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Notes on the 60° Separa'fed K Beams 

September 26~ 1956 

Donald H. Stork 

During the month of June, 1956, a series of nuclear emulsion stacks 

end tP.st plates were exposed to posit'ive end negBtive K mesons at severel 

relatively high momenta, produced at 60° to the.6.2·Bev proton beem·e.t 

the Bevatron •. The purpose wes t¥Jofold: (1) to determine th~ flux of K . 

mesons produced a.t 60° in order to compere with other angles and to be 

able to me.ke e.n optimum choice for future K beelnS, (2) to study .a part!• 

cul&r scheme for separation of n's end K's. In addition, s.~veral nuclear 

emulsion stacks were exposed for the purpose of K~meson research. 

Vruch of the initial design wes done by o. R. Price an~ the modifi-

cations for the higher K energy was carried out by Joseph Lahutti. 

I. The Physical Setup. 

A sketch of the s~tup is shown in Figure 1. 

J • Target. The target mechanism was the drop-string target at the . 

vJ est-tangent-tAnk-upstream-top-lock position. '!'he target shaft end target 

arm were both in the down-stream position end the terget at e nomina~ 

601" radius. The target wes copper in the shape of a 60° perallelogrem, · 

1 1/2" long, 1/2" radially, end 3/8" verticelly. /1 1/8" x 1/811 x 3/8" 

polyethylene lip wes used. The plunging clipper was not used. There is 

evidence that, in spite of extensive foretasting, the target arrival 

position dropped about 1/8" during the initial phes~s of the run. The 

target timing was adjusted snd ·set with the aid of e counter telescope 

looking Bt the target. 

B. Separation Scheine. P. brute force method wes used in which the 
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-Be degrader was immediately. t:ollowed by· the C magnet in order to achieve 

spacial seper~tion before the beam hed spread to en ·excessively large 
·. ~ . 

area because o{ Coulomb multiple sce.ttering. The refinement of a. second 

quadrupole lens was considered, but wes.discarded as ~nnecesse.ry for nuclerx 

emulsion exposures. 

The 'choice of parameters for the system wPs determined only by 

compromising a number of contrEidictory requirements. In prectise the ~ .. 

procedure was os follows~ The C magnet w·EJS run· at maximum field for 

· meximum separation, with the fie'ld direction such as· to pe~i't e momentum 

focus. A maximum momentum spreed at the stack position was :then chosen; 

·this choice fixed (for e given degrader thickness) the momentum bite to 

be eccepted at the defining slit et. the d~grader. 

The first analyzing magnet was set. up for meximum en~lar deflection~ 
. . 

The slit width and distance form analyzing magnet to slit were 

C) 

determined by ·the des ired momentum bite and by the requirement i 'that 1 the ~..: 

momentum bite accepted by determined primarily by the slit width rather 

than horizonte.l image size. 

Finally the spatial beam size for the n's and K's were studied as s 

function-of degrader thickness end a satisfectory thickness found that 

permitted the full desired momentum· bit and en adequate n~K spatial 

seperetion. 

C. Optics. Having fixed the above requirements for seperetion. 

we set the follo\ling requirements for the focusing scheme: First, the 

vertical f'lnd horizontel images were to be smaller than the multiple 

scattering spread at the stack position - - that is, the spatial beam 

dimensions were to be aetermined primarily by the multiple scattering 



0 0 i 0 6 0 0 itev r>.;l;;on-186-~II- 3 7r'f 
Donald H. Stork 
November 2, 1956 

-3-

in the degrader. Second, et the degrader the horizontal image.size was 

to be comparable to 'the slit size. Third, the vertical i~e.ge size at the 

degrader was to be small enough so that good collimation could be achieved 

and e narrow C megnet gap used. The C magnet pole-tip-shim gap at entrance 

was 3 1/2 inches and was flared (stepwise) to 6 inches at the exit end. 

The relationships between the individual quedrupoles were then adjusted -
to give maximum flux. Meximum flux wes obtained by maximizing the quantity 

6J1/MH, subje_ct to the condition that the i~age requirements be met. _AS?. is 

the effective quadrupole eperture and 1-if is the horizontal magnification; 

The latter appears since for R fixed horizontEll image size (one of the 

requirements above) the target length (end thus the·K yield) is determined 

by MH. In summary, the total K flux through the system wes determ~ned by 

6&1./Mwend the momentum bite. 'lhe intensity a.t the stack we.s determined 

by the total flux and the multiple scatter~ng. spret=~d. 

The r~sul ts of maximizing A Jl/Mri were that· the first quadrupole Wl'S 

··' 

to be turned off, the second quadrupole converging vertically, and the third · 

quadrupole converging horizontally. Schema~ic diagrruns of the focusing are '' · 

shown in Figures 2 end 3 with the deflectlons in. the bending magnets 

straightened out·. The double arrows labeled "MS" indicate the. multiple 

scattering spread. 

It is seen that vertically there is a target image at the slit 

• 
(degrader position). The C magnet is verti~sily conver:ging end the stack 

is near the "exit pupil" of the system. tJoriiontalJy, the C magnet is 

i. diverging and the terget imP.ge is situated at the ste.~k position. 

II. Quad~upole Lens Currents. 

Parametric quedrupole lens equ8tions ware plotted for the general 

.... 
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cases of interest. The focusing could then be trAced through the three 

lens system by reeding from the plots. Conditions for the desired imAge 

positions were determined by successive epproximetion. In this fashion/the 

qmmtity Ll.J'l./1'-~ (Section ID) WP.S meximized E<!ld the_ final qu8drupole currents 

determined. The results are ·given in T·sble I. The effective field lengths_ 

used for the 8'' end 1611 quadrupoles were 10" el'_ld 18" respectively. The 

results of wire treject'ory meF.surements F.!rA also shown in Table I and the 

egreement indicr-tes thP.t the chosen equlvt?.ient·lengths were quite satis-

fectory. We found also thnt we could.scPle ecc~At~ly _from one momentum 

to t:nother using the NBen~t Testing Group.' s maf11et1.u·tion :curve for P.n 811 

quadrupole (~ng. Note 4902-02 111'-2 Oct. 3, 1955, pE>ge 518). 

III. 60 Inch Jnr.lysing Magnet Currents. 

Prior to the run wire tu:jectory mee.surements "~ere made to determine 

the current . requl.red for 8 32_0 deflection in the 60 inch rnelyzing inagnet 

for momente 525 snd 725 Mev/c. The results are. shown in Table II. In 

eddition, during the run, test plates imbedded in eluminum were exposed at 

the slit for three megnet currents. The momentum in eEJch cese wes then 

determined from the measured rt=nge of protons fn Elluminum. These resul.ts 

are elso shown in Table II. .. 

IV. Curr~nt Corrections Required Because of Bevetron FringeField. 

Since negative protons were too few in number to ca.librete the 

momentum for the K~ exposures, Bevetron ·frin~e field measurem~n~s were 

made throughout the megnet system by lv'Jr. Pete Wetson. His results are 

shown in figure 5. 
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Dr. Steven Hhite's group used t.hes~ meesurements to determine the 

chenge in magnet currents required for the ·seperfited r beam exposure. 

Their r~sults ere· sho"m in Table III. 

V. Hiscelleneous PF.reJileters. 

Sepfrated K beeJiis of ti,·o momenta 'l..'ere used. The first we.s produced-

~:•t 525 Mev/C e.nd degraded to 480 Mev/C. Severlll· perF.'met13:rs perteining to 

these two -beeJns ere shown in Table IV. 

vr: Vertical flnd Horizontd Focusing from Test Plates. 

The verticel distribution at the slit was determined for pioris arid 

protons at sgverel moment6 by met;ns of test plates •. ·The :results for protons 

at 525 Mev/C are shown in Figure 6. The curves shot.~n in Figure 6 ere t~e 
I 

expected results for protons, K-mesons, end pions computed from· the focusing 

propertil'>s end the multiple sctittering in the thin windo'1 end tlir· peth • 

The horizontfll distribution for e given momentum at the ali~ cannot 

be directly determined, but this.distribution end the momentum dispersion 

determine the momentum distribution at any given point. The calculated 

integrf!l momentum flux curve for 525 Mev/C ·is shown in Figure 7, together 

with the experimentel points determined by the proton ·integral rF.nge curve 

in aluminum. Feirly good agreement is found. 

VII. Pion end Proton Fluxes .et the Slit. 

Test plate exposures ,_.ere mede et severE>l momentll for both positive 

end negeti ve be ems. The pion flux was determ~ned by counti.ng minimum 

ioniz~tion trecks in the beem direction. The proton. flux wes determined 

by counting trFcks in the beem direction with epper~nt ionization neer th11t 

expected for protons. In the lPtter count en effort wE>s made to e~clude 
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e1phe·particles, but deuterons may heve been included in.the count. 

In each case the flux was integrP.ted in the vertical direction 

end the results ere shO\·m in Table V, where the fluxes ere given in ,number 

per horizontel centimeter per 10lO beam pro.tons as ·indiceted by the'induc-

tion electrode integreter. 

VIII. Reproducibility of Fluxes; .. 

An ex~mination of the time vaiE;tion of the flux et 725 end 545 

Mev/C indicetes a serious drop in flux between the first end last pHts of 

the run. The new induction electrodes hed just -been installed prior to this 

run, but cnlibretion egeinst the Ees.t induction electrodes showed no change 

before end after our drop in flux. However, Kerth Pnd VanRossum were 

running K+ from the 5° target during the s~:me period end experienced the 

St:·me drop in apparent flux. No sr:tisfectory explanation hr,s been found 

for this variation. Therefore, caution must be exercized in comparing the 

yields at 60° to other K beems. 

J. summery of the fluxes eft.er the drop in epperent ·yield is given 

in Table VI. 

IX. Variation of n+ and n- Fluxes with Momentum • . 
.. 

In addition to the data obteined 1from test plates, i.nformBtion 

concerning pion fluxes W6S obtdned form counter dete collected during en 

inv"lstigation of the bePm structures behind the C mfgnet. The resu_lts are 

given in Tsble V.II . 

J.lthough. the f!greement between counter's end test ple.tes is rt'-lther 
,. 

poor, it csn be seen thF.t the pion fl\lx fells .Qff m!~rkedly ss the momentum 

is incr~esed and' thd the rr+/n- flux retio is eppyooximP-tely two. . . 
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X. K Flux end Background in· the Sepa.rated Be8ms • 

· PreliminFtry dete ere tJvailable from three st8cks exposea to separa.ted 

K beams: 

A. 525-420 Mev/C, K ... (Price, Ticho). (The two momenta ere the ·momenta 

··at. proc:'luction end 'the· momentum entering the stEJck) •. The exposure _wes 4 X lOlJ 

befflD. proton5. The K"'· flux is approximetely thr~e per millimeter in each 

600 micron emulsion .end the directionE!l minimum beckgroun~ is about five 

K ... per Beckground confusable with the K's is negligible. 

B. 525-420 Mev/Q, K~ (White, Gilbert,. Yiolet). ·The exposure was 

8 x 1013 beam protons.: J'!.pproximetely one K- per centimet~r· hP.s been found. 

The directionel minimum track backgound is about 200 per K-. f. lerge improve-.·. 

ment (compared to exposur.es at 900) in the background of tracks confuseble 

with K- hes been achieved. Thls improvement -results in a scanning rate. 

increFse of nesrly en order of megni tude •. 

*c.· 720-480 Mev/C,. K+ (Le.nutti, Goldhaber). The exposure wes 5 x 1013 

protons. 
. . . + . 

/lpproximately . 25 · K per centimeter ·heve be'3n found. ,The dirac-

' ·+ 
tional minimum track beckground is approximately ·one per K Background 

confus.eble with the K' s is negligible. 

From the results of the above positive K exposures the flux of K+ 

-at the slit and· at the tr:rget hes been CPlculated. The correction for dAcey 

in flight hes been mede end the degrt:~der .attenuation cros.s section· hes been 

taken to· be nuclear erea. The results ere shown in Table· VIII. 

The discuss.ion of Section VIII on the reproducibility ·of fluxes 

~· must be kept in· mind before comperison is made between the flo/e8 given in 

Table VIII and flux~s obteined in o~hAr K-beam setups. The above stack 

exposures ~ere made after·thA drop in apparent yield by a.fector of 2.4 • ........-:· . . . . 

. See AOOENDt.n-1 - Page 9 
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The approximete flux ratios deri:ved at the slit I!lB-Y be summarized 

as follows: 

. w725 = o. 7 
. tr-+525 -

at 725 Mev /C, tr-+ /K+ :::: 60. · v . 

at 252 Nev/C, K+/K- :: 60, n+/u- :: 2 

tr-+ /K+ = 240, u-/Ir :: 7000 

The improvement provided by the separation method is thus a factor 

of about.50.1n then to K ratio for eech exposure. 

XI. Comparison with the 90° ·Beam. 

The discussion of Section VIII on the reproducibility of. fluxes. must 

be kept in mind before comperison is mede between the fluxes· given in Table 

VIII end fluxes. obtained .in other 1\-beam .setups. ·The P-bove stack exposures 

¥er~ made e.fter the unexplained drop in apparent yield of a factor of 2.4. 

The Crawford-Stevenson setup at 90° gave Tor fl 1/2 inch copper target 

5 K+ per horizontal centimeter per 1olO beam protons et the unseperated K 

image point .for a ~omentum of 385 Mev/C. - This yield is thus c.ompereble to 

the fluxes et the slit position in the 60°.set-up. 

Tracing_ the 90° yield beck to the target we find thet the cr.oss 

section for 385 Mev/C K+:at 90° is about the same es the cross section of 

725 Mev/C K+. at 60° and is slightly le.rger then the cross section for _525 
-' 

Hev/C K+ at 600. . ('lne figures in the le.st row of Table VIII are proportional 

to -fhe cross sectio~, d2cr/dto/dE). 

We can compP.re these results with the pahse cr-:lculP-tions·of Dr. Lynn 

Stevenson. These phase space celculetions· predict roughly (Fermi motion 

was neglected) en· increa~e in cross section of a factor of about two from 

90° to 60° for the momente. considered. · If we· hed used. the higher appar'=!nt. 

() 

'""·' 
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yields in the first part of the 60° run (see·Section VIII), the experimental 

60° cross sections ~ould heve e.greed well with the p~ase space predictions • .. 

X II~ Further Informa.tion·. 

The stacks exposed during the 60° K beam run vre listed with the 

conditions of exposure in -Table. IX. Further informetion will therefore 

·be available when the results of. the scanning of these stacks is, received~ 

ADDENDUM 

EXPOSURE. OF PHOTOGRAPHIC EMULSI0NS TO A 480-Mev/c 

SEPARATED POSITIVE K-f.ffiSOii BEAM 

Gerson Goldhaber and Joseph E. tannutti 

In line rlith our :p,rogram of studying the interactions of K mesonS in. 

photographic emulsion,· we, in conjunction with ·nonald Stork, have designed 

and used a system for obtaining a bea.m of positive K mesons l-ri th a much 

reduced light meson contamination and with an energy higher than. that' p·r·e­

viously stud.i ed. The system .employs focusing coils, two magnets, an.cl a 

beryllium degrader. Particles produced by 6 .2-Bev protons on-. a drop-string 

copper target are accepted by. the system if emi tt~ .at an angle of 58° and . . 
xri.th a momentum of 725 ± 23 't'J.ev/c. After passing through the• energy ·degrader 

the K mesons have been ·reduced to a momentum o:f' 48o ± 33 Mev/c; they are 
-lC· 

focused on an emulsion stack. Preliminary study of a stack i.ndicatee that 

-vre have obtained an average K-meson flux of approximately -400 K's/crr?· f'or 
. 13 4.7 x 10 protons ·on the target. ·~e ratio of K mesons to light mesons 

and electrons is rou@:l.ly Wlity at beam center. 

* Exposure carried out jo1n~ly with Warren vl. Chupp and Sulami th Goldhab~r. 
·' 

\,,' 
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Table I. Qusdrupole Currents in Jlmperes. 

525. Mev/C 722 Mev/c· · 

Calculated Wire Calculated Wire 
Trajectory Trajectory . 

Quadrupole 1 0 0 0 0 

Quadrupole 2 99.5 101.5 138 139.6 

Quadrupole 3 158.0 158·3 222 223 

Table II. 6011 ·.1\nalysing Magnet Currents.(32° deflection) 

Current Homen tum 
Hethod in amperes · in Mev/0 

Wire trajectory 390.8 525.0 

Wire trajectory 438.2 725 .o 

Proton Range 312-4 417.5 

Proton Range 390.8 524e5 

Proton· Range 416-4 716 

Table III. J..djustment of Magnet Currents to take 
Fringe Field into Account 

.... . . .... 
Current for . Current for 

K-. beam K""' beam Momentum 

60 11 .Magnet 390.8 amp 397.8 amp 525 Mev/C 

c Magnet 144.0 amp 142 ·5 amp 420 Mev/C 
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Ta.ble IV. Miscellaneous Parameters 

Initial· Momentum . 

Final Momentum · 

Be ·negreder Thiclcness 

n-K Central Trajectory 
S~peration .at Steck .. 

K rms radial multiple 
c.oulomb scattering spread 
et stack · 

(dP/dx)/P Dt slit 

Slit Width, inches 

Slit Width, -Nev/C 

x* 

Y* 

a* 

~* 

i-tA, .. target to slit 

-t/'t ' 
1 ·' t~rget to stack 

* See Figure 1 

525 Mev/C 

420 Mev~C 

2 ·28 gm/cm 

5 inches 

1.5 inches 

. 0.0276 ·in-l 

2.0 inches 

31 Mev/C 

30 inches 

5 inches 

24° 

28° 

0.254 

0.151 

720 Nev/C . .. 
480 Mev/C 

~ £!)fl/cm2 
.u 

' 6 inch.es· 
. .. ' 

2.0 inches 
·.J 

. -1 
0.0256 in 

2.0 inches () 

37 Mev/C 

35 ·inches 

6 inches '·, 

20° 

24° 

0.375 

0.2)7 
~ 'j 

-
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Table V •. Proton and Pion Fluxes at S11 t from 

Test Plates; and Daily Variation 

Pr·otons per Pions per ·. Protons 
Charge Nomen tum em per 1010 em per 1o10. per pion 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

725 

525 

525 

420 

. 476 . 

420 

525 

525 

52~ 

525 
525 

725 

?,300 
11~500 
9,500 

9, ?00. 
6,100 
8,000 

,4,.500 

. 4,600 

],100 

3,500 

1,600 

4,200 

3,700 

1200 
1300 

1600 
1800 

800 

600. 

600 

. 400 

6 
9 

6 
3·4 

9 
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Tabla. VI. Summary Of Table V for cond-itions aft.er 6/22 
11ultiply by 2 .4 for .conditions before 6/22 • .. 

Protons 
Charge Momentum 

Protons gl:5 
em 12er.J:, 

Pions p~~o 
em 12er 1 · Rftr 121on 

+ 
+ 
+ 
+ 

Momentum 

420 
476 
525 
580 
725 

. ' 

420 4.500 1100 
476 4600 700 
52.5 3600 680 
725 4000 . 480 '. 

420 600 
525 700 

Table VII. Relative Pion Flux at Slit 

(Normalized to 4'!6 Mev/C. n+); ·and n+ / ~- •. 

n-

4·1 
6.7 
.5•3 

Cotmters Teat Plates Counters Test Pletes Counters Test Plet~s 

J.2 1.5 1·35 '0.86 2'.4 1.7 
1.0 1.0 0.35 2.'9 

0.97 --- 1.00 ·1.7* 1.0 .. 
0.46 ---

0.68 --
' * Ratio determined with Be degrader in place~ 

. -
Table VIII. K+ Flux Inferred from Ste.cks in Separated Beems · 

. . (essUining geometric cross section, in Be for· K attenuation) • 

um 

At Stack 
Number K/1010 . 5.7 8.6 

Number K/1ol0 Jthrough slit) 14 .42 
~· 

At Slit Number K/cm/1 0 . • 2.8 8.2 
{degtader) Number K/(Mey/C)/lolO .. 0.46 1.1 

Number K/(Mev/C)/ster/cm Cu/lolO 380 620 
At Target -

Number K/Mev/ster/cm Cu/lolO 522 750 
.. 

(· 

' ' 
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