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!~ mm:rgy Hel~tion 1'01' Prot·ol1S in TJuolear En1.ulsions

HUgh Brw:l.mr, Frtln00S M. :'jmith. WaltaI' U.• Dnrkna: ,te. S. Bishop

ROod!at'. 011 Labor:;\tory
tTnivc:u"o1ty of Calit'of'l1.in

Bermley, Ca.lifornia
Ih

A(3BTl~AGT
.... "M "-*'ll"

S3 "MOv tho reb,tion for dry emulsion is fitted by the erapirioal @quSttioll

E(lJ'aV} .. 0.25 1 ,Rev.) O.t:H31. Vmf.i.tioflS in water oontent clue to ch€ill{';Oa ill

4tillosph()J,'io hl.'U!1id1 ty m.oke sevorn.l peroont differenoo in rango. The rNlgl)

in nford r,lua it! tcnmd to 00 18 : 4 percent longar thnn in dry 0...2 emuls ion.

,
'"otfioa of Naval Ros(lo,roh, San Franoisoo
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!ntl'oduction
• As ' ''' d ••

l'he ranees of protons oi' euol"giGS up to l~.l i..J'$v in nuoleor

track 9l!lulsions W('H"O noewured by L,utteUJ, Fer/flor Mel crnn·1, ~nth 5011 thiok Ilf'ord

•• ., .11 "" " .......... , rt. II' ." ..... III • I •• Wi
_ , IIlI 111' 1 , _,,"IlI. ,....... • -f' - r-., ._

... III .. ' r ..,.., •• '1' • " OP Ii _ I .. .. __ *' ....... J_ , J I. _.. i!" L • _ II - - , - J f. "' I , I • II' I ,..

2 ..Extrapolations of these dnto. wore used b~~ Bishop" to oalol.llo:be
__• __• 1j_II.......-.. "'_."....__,_._._._. .....,_... ~......__,_,__.._._._·_._.._tt__._._,_...", • ,_..,.......... ". ••, Ii'" ..... ,,-,., , ...

,-- .... -."' ..... I. p~ M__Ilii __'_..._,,_._.._ ....,__........_._tll_'_a)I_._._........._....'_'_'_'__II!~'''''- I •••

l:'tJgiol1. of 114:oo1"06t oOl~:rospondod to proton l"W1i:-;eo of approximately 4000 P,. ot"

31 t..av ewrgy. F'or trooks of this l~IUJ.e;th tho o;.:trapolation ga',re 61wrgy values

aQourn.to to only ~8 peroont.

In tl16 prosen'b study tho ranges or protons up to 30.5 l'Jev were

IllOtl$tU"od in Ilford nuolear omulsions. C2 plo:tros used in this study are statfi.Hl

by Ilford Ltd. to ha.w idontioo.l ol:.amioul 00111.posiMon to Dl plates.

l;!othod.

th@ cyalotron center soattered in ~11 direotiolliJ ""1.th a "\:~ti.rle·t;~ of CH1ergi<Hh

A OS plo.~ plMed behind 0. ahort oh:Ullwl at no :i.twhes radius reoorded thol.'l$
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tal"'~t radius WIafJ varied to obtain dH'i'el"61l'G p:t'o'l;ou en-orgios.

Plo:ooa w-era ·tilted o.pproxima:b$ly 3° f'~"Om horhon'l:;·n.l BO that pro'bona

COGl5.ng thro\lgh the \\HigG of the emulsion. l'hb 'Gilt.. 1,1us soattering of tl10

protons 111 the omu.laton m~ 1. t d:i.f:eiault to find truck11l ill 200 \b plates whioh

Plates "~r$ prooossed in 3a1 D-19 at Gnu F for 20 to 25 minutGa.

f'olltYt'o"(lld by shortstop and eomrJareial hardonlnz fb.::er. rlllwszuffored 50 ~ 5

protons in tiw onulslon.

H,eeulti.l
......... Wf,· t'

iloGults Qf the ll1.Cosul"Woonts aN pnHHanood in Pi{~ures 2 OOld S.

It will be uoted that the data fit a straight line 011 log-lol) plot betltieen. 17

Qtl.d 35 l{iev and ,i'it the dcta of L£A.ttos G.t a Mev. A. l'6ast squa~5 e.n.aJ,vs1s gives

:rOI' ifl,;1$ portion the l"~lation.

(1)

\vherG the (f)'IJorw 11: is eXpresaed in l,»v tmd tba ratlgt) R t$ nwusurod in ro10rOtllh

The original nluee predioted by Omw3ril".J. l!tUd I.attJ)s(4) 'n,d eo
_If*_.....,.._, ._,,_._Ii••_.. 11_'_.,1_."_1.• , _ .._._........., ,1__• ._._~._·111.._~........... 'iii .P,•• _ .• Rio. ""'" fl.' ......... , " •••. 'ftIi .~ ill

......., .. •.• if'.'. '_.'1;" •• ,. III ... ~. T _.,,_ "" J~ ..... 'liP 1._ n ,.·, .....'_'.1 t .. '.11 .... "· .. 1I'.1l.,tj, I I •
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,,~.. .. ii' t' '" .,IIff'lt .' '" ,_ "' ,.........._._..__~__. '......... ..'~_. f' • i\l!f .. ., ... ~ .,4""" _ f 1M • , ....''"'_........ " .. 1 , --......-

~ .. __ "''''''III' • ,...,,_ ..._ .... 1 V P .. 'Ii r _ .~_._._~... "'~_.__...,_._., • _111_,_._'_......., ...'_.....__..~..... ~

The off'oct of ..:rldoly d1rrorel1"c humid.1ty cOlldi·tions on p10:oos bofore

(ii' there :.lois't:uro oond1 tiOJ:1S \'1131'0 not ~tCCur0:t-e1y kno".m. lTo c1H'f'oronoc WC.'.f; foun.d

Large chances ocourred f.lG shown (\,t tho 03.5':0'1' point, when 200p..

"Ie.E. at 75" F in a lill4H:l'04 constm.nt httr:lidity oh~nb':H·. The 80 pcrco~.1'G hundcti ty

point 'I'I'tJ..r; obtained with ::" p10:1;0 -rril1.0i1 hL,d boon naintv.i110d for 24 hours o"""r

toma of tho D()rl~loy 11n<)[.'I.1" o.coelort:ltt1r ttoro usod in this o:x.l'ol'inont;. 7;:0

Divouasion
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f'011"'7 0, oircular orbit in the rudiall:t, docrtlt\.sinc ;.:yclotron fiold. iro'cons

to

1
.. ...........-.. ""011 •• 011 • 61 • f .• _ _ •

•

S1,i£f.l"tinC .Iith vnri OUB "\n,J.uos of QZ' In t.ho l'$.lltp-Glwrcy· cd;udy only ~Gro.cks

enterinG the oLlulsion o.t 0° : 5° VlOt'O 11'l.oasurod, so thc~t tho difforenco bot'T!GEHl

f
1

:U:rdr •

..

l'he vduo of th~~ in:oocrv.l W'~ obtt\irled by Ii.uuoricul inl.;00:'ixLion uzin,g o.b~olute

, 4-
field oaUbrc.t:ton at ~ points by''',,-· "iii" '~, ',,':'~ ,,' to 4: C!lUSS o.(}curucy hl tho

_.........,_._._......__....'... . ...._........._....,_._......_......_ ...-.._.........__...,_._... ...--~·_w_._._. , _~__,_- II' , " ...,_ ..........__.". •

__......_.......__...... ....._._. ._.'__...·._-.,_..._,_. ._......._._l....a........._._., ." .... t ........ p, _ •

flip ooil ril!H\Sw-O'm.onts ',,'I,'H'O (1[:i'tim,a-ood to be ,o.ocure:bo te 0.1 peroent••

...
'co 3 pOY'ce:c('i;; in ro.ug08 was I;('·rtly oU1..usod by i:unc0Ui:flCioa in mOf:..suremDnt or
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0,,7 pereout for eaoh 0l'lOrr,y ve.lu~" Ho'witwr" it seomz urp;;1.ta to olsinl hotter

theJ2. :t2 percent MOurMy for til;) r€Ul(§.O ...eool'Qi" rolation beoause of inoo!aplete

,

Too authors vlish 'GO o;;.-presG thoir appreoiation of tho st'Lraula.tinr;

interost of Prof. E. O. L::w.rr011C€l, nud of' the cooperation of the cyclotron cro'\".

Tutor-illation Division
')...12...49/1lW
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CENTER OF-.--
CYCLOTRON

TAR~ET

PROTONS EJECTED FROM
TARGET IN BACKWARD DIRECTION

PLATE
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80"
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ENTRANCE ANGLE OF PROTONS
IN PLATES

R2 82 R, 8,

80" 0 27.3 _I ° 45'
80 " _3° 27.4 + 1° 15'
80" + 3° 27.6 -50 0'

80" 0 33.0 - 2 035'
80" -3° 33.1 + 10 25'
80" +3° 33.2 -40 45'

80" 0 ,37.7 - 10 45'
80" -3° 37.7 +1° 25'
80" +3° 37.8 - 40 40'

•

BEAM

____.\ PLATE

r 2
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