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PREFACE

This report is directed at a wide variety 0 f readers; in some instanc es it will be

a physicist who is planning an experiment in the Meson Laboratory, in others it will

be an employee of NAL who is working in the Meson Laboratory. In any case, the

object of this report is to explain precisely what it is that we are planning to build.

The report is divided into two parts. In the first part the purpose and scope of the

Meson Laboratory are discussed and a summary of its design is presented. In the

second part of the report the particle beams and associated facilities in the Meson

Laboratory are described in detail.

The design of the Meson Laboratory has been inspired and guided by NAL

Director Robert Wilson. In addition, many NAL staff members have contributed in

widely varying degrees to the design, so it is not possible to give proper credit to

them. A list of principal contributors to the work described in each chapter of the

report is given under the chapter heading. The people whose names have been listed

have not participated in the writing of the report and therefore cannot be held respon­

sible for the material contained herein. The work of E. J. Bleser, D. P. Eartly,

A. W. Maschke, and J. R. Sanford has been so extensive that for simplicity their

names have not been added to more than two lists.

Architectural-engineering design work has been performed by DUSAF, a joint

venture of four firms: Daniel, Mann, Johnson and Mendenhall; the Office of Max O.

Urbabn; Seelye Stevenson Value and Knecht, Inc.; George A. Fuller Company.

Shirley Burton, Angela Gonzales, and James Sanford have all assisted greatly

in the preparation of this report.

J. R. Orr

A. L. Read
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NAT IONA L ACCE L E RA T OR LA BORA T ORY MESON LABO RATOR Y
PH ELI MIN AR Y DE SIGN REPORT

J . R . Orr a nd A . L . Read

Mar c h 1971

AB STRAC T

Thi s repo rt des crib es the desi gn of th e Meson Laborato r y at th e National

Ac c el e ra to r Labo r ato ry . Include d in th e repor t ar e descriptions o f the overall plan

o f the Meso n Labo r ato ry, the designs o f the six s e condary particl e be ams, th e beam ­

line e quipme nt , and the c onv e ntional facilities. Plan s for the early phases o f the

high -en e rgy phy s ics re s ea r ch program a re b r-ie fly disc us sed .



-1 -

I. INTRODUCTION

A . Purpose and Sc ope

One of the major research facilities being built for use with the 200-500 BeV

pr-oton synchrotron o f the National Accel e r a to r Laboratory is the Meson Laboratory.

It will be used to provid e a variety o f ge ne ra l -pu r po s e s econdary particle beams pro­

duced by bombar dment of metal targets by the 200-BeV proto n beam fr om the ac cel­

e rato r . The Meson Laboratory is so na med because mo st of the s ec ondary beams are

± ± 0 I . dd i hm es on be ams ( TT • K . and al s o K
L

l , a though ther e are In a thon two ot er seean -

dary beams - -a ne ut ron be am and a di ffrac te d proton beam.

Many of th e high-ene rgy physics experi ments which a r e planned for t he next t wo

to three y ears a t NAL c an be c a r r ied out by the repeated use o f relatively fixed s ec ­

ondar y particl e beam lines . A s e t o f six s uc h semi-fixed beam lines is the dominant

feature of the de sign o f the Mes on Labo ratory. The s eco nda r y beam lines co ns i s t of

a r athe r economical c on fi gur atio n of s mall concrete enclosures to house the beam

c o m ponen t s . The enclos u r es will be co ve r e d by an earthen mound 10-20 ft thick for

ha dron shielding an d a ppr o x im a te ly 100 0 ft long for muon s hi e ldin g.

At the end o f the s econdary beam lines, the particles emerge from the earthen

s hie ld into a bu ildin g whic h houses th e experimenters and their experiments . There

will be a trans verse beam -t o -beam separa tion o f about 40 ft to provi de space for the

experimental apparatus .

The six s econdary par ti c le be ams to be bu ilt in the Meson La boratory are as

follows :

Beam M1 (" 3 .5 -mr-ad beam 'I) --a high-energy beam of c har ged ". an d K mesons.

proto ns , and antiprotons, of energies u p to about 200 BeV , produced at an angle of

3 .5 mrad .

Beam M2 ( "diffracted proton beam " I--a secondary ("diffracted or ) beam of 200­

Be V pro tons . al so c apabl e of pro vi ding useful fluxes 0 f negative pions wit h reversed

magnet polariti es .

Beam M3 ( llneutron beam ") --a neutral be am produced at a targe t at a v e ry small

angle (1 .75 mrad ) to the 200 -BeV pr imar y pro to n beam --thi s be am co ns ists mo s tly o f

neu tro ns .

Beam 1\14 ( "Ko beam")--a second neutral be a m produ ced at a larger angl e (6 .5

rnr-ad ] - -this beam conta ins more KO particles relative to neutrons than does the neu -

tron beam (M3 ).

Beam M5 ( ill S -mrad beam ") __a m e dium -energy beam (energie s up to about 80

GeV) of charged" and K mesons, protons, and antiprotons produced at 15 mrad.



-2 -

Beam IvI6 ( 112 .5 - m r a d bea m " 1_-a high -e nergy b e a m o f rr a nd K mesons . pr o to ns .

and an tiprotons (e n e r gi es up to ab ou t 180 Be Y ) wit h extr emely well -de fin ed p a rticl e

energie s --th e e nergy s p rea d of the b e a m is to be le s s than t /10 of 1roo This is th e

so-c alled "high r-es ot ution " be a m ; it s pro duction angl e is 2 ,5 m r ad .

B . Su m m a ry o f th e De sign

T h e NAL ac celerator is in the form of a l a r ge ring lo c ate d in the s outh we st

quadrant o f the s i t e (see Fig. 1 ). During accelera ti o n , the protons trave l a r o un d this

r in g in a c lo ckwise direction, ga inin g energy o n each revolution a s t hey pass through

the "r f " or ac c eleration s y s tem . At full e n e r gy, (200 Be V for the Meso n L a boratory ) ,

the proton beam is extracted from th e a cc ele rator a t straight s ection A O. \Vhen the

protons are us e d for e xp e r im en ts in the Mes o n L a boratory (see Fi g . 2) , the 200 - Be V

extrac ted proton b ea m is d e fl ec t e d to the l e ft , u nd er the mas t e r s ubs t a tion , and is

be n t up to the Meson Laborato r y target area .

At the target , the s ix secon dary partic l e b ea m s will be p r oduced . T he s e beam s

will be s emi -fixe d in s t a llation s . for repeated use by e xp e r im ente r s . T he beams a r e

define d in size by a sys t e m of slits (collimators) and are t ransported wi th use o f

beam - t r-anspo r t magnets to a 24 6 ft X 15 8 ft bu ilding (Mes o n L a bo ratory Bu il din g )

which houses the exper iments. T h is building is s it ua t ed a t the far end o f a 1 ,000 - ft

long ea r th en radia tion shield wh ich is n ee d e d in o r d e r to r e duc e the amount o f bac k­

ground r a diati o n (most ly m u ons) to a lo w e no u gh l e vel for s afe pers onnel protection .

T he s econ da ry par tic l e beams a re produced by a c o m m o n pro ton - beam targeting

s ystem (s ee Fig . 3) . At the dow ns t r e am end of a p r e -t a rge t enclosure which ho uses

the final e lements o f the proton -b ea m transport s ystem . the p roton b ea m enters a

s te el box ( "Mes o n T arge t BOX" ) of lengt h 80 ft. T he production target for secondar y

beam s is lo c at ed in the m i ddl e o f this t a r get box . The target box is ne e de d in o r de r

to make pos s ibl e the po s it ionin g , r epair . a nd placement of the highly radioactive

m e t al targets a nd associated apparatus .

Bending magnets plac ed ju st upstream o f th e produc tio n targe t s a r e used to va r y

th e angle of incidence of the proto n beam upon the target , thereby making it possibl e

to vary the angles of in cide nc e o f the pro ton beam up on the targe t. T hus, on e c a n

vary the an gl es at which th e seco nd a ry beams of p a r t ic l es are produ c ed. Fo llowing

the production target , the unused pro tons a nd th e un wanted partic les that are pro ­

duced (m o s tly "hadr ons ") are sto pp e d by a b e am du m p and a hadron r adiation s hi el d .

The seco nda r y beams pass th r ough va r iab l e -ape rture slits wh ic h serve as s econdary ­

be a m inte nsity co nt r o l s . The first sev e r al components in the s ec o n da r y beams -­

di pole a n d qu a dr upole magn e t s , mo s tly - -a re ho u s e d in an u n de r gr oun d va u lt (IlF r ont

End Hall " ) whi ch is cove r ed by earth for hadr o n radiation s hi elding purpo s e s (s ee

Fig. 3) .
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Upo n leaving th e Front E n d Hall , t he in dividu a l s econ da r y b e a m s p a ss

throu gh s ma ll concre te e nc losu r e s - -co nnecte d wh e r e the re a r e no a c ti v e beam -li ne

ele m en t s by s ec tions o f vac u um p ip e (s e e Figs . 4 , 5 , 6 , 7 , and 8 ) . In th is regio n , th e

b eam -I in e e nc lo s ures ar e covere d by a n ear then r a diation s h i e l d 1 ,000 ft long . Th e

pr ima ry func tion o f th is s h i el d is to s to p th e m uo ns wh ich a r is e fr om the d ecay o f 'IT

m esons an d K m es ons wh ic h are p ro duc ed at th e ta r ge t in the targ et box .

At th e end of th e muon shiel d , the fou r beams of c h a r ged p a r ticle s (M1 - 3 5 -

m r a d beam , M2 -d i ffr ac ted pro ton beam, M 5 - 15 - m r ad b eam , and M6 -2 . 5 -mra d b eam )

a nd th e s m a ll -a ngl e neutra l beam ( M 3 neut r on beam) eme r ge in to an e x pe r i m e n ta l hall

o f 24 5 ft wi dth an d 1 58 ft d epth (see Fig . 9 ) . E xperim en t s will b e set u p in t his

buildin g , s ide by s id e , wi th appr opria t e r a d ia t io n s h ield in g between th e m . F o r experi­

m e nts whic h extend beyond the north wa ll o f th e bu ilding , s p ec ial a u xil iar y str uc tures

will be bu ilt to hous e th e appa r at us .

In t he c a s e of the l arge-a n gl e neutra l b ea m (M4 - K
o

b e a m) wh ich reaches t he

e xp eri m enta l area a t a lo we r e l e vation tha n the o ther five seconda r y bea m s , a spec ia l

350 ft lon g tre nch will be bu ilt, to the north o f the e xperimental h a ll , to ho us e th e

ap paratu s for e xp e r iments u s in g th is b e am.

Ou tdoo r areas in the 3.5 - m r a d beam (M 1 ) and in th e 2 .5 - m r ad beam (M6 ) im m e ­

dia t e ly upstrea m o f t he e xp erimen tal ha ll , ar e p r ovided fo r large - vo lu m e liqu id

hy dr o gen ta r gets .

II . DE T AIL ED BE A l\l S AND OTHER SYSTE MS DE SCRIP TIONS

A . E xt r ac t ed P r o ton Beam (A . Maschke and R . Mobley )

The s ec onda ry beams in the Mes o n Labora to r y a re p r o duced by a beam o f 200 ­

B e V proto ns which is extrac te d fr o m the NA L a c c el er ato r a n d then transpo r te d to

strike a m etal tar get in s id e t h e target box .

The de sign intens ity of th e acc e l e r a to r is 5 Xl0
1 3

proto ns /puls e . T h e pl anned

acc el e r a to r cyc l e for long spill a t 200 -BeV pr o to n e n e r gy is fou r seco nds in length ,

includin g a 1 second n a t -top fo r e lec t r o nic expe r im e nt s . T hi s co r r e s ponds to a du ty

fac to r o f 25%, with an instanta n eous proton -bea m in t e ns ity du ring fla t -t op of 5 X10
13

protons/s e c a n d a n ave r a ge beam int e nsity o f 1 . 3 x t 0
1 3

protons / second.

The c a lc u l a t e d e m ittanc es a n d du ty cycles of the e x te r na l p r ot o n beam, a t

s ynchrotr o n ene r gies of 50 GeV a n d 200 Ge V . are s hown in T able 1. The ene r gy

spr ea d o f the ac c e lerated p r o ton be a m is a bout O.o t %.

At a given ene r gy , the e m ittanc e s E
H

a nd E v are fi xed . Ho we ver , with t he us e

o f an a pprop r i a t e s et o f quadru pole foc u s ing e l e m e n t s , it i s of cou r s e po s s ible to

inc r eas e (a n d d ec rease ) , in in v e r s e p ro po r tion to one anoth e r , th e s i z e and d ive r ­

genc e o f the pro ton b e a m in cide nt upon a gi v e n s econ da ry beam -pro duction ta r get.
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Table 1. Proton-Beam Emittances (Calc ulated \.

E nergy E H ho r iz . E V v e r t.
(GeV) Spill (mm x mr-ad ) (mm x rnr-a d )

50 Slow 1.0 1. 5

200 Fas t 0. 7 0 .3

200 Slow 0 .2 0 .3

Dut y Cycle

- 25%

- 25 0/0

The pro to n beam is extracted fro m the m ain accelerator in the Transfer Hall

and is trans po r te d to the experimental areas through a serie s of earth-co vered c on ­

c r et e enc losures whic h ar e connec te d. wher e there are no be am -l ine c o mpo nen ts , by

e vac uated beam pipes .

Figure 10 sho ws the tu nnel and magnet l ay ou t fo r the proton -beam transport

s ystem to the Meson L a bo r a to r y . Figure 11 s hows a typical beam -t r an s po r t enc lo ­

s ure c ro s s s ec ti o n . The magnets will be hun g from brackets embedded in the con­

crete I allowing more free s pac e for passage of l ar ge co mpon ents . Th e ac cessways

hav e be en designe d t o a llo w install a t io n o f 12 -ft long m a gn e t s . The be am lines fr o m

tunnel to tunnel pass through evacuated 12 in . or 8 in . steel pipe in most c as es . The

sectional tunn el de s ign has two advantages. namely that po s s ibl e r adiation ar eas are

decoupled and a lso that th e pipe lines are possible locations for c l ea n -up coll i m a to r s.

The focusing s ystem consists o f a number o f quadrupole l en s do ubl e ts. The

plac ements a nd s e t t ings o f the quadr upo les ha ve be en calc ulated to m e e t t h e follo wing

r equi r e m ents :

1 . The ac c eptanc e s o f the beam syste m s are sufficient for a fast -ex trac ted

b e a m with emittances s pec ifie d in the NAL Des ign Report :

a n d

-6
trE

H
" 0 .23 x 10 m - r a d

-6
trE v "0 .09 x 10 m-rad .

a t 200 Ge V Ic

The lo we st momentum at whic h we c an trans port the entire pro to n be am fro m the

main ring is 50 GeV / c .

2 . The acc e pta bl e band wi dt h is l!.p/p " ±10 -3. This is greater than e xpec t ed

fro m the m ain r ing but allo ws reaso nab le to l e ranc es on the cur rents in the dipo l e

magnets .

3 . The beam siz e s at lo catio ns r eserve d for beam splitt ing s ta tions are co m ­

patible wi th ga p wi dths o f appro xi mately o n e c e n time t e r for the electros tatic sep t a .

4 . The spac ing between F a nd D qu a dr upo les in th e sys te m o f doublets is the

pr efer red fr e e param ete r, s o that as many as po s sible of the quadrupoles can be

po we r e d in series. Small shunt s upplie s c an be used for those fe w quadrupo l e s whic h

require slightly different c u r rents .
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5 . Both the horizontal a nd the vertic al bending o f the beam are achromatic .

B . Targeting and Meson Target Box (D . E artly and A . Maschke )

The design o f appropr ia te pr o to n -beam ta r ge t s an d beam s to ps is espec ial ly d if ­

ficu lt with the proton -beam en ergi es an d intensit ies whic h will be av a il abl e at NA L.

The power in a beam o f 1 .3 x tO
t3

, 200-B e V proto ns pe r s ec on d is abo ut 400 k ilowatts.

This give s r is e to tremendous heating problems for tar-ge ts and beam dum ps; th e

levels o f indu ced r adioactivity in these elements and their associate d co oling sys tems

will be co r r es ponding ly high. This beam power is approximately t wo orders o f mag­

nitu de gr ea te r than th e beam po wer at the Brookhaven AGS .

The cent ral feature o f the targeting s ys te m whic h has be e n dev el oped to handle

the targeting and du mping o f the 400 ki lo joul e proto n beam is a s o -c alled "T a rge t

Box" (s ee Fi g. 12 ). T h is box is a s t e e l struc tu r e of c r o s s s ec tion 44 in. x 44 in . by

80 -ft long and is c ove r e d by ear th and i ron to p r ovide the r equisite ha dron s hi e lding .

The proton b ea m will hit the s ec ondary -beam production target ab out halfway along

the Meson Target Bo x .

Components are moved into the Meson Target Box on railroadcars . Because th e radio­

activ it y o f the target an d beam s to p will be _ 10
3

_10
4

R / hour when removed fr om the

bo x , it wi ll be ne c essary to be able to m ake a djustments to the ta r get and o th e r ele­

m en ts by r e mote control. This will be ac complished by remo val o f the target train

from the bo x by remote control and bringing the train in to an area servi ced by mechan­

ical manipulators and c r anes.

Sequentially , th e co m ponen t s in the Meson Target Box (see Fig. 12 1will be a co llim a ­

tor to protect the up s t r ea m (service) end o f the target box from backstreaming radi­

ation from the target , three proton -beam s teer in g magnets (horizontal bends ) , beam

instrumentat ion . a target manipulator . a pr ot on -be am s poiler and stop , fixed

s econdary -bea m co llimators (which de fine the produ ction angl e s and solid angles o f

the be a m s ) , variab l e horizontally-defining collim a to rs and a group o f fixed v e r tically ­

defining c o llim a to r s . The ape rtures of the collimators will be set to provide th e

desired fluxes of secondary particles into the experimental area . When a particular

secondary beam is not being used , the appropriate collimators will be closed .

Th e three pr oton-beam s teer in g magnets are small-gap, air -c ooled dipo le mag­

nets , and are powe red in series . These magnets will be used to manipulate the pro­

ton be a m be fore it h i t s t he target. In th is way, the angle of prod uction o f sec ondar y

particles in fixed bea m lines can be c hange d . The pro ton beam-line instrumentation

will include a to rro id for absolute c alibra tio n of the pr oton -beam int ensity . a s ee an ­

dary emission monitor, a profile monitor , and a differential displacement detector to

locate the position o f the beam and to provide appropriate servo signals for the proton­

bea m co ntro l s y stem .
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The target manipulator allows one to move any of 8 possible targets into the

proton beam. At present, the plan is to have small diameter (1 mm, 1-1/Z mm)

beryllium and tungsten targets, larger diameter (2 -3 mm) beryllium and tungsten

targets, a carbon or aluminum target, a spare, and one target mount of mirrors for

auto -collimation of the reference ,!rajectories of secondary beams.

The proton beam dump will consist of a water -cooled aluminum block with fixed

collimator apertures for the secondary beam lines, and a projecting blade of alumi­

num or beryllium to spread the nuclear cascade (energy deposition) before the proton

beam impinges on the aluminum block. Subsequently, there is another iron block of

fixed-aperture collimators, with shutters.

C. Secondary Beam M1, 3.5-mrad Beam (T. L. Collins and K. P. Pretzl)

This beam is produced at 3.5 mrad with respect to the incident proton beam and

has a maximum momentum capability of 200 GeV/c. An important criterion in the

design of this beam has been the emphasis on high intensity rather than on good energy

definition of the secondary particles transported along the beam line. A list of the

components used in the 3.5 -mr-ad beam (Ml) and of its principal design parameters,

is given in Table II.

The 3.5-mrad beam (M1) has a solid angle of acceptance of Z flsr at the pro­

duction target and has energy acceptance 6..E/E of ±20/0. If desired, energy-definition

with a precision of I'.E/E 0 O.Z% can be obtained in this beam line.

A typical estimate of intensity of particles in the 3.5 -mrad beam (M1) is 10
7

150-GeV 1T mesons/pulse (see Figs. 13 and 14). In the first experiments using this

beam, the total cross sections of protons, antiprotons, TT mesons, and K mesons, on

targets of hydrogen and deuterium, will be measured at various particle energies.

In later experiments, the elastic scattering of these particles, at various angles, for

different particle energies, will be measured.

The principal features of the beam, its solid -angle acceptance, its momentum

acceptance and its momentum resolution, are all defined by the first stage of the

beam, which reaches to the first focus. A half-quadrupole doublet Q
1

Q
Z

focuses the

particles horizontally point -to -po int and vertically point -to -line 440 feet downstream

of the production target. A string of four bending magnets (with a total bend angle of

37.2 mrad) separates the beam horizontally from its neighbor beams and provides a

3 cm/% I'.p/p dispersion at the first focus. The horizontal object magnification at that

focus is about Z.O.

Momentum recombination is achieved in the second stage of the beam, which

consists of the part between the first and second foci. The off-momentum rays will

be recombined by a quadrupole doublet Q3 Q4' which acts as a field lens in front of the
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first foc us . an d by a s tring of three bending m agnets with a tota l be nd angl e o f 36.0

mrad . Th e doublet Q
5
Q

6
then provides a horizo ntal and a ve r t ic a l image a t a point

886 ft do wnstream o f the produ ctio n tar get with ho rizonta l and ve r tic al magni ficatio ns

o f 1 .0 and 2 .0 r e spective ly .

T he third a nd final stage o f t h e beam , r oughly 55 0 ft long . is de s i gn e d to be

fle xible eno ugh to matc h diffe r e nt beam -o ptic s require ments for the di ffe r e nt experi ­

ments . The ba sic trans port e l emen ts in thi s s ec tio n ar e two symm etric qu adrupole

lens tr iplets Q
7

QaQ9
a nd Q IOQ

II
Q

I 2
wh ich provide point to parallel and then parallel

to po int focusing in bo th pl a nes. T h e l en gt h of th e pa ralle l sectio n is 12 0 fl and can b e

e nlarged o r shorte ned by mov ing th e t wo trip lels a long their o p tic a x is. This dr ift

di s t anc e o f 12 0 ft is su ffic ient to plac e on e th r e shold C er enkov co unter (100 ft lo n g )

a nd on e DISC Cere nk ov cou nt e r (1 5 ft long ) in b e twe e n t he t riplet s . Addit io na l th r e s h­

o ld C e r e nkov cou nte rs c an be plac ed be fore an d / or afte r the paralle l s ec tion o f th e

b ea m . Figu r e 1 5 s hows the c alc ul a ted beam pr o fi le s .

An o pt io na l b en di ng m agn et downstr e am o f the s ec o nd triplet Q
10

Q
1 1

Q1 2 can b e

us e d to prov i de a m o m e ntu m di spe r s ed b eam a t the fin al foc us . In t his way th e t hi r d

sta ge a f the beam c o ul d serve as an inc iden t be am spec tro m e ter .

The be am -tr anspo rt sys tem des ign i s ba s ed on the us e o f m ain -r ing elements

a nd externa l proto n-beam elements . It inc lu de s fi v e B - 2 m a gn e ts, two 3Q52 ( 4 . 33 ft

lon g ) qu a d rupoles . on e 3Q84 (7 ft long ) qu a drupol e an d II e xte r na l prot on -bea m

qu a drupo les (10 ft long ) .

Spec i fic d es i gn s for th e ele m e n ts a t the ve ry fr ont en d of the be am are neces sar y

in o r de r to m atc h the s pe c ia l geo m e tr ic and o the r constra ints in that region . Fb r

foc using m a gn et s a t the begin n in g of the beam . two 10 -ft qua drupole s with 3 - in . bo r e

(proton -bea m quadrupoles ) will be s lic ed in half. A l -in . th ick mir r or pl a te co ve r s

t he m issing half of a qu a d a nd projects 6 in . b eyon d th e r e s t of the m a gnet at eac h

end , in order to g iv e reas o nab le en d fi elds . The s e quads wi ll be used for the fir s t

doublet Q
1

Q
2

in t h e 3. 5 -rnr ad b eam (Ml ). Q
1

is made ou t of two 10ft half qu a ds a n d

~ out o f on e 10 ft half qu ad .

Downstr eam o f the half quads th ere wi ll b e t wo 10 ft lo n g septu m dipol e magn e t s .

The ir design specific atio ns are 4 in. gap wi dth , 2 in . gap he ig ht , 1 5 kG m axim um

fie l d. a nd 2 in . max im um s ep tu m wid th . Sp e c ial e m p hasis will b e pl ac ed in the de s i gn

of these magnets o n th e us e o f powe r s upplies s im il a r to m a in-rin g po wer s upplies .

Co nsiderable impr ovements o n th e fina l s po t sizes o f the beam c an be made by

in tro duc in g three s extupole ma gne ts (see Tab l e II ) . In o rde r to corr ec t for small

ve r t ic al misalignm ents o f the beam - tr anspo r t e l e m ents, 7 v e r tic a l v er n ie r m agnets

will be used . T he ir po s itions a r e specified in T ab l e Il , Small adjustments to the
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TableII(a). High Energy-High Intensity Beam M1,3.5 mrad.

Production Target

Material Tungsten
Width ±0.02 in.
Height ±0.02 in.
Length 6.00 in.

Production Angle e 3.91 mrad
p

Lab Angle e 0.0 mrad
eY

-3.0 mrad
h

Momentum Range

Minimum Po 20 BeV/c
min

Maximum Po 200 BeV/c
max

Solid Angle Arl 2.0 uar-

Angular Acceptance

Horizontal
~~

±0.35 mrad
Vertical ±2.0 mrad

Y

Momentum Bite

Minimum Ap/p ±O.1 %
Maximum Ap/p ±2.0 %

Dispersion at Momen- Ax 3.0 cm/%
tum Slit Ap!p

Beam Properties at Experiment (for Ap/p ± 1.0%)
Without Sextupole

Beam Width AX
f

±0.50 em (sec order)

Horizontal Ax} ±0.44 mrad
Divergence

Beam Height AYf ±0.54 em (sec order)

Vertical Ay} ±0.65 mrad
Divergence

Nominal Beam Length 1407 ft
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Table ll( b ). Hi gh E ne rgy-High Intensity Beam MI , 3 .5 mra d - Coo rdi nates .

Z Cent. X Cent. P osition B/ G(k G ) o r

-l!!L -.l!!L Code E leme nt Code (kG /in . ) [(Amp ) p(kW )

0 0 M1TI E PB T'a rget

26.7 -0 .08 M1CO Fixed C olli m .

40.5 -0 .12 M1CI Horiz . C olli m . 6 ft

45 .5 -0 .14 M1C2 Vert . C ollim . 3 ft

55 .0 -0 .1 7 M1QI 1 / 2 Quad . 3Q120 -2 .97

67 .0 -0 .20 M1Q 2 1/2 Quad . 3Q I 20 -2 .97

97 .0 -0 .29 M1Q3 1 / 2 Qu a d . 3Q120 +4.0 4

1 21 .5 -0 .36 1\11 B l Sept. 3 - 2 -1 20 -1 4 .4

13 2 .5 -0 .4 7 M1B2 Sept . 3 - 2 - 120 -14 .4

163.1 -0 .97 M1C3 Ve r t. Collim . 6 ft

17 0 .1 - 1 .08 M1C 4 Horiz . C oll i m . 6 ft

17 6 .1 - 1 .1 7 M1Xl Se xt . 4 x 30

1 89.1 -1 .39 M1B3 Bend 4 - 2 -240 -13 .13 - 3399 . 82.5

21 0 .5 - 1 .99 M1B4 B end 4 -2 -240 -13 .1 3 - 3399 . 82.5

224 .9 -3 .37 Ml VI Vert. Ve r n. 6-4-30 ±4 .0 ±224 . 9.3

316 .0 - 6 .23 M1P I B e am Pipe (12 in.
no m ) 9 5.4 ft

373 .8 -8. 56 M1V2 Ve rt. Vern . 6 -4 - 30 ±4 .0 ±22 4 9 .3

398 .5 -9 .55 M1V3 Sext , 4 x 30

404 .5 -9 .80 M1 Q4 Quad . 3Q 84 -4 .64 - 33 83 51.5

414 .6 -1 0 .2 0 M1Q5 Quad . 3Q 52 4 .5 4 +3310 28 .6

419.4 -1 0 .39 M1Q6 Quad . 3Q 52 4 .5 4 +331 0 28. 6

429. 0 - 10 .78 M1X2 Vert. V ern . 6-4-30 ±4.0 ±224 9.3

445 .5 -11 .44 M1C5 Horiz . C olli m . 3 ft

449 .5 -11 .60 M1C6 Ve rt . C olli m . 3 ft

452 .2 - 11 .71 MI M I P r ofile Monitor

4 53.3 -I I.76 M1 M2 Intensity Monitor

542.5 -1 5.34 M1P2 B e a m Pipe ( 12 in.
n om) 19 6 . 5 ft

654 .4 - 19 .8 5 M1V 4 Ver t. Vern . 6 - 4 - 30 ±4 .0 ±22 4 9.3

670.5 -2 0 .4 9 M1C7 Ve r t . Colli m. 6 ft

678.5 - 20 .8 1 M1C 8 Hor iz . Collim 6 ft

68 4 .6 -2 1 .06 M1 M3 Profil e Monilor

688 .0 - 21 .2 0 M1X3 Se xt , 4 x 30

701 .0 -21. 72 M1B5 Bend 4 -2 - 240 -1 3 .13 - 33 99 82.5

722. 3 -22 .8 3 M1B6 Bend 4 -2 -240 -13 .13 -3399 82 .5
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Z Cent. X C ent. P osition B /G\kG I o r
( ft ) ( ft ) C o de Element Code (k G / in . I ItArnp) p(kW )

7 4 3. 7 -24.2 t M1B7 Bend 4 -2 - 240 - 1 3 .13 - 3399 8 2 .5

76 1 .2 - 2 5 .55 M 1 Q 7 Qu a d . 3Q1ZO +3 .88 8 2 .2 9.0

788 .0 - 27 .59 M1 Q8 Qu ad. 3Q1 20 - 2 .3 6 - 50 .0 3 .3

799 .0 - 28 .4 3 M t Q9 Quad . 3Q1 20 -2 .36 - 50 .0 3 .3

80 7 .5 -29 .08 1\11 V5 Ve r t. Ve r n. 6 -4 - 30 ±4 .0 ±22 4 9 .3

8 46 .0 - 32 .0 2 M1 P 3 Beam Pipe ( 1 2 in .
nom) 73 .5 ft

88 5 .8 - 3 5 .0 5 M1C 9 Hori z . Collim . 3 [t

889 .7 -3 5 .36 M1C l0 Vert. Collim . 3 [t

892 .7 - 3 5 .58 M1M4 P r o fil e Monitor

894 .7 -3 5 .74 MtV6 Ve rt. Ve rn . 6 -4 - 30 ±4 .0 ±224 9 .3

896 .7 -35. 89 M1 M5 In t ens ity Monilor

1010.4 -44 .57 M1 Ql 0 Quad. 3Q1 20 - 3 .31 - 70.1 6 .5

1025.4 - 4 5 .71 M1 Q11 Quad. 3Q120 3 .1 5 66 .9 5. 9

1 036 .3 - 46 .55 M1Q12 Quad. 3Q1 20 3. 15 66 .9 5.9

1 0 51 .3 - 4 7 .69 M1Q13 Qu ad. 3Q120 -3 .3 1 -70 .1 6.5

11 0 7.2 -51.9 6 M1K l T h r eshol d Counter
10 0 ft

11 66 .4 -56.48 M1K2 D ISC Counter 1 7 ft

11 8 0 .9 - 57 .59 M1Q 14 Quad . 3Qt20 - 2 .99 - 63. 3 5 .3

11 9 5. 9 - 58 .7 3 M1Q15 Quad . 3Q120 2 .87 60 .9 4 .9

1 20 6 .8 -5 9.57 M1Q1 6 Quad . 3Q 120 2 .87 60 .9 4 .9

12 21.8 - 60.71 M1Q1 7 Quad . 3Q120 -2 .99 - 63 .3 5 .3

1 227. 9 - 61 .1 8 Mt M 6 Profile Mon itor

1230 .3 - 61. 3 5 M1V7 Ve rt . Ve rn . 6 - 4 - 30 ±4 .0 ±224 9.3

1 234 .2 - 61. 66 M1 V8 Hori z . Ve r n . 6 - 4 - 30 ±4 .0 ±22 4 9 .3

1 30 4 .3 - 67 .0 1 M1K3 Threshold Counter
100 ft

1 374. 3 -12 .35 l\H M7 Profile Mon: to r

1 376 .3 -12 . 51 M1 M8 Int ensity Mcnitor

central tra je c t o r y in t he ho riz onta l plane wi ll be made by the bending magnets in the

transport s y ste m itse lf. Onl y one ho rizontal vernier magne t, place d after th e l ast

quad r upol e triplet, i s ne e de d - - to co r r e c t the beam t r aje cto r y int o th e Me son Labora -

to ry B ui l d ing .

All m a in-r ing e lements in thi s beam will be powere d by modified m ain -ring

po wer supplies. In the b eam design, an effort has been mad e to a ll o w fo r po we r ing
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as many a s possible tran sp ort ele m ent s in ser ie s . A ll main - r ing di po l e magne ts , the

spe c ia l sept u m dipole s a nd als o th e q uadrupoles Q
3

and Q
4

c a n be powe r ed by on e

s ing le power suppl y . F ix ed sh unts a nd ad j us t ab le s hu nts will be pro vi d ed t o match the

r eq ui r e d small di ffe r ences (on the order of a few perc ent ) in the current s in va rious

e le m e nt s and to allow ind iv idua l current regul at io n for th e e le m ent s . where tha t is

nee ded.

The spec ial m agnet s. su ch a s v e rn iers. s extu pol e s and half qu ad s wi ll need

th e ir o wn in d iv idu al po we r s uppl ie s . For the vernier m agnets and th e half qu ads,

de s ig ns fo r the po wer s uppl ies a r e a l r e ady avai lable . Th e quadrupoles in the third

s t ag e o f the 3. 5 - m rad beam (Mt ) wi ll have indivi dual power supplies so th at on e c an

va ry th e focal pr operties of the beam for diffe r e nt expe r ime nts.

T he requi r ed power- suppl y reg ulation for the 3.5 -mrad beam ( M1) co m pon e n t s

sho uld be at le ast a s good as 0. 1% o f the c u r re nt re ading for the quadrupole s and 0.05%

for th e bending magne ts .

In ad dit ion to the beam -de fining c o ll i m ato r s in the Me s on Ta r ge t Box, the 3.5 -m r ad

be a m ( M1 ) r equ ir e s two t yp e s of s t eel c oll im a t o r s with t /2 - in. thick t ung s t e n liners

and var iable remot e-controlled ape rtures . Both horizont al and vertic al co ll im ato r s ,

o f 3 ft le ngth, will b e used at the fi r st a nd at the s e con d fo cus of the be am . Other.

"cle an - up " coll imators o f 6 ft length wi ll be used at two othe r po ints a lo ng th e beam

( s e e T able II). At th e s e latter lo c a tion s , the ho r izont a l a nd ve r tical b e am dimensions

are la rge an d a co ll im ato r is parti c ul ar ly e ffective in r emo ving be am h al o wi thout

a ffect ing the de s i r ed be am p a r t i c les.

D. Se condary Bea m M2-Diffr a cted Proton Be a m ( J . Sc ull i and T . White )

The diffra c ted proton beam ( M2) will have an intensity of about 10
10

d iff r act ed

pr ot ons/pulse. Th i s beam feeds what ha s be en te r m e d a "medium. int ensity e nd ­

station IT for s tudies of proton - proton interact ion s and o f short - live d particles s uch as

hyp e r ons .

The be am us es the s a m e produ ction c h ann el in th e Meson Target Bo x a s th e s m all ­

an gle ne ut r a l be am ( lIB - ne ut ron b e am) wh ic h i s d e s cribed in Section E below. The

fi rst s we e p ing e lements in th e ne ut r on b e am (M3)--for r emo val of ch a r g ed part icle s

fro m that be am --d eflect the d iffract ed protons in t o a sepa rat e transp ort ch anne l. The

di ffracted proton b e a m (M 2 ) is d ispers ed a nd fo c u s e d onto c le a nup s li t s about 600 it

from the pr oduction targ et . In the s e cond half o f th e beam , m omentum rec o mbination

in both po sition a nd angle i s effe cted . The maximum allowed in tensity o f this beam

will be di ctated by radiation sh ielding need s and pr oblem s in the exper im ental area.

A m ax im um allow ed int en s ity of about 10
10

d iff ract ed protons/ pul se i s a ntic ipat ed.
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The original design was based on the use of main-accelerator dipole and quad­

rupole magnets. However, i1 is expected that the beam will be built with external

proton-beam magnets. A list of beam-Hne components based on the use of pr-oton­

beam dipole and quadrupole magnets, is given in Table III. Vernier magnets are

Table lIl(a). Diffracted Proton Beam M2, 1,75 mrad.

200 BeV/c
Nominal

Operation

Production Target

Material Tungsten
Width ±0.02 in.
Height ±0.02 in.
Length 4.0 in.

Production Angle e 1. 75 mrad
p

Lab Angle e 0.0 mrad
eV

0.0 mrad
h

Momentum Range

Minimum PO 20 BeV/c
min

Maximum Po 200 BeV/c
max

Solid Angle ~ 0.22 Iis r

Angular Acceptance

Horizontal L'.e
h

±0.42 mr-ad
Vertical L'.e ±0.17 mrad

v
Momentum Bite

Minimum L'.p/p ±0.1 (lntr ins ic ) 0/0
Maximum L'.p/p ±1.3 (Acceptance) 0/0

Dispersion at Marnen- L'.x 1.04 in 10/0
tum Slit L'.p/p

Beam Properties at Experiment

Beam Width L'.x
f

±0.025 in.

Horizontal 6.Xf ±0.34 mrad
Divergence

Beam Height L'.Y f
±0.025 in.

Vertical L'.yr ±0.14 mrad
Divergence

Nominal Beam Length L 1350 It
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Table lll( b ). D iffrac ted Proton Beam M2 , 1. 75 m r ad - Coordinate s .

Z Cent. X Cent. Position B/G(kG )or

---!.!!L _ (f_t )__ C o de E lement Code (kG/in . ) UAmp ) p(kW)

0 0 M2T 1 EPB Target
26. 7 0 M2CO Fixe d Colli m.
40.5 0 M2C 1 Hor iz . C ollim . 6.0ft
4 5 . 5 0 M2C 2 Vert . C ollim . 3 . 0 ft

202 .0 0 M2Q1 Quad . 3Q120 +3 .12 +66 .1 5.8
234 .0 0 M2Q2 Quad . 3Q 120 -2 .89 - 6 1. 2 5. 0
246 .2 -0 .02 M2B1 Bend . 5-1.5-1 20 - 14. 00 -1458 34 .0
257 .7 - 0.09 M2B2 Bend 5 - 1. 5 - 12 0 -14.00 -1 4 58 34 . 0
26 5. 0 - 0 .17 M2V1 Vert. Ve r n . 6-4-30 ±4 .0 ±224 9 .3
306 . 5 - 0.7 0 M2P1 Beam Box 65 . 0 ft
348 . 5 -1.24 M2P2 Beam Pipe (12 in .

nom ) 29 .7 ft
366. 0 -1.46 M2V 2 Vert . Vern . 6-4- 30 ±4 .0 ±224 9 .3
374 .2 -1.58 M2B3 Ben d 5 -1. 5-120 -14.00 - 14 58 34. 0
385.7 -1.80 M2B4 Bend 5-1.5-120 - 14 .00 - 1458 34 .0
393 .0 -1.97 M2M 1 Profile Monitor
397 .0 -2 . 07 M2C3 Ho riz . Collim. 4 ft

(Ai r atm)
403. 0 -2. 2 3 M 2C4 Vert. Collim . 4 ft

(A i r atm)
527 .7 -5 .93 M2P3 Beam Pipe (12 in .

nom ) 228 .8 ft
644 .0 -8.40 M2M 2 Profile Moni tor
64 8 .0 -8. 40 M2C5 Horiz. Collim . 4 ft

(Air atm)
65 7.0 - 8 .73 M2Q3 Quad . 3Q120 + 1.00 +2 1. 2 0 .6
666 . 0 - 8 .96 M 2C 6 Ve r t. C oll im . 4 ft

(A i r atm )
699 .2 - 13 .6 5 M2P4 Beam Pipe (12 in .

no m ) 309. 1 ft
1012 . 0 -17 .82 M2V3 Ve r t . Vern . 6-4-30 ±4 . 0 ±224 +9 . 3
101 6 .0 -17.92 M2M3 Profile Monitor
1030.8 - 18 .32 M2B5 Bend 5 - 1.5-120 - 14.00 - 14 58 34 . 0
1042 .2 -1 8 .69 M2B 6 Bend 5-1.5 - 120 -1 4 . 00 -1 4 58 34 . 0
1053.7 -1 9.1 3 M2B 7 Bend 5 - 1. 5 - 12 0 - 14 . 00 - 1458 34 . 0
1 06 5.2 -1 9 .6 4 M2B 8 Bend 5-1.5 - 12 0 - 14 .00 -14 58 34 .0
1077.0 -2 0.2 3 M2Q4 Quad 3Q120 - 2 .8 2 -58 .7 4.7
1108 .0 -21.82 M2Q5 Quad 3Q12 0 +2 .95 +62 .5 5 .2
1116 .0 - 2 2.2 3 M2V4 Vert . Vern . 6-4-30 ±4 .0 ±ZZ4 9 .3
1121.0 -22.48 M2V5 Ho r iz , Vern . 6 -4 -30 ±4 .0 ±224 9 .3
12 16 . 5 - 27 . 38 M2P5 Beam Pipe ( 12 in .

n o m ) t 88. 6 ft
1348 . 0 - 34 . 12 M2M4 Intensity Monitor
13 50. 0 - 34 .22 M2M 5 Pro file Monitor

pro vided at fi ve points a lo ng the b e am to correct for differential settlemen ts of th e

fl oor wh ich support s th e beam -line com pone nt s . Th e inten s ity and profile o f the beam

are m on itored by seg m e nted wire ion chambe r s at thr e e po int s along the beam . In

g eneral , the be am line is to be under a vac uum of 1 00 micron s pre s s ur e , or be tt e r.
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Th e collimato rs fo r inten sity control o r fo r momentum s pread control a re typi c ally

4 ft lon g , a nd m ade o f iron. The a pe rture s of the co llimators are not evacuated, unlike

m o s t of th e rest of the be am line .

E. Se condary Beam s M3 (Neutron Beam) and M4 (K
L

o
Beam )

(E . Ble ser and J. Sculli)

The sm all-angle (1 .75 mrad ) neutral beam, ( M3-neutron beam), co nsist s mostly

o f neutrons , wi t h a total intensity o f about 10
7

neut r on s /pUls e. The beam will be u s ed

initially in a numbe r o f experiments to s tudy neutr on interactions at ve ry high e ne rgies .

Co mpar e d wi th th e small - angle neut r a l beam , the large -angle (6.5 mrad ) neutral be am ,

(lVI4 -K
L

O be am ), i s re lative ly rich in the r at io of KO mesons to neutrons ; however.

thi s be am st ill c onsi s t s mostly of neutron s (see inten s ity predic tions in Figs. 16 and

17). In the first ex periments in th e K
O

beam, stud ies will be m ade of the behavior o f

KG m e son s at hi gh ene rgies - - bo th the ir de c ay propert ie s and their inte ra ctions with

matte r will be in ve stig at ed .

The neut r on bea m (M3) is produced at a no mina l angle of 1. 75 mrad . This angle

may be varied over the range 1.75 to 5.0 mrad by chang ing the angle of incidence of

th e primary proton bea m on th e product io n target. At 200 ft fro m t he production tar­

ge t , th ere i s a cha rged - par ticle s weeping and co llimat io n section in the beam. At a

di stanc e of about 600 ft from th e target, there is provisio n for a seco nd sweep ing and

co llimation section. There are enclo sure s t o ho us e a th ird an d a fourth se t of beam ­

de fin ing ap paratus at 1000 ft and 13 00 ft , re s pe ctive ly, from the targe t .

A list of the components us e d in th e neutron beam (M 3) a nd of its princ ip a l

d e sign para m eters is g iven in Table IV.

Three magne tized iron slits ( "muon-s poile r s " ) o f 10-ft l ength are u se d a1 abo ut

400 ft from the product ion target, to deflect away t he halo of muon s which s ur r oun d

the "wanted" beam particles. At two othe r point s alo ng the beam, s pace is provided

for the placement o f ab s orbe r s , which c an reduc e the r elative flux of neutrons to KO,s

in th e b e am, if 1hi s i s needed fo r pa rticular experiment s using KO,s. Lead radiator s

are used , in fr ont o f the sweepi ng m agnets. to eliminate yl s from the be am . In

general, the beam line i s to be under- a vacuum of 10 00 microns pr e s s ure . o r better.

The co llimato rs ar e not eva cuated , un like much of the rest of th e beam line.

The large-an gle neutral b eam (M4 -K~ beam ) is pr oduced at a nom ina l ang le of

6.5 m r-ad , Th e re are be am -sweeping and beam -defining s tation s , s im il ar to tho s e in

the neutron b eam ( M3) at d istances of 200 f't , 600 ft , 1000 ft , and 1300 ft fr om the pr o­

duc tion target .

The K
O

be am (M4) is produce d do wn wa r d a t a n angle of 8.2 5 m rad to the hori­

zontal. The proton beam is traveling downward a t an angl e of 1. 75 mrad when it

s t r ike s the target . Thus, the p r oduction ang le of th e beam is 6.5 mrad . At the
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T a bl e IVla l. Ne ut r-on Be a m :\13. 1. 75 m r a d .

Produc ti on T arg et

Material Tung sten
Widt h ±O.Ol in .
He ig ht ±O.O2 in .
Length 4 .0 in.

P r o duction Angle 1/ 1. 75 rnrad
p

Lab . Ang le e 0. 0 m rad
II

v
0.0 mrad

h

Solid Ang le ~(] 0 .04 fLsr

Angular Ac cept a n ce

1 s t C oll im ator

Ho r iz ont al ~ I/h ±0 .4 2 mrad
Vertic a l t>.e ±D.n mrad

v
La s t Magnet

Ho r iz ont al t>.lI
h

±0.2 mrad
Verti cal ~e ±0.0 6 mr-a d

v
Be am Properties at Experiment

Beam Wi dth t>.x
f

±3. 4 in .

Horizont al .6.xf ±D.2 m rad
Divergence

Be a m He ight l>.Yf
±1.0 in .

Ve rtica l t>.Yi ±D.06 m rad
Divergence

No m ina l Beam Le ng th L 14 00 ft
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Table N(b). Neutron Beam M3, 1.75 mrad - Coordinates.

Z Cent. Position B/G(kG) or

..i1!l- Code Element Code (kG/in. ) I(Amp) p(kW)

M2T1 EPB Target

26.7 M2CO Fixed C ollim .

40.5 M2C1 Horiz. CoHim. 6 ft

45.5 M2C2 Vert. Collim.

202.0 M2Q1 Quad. 3Q120 +2.95 56.4 6.0

234.0 M2Q2 Quad. 3Q120 -2.71 -51.8 5.0

246.2 M2B1 Bend 5-1.5-120 -14.00 -1458 34.0

257.7 M2B2 Bend 5 -1.5 -120 -14.00 -1458 34.0

265.0 M2V1 Vert. Vern. 6-4-30 ±4.0 ±224 9.3

306.5 M2P1 Beam Box 65.0 ft

Elements Above Common to Beam M2

348.5 M3P2 Beam Pipe (12 in. nom)
29.0 ft

366.0 M3C3 Beam Stop 4 ft Lead

370.0 M3A1 Lead Radiator 1 in.

374.0 M3C4 Collim. 6 ft

383.0 M3B3 Muon Spoiler 10 ft 200 50

394.0 M3B4 Muon Spoiler 10 ft 200 50

405.0 M3B5 Muon Spoiler 10 ft 200 50

527.7 M3P3 Beam Pipe (12 in. nom)
228.7 ft

651.0 M3C5 Horiz. Collim. 3 in.
(0 -4 in. range)

656.0 M3C6 Vert. Collim. 3 ft
(0 -4 in. range)

664.3 M3B6 Bend 5 -1. 5 -120 -10.0 -1041 17.3

675.8 M3B7 Bend 5 -1. 5 -1 20 -10.0 -1041 17.3

849.2 M3P4 Beam Pipe (12 in. nom)
310.0 ft

1014.0 M3C7 Horiz. Collim. 3 ft
(0-4 in. range)

1019.0 M3C8 Vert. Collim. 3 ft
(0-4 in. range)

1027.3 M3B8 Bend 5-1.5-120 -10.0 -1041 17.3

1038.8 M3B9 Bend 5-1.5-120 -10.0 -1041 17.3

1048.0 M3C9 Vert. Collim. 8 ft

1182.5 M3P5 Beam Pipe (14 in. nom)
256.3 ft
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Meson Labo r atory Bu il ding , th e K
O

beam (M4 ) passe s under the bu ilding throug h a 14

in . di ameter v a c uu m p ipe , a nd then e nt e r s a 10 -ft wi de , 35 0 - ft long t r enc h t o th e

north of the bu ilding , where the e xpe r iments u sing th e beam wi ll b e h ou sed .

A li s t of th e co m po ne nt s us e d in th e K
O

beam (M 4 l, and o f it s principa l desig n

paramete rs , is g iven in Ta ble V . Muon spo ile r s are us ed in th e KO beam ( M4) a s in

T a b le V Ia ). K
O

Be am M4, 6 .5 m rad .

Produc t ion T a r ge t

Ma t erial T ungs t e n
Width ±0 .02 in .
Hei gh t ± 0. 02 in .
L e ngth 4 . 0 in .

Prod uction Angl e 8 6 .5 m r-ad
p

Lab An gle 8 8 . 2 5 m r-ad
8

v
0. 0

h
Solid Angle 6 rl 0.0 4 fJS r

An gular Acc ep t an ce

mrad
mrad

mrad
m r ad

±0.2
±0 .06

±0.4 2
±0.42

1s t C olli m a t or
Hori zont al
Ve rtic al

L ast Ma gnet
Hor izontal
Ve rtica l

68
h

6 8
v

Be am Prope rties at Exper i m ent

B eam Wid th 6 x
f

±3 .8 in .

Hor izontal 6xf ±0 .2 m r-a d
Divergen c e

Beam He ight 6Y r ± 1. 1 in .

Ve rtic a l 6y'r ±0 . 06 m r ad
Diver ge nc e

Nominal B e a m L en gt h L 1590 ft

T ab le V(b l. K
O

Beam M4 , 6.5 m r ad - Coordinates .
Z C ent. Y C e n t. P o s it ion B/ G( kG ) o r

-!.!'!l..- _ (_r_t )_ Co de E l e m ent Cod e ( kGltn. ) I(Amp ) plkW )

0 M2T 1 E P B T arge t

26 .7 - 0. 22 M4C O Fixed Coll im .

40. 5 -0.33 M4Cl Hariz . Co ll i m . 6 It

4 5. 5 - 0.3 8 M4C2 Ve r t. Collim . 3 ft

24 6 .2 - 2 .0 4 M4C 3 F ixe d C ollim . 3 ft
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Z Cent. Y Cent. Pos iti on B/G(kG l or

~ --i.!!L Code Element Code ( kG/ in . ) I(Amp ) p (kW)

257 .7 - 2 .13 M4B l Sweep 5-1. 5 - 120 - 14 .00 -1 4 58 34 .0

306 .5 - 2 .5 3 M4P l Beam B ox 65 .0 it

348 .5 - 2 .88 M4P2 Beam Pipe ( 12 in .
nom ) 29.0 it

36 6 .0 - 3. 02 M4C4 Beam Stop 4 i t
l e ad

370.0 - 3 . 05 M4Al Lead R a di ator 1 in .

37 4.0 - 3 .08 M4C5 F ix e d Co llim. 6 i t

383 .0 - 3.1 6 M4 B 2 Muon Spoiler 10 i t 200 50

39 4 .0 - 3 .2 5 M4B3 Muon Spo ile r 10 it 200 50

405 .0 -3 .34 M4 B4 Muon Spo il e r 1 0 it 200 50

52 7 .7 -4.35 M4 P 3 B e am Pipe ( 12 in.
nom) 228.7 it

651.0 -5.37 M4 C 6 Horiz. Collim. 3 it
(0 - 4 in. range)

656.0 -5.42 M4 C 7 Ve rt . Collim. 3 it
(0-4 in. range)

66 4 .3 -5.48 M4B5 Swee p 5 - 1. 5 - 120 - 10 .0 - 1041 17.3

675.8 - 5.57 M4B6 Sweep 5 - 1.5 - 120 -1 0 .0 - 10 41 17 . 3

849.2 - 7. 01 M4 P 4 B e am Pipe ( 12 in.
nom) 310.0 it

1014. 0 -8 .3 7 M4C 8 Hor- iz , Coll im. 3 it
(0-4 in . rang e)

1 01 9.0 - 8 .41 M4C9 Ve rt . Collim. 3 it
(0 - 4 in . r ange )

1 02 7 .3 - 8 .4 8 M4B 7 Sweep 5-1.5-12 0 -1 0. 0 -1 041 17 . 3

1 0 38 .8 - 8 .57 M4B 8 Sweep 5-1.5 - 120 - 1 0 .0 -1 04 1 17.3

1 04 8. 0 - 8 .65 M4C I O Hor i z . Co llim . 3 ft

11 82 . 5 -9. 7 6 M4 P5 Beam P ip e ( 14 in .
n om ) 256.3 it

14 69 .0 - 12 .12 M4 P6 Beam Pipe ( 14 in .
nom ) 228 .5 it

the neutron bea m (M 3) to r educe the m uon h alo around th e b e a m . Also , as in the

neutr on beam (M3), spac e i s provided in the K
O

beam (M4 ) ior n eutron abso rb e r s and

fo r lead radiators. In g e nera l , th e beam line is to be under a vac uum of 1 00 0 micr on s

pressure. or better . Th e co ll im ator s for intensity control and be am -halo e li m inat ion

(M4) are of the same de s ig n as the collimators in the neutron beam (M3 ).

Figure 18 sh ow s a cr o s s - s e ct ion view of one of the e nc lo s ure s fo r the two neu­

tral beams (M3 and M4 ).
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F. Sec o nda r y Beam 1\15-1 5 m rad B eam (D. D . Re eder
a nd A. A . Wehmann)

Th is beam is produced at an angl e of 15 m r-ad , has a ma x im um e nergy c apabil i ty

o f about 80 Ge V. a nd a design e nergy r esolution I!.E/E = ±O.1 %. There is space fo r

Ce r-enkov counters for partic le mass id entific a tion . A ty pical int en sity will be about

10
7

1T mes o ns/puls e a t 50 GeV .

It is expec ted that a num ber o f in elas ti c IT meso n s c att e r ing e xp eriments , where

a pion -proto n c o ll i s io n r e s ults in th e produc t io n of a lar ge number ( 3 o r more ) reae ­

tion product pa r ti cles , will be pe r fo r m e d using the 1 5 - m rad b e a m IM 5).

A li st of t he com po ne nts used in t he 15 -mrad bea m (M5 ) and of it s p r inc ipal

de s i gn parameters, is g iven in Tabl e VI. Th e des i gn is based on the u s e of main -

Tabl e VI(a ). Medium Energy -H i gh Re s olution Beam M5, 15 mr-ad

P ro duction T arget
Mat erial Tun gsten
Width ±0 .02 in .
Height ±0 .02 in .
L en gth 4 .0 in .

P r oduction An gle
~

15 .1 m rad
Lab Ang le 0 .0 m r-adv

8
h

1 5 .0 mrad
Mo mentum Range

Mini mum Po 8 Be V /c
m in

Max i mum Po 80 BeV / c
m ax

Solid Angle I!.I"l 2 .8 J.L sr
Angular Acc eptanc e

Ho r i zo ntal 1!.8h ±0 .75 mrad
Ve r ti cal I!. 8 ±1 .2 m rad

Momentum Bite v

Minimum I!.p/p ±O.1 0/,
Maximum I!. p/p ±O.4 0/,

Di spersion at Mo- I!.x t . 24 in . /%
m en tu m Slit I!.p! p

Beam P roperties at Expe riment-Perfect
Ma gn e t Va lues

Be a m Wid th coc ±0 .0 54 i n .
Ho r izontal I!.x~ ±O.7 4 m rad

Divergence f

Beam Height I!.y ~ ±0 .0 56 in .
Vertical I!.Yf ±O.4 5 mrad

Diverg en ce
No m in al Be am Length 14 54 ft

ac c elerator dipo l e an d quadrupole magnets . Ho wever , th e poss ible us e of pr o ton­

beam magnets in th is beam, in pl ac e o f m an y o f the main -a c celerator m agnets , is

be ing seriously considered at th e time o f writing this report.
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Table Vl(b). Medium Energy -High Resolution Beam M5, 15 mrad - Coordinates.

Z Cent. X Cent. Position B/G(kg) or
(ft) (ft) Code Element Code (kG/in) I(Amp) p(kW)

0 0 M5T1 EPB Target
26.7 0.40 M5CO Fixed Collim.
40.5 0.6\ M5Ct Ho r-iz . Collim. 6.0 ft
45.5 0.68 M5C2 Vert. Collim. 3.0 ft
54.0 0.83 M5B1 Sept. 3-3-132 +6.37 +1644 87.1
65.5 1. 07 M5Q1 Quad. 3Q84 -5.91 -4309 83.6
74.5 1.28 M5Q2 Quad. 3Q84 +5.62 +4097 75.6

113.5 2.25 M5B2 Bend 4-2 -240 +8.85 +229t 37.5
135.0 3.18 M5B3 Bend 4-2 -240 +8.85 +2291 37.5
156.4 4.60 M5B4 Bend 4-2 -240 +8.85 +2291 37.5
241.7 11.61 M5Q3 Quad. 3Q84 -3.47 -2530 28.8
253.3 12.59 M5Q4 Quad. 3Q84 +4.08 +2974 39.8
261.4 13.27 M5M1 Profile Monitor
264.3 13.51 M5C3 Horiz. Collim. 4ft
266.0 13.65 M5V1 Vert. Vern. 6-4-30 M.O ±224 9.3
322.5 18.39 M5P1 Beam Pipe(12 in. nom)

108.7 ft
382.1 23.38 M5Q5 Quad. 3 -Q-52 +2.57 +1873 9.2
390.6 24.09 M5V2 Vert. Vern. 6-4-30 ±4.0 ±224 9.3
520.1 34.94 M5X1 Sext. 4 X 30
527.6 35.57 M5Q6 Quad. 3-Q-84 -4.01 -2923 38.5
538.7 36.50 M5Q7 Quad. 3-Q-84 +4.12 +3003 40.6

545.9 37.10 M5V3 Vert. Vern. 6-4-30 ±4.0 ±224 9.3
609.4 42.43 M5P2 Beam Pipe (12 in. nom)

88.9 ft
655.6 46.30 M5V4 Vert. Vern. 6-4-30
659.4 46.62 M5X2 Sext. 4 x 30
676.1 47.94 M5B5 Bend 4-2 -240 -8.85 -2291 37.5
697.6 49.30 M5B6 Bend 4-2 -240 -8.85 -2291 37.5
719.0 50.23 M5B7 Bend 4-2 -240 -8.85 -2291 37.5
740.5 50.72 M5B8 Bend 4-2 -240 -8.85 -2291 37.5
762.0 50.73 M5B9 Bend 4 -2 -240 -8.85 -2291 37.5
772.5 50.68 M5X3 Sext. 4 x 30
790.0 50.37 M5Q8 Quad. 3Q84 +3.40 +2478 27.7
801.0 50.18 M5Q9 Quad. 3Q84 -3.31 -2413 26.2
808.5 50.05 M5X4 Sext. 4 x 30

890.6 48.62 M5M2 Profile Monitor
998.3 46.75 M5C4 Ho r iz , Collim. 4ft

(Air atm. )
1002.8 46.67 M5C5 Vert. Collim. 4 ft

(Air atm.)
1006.5 46.61 M5V5 Vert. Vern. 6-4-30 M.O ±224 9.3
1082.5 45.28 M5P3 Beam Pipe(12 in. nom)

148.3 ft
1166.5 43.82 M5V6 Vert. Vern. 6-4-30 ±4.0 ±224 9.3
1308.8 41.35 M5Q10 Quad. 3Q52 +3.47 +2530 16.7

1319.8 41.15 M5Q11 Quad. 3Q52 -3.34 -2435 15.5
1328.8 41.00 M5K1 DISC Counter 6 ft

1335.8 40.88 M5K2 DISC Counter 6 ft

1344.8 40.72 M5Q12 Quad. 3Q84 -3.63 -2646 31.5
1355.8 40.53 M5Q13 Quad. 3Q84 +4.04 +2945 39.1
1361.1 40.44 M5V7 Horiz. Vern. 6-4-30 ±4.0 ±224 9.3
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B/G(kg) or
(kG/in) I(Amp ) p(kW)

±4 .0 ±224 9 .3

0/+8.85 0/+22 91 0/ 37 . 5
0/+8.85 0/+22 91 0/3 7 . 5

Element Code

Thre sh old C ounte r 20ft
Profile Monitor
Intensity Monitor

Ve r t. Ve r n . 6-4- 30
Thr e shold Co unter 2 0 ft
Be nd 4 -2 - 24 0
Bend 4-2-240

P o sition
Code

M5V8
M 5K3
M 5Bl0
M5Bl1

13 64 .1
1 37 5. 8
13 9 6.2
141 7. 6

40. 38
40. 18
39 .90
39 . 75

Off On
14 38 . 3 39 .09/40:-36 M5K4
1447 . 338 .90/40 . 57 M5M 4
1451.3 38.8 7/4 0. 66 M 5M5

Z Cent. X Cent.

--..i!!L --..i!!L

An unusua l featu r e o f th e 15-mrad beam (M5 ) is the beam -line trajectory unde r

the earthen m uon s hield . The large an gle o f de flection o f the beam to the right . ha lf­

way al o ng the bea m line . was incorporated in to the des i gn s o that the b eam wo uld

ent er the exp e r imental area midway between th e 2 .5-mrad beam (M 6 ) e xpe r i m e nts an d

the neutron beam ( M3) e xp e r i m ents--thus providing a n arrangement of 5 secondary

beams e nt e r in g th e lab building with roughly e qual distances of about 40 ft between

adjac ent beams.

The s p ec i fic a ti on o f the tra jectory and of the bending magnets to produce it ,

preceded the determination o f quadrupole pos itio ns and gr a d ie nts . The requirement

o f a c h r o m a ticity in positio n and a ng l e a fter the set of 5 bend magnets abou t halfway

along th e b e a m line dic t a t e d th e qu a drupole arrangement ahead o f that po int. The

beha vior o f the principal rays a nd the envelo p e function are s ho wn in Figs . 19 a n d 20 .

Ve r n ie r magnets are provided at seven points along the beam t o c or r ec t fo r

differential s ettlements o f the floor which s uppo r t s the beam -line co m po ne nt s . Some

o f the mo r e s i gn i ficant s eco nd -o rd er aberration terms in the beam -transport optic s

ar e elim inated with th e use of four sextupole cor r ection m agn e ts . The intens ity and

profile o f the b eam a r e mon ito r ed by segmented wir e ion c h a m b ers (SWIC ) at three

po ints along th e beam. In g eneral, the beam line is to be un der a vacuum of 10 0

m ic rons pr e ssur e . o r be tte r. The c o ll im ato rs for intensity control or fo r momentum

sprea d co nt rol are typic ally 4 ft long , and made of iron . The o pen in gs of the colli­

m ators are no t evacuated, unlike mos t of the rest of the beam l in e . The fi r s t magnets

in thi s be am c anno t be m ain -ac celerator dipol e and qu adrupole magnet s because o f the

c lose pro xi m it y o f th e 2 .5 -mra d bea m ( M6) line . Thus , the de s i gn inc lu des an It-ft

long septum dipo le magne t as the firs t magneti c element in th e beam line.

Two m ain -r ing magnets us e d as an inc i de nt beam s pectrom e te r can be pl aced

near the end o f the beam . Taggin g of the momentum o f indivi dual particles wou ld

d ep end on m e a s uring pos i t io n a t the c l e a n -u p x focus a nd a t the final focus and using

one 's kno wl e dge of th e optical pro p e r tie s o f the last section o f the beam. Th e
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m omenta c a n b e tagged to ±0 .07'70 wi th position accu r acies of ±0. 6 m m at the las t two

x foc i and with precise kno wle dge of o p ti c s of the l a st sec tio n , as s u ming a 40 - m rad

bend angle in th e t wo s pectr ometer magn ets .

Predicte d be am intensiti es are s ho wn in Figs. 21 an d 22 for maximum mo m en­

tum bite and in Figs. 23 and 24 for 20 0 MeV/c m omentum bite . F igures 25 an d 26

in clude the predicted K flu xe s co r r e s po nd in g to Figs. 21 an d 22, as well a s th e K

fluxes that one would have if the to tal num be r o f particles in the beam were restric t ed

to 10
6

per pulse of 10
1 3

in t e r act in g protons . This kind o f op e r a tion a l res tric ti on

would apply to many K-sc attering experiments u sing the beam .

G . Secondary Beam M6 , 2 .5-mrad Beam (D. Carey an d R . C ar r igan )

A primar y use of the 2 .5 -rnr-ad b eam (M6) , whi c h is a be a m with good m omen ­

tum resolution (Ll.p/p - ±O.0 50/0), will be in c onjunction with a 180 -GeV high -precis ion

focusing-type s pec tro m e t e r wh ic h is to b e used for an aly sis o f the h igh -en e rgy r eac­

t ion products from the s cattering of the sec on da r y -beam particles o n hydroge n . A

wide variety o f experiments will be done wi th the s pec tr o m e te r ; the first experiment

will be a study o f elastic s cattering of K m esons , proto ns and a nt iproto ns , on hydro­

ge n and deuterium targets . An e xp e rim en t to study th e el astic s catt e r in g 0 f tr m esons

and of protons on protons , at v ery small angles of scatte r ing, will a lso be c a r r i e d o ut

with the use of the 2.5-mrad beam (M6 ) but not using the high-energy spectrometer

facility . A list of the c o m po nents u sed in the 2 .5-mrad b eam (M6 ) an d of its p rinc i­

pal des ign parameters is given in T a ble VlI.

This beam (M6 ) is produc ed at an an gl e of 2. 5 mr-ad , can be tuned ov e r th e

ene rgy range 20 -1 80 GeV , and is d es i gn ed to have a n e n e rgy definition c a pab ility

Ll.E/E =±0. 05 '70 . It is a three-focus b ea m . In the fi r st s ec tion, the beam i s im a ge d

onto an e n ergy -de fin it io n s lit. with a dispers io n fac tor o f abou t 6 c e nti m e ters/percent

Ll.E/E. By opening up the en e r gy definition s lit , a maximum transmission of Ll.E/E

~ ±1'70c an be ob ta ined. In the sec o nd s ta ge, th e beam is foc us ed o n to vertical a n d

horizontal c l ea nup slits . In the fin a l stage o f the b eam , the re is mome ntum r ec o m­

bination in both position and angle at the third focus . By c hangin g the tune o f s ome of

the foc using lens elements in the third s t a ge o f the b e am -l ine, an energy-dispersed

final ima ge can be obtained as an alternativ e o pti on ; disper s ion in thi s c as e is '2 e m/ Ufo

Ll.E / E . There i s s pac e ava ilab l e in th e b ea m -line for the plac ement o f t wo threshold

C e r enko v counters for particle mass identification . Als o> there are two spaces each

o f about 30 ft length in parallel-beam sec tions in the thir d s tage o f the bea m, s uita b l e

fo r the ope r a t ion o f DISC differential Cer enkov c ount e r s . A typical int ens i ty of th e

2 .5-mra d beam (M6) would be 10
6

rr/pulse , at an energy o f 1 50 Ge V. The int ensities

as a function o f energy for positive an d ne gati ve pa rt ic les a re giv e n in Fig . 27 and

Fig . 28 r-espectively .
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Tabl e Vill a} . Hi gh E ne rgy -H i gh Resolution Be am M6 , 2 .5 m rad .

P roduc tio n Ta rge t

Mat erial T ungsten
Width ±0. 02 in .
He i ght ±0. 02 in
Length 6. 15 in .

Production Angl e 8 3.05 mrad
P

Lab Angle 8 0.0 m r ad
8v 2 . 5 m rad
h

Momentum Range

Minimum Po 20 BeV/c
m in

Maxi mu m Po 18 0 Be V/ c
max

Solid Ang l e 612 1. 93 fJSr

An gula r Ac c eptanc e

Hor izontal 68
h

0.8 0 mrad
Ve r t ical 68 0. 77 m r ad

v
Mo mentu m Bite

Minimum 6 p /p ±0. 05 %
Max im um 6 p / p ±1. 0 %

Dispers i on at Momen- 6x 2. 51 in . /%
tu m Slit 6p / p

Beam Properties at E xp e rim ent (fo r 6p /p =±0 .032%1

Beam Width 6 X
f

±0. 01 7 in .

Horizontal 6 x
f

±0.87 mrad
Div erg enc e

Bea m Height 6 Yf ±0. 01 7 in .

Vert ical 6Y f
±0. 50 m rad

Divergenc e

Nom inal Beam Length L 1440 ft

At the begin ni ng o f t he 2 .5 -mr a d be am IM 61, tw o s eptu m dipoles are used to

de rtec t the beam far en ough so that th e neutron beam ( M3) c l ea r s t he fi r st qu a drupole

m a gne ts . Thes e septa a lso provide some dis pe r s io n early to e lim inate rad iation

proble m s in the do wns tr eam beam-line elements . Th e first quadr upoles are narro w

so that the de m ands on th e septa are less s tr in ge nt . T he position o f the s e quadrupoles

represents a com promise involving a con fl tct bet ween the requi r e m e nts o f large solid

ang l e and c lu s te r ing o f e l ements in the Fro nt En d Enc losur e. as o ppo s ed to de terio r a ­

tion of the ene r gy resolu tion of the be am by increasing the ob je c t distanc e of the

quadrupole lens do ublet. Thes e two qu a drupoles focus the b eam po int -t o -pa r a llel.
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Table VlI( b). High Energy-High Resolution Beam M6. 2.5 rnr-ad - Coordinates.

Z Cent. X Cent. Position B/G(kG) or

-.J..!'!.L --illL... Code Element Code (kG/in. ) ~ p(kW)

0 M6Tt EPB Target

26.7 0.07 M6CO Fixed Collim.

40.5 0.10 M6C1 Horiz. Collim. 6.0 ft

45.5 0.11 M6C2 Vert. C ol.Li.rn. 3.0 ft

85.8 0.23 M6B1 Sept. 2-2-132 +8.49 +2991 242

98.8 0.31 M6B2 Sept. 2.5-2.5-132 +6.89 +2993 138

137.2 0.74 M6V1 Vert. Vern. 6 -4 -30 ±4.0 ±224 9.3

145.0 0.82 M6Q1 Quad 4Q120 -4.85 -472.1 89.6

157.0 0.96 M6Q2 Quad 4Q120 +4.47 +435.2 76.1

164.7 1.04 M6X1 Sext. 4 x30

167.2 1.07 M6M1 Profile Monitor

178.5 1.28 M6B3 Bend 4 -2 -240 +16.83 +4357 135

200.0 1.89 M6B4 Bend 4 -2 -240 +16.83 +4357 135

221.5 2.86 M6B5 Bend 4 -2 -240 +16.83 +4357 135

234.2 3.57 M6X2 Sext. 4 x30

241.9 4.05 M6Q3 Quad. 3Q52 +7.13 +5198 70.6

254.4 4.83 M6Q4 Quad. 3Q52 -7.38 -5380 75.6

262.6 5.34 M6X3 Sext. 4x30

266.4 5.58 M6V2 Vert. Vern. 6-4-30 ±4.0 ±224 9.3

339.2 10.13 M6p1 Beam Pipe (12 in.
nom) 140.8 ft

411.0 14.61 M6S1 Spacer 4.7 ft

477 .7 18.77 M6p2 Beam Pipe (12 in.
nom) 127.7 ft

541.6 22.76 M6M2 Profile Monitor

544.1 22.92 M6V3 Vert. Vern. 6 -4 -30 ±4.0 ±224 9.3

548.3 23.18 M6C3 Horiz. Collim. 4 ft

556.8 23.71 M6Q5 Quad. 3Q52 +2.70 +1968 10.1

563.1 24.11 M6C4 Vert. Collim. 4 ft

628.2 28.17 M6P3 Beam Pipe (12 in.
nom) 125.3 ft

692.3 32.t 7 M6S2 Spacer 4.7 ft

719.8 33.89 M6P4 Beam Pipe (12 in.
nom) 49.2 ft

749.2 35.73 M6V4 Vert. Vern. 6-4-30 ±4.0 ±224 9.3

753.2 35.98 M6X4 Sext. 4 x30
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Z Cent. X C e nt. Pos i tion B / G( kG) or

-1.!1l..- --'.f!L C o de Elern e-nt Code (k G / in.) I(Amp ) ~

76 1 .4 36 .49 M6Q6 Quad. 3Q 84 -4 .61 - 3361 50 .9

77 8 .9 31. ,8 1\l6Q7 Quad. 3Q84 +4. 19 +30 54 42 .0

786 .6 3 ~ .06 M 6X , Sext . 4 x 30

799 .3 38.9 4 1\16B6 B end 4 -2 - 240 +1 6 .83 +4 357 1 35

81 2. 0 39.R7 M6X6 Sext . 4 x30

819 .7 -10.48 i\1&QR Quad . 3Q84 +5 .45 +3973 71 .1
(+6 .2 5) (+ 4 556) (93 .5 )

8 32. 3 41 .4 8 M6Q9 Qu ad . 3Q84 - 5 .84 -4257 8 1 .6
( - 6 .88 ) ( -501 6 ) ( 11 3 )

840.5 42 .1 3 M6X 7 Se xt. 4 x30

844 .5 ·12 .4 5 M6V5 Ve r t. Ve r n. 6 -4 - 30 ±4 .0 ±224 9 .3

955 .3 51 .2'1 M6 Kl Threshol d C oun t e r
(90 7 .0 ) (4"1 .43 ) 1 20 ft

101 6 .1 '>6 .11 M61'.1 3 P rofile Moni tor
(9 67 .8 ) ( S2 .27 1

101 8. 6 ,,6 .3 1 NI6C5 Ho r i z . Collim . 3 ft
(970 .3 ) ( 52 .47 )

10 26 .5 56 .95 M 6Ql0 Quad . 3Q 52 +4 .28 +31 20 25
(97 8 .3 ) ( 53 .10 ) (+4 .4 1 ) (+3 215 ) (2 7 .0 )

10 34 .5 57 .58 M6C6 Ve rt. Coll im . 3 ft
(986 .3 1 ( 53 .7 4)

1 07 8 .9 61 .1 2 M 6K2 Threshol d C ou n t e r
(105 5.6) ( 59 .2 5) 80 ft (13 0 ft )

11 23 ,1 64.63 M6V6 Ve r t . Vern . 6 -4-30 ±4 .0 ±22 4 9.3

11 31. 3 65 .28 M6Ql1 Quad. 3Q84 - 6 .55 -4775 1 02
( - 5 .32 ) ( - 38 78 ) (67 . 7 )

11 48 .6 66 .66 M 6Q1 2 Quad . 3Q8 4 +5. 73 +417 7 78 .6
(+ 5 . 32 ) ( +387 8) (67 .7 )

11 65 .1 67 .89 M687 B e n d 4 - 2 - 240 - 1 6 .8 3 -4 357 135

11 86 .5 69.23 M6B 8 Bend 4 - 2 - 240 -1 6 .8 3 - 4357 13 5

12 08 .0 70 .20 M6B 9 Bend 4 -2 - 240 - 1 6 .8 3 - 4357 1 35

122 8 .0 70 .85 1\161<3 DIS C Coun ter 1 7 ft

1 248 .0 71 .33 M6B l 0 B en d 4 -2 - 240 -1 6 .8 3 - 4357 13 5

1 269 . 5 '11 .56 M 68 11 B end 4 -2 - 240 -1 6 .8 3 - 4357 1 35

1 289 . 5 'It ,53 M6K 4 DISC Cou nter 17 ft

1 30 3 .0 71 .4 5 M 6Q13 Quad . 3Q84 +4 .6 0 +3 353 50 .6
(+5 .30 ) ( +3864 ) ( 6 7 .2 )

1320.0 71 .35 1V16Q1 4 Quad. 3Q84 -4 . 60 -33 53 50.6
( - 6 .07 1 ( -442 5 ) ( 88 .2 )

1 326 .2 71 . 31 M 6\ '7 Vert. Vern . 6 - 4 - 30 ±4 .0 ±22 4 9.3
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After three main-ring be nding m agnets . ano ther set of quadr-upol.e s focuses the beam

horizontally an d ver t ic ally at a horizontally foc us ing fi eld l ens . The focal length o f

this sec tion of th e beam provides a linear magnification of about a factor o f two at th e

m o m entum slit. Similar point -t o -pa r alle l , parallel-to -p o int optics is repeated

through tw o more s ec tions but with shorter foc a l lengths. Figure 29 illus t r a t es the

principal r ays fo r the bea m .

T he beam is ar ranged to provide a s ec on d achromatic branch . The final two

bending m a gn et s in th e bea m are switched o ff so that the be am moves to a line 34

mr-a d fur th e r o ut 0. e . to th e west ). In the m iddle of the experimental hall this

s ep arate s th e two branc hes by about five fee t. The final sets of quadrupoles will ha ve

to be mov ed to c han ge branches .

T his preliminar y design o f the 2 .5-mrad beam (M6) gi ve n in thi s r epo r t is based

o n the use of m ain -accelerato r dipole and qua dr upo le m agnet s. Howe ve r , an alter­

nate beam design , whic h in cludes the us e of s ome external pr o ton -be am magn ets in

plac e of many o f the main -accelerator magnets . is be ing s e r io us ly cons ide red at th e

ti m e of wr iting th is r e port .

Vernier m agnets are provi ded at seven points along the beam to c o r r ec t for

differ ential s e t tlemen ts 0 f the floor whic h s up po r ts the beam -line co m po ne nts. Some

o f the more s i gnific ant s econd -o rde r ab erration te rms in the be am-transpo rt optics

are elimina ted with the use of seven sextupole c o r recti on m agn e ts . Th e int e n s ity and

profile of the beam are monitored by s egmented wi r e io n c ham be r s at four points

al ong th e bea m. In general , th e beam line is to be under a vacuum of 100 m icro ns

pressure , or be tter . The c o ll im ato rs for intens ity c o ntrol or for mo m e ntu m -spread

co ntrol are typic al ly 4 ft long , and made with ir on , wit h t /2 - in . wid e tu ngsten line rs

at the beam ap erture . The op eni ng s o f the c olli m a to r s a r e not evacuated , un like m o s t

of the r est of the bea m l in e .

H . Monito r Chann el (D . Eartly)

At an a ng le of 25 m rad to the inc id en t p roton beam, there will be a moni to r

c hann e l. This s y s tem , whic h cons is ts of a dipo l e , a coll im ato r, and a set o f de tec ­

tors , will p r-ovide a meas ur e o f the number o f protons int e r acting in th e secondary ­

beam t arge t. T able Vl 'll gives a list of the monitor -channel compone nt s .

T h e only magnetic ele m ent in the m onito r cha nn el co nsists o f a single dipole

mo m entum an al y z ing in the v e r tical pl ane. Th e mo nitor secondary flux co nsists o f

30 Gev /c (Ll.p/p = ±2 . 5%) ,,+ an d protons , ac cepted th r o ugh a fixed co llimato r above

and behind the analyzing magnet. B eh ind the co llimato r, ther e ar e two ion c ham be r s

(one in , o ne ou t of the be am) whose differ ential output is digitized for parallel and
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Tabl e Vlll( a ). T e s t Beam M 7 , 25 mrad .

P r o duc t ion T arget

Material

Width

Height

Len gt h

Production An gle

L a b Angle

Tu n gsten

±() .0 2 in .

±() .0 2 in .

6 .1 5 in.

25 mrad

00 mrad

- 25 mrad

Mome ntum Range Po
max

Nominal Beam Length L

20 B eV /c

269 ft

T ab l e vnm» . T e s t Beam M7 , 25 m r-ad - Co o rd inates .

Z Cent. X C e nt. Y C e nt. Position
_ If_t l_ _ (f_t)_ _ ( _ft_l _ Code Ele m e nt C o d e

M 7T l T arge t

26 .7 -0 .67 0 M7C O F ix e d Collim .

57 .0 - 1 .4 3 0 M7 Bl Bend 5 . -0 .5 - 12 0 +1 5 .0 kG

116. 0 - 2 .90 +2 .71 M7C l Collim. 6 ft

12 0 .5 - 3 .01 +2 .9 2 M7 Ml P r ofile Mo ni to r 3 ft

serial r e adout. The s e c ham be r s will o perate over two orders of magnitud e dyn a m ic

r an ge .

In addit ion , there is a triplet te lesc o pe of small s cintillation c ounte r s whose

co inc ide nc es are c ounte d in an all -integrated-eircu it t OO MHz parallel readout s c al e r .

This teles c ope provides a mo ni tor ove r the who l e dyn am ic range 0 f incident proton ­

be am cur r ent .

While all this instrumentation is hous e d in the Front End Hajl , i t is loc at e d

about 3 ft a bove the beam lines a nd is u pstream 0 f th e bending magn ets in t he s ix

s econdary beam s .



-2 8 -

I. Bea m-Line Equ ipment (A. Brenn er , D . Eartly, F . Hor ns t r a , and W. Nes tander)

In this chapter we will briefly describe the components used in the secondary­

bea m lines . These include the following : dipole and quadrupole magnets , pow er

s uppli es , collim a to r s , muon spoiler s , septum m a gn ets, sextupoles , half -quads ,

beam de tec to r s , an d monitoring an d control e quip ment .

Se condary Beam Magnets and Powe r Supplies

The Meson Laboratory s econdary beams were originally designed us ing main­

r ing qu adrupoles and dipoles a s the major be am -transport elements . Because of th e

lo w c o i l resistance o f these magnets j all beams we re designed with equ al dipo le cu r >

rents and almost equal quadrupole c u r r ent s . This feature a llo ws these m agnets to be

conn ec te d in series to m i nimize the number 0 f power s up plies as we ll as th e po wer

lo s s in the necessarily lo ng dc busses .

Differences in c u r r ent (typic ally les s than 10'\'0 ) among indiv idual qua dr upoles

are c o m pe ns ate d for by the use o f shunts . Most o f the shunted pow e r is c ar r i ed in a

fixed wa ter -cooled shunt a djac ent to the qu a drupole . A s m all amoun t of fle xibility is

pro vided by a variable shunt (0 -80 A ) c onnected in paral lel wit h the fixe d s hun ts .

In one c ase , the diffr ac t ed proton beam (M2 ), the quadrupole curren ts are clos e

eno u gh in va lu e to t he dipole c u r r en1 so 1hat all o f the main-ac celerato r magnets in

th e be am could be c onn ec te d in ser ies . This ar ran ge ment would furthe r reduc e th e

required amount of wa ter -cooled de bus . The quadrupole -t o -d ipole current difference

i s over c o m e by the use o f a lo w c ur r ent po wer supply servoed to the main s upply . A

diagram s ho w in g th i s circuit an d the s hunt conne c ti ons is given in Fig . 30 .

The series strings o f m ain -r ing type magnets in the secondary beam s wi ll be

po wered by m odified main - r ing power -supply m odules . A typical m odule will s witch

220 0 A at 500 V in a 1 2 -pha s e arrangement. Wh en ever possible these s uppli e s will be

pulsed in or de r to c o ns erve pow e r .

So m e o f the Meson-Laboratory beams (e . g . , M2 , M3 , and M4 ) will be co n ­

s truc t ed o f di poles and qua dr upoles o f the type used to transmit the proton beam from

th e main ac celerator to the experimental areas. T he s e magnets do not r eq uir e as

high a current a s th e main-ring magnets at the s am e magnet ic field; the refore , we

plan to po wer th e m indivi dually , rather than in series strings .

T abl e l X giv es the majo r po we r -supply requirements fo r the s econda ry be ams .

Specia l magn e t s (e . g . s ep tum dipo l es. half -q uads , s extupo l es , ve r ni e r m a gnet s )

wi ll be require d . in addition to the m ain beam -transport elements. The magne t

requirements for the sec ondary beams are gi ven in Tables 11 throug h VIlI .
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Table IX . Ma jor Po we r -Supply Re qu irements - Meson Lab .

Beam Power Supp ly Su pply in g In d icated Magnets

M l B I-7 ;Q4 -6
QI-2

Q3
Q7

Q8 -9
QI0
Q l 1
Q 12
Q1 3
Q 14
Q15
Q16
Q17

M2 BI -8
Q l
Q2
Q3
Q4
Q 5

M3 B 3-6
M4 B l

B2 -6
M5 B l

B2 -9
Bl 0 - 11

QI -2
Q3

Q4 -11
Q12 -13

M 6 BI-2
B 3 -9
QI -2
Q3 -4

Q5
Q6 - 7
Q8 - 12

Q13 - 1 4

*At "270 " Ge V /c tune for qu ark sear c h e xperiment .

Supply Power at Maximum Mo ­
mentum (inc ludes 2 5"/0 de bus l os s
fo r main -ring type magnet s )
Curren t Voltage OC P ower

(1\ ) _ (_V_)_ (kW)

340 0 376 127 8
63 12 0 8
85 81 7
82 1 57 1 3
50 191 1 0
70 1 34 9
67 12 8 9
67 12 8 9
70 13 4 9
63 12 0 8
61 11 6 7
61 11 6 7
63 121 8

197 0 * 319* 628*
84 * 160 * 13*
78 * 149 * 12 *
32* 61 * 2*
78* 14 9 * 1 2 *
84* 160 * 13 *

112 5 79 89
112 5 20 23
1125 79 89
164 5 66 1 09
229 1 164 37 5
2291 41 9 4
4309 4 6 200
1 87 4 6 12
3004 98 295
29 50 30 89
30 00 15 8 47 5
4357 272 \1 86
472 44 1 20 8

5381 28 1 51
1969 6 1 2
33 61 38 1 27
480 0 94 450
3354 38 128

Muon Spoil ers

T he se c o nsist o f 1 6 in . x 1 6 in. x 1 0 ft bl ocks o f magnetized Fe wit h a 2 in . x 2 in .

beam windo w . The iron is magnetiz e d with t wo s m all air-cooled co il s ( t30 turns at

10 A ty picall y . fo r a field of 1 5 k G in 1010 steel) . Details o f these devic es a re sho wn

in Fig . 31 .



- 30 -

Co llimato r s

In mos t o f the collim ators, externally driven s li t blocks o f Fe (6 in . x 6 in , x 36

in . ) move wi thin a vac uum box (s ee Fig . 32) . Th e aper tures are controlled by

thr e ade d drives powe red with lo w rpm SID-syn motors . Th e ac c urac y in the ape rt ure

is ±O.Z5 mm . A readout system has be en designed . Limit switches on th e s li t blocks

prevent the drive fro m bin ding o n c lo s ur e or from e xc e e din g a 4 .0 -tn . openi ng . The

jaw faces will be lined with tu n gsten .

For th e o uts ide enclosure on the momentum slits we have provided m anual jacks

an d s uppo r t drive beds fo r ali gnm ent . In the c ase o f ve r tic a l c l e anup slits , the Cor­

r es ponding ver tic al rot ation alignment is not as cr itic al an d al ignment is done thro ugh

jac ks .

Bea m -Li ne C ontrol

Th ere ar e m any de mands whic h c oul d be made o f a secondary beam - li ne c ontr o l

s ystem . So me o f thes e are time -critical , i . e .. the measu rement or o ther exchange

must occur at t imes determined either by the ac c el erator cyc l e . o r the e xper im enter

o r his equipm ent . Other dema nds pl aced upon th e co m pu te r t en d to be non-time­

c r itic al. If a large fr action o f c o m pute r po wer requi red of the c e ntr al c o m pute r is in

th e non-tim e c r it ic al area , then a sing l e mini-computer can handle s e ve ra l diffe r e nt

be am l ines simultan eo u s ly and wit h no inte rac ti on betwe e n us e r s . The functions to be

inv o lve d in the c ent r al system inc lude the follo wing :

1 . Addres s in g and sett in g o f po wer s up plies for a beam line to a selec t ed s et

of valu e s .

2. Changin g such set va lu e s as requ ir e d quickly and conveni e ntl y .

3. Monitoring o f m agnet cu rrent s and/or Hall probe c urrents an d /o r NMR fr e­

qu en c ies .

4 . Readou t of be am monitors .

5 . Moni torin g 0 f othe r selec ted analog va lue s , e . g . , ltquid HZ ta r get l e vels ,

Cerenkov counte r pressure s . c o ll i m ato r. s li t po s itions and bea m -line vac uum s tatus .

6. Mon itoring of other selected digi tal values , e. g . . c e r ta in beam s c alers.

7. Displaying or printing of an y or all of thes e monitored values on de m a nd , or

for record k e eping . o r i f c e r ta in pre set limits o f any mo ni to red func tio n are exc e ed ed .

T hes e dis pl ays include hi s tograms a nd graphs a s requ ired.

It is planne d that e ac h expe rimente r will ha ve a r emote terminal linke d to the

beam -lines cont rol co mpute r . This te r mina l will p r e s ent a vis ua l or hard -c o py

d is play pertaining to a ny o f the above parameters a nd will pe rmit s uc h data to be

e nt e r e d into the experimenter's comp ut er . A ke ybo ard at the r emote terminal will

allow communication with th e control c om pute r . The extent to whic h the e xperimenter
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wi ll c o ntr o l a beam and as s oc i at e d e quipment wi ll be determined by the NA L s ta ff

member who is respons i ble fo r the opera tio n o f the s econda ry -be a m line s .

A single MAC 1 6 c o m puter configur ed s imilar ly to some of those in use in

ac c elerator co ntrol wi ll be abl e to hand le several s eco ndar y -be am lines with out any

further conne c ti o n to ano the r computer . Thi s computer will be lo c ate d in the de s ig ­

nat e d c ont ro l buildin g for tbe Meson Labo r a to r y. The MAC co m pute r will co m m un i ­

c ate wit h s e v e r al loc al s ta t io n s alo ng the beam l in e s in the ar e a wi th a com m unic ation

link. probably a s e rial li ne . C lu s ters of e l e m en ts geographic a lly close to one another

will be co nnec t ed to tbe loc a l station to which th ey are closest . Thu s i t is l i kely tb a t

elements fr o m more than one beam li ne will feed da ta through a single loc al statio n,

there by r educing the requir ed numbe r o f local s tat io ns . Figur e s 33 and 34 are dia ­

g ram s of tb e ge ne ral s c heme .

In general the MAC woul d serve for contro l of the beam elem ents in the Me son

Laborato r y . In analogy to o ther ac celerator compone nts , the memory o f o ld con­

di tions and th e display o f current co nd itions would probab ly be gener a t e d a1 1h e c en­

t r al cont r o l c o m puter . i.e .• the "2:.7 .

B eam - Line Instrum e nta ti on

The beam -line equ ipment s ummary tables (Tables ll -VlIl ) s how th e loc ations o f

the instrum e ntation allocated to each beam line . De vi ces for operation of the lines

include the pro file and i ntensity monito rs which wi ll be ins t a lle d initially . Sp ac e is

allocated fo r C e r enkov counte rs to be ins tal l e d later as r e qu ired by the experi m e nta l

program.

In ge ne ra l , provisions are made to mo nito r th e intens ity. beam size, beam

position, and be am diverge nce at the e nd o f a beam li ne and to meas ur e the beam

pro file and po s ition at inte r m ed iate locations J su ch' as s lits and foci. The r elative

ve r tic al po s it io n o f the beam at these intermediate points will al s o s erve a s a c heck

o n settle m e nt o f the floor-s of the enc losure s .

The speci fic devic e requ ire d to m easure a quantity of interest dep ends upon the

beam intensity .

The neut r al beam pro files can be ob ta in ed by parallel wi r e p ropo rtiona l c ham ­

be rs with a suita bl e mater ia l placed im m e dia tely ups tr eam to co nvert a frac t ion o f

the neut rals . T he resulting charged -particle inten sity will be within tbe c a pab ility

o f the proportional c hamber s .

T.he nu mb e r DCmonitoring points along the be am lines will be kept to a m ini mu m

cons is te nt with the tuning an d mo nito r ing require m ents o f the beam . Add it io n al in str u ­

m entat io n may be adde d l a ter a s requirem ents dictate . Table X sho ws th e number and

typ e of monitors fo r e ac h beam line .
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Table X . Me s on Lab Beam In strumentation.

No . Required in Beam

M1 M2 M3 M4 M5 M6 M7

6 4 4 3

2 2

2

Intensity Mon itor

Threshold Ce renkov Counte r

DIS C Counter

Radiation Monitor

Type o f In strument

Pro file Monito r

J . Phys ical Plant (D USAF. E . Bleser . F . Malli e , W . Ne s tand er , J. Sanfo r d )

The c o nve nt io na l facil ities in the Meson Labo r atory co ns ist of housings for the

proto n be am . for the ta rget a r ea , for the second a r y be ams an d fo r th e e xperi m ents ;

a l so service buildings . e l e c tr ical subs ta tio ns . LC \V c oo ling sys tems . and ot he r fac ili ­

ties . Th e s e a re s hown in Fig. 2 .

A s eries o f underground concrete s truc tur e s . co ver e d by heavy c o nc r e te o r

e a rth s h ie l d in g, will hous e the s tee r in g and focusing m agne ts wh ich t rans po rt the 200­

BeV proto n be am to the target area, an d s imilar s tructur e s wi ll house the magne ts

wh ic h transport the secondary beams fro m th e target area to the exper imental area .

The b ea ms travel b e tween the en clos ures t h r ou gh e vacuated steel lub es . Th e pr inc i ­

pal me ans o f en tr anc e to the proto n -be am enclo s ur e s is through an ac c e s s l e a din g to

the Transfer Hall a nd T ransfer Galle r y wh ic h we r e built a s part o f th e Ma in -Ac celera­

to r pro jec t . A secondary means o f acc es s is located approximat ely 800 ft do wn s t r e am

o f thi s pr i m ary ac ces s rou te . E m ergenc y exits ar e pro vide d where r e qui r ed for the

s a fe egr e s s o f o pe r ati ng pe rsonnel.

The centr al fea tu re of the tar ge t ar e a i s the Me s on Tar ge t Box . Th is c o ns is ts o I an

evacuated s te el s tr uc tur e con structe d at gr ad e l evel and co v er e d by iron an d e ar th

shielding to ho us e a fou r -car target t r ain which include s the ta r ge ts , ta r get -moving

m echanisms , pro to n beam dum p , va r i able - and fix e d -ape rture s econdary beam­

de fini ng c oll imators, proton be am steering m a gnets. proton be am int en sity an d

pos it io n monito rs , and iron ra diation s hi e ld ing .

T he T a r get Box is im m e di a tely precede d by the Me s on Target Ha ll , whi ch

c ons i s ts o f an e arth-shielded grou nd -l e v el c o nc r ete s truc tur e to hous e bendi ng m ag ­

ne ts . foc using m agnets J an d vacuum equipment which co mpris e the fin al stages o f the

pr o to n -beam transport s y s t em to the targe t ; a r emo te -co ntrolled m anipul a tor fac ility

to s ervic e the tr ain-mou nted targe t m e chanisms an d pro ton -beam s to p e quipm ent ;

pro ton be am -s to p water -cooling s y stem and va cuum s ystem for the ta r get as sembly .
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This en c losure al so tn cor-por-ate s pe rsonnel , util ity , train and equipm ent access

through the shielding berm .

The railroad , whic h is used to transport target mechanisms and pr oton -b eam

stop equipment int o and ou t of the Mes o n Tar get Box , co ns i s ts of narrow-gauge trac k

throu ghou t th e Meson T a r ge t Box and Meson Target Hall, with a s pur t r ac k e xit ing

through the shielding be rm via an access enclosure .

Downs tr e a m of the Mes o n Target Box is the Front End Hall. This consist s of

an ear th -shielded ground -level concrete s tructure to house eq uipment fo r s ix secon ­

dary par ti cle beam lines , including horizontal bending magnets, focusing magnets,

vac uum equ ipment , mo ni to r in g devices . co ll i m ato r s and portable ir on and co nc r ete

s hiel ding. This enc lo sur e in c orporates personnel . equipment . and utili ty ac cess

throug h the shieldin g berm .

The target area is served by two utility buildings , Servi c e Bu il din gs M t a nd Ml .

Service Building Mt c ons i s ts o f a single -sto r y c oncre t e masonry structure a t grade

loc a t ed op po s ite the Mes on Target Hall at the base of the shi el ding berm . This ser­

vi ce building hou s es co n tr o l eq u ipm en t for the rem ote m anipulator facility , m a gn e t

power -supply equipment and co ntrols for the pr o ton beam and Tar ge t -B ox co m po nents ,

toilet facilities . and environmental -control equipment .

Service Building M2 consists of a singl e -stor-y conc r e te masonry structure at

grade loc ated o ppo sit e the Front End Hall at the base of the s hielding berm . This

s er vic e building hou ses magnet pow er -supply equipment. co ntrol s . ins trumentatio n

of v ac uum and radiation monitoring , c o m munic atio ns equipment , toilet facilities ,

LC W cooling equipment , and environmental-control equipment.

Between th e Front End Hall and the Meson Laboratory Bu il d in g , which ho uses

the experiments , th e secondary particle beams are transported through the Beam­

Trans po r t E nc losures. Thes e co ns i s t of ea r t h -shielded, grou nd -level reinfo r c e d ­

co nc r e t e struc tu r es , wit h typic al internal dimensions of 6 ft 6 in . x 8 ft high, with

nominal beam height 18 in. above the floo r . Figure 35 shows a cross -sec tio n vi ew of

a typical en c losure . These en closures house the be nding magnets, focusing magnets ,

vac uum equipment, monitors , Cerenkov c ounte rs , and o the r comp o nents of the

s ec o ndary -beam lines . Co nnecting t he Beam -T r ans po r t Enc losures ar e beam pipes

for each beam l in e.

Utilities for the Beam -Tr ansport Region o f th e Meson Laboratory are fed fro m

Service Building M2 , desc ribed previously, and a lso Service Building M3 (s ee Fi g. 2).

whi ch consists of a single -s to ry co nc r e te masonry structure at grade lo cated m idway

along th e t OOO- ft long Bea m -Transport Re gion , a t th e base o f th e shielding berm.

Th e facilitie s provided at Servic e Building M3 ar e similar to thos e provided a t M2.
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The Beam-Transport Region also includes a number of personnel and equipment

accesses, of concrete construction and incorporating both geometric and earth­

radiation shielding, to interconnect the Beam -Transport Enclosures, the Service

Buildings, and the Meson Laboratory Building, to provide access for utilities, equip­

ment, and personnel. The north ends of the diffracted proton (M2), neutron (M3),

and 15 mrad (M4) beam lines extend through their final concrete enclosures directly

into the Meson Laboratory Building. The east and west beam lines (3.5 mr-ad , Mt,

and 2.5-mrad, M6, beams, respectively) pass at their nor-th ends through 40-foot

long outdoor spaces before entering the Meson Laboratory Building.

The Meson Laboratory Building is situated at the north end of the Beam Trans­

port Region about 1400 ft from the secondary-beam production target. This buil dirig

(see Figs. 8 and 9) consists of an arch-shaped, steel structure resting on sloping

concrete walls. The building is approximately 246 ft wide by 158 ft long (outside

dimensions). The arch, spanning east-west, consists of 12 lie "-shaped corrugated

metal elements, attached to steel sheets, spaced 12 ft on center. The sloping rein­

forced concrete walls and columns form cubicles which house offices, toilets, elec­

trical and mechanical equipment rooms, and space for NAL equipment. The north

and south enclosing walls are composed of translucent glass -fiber reinforced corru­

gated plastic. A 20 -ton underhung crane spans nearly the full length and width of the

building. The Crane is suspended from the arched structure. At the south end of the

building is a mezzanine which is 128 ft wide by 28 ft deep. The shielding berm over

the Beam Transport Region stops against a retaining wall which acts as the other sup­

port for the mezzanine. The Meson Laboratory Building will house magnet power­

supply equipment, controls, instrumentation for vacuum and radiation monitoring,

LCW equipment, environmental control equipment and equipment for experiments

under the 20 -ton crane.

Many of the experiments done in the Meson Laboratory will extend well to the

north of the Meson Laboratory Building. Appropriate housings for the experimental

equipment, and utilities and other services, will be designed and built, as the planning

of the experimental-physics program progresses, To date, one experimental layout

has already been designed. This experiment, in beam M4 (K
o

beam), requires under­

ground ''beam -transport II structures of concrete construction, joined in the center by

a 25 ft x 25 ft open area for equipment access from above, and also with an open area

for housing a hydrogen target or a methane target. A large spectrometer magnet will

be located in the 25 ftx25 ft central "open" area. Utilities for this area, the south

end of which is 80 ft to the north of the Meson Laboratory Building, will be provided

from the latter building via underground conduits.
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The c o nv e ntio nal fac il iti e s in the Me s on Laborato ry. in addition to what has

alr eady be en describ ed . include a num ber of ge ne ra l fac ilities which ar e provide d

throughout the Pro ton B e am A r e a , Ta r get Ar e a , B e a m-Tran sport Ar ea , and Exp eri­

m e n ta l A r ea . Th ese in clude t he fo llo wing :

El ectr ical power su pply an d dis tribution systems. inc lud in g y a r d substatio ns.

trans fo rmers. s witc hgear. motor -c o ntrol c e nte r s . c o ndu it. wi r ing and pr otec ti ve

dev ic e s to s e rve the en v ironmental c entral equipment. and the c onve nti o nal building

services ; also . li ghtin g s ys te ms ; int er io r . exter io r and ba tt e ry-operated emergenc y

lights, inc luding light ing pa nels , fixtures , co ndu it , wi r ing and s wit c hes;

Pro vi s io n for co m munic atio ns syste ms and equ ipment, inc lu ding ducts . s leeves .

c ondu it; spac e for te lephones, c lo s e d -c ir c u it TV m onitors and s a fe ty int er loc k s y s ­

terns equ ipm ent in the Servic e and L abo r ato r y Build in gs ;

Env iro nm e ntal c on tro l s ystems and e qu iprne nt , inc lud ing ai r -han dl ing s ystems .

duc two rk. filters. controls, and provisions fo r heatin g an d ve ntilatio n; lim ite d a ir

co ndit ioni ng in the Me s o n Laborato ry B uil ding ;

Plu mbin g s y s te m s and e quipment . inc lud ing floor drains , undc r-dr-a i n s , s u m p

pumps , indus tr ia l s upp ly piping and com pr e s s e d a i r wi thin en c losures . Serv ic e

Buildin gs an d Mes o n Lab o r ato r y BUilding ;

Le W coo ling and dis tr ibu tion eq u ipm ent . inc lu ding air c oo l e r s . he at exchangers .

pu mps, val ves, pip in g and he ate r s;

Ins ta llatio n o f e mpty co ndui t ba nks inte rc onnec ti ng the Servic e Buildin gs an d

Beam Enc lo s ur e s . s i zed fo r co m muni c a tio n . contr o l and mo nito r ing s ystem s . an d for

dc m a gn et po we r -s upply c abl es ;

Fire -alarm s y s te m and smo ke -de te c ti o n s y s tem . inc luding s e ns in g devices .

a larms. wir ing and provi sion s for future c o nnec t io n to a mas ter sys te m ;

Fi r e -p r o te c ti on s ys tem inc ludin g hydr ant s , p ip ing , va l ves, an d provision for

fir e exti ngu ishers ;

Sur vey m onuments in th e enc l os u r es and th e Me son La boratory Building .

All unde r gr o und ut ili ti es whic h serve the var ious Me s o n La bo r ato ry s ys te m s

in c luding extensions to int e r face at the ut il ity co r r ido r a lo ng th e wes t side o f Road

A - 1. The s e utilities inc lude e l e c tric al duc ts an d feede rs . c o m munic ati on and c o ntro l

ducts , industr ia l co l d -water- supply, dome s tic wate r s up ply , s anitary sewe r a nd

natural ga s ;

Dr a ina ge o f underground en c lo sures . s to r m dr ain age o f above - gr o und s truc tu r es

an d roads . to inte rface wit h the site draina ge s y s tem ;

Par king are as an d aprons adjac ent to the Servic e Buil dings and the Meson

Laborato r y Buil din g, ac c ess r o ads fr om the Meson La bo r a to r y to Road A-I ;
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Further details of the design specifications for the physical plant--buildings,

utilities, roads, etc. , can be found in the following four Title 1 Reports prepared by

DUSAF:

Proton Beam Enclosures: dated April 1, 1970.

Target Area 2: dated July 27, 1970.

Experimental Area 2 (Revision #1): dated December 23, 1970.

Experimental Area 2 (Revision #2): dated June 10, 1971. *

K. Costs and Schedules (J. Sanford)

Information on cost estimates and construction schedules for the conventional

facilities is given in Table XI. The conventional facilities in the Meson Laboratory

are being built under four major contracts --Proton Beam Enclosures (housing the

proton beam splitting and transport - -this contract also includes proton transport to

the Neutrino Laboratory and part way to the Proton Laboratory), Meson Laboratory

Phase 1 (the target area), Meson Laboratory Phase 11 (the secondary-beam transport

area). and Meson Laboratory Phase III (the experimental area)

Information on cost estimates and fabrication and installation schedules for

equipment in the secondary beam lines is given in Tables XII and XIII. In FY 71 it is

planned to build the proton-beam transport to the Meson Laboratory target area, also

the diffracted proton beam (M2) and the two neutral beams (M3 and M4). Some of the

long-lead-time items of equipment for the other three secondary beams will also be

purchased in FY 71--mostly these will consist of main-accelerator dipole magnets.

10 FY 72, the rest of the equipment for secondary particle beams in the Meson

Laboratory will be built.

The schedule for early experiments is under intensive study and discussion at

this time. We will not attempt in this Design Report to describe the developing plans

for the operation of the Meson Lab for high -energy physics experiments.

L. Some Future Options (K. P Pretzl and A A Wehmann)

There are a number of future options which are inherent in the design of the

secondary beams in the Meson Lab These possibilities are each described briefly

below

I!Target-Magnet'J in Meson Target Box

The future installation of a "target-magnet" immediately downstream from the

secondary-beam production target in the Target Box, would make it possible to attain

0° production of the charged secondary particle beam, thereby increasing the intensity

of the beam by a factor - 2 to 5 times

*Added in proof.
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T able x r. Costs and Sch edules - Me son Lab Construction .

Proton TA 2 EA 2 EA 2
Beamf Meson I Meson II Me s on III
7-1 7 -2 - 1 8-1 -1 8-1 -2

T itle I Est. $3, 182 , 500
(DUSAF )

T it le 1I E st . $2 ,614, 000 $ 1 ,7 36, 29 1 $ 2 , 140 , 533
(DUSAF )

Low Bid $1, 889 ,5 00 $ 1, 49 7 ,410 $ 1, 4 67 ,0 00

Notice To 2 8 Aug 70 29 Oct 70 2 Dec 70
Proceed

Scheduled 14 July 71 6 July 71 19 Aug 71
Co m pl et ion

Expected 14 July 71 6 July 71 19 Aug 71
Co m ple tion

Beneficial E n c losure S.B . M3 Mezzanine
Oc cupancy and beam 20 June 71 1 Sept . 71

pipes
27 Apr 71 Enclosure s

and beam
S.B. M2 p ipe s
1 July 71 5 J uly 71

aln cludes beam to Neut r ino and Me son Labs and part of a futu re beam .

T ab l e X lI . Meson Lab Second a r y Beams - Equipment Cost Summ ary .

Beam Ba s e K$ 2 5'}', Contingency K$ Total K$

1\11 3. 5 mrad 700 175 875

M2 Diffra cted proton 2 10 55 265

M3& M4 Ne utron & K
O

13 5 35 170

M5 15 mrad 615 155 770

M6 2 .5 mrad 815 2 05 102 0

M7 Monitor 15 4 19

GRAND T OTAL = $3. 1 M
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T a bl e X II I. P re liminar y Schedul e for Fabrication a nd Ins tallatio n
of Meson La b Se con dary Be am E quipment - Be a m s M2 , M 3 , and M4 .

Period o f February 15 - August I , 1971

February 15 - prototype EPB dipol e

March 1

March 15

Apr il 1

April 15

May 1

May 15

June 1

August 1

- prot ot yp e E P B quadrupo le
- or der suppo r t s tand s

- order power s uppl ies
- proto type ver nier m ag net
- order vernier m ag ne ts

- o rde r vac uum pum ps
- o rde r vernie r power s upplie s
- com plete utilitie s d istribution de sig n

- o rde r vacuum pipe and fitting s
- o rd e r beam de tectors

- order contr ol interfaces
- com pl e t e cabling l ay ou t s

- beg in c ab l e and water insta ll a ti on

- begin a l ig n m e nt

- com pl e t e installation of b e am s M2 , M3, M4

Branc hes in Secondary Beams

Ne a r the downstream (n orth ) end o f th e fou r c ha r ged s ec on da r y particle b ea ms ,

the installation of one o r more dipole magnets w ill make possible the a ddi tion o f

branches to thes e beams . T he e ffic ie nc y o f u se o f these b eams m a y be appreciab ly

improved . ac c o rding to c u r r ent e xp e r ie nc e at o ther ac c e lerato r labo r a to r i es . if two

experim ents c an be s imul taneous ly s e t up. s id e by s ide. to us e a beam whic h c an

readily be s witched betwe en th e m .

Possib l e R F-Se pa r a t e d Be a m

Prelim inary studie s of the 15 - mrad beam in dic at e s th at the be am design is

consis te nt wi th the future a ddi tion of e ither room temp eratu re (or superconducting l

rf sepa r a to r s o perating at S-band . to produc e a separ ated K -meson be am o f e ne rgy

up to about 4 0 Ge V , a nd a separated antiproton beam o f e nergy up to about 60 Ge V.

"Switch " Betw e en 2 .5-mra d (M6) and 15 -mrad (M5) Beams

Fu ture addition o f a s t r ing o f bending m agnets at th e c r o s s o ve r (s ee Fig. 7 ) of

the 2 .5-mrad (M6 ) a nd 1 5-m r a d (M5) beams , with a d e fl ec tion an gl e o f a bout f oo mrad ,

wo uld make it possible to brin g a h igh-ene r gy b e am ( » 80 GeV) into the "t S vm r-a d

(M5 ) experiment line . " Thi s cou l d be us e ful , if a r elatively co m plicat e d e xp e r i m ent a l

a r r ange m en t had been in stalle d a t th e e n d of the 15-mrad (MS ) be am line , and if it

was subsequently de s ir e d to rais e abo v e 80 GeV/c the m o m entu m o f the inc ident par­

ticl es into the experiment wi t hout having to re -rig the experimen tal a pp a r a tu s .
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Muon Beam in 3.5 - ru r a l! Beam ( 1\'1 1 J

Because o f it s l a r ge so lid ang l e and momentum ac c ep tance the 3 .5 -mrad beam

(1\11 ) c ou l d be used as a JJ. beam . An Intermed iat e focu s o f the beam in both ve r tical

an d ho r i zont a l pl a n e s is ob t a ined at 1 200 ft do wns tr ea m of the pro duc t io n target by

a ppr op r ia t e r etun in g o f Q7, Q8, a n d Q9 (se e Table 11) , At this point , th e m uo ns are

filtere d by a ha dr o n abso r b e r , a nd a follo wi n g s we e pin g m agne t. Th e doubl e t QIO-1 3

to ge ther with a bend ing magne t serve as a muon -bea m spectro m e ter . Monte C ar lo

c alc ul a t ions bas e d upon th e pa r ti cle produc t io n mo del of Ha gedorn a nd Ranft s how th at

at 100 GeV / c a flu x of about 10
6

muons /10
13

in te racting protons in the production t a r­

get c a n b e expected in the muo n vers ion 0 f the 3 . 5 -rnr-ad beam (1\11 ) .

P r o to n E nergy Abov e 200 BeV

It m ay tu r n o ut tha t the m uo n -shield design is ove rly cons e r vative . In that

e ve nt , the po wer supplies for the 200 - B e V pr i m ary proto n tr ans port c oul d be boosted,

in the futu r e, to (s a y) 250 B e V proto n e nergy . T he s econda ry be a ms above 10 0 Ge V

wou ld be c ons ide r ably e nhanc e d in int ens i ty , if the pro to n -be am tar get c oul d be struc k

by 250 -BeV proto ns in s t ea d of 200 -BeV proto ns . Als o , s econ da r y b ea m s o f e n e r gy

gr ea ter than ZOO B eV c oul d in the futur e beco m e a prac ti cal possibil i ty I e s pec ially in

th e cases o f the 3 .5 -mrad b eam (M I ) , the di ff r ac ted pro to n be am (M2 ), an d t he neu t ron

bea m ( 1\13 ).
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Fig . 19 . Princ i pal rays and envelope function for the 15 -mrad be am (M5 ): 1. Ho r izontal plane .
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Fig. 23. Predicted positive particle intensities (Hagedorn -Ranft model) in the 15­
mrad beam (M6). II. Momentum bite = 200 MeV/c.
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Fig. 25. A: Predicted K- intensities (Hagedorn-Ranft model) in the
15-mrad bea'2' (M5) _ _ 6

B: Pred ic ted (K intens ityj Ztsum of IT K, and p) x10
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Fig . 27 . Predicted positive p a r ticle intens ities (Hagedo r n - Ra n ft m o de l ) in the 2 .5­
mrad beam (M 6) .
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Fig . 29 . C a lc ul a t e d par ticle traj ectori e s in the 2.5 -mrad b e a m (M6) .
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Fig. 35. Cross -section view of a typical secondary-beam transport enclosure.
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