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We describe here the geometrical and optical properties 

of the two hadron beams in the neutrino area. These beams 

were designed to service the NAL 15 foot bubble chamber and 

the ANL 30 inch bubble chamber with up to 500 GeV hadrons. 

Geometry 

Figure 1 shows the hadron beam lines. Hadrons from the 

neutrino tunnel are brought through an aperture in the shield 

wall which is 4 x 2 inches (H x V) . This hole is located 

14.5 inches from the neutrino beam center line. Hadrons 

passing through this aperture may be either secondaries pro-

duced by interactions in the target box or the proton beam 

itself which has been imaged onto the shield hole. Shielding 

in the downstream area has been sized with the expectation 

10 that only a small portion of the available proton flux (10 -

1011 ppp) would ever be brought through the shield wall. 

Beam coming through the shield aperture is transported 

by the magnets immediately following the shield wall onto 

a hadron beam production target which will serve as a source 

of particles for both bubble chamber beams (see Figure 1). 

The hadron beams view this target at a production angle of 
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3.0 mr so as to minimize the acceptance of muons produced 

by decays in the neutrino tunnel. A dipole capable of a 

3.0 mr bend will be placed near the target so that the 

target may be removed and particles from the neutrino decay 

tunnel may be injected directly into the hadron beam lines. 

The beams for the two bubble chambers separate at approx­

imately the first focus. In the initial phase of operation 

the energizing of a magnet near this focus will deflect the 

beam from the 15 foot bubble chamber channel into the 30 

inch bubble chamber channel. In a later section we discuss 

how this might evolve into a fast switch which would allow 

both chambers to operate on the same accelerator cycle. 

After the first focus the two beams are completely 

separate. Tables 1-3 show the positions of the major beam 

components for the transfer section, the 15 foot bubble 

chamber beam, and the 30 inch bubble chamber beam respectively. 

The coordinate system used is the DUSAF system with 100,000 

subtracted from the z-component. In this system the neutrino 

beam center line is at x = -8 inches. The units used in these 

tables are feet, milliradians, amperes, kilowatts. The 

magnetic fields are in kilogauss for dipoles and kilogauss 

per inch for quadrupoles and are given at a beam momentum of 

500 GeV/c. 

Optics 

An optical diagram of the transition section, 15 foot 

bubble chamber beam, and 30 inch bubble chamber beam is given 
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in Figures 2-4 respectively. In the bubble chamber beam 

diagrams we have drawn the limiting rays assuming a target 

of full width and height of 0.10 x 0.04 inches. It is seen 

from these diagrams that with such a target size the beam 

to the 15 foot chamber is capable of momentum resolution of 

.038% and to the 30 inch chamber of 0.066% (full width). 

Second order optical effects, magnet allignment errors, etc., 

have not been included in these estimates. Both bubble 

chamber beams have a solid angle acceptance at the target 

of about 0.25 µsr and will be capable of transmitting a 

momentum bite of up to 1% full width. 

Fast Switching 

For fast (- 100 msec) switching of the hadron beam from 

the 15' bubble chamber to the 30" bubble chamber we can consider 

changing the field in the bending magnets just before Fl. 

Main ring bending magnets operate with a dB/dt of 5.5 kilo­

gauss/sec. Thus for 500 GeV/c particles a main ring bending 

magnet can change its bend angle by 0.2 mradian in 100 msec. 

If we were to use only the last three bending magnets before 

Fl so as to avoid changing the beam center line through 

quadrupoles, then we could move the center line of the beam 

over by 4.7" at the first horizontal focus. We could then 

insert a septum dipole producing a 1.4 milliradian bend 

(77 kilogauss ft. at 500 GeV/c). This new beam line would 

insect the old 30" beam line just inside the muon cut at 

which point we would require another bending magnet producing 

1.0 mrad to make the two lines coincide. 
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It is of ten desirable in a bubble chamber beam to be able 

to count the number of particles entering the bubble chamber 

and, when the number exceeds a certain level, kick the rest 

of the particles coming down the beam line out of the beam 

line onto a slit face. 

In the hadron beam to the 15' bubble chamber this can 

be done by a vertical kicker magnet located at - 6650 DUSAF, 

that is, - 120' before the field lens. This has the advantage 

that the displacement caused by the kicker at the vertical 

slit at - 6910 is increased by - 90% by the field lens. To 

be specific, the kicker can produce a displacement of 8 mm/ 

.05 mrad of kick. Since the beam at this point is only 

4 mm high (including second order effects for a momentum 

bite of + 0.5%) .05 mrad of kick should be sufficient. 

For 500 GeV/c this requires - 2.5 kilogauss ft. -- just 1/10 

what the .3 m CERN pulsed magnet described in CERN 64-35 

will produce. 

Fluxes 

Particle yield calculations have been made for incident 

proton energies of 200 and 500 GeV using the Hagedorn-Ranft 

model. Figures 5 and 6 show the exp~cted yields of negative 

pions at the bubble chamber. We choose to plot these yields 

in terms of the number of interacting protons needed to pro­

duce 100 pions at the bubble chamber for a beam with a nominal 

solid angle acceptance of 1.0 µsr and full momentum bite of 

0.1%. Note that the beam described here has a solid angle 

acceptance of 0.25 µsr. Zero degree production has been 
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assumed even though the nominal production angle viewed by 

the beam is 3.0 mr; with the use of a target magnet zero 

degrees could be reached. Decay losses have been included 

in all of the flux computations. 

We now consider the question of positive pion beams. 

Here the relevant quantity is the ratio of positive pions 

to protons as a function of bombarding proton energy and 

secondary particle momentum. This ratio is plotted in 

Figures 7 and 8 for 200 and 500 GeV incident protons res­

pectively. For a substantial range of positive pion momenta, 

beams of considerable pion content can be achieved which 

with Cerenkov detector tagging could be used in a bubble 

chamber. It may be practical to produce a positive pion 

beam with a lower proton contamination if sufficient negative 

pions from the neutrino decay tunnel could be targetted and 

used for the production of a positive pion beam. 

Figures 9 and 10 show the fraction of the hadron beams 

which will be composed of K~ and P at 200 and 500 GeV 

incident protons respectively. Even with mass tagging the 

study of bubble chamber interactions with these particles 

would seem very difficult in this beam if this production 

model is correct. 



Transfer Section - Neutrino Target to Hadron Beam Target 

_E_LE ME!i!'_ ______ L ENG T rl _____ X . _____ ANGLE_ ________________ _ 

--~1_0'1! FT ~. fil<J0 ...3.119, 0fl0l" -0_,_~70 :-ji,_9~!LN£.llI.RLN.D_lARGEI 
2 01ij('r 1337:-.,,-J~ 4147.4997 -1.2716 -t'l,900 DECAY TuNNEL 
3 DRIFT 0.0J0 ---------------~-- 481'5,9994 __ -1.8733 ____ -0.900_E_t'1J)__QLSHlEUL. __ _ 

---4-0RIFT ________ 22,021~~ 4626.9994 -1.8832 -0.900 
___ 5

6
_ 0D~ 11 ~TT _________ 2

1
0 •• ~~~ __________________ 4847. 9994 __ -1. 9i<'2L _____ •0. 9eH!l }:tUO!'LE.Ei.J1...DlfJllL ___ _ 

~ r ~~' 4858,4994 -1,9116 -0,900 
7 QJAD 3Q52 4. 33;• -4, 8Hll1' -3506. 97 3_2_,1~?~ __ 1il61.1644 -_1__._9139 -0. (j.[0"------------

--8-6il1f'T i.0:.i~---- 4863.8294 -1,9163 -0.900 
9 au AD ______ 3 Q 8 '1__ ____ 7. 2 ;>JZ _"'._ 4. 810_~_ - ~06. '2?_ __ 55. 31 ___ 4 8 6 7. 8 2 9 4 .. __ -: 1 · 919'L __ -0. 9 0 0. __________ -----

10 -D'dFT 31!l.kl0il' 4886.3294 -1.9366 -lil.900 
__ 11 Qi_•AD _______ ;308'!_ __ 7.01'10 _4,61~0 _____________ 3361o15 ___ 51!J,86 ______ 4904.82"94 _____ :-1·95.32 ____ :-_0,9~--"----------

12 DRIFT 1.~M 49~8.8294 -1.9568 -0,9"0 
13 O'. AD 3084 7, ~<lZ 4, 6Hl.~0------=3=3=6~1~.1~5~-~5Jl. .• 86 4912_, 8294 -1 ,<1~('4 -0_._.'!_~0 _______ _ 

--i4o~iFT ----1-.-00-0 4916.8295 -1.964kl -0,900 
__ 15 01JA0 ~084 _____ 7,000 ___ 4_.~H'l~ --------~361_.1_5 ____ 20.86 _____ 492Pl.8295 -1.9676 -Pl,900 _______________ J 

16 0 ~ IF f---- 3 0 , ;7J il ~ 4 9 3 9 • 3 2 9 4 -1 , 9 8 4 3 -0 • 9 0 0 
17 QUAD ~OB'!___ 7.01ilkl -<!,8100 -3506,97 55,37 4957,8295 -2.lHlil9 '."'71,91<10 .----- _____ _ 

~-18 Did FT 1.0ilil___ ------- -- ----4961,8294---:.2.:11045---..:~i:90rT· 

19 QUAD 3Q52 4.33? -4,8~0~ -3506,97 32.12 4964...._4_944 -z_,JH'o9 -0,9;3,..,,0 ________ _ 
--20Di;Trr 5.6~.o 4969,4595 -2.0114 -0,900 

21 B~ND 5-1, 5-24_0 __ 20, 0~0 _ _:_1_~~4]5 _ _:2_,_2!~______:1__~_2_,_~J! ___ 89__,9j. --~982, 2595 -2, Vl2~9_ -6._40VJ, ____ _ 
--22--·o~iF'T________ 35.440 5009,9791<1 -2.2003 -6.400 

-~L __ QB.IfI __________ ~__._~00 . .!i.0<?J..69fl6 -2 dU7 -L..1.0iL.H.A..OB.O.bl.....E.£MLJARG£.L .. 



15 Foot Bubble Chamber Beam - Hadron Target to 15 Foot Bubble Chamber 

___________ E:LEMENl _____ L_E:NHl:L __ F In...Q __ __BENO ____ CUR_f!~_T ___ f'.OlolE:..f! _______ ~ --~--- ___ ){ __________ ANGJ...L __ _ 

___________ --2.¥1.21_._(!99_2._ ___ -z_._313z_ __ "'.~ .• _4{il_LLAR.Gl:l_ ___ _ 

5177-.6991 -2.8237 -3.4iHl 
1 DRIF"T ___ --------- 0.000 

--2-DRIFT 300,21~0 
3 QlJAD ____ 3Q_(l_! __ 7. 0'10 -6.8500 5331.1983 - - - -· -3. 3456 -3. 4rl0 
4 DRIFT 1.52!<, 5335,4482 -3.3000 -3.400 

_ :-_15. 0475 _ :2 .• 5_0L_:J§_<!2__,1!_0 __ l~Jl __ ._3_2 ___ 5~4(i, t 982 ____ -3. 3966 ____ -8. 9<:e_ 
5356,9479 -3.4~~3 -8.900 

5 BEND --~-~·24_iil_ ___ 20.000 
6 Df.IJFT 1.5Je 

--~5~·~5~0_0 __ -~3~8~9~5~, ~8 "'~-~l.00~6~·~3=2 __ 2~_? ,_6 9 7 5 _____ .= 3 , :5 fl 7 9 _____ -:14 . 4 •W 
5378.4464 -3, 7427 -14.400 

7 B~ND 4·2-24Z 20.0~0 -15,0475 -0·--0R!FT ____ ---- 1:50[; ________ -

______ 4615_._2_0 ___ 95,69 ______ s~a2.69?9 ________ -3.~P:S9 -14.404 ____ _ 
5386,9455 -3.H651 -14.400 

9 Q 1jAD 3QB_4 ___ 7. iiHlil 6. 331illil 
10 -DRIFT 1.50l 

-_5_._50gi __ -3_~95 ·?fi ____ 89. 9L ____ 53 97. 694 3 -4. ,J 1'19 -19. 900 
54.J8.4422 - -4.2338 --{9,900 ------------------

11 B~ND 5:-_1_.5-24~-- 20,300 :-15.~_~75 
12 DRIFT 1.5U 
13 tFND __ 5::1!.!j-_2_'.13' ____ 20.<l;Jf' 
14 D'ilFT 1.5'.l<l 

-15,04'75_-=2_,_5_1'1_0~9-'L._~-~----8_~.~9~1 __ 5<19.19n __ -4.447tl ___ -:-2?,40J_l _______ _ 
5429.9367 -4.72"8- -25.4®12' . 
544~.68:14 __ -4,9938 ~30.n0_ 

5/4S.5377 •14.4168 -30.900 
15 BFND 5-1.5-240 20.3J0 
16 Di<JFT 590.~rne· 

6e4~.3945 -2s:6~~3 -30.9£0 
H5~. 389tl -23. 9942 -30. Qei<i HaRTro-NTAL ·si.:1_r_ 

17 DRIFT_____ 10.0210 
18 DFIFT 10.000 

------------------------ ---- ______ 6 v 9 2 '8 719 _____ -25. 15 28 - ---- .-3 <J. 9 ~0 -----
6130. 3542 -26.3113 -30,900 VERTICAL SLIT 

19 D-<IFT 65,'100 
·--2-0 Df'IFT ---i0.000 

63.5.'.2585 -32,<!9/,3 -3'.:,9M,~ -------------~ 
65J5.16~7 -38.8238 -25.400 

21 OR !FT 390. 0'10 
22 ·srnD -·-5.:.1.s-:..-240 20.lil0•~ -~f.500 15:ci475 3895.80 89.91 

6045,9073 -39.f'l968 -25.400_ - --------------
6~56.654<) -39.3698 -19.90'-l-

23 O!dFT 1.5"1<: 
24 BEND 5-1;5-243 -20,0~0 89.91 15.0475 5,500 

-- ---- 6 56 7. 4 <:' l._'2_ ___ -3 9. 5ti3 8 ___ - -l,.9_. 9 0_0 ---------
102. 67 6571.6510 -39.6633 -19.9B0 

25 or !FT 1.500 
26 -- a:.::t.:o _____ 3oa4 7. JJ0 4775.60 

6:0 75. 91~1 -39, 7529 -19. 9>H~ ______________ _ 
65d6,6479 -~9.966b -14.400 

27 Of'IFT 1.:>..1>' 
26 BEND 5-i,5-24a 20.000 15.0475 3895.80 89. 91 

6 5 9 7 • 3 96 9 - 4 0 • 1216 -14 . 4 0 fl - -- -- -- --
66~8.1458 -40.?764 -0,90~ 

29 O'dF'T 1.502 
·- 30 BEND 5-1,5-240 20,A00 - 5. 500 15,04/5 3895.80 89.91 

---- --- ____ 6618.89!:i5 _-40.372l -6.9112, _________ _ 
15.0475 --- 5;500 --3995--;-90- 108.32 6620,6450 -40.4677 -3.400 

31 D«IFT 1.5'1l 
32 BLND- -- 4.:;2-240 ___ ;?;j. 0il0 
33 o;. !FT 1. 5i12 6640.3950 -40.5043 -3.400 
34- QUAD 3Q52 4,33•' -4761.02 59.21 6643.312l0 -4~.5142 -3.400 
3 5 DR I FT 1 , 5 a!' 6646,2250 -40.5~41 -3.402l 
36 :)LAD 3Q52___ 4. 33~ -6.5300 -4761.02 59.21 6649,1399 -4J.~340 -3.400 
37 DRIFT 119.200 671~.9046 -a~.1•~0 -3.•~r 
38 - Q1 AD --3084 ____ 7. 000 - . 5, 7400 4185.03 78.85 6774,0042 -4~.9?86 -3.400 

6778,2542 -40,97~0 -3.400 
6781.1692 -4~.9829 -3.400 

I 39 O«IFT 1.5J0 
r-- 40 QuAD 3Q5i 4, 3,W 4185.03 5. 74?1!' 45.75 

• 



15 Foot Bubble Chamber Beam - Hadron Target to 15 Foot Bubble Chamber 

continued 

Jl _ _ _ ___AN GL£ _____ -· ___ ·----- ---·-·· _ 

41 ___ _[)R IF T _________ 1llJ.Ill011J __ -------------------- _____ --· __ 6 7 88, 3341 _____ ': 4 l• llJQI ?3 __ ---~3. 4 0.[L lillfU lOll LAL SLH_ 
42 Df'IF"T 120,[11011J 6653.3337 -41.2203 -3.400 
43 DRIF'T .1JL,"-11l0 ..2.l.B..-33.34____-,_41_,.44.'};L -3 •. HJLV(RTICA1 SI II 

--4-4 'DR!F'T 147,JV.W. 6990,9829 -41.7107 -3.400 
_.<1_2_8[ND 5-1,5-240 211J.~00. 15,0475 5,511Jl1l 3895.80 89,91,_ 7~·80,6324. . ·42,0011 2-1110 

46 Di<IF'T-- ---- ------- 1.'?IV\ - - ------------------- -------- . -----:1091,3824·------41.9785 _____ 2.100 

4 7 _ BE i-;D --~:!,__.5_-2 4_') __ 2 0. 0 '1 :i ___ l 5 ... @4?2__ ____ 5. 5<)0 __ _3]9 5,]<J ____ e9 .'H ___ J l 0 2 .13 2 4 --- -41, 9 560 _____ 7. 6 "lL_ ---·----- ·----- -·--····-
- 48 --Dh !F'T 1. 5i:l<1 7112. 8821 ·41. 8743 7, 611Jlll 

49 8E ND 5-1.5-24~ 211. il:cHl 15, 0475 5, 5'11'1 3895, 80 e2-...2L ___ ]:!.2,l, 6319 ___ :'.'41,192~ _ ____13 ,1.f:l.!L__ _________ _ 
--50-oR!F'T-----------i.50>:--·- 71J4,3Bt~ -41.6517 13.HJrcJ 

51 ~3' ND __ 5:-1•5-2_'\D __ 211J, Vl<J;J . 15. 04_75 __ _2 ,_50111 __ 38_9_2_, fl_Q _____ 89, 91_ _____ 7;14"> .133;> -41, SH 9 _____ 18. 60~-- .. _______________ _ 
52 -D~IFT i.5ftlb____ 71.55.8784 -41.3110 18.6'1i!l 
53 _BEND __ 5:_1,5-~_'!1:) ___ 20.flill~ ___ 15,0475 ___ _;;_,511l111 _____ 3~'15•_fl.11l __ 89,91 ___ 7166.6265 __ -41,1110 ______ 24.lkl0 ---------------
54 Oi'<IF'T 1.">0i 7177.3735 -410.852il 24.100 
55 BEND 5-1.5-240 20.~00 15.0475 5 500 3892....80 6.h21 716~ .• 12H ____ -4'1,;i929 _____ z9.()~E_ __________ _ 

-56--ofi!F'i' ____________ i.s0.i ____ ---- 712g,8657· -4il.2748 29.600 

57 (Jl1 AD .. ---- _:3Q8__4 ____ 7. ;"~( ______ 6, 6;?1110 ________ 41!2~ ,_6__4 ___ _104. ee. ___ 72J3 .1139 -41il .14Ye 29. 6i:;~--
56 Dk!FT 1.500 720J7,3621 -41l.02:l2 29.600 
59 8E ND _ 5_-1. 5-:?4 ~---20, 0<l~ ____ 15. 04 75 ____ 5_,!Hl0 _____ 3895, .8'1:_____ 89. 91 ________ 7 21B.10 7 4 .. _ • 39. ?J:>l 35. l00 _______________ _ 
60 Df'IF'T i,5;i,; 7228.85'~7 -39.3276 35.Hle 
61 BE_"JD 4-2-240 20.-~~0 15.~475 s,50:ii 3895.sa ___ 1.11a .. 32 7232 .. 5'!12____-:3d,-t~2f> ___ .4f1.60,,_e ___________ _ 

--620Rfff i~ 5M~---- 7250, 3354 -38. 5142 40. b01' 
63 srnD 4-_2-2<\'1 ___ 20.ll<ifll _15.0_47~ _______ 5_,5~---3695~§kl __ 10a,3:?. _____ ?<:'6t,e7bo -:16,!J779 46.J.00 _ 

--64 DPIFT -1.s0e 1211.e1s2 -37.?8~5 46.Hl0 
65 OL:AD _ 3(;15..f. ____ 4, 33r __ -:_6_,_4J,~0_______ -4673, 53 . 57, 05 7274. 7272 -37. 4482 46·1~7> ______ . ______________________ _ 
66 DKJF'T 1.5'30 ------------- -------7277,6391 -37.3U8 46.100 
67 0L1AD 3052 4, 33>< -6, 4111Jfl -4673, 53 57 ,05 7?,_80, 551''.1 ___ ::37, '.1.195 ____ '!6 ,l."-"kl __________ _ 

--u-51:nrr 1ii(000 ns7,6233 -33.1626 46.1021 
69 DRIF'T 121.0021 7457,5277 _____ :-<;9,~151 __ 46.l(J;;l _____________ _ 
70--0R.IFT l0."1'10 -- 7467,5171 -28.5543 46.10'1 HOR!lONTAL SLIT 
71 ORIF'T 1111.0~0 --------------------·----------·-7477,5~65 __ -28.ll935 __ 46.Ht;J V£RI.U:AL . .S.L1I ------------

···72·· OHIFT. 23,000 7493.9889 -27.33.11 46,1ftl0 
~_7,3 __ 0fl_IEJ 90. 0<10 7-P.~ti ,3]58 ____ -22. 4252 ___ ~6 .11110_ 

74 QLAD 3U:i2 4,SSl'---.:.5,2400 -3820,48 38.13 7697.4.H6 -17.9475 46.t~:J 

---; ~ -~: ! ~ T -----3()52 ___ ! : ~ ~ ~ .. -.:-5~2-,fo 0 -3 8 2 lil :4 S--35-;-·13--- ; ~ ~ ~ : ~: ~ ~ ---~ g : g ~ ~---- : ~ : i ~ ~--·---------- ---~ 
77 DP!F'T 511J.JJ0 ----------····-··· 773~.3976 -16.4?7f'l 46.Hli<l 
70 OL·AD . 3084 7,0Jl:l 5,12l'l>l 3732,99 62.74 775~.8673 -J.5.11-16 46.Hll'.l 
79 DRIFT •50.~~~ 787.3370 -13.sr02 46.110 DISC FITS IN HERE 

.--.-8~--o,_,:Ao 3052 4-~:i:ii--6-. 8000 4957. as 64. 2111 7~14~4132---::.12. 54ci4 46-.101J 
81 D'<JFT__________ 1,':>JI; _ __ _ _________________ 7817,36'hl _ .:-12.4l4i:l ______ 46.),::11<) ___________________________ _ 
82. Q1;AD 3Q5;,? 4 .. 130 -6,8'100-- - ---lf9'57.88 64.20 7e20.2971l -)2.2797 46.101>1 
83 D'<IFT _____ . ______ 1. 5~C ·---------· __ _______ _ _____ 7823,;?kS~ ... _ -12.1454 ____ 46.llll~----------·----------·-
84 o,:AD 3Q84 7,l<l<l~ 6,811JllJ0 4957.88 110,66 7827,454S -11.94<;5 46,HJIZ 

. 85 DRIFT 50.~<JVJ ________ .?l:l55,924111 ____ -1r;;i.6361 .. ___ 416.t/i:.ti' .. ______ . ____ _ 
~6---0L AD 30?2 -4:-~:s:,---:5-;-95~0 -4265. 23 4 7. 52 7 883. 06fl2 -9. Jil43 46 .i 00 

8 7 D !< I F'T 1. 5 >.l ~ _ ____ __ _ __ 7 8 8 5 • Q 7 2 ;i . - 9 • 2 4 9 9 4 6 • 10 7 
86 Q1.·AD ;rn':>t 4, 33. -:; , IJ5Qll() -4265, 23 47 .·52 78~8. 8840 -9.t1.56 46 .10V.• 

f--- 89 DR !FT 1. 5~f1 78Y1. 7959 -8, v813 46 .100 ·--------------.. --_:90-·ciuAD · ------3(l52 _____ 4.33'1 -5,8511J0-·-------426s:23____ 47.52 7894,H\78 -B.8469 46.H10 
91 DR!F'T 
92 DRIFT 

175.Ml~ 
0,kl:tHl 

7984,2775 
8iii7t.6645 

-4.7148 46. HJ~ 
-0.6925 46.100 15 ~T B~BBLE CHAMBER 

• 

0 
0 
1:::1 
ct 
• 



30" Bubble Chamber Beam - Hadron Target to 30" Bubble Chamber 

t-------· EL E MEN L ___ L E fl: G I_:i_ __ FlE L Q_ ____ sE_;_N_D __ _r;_l_!F B_EJ~.L __ fQl!rn__ ---- _r - L _________ ~NG[,,_[ _________ ---- -

1 DRIFT 0,011!0 51Z'27 • .{><:i99 -_2.3t:3Z -3.40?i:I.A.Rli.LL ____ _ 
-2----0fiiFT 300:000_________ 5177.6991 -2.8237 -3.4l'.W 
---~ __ _9UAO 3Q84 Z_!~-~~-_-_§__.~5eJ~ -4994. 33 _1_1_2_._2~ ___ 533;1.1983 __ -3. 345q _____ -3, 40:~---------

4 DRIFT 1.500 5335.4482 -3.3660 -3.400 . 
5 BEMO 4-2-240 20.0011! -15.0475 -5.500 -3895.8~ _ _____1.@__8,32· ___ 5:~46._1982 _____ -:-3.3966 ______ -8.9£0 _______________ _ 

--6--mnn---·-·-------.-----1.500·------ - · - ----------- 5.;56,9479 -3.4923 -a.900 

7 BEND 4-2-240 20.000 -15.0475 -5.500 -3895.80 11218.32 5367.6?Z5 _______ -3.SB79 _____ -:14.4~1;;i --a----DR !Ff_______ ·------T ;50_0 _____ . - - 53 78. 4464 -3. 7427 -14. 41210 

9 QUAD 3Q84 7, 000 ___ 6_. 3300 4615. 20 9?~-~_? ____ 5.38?,, 6959 -3. 87 39 -14. 4f::3 ______________ _ 
--10··--DRiFT __________ -1.::ilil~~ 5.306.945~ -3.~6:51 -14.400 

11. BENO 5-1.5-240 20.C100 -15.0'l75 -5.%0 -38'15.60 89,91 5397.6943 _____ -4.0199 -19.900 
---12--tiRIFl' _____ -- ------ 1. 500 ________ --- --------------·-··------------- ·---54.08. 4422 -4. 2338 -19. 900 

13 BEND 5-1.5-240 20.000 -15.0475 -5.500 -3a95,g0 _ ___§_9.91 5419.19'~2._ __ -1.~4?d _____ -25,4~iJ _______ _ 
14 DRIFT-----------i.5-0Q;-· -- -·-------- 5~29.9367 -4.72'18 -25.40l1 
15 BrND 5-1.5-240 20.~~fMil -15,0475 -5,51211ZJ -38~_2.80 ____ _Jl_9,_9J _____ !2440.6834 _____ -:4.9938 ___ -30.900 _____________ _ 

---16 DRIFT ____ ----·--600.000---c---·-- --- ----- - 5750.5354 -14.5712 -3~.%;0 

L_17 D F\ IF T 10. 0 0 0 _____ . -----·- ·------- -- ----- 6 V' 5 5. 3 8 9 7 -- -- . -2 3. 9 9 4 2 ______ -:-3 0. 9 0 0 _):i_QB_liQ_f'lJ_Aj,. ...SLlL __ _ 
' 18 srno 5--r;5.:24ca··- 20.0i/Jei -8.2078 -3,000 -2124,99 26.75 6v70.3B26 -24.4576 -33.%J 

19 OR l FT 4 5 • 0~111 _______ _Q :J.0 2 , 8 6 3 9 ____ ..:-2 5. 5 59_2 ___ : 3 3, 9 0 "------------
-20 ___ DR J FT _______________ 10. 000-- 613~.34Al -26.4912 -33.9kl0 VERTICAL SLIT 

21 DR l FT 375. 12100 _______ 6322. 7375 -33. 3157 -33, 9J¥J _______ _ 
-2-2------0-rf 1 ~ r -- --- ---25. e ez ·-··----···----·- 6? 2 2. 6 2 2 6 -39. 19 4 4 -33. 9ei ~' 

. 23 DRIFT 25, lilel0 --------------------- ____ 9547 ,6082 ____ -40. 641? ____ ,_.33 .90~-------------·· 
,---24 -ORIFT-------------25,000 -- 6572.5939 -41.4691 -33.9k:l0 

-25 DRIFT H'l.0M - _____ 9590.0838 ___ -_42,0822.__ _ ___:-33.90_'3 
--26-·DR!Ff --0.000 6<:-95.08Hi -42.2517 -33.900 

27 QUAD 3Q84 7, 000 ____ _2. 7700 ____ '" ___ 12~6_._r;J_:J, 79, 68 65 911. 5 7 9 0 -42. 3 713 -33. 9e: 0 
--28 DRIFT ________ - 45.000 662.;,5640 -43.2:5.15 -33.900 

29 QUAD ______ 3Q84 7.00Rl ___ :_5!9300 _______ .:_43_23.56 ___ 84,J.6_ __ 6650.5491 -44.1328 -33.902 
30 DRIFT 500.000 6903,903:5 -52.7247 -33.9l110 
31 Df-<IFT 10.000 ----------·- 7:1.59.7569 -61,36-75 -33.9;'li1JIE.RTLC.A.!.._5LIT 
32 OR!Ft f,50~ 7164,5036 -61.5624 -33.900 
33 QUAD 3Q52 4. 330 6. 0000_ __________ i3_J4_!.?12l ___ --~9 ._99~ ____ 7167. 41')9 -61. 6612 -33. 900 

~. 3 4 . - DR IF T - - -- ------- 5 4 • 2 ~ 0- 7196 • 6 6 51 -6 2 • 6 5 31 - 3 3 • 9 0 0 

35 DRIFT 1fil.0;i:Jill 7226.746i -63.7411 ___ -33.9Vl0_1:i_OR!_7!0J'HAL SLLT ___ _ 
36 DR !FT ______ ---- 278. 500 -- -- - -- - -- ----- ------- ·-··--· --------73 72. 9139 ____ -68. 63<'1 2 -33. 900 

3 7 BEND 5 -1. 5 ~ 2 4 0 2 0 , 0 ;i:J 0 9 • 3 0 21 . . 3 , 412J 0 2 4 0 8 , 3 2 . 3 4 ...M 7 5 2 2 • 0 7 8 l_ - 7 3 • 'S i3 8 8 _ __ -:- 3 0 , 5 i6 0 __ _ --·39 OR !FT ------- - .. ---- 1. '502______ - ---- -- -------- ---- - - -- - ------7'.S32. 8231 ---74, 0166 -30. 50'.ii 

39 QUAD ____ 3QB4 7.000 _:-6•0000 ________ -4374,6~ _____ 86,16 ___ 7537,(!i711 -74.1462 -30.%0 
-40 DRIFT 75.00~ 7578.0521 -7,.3965 -30.500 
41 DRIFT 75,00!/I 765:L0172 -77.6837 _ -3V.50fll 
42 -QLJAD -----3084 _____ 7. 000- --3-;--860~--- -------28i4. 33 35. 66 7693. 99'H -----78. 9340-- -30. t;~0 

__ 4_3 __ D_c.R !FT l _ _,_2__0>2_______ 69.8. 2462 ___ -::_79 ,_.06 . .36 ___ -30, 5.0fi ________ _ 
44 BEND 5-1.5-240 20.000 15,0475 5,500 3895.80 89,91 7708.9912 •79.3914 -25.000 
45 DBJfT 57_~_. 200_______________ _ ______ __6J?J06. 99~0 ____ -_86_, fHlL_ __ -25, QIJ.10 ______ _ 
46 DRIFT 0.·000 8295,0080 -94,0448 -25.000 30 INC~ HBC 
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