 I0.26J 2.22E-14 (0.23) 

820.00 
850.00 

850.0G 
880.00 

880 .. 0C 
910.00 

910.0C 
940.00 

940.00 
970.0C 

970.00 
IC00.00 

O.O SOC.CO 9.82E-l5 
500.CO 1000.00 7.19E-14 

__ 1000.oo __ lSOC. oo ____ _l. SOE-14 
1500.00 2000.00 1.82E-14 
2000.00 2500.00 2.91E-14 
2500.CC 3COC.OO l.20E-14 
300C.OO 3500.00 3.lSE-14 

-"""3500.00- 4000.oo----a.3aE-I5 

lC.10) 4.25E-15 
(0.67) 4.77E-l4 
I0.2C} ___ 7.91E-15 
(C.lEl 7.S4E-15 
(0.3SJ 1.33E-14 
IC.28) l.65E-14 
10~53} l.45E-14 
I0.24J--3.38E-15 

io.oaJ 2.06E-1s 
t0.77J 2.68E-14 
10.19) 3.79E-15 
l0.25) ___ 3.45E-'15 
I0.42J 6.96E-15 
(C.73) c.97E-15 
{0.49l 8.llE-15 
to.221-- l.32E-15 

C0.081 l.92E-15 10.50) a.22E-16 
to • 7 8 J 1. !> 6 E- l 4 (0. 8 4 l 7 • 3 4 E-15 
(C.211 l.82E-15 (0.2Cl S.72E-16 
I0.25} -1~46E-l5 I0.23J"--9.82E-l6 
10.44) 3.61E-l5 C0.48J l.30E-15 
,0.74) 2.75E-15 fC.t4l 1.46£-15 
(0.45) 3.53E-15 I0.3Sl l.76E-15 
( 0. 16) - - 5. 9 6 E-16 IO. 1 9 l --- 2 • 6 4 £-16 

10.45) 4.04E-16 
(0.84J 3.61E-15 
(C.2C) 4.34E-lc 
IO. 31r---4.26E-l6 
(0.33) 5.24E-16 
fG.51) l.22E-15 
J0.411 8.0lE-16 
f0.l6J --l.38E-16 

10 .. 44) 
(0.821 
1g:~~1---
l0.29) 
( c. 56) 
(0.32) 
(C.15J ----



Tab 1 e I I (Cont.) 

DOSE If\ ..,ALL H. REt~/ lNT .PRCTCN fCR XfVERTlCAU-REGICN FRO~ 300.00 TO 45C.OO CM lRELATIVE ERRORJ 
A_S_A_flJ('l~_H_G~ _Of _lA1-i;Rl!LOlSJMC_f_!~Cf!C_SS._L_~ __ J_Q_N_GJJUD_INAl QIHANC_E. jQ~WfiL,_JN _<;_M ___________ ·--·--·-----------·----------------

640.-b_o ________ 67c--;-o1r 
670.00 7CO.OO 

n-o-;n rr---~---,-31J.lm 
730.00 760.0C 

~bo;-uu 
750.CC 

79"0-.;.110 
820.00 

------D.;o--- s-orr;uo---:-----r.o"L-i::-:-12 · ro;oT>-----3-.-s <: E-13 - « o.;.un---T.;63e..;.13 - rn;;101-·-·a.-a-1E"-Tzt---1u.Tzr··-3;;i-5e-;;.;.i.4-.cr;;12r·--r~1t1 e;.;111 lcr;rn---
soo.co 1000.00 3.67E-12 10.07) l.66E-l2 {0.19) 9.82E-l3 (0.311 3.89E-13 I0.26J l.46E-l3 10.27) 1.aoE-14 (0.32) 

ioco.oo 1500.00 4.91E-12 10.0t) l.56E-12 i0.09} 5.87E-13 (0.09) 2.28E-l3 10.12) 8.65E-14 IJ.17) 3.56E-14 (0.21) 
__ 1500 .. go __ 2oco.oo_-----5.J6E-12 co.011 ___ 1.<>c;E-12 co.1s1 ___ 6.73E-13 10.23> _ 2.12e-u to.1s> a.34E-14 10.151 5.13E-14 l0.39> 

2000. o 2sou.oo s.41E-12 10.on 1.s6E-1.2 co.30) s.85E-13 rn.25J --z.15e.;..13- to.301-1.16F14· 10.2c;>--2.86E-14 l0~2ar--
2500.co 3000.00 4.77E-12 (0.0(:) l.4.3E-l2 (0.14) 4.41E-l.3 (0.25J l.27E-l3 10.24) 5.44E-14 !0.34) l.96E-l4 (0.25) 
300C.CO 3500.CO 5.15E-12 lC.14J l.C5E-12 10.131 2.SOE-13 (C.17l 9.48E-l4 CG.18} 3.SOE-14 f0.15J 2.0ZE-14 C0.25} 
3500.CO_~OOO.(J() ___ 4.24E-12 ~o.1u __ l.18E-12 I0.17) ___ _3.271::-13 (Q.26) 7.25E-14 10.22~ _2.22E-14 I0.17) __ 9.97E-15 10 • .20) 

820.00 
850.00 

850.00 aao.oo 880.00 
910.00 

910.0C 
940.00 

S40.0C 
570.00 

S70 .OO 
lCC0.00 

O.O 500.00 6.32E-15 (C.lC) 3.04E-15 (0.13) l.44E-15 (Q.15) 7.0SE-16 (0.151 3.ZSE-16 IC.13) l .. 52E-16 C0.13) 
500.00 1000.00 3.21E-14 (0.35) 2.54E-14 I0.60J l.22E-14 J0.62) 6.00E-15 10.65) 2.42E-15 10.62) l.61E-15 (0.62) 

__ l000.,.0_0 __ 1500,.00 l.57E""'.'1't...JC._)JL __ 6 .. 63E-15_ I0.21J __ ;3.0lE-15 l0.17J 1.4CE-15 CC.15) 8.30E-16 fG.28) 4.8?.E-H: lG.45l 
1500. QC 2000. 00 4. l 9E..:.14 ( 0. (: ~) l. 5 3E-l4 '0 .. 60). s-.66E-l 5 '° .4i;r--2-~a1 E-15 -- 10~49 )----T .. "43Fl 5-10. 43r--9. 92F 1 (:-"{ o-;4sr--
2000.oo 2500.00 3.58E-14 (0.68J l.esE-14 C0.68) 5.96E-15 (0.58J l.OSE-14 (0.90) 6.62E-15 io.92J 3.E7E-15 (0.S4) 
250C.OO 3000.00 9.65E-15 (C.29) 3.53E-15 10.23) l.69E-l5 10.21) 9.13E-l6 CC.21) 2.CCE-15 10.64J 9.83E-16 10.71) 
3000.00 3500.00 9.oaE-15 J0.3CJ 4.ISE-15 10.29) 2.16E-15 (0.31) l.44E-15 (0.43) 2.12E-15 (0.78J I.72E-15 (0.80J 

--·3500.00 - 4000.00 6.CSE-15 (C.i!9)-- l.C3E-l4 10.82) --4.13E-15 (Q.77) -- 2.66E-15 rn.al) -- 6.63E-16 (0.6'il -2.<:ZE-16 tO.l:O) 

DOSE Jf\ WALL l~ REM/INT.PROTCN fCR XfVERTICALJ-REGICN FRG~ 450.0C lC 6CC.OC CM IRELAllVE ERROR) 
___AS_l\_f.!JNC.UON. . .Of. t.AHRAL_.OISJ ANCf_lACROSS J _ & __ L.OIYG I TUOJNAl IHST4NCE (DQWN) _ 1 l!L~M ___ _ 

640-.00 
670.00 

670~-oo-------1oo~ob-- -nir~<ro _____ _ 760.0-0 
790.0C 

790-;oo _____ _ 

1co. oo 730.00 760.0C 820.00 

-----lh0--500. uo----r~ 21E~1 r ( o,;;o 3J ---3~-1 7E-13 {Q .1 7) -- --1~ 14E-13 (0 ~-16]- --7t"".-52E...:14- { O.Tsr··- -r;g2 E_; H w;Ta1-:s.·09 E.;,.15-- C<J.-OTI __ _ 
500.00 1000.00 2.25E-12 (0.09J 6.57E-13 t0 .. 11) 2.58E-13 to.14) l.lOE-13 I0.24) 5.00E-14 l0.29} 3.84E-14 (0.46) 

1000.00 1500.00 4.0lE-12 (0.CS} l.6CE-12 (0.26J 3.75E-13 (0.16) l.34E-13 {0.1c) 4.82E-l4 (O.l3J l.BcE-14 (0.13) 
___isoo .. oo___zooo .. .oo 4. a5E-=-12.. l oA i.c1 __ 2 .... 23E:-12_J o .2a1 ____ 0.96E-13 co.2a J __ J .9CE-13 _ rn. 30'--~·17E:-f4 _ rn. 34L_2.32E::-14 iC ~35 > __ _ 

2000.00 2500.00 4.E6E-12 (0.14) l.ESE-12 I0.16) 4.llE-13 rn.J.5J l.37E-13 rn.23) zt.57E- 4 40.21) l.74E-14-{0.24) 
2500.00 3000.00 4.86E-12 I0.21J l.68E-12 (0.45l 7.65E-13 (0.48l 2.43E-13 (0.45J l.15E-13 (0.36) 3.53E-14 (0.43) 
3000.0C 3500.GO 3.12E-12 (C.lll 7.3~E-13 10.16) 5.95E-13 10.6~) 3.55E-13 lC.78) 8.65E-l4 (0.76) 3.lEE-14 (0.73l 

__ 32.9.Q.,!HJ~Q_QQ.Q_Q _____ 3,.Q6E-lZ. i p. n> ___ 7. C6E-:-13 (O.l 7) __ ~.83E-13 I0.331 ___ l .OlE-13 IO. 25J __ '!-24E-14 (0.3 H __ l. 84E-14 ( 0 .26J __ _ 

- --- ·-· -- ·---------------
820.00 
850.00 

850.00 
880.00 

i>SO.OC 
910.00 

910.0C 
940.00 

940.0C 
970.0C 

S70 .OO 
1000.00 

O.O 500.00 3.46E-15 
500.00 1000.00 2.45E-14 

(0.08J l.SCE-15 
I0.48J 8.54E-15 

l0.06) 6.53E-16 
(0.43J 3.78E-15 

__ 1ooc .. 00 ___ 1soo.oo i~22E-14 
1500.00 2000.00 l.lBE-14 
2000.00 2500.00 6.69E-15 
25CC.CC 3COO.OO l.19E-l4 

tC • 3 {; L __ l • 3 4 E- 14 
(C.32) 5.JCE-15 
(0.22) 3.llE-15 
IC.421 l.45E-14 

(0.74J 6.41E-15 
10 .33)--7.0lE-15 
C0.21) l.SOE-15 
40.161 4.99E-l5 

3000.00 3500.00 l.68E-14 
--3soo;oo--4Joo;oo---6.22E-1s 

!C.57J 2.34E-14 
( 0 o24J--2 ob lE-15 

(0.801 9.32E-l5 
(Q .261-- l .32E-l 5 

fO .05) 3.24E-16 10.07) l.4EE-1C 10.06} 7.6CE-17 
(0.42l 1.63E-15 ,0.41' 7.lOE-16 (0.36J 3.lOE-16 

rn:~H----~=rH=rn-rn:~~i--~:5~~=B CC.611 5.42E-16 
c o.65 ,- -a. 2oe- H: 

(0.17J l:.83E-16 CO. IS> 3.94E-16 I0.27) 2.95E-16 
(0.75) 7.2Jt-15 f0.'i3) 2.20E-15 fC.88) 4.SlE-lc 
(0.81) 3.03E-15 10.8.l) 3.0SE-15 (0.88J l.63E-15 
I 0 .31J --- 2.29E-15 I0.58 l - 4. 98E-15 ( 0. 7 5 j - - 1. 7 lE-15 

1 o .on 
L0.35) 

f~:~U--·-
to.5s> 
(0.74) 
(0.79) 
tc.66) ------



Table II (Cont.) 

DOSE I~ WALL IN REM/INT.PROTCN FCR X(~ERTICALl-REGICN f~OM 6CO.OO TG 750.0C CM (RELATIVE ERRORJ 
____ AS __ A_f.UNC..ILQtLQ£..J,._ATEB.A.LP.1SJAJ."C~ __ gCBQS$LLLjlNG1Tl,JOINA,i,._DJSTA_NCE Jj)CWNJ ___ ._IN__Cli_: _________________________ -----------------

-----------------6-t.cr:oo ____ ---- 610-~oo ---- ------·100·.-oa--------7 30·.-1)0-------,liw.iro 
670.00 700.00 730.00 760.CO 790.CO 

]91)-;;Q(.f 
820.00 

o.o- --soo-;oo ------~1se-13 - m.-091·-- - r-.;59E-l 3 (O .-06 r- s.9oE-14 ro.on - -2-;; 23E-14 · 1a.-0SJ-----9-.;72e-1 s--10-.-oa r---~;-04E....: 15 ro.;101-------- -
500.00 1000.00 l.34E-12 {0.03 4.l6E-13 (0.08) l.41E-13 (0.09) 4.94E-14 (0.081 l.79E-14 l0.05) l.15E-14 (0.40) 

lOC0.00 1500.00 2.29E-l2 10.0t 7.CSE-13 (0.10) 2.37E-13 C0.24) 8.60E-14 (0.29J 3.0BE-14 {0.26J l.SOE-14 (0.29J 
___ 1500. OQ _.2000.00 _____ _3,, 801:-12 ( 0.07L ____ 7. S'lE-13 (0. llJ ___ 7 .021:-13 l0.56) --~ 2.97E-13 (0.571 _J .5'iE-l4 {O. 52) 2.4C:.E-14 f 0.SlJ 

2oco.oo 2500.00 3.04E-12 10.1cJ 7.66E-1J 10.12> l.9oE-13 rn.1s> 7.91E-14 10.J1r-- 4.06E-l" 10.401--1~44e.:..H t0 .. 331 ----
2soo.oo 3000.00 4.20E-12 1c.12J i.cu-12 rn.111 3.l<JE-13 to.2c1 i.24e-u to.2s1 8.06E-14 rn.t:oJ l.47E-14 t0.24J 
3000.00 3500.00 4.20E-12 (C.201 6.45E-13 i0.16) 3.15E-13 l0.28) l.55E-13 t0.34) 8.43E-14 ,0.61) 2.4fE-14 (0.35) 

___ 3 500. co - 4000. 00 ____ 3. 05E-12 I 0 .i eJ 9. 5 2E-13 '° .30) 2. 76E-l 3 10. 23) 1. 09E-13 (() .18) 6 .64E-l4 10. 26) 2. 3 EE-14 'a. 27 J 

820.00 
850.0C 

850.00 
880.00 

aao.oc 
910.00 

910.0C 
940.00 

940.00 
970.00 

S70.00 
lOCo.oo 

0.0 500.00 l.83E-15 10.lCJ J.SSE-16 
500.CC 1000.00 5.22E-15 10.42) 2.27E-15 

____l_OOO .oo __ ..1500.00 ~._UE-:-15 _, o .. l 8l __ 2 .03E-15 
15CO.CO 2000.00 8.96E-15 (0.411 3.5CE-15 
2000.00 2500.00 8.48E-15 ,0.23J 4.JlE-15 
2500.00 3COC.Ou 5.84E-15 IC.211 ;.42E-15 
3000.00 3500.00 9.J7E-15 (0.311 3.E4E-15 

--3500.00·· 4000.oo--·a.E3E-15 10._£4l --3.44E-15 

10.06) 3.69E-l6 
10.231 2.96E-15 
{0.15) l.07t-15 
(0 .24 r--L28E-l 5 
l0.33) l.80E-15 
!0.2C) l.14E-15 
10.30) l.74E-15 
l0.21) --l .. 30E-15 

(0.0BJ l.56E-16 f0.07) 7.42E-17 I0.07J 3.24E-17 
(0.70l l.49E-15 (Q.t:BJ 5.92E-16 f0.62) 2.75£-16 
(Q.271 l.OSE-15 (0.43) 6.82E-16 lC.48) 3.65E-16 
I 0 .2 0 J ---5 .36 E-16 l 0. 20 ,------z .62E-16 (0. 19 r-~--1. 17E- H 
to.26) 7.60E-16 (0.27J 3.18E-16 l0.30J l.25E-l6 
(C.lSJ 7.62E-16 l0.3CI 1.27£-15 (0.81) 1.2CE-15 
(0.27) 2.40E-15 (0.72J 9.09E-16 {0.70) 3.95E-16 
iC.21) ---5.35E-16 IC. IS) -- 3.00E-16 (C.23J -- l. l5E-1C 

(0 .. 07l 
f0.c3J 
tC.51> (0.24J ___ _ 
(0.19) 
{C.651 
(0.58) 
lC.l9l 

____________________________ .._..... .. .,..,F ___ ,___,, __ .. __ 0...,,.4·-"--...._.,_ ____ c ... ,_, ___ ,...~•~-... --.. ---------------·-....... -' 

DOSE I~ WAll lh REM/INT.PROTON fCR X(VERTICALJ-REGJGN FROM 750.0C TC s20.co CM lRELAT1VE ERRCRJ 
ALA_ E.UNCI l_Qti_DE __ J.4T E.RAL_.QlSIANCf. _jACROSS L_t; ___ l,ON__\;Ul!D lJIJAL!lJ SI ANCJ_J DOWN J _~ _ lfy CM_ ___ _ ____ _ 

------------------640.00 _________ 610:00·-------r<fo~oo------------,3-o~-oo 76Cl ,;c;u---------~;;-o-;;cio-·---------
670.00 7CO.OO 730.CO - 760.0C 1c;o. oo 820.00 

---------u-.;-o-·---s-1nr;ocr----·--4----;04E;:.:-B- ro-.;Tcrl-T.-4sE-·T3···10:;24r--1 ~-02E-l3 w:;sar-3.-a1ec~14 co;-5~r;4aE:..·14 - rn~olil- 5""3liFrs ro.;6&"1 
5CO*OO 1000.00 9.93E-13 10.08) 2.47E-13 (0.llJ 7.70E-14 l0.14) 2.53E-14 (0.lCJ 9.25E-15 tO.lOJ 3.92E-15 (0.17J 

1000.00 1500.00 1~94E-12 ,a.eel l.22E-12 (0.58) 2.73E-13 t0.4ll 7.0SE-14 {0.29) 2.19E-l~ I0.28l 6.5SE-15 (0.21) 
_ ___.,l,_.,,500 .. 0°----2.000_._ QO ___ -----2 .. 6 7 E-12 ( a .. _ou_~_ ... 2 E-1.3 '0 .10 J ___ L. 62 E-13 '0. 2 c) ____ 6. 4 St::-14 - ( c. ~6J __ 6_., 86 E=-14 .. ( o _. ~01 __ 2_.c EE-: 14_ J 0.46 J ---

2000. 00 2soo.co 3.22E-12 10.23)) 7.35E-13 rn.19) 1. 74E-Ll 40.22) 5.52E-14 l0.25) 2.lOE-14 10.21 l.l':iE-14 {0.39 
2500.CC 3000.00 2.68E-12 I0.13J <;.6SE-13 l0.37J l.82E-13 10.25) 4.62E-14 (0.17) l.7JE-14 10.17) 1.64E-15 {0.24) 
3000.00 3500.00 2.43E-12 10.151 6.56E-13 10.~4) l.59E-13 10.43) 4.JSE-14 IC.35} l.25E-14 tC.281 ~.35E-15 £0.24) 

__ 35QO .QQ_ _ _l+OQO .oo ~-· __ l. S5E-12 ( O. 1.3) __ 3.<;3E-13 I 0 .3 3 l __ 9. 85E-14 10. 26 I __ 3 .29E-:':14 to. 24 J ___ 2 .58E-14 lO. 62J_ __ ?. 04E-14 ( 0. 6 lJ _____ _ 

820.00 
850.00 

850.00 
8ao.oo 

880.00 
910.00 

910.0C 
S40. OC 

S40.00 
S70.00 

970.00 
lCC0.00 

C.O 500.00 2.04E-15 (0.61) 9.lCE-16 l0.65) 4.llE-16 
500.00 1000.00 2.69E-15 {0.47) !.CSE-15 l0.48) 5.77E-16 

______l.000 .. 00_1500.00 __ __.3,.J7E- l5 __ _( C., 34) __ l. l 7E-15 lO .25 } _____ 5. 05E-l6 
15CC.CC 200il.OO 5.33E-14 10. HJ 2.21E-14 (0.65} 6.51E-15 
2000.00 2500.00 7.00E-15 a.54J 3.63E-15 i0.45J 2.43E-1'5 
25CO.OO 3000.00 3.40E-15 10.31) l.9SE-15 IC.39J 7.23E-16 
3000.00 3500.00 l.78E-15 10.19) 6.6CE-16 (0.16J 3.61E-16 

--·3sco. 00-4000 .oa··-~2.61E-14 IO. 791- c;.2aE-15 10 .79 > ---3 .42E-l 5 

C0.65) l.97E-16 i0.67) 8.57E-17 
C0.54j 3.40E-l6 (Q.6<;) 2.07E-16 
lC.21) 2.0lE-16 lC.161 l.04E-l6 
(0 .65 )----- 2 • .30E-15 - to. t2 r- 7 ~85E.;;. l6 
I0.57) 9.87E-16 (Q.52J 4.31E-l6 
40.32) 3.70E-16 10.371 l.24E-16 
I0.171 l.48E-l6 (Q.12) 9.41E-17 
( 0. 76 ,-----2. 22E-15 (0. c2 J -~7 .94E-16 

10.69) 3-.33-E-17 f0.61J 
t0.111 8.98E-17 (0.75J 
10.171 5.83E-17 (C.24J 
l0~6o> --""J:.34E-ll: rn.5c;r----
10.5oJ 2.27E-l6 10.44) 
IC.28) 7.9SE-17 f0.27J 
10.19) l.25E-16 (C.68J 
1'J.61)--3.4SE-16 (0.60) 



Table II (Cont.) 
DOSE Oi RCOF IN REl/INT.PROTC.N FOR XlVERTlCALJ-REGION FROfl 920.0C TO 970.00 C~ IRELATJVE ERRCRI 

__ AS ___ ILJ:!JlK~UO!i__[J_f_i.AHRAL_IUSJAN_C_LJACRC:_ss_.t __ &,_J.ONGUU_DlNAL_ OI_SJANCE_ CDQWNl , _IN Ct-L 

o.o---------T5o--:-otr--·----- ----- -3co~oo·---- ---- -4-5o~crc 

150.00 3CO.OO 450.00 600.00 
600.00 
750.00 

7S-O.Oo soo.oo 

-----1r~o----·soo-;;oo--·----s:.··1<Je~13 <0. csT 4 ~64E-13 to .o4r-··4 .1sE-u r o:.on· ··- _3.-32e...:13 rn~o5J---1:.·s9·e-.;.;.13 nr~-on---4-;-21e-1s--co-;3sr-- --
soo. cc 1000.co l.86E-12 (0.07l l.4CE-12 C0.081 l.l2E-12 (C.06) 9.86E-13 10.121 4.55E-13 t0.13) 3.24E-15 (0.14) 

1000.00 1500.00 2.42E-12 (0.CEJ 2.74E-12 (0.10) 1.89E-12 (0.071 .l.63E-12 (o.og1 7.0lE-13 (0.10) l.llE-14 (0.32) 
--1.50o.oa__ __ 2000 .00 ___ 3. EOE-12 _ {Q. HJ_ 3.03E-12 l0.09 )_ __ 2.67E-12. lO .01 ) __ ,Z .. JOE-12_ rn.11 ) ___ l_,.l6E-l2_Jj.)_.1s> __ 1. 25E-14_(0 .24) __ 

2000.00 2500.00 4.lSE-12 (0.211 J.SlE-12 10.17) 2.97E-12 C0.15) 2.43E-12 (0.07) l.54E-l~ t0.25) 2.lSE-14 10.38) 
2500.00 300.J.OO 4.34E-12 (0.23) 2.<;JE-12 (O.lCJ 3.03E-12 (O.O'i.t 3.lOE-12 l0.27) l.76E-12 I0.:31) 2.34E-l4 (0.73} 
3000.00 3500.00 3.0JE-1.2 10.121 2.97E-12 to.09) 2.96E-12 {0.14) 2.65E-12 (0.12) 8.31E-13 (C.171 5.82E-1S (0.41) 

__ 35CC.c;Q 4000.00 ____ 2.88E-12 10.17) 2.E2E-12 (0.13) __ 2.67E-12 (0.15} 2.2.JE-12 IO.lll ___ 'i.75E-13 (0.2l:) __ 4.44E-15 (0.25) 

---- -~"~- -·--·-------

900.00 
1C50.00 

1050.00 
1200.00 

1200.00 
1350.00 

1350.0C 
1500.0C 

1500.00 
1650.00 

165C.OO 
1600.00 

O.O 500.00 5.B5E-17 (0.61) 5.3SE-18 {0.42) 5.57E-18 
500.00 1000.00 4.21E-17 l0.25} l.llE-11 i0.3ll 2.46E-17 

__ _lOJ0.00_-1500.0Q ___ Lt .. 6 7E-16 _ ( C .. 781._,_l, E 7E-l 7. I 0 .29 ) ___ 3 • 51E-l 7 
1500.00 2coo.co 1.01e-15 10.61) l.3ZE-16 iO.o4l 2.91e-11 
2000.00 2500.00 3.0lE-16 (0.22) 4.26E-17 (0.20) 7.71E-17 
2500.CO 3000.00 3.36E-16 lC.611 1.15E-17 l0.321 9.73E-17 
3000.00 3500.00 8.S2E-17 (0.38) l.2SE-16 10.78} 9.16E-17 

--·-3500.00 4000.00 ----·2.41E-16 10. Hl ---s.47E-17 ro.441 --s.5oe-11 

(0.071 6.l'iE-18 10.15) 9.'i5E-18 10.34) 3.t7E-17 {0.21) 
10.56) 3.82E-17 10.39) 4.25E-17 10.38) l.64E-16 (0.391 
t0.2'i) 5.36E-17 J0.41) 6.46E-17 I0.38) 2.SCE-16 t0.37} 
to ~z4r--z.~43r:-11·rn~4cr-1.22e-1r1 e.30r-1~9i;e.;.;.1e; 1 o ~30J __ _ 
(0.34)· 8.21E-17 10.50) 6.66E-17 (0.42J 3.04E-16 (0.41) 
(0.66) 6.96E-17 IC.65) 2.18E-16 tC.65) 5.S5E-16 (0.53) 
(0.54) ·q.75E-17 10.61) 5.6SE-17 (0.42) 3.2SE-16 t0.26) 
I0.47)-- 4.20E-17 (0~38J--8.90E-17 10.46) ~4.35E-H l0.28) ___ _ 

·--- --·---- - -- - --- -- -· ----- - -----·- ---- -·-·-·--------

DOSE (~ RCGF 1N REL/INT.PROTCN f~R XIVERlICALJ-REGlGN FRO~ 970.00 TO 1020.00 CM (RELATIVE ERRCR) 
--~A~FUNCUJl~L Of __ LATf.ML __ Q_l STANCE. lACRUSS.LJ~_LOt'iGJ:TU_DJNA!-_JU.ST ANU. i DOl'LNLt _lli__CH, _____ _ 

o.o 
150_.oo 

15 er. era-- -------300-: o o----· --------450:00 
300.00 450.00 600.00 

liOQ.llo------,50-;;oo· 
750.00 900.00 

----o-;·o---soo:;.ocr----1.-10i;-:.13 Tcr~nr---1--;.-J6E-l3- 10:;.osr--T.T6E-13 
500.CO 1000.00 5.82E-13 t0.101 5.54E-13 (0.281 3.25E-13 

1000.00 1500.00 7.95E-13 (0.lSJ 7.16E-l3 10.141 4.20E-13 
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LOCO.CO 1500.00 l.lOE-14 IO.f2) 2.SSE-15 

rn:.;1 n ·-- ti.'37l-16 rn·:.;111 · · 4. rLF~6 
10.63) l.53E-15 {0.19) l.63E-15 
I0.35J 2.51E-15 I0.36J l.27E-15 

rn-;T3r-2~soF16·-ro~1J6J 1.~9r....;.r6--rn;091--
1o.31 J 4.40E-16 (0.14) 2.95E-l6 f0.19J 
l0.23) 3.61E-15 l0.79) l.43E-15 I0.59J 

__ .J..500. 00 .. _.2000. 00 _________ 4. 45E- l5_ ( O. 4 3J ____ 5 .3 4 E-15 l0.4lJ _____ 9 .• 48E-15 !O.l>5J __ ~.2.lSE-15 
(0.54) l.70E-15 l0.42) 3.36E-15 
l0.77) l.99E-l5 I0.43J l.57E-15 
,0.39J 2.5lE-15 l0.38) 2.54E-15 
{C.24L .. J.80E-l5 (0.36) l.58E-15 

(0. 36J---1. 74E-15._(g .. 37 ). __ 8. 7SE-:lt (0.38J_ 
I0.4SJ 2.52E-14 I .83) 8.33E-l6 i0.49] 
10.35) 7~72E-16 i0.22) l.58E-16 f0.25) 
W.53) 5.76E-l6 (Q.391 1.121:-16 (0.36) 

2000.00 2500.0C 3.81E-l5 I0.37J 4.C.lE-15 
2500.00 3000.00 3.lOE-15 !0.2EI E.45E-15 
3000.00 3500.00 3.13E-15 i0.34) 3.S4E-15 

__ 35co. co __ 4000. OQ ___ l. HE-15. 'C.49)_ __ 1. 3 5E-15 _(0.52) ___ 5.30E-16 (0.49) l.40E-16 (Q.51) 

---··----·--· 

900.00 
1050.00 

1050.00 
1200.00 

1200.00 
1350.00 

1350.0C 
1500.00 

1500.00 
1650.00 

1650.00 
1800.00 

---·-----------------
O.O 500.00 l.24E-17 (C.21J 3.flE-19 (0.33) l.72E-20 

500.00 1000.00 }.65E-17 (0.22J 9.5EE-l9 l0.46) l.86E-20 
_ ____,t,....D...,,00.00.--1.500..00 3,.J lE-16 _l0 .• 5lJ ___ 7. C<;E-18. {O .60L _ _3.., UE-l 'i 

15CC.GO 2coo.oo 4.05E-16 (0.54) l.31E-17 (0.43) l.42E-18 
2000.00 2500.00 2.35E-l6 (0.63) l.3CE-17 10.52) 7.lOE-19 
2500.CC 3000.00 l.5£E-17 l0.27t 1.3SE-18 t0.25) l.BSE-19 
3000.CO 3500.00 8.43E-18 (0.2SJ 1.5EE-18 f0.76) l.54E-19 

---3500.oo-·4000.oo---s~33e-1a 10.s1i--s.c;2e-19 to.Jal -1.11e-20 

t0.43) 2.4CE-18 11.LC) 4.51E-19 fl.OOJ l.91E-19 C0.98) 
(0.35) l.53E-20 (0.78) l.42E-20 (0.76) 1.21E-20 t0.47) 
(0.41) 1~17E-20 (0.501 9.42E-21 (0.57J 7.9CE-21 IC.37J 
(0 .68)--5.1%-20. (0~5 n--li~70E-21--10.33)-/~ 68E-21 ZO .46Y-
to.40J 5.73E-20 (0.581 7.32E-21 10.42) l.2EE-1<;; (0.88) 
(0.47J l.34E-20 10.54) 2.54E-20 l0.711 S.5CE-20 (C.53) 
I0.90) 2.20E-20 (0.60) l.S2E-2C co.as> 6.66E-20 (0.82) 
(Q.35.l-- l.25E-20 l0.61)--4.24E-.20 I0.98l ---l.9fE-l9 (0.70J 

...... --... - .. -.. .............. , ______ ~---' 
DOSE CN R[Of IN RElJINT.PROTCN fOR X(~ERTICALJ-REGICf\ FRCM 1270.00 TC 1320.00 CM IRELATI~E ERRCR) 

-~--A,.f..U.N.C1.H1N_OE....l.AT.ERAL .. IHSJ A.NC LtACRCSS L &_ l.Of';Gl Tl.JO lN Al. DI STANCE 4 DDWNL_.___HLCM__ __________________________ -·----·-·------~---·-·-------

o. o------··i-sa·~-oo ---------300:-oa·-- 450:00 
600.00 

6Co;oo 
750.0C 

~0.00-----

900.00 1 so. oo 3CO.OO 450.00 

----o.;o---s-oo~oo-~-4-:·:raE=.::16-1o;2·0--·3-:,;21e....;16 to~n1 --2.22e....;16 
500.00 1000.00 l.OaE-15 10.20) 2.28E-15 10.71) 7.09E-16 

1000.00 1500.00 5.51E-15 (0.881 l.6SE-15 10.45) 8.BlE-16 
--15CO ... OD.__20QO.OO l .. Q3E-15_10.'iSL_L.l 7E~l5 .. (Q.3.ZL_2.69E-15 

2000.oc 2500.CO l.l'iE-15 IC.38) l.24E-15 lC.48) 7.00E-16 
25CO.OO 3000.00 l.16E-15 I0.3CJ l.96E-15 l0.65l 7.13E-16 
3000.00 3500.00 9.32E-16 I0.29J l.38E-15 (0.43J 6.20E-16 

__ 3;!gQ. Q<i __ 'tCOO.O.Q ____ 5_.p1E-l6 _( 0.48l __ ~. 5 lE-16 (0.24) __ ,l. .04E-15 

co;. r 01-----i~s2e-16--10-;1sr-·-a;·T4e...: n --to-;.1ra1- -s-;sn...:11 
10.35) 5.56E-16 C0.37) l.~5E-16 iO.lll l.92E-l6 
I0.32J 4.86E-16 (0.28J 8.13E-16 (0.70J 3.2CE-l: 
to.63J 7.98E-l6 (0.,lt5) _5.45E-16 lJ.35) 3.93E-16 
LC.37 J--l.04E-15 - Hl~6cr· 5.83E-l5 IC. 771-6.42E-16 
(O._j9J 4.27E-l6 10.30) 2.BlE-16 (0.3C) 6.llE-17 
IO.Jl) 4.8SE-15 to.<;;2) 2.313E-16 (C.35) 4.21E-17 
(0 .42 J 4. 85t:-l6 _ (0. 'i4 ) ___ 2. 07E-l 6 CO. 5 7 l __ it ~23E-l 7 

rn-;1·01---
t 0. 53 J 
IC.94} 

rn:~~1---
10.1a> 
( c .40} 
!0.37) 

900.00 
105C.OC 

1050.00 
12CO.OO 

1200.00 
1350.0C 

1350.0C 
1500.0C 

1500.00 
1650.00 

1650.0C 
1800.00 

a.a 500.00 i.oJE-17 
500.00 1000.00 3.37E-17 

------1000,.00--1.500 .OO l .4 5E-16. 
1500.CC 2000.uo 2.05E-16 
2000.00 2500.0C 7.79E-17 
2500.CO 3000.00 9.44E-18 
3000.0C 3500.00 4.67E-18 

--3500.00 --4000 .oo·---s .s 1E-1a 

----~-. ---··-- ~ -·---· 

tC.19) 2.15E-19 10.27> l.33E-20 
IO.'i5) 6.35E-19 (0.40) 8.26E-20 
C0.44L __ 9.35E-l8 (0.46L. ___ 2.22E-19 
(0.59) 3.35E-l7 l0.68) l.58E-18 
l0.571 6.SCE-18 (0.42) 3.24E-19 
(C.27) 7.76E-19 t0.261 l.86E-1S 
dC.23) 5.37E-19 (0.68) 7.96E-20 (o.2u ·---··2.1i:E-19 {Q.54J -- 2.59E-2C 

10.53) 6.8CE-19 
10.88) 4.12E-21 
IQ.5<;;) l.5JE-20 rn.1u-- -1.32e-,20 
(0.49) 3.92E~20 
I0.6d) l.45E-2C 
(0.68) 6.llE-21 
i0.291 5.07E-21 

tl.CCJ 8.97E-2C 11.00J 7.18E-2C 
(0.60) 7.32E-21 CC.83) 2.27E-2l 
l0.501 3.06E-21 I0.44J 1.33E-21 
rn.66J- --J.OJE-21 rn.2u-2.31E-21 
,0.51) 2~45E-21 (0.36) 3.24E-20 
lC.37) 5.89E-21 (0.721 9.<;;2E-21 
10.62) 5.36E-21 10.75) 2.37E-20 
(0.36J ____ 2.62E-21. l0. 74) -·--1. HE-ZC 

(0.981 
io.5U 
(C.32J 
{ c .40 l 
{0.79J 
CC.75> 
(0.84) 
( 0 .69 J 



Table II (Cont.) 
DOSE CN ROOF IN REl/INT.PRQTCN FOR X(~ERT1CALJ-REG1CN FROH 1320.00 TC 1370.00 CH (RELATIVE ERRCR) 

__ AS..._A_EUHCIJillLOF LAUR.ALfil_S.TANCL_lAC80SSL_~ __ LO~GITVDJNALD1Sl.ANCJ;_JDQWNJ _ _,__uLCtL________ -----~--------

o.o 
150.0C 

-T5o;aa·--
300.oo 

3-o~oo---~----450.o<i __ . __ ~--600-:-<Hr-·-----· ---1so;-oo--
45o.oc 60o.oo 750.oc ~oo.oo 

----o;c:r---s-oo-;-C10----y;s1e::i.6 - ro.-2:n--1-;15e-16- rn·;r61-- ··-1;99E-11 rn;.-091---·s-;3at-l7 ·· co;-rer-~·;-on.;.n ·ta.mrr----r;9sF-n ni-;ni------
500.00 1000.00 3.89E-16 10.22} 5.95E-16 l0.59) 2.99E-16 10.471 2.05E-16 f0.4C) 5.0SE-17 f0.12) 9.3CE-17 t0.69) 

lOCC.00 1500.00 l.lOE-15 (0.7Sl 4.17E-16 (0.36) 2.74E-16 l0.2BJ 4.79E-16 l0.70J 2.31E-16 I0.62J l.3SE-l~ IC.S7J 
----1.500 .. ao_2000.oo 5 • .37E-l6_ (0. 49J ___ 4 .• 64E-l 6 '° .34L __ 7 .88E-l6_ I0.66L-.:.2.44E-l6 10. 3.8 L ___ 2_.07E-l6_ 10.4,;) __ l.4CE-16_ 'O.J4J_ ---

2oca.oo 2500.00 3.23E-16 10.37) 4.25E-16 (0.46) 2.65E-16 10.37) 4.ilE-16 t0.66) l.59E-15 o.73~ l.OSE-16 t0.611 
2500.0C 3000.00 5.52E-16 10.341 5.23E-16 l0.60) 2.90E-16 10.35) l,.SOE-16 I0.32.) 9.0%-17 (0.32' 2.JIE-17 lG.19J 
3000.00 3500.00 3.49E-l6 l0.29J 6.28E-l6 f0.44) l.83E-16 10.23) l.02E-15 l0.87) l.15E-lb I0.501 l.35E-17 IC.35) 

____ Jsoo.cQ __ ~ooo.oo 1.50E-l.6_I0.36l i.ssE-16 ,o.22J __ ,z.8BE~l6 to.40J __ l.3lE-lc to.361 c.a1E-11 rn.5l> i.4t:E-17 co.35J 

----·- -· -·-·~~---

900.00 
lCSO.OC 

1050.00 
1200.00 

1200.00 
1350.00 

1350.0G 
1500.00 

1500.00 
1650.0C 

1650.00 
lBC0.00 

O.O 500.CO 5.84E-18 (0.0SJ 2.0aE-19 f0.30} l.28E-20 
500.00 1000.00 l.SSE-17 l0.48l l.55E-18 10.77) 3.64E-20 

_ __lOQQ .. OQ__,1500 .. 00 5,,._04E-l L( o._51 ) __ 7. <j EE-18. (0,.54J __ 2.55E-19 
1500.0C 2COO.OO l.C6E-16 (C.55J 3.63E-17 (0.88J 7.33E-l9 
2000.00 2500.00 2.38E-17 (Q.48J 4.~SE-18 (0.45) 3o00E-19 
2500.00 300J.OO 5.24E-18 l0.271 4.~4E-19 (0.23) 6.99E-2C 

--jggs:2s--1388:88--- ~= ~gg:u rn: Hl--~:Hg=~z rn :ji 1-----f :g~g:~g 

lC.43J 1.67E-19 
t0.57) 2.29E-21 
10. 5U __ l .b5E-20 
t0.61) 3.20E-20 
(0.~9J 3.12E-20 
t0.55) 4.37E-21 
10.791 5.85E-21 
i0.44) -- l.04E-21 

11.CCl 3.7SE-2C 
l0.61J 4.60E-21 
I0.62J l.06E-21 
f 0. 5(;) ___ 2. 5 7 F21 
10.64) l.88E-21 
10.48) l.95E-21 
IO.c4) l.20E-21 to.Jar -·-1.ose-21 

U.OOl 2. l 1E·-2C 10.'iBJ 
f0.S6J 3.83E-22 (0.771 
!0.42) 4.55E-22 (0.50J rn.61 r-1~'.iH-22 'a .351 ___ _ 
(0.56J l.llE-20 (C.B2J 
iC.58) 2.44E-21 (0.78J 
IC.5SJ 5.4CE-21 t0.70J 
I 0. 6 <J J - . 2. 50 E-2 O IO. 8 O J 

___________________ , 
'~~--~------·-~--~-~ 

DOSE CN RLOF 1N REL/INT.PRCTCN FOR XlVERiICALJ-REGlGN FRO~ 1370.00 TC 1420.00 CM (RELATIVE ERRCRJ 
_A_S __ A_flJf'.!C..I.lCN_ Of .l.AH.RAL_OlSTANCL LAC.R.CSS.L~ J.CNG ITU DIN /IL DIST ANCI:: tDOWNI , IN CM ________ _ 

o.o 
150.00 

·-150. ·iro-----------300-~o-c1----------450:-cro--------·6co .oo 
300.00 450.0C 600.0C 750.00 

751);()~ 
~oo.oo 

----~~8:80 - 15gg:gg------i:1a~=n rn:·nr·----I:1~~=tz-rn:tJl --~=~~~=1r rn:2~r- -E8~f=B rn:]~'l--I:~n=1r-rn-=~-~r---~:I~g=1r rn:1~r----
1ooa.oa 1500.00 3.ESE-16 10.1eJ l.SlE-16 (0.42) 7.78E-l7 I0.211 2.27E-16 I0.78J 8.65E-17 10.63) 2.6l:E-lc (C.'.i4J 

--15_C0. .. 0Cl.___2QO~!l0 l • .66E-:16 __ LO. 4 5L_l ... 7 2 E:-16_ to .3 5J_--2..3 lE-lc ( 0.,_66 J __ 9_._2SE::-17 _ lO ._42J __ 6. 1~3 E::-1LJ0129 ) __ 7 _.35E-17 _ { 0 .5 U ___ _ 
2000.00 2500.00 l.14E-16 lC.38) l.37E-l6 tC.41) l.07E-16 10.36) l.40E-16 (0.62) 4.93E-l6 io.72) l.llE-16 {C.58J 
2500.00 3000.00 2.20E-16 l0.3'H l.54E-16 10.58) 9.84E-17 10.35) 5.45E-17 10.33) 3.92E-17 I0.47J l.Ol:E-17 (0.22J 
3000.00 3500.00 l.38E-16 {0.32J 2.36E-16 10.511 c.28E-l 7 iC.23) l.27E-15 lC.S7J 2.13E-l6 (C.90) 7. 7<;;E-18 (0.39.l 

__ J5QQ.CQ__!tCQO.Q0 _____ 5_.o3E-17 C0.22L __ 4.67E-l7 l0.2).) __ 8.54E-17 (0.3S) 4.83E-::17 JQ.33L ___ 2.24E-17 l0 .. 49J __ 5.3CE-18_ 10.361 
• 

---~-- ~ --- ·-" -+.·---~---·· -----~-----

900.00 
1050.00 

1050.00 
1200.00 

1200.00 
1350.00 

1350. oc 
1500.CC 

O.O 500.00 2.67E-18 i0.07J l.15E-l9 (0.27J 7.35E-21 40.38) ~.5CE-2C CC.9SJ 
500.00 1000.00 l.94E-17 10.79 6.ClE-19 I0.74 2.21E-20 10.101 3.21E-21 10.69) 

1500.00 
1650.0C 

2. l:6E-2C fl .COJ 
l.53E-21 (0.96J 

1650.0G 
.1800.00 

7.33E-21 t0 .. 98) 
2.69E-22 lC.89) 

__ l_OOO .. oo __ .l.500.00__ 3.57E-17 10.GOL ___ .. 4.6ZE-18 (0.52J __ 2.09E-l'i I0.54i .. - 7.98E-21 J0.5ll ____ 9.91E-22 (0.54) __ 2.llE-22 (Q.51) ·----
!SOC.CC 2000.00 3.04E-17 f0.46i 7.!SE-18 (0.79) 4.88c-l'i l0.7JJ 2.66E-20 (0.47 l.lCE-21- l0.60} 3.0lE-22 (0.35} 
2000.00 2500.00 l.23E-17 10.42 l.bSE-18 I0.43l l.76E-19 I0.51J 7.84E-20 (0.91 l.04E-2C (0.94J 2.96E-21 I0.74J 
2500.00 3000.00 2.43E-18 t0.30J l.SeE-19 10.21> 3.0lE-20 10.311 3.56E-21 (C.59) l:.C3E-22 {0.37) 9.S6E-22 cc~asJ 
30.:JC.OC 3500.00 l.3SE-18 I0.3CJ <J.l4E-20 (0132) 1.1:16£-20 10.69) 2.88E-21 10.l:SJ 2.90E-22 (Q.55J 2.00E-21 {0.72J 

-3500. co--4000 .oo ·---1. 2 SE-18 ( c. 33) -- f .. 9 CE-20 'o. 36) ---- 5. 23E-2 l ( o. 3'i) - - 5.13E-22 lO. 34 J - -- 4. 13 E-22 (0. 75) -- B. lCE-21 (0. 7 3l 



Table II (Cont.) 

DOSE CN ROOF IN RE~/INT.PRGTCN FOR XlVERllCAL)-REGICN FRC~ 1420.00 10 1470.00 CM .lRElATIVE ERRCR) 
_AS_A_!:l,J!'JC_TICJ'LQL_L,AJER,AJ.,_Q_ISTANC~ IACROSSL_& __ l,.J]NGITUOlNAL __ I>lSI.l\NCl;JDOWN~_, __ rn_~~------·----~----------------·---

o.o 
150.00 

------o-;o----500;.-oa-------r;9qe~-11--ro-;-21 i----r;c.cE...:n -,o,;19 r -----r.;ooi:;:..11 
500.00 lJ00.00 4.60E-17 (0.21} 5.77E-17 (0.47) 4.53E-17 

1000.00 1500.00 l.21E-16 IC.74l 4.S4E-17 10.37) 2.68E-17 
__isoc.00 ____ 2000.00 _____ 5,. 97E-l 7 1o.46L _______ s_. asE-11 to .3 u __ 8. 1oe-11 

20CC.OO 2500.UO 3.46E-17 (0.29) 4.S4E-17 t0.38) 3.88E-17 
2500.00 3000.00 7.79E-17 l0.42) 4.12E-17 (0.451 3.18£-17 
3000.00 3500.00 4.91E-17 10.26) l.65E-l6 10.72) 2.48E-17 

____ Jsco.cQ_~oou.oo 4.86E-17 (0.571 2.ssE-11 to.211 3.04E-l7 

------~-~~----~-·-· --·--- -·----·--· ·- ----- ·---------- ·---- ----

6<m--;1ro 
750.00 

10.;-ru ,---T..-31 E:.;.1a -·ro-;-in--r;-a1F18 --, o-;o-a-r----z~1tsE-1 a c o-;gT __ _ 
10.561 2.48E-17 l0.35) 8.40E-18 (0.15) 3.46E-17 l0.91) 
10 .17 J 8. 76E-17 (0 .82) 4.83E-l 7 <0.65) 3. 72E-l 7 C0.86) 
10.6 7 L~',3.08E-l 7. (0. 32) ___ J,. 85E-16 IO. 89)_3.65E-17 _IO .oU ___ _ 
to.37) 4.64t:-17 (Q.61) l.3l:l::-16 10.68) 4.11E-17 I0.55) 
(0.36) 2.0lE-17 I0.32J l.OSE-17 (0.35) 5.82E-18 (0.40J 
10.21) 2.00E-16 ~G.93J 2.CSE-16 (C.~4) 4.93E-1S 10.60) 
40.:35} l.65E-17 J0.3.5) S.35E-1E 10.46) __ 2.08E-1S 10.451 

900.00 
1050.00 

1050.00 
1200.00 

1200.00 135D~oc 15CO.OC 
1650.0C 

1650.00 
1800.00 .1350.00 1500.0C 

O.O 500.00 l.09E-l8 {0.07) 8.13E-20 (0.23J 3.43E-21 (0.32J 9.54E-21 tC.97) l.56E-2C ,l.COJ 3.09E-21 
500.00 1000.00 3.83E-18 t0.57) 5.37E-l9 I0.711 3.35£:-20 i0.62J 5.20E-22 I0.47J 5.76E-22 (0.65) 2.37E-22 

lO .991 
tC.95J 

1000 00 150o.oo ___ _z_.18E-17 _(C.88J--"•·32E-18 f0.60) 1.35E-1S 10.64J 5.HE-21 (0.36) 2.95E-22 10.38) l.DBE-22 
-L 5co: cc-- 2000.00 3. 87E-17 i 0. 73 2. 8 7E-l 8 - (0 .59 I ___ 2 .39E-l 9 Io.; 69 ,-----i. 88E-20- l0. 731----s ~ 57 E-22 '°· 411--1;; BtiE-22 rn:~tt---

2000 .. 00 2500.00 7.0lE-18 (0.48J 6.82E-19 <0.53) 8.91E-20 (0.43) 7.07E·-21 I0.48J 7.12E-21 10.95) l.02E-21 (0.56) 
(0.67) 
10.64) 

2500.CO 3000.00 1.lSE-18 IC.32) l.24E-19 (0.221 7.SlE-21 I0.3Cl 3.76E-21 (Q.1Cl l.C5E-22 (C.511 l.S3E-22 
3000.00 3500.CO 6.62E-l9 (C.3E) . 5.CSE-20 (0.27) 6.15t-21 10.51) l.55E-21 10.74~ l.18E-22 IC.53) 6.llE-22 

-3500.00 400o.oo------5.54E-19 (O.:?Cl -- 5.35E-20 (0.37) --- 2.53E-2l {Q.36) --2.95E-22 (0.38J--9.37E-23 IC.75) ---2.45E-21 (0 .• SOJ ------
' 

DOSE CN RIJOF IN REL/INT.PROTCN fCR Xl\IERTICAU-REGICN FROM 1470 .. 00 JG 1520.00 CM lRElATIVE El<RCRJ 
.l\S _/\_LEUN' T H)_N ___ Qf___!.J;IERAl._O lS IA_NCE_ (ACROSS L~_l.ONGUUD INALDI ST ANC{; _H/OWNL ,__I_~C1:1 __________________________________________________________________ _ 

---sog:g-~-~Jgg:gg----1:r~~l~ -1g:nr--i:ti~=n -rn:nr---En~=H 
1000.00 1500.00 4.lSE-17 (0.11J l.77E-l7 10.42) 8.92E-l8 

___ 1500 ... oo_zooo_._oa ._86~11_-' o. 35 L _ __l_,.95E:-:-l 7 rn .. 321 __ 2 .. aoE-J. 1 
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Figure Captions 

l(a). Schematic elevation and plan views of present design of colliding 

beam hall at B Zero (Beam pipe is not shown.) 

(b) Cylindrically symmetric geometry used in CASIM to represent (a). The 

air strips are added for convenience in binning the output (see text). 

Concrete walls of the tunnels are replaced by soil. Small adjustments 

in soil thickness will compensate for this. All dimensions are in cm. 

2. Simplified version of a previous design of B~Zero colliding beams hall 

as used in CASIM. All dimensions are in cm. 

3. Maximum dose rate in air region behind concrete of Figure lb (open circles) 

and dose rate averaged longitudinally along the concrete (closed circles) 

as a function of pipe thickness, Beam interacts as zero depth. 

4. Maximum dose rate in air region behind concrete of Figure lb (open circles) 

and dose rate averaged longitudinally along the concrete (closed circles) 

as a function of distance along pipe where beam is lost. The beam pipe is 

uniformly 5 cm thick. 

5. Maximum dose rate in air region behind concrete of Figure 2 {open circles, 

left ordinate) and dose rate averaged over ''good statistics'' region within 

concrete (closed circles, right ordinate) as a function of pipe thickness. 
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