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- 200 GeV PROTON PROTON ELASTIC SCATTERING

AT HIGH TRANSVERSE MOMENTUM

This is a proposal tb study p-p elastic scattering at
the highest possible BE at NAL, using a CH2 or H2 target
‘placed directly in the extracted beam and a double arm
spectrometer. ‘We expect to be able to set an upper limit

at the level

de/dt -14
ac/dt =% 10
t=0

This would be sufficient to determine if there are exactly
three regions in the p-p interaction with considerable

precision.
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ITI. Physics Justification:

This experiment would measure the proton pfoton elastic
scattering cross section at the‘highest possibié E?.‘
Previous experiments at CERNl, BNLQ, ANL3, and LRLa have
measured out»to 90O at the highest available energies. It
‘is generally true that these four accelerators have been used
more or.less to their limits for this measurement. FSimilar
_experiments are not preseﬁtly possible at Serpukhov‘beCause
of the lack of a slow extracted beam and of‘long straight
sections in the ring itself and they are not possible at the
CERN ISR because the interaction rate is down by at least 106
relative to NAL.

There 1s at present no fundamental theory which has been
successful in explaining the-dependence of the préton proton

elastic scattering cross section on momentum and angle..

Perhaps this is because the measurements have been made with

11 12

such small errors over a cross section range of 10~ or 10~

Thus these measurements may well be one’of the most stringent
tests of any theory of strong interactions.

There have instead;been many parameterizaﬁions'and
phencmenological fits tofthe’data. One such fit proposed in
1967 consists of plotﬁing ﬁhe differential cross section %%? 5,
against the quantity BEEE where B is the c.m. velocity. This
variable is suggested by an optical model with an interaction~

: +
region which is a Lorentz contracted sphere. The 1 in %%
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indicates that some attemptswas made to consider the effects
of particle identity in proton proton scattering near 900.
This plot is shown in Fig. 1 which contains all data above
3 GeV available up to 1970. | |
The most dominant feature of the cross secfion is the
existence of three remarkably separate fegions. In the 1st
and 3rd regions all energy dependence‘or "shrinkage" appears
.tovbe removed so far, but in the 2nd region there is still
some sort of energy dependence, which is not understood.
"These three regions have been interpreted as evidence for:
a. Three spatial regions in the p-p interaction |
of radii .9f, .5f and .33f.
b. Single, double, and triple scattering as in
the Glauber model of proton—deutéron scattering.
¢. The opéning of new production channels;
specifically: fegion 1 - pion production;
region 2 - strange particle production;
region 3 - baryon antibaryon pair production.
The advocates of the multiple scattering model poiht out that
there shouvld also be quadruple scattering and thus a fourth
region and point to the'iast‘two BNL points which lie well
above th¢ line. Unfortuﬁately these points have such large
errors that they don’'t settle this question. Other theorists
especially Cerelus, Martin and Kinoshita6 have pointed out V

that if the cross section continues to drop as fast as




%%Ne-l.lkﬁgff - o
then for fixed angle this is eséentially an e~ ® dependenﬁe |
which raises some problems concerning thekanalyticity of the |
scattering amplitude. If however there were a Uth regibn and
then a 5th region and SO on, then\there would be no problem;

However the physics Jjustification for this e#periment‘is
independent of any particular model or fit. It is clearly
“important to study the behavior of strong intéractions ét the

highest Ef possible. A violent probe such as this must give

insight into the structure of strong interactions.

ITI. Experimental Arrangement

We propose to measure the cross section py placimg‘a
CHé or liquild H2 target directly in the extracted‘beam. The
two scattered protons will each be detected by one arm of a
double arm spectrometer.

The cross section %% is determined from the equation

. - aC e | o
Events = I N, go— AR o (2)

where NT is the number of target particles/cmg. The quantity
IO is the incident beam ‘intensity which can be determined by
a radiochemical analysis’of the CH2 target looking for the

spallation reaction
p + c'? > e+ .48 Mev y-ray - (3)

The Be! nucleus decays with a 77.5 day mean life which is

very convenient for counting and rechecking.
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The number of evehts will be,detérminéd by thé coihcidences“
between the two arms of the double arm spectrometer. Eaé%y
Spectrometer consists of magnets for angle and momentum
analysis and scintillétion counters to detect the‘profons and
‘define the solid angle AR . An important part of each spectro-
meter is the septum magnet placed near the targeﬁ; This.acts
as a steering magnet and allows protons scattefed~at varioué
.angles to be steered into the,spéctrometer wiﬁhout Physically .
moving any magnets or counters. The basic concept is shown

in Fig. 2. When the proton emerges at 6 = Qo

thenvfhe septum and B, ére turned off and the proton goes
right down the center ofathe spectroméﬁer. if howeVer 91> @O
then the septum is set té Eénd inward and B2 i1s sget so that

it steers the proton aiong the centrél axis of thetspectro—
meter. Similarly if @2-< éo then the polérities of the septum

and B, are reversed so that the proton is bent outward and into
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the spectrometer. This technique which has been used on

357

several experiments allows protons scattered over a wide
range of angles to be detected with a fixed spectrometer by
merely varying the magﬁet currents. |

After emerg%ng from the‘B2 magnet in a narrow cone the
protons in each spectrometer are then bent vertically up as
shown in Fig. 3. This provides the momentum analysis and
also gets the protons up out of the tunnel and to ground
level where they can be detected by counters with low singles
rates. As shown in Fig. 3 all magnets can be contained in
2 normal main ring section of the EPB tunnel except for the
magnets on the large angle side which'we propose to place ih
an additional side section of main ring tunnel‘nfho feet long
and coming out at an angle of 450 milliradians. We would also
require two pipes tunneling up 17 feet from beam height to
ground level (one of 2 foot diameter and 130 feet long at an
angle of 130 millirad and the other of 1 foot diamefer and
700 feet long at an angle of é5 millirad). We would also
require the main ring tunnel section of the EPB to be long
enough downstream of our target to accommodate our high momentum
septum magnets (~~100 fé?t).‘ These modifications of the main
EPB tunnel are not free But we believe not excessively
expensive since they utilize the main ring tunnel modules.

The CH, or H, target will be placed downstream of the

2 2
EPB magnets in a tunnel section of the EPB. Thus all the

radiation will go forward into the dirt shielding surrounding




L] METERS »
[P S S S Fig. 3a.

Fewe 7 Ry

//
//,//'/ //‘;’/ pg"{*\:\;-‘? -

=
7 L A
i

2 28T by (seonfy 2 . ,
el NN i g

P

TARCET— Ry (sePTomM) i e

e ey s 1 o g - ,.,.._ ; . .W’g’} e /‘,}?3’{_’;_’#_%&@,‘; ) ‘q',m ":*'f~;-.-~?‘,~4’ *"“'w::;@;z,:r»f;»w_;...,..:;“,,..“:_,..;_’;?;c:..h s
L Ll Ll L L S s c;,-é_y;%y/////// L Z 2%

o e - - o— e - '8 P T S p—. et pppevna s~ -
% e AL e S ——— 9% S AT R S P, S A T S P P R e e e e
) Dty €2 AR T B 5 S e b e o L T T T T L T

R
PAS %‘\.) ososcarn ‘
: FLECTRONICS
TRONLE
b EPB

e

")
T
ra R~ Hopos{oPE

L") e B ‘o0
T = .~ Fic, 3b,

SCHLE : METEKS




SCALE? ceuTImMETrERS

10 26 40 g0 20

v e —

© Fie. 3c.

PE

100
1

I T I T

B -
e o
i o s 3 ] il

v 7 k4 * 4 L4 7

3

;’} 244 myr

N . o / «, "' .
// ,"/‘ . /; //4 / /

H:i?’v’m B‘t‘jS Ufmlatféamﬁ



- -

a pipe section of the“EPB, and will not cause radiation.
damage to any active elements of the'EPB tunnelV We would
prefer a l or 2 cm long CH, target(l em x 1 em cross section).
This gives reliable monitoring via the Be?* reaction and the
high radiation problems are easier to handle than w1th liquid
H2 which mlght b011 exce381vely causing a change in the
density. The main problem with CH2 is it scatters the bean
more and could eause some problems downstream in controlling
the beam. We think that with a 2 ¢m target which has 4% of
a collision length and radiation length these}problems are
not excessive. If they are judged excessive we.weﬁld then use
a U cm H, target (1% collision length and 3% radiation iength)
but it would then be much more important to have the beem”
defocused as much as possible at the point where it hits our
target. If we use CH2 targets we would have a remotely
controlled wheel with perhaps 30 CH2 targets on it so that no
target would receive sufficient radiation to lose more than a
few percent of its hydrogen. |

We planbto cover the Pf,fange from approximately
Rf =4 20 (GeV/C)g, It is necessary to have magnets of
sufficient bending power to Steer and momentum analyze the
protons at both extremes'effthis range. A kinematics table ie
shown for 200 GeV/C proton protoh elastic scatteringxin Table 1.

As shown in Fig. 3 the two central angles for the two spectro;

meters were chosen to be 0, = 26° and 0, = .06°. We can then




INEVATICS FOR P*p ELASTLC COLLISJGN AT ?%ﬁ BEV/C

" 377.267
TTAR f ,9953 ) _TRBLE_ 1 o
QMMAz 10,3480 R L
PR G 9 (dJms) P (G‘c“é) e T 6k eyrees)__ P f G'cV/c) J
2 THETA THETA P BETA J# THETA THETA BETA Jo
JAPTY . C=M_ _LAB L.AB LAB C-M LAB ggﬁ LAR
2.2an D.RD @00 f.002  @.00@80  ¢.20@ 180,00  9.007  g.800  0.0096 0.000
2,928 1.78 @,248 199,98% 1.0204 428 263 181.08 84,847 B.169 @.4776 7.223
2,114 2,09 2,297  199.940 41,2000 428,078 182,09 79,761  $,343  P.3431 o.,007
2.256 3,78 2,145 199.864 1.0000 427,745 183,00 74,838 g.524 B.4876 7,011
| @,454  4.0@  P,193 199,758 1,R900 427,293  184,£0 79,132 %_7;7 Q.6871 0.016
2,789 5,20 7,242 199,621 1,0080 426,711 185,09 65,686 924 2.7%418 B.P22
1.42¢ 6,20 B,290 199,455 41,0800 426,001 186,00 61,528Hmm“m1 149 m,,z.774émmhﬂ 7 B30
1,387 7,00 n,339 . 19%,258 1. 0800 425,163 187.00 57.678 1,394 f.8295% Tg.239
1,849 ‘ g fg aAggy 499,732 1.0008 424,199 188,80 - 54,418  1.660  B.87%6 7,050
2,285 20 0.436 198,775 1,638 423,127 189,62 54,840 1.952  0.9011 7. .B64
| 2.816 _mlﬁiﬁ?WMm‘M@M484WM_1?BWﬁﬁ&__ﬂ_igﬁﬁﬁﬂ 421,891 190,99 47,844 2.264 P.9238 2.087
L 3,400 11.00 #,B532 198,172 1.0040 429,558 191.27 45,103 2.603 0.9498 7123
4,037 12,08 ?.562/00m197.825  1.,0060 419,088 192,00 42,597 . 2.969  0.9535 = p.128
4,726 13,40 B,.631 197,449 1.00800 447,497 193,00 49,304 3.%61 2.,9632 72.159
5,466 14,09  P.68p 197,444 41,0000 415,787 194,00 38,294 ;Myﬁz . B.9785  p,195
Te.256 45,00 0.729 196,609 1,8080 413,959 195,87 36,280 227 p.9762 A.287
7,295 16,20 S B.778 196,144  4,2080 442,008  196.£2@ 34, 513V“M”“4 701 2.9887 7.287
7.933 47,08 2,827 175,651 1,020 499,945  197.0@ 32,887 5.203 0.9841 | 5,345
8,918 18.00 - P.877 195,129  1.0202 497,764  498.0¢ 31,389 5,733  D.9869  @.412
9,898 19,09 3,926 104,578 41,0000 @ 475,469 199,40 32,0605 6,291 . R.9891 7,489
12,924 2@.P2  B.976 193.998 1,aﬁ@m 403,060 200,00 28,725 6.877 2.9928 2.578
11,993 - 21,00 1.026 193,389 1.,0020 AP ,.544  201.90 27.538  7.491 B.9922 2.678
13,1985 P2.00 1.876 192,753 10088 397,947 202.88 26,434  8.132  $.9934  p.791
14.257 23,02 1,126 192,488 1.0680 395,184 223,00 25,437 8,804 P.6944 7.948
15,449 24,09 A,177 191,395  1,0@00 392,345 224,00 24,448 9.497  @,9952  4.661
16,679 25, A1 1.227 190,675  {.,0280 389,484 285,20 = 23.552 19,221 2.99%8 41,220
17.946 26,900 1.278 189,927 1,000 386,363 206,42 22,713 18.9714  2.9964 4,397
19,248 27,79 1.329. 189,152 1.0900 383,224 297,82 21,926 - 11.749 2.9968 1.593
22,583 2R, A0 1,380 24mr1 838,350 . 41,0000 379,988 208,00 21.186 12,554 . 01,9972 1,817
21,954 29.20 17437 187,524 1,0000  376.660 209,07 20,489  13.385  0.9976 2,048
25,347 30,00 1,483 186,665 1,009 373,239  21@.88 19,832  414.242  ©0.9978 ~  £,339
-! r vt . . v T
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calculate the necessary field integrals in the two septums

for the two extreme cases.’

PE . Plab  Orab 6-6,  P(6-9,) 1.33 P(6-q) B.az

(GeV/C) (GeV/C) (degrees) (degrees) GeV/C Gev/C KG-
_ degrees degrees meters

12,55 21.2 -4.8 60.2 80 | L7

20

188.4 1.38 A2 79.1 105 62

) 2.97 426  16.6 49.3 66 39

: 198.2 .58 -.38 75.3 - 100 59

The factor 1.33 comes from the fact that the distéhce'from the
second magnet to the septum is 3 times the distance from the
target to the septum. Thus we see that with two 16 kilogauss
septum magnets of 3 meters (L;) and L meters (Ry) we can steer
all protons into our spectrometer for this entire EE range. The

L2 and R2 magnets need only be 1 meter long since they only

bend by 1/4 the angle of I, and R

1 1’

The L3 and R3—R4 magnets then bend the particles vertically

for momentum analysis. These‘must have enough 5B.d£ to handle

the maximum momentum on each side.

"Magnet P : Veftical P %} B.d«£
] Max  poig () "Max f
GeV/C degrees GeV/C- KG-
' degrees meters
R3-RLlL 198.2 1.43 o8L 166

L3 12.55 7.5 oL 55




«Qu

Thus we require RB“R& to each be a 5-mefer magnet of i?
»kilogauss and L3 to be a 3-meter magnet of 18.5 kilogauss.
All magnets will be described in more detail inVSecﬁ. Iv.

We next discuss the question of resolution in © and P.
We will define the solid angle (ASt ) on the low momentumhy
side (L) since the Jacobian is so much larger on this side.
The high momentum side (R) will then be overmatched to'accept

a larger solid angle. The defining.%—counter,will be about

2 ft. x 2 ft. at 200 feet from the target so that Aﬁliab will
be ZLO"LL steradians. On the other (R) side the finai counter rs

will be about 10 inches x 10 inches at 1000 feet from the
target for an overmatched Af?Lab =7 1071 steradians. The

J
R L L
-+ ASC -

matched Al [ . varies between (AR Lab matched = - Lab

.32 10772145 1077 steradians.
We will probably use 10 x 10 hodoscopes of scintillation

counters on each side to improve the resolution. This would

give:
Af = 1 omr AR . = 07 mr | )
Lab ™~ Lab i, ,
ap/p)bR T ug ap/P)Rx T 15 | (5)

We feel that this resolution would be sufficient to discriminate
against inelastic events and events from carbon in the CH2
target. ‘This can be tested'by taking runs with a carbon target

3

replacing the CH2 farget. In a similar experiment at ANL- an

upper limit of 0.1% was set on events of this type.
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We next calculate the estimated counting rate at various

values of PE. We estimate the value of the cross section

] %%ég%)g;o from Fig. 1. We/asgume an intensity bf:
B 13 o L A16
I =1 107" protons/sec = 3.6 107" protons/hour (6)

O

The center of mass solid angle is given by:

_ L0l -4 L '
AR = TTARRY . =1077 T | | (7)

‘ ' 2 .. .
The number of target particles/cm” 1s glven by:

N =N p ot | e

23, P is the density

where N_ (Avogadro's Number) is 6.02 10
of hydrogen protons in CH, = .13 and t is the target length '

which we take as 2 cm. Then we get

Ny = (6.02 1023y (.13) (2) = 1.6 1023 33-9125—9-% - (9)

cm

Similarly if we note that do/dt),_, = 10722 then we get that

oy = ¥ ac _° day X - (10)
dast ‘cm T dat ('v dt 0=0

_ 100 ,.-25

= 255 107 x

- 310"

These numbers all go into the equation for the number of

events/hour.
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Evenﬁs/hour = I, N, dﬁ o) - ASt cm
‘ ' (11
= (3.61016)(1.6 1023)(3 10"24}()(10'4 JI’) ()
-2 10%2 glx

For various values of Efvwe tabulate JL and X and then the

counting rate is:

o L ’ Events Events
Py J X : hour ' ~ day
4 .13 1077 | 2 104 5 102
10 .5 > 10”11 | 20 500
12 .8 3 1071° 5 » 125
15 1.0 10712 > pyo-1H 2 >.0h 50 = 1
20 1.8 21013+ 10716 b 01074 10 = .005

Clearly our maximum EE depends on whether or not the cross
section breaks again. However we can set a 1limit on the
minimum measurable cross section. If we call the minimum upper
1imit a rate of one event per day then we get a level of
approximately ZLO"14 below the forward cross section.

In the range from BL 4-**20 (GeV/C) we would make
approx1mately 30 measurements with spac1ng and statlstlcs that
increase w1th 1ncrea51ng Ef " We would average about two days
of running at each po;ntvfor a total of 2 months of data
running at I, = 1013/sec, Obviously most of the points in the
range RE = U4 =10 could be run kith considerably less intensity
and»e thinner target. Clearly this experiment Cen run

simultaneously‘with the main target station downstream since
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it only depletes the beam'by a few % and runs at QOO.GeV/C.8
We will be ready toAstart taking data in the Fall of
1972. | |
We expect several'moreAyouﬁg écientists at the student

and postdocylevel to join this experiment around Fall of 1971.

IV. APPARATUS:

In this experiment there are four types of equipment
‘that will be required: |
| 1. Detection counters and electronics.
2. Magnetg, power supplies, and Vacuum‘pipes.
3. Targéts.
4. Changes in the EPB tunnel.

We will discuss them separately.

1. Detection equipment:

We expect to provide essentially'all detectors aﬁd
electronics equipment. A major fraction of this eqﬁipment
will be used on an experiment at the CERN ISR starting July
1971. We expect that experiment to have finished by Spring
1972, and will return the eQuipment to Chicago well before

-~

Fall of 1972.
In the unlikely evehtvthat the ISR schedule is substantially

delayed, we would duplicéte allrthe specialized items and
possibly borrow standard scalers and logic from PREP or SHELF
at ANL. |

The detection equipment is quite Simple,consisting only of

sdintillation counters and logic circultry. The hodoscopes will
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probably not require a computer.

2. Magnets etc.:

We require a total of seven magnets and seven power
supplies which are listed in table 2. Four of these magnets,
L

R and Rﬂ can probably be standard NAL beam maghets.

20 L3r iy
We could certainly change our parameters a little to conform
to the NAL standards when they become firm.

The other three magnets, Ll’ Rl and R2 are all septums.
We think that ﬁhey would be useful for later experiments and
we would hope that NAL Qould pay for them. We are again
'prepared to modify them somewhat if that would maﬁe them more
generally useful. We are also prepared to contribute to the
design of these magnets, if that is agreeable to NAL. We
roughly estimate the total cost of L, R, and R, at $100,000.
The Rl magnet might become too radioactive to be useful for
future experiments.

If NAL does not consider such septums useful we could
request additional funding from the AEC to build them ourselves.
However,we are not very enthusiastic about this approach.

We think the power?sUpplies are fairly standard and could
be provided by NAL.

, The modifications to éhe EPB vacuum pipe and the helium
bags for the length of“the two spéctrometers would hopefully

be provided by NAL.




Table 2 Magnets
MAGNET GAP OVERALL : MAX B COMMENTS
height width Jlength height width length
cm cm m m m m Kilocgauss
L, 5 50 3 1.10 1.15 3.3 16 8 cm septum
‘ LQ' 212 220 1 Any Standard Magnet 12
Ly 216 230 3 .8 1 3.75 18.5 Possibly
‘ standard magnet
Ry 2 10 4 U5 .30 4.3 16 1.5 cm septum
R, 5 5 1 2. .2 1.3 16 5 cm septum
R3-Ru 25 210 5 .3 .6 5.4 17 Probably
standard magnets
EST. EST. EST. MAX. EST. MAX. EST.
MAGNET WEIGHT COST CURRENT VOLTAGE POWER
TONS AMPS VOLTS KILOWATTS
L, 55 $55, 000 900 Loo 360
Lg - - - - < 100
Ly 30 ($50, 000) 1000 360 360
possibly std.
Ry 6 $30, 000 800 175 140
R, ~ 1 $15, 000 - - < 100
Ry-Ry 9 ($35,000) 1000 Uos 425  each

prob, std.
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3. Targets.

In the event that we use CH2 targets we would provide
these targets and the ﬁarget‘changing mechanism. These
targets would be quite radioactive so we would expect to work
in close communication with'the NAL radiastion safety group.

The radiochemical analyvsis would probably be done by the
radiochemistry group at Argonne. We have worked closely with
this group in the past.

In the event that CHE‘is rejected and we use‘a liquid
hydrogen targét, then we woﬁld certainly need a helium
refrigerated target. This would keep the temﬁerature around
170 or 18°K and minimize boiling. This target could be built
either at NAL or poééibly by the ANL liquid hydrogen group
which preseﬁtly has several helium refrigerator units.

For the reasons mentioned in Sect. III we strongly prefer

the GHEktarget.

L, Changes in the EPB Tunnel

As we mentioned in Sect. IIT we require some modifications
to the EPB tunnel. We cannot list the exact modifications
required since we do not have final plans for the EPB tunnel.
‘We would work closely wi@h NAL to find the area whefe our
‘experiment could be inst@iled with the minimum difficulty.

The experiment would ﬁfobably fit best into one of the

two general areas shown on Fig. 4,




-15-

Main ring

Bubble chamber
Fic 4

Experimental Area 1

r”

32 « JUNE 1970 - = PHYSICS TODAY

)
/Y
\%

c
o~
o ar
£

o
s T ko h“-‘\ & o
£ ) 2 g B
& ~ = 2 5 z
£ Y - i g
£ % na 2
& & £
% =
1w

The exact position would depend on aVoiding interferenoe with
roads, buildings, and other obstacles, and the planned
positions of the beam magnets along the EPB. The dimensions
of our experiment are shown in Figs. 3a and 3b. They could
of course be modified somewhat and the high momentum proton
could come out on the left instead of the right. ’

In general the target should probably be placed immediately‘
downstream of a set of the EPB quadrupoles as shown 1n Fig. 3b.
We believe that the preseht EPB plan is to have some main ring
modules (10 foot diameter) for these EPB magnets separated by
beamrpipes (~ 1 feet di;meter) about 500 feet long. By
placing'our target immediaﬁely downstream of these gquadrupoles
we could utilize the -~ 500 feet of’earth shielding to protect
the downstream EFB magnets from radiation produced in our

target.

As mentioned 1n Section III,we would require an additional
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~100 feet of main ring modules beyond the end of the EPB
magnets and about 40 more feet of modules coming out at aﬁ
angle of 26° as shown in Fig. 3. Thus we would require an
additional 140 feet of maiﬁ ring modules. One way to estimate
the cost of this is to note that the main ring of circumférence'
2061l feet was estimated (1968 Design Report, 16-6) to cost

- ~$16.6 million. This would give:

Cost = —gepor— x $16.6 Million = $113,000

The true cost might well be higher than this and would have
to be estimated by NAL. | |
As seen from Table 2 our maximum DC power use would be
about 1.9 megawétts. All of this would occur in the 140 foot
tunnel section since there are no magnets outside of this
area. The cost of this power will have to be egstimated by NAL.
Our only other requirements are:
a. Small patches of blacktop on which to
place our scintillators and electronics
trailer. | |
b. Perhaps 1Q KW of AC to our trailér which
is fitted Qith a 440/110 transformer.
- ¢. Tents to covér,our scintillators which we

might provide, if necessary.
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