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The instrumentation needed to implement the tuning 

and control of the neutrino area hadron beams specified 

in TM-285 are described. For convenience we choose to 

consider the hadron beam complex as composed of three 

separate units. The first, Beam N7, is the transport 

section from the end of the hadron shield to the hadron 

beam target approximately 200 feet downstream. The second, 

Beam N3, transports particles from this target to the 

ANL 30" bubble chamber. The third, Beam NS, has a target 

and front end in common with Beam N3 but diverges from it 

near the first focus and continues to the NAL 15 foot 

bubble chamber. 

The initial goal for each of these beams is to pro-

duce a controlled number of particles to the bubble 

chamber of well defined purity. A possible later develop-

ment is the correlation of particle mass and trajectory 

position in the bubble chamber on a particle by particle 
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basis. For each of these three beams we first state what 

control functions are needed to meet these ends and then 

how we believe they should be accomplished. 

We expect a control loop will be required to keep the 

beam images on the appropriate slits. This we will accomplish 

with a vernier magnet upstream of the slit and a proportional 

wire chamber (PWC) at the slit whose output is monitored by 

the beam control computer and an appropriate correction 

signal sent to the vernier magnet. This triplet of devices, 

vernier, proportional wire chamber and slit will be one of 

our basic instrumentation packages. 

INSTRUMENTS 

We describe the individual instruments needed for 

these beams. 

Collimator (C) These will be used to control intensities 

and should have jaws which are movable in either the vertical 

or horizontal plane but not both; i.e., in a given location 

we never collimate simultaneously in both planes. A length 

of ten feet would be adequate. This length of iron insures 

that muons near the beam momentum passing through the jaws 

will lose sufficient energy to place them outside of the 

beam acceptance. It is desirable to be able to control the 

aperture remotely. 

SWIC This is a segmented wire ionization chamber 1 and is 

used to determine image profiles where rates greater than 

1F. Hornstra and J. R. Simanton, Nuclear Instruments and 
Methods, ?..]_, 303 (1969). 
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10 6 particles per second are encountered. Because of the 

short spill nature of this beam (- 10- 4 sec.) intensities 

greater than 10 3/pulse but less than 10 6/pulse may require 

redesign of standard instrumentation. 

Wire Chamber (PWC) Here we ref er to a high resolution wire 

proportional chamber described in FN-222. They will be used 

to determine image profiles where rates are 10 6 particles per 

second or less. Coincidences may be made between two such 

devices, one in the horizontal and one in the vertical plane, 

to give a two dimensional beam distribution. More often 

just a profile projection in either the horizontal or vertical 

plane will suffice. 

Vernier Magnets (V) These will be used to steer the beam. 

They are described in EN-7027 and will deflect a 500 GeV/c 

particle by 0.18 mr. When possible a horizontal bending 

magnet will also be used as a vernier magnet. We now consider 

each of the three beams. 

BEAM N7 

Particles entering this beam from the neutrino decay 

tunnel are nearly parallel and will be focused on a hadron 

production target as shown in Fig. 1. We must be able to 

control the number of interactions in our target over a very 

wide range of incident beam intensities from the target box. 

This allows the bubble chambers to operate over the widest 

possible targeting conditions in the box. Slits controlling 

the horizontal and vertical apertures will be located as 

indicated in Fig. 1 and Table 1. The apertures of these 



-4- TM-298 
2254.000 

slits should be controllable remotely from the beam control 

center. Intensities transmitted to the bubble chamber will 

also be controlled by the target thickness, therefore we 

should have the ability to change the target length and 

material easily and quickly. Profile indicators, in this 

case both a SWIC and a proportional wire chamber, would 

be located just upstream of the hadron target and would be 

needed in both the horizontal and vertical planes. To keep 

the beam centered on the target a vertical vernier magnet is 

located just before the last two quadrupole magnets. The 

last bending magnet also serves as a horizontal vernier. 

These two verniers should form a closed loop, either through 

the control computer or hard wired, to keep the beam image 

centered on the target. A three scintillator telescope 

viewing the target at 90° monitors the interaction rate in 

the target. A detector should also be placed at the exit of 

the neutrino shield to monitor the number of particles enter-

ing the Beam N7 channel. This detector could be a scintillator 

capable of operating in either a pulse mode counting individual 

particles or in an integrating mode for high flux rates. A 

removable plastic scintillation counter will also be placed 

just before the target to provide a fast trigger for low beam 

intensity operation. Table 2 gives a complete listing with 

position of each of the beam components for this beam. 

Both Beam N3 and NS use the target at the end of Beam 

N7 as their source. 

BEAM N3 

Beam N3 has its acceptance defined by horizontal and 
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vertical collimators near the first quadrupole doublet in 

Enclosure 101. These are indicated in Fig. 2 and Table 3. 

A vertical vernier magnet at the end of this enclosure 

insures that the beam is properly steered onto the vertical 

focus in Enclosure 103. A collimator at the horizontal 

focus, FlH' defines the momentum bite. The bending magnet 

which separates Beam N3 from Beam NS is also used to steer 

each beam onto the next enclosure. Both a horizontal and a 

vertical profile monitor (PWC) will be needed just before 

the first momentum slit to provide a two dimensional profile 

at this point. A second vertical profile monitor will be 

needed just before the vertical focus to insure that the 

beam is centered on the collimator. A collimator at the 

vertical focus redefines the target's vertical extent. 

Because of the great distance between Enclosures 101 and 

105, a vertical vernier magnet is required at the end of 

Enclosure 103. 

Vertical and horizontal vernier magnets in Enclosure 

105 provide a means for steering onto F2V and F2H. 

Between Enclosure 105 and Enclosure 108 will be a pair 

of differential threshold Cerenkov counters which could be 

used in conjunction with wire proportional chambers before 

the bubble chamber to tag the mass and position of the entering 

particles. Appendix A describes these counters. Enclosure 

108 contains a PWC and collimator acting in the vertical plane. 

The equivalent instrumentation in the horizontal plane is 

contained in Enclosure 110. Two additional pairs of pro-

portional wire chambers could be put in after the last 
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bending magnet and just before the bubble chamber. These 

would be the wire chambers whose output is recorded on magnetic 

tape with the Cerenkov counter information and is capable of 

being correlated with the tracks in the chamber to provide 

mass and incident angle tagging. Located strategically 

throughout the beam are scintillation counters which will 

provide fast coincidence signals for beam diagnostics. 

Table 4 gives the detailed positions of the components of 

this beam. Also indicated in Table 4 is a position for a 

vertical fast kicker magnet which we would use to deflect 

the beam onto a vertical slit after the desired number of 

tracks have traversed the beam. The magnet would need to 

produce an integral field of one kilogauss-meter within 

1 µsec of being triggered. 

BEAM NS 

Beam NS uses the same instrumentation as Beam N3 up 

through the bending magnets which separate them. Immediately 

following these bending magnets is a vertical PWC followed 

by a vertical collimator to define the target image. The 

PWC insures that the beam is centered on the collimator and 

checks for any image of extraneous material around the target. 

The final item in Enclosure 103 is a vertical vernier dipole. 

All three of these may be shared with Beam N3. The bending 

magnet dividing Beams N3 and NS and the vertical vernier 

dipole are used to steer the beam onto Enclosure 105. 

The bending magnets of Enclosure 105 are used as the 

horizontal vernier to steer the beam onto the second momentum 
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slit in Enclosure 106. After the last quadrupole in Enclosure 

105 is a vertical vernier dipole to steer the beam onto the 

vertical collimator in Enclosure 107. At the end of Enclosure 

105 is the best location for a vertical kicker dipole magnet 

(K ) which would be used to dump the beam onto the vertical v 

collimator in Enclosure 107 when a preset number of particles 

have passed through a scintillation counter Sk just in front 

of the kicker. Again 1 kilogauss-meter within 1 µsec of 

being triggered would be sufficient. 

Immediately after the field lens quadrupole in 

Enclosure 106 will be a horizontal profile monitor (PWC) 

to check on the effectiveness of the previous collimator 

and to see that the beam is centered on the following 

collimator. This second momentum collimator could be used 

to define the beam momentum somewhat more accurately than 

the first alone. 

Enclosure 107 again contains the doublet of PWC and 

collimator - here acting in the vertical plane. 

The bending magnets of Enclosure 109 are used as a 

horizontal vernier to steer the beam onto the clean-up 

collimator in Enclosure 111. At the end of Enclosure 109 

is a vertical vernier dipole to steer the beam onto the 

collimator in Enclosure 111. 

Enclosure 111 contains horizontal and vertical profile 

monitors (PWC), followed by horizontal and vertical collimators. 

Enclosure 113 contains a parallel section of the beam 

where we may put a DISC Cerenkov counter if that seems 

justified by early work in the N3 beam. 
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Finally in Enclosure 115 are horizontal and vertical 

vernier dipoles to steer the beam into the bubble chamber. 

These could be followed by horizontal and vertical proportional 

chambers which, in combination with horizontal and vertical 

proportional chambers near the bubble chamber, would be used to 

tag both the incident direction and entrance position of each 

particle as it enters the chamber. This could be correlated 

with the signal from the Cerenkov counter to identify each 

particle's mass. All of this information could be recorded 

on magnetic tape for each particle entering the bubble 

chamber. 

PRIORITIES 

What has been described is a set of instrumentation to 

tune, control and monitor these beams as well as provide 

mass tagging of tracks at the entrance of the bubble chamber. 

This program will require a substantial allocation of manpower 

and money and must be considered a developmental effort which 

will require an extended period of time to bring to full 

fruition. To insure that an increasing amount of physics 

can be accomplished at any given time we must specify a 

set of instrumentation priorities. We consider here only 

the beam to the ANL 30 inch bubble chamber. 

First Priority A controlled beam to the bubble chamber of 

known purity. 

1. Beam N7 and its controls operational and providing 

particles on the hadron target. 

2. Beam N3 operational with necessary controls to 

stabilize images on slits. 
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3. The Cerenkov counters operational to provide beam 

purity information. 

4. Scintillators ahead of the bubble chamber. 

5. A fast kicker magnet to limit the number of tracks 

in the bubble chamber. 

Second Priority Incident particle tagging. 

1. Wire proportional chambers immediately before the 

bubble chamber and correlated with chambers at E 114. 

2. Data collection system to record on a particle 

by particle basis the position of the incident particles 

at the bubble chamber and several hundred feet upstream 

and the response of the Cerenkov counters. Magnetic tape 

output will be correlated with the picture number. 

3. A proportional chamber at the momentum slit to 

tag the incident momentum when the beam optics are set to 

accept a wide momentum bite. 



Location 

Exit of neutrino shield 

After center element of 
triplet 

After horizontal collimator 

Before last two quadrupoles 

Last bending magnet 

Before hadron target 

Beside hadron target 

Closed Control Loops 
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TABLE 1 Beam N7 Instrumentation 

Device 

Scintillator to cover hole in 
shield. Must have large dynamic 
range. 

Horizontal collimator 

Vertical collimator 

Vertical vernier 

Last bending magnet 

Profile monitors in both 
planes. Both wire chambers 
and swrc. Plastic scintillator 

Three scintillator telescope 
mounted at 90° to target axis. 

1. Vertical vernier and vertical profile monitors at target. 

TM-298 
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Purpose 

Monitor beam from neutrino 
decay tunnel. 

Control horizontal acceptance 

Control vertical acceptance 

Steer beam onto target 

Magnet will also act as 
vernier to keep beam on 
target. 

Monitor beam profile, intensity 
and position at target. 

Monitor interaction rate in 
target. 

2. Horizontal vernier (last bending magnet) and horizontal profile monitor at target. 
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0 R I F T 1. 0 '.-' 0 . _ __ _____ __ ____ _ _ _____ _ 5 016 • 19fl8 - 2 , 2 4 ;;, 1 - 6 • 4 t:' 0 _ _ __________ _ 
REND 5-1;5~i20 10.0/0 0.002121 0,000 0.00 121.00 5021.6987 -2.27~3 -6,400 TARGET MAGNET 

29 
37' 

nii I FT ________________ 1. 0Clei --·--- 5027 .1986 ___ :::-2 ._31:,'.5 ____ ::_6 !~0<'~ 31 - ---
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Location 

Enclosure 101 

Before first quadrupole 

After second quadrupole 

After last bending magnet 

Enclosure 103 

Just before FlH 

Just after FlH 

Just before FlV 

At FlV 

Just after FlV 

Enclosure 105 

After quadrupole of 
Enclosure 105 

Between Enclosure 105 and 108 

Enclosure 108 

Just before F 2V 

At F 2V 

Enclosure 110 

Just before F 2H 

At F 2H 
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TABLE 3 Beam N3 Instrumentation 

Device 

Vertical collimator 

Horizontal collimator 

Vertical vernier 

Correlated horizontal and 
vertical PWC 

Horizontal collimator and 
plastic scintillator 

Bending magnet separating 
N3-N5 beams 

Vertical PWC 

Vertical collimator 

Vertical vernier 

Horizontal and vertical 
vernier magnets 

Threshold Cerenkov counters 

Vertical PWC 

Vertical collimator 

Horizontal PWC 

Horizontal collimator 

TM-298 
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Purpose 

Determines vertical acceptance 

Determines horizontal acceptance 

Steer beam vertically 

Determines beam profile 

Determines momentum bite 

Steer onto next horizontal 
collimator 

Determine vertical profile 

Redefine target image 

Steer onto next enclosure 

Steer onto next horizontal 
and vertical collimators 

Mass identification of 
particles 

Determine vertical profile 

Redefine target image 

Determine horizontal profile 

Redefine momentum bite 



Enclosure 114 

After last bending magnet 

Before bubble chamber 

At Enclosure 114 and just 
before bubble chamber 

Closed Control Loops 
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TABLE 3 Continued 

Horizontal and vertical 
proportional chambers 

Horizontal and vertical 
proportional chambers 

Scintillation counters 

TM-298 
2254.000 

Determine particle angle and 

position at chamber to correlate 

with mass determination in 

Cerenkov counter. 

Provide fast coincidence signals 

1. Vertical vernier magnet of Enclosure 101 and vertical PWC of Enclosure 103. 

2. Horizontal vernier of Enclosure 105 and horizontal PWC of Enclosure 110. 

3. Vertical vernier of Enclosure 105 and vertical PWC of Enclosure 108. 

4. Pitching magnet of Enclosure 112 and vertical PWC of Enclosure 114. 

5. Bending magnet of Enclosure 112 and horizontal PWC of Enclosure 114. 
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() 

·~ \) ELEMENT LE~GTH FIELD BEND CURRENT POWER l x Ai,GLE 
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~ 
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~ 
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'\. 15 QPIFT 10, vW0 53fl5,7949 -3,9245 -14.400 H COLLIMATOR 
~ ~ \) 16 OfdFT 1,500 ')391.5443 -4.0073 -14,400 
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19 Et '.O 5-1,5-242' ('(1. 0;~0 -15,0475 -5.500 -3895,80 !19' 91 54?.3.7i190 .. -4.5S99 -25,4[;0 
2 v; DRIFT 1.sz;.1 5434,5356 -4.8629 -25,4V0 ~ 
?1 fie: ':o 5-1.5-240 20.0:1t~ -15.0475 -5,500 -3895,80 89,91 5445.2822 -5.1359 -32'. 9l'Z 

\.) 

?2 ~rnIFT 1. 50'1 5456,0271 -?.4681 -30.9~0 SC!"JT!LLATOR 
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< 32 DRIFT 34. 75.-J MJ98,4425 -?5.4094 -:~3. 9f'0 
<l) 
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<" .~ J Df1 I FT Hl,000 6120.6046 -26.1677 -33.900 VERT I CAL SLIT 
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~132 
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1TI~~ n2 O"IFT 

723 5 _r:,-'3"--_r_1 "-· r~.i:-_r __ 
7 S"C.-9 ..:.6:-4 __ n_r,_.r..;.f--'T __ 

65 Q.,JFT 
66 8[ \'.J 
67 Dfi!FT 

RE'·'.J 
D>< I FT 

68 0 
69 

~ ~ n so_r,o 
ID ' 71 DR l FT 

72 8[1.J 
73 DfilP 75 c;;9_7_4 __ a_• ;_,;_c_ 

7 & 7 ~ _,,1,..? __ i"i_f. _! __ F _T 
1

' ..J 7 6 LJC·: l F. T 
77 'JR!FT 

·J 78 QL1M) 
79 QR!FT 

i) ~-- 80 RE'JO 

~ ~ ~~ ~~ ,I,~T 
8J ORirt 
'.)4 DRJ>T 
85 DRI'T 

7 7Z/~8-6 -:J-f<-[ F~-T-

87 Di-<JFT 
98 DfdFT 
89 DRIFT 
9'l OR!FT 

91 .DRIFT 

5-1.5-120 

5-1.5-1?3 

5-1.5-1?0 

3:112121 

401?0 
·- --

5-1. 5-120 

5-1.5-120 

0. 0v1 v1 
1e. 000 
48. ilil0 

0,<JUJ 
e'. 000 

12.0?0 
277,<J(<W 

~~. 2 5'1 
,1121.0rrn 

:t,5il0 
10.000 

1. 5110 
10. 000 
1. 500 

10. 0fl0 
1. 5f~;J 

10,0J0 
1Y.8,U0 
H. ;;:;w 
:t. 5 ~;, 

10,M'.0 
1. 5?0 

H'I ,030 
1. 5vl{'J 

1;;:, 0 cji.) 

~.z~~'~ 
0. V.hHJ 

554. 4'.<)0 
0. 0il<;; 
0. 0 ;10 
3,000 

20. 0iJ0 

FIELD BENO CURRENT 

0,000 

-5.86?0 -4273,98 

9,3021 1. 700 

9.3021 1.700 

9.3021 

-5.2000 

301,78 

15.0476 2,750 1691.35 

15.0476 2.753 

POWER 

82.24 

7,66 

19.13 

j, 9 .13 

f 9, p 

19.13 

23,02 

36,61 

50,06 

6623.0159 
6642.7545 
6644,7534 
6646.75?.2 
6648. 75H'I 
665?. 99'16 
6657.?461 
6659.49<;9 
666j,. 7436 
6717.4616 
o7d7.4?14 
6859.8798 
6918. '1962 
7~· 36. 773,1 
71':59.7074 
7165. 4~14? 
7166. 2\'36 
7166.2r'36 
7171. 2\-'.18 
72.10.1841 
7224. :t, 7113 
7224.17?.'3 
7229.1674 
7372,51.149 
7511.13;13 
7516.2524 
7:;,21. 9995 
7?27. 7464 
7533.4937 
75:~9. 2412 
7544,9885 
755~.7359 
7556.4832 
7562.2305 
7621. 25,H 
768'1.2757 
76fl6. 02.30 
7 6 91. 7 7 -~ 3 
7697.5176_ 
7 ll~~~. 26':Hl 
77"19. '3129 
7714. 76GJB 
7719.7591 
'719.7591 
1719.7591 
1996.8724 
3273.9860 
3273. 986fJ, 
fl27,3,9t!60 
;~ p lj j • ') u 2 7 

8293_. 9798 

.TM;.:-298 
2254.000 

Table 4 Cont 

x 
-43,1992 
-43.8686 
-4.S,9363 
-44. V.H141 
-44.f'l?19 
-44. 216'3 
-44. 36!~0 
-44,4363 
.-44. 5125 
-46. 4~121 
-48,7746 
-s1.2:319 
·53. ?%2 
-57.231~ 

- -61. 3999 
-61.5948 
-61. 62(~2 
-61.62?2 
-6J..7R97 
-62. 7726 
-6 3. 5&6t' 
-63. 5t!t>0 
-63.7555 
-68.6192 
-73.3177 
-73.4914 
-73,6765 
-73.8616 
-74,037~ 

-74,2123 
-74.3877 
-74. 5630 
·74,731)4 
-74 ,9137 
-76,7144 
-78.5152 
-78.69~5 

-78,8659 
-79.0412 
-79.2166 
-79.3761 
-79.5357 
-79. 66'/,6 
-79. 66l'6 
-79.6606 
-86,5899 
-93.5191 
-93,5191 
-93.':i191 
-9:3.7691 

-94.0191 

ANGLE 

-33,900 
-33.900 HORI20NTAL VERNIER 
-33. 9[~0 
-33.900 VERTICAL VERNIER 
-33. 9(10 
-33,9/\0 
-33.90~ SCINTILLATOR 
-33.9V~ FAST KICKER 
-33.9%\0 
-33.9?0 CERENKOV COUNTER 
-.53. 91\<) 
-33.9:10 C(RE~KOV COUNTER 
-33.980 SCINTILLATOR 
-33. no 
-33.9G0 
-33.9:10 
-33.900 SCINTILLATOR 
-33.9~0 VERTICAL PWC 
-33.9~~ VERTICAL SLIT 
- 3 3. 9 :~QI 
-33.970 SCINTILLATOR 
-33.900 HOR!lGNTAL PWC 
-33,9r~ HORllONTAL SLIT 
-33. 9l',0 
-33.900 
-32.200 
-32. 2n1 
-3D. ?i!k1 
-3C~, 5V0 
-30,500 PITCHING MAGNET1,7MR 
-30,500 
-30,500 PITCHING MAGNET1,7MR 
-30.500 
-30.5~0 
-30, 5>H:l 
-30,5~0 VERTICAL SLIT 
-30.5110 
-30,500 4Q120 SPECIAL 
-30.5kl0 
-27. 750 
-27. 75('! 
-;.is. e~"e 
-25, Ml0 SC l NT I LU TOR 
-25.~00 HO~l20NTAL PWC 
-25.000 VERTICAL PWC 
-25.000 
-25.000 SCINTILLATOR 
-25.0~0 HORIZONTAL PWC 
-?5.~V0 VERTICAL P~C 
-;,>;,.iii~, 'j 

-25,000 30 INCH .HBC 



Location 

Enclosure 111 

Same as for Beam N3 

Enclosure 103 

Same as for Beam N3 up through 
bending magnet separating N3 
and NS beams 

Just before FlV 

Just after FlV 

Enclosure lOS 

Effective center at third 
bending magnet 

Just after last quadrupole 
in Enclosure lOS 

Enclosure 106 

Between quadrupoles and 

F2H 
At F 2H 

Enclosure 107 

Just before F 2V 

At F 2V 

-16-

TABLE S Beam NS Instrumentation 

Device 

Vertical PWC 

Vertical collimator 

Vertical vernier 

All bending magnets in 
Enclosure lOS 

Vertical vernier 

Horizontal PWC 

Horizontal collimator 

Vertical PWC 

Vertical.collimator 

Purpose 

TM-298 
22S4.000 

Determine vertical profile and 
centroid. 

Redefine target image and help 
clean-up spray from horizontal 
slit. 

Steer onto next enclosure. 

Steer onto next collimator. 

Steer onto next vertical 
collimator. 

Determine horizontal profile 
also used in momentum tagging. 

Clean up halo from first 
horizontal collimator and 
redetermine momentum bite. 

Determine vertical profile and 
centroid. 

Redefine target image. 



Enclosure 109 

Effective center at fifth 
bending magnet 

After last quadrupole in 
Enclosure 109 

Enclosure 111 

Just before F 3H 

At F 3H 

At F 3V 

Enclosure 113 

In parallel section of beam 

Enclosure 115 

After last quadrupole 

After vernier magnets 

Lab B 

Upstream of bubble chamber 

-17-

TABLE 5 Continued 

All bending magnets in 
Enclosure 109 

Vertical vernier 

Horizontal and vertical PWC's 

Horizontal collimator 

Vertical collimator 

DISC counter 

Horizontal vernier 
Vertical vernier 

Horizontal and vertical 
PWC 

Horizontal and vertical 
PWC 

TM-298 
2254.000 

Steer beam onto next collimator 

Steer beam onto next vertical 
collimator. 

Determine horizontal and vertical 
profiles - can be used to check 
recombination. 

Clean up horizontal image. 

Clean up vertical image. 

Tag particle mass - can also be 
used to determine momentum and 
t.p/p of beam. 

Steer beam into bubble chamber. 

Used to tag particle's direction 
into bubble chamber. 

Used to tag particle's direction 
and position into bubble chamber. 
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TABLE 5 Continued 

Closed Control Loops 

TM-298 
2254.000 

1. Vertical vernier dipole in Enclosure 101 and vertical PWC just before FlV in Enclosure 103. 

2. Horizontal vernier dipole in Enclosure 105 and horizontal PWC before F2H in Enclosure 106. 

3. Vertical vernier dipole in Enclosure 105 and vertical PWC before F 2V in Enclosure 107. 

4. Horizontal vernier dipole in Enclosure 107 and horizontal PWC before F 3H in Enclosure 111. 

5. Vertical vernier dipole in Enclosure 107 and vertical PWC before F 3V in Enclosure 111. 

6. Horizontal vernier dipole in Enclosure 111 and horizontal PWC in Lab B before bubble chamber. 

7. Vertical vernier dipole in Enclosure 111 and vertical PWC in Lab B before bubble chamber. 



MAGNET £QQRO!NATE CODE 

MOMENTUM 500,0000~ 
-TARGET r--5027,6-9992" 

x -2.31370 
ANGLE -3,40000 

~ ELEMENT_ _ ____ LENGTH 

2 
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2254. uuu-

Table 6 

o 1 DRIFT ____________ 0,00~ ____ ?_i;l?],69_9_9, -2~1.J] -3.400 TARG 

:Is:-=·~-----"'-~~"""-~_,-~,_r_5-1 ,5-120 t~: ~~~ __ 0_, @001L ___ ~ ,0~L ___ 010~ ______ Jl. 00____ ;~~~; g~~ ____ :~; ~~~i :~: :~~_J_ARG£Lt1ill1~~--+-
5300 4 DRIFT 270,600 5173,9991 -2,8111 •3.400 

I 5 CJRI•T . 10.000 ----------------- ------------ --- 5314,2984 -3,2881 ______ -3,4[!1~;'.l_V_CQLLltLUOR~--
I 6 D~IFT 1,530 5320,0484 -3,3077 -3,400 SCINTILLATOR n 
i 7 OUAI) 3G184 7. 000 __ -6_.__<U.@0 -50~.e~_L_.il_4L2.J ___ 5324. 2984_ -3L32~1 -3-_t 40=0 __________ z_ 
t
1 

--- e,
9 

l'JR l FT --------------i, 500 5328, 5483 -3, 3366 -3, 400 r 
BE \Q __ 4-?-24@ __ 20. 0:10 -15 ,0475 -- -~L 50@ __ -_3895 ! e0 __ 10e, 32 5339. 2983 _____ -3. 3731 ___ -8!900 ~ I 12 oq1Fr 1.s00 5350.0479 -3,4688 -8,900 

11 BE\J 4-2-240_ 20,000 _'.'.'15,04Z5 __ _...5,50@ __ '.'.'3895181i'l ____ 106,32 5360,7975 ___ -3,5645 _"'.'14,400_____ _.. 
' 12 DRIFT 1,500 5371.5465 -3,7193 -14,40121 SCINTILLATOR ~ 
~ 13 QUAD 3Q84 7,000_~6~,36_4~0 ______ 4~639,99 96~93~ __ 5375,7960 -3,_1805 -:t!L10.~12l __________ t_ 
0 i~ DRIFT -------l.530-- 5380.0455 -3,8417 -14,400 3 

.$ .- DRIFT 10, 0 il0 _______________________ _ ___________ 5385. 7949 -3, 9245 -14. 4<l~__i:LC.Jll.~L~I_M~A_T~O_R ____ IJ 

"! 16 OR I FT 1, 500 5391, 5443 -4, 0073 -14, 400 1-
17 8E'D 5-1,5-240 _ 20,000 -15,0475 ___ _..._?_,_500_-_3895,80 ___ 89_,n ___ 5402.2933 -4,1621 ___ :-~9.900 -------~ 
18 DRIFT 1.500 5413.0412 -4,3760 -19,900 r 

t 

19 BE.';O 5-1, 5-240 20, 000 -15, 04 7~5 __ -_5~, 5.~0~0 __ -~3895 ·~8~0 __ ~8~9, 9~1 __ 5423, 7890 -4. 5899 -25, 400 
- --

2

2

1

;: 0 R I F T . -----------·---1, 5 0 0--- 5 4 3 4 , 5 3 5 6 - 4 -.-8 6;) 9 -=25, 4 0 0 
9E\I'.) 5-1, 5-_240 20. 000 -15, 01_75 __ -5_,5~~__::,;3§.2_5, 8(il_ ___ 69,9! ___ 5445, 2822 _____ -5 .1359 ___ -30, 90.Q _________ ~ 

22 DRIFT · 1,500 5456.0271 -5,4681 -30,900 SCINTILLATOR ~ 

541 1. 23 BE'''.J 6-4-3ill 2.5Z0 ___ gl.@0C:10 ___ ~_.01210 _____ 0,0jl ___ 0,1210 5458.0261 -5,5298 •30,9e0 VERTICAL VERNIER r 
6043 

24 '.JR IP 589, 100 5753, 6849 ..;14, 6686 -30, 90(:) -------------$ 

t ____ 22':i6 _no~;r!FFTT -1-~.·~~~- 60458,09943 -23!_796~? -3~!_90..,0· SC!NT, HAND VTPW 
,, ~ vuv 60 3,0 19 -23, 232 -3~.90 HORJ~ONTAL SLI 

l 27 Of:ilr:-T 1.5210 _________ ·------ _______ __ 6058.8391 -24,H'.08 -30,900 
i 28 flE"JD s-Ls-120 --1((1,000 0.0000 0.000 121.00 0.00 6064,5863 -24.2785 ----=30,90-0 N3-'115 SWJTCt-l 

I]) 

I!) 

\t"J 29 DRIFT 1,500 6070,3336 _____ .,.24,4561 ___ :30,900 
~ 32 8E'-O 5-1

1
5-120 10.000 ----0~0000 ___ 0.~000 ____ 0_~_00 _____ 0:-0@ ____ 6076,0809 •24,6337 -30.900 N3-N5 SWITCH 

...}__31_ OR l FT 34. 75121 6098, 4452 -25, 3250 -30, 90_0 _______ _ 
~ 32 DRin' . 0;00~- 6l15~8iT9 -25~-8-6T8 -30.-900 SC!".JT ANO v PWC 
l)_i 33 DRIFT ____________ 10.000 --------------------------------- 6120.8>"95 -26,0163 •30,900 Vf'.fUJg~b __ S_~LT __ 
I 33~ ~-·~-·.,1,·~-'T 1.500 6126,5568 -26.1939 -30.900' 

:i • 6-4-30 2, 500 0. 00.@..~----~. 0~0 ____ ~_.00 ____ 0._00 6128. 5558 -26. 2557 -30. 900 _\/_{~lLC AL..Ye:B.~liB. 
;~

1
~92- ~67 ·nD.~.~rr.~TT --- ---- 396.000 6327.7106 -32.4116 -30,900 

_ _. 0,000 ____ 6525.6162 -38,5288 -30,900 SCINTILLATOR 
- -- 3

3
8
9 

8DJD ·5--:-g-:-240 20.020--15.0475 5.500 3895,80 89,91 6535.61i4-----3i:J.B377 -25.400 
DRIFT 1,500 6546,3579 -39,1107 -25,400 

40 BfND 5-1,5-240 2k;l,000 ---:l.5,0475-----5,51210 3895,-80 89,91 . 6557,1(~46 -39,3838 .:.i9,900 
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2 2 5 4-~-+0H-O>+Qi----- Table 6 Cont 

'BEAM N5 WITH OFFICIAL SET OF MAGNETS VERNIERS ANO INSTRUMENTATION MARCH 17, 71 1 

El-EMENT_ I 1 ELD. _______ BE ND _____ CURREN L _ P 0 'IE~ __ ----·- . ________ l ___ ,________ ){ ______ ________Al~.G_LE_ _______ _ 

41 DR !FT -
_ 1, 50L____ _________________ ____ 6567 ,8525 ____ ::39, 597? ____ -19,9t'l.~~-------

42 QUAD 3Q84 7, 000 6,4750 4720,9? 100.34 6572.1016 -39.6822 -19,900 
t--~3 ___ DR l FJ 

44 BE~!O 

_:!,,?~@___ ___ _ ______ fl576,~2_0_9 -32!Z.Q.6Jl -19,_90><.-----------
20.000 15,0475 5,500 3RO~.A~ 89,91 6587,0986 -39,9807 -14,400 5-1. ">-?401 

I, 45 DR!Fi 
"' ;::, 46 8Ei·iD 

1, 5~H'J ___________ 6597, 8 4 76 -_4?J, 1355 ___ ::14, 4 00 
20,000 15.0475 5.500 3895.80 89,91 6608,5965 -40.29'.'13 -8,900 5-1.5-240 

' 47 OR !FT L 5?0 ____ _ 6619, 3461_ ___ -40, 3860 ________ -8. 90@ __ _ 

·.J 48 9E':0 4-?-?40 20,000 15.0475 5.500 3895,80 108,32 6630,0957 -4~.4817 -3.400 
\i 40 QR !FT -:(-- , 
l.iJ 52 QUAD 

r " OR!FT 
52 QUAD 
53 OR !FT 
54 BE:JO 

1 1 500______ --·------·-·-· . _______ _6640, 8458 -_40, 51132 •3, 4=C~0 _______ _ 
4,330 -6,4640 -4712190 58.02 6643.7607 -42.5281 -3,400 
;!,.500 ------·----·-·- -- ------ 6646,6756 -40,5380 _____ -3,400 
4,330 -6,4640 -4712.90 58,02 6649,5927 -40,5479 -3,4e0 
1,5'10 -- ------ - ------ 6652.5056 :-40,5579 _-:3,40(,;1 __ 
3,000 0,0000 0,000 0,00 0.00 6654.7556 -40.5655 -3,400 VERTICAL KICKER 

3052 

3Q52 

UNDEFINED 
55 iiR I FT 1, 500_ ______ ._ _ ______ 6657, M5(? __ _:40, 5731 -3_t__40QI _______ _ 

~"-02. 
56 RE ~:Q 

-010& 57 Of-i !FT 

I 58 Ql;A D 
59 OR !FT 

_j).V 6 ~~ QUAD 

2,500 0.00i0 0,000 0,00 0,00 6659,0056 -40,5799 -3.400 VERTICAL VERNIER 
1H.100 _____________ _ ___ ___ 6715.3053 ____ -40,7714 ____ ".'.3d.fl~------~-

10.000 3.2830 69,60 9,17 6775.3550 -40.9755 -3,400 
'.I,. 500 - -------- -- - -------- 6781, 1049 --- -40. 9951 ___ •3'40,0 ________ _ 

30120 10.000 3.2830 69160 9.17 6786.8549 -41.0146 •3,400 

6-4-30 

30120 

";(0 61 DR I rT iJ-'·· 62 OR !FT l 63 ORJ;:"!' bb'.)4-
64 i)r'. !FT t.D31 ·2 

EN<...~ h.>i 65 O~. J FT 
Gq?.4 66 OR l FT 

-1~--· .. -3 6 7 [Jii!f'T 

I 
68 BE \ID 

69 OR I FT 
7~, BE.~O 

71 o;; IF T 

0,000 ¢791,8549 ___ _:4J,0U6 -3_d_00 SCINT AND H PWC 
----1: 5(1fJ______ 6792. 6(149 -41, 0342 -3. 400 

10, 000 _ ______________________________ 6798. 3548 .:41; 0537__ -3, 40~~1iQR1_l_Q__N_IAl---5liL 
110.000 6858,3545 -41.2577 -3,4~0 

r. 000 ---·-- ---- 6913. 35 4 2 -41. 4 44 7 ____ _.-3. 4 0(il __ S_CJ NT At,Q V ____ e_J.LC ___ 
10,000 6918,3542 -41.4617 -3.400 VERTICAL SLIT 
i~7.700 6997.2037 -41,72Q8 -3.400 

22. 000 15. 0475 5. 500 3895, 80 89, 91 70s1. 053;f---::42. 0149 ___ __,,2~.~1.c.cr~-'-0------,---
1. 500 ______ ______ __7091.8033 ,.4:1,9923 ____ ;,? 0 10J!I ____ _ 

15.0475 5,500 3895,80 89,91 7102.5533 -41.9698 7.600 
7113.3030 -41.8881 7.600 

5-1,5-240 

5-1,5-240 20.000 
1. 500 

72 BEND 5-1.5-240 20. 030 15,0475 5,500 3895;80 89,91 7124,0527 -41.8~64 13.100 
73 Qr;: IF i 
74 BE'!D 

. __________ 713 4, 8 0 t9 -41. ~I) SL _13 · 1~0'-=0'---------
3895, 80 89,91 7145.5511 -41.5247 18,600 

~-------------

__ J,521~ 
5-1.5-240 20. 000 5. 500 15. 0475 

75 DRIP 
76 srno 

7156. ?993 ____ -41. 3248 ___ 18 .601:) ______ . 
7167,0473 -41.1?.48 24.100 

1,500 
5-1,5-240 20.000 5,500 3895.80 15.0475 89,91 

77 OP!FT 1,500 7177.7943 -40.8658 24.100 
78 Bt. "lD 5-1.5-240 20,0v)0 15,0475 5,500 3895,80 89,91 7168.5411 -4~.6V68 29.600 
79 OR I FT 

C1 80 QUAD 

·;:; 61 DRlr--'f 

' 82 8E ~JD 

7199.28n6 -40.2886 29.600 T 
6. 648_0 ____________ 4841-;-ef6--f05.-71 ____ 1203. :>346------;.4(~ .162a ---2,,-: 6e0~----'--------

12i!l1. 78?.9 -4;~. 0370 29. 600 . - ---- ' ·----·-- - -
7218.5281 -39.7189 35.100 

1. 500 
308-4 7. kJ~0 

l. 5"rn 
5-1.5-240 20.000 15.0475 5,5,Hl 89,91 

" 
83 OR !FT 

_, 84 Bf. ,'JO ., 
7229. 2715 -39. 341.6 35. 1. 00 -- ------------
7?.40, 0150 -38.9044 40.6~0 

1. 5/l0 
4-::>-240 20. 0~~:;J 5. 500 15,0475 108.32 

~ 85 DRIFT 
'J 86 8E '.:D 

7(5;;). 7562 -38. 5?'31 4(1. 60_~-~--------
7261. 4975 -----;.3s. 091 f---4{; f:rn 

--· 1. 5,IJ0 
4-2-240 20.000 

87 OR I F"T 1,50~ 7272.2360 -37.5963 46.100 
88 QUAD 3052 4.330 -6,4020 -4667,70 56,91 7 2 7 5 • 1 4 8 ill - 3 7 . 4 6 2 0 4 6 ' 10 0--
89 DRIFT 1. 52Hl 7278. 0599 -37.3277 46.100 
9(? OUAD 3052 4. 332' -6.4020 -4667,70 56. 91 7280.9719 -37.1933 46,100. 
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Table 6 Cont 

...... ····-···-··-. --·--·----·--···--· --· .. -- .. ----·- ··-·· ···-·--·--··-- ···-------··· .. -·----·- -22-5-4-;-0-e-H---------·····-·~-- ·---
'BEAM N5 WITH OFFICIAL SET OF MAGNETS VERNIERS AND INSTRUMENTATION MARCH 17, 71' 

... ELEMENT ______ X ___ M~LE 

OR! FT. 1'500 7283. 8837 _ .. 37 .0~se ·--·Hu.10=0 _______ _ 
REND 6-4-30 2,530 0,0300 0,000 0,00 0,00 7285.8816 -36,9668 46.100 VERTICAL VERNIER 
OR l FT _______ :!,76, 00tl_________________ ?_375. Q367_ ___ :32 t~?~9 46 .1~0~0~--------
0H l FT 0,000 7462,9432 -28.7985 46.1e0 SCJNT A~D M PWC 
PR I FT --- ---- 10. 000 . - ------------- . . . - - 7467. 9379 .-28. 56()1 46!1'!0 HQ8 rrn~IAL_SUL_ 
DRIFT ·1.5~0 7473.6Bt8 -28.3031 46,100 
OR l FT .. __ ___ _____ 0, 003 _ __ __ _________________ ·-----·---· 74 74. 43Hl ... zg, 268~--- 4.6 .100 SCH1L.A.r.!1L.1Lli.C__ 
DRIFT 10,000 7479,4257 -28.0382 46.100 VERTICAL SLIT 
Cl~ I FT ________ .fJ1, 500 __ ]';;90, 058~------2~.2..3.14-. __ 4h1~0~1~--------
QUAO 3Q52 4,330 -5,2400 -3820,48 38.13 7697,8584 -17,9613 46.100 

1?1 D" 1 FT_____________ _ ______ 1. s00 _ _ __ -------·--··---- _ _ _ 770z. nc~2 -11. 8210 ______ 4{). u;,L 
11'2 OUAO 3Q52 4,330 -5,2400 -3820,48 38,13 7703,6822 -17,6926 46.100 
1C3 ;)R!FT __ _ _ 50.0<10 ... ----- 7730.81112 -10,44t~8 .. _ 46,100 ________ _ 
174 Ql,~D 3Q84 7.Z~0 5.1200 3732.99 62,74 7759,2880 -15.1274 46,100 

D;;IFL _____________ 50,020 ___ . __ .____ _ ______ 7787,757L ___ :J .. ~!8140 46.1:rn DISC FITS IN l-IERE 
Cl!HO 3Q52 4,3321 6.8000 4957,88 64,20 781.4.8939 -12.5622 46.100 

- \'r; 1.2 5 
'- 10~ 6 
~ 

127 DRIFT l,50Z --·--- -- ···-------· 7817.ee57 -12.4276 ____ 46,10@ 
QLIAQ 3Q52 4,330 6,8000 4957,88 64,20 7820.7177 -12.2935 4611e0 
!:HIP 1,52l0 ···--------·----- _ 7823.6295 -12 1 1592 46,J,'110 

" l C•" 
·' • i.: c 
'-' 1>'9 ~ 

GUAO 3Q84 7, 000 6, 8000 4957, 88 110, 66 7827, 8750 -11. 9633 46, 100 
')PI FT ·---- ___ 1, 5 00________ . ______________ _? 8 ~~ 2, l2 214 ____ __::H ,.}fl 7 2 4 6 ... J.0~0 ________ _ 
3~~0 6-4-30 2.500 0,0000 0,000 0,00 0,00 7834,11~4 -11,6753 46,100 VERTICAL VERNIER 
DR l FT 1. 5 :.'I 0 ________ _ 7 8 3 6 , 116 3 -11 , 5 fl 31 --~.'l 6. d, C 0 

--"-,_,-_8
7
tND 6;4-30 2,500 0,0000 0.000 0,00 0.00 7838.1141 -11.4910 46.100 HORitONTAL VERNIER 

'1 R l FT ... 4 0 , 0 0 0 ______ ___ ___ _ _ ___ ___ _ _ _ _ __ _ 7 8 5 9 • 3 415 _ __ -J. "1 , 5 :ti 7 ____ 4 6 • lJ~ i2) _____ _ 
QUAD 4Q120 10,000 -3.802111! -369,93 55,01 7884,3150 -9,3596 46.1Vl0 
')R 1 n J_. :;0~------------ 1a90. 05•38 -9. 094 6 4 6. 100 
rlUAO 40120 10,i:H10 -3,8000 -369

1
93 5-~01 ____ 7895,802] ____ =8--;82?0 46.13_0 _________ _ 

'lf::!FT 0,000 _ _____ _______ 7900.7974 -8,591)2 46.100 SCI NT, H AND V ~w_c_ 
G~!FT 151.430 7976,4170 -5,1137 46,100 

'v 110 t- 111 
112 
113 

7341 114 
1811 115 

j ll.6 

---~-'.( 117 

"'f' 11f 
11 9 ? .':::<:>1 
122 
121. '.:HI FT ·-- __ __ 21, 2100 ... --------------------------- _____ _ 811!52. 0366 -1, 6222 46, i011! _S.C I NT, H AND V F..H.C_ 
122 DRIFT 20,000 8062,02611! -1.1613 46 1 100 
J.23 ORIF"T 21 1_~~0 . 8~]?_._@t'.53 -0!7005. 46.1021 15 n BUBBLE CHAMBER 
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APPENDIX A 

DIFFERENTIAL - THRESHOLD CERENKOV COUNTERS 

TM-298 
2254.000 

The present design of the Cerenkov counters for the 

hadron beam to the 30" bubble chamber is shown in Fig. 1. 

The total length of radiator (N 80 m) will be divided 

between two nearly equal counters for two reasons. First, 

the members of the fifteen foot bubble chamber workshop 

recommended that this be done to reduce the probability of 

misidentifying protons because of delta rays. Second, 

since the highest resolution and efficiency is obtained 

for a counter without reflecting walls, the diameter of 

the focusing mirror Ml and the vessel near it are pro-

portional to the length of the counter. By dividing the 

total length of radiator in two counters the volume of 

glass in a focusing mirror is reduced by a factor of 8 so 

that the two smaller mirrors should together be considerably 

less expensive than one larger mirror. 

These counters can be operated as threshold counters 

by removing the diaphram mirror M2. In this mode the two 

counters could determine the kaon faction of 200 GeV/c 

charged beam to+ .5% (e.g .. 014 + .005). 

By adding a second focusing mirror M2 with a small 

hole in its center the threshold counter can be converted 

to a simple differential counter. Because of its great 

length the counter achieves high efficiency at fairly small 



-26- TM-298 
2254.000 

Cerenkov angles (e.g. the efficiency of one 40 m counter at 

a Cerenkov angle of 2.5 mr is greater than 97%). One can 

thus operate with a kaon Cerenkov angle of 2.5 mr, which 

will lead to a pion angle of 2.9 mr at 300 GeV/c. For this 

beam and this counter the uncertainty in the direction of 

the Cerenkov light is dominated by the beam divergence 

(- ~ .16 mr for full solid angle and + .1% 6p/p. The effect 

of dispersion for 300 GeV/c kaons with a Cerenkov angle of 

2.5 mr is an uncertainty in the angle of .036 mr.). Thus if 

the hole in M2 is 1 cm in diameter, the light from kaons 

is detected in PMl with a probability of 97%. Cerenkov light 

from pions is reflected by M2 so that they are not detected 

by PMl but are detected by PM2, which can be used in veto. 

Thus up to - 300 GeV/c one of these counters can be reliably 

used to tag pions and kaons, leaving the other free to 

positively tag protons. 

For beam momenta greater than 300 GeV/c, use of both 

counters with 5 mm diameter holes in the M2 mirrors will 

allow positive simultaneous identification of pions and 

kaons or of rriesons and protons. 



ID s: 0 
~~ CX) 0 ut m. . 
IJ:> . 

N "" f I LO 
Q :2! N ..... ....: E-l N 

I' ~ 

I 
I 11 /. 

i t I ! I ! I l ~ ; 

i I I "i ·t '. ' . I 
;, ' i I 
ii • I .. . : I I 
I , 

'{ 
i . I 
' . ; j 

.I !: j! .. 
'i t" I 

' 

! ·1 : I, 

rl 

~ 
I I C.) 

~ ; J. 

...J a.. 
J 

I 
Q ' I' : ~ ., 
VI . I 
lt.l i I 

•I I d Q:: ,. , . :t ~ " ,,1. 
'! : 

:,'.' '. ...... llJ 
rl i ;;:{ ; . I 1--
~ l : ...... ~ I i '·I - , "7 I I ·- - ';::, r-

! ..... 0 N : ' - ' t-I 
I 

~ 
u I 

I 1 · 
l t...J '::":> 

I Q:: ~ 
i. t..J ~ 

1-
- . 

T " 
·~ 

: " ~ ! ...... cc 
Q lij 

~ 
u 

~ 
CX) ~ - l4J ·~ 

O:l 

:·I <: 
0 

' CJ: 
Q 

. I 'q: 

~ 

. t 
~ 

J 
0 
~ 
~ 

J. ! 

I 


