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ABSTRACT 

A two-stage, separated K± beam has be'en' built and successfully o:per~ted 

., 
\ 

.· ~ ~ ' . . : ( ~ . 

··• ·· · at . the Bevatron using a target 1n the new external proton beam as the source of 

··' ·secondary :particles. Same features of the beam:include relatively large solid 

angle, short length and wide operating range of beam momenta iapproximately 

... ·.-:. 

. ~ : . . . 

·,. ,· 

il ,.<>j ' ' ... : 

-\ ' .. < 
. 8o0-16oO .MeV/ c). Details of the design and operation of the beam will be :pre-

, · .. sented as well as measured particle flux values appropriate to zero-degree 
., .: /~-. ~-->:,··~ 

. ' .. . ', -~ 

production. 
' 

<;~ ~.·:.~--.. -:. 

. . 

. @Jr. -~•· *Work sponsor~d.· by the u.s. Atomic Energy Commission. 
•': -''-: .. ·-; 

,· .: - ~ '··' ' . (~ 
·. •' ~ .. " .. ~ .. 

'.;_.:'·. 



. .. 
' ' • • t 

.·.,·(To be Presented e.t the ;t964 International Conference on· Hi~h Energy 'Physics, : . fc..:~;·:~·~ · 
.·;· :, . Dubna, U.S.S.R., August 5 through 15, 1964). · · ·. -t(i.r:w.1 -' 

' UCRL-11527 'I-.:~/ ... · ., .: .. . ~.· .. ·~ .: ' ~~~'''/ . 
' ' ' c ~ ·.:~·:d"'''t' ,! ,1 

.,: .. f 

, I~ . ,. . 
: . , , . A VARIABLE MOMENTUM SEPARATED rC BEAM AT THE BEVATRON ~: ·,·,· i •.. , • . , 

I -~ -··~ 
) .,. 

~ ~~··.-<-~. ~ . . . . .~:-} ~. ,;• \"" 
:.) 6F~i~·· Robert B, Bell, Roger w. Bland, Michael G. Bowler,'- John L. Brown, Robert P. El.y,~~L .. , . 
:·,· ';:~..;:r. SunY. Fung, Gerson Goldhaber, Allan A. Hirata, John A. Kadyk, James Louie, _·.· ... · .. :; . 
· ':• ;,-· ... ~ JAeM.·S, Sta.h~U~ia 1 V;l.otor H. SciU$1i!i'1 W'tH~1~~ M. Swi.:rt 1 and. ()(;C>%'$1i.'i H. tr~il.J.~n" .··. ,'·!.:~:;.< u· . ' :, 
;{''~~··;· i:;··~>···· ·· .. ,:. 
,:'!\;/::·~· La~~~~.~!;t~~n~~~~:5 :~k~~~~~sics 

2
:.t:::';':,:.::.::. 

! > . Department of Physics, U~~v::;o:M:::.sin, Madison, Wisconsin .. . • t i}i l::t; :. ' 
. • ~~' I ~ ' . . :, ·, , ., '· \ • • ' • ' • 

· \. i. • • • ·• (Presented by Sulami. th Gold.llaber) :,·· ' ·~:: ·. ;:. ~· ... ~;·:. 
:·. ._; ~ ,. ,. ) ~ # ' 

' . ·, ~ ... '·: . ~ . ~ : 
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• - ... ·-~-- . t .. 

. :~ ' ,;. -.! ' . ' , .. ·": • ' . ~ ~ ~ :,: . 
. ' . { .. : ~ . . , :,. } :.·. t~t . I. INTRODUCTION . . . . ·'. -~· 

. .. .. . . '. As one part of a general Bevatron improvement program, an extracted proton beam . ; , .. . 

: ·. ·.; · .· ~f high intensity b~came available in :1963.1 The separated K+, K peam described · . : ~. !··:-; ·~ ' .. . 

; 

1

: •• ~~re, which we~t into operatic~ early in 1964, ·incorporates a numbe~ of unique f~ature~ :/·::., ~-.··,: 
··-~ : :·.:.de· possible by the external proton beam. . It has been successfully used t9 provide IC '~: :; :_' (;,: 
,. ·' .. +· :· . . ·' ...... ·. ' 

·: l •.•• particles of various momenta (K 850-ltoO MeV/c,· K- Boo-1150 MeV/c);: in experiments' · · __ .!;\:..:·\, :;<. 
. . . . ~~ . . .. ! .. ·, ." ( J( •. :.t ... ; . l •• 

· · · ()tnvol ving the new .Lawrence Radiation La bora tory • : 25-inch hydrogen ;~ubble chamber. :: · · : ' ~~:: : -',. ·~ .. ; · 
. ; ·I. . ... 

This paper describes some of the details of the beam design and gives measured fluxes :.:; :11 :: · • : 

.. .. . of various secondary particles. . · . . ' .' :'H/·: · \~:. 
. . ;"•'-;- . .. :: · .. ;:.:,.::.· ·r:/ · 

' .. ·~ . :, . 
II.' BEAM DESIGN. 

'·· 

. : : 

. ·.·; 
. ' 

. .' . /: .; ~~- .'~··::~·: ~ 

. ) ·; ':J !,i ~; , 

The beam layout is shown in Fig. 1. Since the target is external to the accelel'- .· .~: .. :· <.· · 
· .. ~:'·, ator, the secondary beam optics are independent of the ma.gn~tic field of the Bevatron.·.'.'.-.;::: .. · . 

... t ~ ~ .... .,# ... 

A. . General Features · 

; ,~ ~ 

.) . This allows the selection of positive or negative particles, within a wide range of .. :. 
0 . '•·I ., 1_ .... 

· · momenta, produced at 0 by protons of any convenient energye Other advantages of having'.,<;.<~., 
. -~ - ~" " .. 

'· 
'" 

· a target external to the Bevatron include the feasibility of a large solid angle and a ; ::r·: :·; :: 
I J. ·' ' ,/'. 

::'y short distance from target to detector.ma.de possible by the ~lacement of the initial ·.:;'Lf}-''::: .. :':: 
\ . -', beam components close to the target. . ,, , ... 

:.t· .. : The optical properties o~ the beam are given in Table I and a description of the <'.'~.r:{}~~-; 
. ' . ·: .~~ : . } ~ . ~ .. _;_;_. . 
; · beam components in Table II. Horizontal and vertical ray diagrams appropriate to· the .. ::· !,~ ~.:;:; 
-, <; beam operation at or below 1200 MeV/ c are shown in Fig. 2 (Mode I) • For higher momenta. · .. ~-; ·_,::: 

' I • • 1 ~ : ' • ·, · ' l ~ · 

·;·~he polarities of q~rupoles Q2, Q3 are reversed in order to decrease the image size . i~;i:,~;.;: ... 
;· :. ' at the first slit,. at the cost of some intensity. Ray diagrams for this mode of 'operar-,·_:.,/' · 

. .. . . . . '• 

·:, .· tion (Mode II) are shown in Fig. 3· The difference in"the two modes of opera~tlon 

. , 
' 

I 

! . 



' 
; . ' I(;• • 0 ··~;~ '.. 1 • .: ~. 1 ~.,. ... ~ .... ~ 4"" "j.> { . UCRL-11527 

: ·. ·~.:.<the fact· that 1 of the, two m~tua.lly contradictory requirements of large soli_d ~gle wid ~~~~}<I·. 
:~ :r.,: good separation, the former· dominates at low momentum and the latter at high momentum. ·.:>~:71-~R:.. ~ : 
~ . . . . ' ... ·'. 

' ; .. ;; '·. · The collimation is done as far upstream as possible 1 this being accomplished pri- .. ~ :l,:·;:f·t 
;:.: <tD~rily by the uranium collimator between Ml. and M2. 'No vertical or horizontal coil~ :.'.-J .. ~tf:: 
'/ · .. tion of rational: beam partiel-.es. is done after S1it 1, i.e., the phase spaee over the ·~:. t:<·;; 

H,;·<entire momentum bandwidth is determined by the main uranium collimator an?-lea.d collimators'.'!{.~ 
Y· ··in .quadrupoles Q3 and Q5 • 
..... ,: f. 

' . 

*· .. · ·~. '.i: .• 

~·;, . .'. · B. Beam Optics , 

· ·1. Horizontal Plane 
. ,~ . 

· ,. · The horizontal acceptance angle is. primarily./limited by the aperture of Ql; which :; :·;:·t~:;,,o;:~ · 

/~:~·~·;is centered only 43 inches from the target. The momentum bandpass is defined by the ;. · .·.\:;;g;';J';·; .. · ·''·(·' .. 
. : ; horizonta+ focus at Slit 1 1 where t.he gap width of five inches corresponds to a 2'{, . -;~;:,}:::_.''r~::·. 

' . . . :;·: ~~-t· .. 
The large magnification· and Small angular divergence at Slit l pel'-;; , ~ ··· 

·, 

.':: momentum interval. 
'• 

.';-:>mite some chromatic compensation· by maintaining the correlation between transverse . 
( . ,:' .· ' .. , . 
. ;. · ... h9:t:izontal position and momentum from the first focus to M3. ·; · · 

',··~:~· "• ~~:-~ ·t :. .,· 

;_ .·, './~:~.In the second stage· the last doublet converges the beam so tha~ its horizontal width· 

. ~ ·.:~¥~hes the bubble chambe; entrance aperture. A beam steering magn~t M4 is ~rovided for ·;: 

•·: L, ~~~t~ring the beam on the chamber entrance window irrespective of t~e momentum. 

l 
t~ ·: (). . "{ertical Plane . . 

.·{ .· . '.1\e. beam is parallel in both spectrometers in order to maximize separatione . 
. ' ~- . 

·: . of chr~tic aberration in the· vertical plane ·and dispersion in the horizontal plane, the 
: • ~-J . • 0 - . . 

· locus ~l' vertical :foci at Slit 1 is a line inclined at 20 to the beam directione The 

' jaws of the first mass sl.it follow this lineot ,Magnet M3 bas a sextupole field component. , 

· . · so that the variation of vertical focai length across the horizontal aper!iure compensates· :, .. 
\' .. r · ' ' · ' .~-_;; -~:·1 · ·.L: ·._ 

· ; . the chromatic aberration due to the first and second stages of the beam, resulting _in a :.:f;,~<r 

locus of vertical images at Slit 2 normal to the beam axise ·Slit 2 lies perpendicular . ,·':;_.·.'{;\· ::·::·: 
I ':':•·,.-/> 

' · · to the beam direction which is necessary for good vertical imaging since there is no · :. ,;. d/S :.· 
. . horizontal focus at this point. . ' .· <~ ::·J ··;·!{: \ 
~ .. '-~·. 

'·. . : ~t;. ~ .--:~· ·_ ~ :;.-::. 
, , \ Ce Shiel.dina / · ·:.', -''i :, . 

:·;~";'!··. The _shielding .is shown in Fig. l. The external beam .is stopped ·at the Bevatron.·' <';\:1~~~~:: ... · 
··".(:~·.shielding wall~ a removable steel plug four feet long. ·Additional shielding is pla<?ed,:~1~~~q 
·.".:·>_in the region about this plug and the blockhouse enclosing the 'chamber is provided with ::;)1':'?·~~-~;:: 
"-' ~ • . ·. - - . . . ::' ~_ .. ~:=:;-:, ::,"_·:· . -
-< · a concrete roof four :f'eet thick. With this shielding, no serious amount of background is~.;·.:.:.· 

. ' '. . ll ~ . ..;.-:.',(.,.:.·:' 
·: · .. observed in the bubble chamber with external beam levels as high as 2 x .10 . per pulse.\h; ~:~~:~~·.; 

.. ·~~ I~~· ~=t:~::G i , : ; :. :~~i~:,;:.~ 
. Four devices are usee'!- to determine the position, profile, and intensity of the· .: ; >fi.:!·.·:;··<· {·:_, 
.: :external proton beam (EPB) st;ik:i,ng the· copper-targete ·First, a ca.iibrated sec.ondary~·:·.if:·:~~i>',:: 



·-
·.\;'··emission foU chamber monito~s the absolute flux of protons 

-3- UCRL-11527 !··'.;:"'~···t 
'(. .- . 

in the EPB ahead of the td ~;1~} · 
't! ~. • .... -~..r'J"I.f' 

;·:. ~ .. get 1 independently of the condition ot: focus at ·the target. Secondly 1 a remotely-controlled · · .· 
·l~ .' ~ • . • 

;,.;,_.sheet .of plastic scintillator can be moved into the EPB Just downstream of the target, and. \ , · 
.~ ';i ~ ' . ~ t: ' 

~;\: ·ii.viewed via a. mirror system by a television camera. '+'he size and shape of the ob_served ~\· 

~~).~.~~intillation spot is used to ():ptimize the EPB focus. Since the target is slightly smaller, ·-· 
:·i '• ' . . ' 
· ~-~:; ~'ba aneAew is readily viei'bl.e within t:.hia ape~t when the 'beam ia properly eentered, Thirdly,. 

"·· " 

Y··a small scintillation counter on each side just ahead of the target is used to monitor .... 

·t~<lhe horizontal position of the. EP.B. These two scintillators, 1/4" x 1/4" transverse to , ... > 

} ~--;~the beam, and 1/16" thick are '.glued to very thin me~al light .Pipes. The signals_a.re inte-_ . < 
_:: .. :;·': grated end displayed between Bevatron bursts on an oscilloscope as two square pulses whose·: .:', 

.j:_:.heights correspond to the relative EPB intensities at each of the two counters. The inte- ,_\· 

<<.:·grated signals are reset to zero just. before the next beam pulse. Fina.D.y, a single 
. • .. - . . ' . 0 
.· · ... ~ . Cerenkov counter is situated about three feet from the target and at approximately ~ 

--.; , :·to the EPB direction. This counter, which monitors the amount· of beam hitting the target, : 
. '!,: / ' ·.:·· ·. .. . . . . . ' · .. ~:~~ . 

. : : consists of a two-inch diameter lucite disc mounted on an aluminum light pipe, and fitted·.·.; 

<·i.'·.';w~ih an accurate calibration light to check the gain of the photomultiplier. The signal · ·.,;_.::·. 
le."' ;; . ! • • 

-:~:.: fa:7integrated, and read by an electrometer. This monitor, which has been used to normal_;;.: .. · : · · 
• . • y,- ~· • • •• ' '· 

·:.·:· · ·· i~~ all tuning curves, has a wide lin~ar range of signal response, :~corresponding to a · . .;-'< ·.· 
··). :wide flux r~e, while not suffering from statistical uncertainty eyen at low fluxes. ,;·, ·, :' :·. 

;:J~ ::: B. Slit 1 Monitor . : ~ ;:· .. ·:;, ::: .. · 
~ •. ··: ~/ ' ~ 

/··.::([} For monitoring the :position of the beam at Slit 1, a triad of $olid-state counters ._;._· · , . 

. .. . is used. 
2 

The triad counters consist of' three waters of li thium-drif'ted s~icon3 having·,.' . ·; :· 
;.··' 

;. '
1 

.. dimensions: 1.3" transverse to the beam by 0.5" in the beam direction by .06" high. ~e. .S :t: 
.. 
•· three wafers are mounted one above the other. with their :planes :parallel, and have a 

·.; . · · cente!'-to-center spacing of .Q8". The signals from these counters are integrated and . '.· :: , .. ~-
;·_ <: dis :played as three sq,uare pulses on an osc_illoscope in a manner similar t? the display .· ':'. ,.- · ·. _ 

··\·!of the two EPB position counterso The triad is used by :positioning it ahead of and just ·: ;. ·< 

-:. ·r·.<apove. Slit 1, centering it iri the image of rejected ;particles. Since the image width is· ... ;:;,.;.::~ 
~.:r.,··~ : . . ~.<~:·:·;.:> 

r~ .. " comparable with the spacing _between triad counters, the :profile and position of the image ,.' :'·, 

. · .: : is directly indicated, and any vertical shift of the beam particles from their desired . ;.-

'· .. ~ .. :position is innnediately observed. ·, ·, ;:. ·'' .. 

. ~f · c.· Slit 2 Monitors . ; . 
.. -:~:' ~ : •, ...... { ~·tJ. 

:." · r In order to monitor the total number of particles entering· the chamber for each . · ., :. · ··, ·· ,; <•· 
\...~ { ' . . . ·: : .· \' < ' . ~ 
, 1,• .. beam ·pulse, two scintillation counters are used in coincidence as a· telescope. One fa . ·; · :F: 
• ' : . . ' i . ' :~ . . • . ~' 

.·>:-~inserted into the middle of' the. slit along the focal line, the other is placed· innnedidtely ., 
·, '. ; :. ' '. 

<~, · behind the slit.. A 'close correlation is found between the counts on this monitor a.nd th~ ~·,<:: 
. (, . .. . . t . ' ~· .,, 

i ··;number of tracks in the bubble chamber pictures. A separation curve obtained with this',-

: : @elescope is .shown in Fig. 4. The counter inside Slit 2 is complirable in height with \' ·~·.:·:.:~ · 
' .. . . ~ 

, .'. ·. the vertical image size in Mode I operation> and much l~rger tha.ll the. ':image in Mode 
~~-·-~-~-- ' 

·'· ·,, .. 
. . ~.: .: .. ~ '. 

i 'r . •''. . ; .. .' . 
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. . · · .. 1 yo~r~·X~-:· 
.·. ,. operation. In order to observe clearly the true image profile, .a. solid-state counter·'t..._~/·.~1. · 

. . • -~··~.·!,·.~ .. • 

wit~ dimensions 1.3 inches by o.o4 inches high by 0.5 inches thick has also been used ... ' '::-

. · a.t Slit 2. A separation curve taken with this counter is shown in Fig. 5. 

:;,~%!).lr . IV. PARTICLE FLUXES fOOl CONT~ION , . 

1.~._}_':_.-th, e seSceocnonddaslcyitp. article fluxes were obtained from e.n e.na.lysis of tunins curves taken at . 
The results are :presented in Fig. 6. 'KB. e~timated'·fr6m ·bubble chamber; 

• ? ;: . • ·~ 
·:. ;; :photographs, the :pion contamination at the chamber var:l,es from less than 1% at 86o MeV/c .· 
. ,-~ ;' '• 

~<": to about 20% at 16o0 MeV/c • 
. . ,. ' 
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• ;· ·. · .. . FIGURE CAPriONS .... -~ _ .<;~'\i; 
·: (Jg. -~ar~~-an-view of the _layout _of the beam components a.ndt:Shiel:dlfg•:::on:i:'j;~e:··~va.~~~:;;·;,',: i/::.·~:i 

. . ·-/~ ~-- t .:_: _·. ·V 
. Fig. 2. Ray diagrams in the horizontal and vertical :plane for Mode I operation of: ,; ~'!;; .. 1: 

the beam.. ····"- ·' 
··_i•·' -'!':·-.t 

. : ' Fig. 3· Ray diagrams in the horizontal and vertical :plane for Mode II operation of .; ~:: .;~-

. ; . the beam. . . _ ·: .. ~:r:i .;; : 
' Fig. 4. · Separation curve at 1200 MeV/c beam momentum taken with the sciritillation ·. · ::·:;·:C:·•':; ·.· 

. '·, . . ~ .. "' . 
telescope at the second slit (Mode I).. Counts :per monitor volt are plotted against . : .•· ·. 

the :magnet current in the second spectrometer.. ~':-i :{~~t~:: .. 
.. Fig •. 5· Separation curve at 16o0 MeV(c beam momentum ,taken with the solid state 

· · counter at the second slit (Mode II). Cormts :per monitor volt' are :plotted against· 

1·: . 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com• 
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such c~tractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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