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ABSTRACT

i

A two—stage, separated K beam has been'bullt and successfully operated -

b ¢

fat the Bevatron using a target in the new external proton beam as the source of :ffi

fsecondary particles. - Some features of the beam include relatively large solid f'ﬁ : ‘f%

- 'angle, short length and wide operating range of beam momenta (approximately

.. - 800~1600 MeV/c). Details of the design and operation of the beam will be pre-vnA'.

‘gented as well as measured particle flux values appropriate to zero—degree

production.

*
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e I. INTRODUCTION - _ _
As one part of a general Bevatron lmprovement program, an extracted proton beam -

i of high intensity became available in 1963 . The separated K K beam described . ‘:
pere , which went into operation early in 1961+ incorporates a number of unique features

L ‘fvmade possible by the external proton beeam. It has been successfully v.sed to provide K;t ’
particles of various momenta (K 850~1600 MeV/c, K 800-1150 MeV/c) in experiments o
"Lviytnvolving the new Lamrence Radiation Laboratory - 25--inch hydrogen 'bubble chamber.‘ S

- This peper describes some of the details of the beam design and gives measured fluxes

- of various secondary particles.

II. ' BEAM DESIGN

A, - General Featu.res , . .

: The beam la.yout is shown in Fig. 1. Since the target is external to the a.cceler—
. ; ator, the secondary beam optics are independent of the magnetic field of the Bévatron,
. This allows the selection of positive or negative particles, within a wide range of =
momenta, produced at 0° b.y"proton's of any convenient energy. Other advantages of ha.ving '
;-a target external to the :Bevatron include the feasibility of a large solid angle and a
N } ‘short distance from target to detector made possible by the placement oi’ the initial <
\ beam components close to the target. ’

o " The optical. properties of the beam are given in Table I a.nd a description of the
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'
the polarities of q_uadrupoles Q2, Q3 are reversed in order to decrease the imsge size
¥ at the first slit, at the cost of some intensity. Ray diagrams for this mode of ‘opera~: :
“tion (Mode II) are shown in Fig. 3. The difference in the two modes of operation rei’leots.
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the :C‘s.ct that, of the two mu.tually contradictory requirements of large solid a.ngle a.nd(gﬂ-ﬁ’ J
good separation, the former dominates &t low momentum and the latter at high momentum. Ll

.-~ The collima.tion is done as i‘ar upstream as possible '3 this being a.ccomplished pri- V
_rily by the ura.nium collimator between ML and M2, No vertica.l or horizontal collims:—

. ;.,.

, *l. Horizontal Pla.ne

- The horizonta.l a.ccepta.nce a.ngle is primarily Aimited by the s.perture of Ql ’ which

; ..~;is centered only 14-3 inches from the ta.rget. The momentum bandpass is defined by the - |
horizonta.l focus s.t S1it 1 ; where the gap width of five inches corresponds to & 2% .

momentum interva.l. The ls.rge magn:z.fica.tion s.nd sma.ll a.ngula.r divergence at Slit 1 per—-;

mits some chroms.tic compensation by ma.inta.ining the correla.tion between transverse S

_ horizonta.l position a.nd momentum from the first focus to M3. "gn -

. In the second stage the last doublet converges the beem so tha.t its horizonta.l width
) m@téhes the bubble chamber entrance aperture. A beam steering magnet Mt is provided for
;écentéring the beam on the chamber entra.nce window irrespective of the momentume

.'Ii-" Vertical Plane e S I '.\

. 'I'he ‘beam is pars.]_‘l.el in both spectrometers in order to ma.ximize sepa.ration, _ Beca.use
, :‘ of chr%matic aberration in the’ vertica.l pla.ne and dispersion in the horizonta.l pla.ne, the
" locus oi‘ vertical foci at Slit 1 1s & line inclined at 20° to the beam direction. The _;'\‘-
_’ Jaws of the first mass slit follow this line, Magnet M3 has a sextupole field component
80 that the varietion of vertical focal length across the horizontal aperture compensa‘.tes
" the chromatic aberration due to the first and second stages of the beam, resulting in a
locus of vertical images at S11it 2 normal to the heam,s.xis.. ‘Slit 2 lies ‘perpendicular
“to the beam direction which is necessary for good vextics.l imaging since there 1s no- L.
.. horizontal focus at this point. . ' . | V S

/ o . €. Shielding - , T ;"; o
. The shielding 1s shown in Fig. 1. The external beam is stopped at the Beva.tron A :
‘shielding wall by -a removable steel plug four feet long. - Additionel shielding is pla.ced $
i in the region sbout this plug and the blockhouse enclosing the ‘chamber 1s provided with
e concrete roof four feet thick. With this shielding ; Do serious amount of background. is

‘."{",,observed in the bub'ble chamber with externa.l beam levels as high as 2 x. 1011 per pulse.\

N e 1 - III. BEAM MONITORING - ‘»_ :

I ) i o Co

' ' : ’ A. Target Monitors : ; S . :
Four devices are used to determine the position, profile, a.nd intensity of the :

externa.l proton beam (EPB) striking the. copper-target. - First, a calibrated seconda.ry—

EN
.



o -3  uem-wser gl
If emission foil chamber monitors the absolute flux of protons in the EPB ahead of the ta{iﬁ“f
e: -get, independently of the condition of focus at the target. Secondly, a remotely—controlled ‘
;Ehsheet of plastic scintillator can be moved into the EPB Just downstreem of the target, and
'4viewed via a mirror system by a television camera. The size and shape of the observed C
scintillation ‘spot is used to optimize the EPB focus. Silnce the target 1s slightly smaller,ixx
ita shadew is readily visible within this apot when the heam 18 properly sentered. Thirdly,
8 small scintillation counter on each slde Just ahead of the target is used to monitor -
‘; he horizontal position of the EFB. These twa scintillators, /4" x 1/4" transverse to ' s
Etthe beam, and 1/16" thick are glued to very thin metal light pipes. The signals_ are intenug_;
fkgrated end dlsplayed between Bevatron bursts on an oscilloscope as two square pulses whosefﬂ

{:heights correspond to the relative EPB intensities at each of the two counters., The inte-:

Lot
o8

;fgrated signals are reset to zero just before the next beam pulse. Finally, a single

‘{;Cerenkov counter is situated about three feet from the target and at approximately 90'
fﬁf’to the EPB direction. This counter, which monitors the amount of beam hitting the target,i
consists of a two—inch diameter lucite disc mounted on an aluminum light pipe, and fitted‘g
with an accurate calibration light to check the gain of the photomultiplier. The signal -

is'integrated, and read by an electrometer. This monitor, which has been used to normal— .
ise all tuning curves, has & wide linear range of signel response, : :corresponding to a z{?’;“:l

wide flux range, while not suffering from statistical uncertainty even at low fluxes. i

B, S1lit 1 Monitor . 13 J
i For monitoring the position of the beam at Slit 1, a triad of. solid—state counters'ﬁ'
f;uiis used.2 The triad counters consist of three wafers of lithiwnddrifted silicon3
dimensions- 1.3" transverse to the beam by 0.5" in the beam direction by .06" high. Tnet}'

three wafers are mounted one ebove the other with thelr planes parallel, and have a -

having

center—to—center spacing of .08". The signals from these counters are integrated and
Ol displayed as three square pulses on an oscilloscope in a manner similar to the display ’
“;’fof the two EPB position counters. The triad is used by pos1tioning 1t ahead of and Just
%l above Slit 1, centering it in the image of rejected particles. OSince the image width is
‘y'fﬂcomparable with the spacing between triad -counters, the profile and position of the imagejf
- - directly indicated, and any vertical shift of the beam particles from their desired o
position 1s immediately observed. i : . : , ’

. SN C. S1it 2 Monitors ' ' -f
In order to monitor the total number of particles entering the chamber for each .
beam pulse, two scintillation counters are used in coincidence as a telescope.' One isi,”
fi' ';.finserted into the middle of the slit along the focal line, the other is placed’ mediétely
:ff<fbehind the slit. A’close correlation 1s found between the counts on this monitor and the "
gsﬂ‘number of tracks in the bubble chamber pictures. A separation curve obtained with this
f{'yfelescope is shown in Fig. 4. The counter inside Slit 2 is comparable in height with ‘




L "opera.’civon. In order to observe clearly the true image profile ) 8 solid-state counter ‘ ;
" with dimensions 1.3 inches by 0.0k inches high by 0.5 inches thick has also been ueed |
i e.t Slit 2. A sepa.ration curve taken with this counter is shown in Fige Se ‘

&

C v, PARTICLE FLUXES AND CON'I‘AMINATION Ly
S | Seconda.ry pa,rticle flu.xes were obtained from an analysle of tu.ning curvee ta.ken et
;*bhe second slit. The results are presented in Fig., 6. AB estimated from bubble chamber
"photographs , the pion contamination at the chamber varies from less than l% at 860 MeV/c
;to sbout ZO% at 1600 MeV/c, | o L e

W, A. Wenzel, Lawrence Radiation Laboratory Report UCRL-10868, July 1963. We are
indebted to W. A. Wenzel and’ ’J.‘. Elio:t‘f for considerable help with optimization of
._‘igf,vthe EPB operation, : : : A L SRR
A tried monitor wa.s first used by Eberhe.rd, Good. a.nd T:Lcho ’ Rev. Sci. I.nstr. 3,
1054 (1960) o ».
"% Fo 84 Goulding, Nucleonics 22, 54 (1964). We aref indebted to R» Lothrop and'v.zsﬁ‘

\

Ho Smith for meking the counters. -

ST : FIGURE CAPTIONS : :
ige 1. Pla.n view of the layou‘t of the beam components a.ndt)shielding oni ’the‘ Beva.tron :

\

Fig. 2. Ray die.gra.ms in the horizonta.l and vertical plane for Mode I opera.tion of
Y ; the beam. . ; _ '
“Fig. 3. Ray diagrams in the horilzontal and vertical pla.ne for Mode II opera.tion of
; = the beam. . : B
i‘ﬁvFig. oo Separa.tion curve e.t 1200 MeV/c beamn momentum ta.ken with the scinti]la.tion A
. , o _telescope at the second slit (Mode I). Counts per monitor volt are plotted a.gainst
; . the magnet current in the second spectrometer. ; .
’:i" "Fig. 5. - Separation curve at 1600 MeV/c beam momentum teken with the solid state
- counter at the second slit (Mode IZE) Counts per monitor volt are plotted against
o . the magnet current in the second spec’crometer. L o
“Fig. 6. Seconda.ry ‘particle fluxes produced at 0° by 6 BeV protons , 88 & function of .
‘: o momentum. The ordinate represents the number of particleé per lOll protons in the
"EPB cha.nnel , per 1% total momentum interval , per millisteradian. Tt should be °
w7 noted that on.ly about 60% of the protons in the EFB cha.nnel are intercepted ’oy th
target. Al R




)Table'I. Optical characteristics of the beam

Momentum’"(Mev/c)‘_:; S et 800-1200 1200-1600
.Solid Angle (mex) = - . .89 36
':Length (target to chamber, inches) - 1 S5
V;Horizontal Acceptance -Angle (mrad. ) 51130.:)‘: q  96
Vertical Acceptance Angle (mrad.) ":‘6.-8-. " - 3.8

Totel Momentum Bite 2% ,:T: ?fl.B% T
Verticsl Magnification, First Stege  + % .. 0.59 - 104330 0y
Horizontal Magnification, First Stage 3“A 78,66 ;”v8.80f
Vertical Magnification, Second Stage - - 1.0 1.0
Vertical Image Size at S1it 2 (inches) - 0.09 0.06 .

0.1 (1600 MeV/c e
©.0.12 (1600 MeV/c) iy

" 0.25 (1zoo MeV/c)

' X~x Separation at Slit 1 (inches)
 0.28 (1200 MeV/e) o

ﬁ—ﬁ Separation et Slit 2 (inches)

.. Table II, Beam Compo@ents .

.Symbol Used in Flez. l.'~_ Descrigtion

<

?in).QZ...,QS o  ':F; 8" bore x 16" long quadrupole magnets
LML, M3 T 18" wide x 36" long bending magnets :
' o “."'fv 16" wide x 36" long bending megnet
1113" wide x 24" long bending magnet -

‘Parallel Plate Spectrometers, 2" gap, 9 and 10 feet long
‘- respectively, 450 kv S

'Uranium Mass—Separation Slit, 30" long, .15" gap -
'Lead Mass—Separation Slit, 40" long,.15" gap’ 4:;;ffﬁ
Copper Terget for EPB, .35" wide x 4" long x 15" high

‘Uranium collimator, 24" long, hdrizontal aperture
- -0 to 5"

N
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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:

/

I T Ch s 1)

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 contractor, 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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