Lawrence Berkeley National Laboratory
Recent Work

Title
NOTES ON THE 60| SEPARATED K BEAMS

Permalink
https://escholarship.org/uc/item/2np8w2mw

Author
Stork, Donald H.

Publication Date
1956-11-02

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/2np8w2mw
https://escholarship.org
http://www.cdlib.org/

U U

FU L O U U 43

ucrL 374

UNIVERSITY OF
CALIFORNIA

. For Reference

' /f“o be taken from this room

BERKELEY, CALIFORNIA



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



001016001 44

UCRL-3744
UNIVERSITY OF CALIFORNIA . . |

. Radiation Laboratory - .
. Berkeley, California

Contract No, W-7405-eng-48

NOTES ON THE 60° SEPARATED K BEAMS
Donald H. Stork |
November 2, 1956

Printed for the U. 8. Atomic Energy Commission



)

00101600145  pesmeniseUlkLINWY -

Donsld H. Stork
November 2, 1956

Notes on the 60° Sepsrated K Beams
‘September 26, 1956 . IR

‘Doneld H. Stork

During the month of June, 1956, a series of nuclear emulsion stacks '
end test pletes were exposed to ppsibive‘énd negative K me#ons at‘sefefal
relstively high momente, produced at 60° tb thé'6;2'Bev proton besm' at
the Bevatron. . The purpose wes twofold: (1) to determine the,flux of K,
mesons producéa st 60° in order to compere with»othef angles end to be
eble té meke on optimum choice for future X beams, (2) to'study‘a perti~
culer scheme for seperefion of_n's end K's. AIn addition, sgvéral nuclear
emulsion stacks were exposed for the purpése of K-meson researéh.

Much of the initial design wes done by 0. R. Price and the modifi-

cations for the higher K energy wss carried out by JOSeph Lanutti.

I. The‘Physical Setup.
. £ sketch of the éetup is shown in Figure 1.

f. Terget. The target mechanism wes the drop-string target at the.'
west-tangent-tank-upstream—top—lock position. The terget sheft end target
erm were both in the down-stream position and ‘the terget st a nominal |
601" redius. The terget wes copper in the shspe of @ 60° perellelogram,
1 1/2" long, 1/2" redislly, end 3/8" verticelly. A 1/8" x 1/8v ﬁ 3/8"
polyethylene 1lip wes used. The plunging clipper wés not used. There is
evidence thet, in spite of extensive foretesting, the tsrge£ arr1vai
position dropped about 1/8" during the initisl pheses of therrun. The - .
target timing was adjusted end set with the &id of e counter telescOpe..
’looking at the terget.

B. Separstion Scheme. / brute force method wes used in which the
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Be degrader was immedistely followed'by'the C magnet in order to achieve

 spacial seperetien before the beam hed spreed to &n excessively large

eree beceuse of Coulomb multiple scettering The refinement of g second

quadrupole lens was considered, but wes discerded es unnecessery for nucleer

o

. emulsion exposures.

The ‘choice of psrsmeters for the system wes determined only by

compromising & mumber of contradictory fequifements. In prectise the A

procedure wes es follows. The C megriet wes run at maximum field for ' .

“meximum seperetion, with the fis1d direction such es to permit 2 momentum

focus.‘ A maximum momentum spreed at the steck position wes then chosen, o '.a'

‘this choice fixed (for a given degrader thickness) the momentum bite to

be eccepted at the defining slit et the degrader. . ‘ A ‘o
The first enelyzing magnet wss set.up for meximum engulam deflection,
329, The slit width end distence form snslyzing megnet 1.;vo s11t vere
determined by the desired mdmentum bite and by the requiremeﬁtithet‘the W
momentum bite accepted by determined primarily by the slit width rather |
then horizontel imege size.
Finelly the speatisl besm size for tne n's and K's were studied es o

function’of degreder thickness end s eatisfectory thickness found that

permitted the full desired momentum bit and'en edequete n-K spatiel

seperetion.

C. Ontics. Heving fixed the sbove requirements for seperstion,
we set the following requirements for the focusing scheme: .Firsn, the
verticel and horizontel imeges were to be smaller than the multiple

scattering spresd st the steck position -~ - thet is, the spetial beam

'dimensions vere to be determined primerily by the multiple scettering
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in the degreder. Second, &t the degreder the horizontel imsge size wes

to be comperable to the slit size. Third, the verticel imege size et the
degreder was to be small enough so‘that good collimeti9n could be achieVed
end & nerrow C megnet gsp used. The C megnet, polé-tip~shim gep st entrance

was 3 1/2 inches snd was flered (stepwise) to 6 inches st the exit end.

The reletionships between the individuel quedrupoles were then sdjusted

to give meximum flux. Meximum flux wes obtsined by meximizing the quahtity
a8/ My, subject to the condition that the iﬁage requirements be met. AJ}is
the effective quedrupole eperture &nd My is the horizontal magnifibationQ
The letter appesrs since for a fixed horizontel image size (onevof the. .
requirements sbove) the target length (end thus the K 5ield) is determined
by My. In sunmery, thé totel X flux through the system wes determined by
Ady/MH,end the momentum bite. Ihe intensity st the steck wes determ%ned
by the totel flux and the multiple scettering spreed.

The results of meximizing AJyMy were thet the first quadrupole wes

to be turned off, fheﬂsacond‘quédrupole éonvergihg verticelly, end the third -

quadrupole converging horizontally. Schemafic‘diagrams of the focusing ere *

shown in Figures 2 end 3 with the deflections in thn bending magnets
straightened out. The double errows labplpd "MS" indicets the. multiple
scettering spreed; | .

It is éeen thet verticelly there is-a ta?gef.imegé et the élit _
(degrader position). The C megnet is verticelly conveﬁei;g-ehd.thé Stéck
is neer the "exit pupil" of the system. Horlzontel]y. the C msgnet is ‘ |

diverging and the terget imege is situated at the stack position.

II. Quadrupole Lens Currénts.

Peremetric quedrupole lens equetions weré plottedifbr the general.

-~
~

-
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ceses of interest. The foéusing could then bgltpaced through the:three

lens system by réading ffom the plots. Conditions fof tﬁe de§iréd imegé
positions wvere determined by successive epproximetion; Iﬁ this feshio;’the
quantity Adk/My (Section ID) wes meximized end the final quadrupole currents
determined. The reSultS'a;e'g1Ven in Teble I. The effectIVe field lengths
used for the 8" end 1€" quadrupoles were lOﬁ end 18" respectiveiy. The
results of wire trejectpry meesurements ere alsbvshown in Teble I and the .
egreemeﬁt indicetes tﬁpt the chosen eqnivpient'leﬁgths4weré qﬁite setis-
fsctory. We found &lso that we could scale eccurstely from one momentum _
to &nother using the Magnet Testing Group's mapnetizstion eurve for an g

quedrupole (%ng. Note 4902-02 MT-2 Oct. 3, 1955, pege 518).

I1I. 60-Inch tnelysing Mapnet Currenfsf

~Prior to the run wire tr?jectory maesurements uera made to defermine
the eurrent required for e 32° deflnction in the 60 inch enelvzing megnet
for momente 525 snd 725 Mev/c. The results are.shown in Teble II. In
édditiOn, during the run, test pletes ihbedded in eluminum were expos;d ot
the siit for three magnet currenté; The moméntum iﬁ eacﬁ cese wes then
déferminedvfrOm the meaéured rengé of'ﬁrgtons in eluminum. Thesé resuits

are £lso shown in Téble II.

IV. . Current Corrections Required Beceuse of Bevetron FringeFiéld;
Since négatiVe.protons wers too‘few in number to caliﬁrete the

momentum for the‘K'“exposures, Bevetron fringe field méésurémgnps were

mede throughout thé megnet system by Mr. Pete Wetson. His reéuitsvare

shown in Figure 5.
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‘Dr. Steven White's group used these meesurements to determine the
chenge in msgnet currents required for the‘separated KT bea@ exposure .

Their results ere shown in Teble 1I7.

V. Miscelleneous Peremeters.
Seperated K bears of tvo momente were used. The first wes produced-
&t 525 Mev/C end degraded to 480 Mev/C. Severel peremeters perteining to -

these two besms ere shown in Teble IV.

VI. Verticsl end Horizontel Focusing from Test Plstes.

The verticel distributlon et the slit wss determined for pions and
protons at severel moments by means»of test—pletes.;‘The results for protOns
at 525 Mev/C aré.shown in Figure 6. The curvés shown in ?iguie 6 ere the'
expected results for protons, K—masons: end pions comnuted from the focyqing
properties end the multiple scsttering in the thin window and air peth

The horizontel distribution for s given-momentum et the s8lit cannot

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

determine the momentum distribution at sny given point. The’éalcuiéted
integral momentum flux curvé for.525 Mev/C 'is shown ;n Figu:e 7, £0gether '
with the experimentel points determined-by_thevproton integrel renge curvev
in eluminum. Fairly good agreement is found. | ' |

VII. Pion end Proton Fluxes st the S1it.

Test plate exposures were mede &t severel momenta for both positive

_&nd negetive beems. The pion flux wes determined by counting minimum

ionization trecks in the beem direction. The'proton.flux wes'detérmined
by counting trecks in the besm direction with epperent ionizetion neer that

expected for protons. In the letter count en effort wes mede to exé¢lude

Y
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elphs particles, but-deuteroﬁs méy heve been iﬁcluded ip'the count.

In esch cese the flux wes integreted in the verticel direction
‘énd the results ere shown in Teble V, vhere the fluxes ere given in;gpmher
per horizontel centimeter'per 10].-O beeh'protons es-inaiceted by thé”induc-
tion électrod; integreter. : o

VIII. Reproducibility of Fluxes:-

In exemination of the time veristion of the flux et 725 end 525
Mev/C indicetes & serious drop in flux bet'w_e,en the first ,an'd last perts of
the run. The new induction electrodes ‘heé just -béen instelled prior to this
fun. but éalibration egeinst the Eest ihdﬁction elactrodes showed no chenge
before end efter our drop in flux. However, Kerth end Ven Rossum were
running K* from{the 59 tafgét during the seme period end experienced the
same>dro§ in apperent flux. No setisfgcfory explenetion hes been féund
for this veristion. Therefore, caution must be exercized iﬁ E;mparing the
yields et 60° to other X beems. | B

- £ summery of the fluxes efter the drop in ébperent'yield istéiven

in Teble VI.‘

IX. Veriation of n+ snd n~ Fluxes with Momentym.

In sddition to the dsta obteined 'from test pletes, ipfof@étion>
concerning pion fluxes waé.obtained form counter dete colleCted‘during &n
Anvestigetion of the beem sfructures'behind the C megnet. . The results are
given in Teble VII. | |

f1lthough the egreement betweén cqunters end tesf p}étes“is rather
.poor, it cen ﬁe,seen thet the pion figx feils.dff_markédly 88 thé méméntum"

is incressed end thet the m /v~ flux retio is approximetely two.
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X. K Flux aﬁd Backg£ound in‘the‘Sépérated Beems .

'Prelimiﬁgtry date sre available.from-thfee'stacks exposed to seperqted_-'
K beams: _ , | . ' l
4. 525-420 Mev/C, K' (Price, Tiché). (The two moments bre the momente

. 23 .

beem protons. The K flux is spproximately three per milllmeter in eech :
' 600 micron emulsionpand the directionel minimum beckgrounﬁ'is ahout.five
per K'. Beckground confuseble with the K's is negligible.

_ B. 525-420 Mev/b; K™ (White, GilbertL.Violet). The exposure wes
8 x 1013 besm protons. Approximateiy'one K~ pef'centimeter-hns been:fohnd.
- The directionel minimﬁm treck backgound.is sbout 200 per K~. A,iérge fmprovaf
ment (comper§d to exposures et 90°) in'the beckground of treéks cohfuseble
Qith K™ hes been achieved. This improvemnnt-results in & scanning rate.
increese of neerly en order of magnitude. : _

*c.. 720-480 Mev/C, K (Lenutti, Goldhsber). The e‘xpo_sure ves 5 x 1013
protons. Approximetely .25 - K* per centimeter heve bsen found. .The direc~
tional minimum track baékgrqund is approximétely'one per K+ Beckground‘
confuseble with the K's is negligible. o

From the resﬁlts of the ebove positive K exposures the flux of_K4
et the slit end et the terget hes been celcuiated.'.fhe correction for'decey
in‘flight has been mede snd the degrader,attenuafion croSs,section?hés beén
taken to be nucleér erea. The results ere shown in Table‘VIII. |
The discpssion.of Section VIII on the reproducibility'éf fluxes
must be kept in' mind before compgrisdn 1s mede between the flukés given in
lTable VIIT and YIUXeS obteined in other K-beem setups. The Sbove steck

exposures were mede . after the drop in apparent yield by s. factor of 2.4,
See AEBENDUM - Page 9 .
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The approximete flux ratios derived at the slit mey be summerized

as follows:

e

+ " ’ o .

K725 _ . M5

K525 > wsas O

et 725 Mev/C, m/K* =60 . . g

&t 252 Mev/C, K'/K™ = 60, m/m =2
m/K*. = 240, w/K = 7000
The improvement provided by the separstion method is thus e factor

of sbout.50.in the n to K ratio for esch exposure.

XI. Comﬁafison with fge 90°'B¢amf o | | o
The discussion of Section VIII on the repréduciﬁility of . fluxes must
be kept in mind before comperison 1s mede betwéen the fluxeé'given in Tsble
. VIII end fluxes_obtained in othgr K-beam,éetupsl"The<above s£ack équsu;es
vere made efter the ﬁnexplained drop in apperent yielé of a‘factor of 2.4;
The Crawfofd—Stevenson setup at 90° gave for = 1/2 inch copper terget
5 X* per horizontsl centimeter per 1010 beam pfotbns et the ﬁnseperated’K
imege point for a qomentum'of 385 Mev/C.  This yield is thu; éompefgble to
the fluxes et the élit'position in the 60°'set—up. |
Tracing_ihe'90° yield beck to the tefggt wenfiﬁd thet the cross
section for 385 Mev/C Kf:at 90° is about the éamé £s the crbss'sectidnvof
725 Mev/C K*hat 60° and is slightly lerger than the cfossvsection for 525
'Mev/b K* at 600°. (fhe figures in the lest row of Table VIII are proportional
to the cross section, d d/déVdF) . '
We cen compere these results with thevpahSe celculetions - of Dr. Lynn
Stevenson. These phese spece celcﬁlatioﬂs-prediét roughly (Fermi motion
wes neglected) en incresse in cross section of & factor of about two from

90° to 60° for the momentz considered. If we hed used the higher sppsrent.

o
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yields in the first pert of the 60° run (see Section VIII), the experimental

60° cross sections would heve egreed well with the phase space predictions.
: . .

XII: Further Informstion.
The stacks exposed during the 60° K besm run sre listed with the
conditions of exposure in~Tebl¢.IX. Further informetion will fhereforel

be sveilable when the results of  the scanning of these stacks is\receiVed;-

ADDENDUM

EXPOSURE . OF PHOTOGRAPHIC EMULSIGNS TO A uso—wev/c : ‘
" SEPARATED POSITIVE K~MESON BEAM
Gerson Goldhaber apd Joseph E. Lannutti

In line with our program of studying the interactions of K mesons in.
photographic emulsion, we, in conjunction with Donald stork; have designed
and used a system for obtaining a beam of positive K mesons with a much i
reduced light meson contamination_and with an energy higher than that‘pfé~_
viously studied. The system employs focusing coils, two magnets, and
beryllium degrader.‘ Particles produced by 6.2-Bev protons on.a drbp ~string
copper target are accepted by the system if emitted 4at an angle of 580
with a momentum of 72) 23 Mev/c. After passing through the!energy degrader
the X mesons have been 1educed to a momentum of 480 * 33 Mev/e; they are
focused on an emu131on stack. Preliminary study of a stack indicatee that
ve have obtained an average K-meson flux of approximately 400 K's/cm for
k.7 x 10 13 protons on the target. The ratio of K mesons to light mesons
and electrons is roughly unity at beam ceater.

Exposure carried out jointly with Warren W. Chupp and Sulamith Goldhaber.
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Teble I. Quadrupolé‘Currents in Amﬁergs. :
525 Mev/C 725 Mev/C.
~ Calculated Wire Calculated Wire
Trajectory . Trajectory .
Quadrupole 1 0 0 0 0
Quedrupole 2 99.5 101.5 138 139.6
Quadrupole 3 158.0 158.3 222 223

Teble II. 60" Analysing Msgnet Currents (32° deflection)

Curfen-t Momentum
Method 4in_emperes in Mev/0
Wire trejectory 1390.8 525.0 -
Wire trejectory | 438.2 ' 725.0
Proton Range 312.4 417.5
Proton Renge 390.8 '.524.5 .
Proton Range 716

416.4

Teble III. /Adjustment of Magnet Currents to teke
Fringe Field into Account

' Cﬁfiénf for . Current for

XK' beam K~ beam Momentum
60" Magnet 390.8 amp 397.8 amp 525 Mev/C
C Magnet  144.0 emp 142.5 amp 420 Mev/C
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Teble IV. vMisceilaneous Parsmeters

Initisl Momentum - 525 Mev/C 720 Mev/C o
Finel Momentum -~ . 420 Mev/C 480 Mev/C
Be Degreder Thickness 4 28 gm/em® . & gm/cm? &;
n-K Centrel Trajectory g 5 inchas. ‘ ~ 6 inches '
Separation at Stack . - . o o
K rms radial-mﬁltiple o o o o
coulomb scattering spread 1.5 inches 2.0 inches
et stack - - ' . o - o
(dP/dx)/P at slit . "0.0276»11{'1 , o’.o'256 in~t
' S1it Width, inches " 2.0 inches 2.0 inches =
S1it Width, Mev/C 31 Mev/C - 37 Mev/C
x* SR ' 30 inches 35 inches
¥# - o o - 5 inches 6 inches -
a* o : -f_ ' 240, 20°
B oo28% 24°
1%, teorget to s1tt  0.254 0.375
—t/’t b .
1 » terget to stack 0.151 0.237

¥ See Figure 1
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Table V. Proton and Pion Fluxes at alit from
Test Plates, and Daily Variastion

’ v Protons per Pions per . Protons
Dete ~_ Cherge Momentum qg,per>1010 cm per 1 ___per pion =
" 6/20 s ms 7,300 . 1200 ,” 6
' 11; 500 1300 9
9,500 o
-+ 525 9,700 1600 6
. 6,100 £ 1800 - 3.
g, 000 S
6/22 - 525 . 800
6/23 + 20 - 4500 g
. 476 4,600 o e
- 420 600
6/24 + 525 3,100
625+ ‘ 525 3,500
6/26 - 525 1,600
- 6/27 + . 525 4y 200

525 o 600

6/29 o+ 725 S 3000 40 9
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Table VI. Summary of Table V for conditions after 6/22
Multiply by 2.4 for conditions before 6/22.

- Protons 856 Pions per 0 Protons
Cherge Momentum - cm per. 1 : cm_per lOl ___Dber pion -
+ 420 4500 1100 - 4.1
+ 476 - 4600 700 - - 6.7 -
4 525 . 3600 - : 680 © 543
+ 725 4000 480 - ee-
- 420 - ’ - 600 - ——
D - 525 - — o 700 .. —
Teble VII. Reletive Pion Flux et S1it
(Normelized to 476 Mev/Cm+); and mt/n™.
n+ C 1= ) - n+/n—
Momentum Counters Test Pletes Counters Test Pletes Counters  Test Plates
A 1.0 1.0 . 0.35 - 2.9 - —-———
580 0.46 — ——— . — : — . —
725 —— 0.68 —— - -— —

* Retio detprmined with Be degrader in place.

Teble VIII. K* Flux Inferred from Stecks in oeparated Beams
(essuming geometric cross section.in Be for K attenuetion)

;Initialw§1g§% Momentum 525-420 Mbv/b 720 ~ 480
Number K/in</10+Y .- ‘ o - 0. 81 o 0. 68

At Stack . . . . . ‘
Number X/1010 5.7 __ 8.6
 Number K/1010 (through s11t) 14 2 :
At S1it Number K/cm/1040 _ | 2.8 8.2
{degrader) Number K/(Mev/b)/lolo g 0.46 1.1
» Number K/(Mev/b)/ster/om Cu/lOlo - 380 620
At Target ' ' Lo

Number K/Mev/éter/om Cu/1010 "522 o 750 -

te

~



. Table IX. Nuclear Fmulsion Stacks exposed to the 60° K~ besms 6/23-6/30
- . Approxim=te Stack .
Charge Momentum Exposure - Dimensions, inches FExposure for
- 420 1012 1x3x9 Birge, Kerth
Unsepereted + 476 1012 1x3x9 Birge, Kerth ©
. . Qi'
(slit position)- -~ + 660 1012 1.1/2x3x8 MIT, Herverd, Johns Hopkins (Ritson,
L : : Pevsner et el) -
<
+ 420 4Lx1013 11/2x3x8 IT Herverd, Johns Hopkins (Ritson . (.
. Pevsner, et al) G
+ 420 Ltx 1013 3x4x8 UCLE (Price, Ticho) L@
Sepereted + 420 4 x 101.3 3% 4 x 8. Wisconsin (Fry, Swami, et sl) —n “
, ) ) , I
_ L ¥ ¥
- 420 8 x 1083 6x 6 x 12 White, Gilbert,, Violet (Livermore) o
R 480 5x103 3x4x7 " Lenutti, Goldhaber w
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FIGURE 1: EXPERIMENTAL ARRANGEMENT 60° KE-BEAMS
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