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ABSTRACT

’Th»é strong reaétién d+d-- He + 1'!0, \vhich is iarbxéden by isot cszc, spin

‘F,conservatwn, has be»n 100;«:3& for wim a 460 )» eV deutercn beam from the
. Berkelay l&d-mch cycmtro»m Prelimma,ry result-‘s were reperted elsewhere,
Y Amore comprenensive analysw of mis same experxment has recemly been

,completed From this analyma. an .;pper hxmt for the dxﬁerenti&l cross section

for the. ra&ctioﬁ in the cemer of—maaa systern at about ‘3 o © 90 deg is found
-33 ‘

-.to be 0 697 £0. 027 ;.w - cmzr’sr The data are conswteut with no ad production.

F‘tbm a comparisan uf this uoper hmxt wzzh the &heoretx«.al p; ediction of the croes’

4

_sect:on for thw reaction if 180“’){?1\» spin need not be conserved we conclude that

isotepic spm is at mast (99.?4’&6508)% conserved in this strong interaction.
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L INTRODUC STION
In recent years expemm&nts have beem performed to test the wahmty of

the hypothesis of cbarge mdependence or m.)topic spin conservation in sty ronyg
vmteractxons 1 Ome such method is to expemmentany study tlie relationships
among two or 4more croBS sectiona that can be theoretically rédicte& on thé
aasumptwn that motopxc spin is conserved, For mxample, the ratic of the
'v..crosa section cr(p +d - rls 40 )tc _g{p,i» P Hé3 + ‘nc} is pfédicted‘ to he

2.0 on the basis of is’atonic-spin conﬁﬁrvafion. “‘or thege reactions ti une are,
':_however, electromagnetic effects that tend te rame the ekpected ratio, ZV Experi-
menta,l measuremems of mese \,rosl sectmns3 agree with the ccrrecte« theory
to w1thm“3¥9 with a 6%"erroz°.“ .

| A more éemiit’iv‘e»iest of this conservation law is the invé"stigatien of a
'ai:ngfie fe-a{ci_idn.- ) | o B
é»‘:d-»?—ieédrﬂo.' R Y
This 1!@ ,feactioﬁ, wf"hi»c':h is a strrong iﬁte-raéticasi, is forbidden by I-spin cdn-—
3etvatio'n,,',’si.nce. thé i spin of each of the heavy 'par'ticleé is zero, while that of
-the ordinary 20 (member of the charge multiplet w.+. ‘nG, n "} is one; merefere
.the reaction .r_gquir_eg a change in 1 sp‘lﬂ gf 41, A :nje'as'urexﬁent of the cross

“section of Reactiaﬁ (1) would therefore indicate directly any g}dasible deviations

. This work waa done undex the auspices of the U, 8, Atomic Energy

Commigsion,
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from I-spin conservation, 3y comparing this experimenialiy measured cross

) section with the thearetical cross sect_i@n computed on the assumption that I spin

. q i . 4 . l"" . s : : H £

need not be consérved,  one can determine, quantitatively, the degree of non-

’ ' : o - :

conservation of I spin; that is, the ratio of these two numbers is a measura

ef the probability of nonconsgervation of I epin,

gave L.‘tpDC‘I' limnite for tae

L

total rross sectzcn of 70X m‘” cra” at 46 d 20 A 107 3 c:mx at 400 MeV. "

0. .
Previous experiinents oi the w reaction (l

Prelimina.ry.results of our inves igation of this reaction at 460 MeV have alreazv

7 .
been reported.  DMNew results Dased on & more compreiae 1sive analysis of the

(u

data of this same experiment are presaented here, The emccrrmm(zb ietic proces:
- . 4 . 7 » . .
d+d-=-He +v : A , (<)

at 460 MeV deuteron energy is also re-examined.

. E X”“’*’ RIMENTAL MET HOD
;I‘he.tw{)wbady final state of the ° reéctio z\ \‘E) was studied by observing.
alpha particles produced frcm a gas deurermm ta“geL Domumaed by a beawm of
(b'deuterans ef 460 MeV (Iab) kmetzv energ y fromethe Ber#®ley 184-inch cyclotron,
.Ihe kinematics for the 7'0 and vy reactmus (l) and {2) for inci de»z‘t deuterons of
460 MeV (lab) kinenc energy are shown in "’ig. 1. The experimantal arrange-
ment is shown in ]5 g. 2, and vdetaila 'ara given in Table Lo Two slits of ie:w
{(not indicate:ﬁ in Fig. 2); ‘w.ere place between the tdrge* and the firvst wuauruﬂoié
‘in order to (a) fix the angle (lab)"of the al;ﬁha particles at 8. 7 +0.,6 deg {thia angulz
v:egionv is indicated by two horizontal lineg in 'E*'“ig. 1), and (b} prgvcn& the -J.iphaf
| Qeke;ﬁting maghet éyétem from seeing the intersection of the deuteron bearm witn
the entrance and exit domes of the gas target. In order to accept as many aiphis

Q0
as poamble that are r\roduced fro'n the w reaction (1; in the above angular
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~ime fval (lab), ut.he]ma‘gnet s}attzm was dre‘é.igned to accept ranmenta that deviated
by 28 much as -»6"‘ m- +5/ frmh izﬁe mean value., ¥Ynergy loss and muitiple

scattering 6f.the alphaqwere mmimized Sy providing & vacuurn over the:r entirz
path lene,..}a (except for regione in the 1mmed;aie vicinity of the target and the
\.oumers)

‘The target wag 37.5 in. lcm;.z, and & in. tz.a diameter, with 1/32-in, .-ti'nt,l"

aluminum entranca and exit windows. ;t was filled with gas to & pressnure of

390 psx (absoluﬁe) and cooled to lmmd nitrogen temperatme. Mllings of hydrogen- |
‘and‘ deuterium we:e alternated. |

. The 460«.\497“!. déﬁterén bearn from the éy(:lotron was collimated and
foc:vum:—d to give a spot about 1/2 in.. wide and 1.5 in. high at the denterinm targst.
The E’:eam wasa very nearw parallel in the horucmt&l plane; the maximum a.ng;uiér
.aprgad of the deuterpn beam in this plape was £0.1¢ c}eg. ‘Because of the geometry.
of-ﬁm targét én& the anglﬁ of the zlpha beam, interactions taking place at dif~- |
-‘ ferent pcsrtiona msi.ue the target produce alphas that travel through different
| path &engths in the: dewumw. This cregtea a prohlem because of the large mean »
energy loss of the alphas in the target, viz. an aiyeragé of 57 MeV for the case of
the _“0 x‘eaction (i) It e pogsible to partially ec;{ualize the differencea in energy
loss by pla.cmg a wedge of ermrby—d?gradmg material (described in Table I) cloee
to the t3 rget exit. . | |
- The élpha partiélas ware identified by meané‘ of (a) effective momenit m,

p/Z which wag determined by the magnets and the energy slit; {b) valocﬁy which
| wWas determmed by time of»ﬂlght uoincxdences be*ween counters 7 &, T2, and T4 |
(c) their rangg, whzch was Qbser-vea._m be leas vthan the polyethyiene absorbter
pla.ced in front of the aﬁtiroincidence counter. A!"an_d (d} ionization energy loss,
by reqmrmg thie pulee height Eram counters T3 :ssrd T4 to be high enough to

rene

 trigger a discriminator.. These four crlteria overdetermire the charge and mass
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- as obtained from these measurements is 406x 10"
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of the alpha particle. The pulses from every counter were recnrded on a

four-gun nsciibscope for each event that satisfidd all the above criteria. The

electronics were adjusted by using an alpha beam from the cycloirvon, and con-

 gistency checks were made periodically during the experiment, The R zounter,

shown in Fig. 2, was not used during the‘data—tzikixxg runs but was allowed to
femain-m positiou‘as part of the absurber f .rm.ngerhent.
We think that our alpha telescope was at least (96 £5)% efficient for

registering alphas (perhaps too efficient, as we found out later}. This limit

comes from comparing the plateaued singles counting rate in either T3 or T4

with the counting rate in the mmtiple,-céincidenc;e circuit [ which registe‘red the

‘ aimulténeous satisfaction of requirements (b) plus {(c} plue (d) listed ahove! while

using an alpha beam from the cyclotron., With a deuteron heam from the cyclotron
we then .a-tudiéd the cgunﬁng" rate from a polyethylene target placed in the sarme

position as our deuteriurn target ordinarily occupied. The polyethylene target

provided us with higher counting rates and enabled us to see thai the electronics

counting rates were linear with deut'er:;ri beam intensity. (At full beam intensiiy

‘the "alp'ha counting rate as registered.on the scalers was about eix times the rate

from the deuterium target, although the bac‘kgro_mid deutaron counting rate of the

- two targets wa'q about the same. } These considerations are {mportant, particularly

gince T'L_wa‘é in a regioix of high singles ceuixti'ng- rate and the beights of its output

A'pulises at full beam intensity were considerably below their calibrated value. The

: .laboratoryms'ystam cross section for deuterons on pelyethylene,

%ﬁqp @+ CH, = Hg‘* + residue), | SEES

33 émz/("sr-rMeV/"c) for alpha

pa‘rticléﬁ of 1060 Me V/c. momentum (lab} and an éhgie {flab) of 8.7 deg.
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. COLLEGTION OF DATA
The data runs were cycled among four settings: the system was sat for

1275-MeV/c alphas {(at target center) to observe the w  reaction {1}, and then

for 142?-Me\f/c alphas to observe the y reaction (2j at “‘L m, * 6% dey, first
' with deuterium and then with hyurogen in the tarcet The setting for 127 ~MeV/ e
alphas wit deutermm tm get fdlmb was senmtws to the production af neutral .

particle with a mass of 120 to 135 eV, hp 14275 ‘e‘\.”( @ettm@ with 2 deuteriuiy

P

t”argc—t was sensitive to " mas&s_c_f 0 to 110 MeV (see

]
o)

Mig. i};. Tor reasons
‘described in Sec. »IV, the d.ata t';xken with a'hydx‘ogen'mrget were _freataci an
backgr.ound :ﬁma. The magnet systum was get in all cases at p(He d‘; = 1060&»@@7/’6.
The targét-cénter mo_memtum of . 2.75 Me'v’/c wag cawul&ted by congidering the
ahergy’ 1035 in the target énd'Mylér @eégg corrector, while the taréei-cenﬁer
momenéum of 1427 MeV/c' was obtaineé by 'a.ciding,l.OJ /'c:mZ of i oiyéthyiéne
&egrader at the target exit with the same x magnet settmgs Most of cur data was
taken wad—er the conditiqus specxﬁed in this pa.ragraph; the final numerical limit |
fér thé CTOo8s a_aecti'gr‘xs cojmes entirely from bt}';ese runs,

A small amount of da;ta ;nraa taken, however, with magnet current settings
’_ to'accépt y;(He4) = 8§72 Meﬂl‘/c. ’i‘h‘ese'data gave additional mforma'..imx an £a)
the w° reaction '_u) at 3 m ~ 90 dag by runuing with & 0.525-g/cm’ poly-

ethylene 'deg‘rader‘ at the ta.rlget axit, and (b}ithg y reaction (&) ét "*C m, =135 deg
by rmming with no degradér and the.ta.rget pressure reduced to 35C psia. As
with the higher-momexita gata, runs werél aiternatec:‘l' between deuterium and
,‘ hy&rogen in the target. Fc:)z;’ data taken under the conditions describe;ﬂ in this
para.graph the R counter was pnyﬂmal v re: zmved iro;n the systemn.

I“x order to mveshgatf- the effect of any alpha-particle c:onta.m’vaﬁan of

the incident deutcron beam, an alpha. beam frcm the cyclotron was used with

conditions the same 28 for atudymg the ®° reaction and the v reaction at
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- pulaea from all the counterg in the experiment was recenﬂy um:;erta‘ken. This
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: '63 .. "= 658 deg. In both cases, the o-d inelastic acattering )Qiei-:ied 1.48 20,03

“e. 1.

. times as many alpha-counts a'.s did o-<d scattering.  Thus, alpha contamination

of t"xs.. deuteron beam from the cvﬂlotrcm or from deu'fercs- interactions before

the target would provsde a net pomtwe d1£fmm ace in e;a,.nhﬂ particle vield between

the deuterium and hydrogen targets. Alpha background prmdue:ed “from deuteron

interactions in the target window was investigated by placiog 0.090 in. of

. aluminum at the target entrance with deuterium gas in the target and with the
9ysgéxn set for the ng-;eacticn._ The alpha counting rate on the scaler showed

“an increase of va;bout 10% over that without the aluminum.

IV, DATA ANAL VSIS AND RI‘SULTS

A, Scaler Data

Thca data as- recorded by the electromcs are presented in Tah’e Ii. The

) mdic:ated errore are these of cauntmg %fatistics only In reference 7 the calcu-
latzons of the croma sections for reacnons A1), (Z}, and (3}, which were tased
“on the da;a c-ounts recorded on ,scaxera as hsted ir Table II of thia paper, con-

tained an error in the determmmmn of solid aagles We cerfect this e error

here and alao presant new- mforma,tmn from the mme exPerzmem which aliows’

us to quote s‘mauer limite for the cross sections 1mreetxga.ted..

E ~:, Oaciuoscege Picture Analy:éis at thé lOGG-MeV/c Magne: Setting

An analyms of the pictm'es taken oi an. oscilloscope which recorded the
a.nalye,is provides a much 8trcmge_r c_unclusmn to be drasvm from the s&ma’experi’-
ment- previously reported m referem:e 7. The p‘ezlae ~height’ ciietrxbutson and the

timing of each counter outpu,t were measured Lahbratw 28 of the timing and

he;ghts of the puls‘es were ob‘camed by‘tmggermg' the osdlloséope from time-mf-

 fliglst coincidence circuits set for (a) protons, (b) deut‘srcms. and {c} E{e3's

Yo
9
Y
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whilé uaing :; scaﬁ;éréd deuteron beam ffom the cycict%on; alpha calibration
‘
Va8 obtamed whﬂe using a- scattered aipha beara from the cyclotron. AB
expected the pean of the data film showed that all thP events had a tlmmg corres-
ponding to that of a,l,pnac {or deuterona, since §or a gwe_n_ ma.gnemc_ rzg:.cht',r9
cﬁeutefoﬁa-hqve the#ame'velocity as alphas)'; TMOYeover, no puiaeé from the
anti éom&er. Al are seen. Thus, all the data events recorded on the scalera
lwd t he tzmmg a,m'l range of alphas.
However, an analysm of the heights of the puises from the counters
: shows that only a sman fraction of these data events re»orded on scalers are
-alphns. The pulse hpight dzstrzbutxon of each counter, obtaineu from the oscilio-
sc"ope pzcture‘a, takan at a magnet setiing of 1060 MeV/c, are shown in Fig.- 3,
' Thé' distributions {vith the s'ystém get to lock for the 0 or y reactions and with
the deutermm or hydrogen target are the same, mthm gtatistics; tberefcre in

Figs'. 3 and 4 the data of all the ,aettir‘ags yerg cpmbined. Except for the Tl
c-.ounte;r. the pulséoheig};t» éata in Pig. “3 -aré baéued on a scan‘ of app‘r;:aximétel‘y

| ,. one-third of.a.'ll the ew}ents B The pulse~he1gm apeutrum for c‘mmter Tl éhows
tha.t ite output is Lonsiée*abiy below the ccdibrated value for cs‘pha particles. For

_ pu;‘poaes of txme-af-ﬁxgm comcidenceq. however, T1 was showu to be counting
alphas e‘fficientl'y. - The-&istributién& 'fm'. .’TE ‘a.x-xd "1‘4 in Fig. 3 each show a single
broad peak the Center of which is at a shghtly lowcf ::mlse height than that of the
calibrated alpha ciw%rinut‘on. Tbe lew pulse- heiaft edges of the distributions for
these two countér's qorrespoﬁ& to the -setting of the Low’er-levei qiscriminatar. The
TZ counter pulse-height spe’:ctmni. has two;wel'l se;ﬁaraied peaks; the position of
the Eighar pulée’-i-leight ;::'ojinci&es. with th;e ca_li%;;rat.ed alpha spectfum.

When the epedfum ef the 3‘2» cmmier suggested that alphas consii:'ui-:d
| only a small fractmn of the events, we trxeca to sce 1f there was any correlation

of the pu}.se helghts in T3 and T4 with thos;c in T2 in the hxgh»:z;omentum runs.
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"We have plotted the events in which the TZ pulse height occurs in the higher
o pealk by a cr oas-h&tchea h}.stogram m k ig., 3. A corrdatmn in the palse«-

nmght spactra is noted; for the events in .vhich the T2 pulee height correqranda

- to that of a,lpl;a.a, the output of counters T3 and T4 aiso cerresponds tc that

K}

i)

>£or ~alphas, while for those éventss wbic}f Lave a da{zteron 'pulse height re
the pulse- height dmzn’butiane for T 3 and ""4 appear dxsplac,ed te lower pulse
hgights‘ from.thog_e ef the a_lphas_. This mfcrma’aon, together thh the fact that

~ the timinyg; foé ai’l the évents is the sama, indx"cates that a large fraction of the .
events that the ecalera recorded as alphas were really deuterons. These
deuterons must have intaracted near the final counters to produce partxcics

'that gave a large pulse helght in. I‘3 -and T4 (aud therefore triggered the
dwcmmmatorﬁ placed on T3 and T4) ‘md were atopped in the polyethlen
abzorber ’oeiolre rea.chmg th_e anti counter, Al, Thg ma,terzal in the beam
.upstfvezam"fr.oinéhé neér the fin#l'céuntgr's was -the R counter {0.063-in, plastic
,"‘Aévcim'_ill-dtgr)’ and _thie 0,0lofi_n. -thick Mylar window of thm vacz_zé'u“q s’ystem.

‘The pulse height as .a function va en?fgy-'?c&s was calculated from our

calibrati-on data. | "f"he éalibratio’ﬁ ‘of the pretg;z, deutegon, é,nd helium-3 peaks
' ﬁtted a farmula of uoc»dmg and I—‘ugh ¢ wmle £ hat for the al ha pé.rtﬁcke did not;
"it; is- qmte posaable that the p.’nm;)multxplwr tubes themselves had started to |

. saturate- somewhere bﬁtween the hehum 3 pee.k and the alpha p@ak. With this
4 cahbratmn it was shown that whatever partmcles proda..ce the pulse height of the
'Icwer peak in I‘3 or’ ;4, ;hey could not be doubly c,harged since for & charge
of ?e tlﬂe medmn puise height of the IONer peak in counter T3 woulu rcquhe
a velocxty of 0. 34 c. ““hia velocity would imply a kinetic energv in excess of the
kinetic energy of the 72- I'» eV deuterons and a range in excess of the J. 876 -g/ Cm&
palyethylene ahsorber. uumlar argu*nents rule out ch&rgas greater than two,

These lower-puise-ﬁeig}n events must therefore be produced by singly charged
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‘ -'particiés | A l'ikely source ie the 0, 063~in. acintilléter of the R counter and the

0.010-in, ’v‘iylar vacuum window. we are thus ied to consider deuteron- carhon

. .reacamns as a source for theeq eve:;ts of reduced pulse heights in T3 and T4. A

< -'_“cross section for 70-MeV deuterons incident on carbon and producmg singly charged

d%q 27

"‘secondar).ea with velocityﬂ@ 18 ¢ of m—— ApAﬂ 90)&10 cmz, would account
| for all the counts in the lower puiseoheight peak in T3 and T4. Tbis croes
: aecti&m w consistent with the results of ochechter et al ? extra;mlatéd t—of'iO Me‘v'
'd'denteron kinetxc energy Smce the particles with pulse hexght ?« 1.0 in the T2
: counters are consmtant with alpha particles and thoae lawer in pulse height
rconsiatem with demeron«—carbon r.eactxon products the nu.mber of true alpha
- ~4}counts were determinea by ceuntmg only thase pulse heights 21.0in Tc‘ The.

' resulta of such a scan of all the film data a.re liated in Table IIl.

C.' Oscilloacope Picture Aﬁalysxs at 872 ’vfe’v'/c o

" The pulse-be1ght spectra from 'I‘Z T3, and T4 with the magnet cystem

set for 872-Me"v/c alphan are shown in mg 4, At, ‘mis momemum there is a
" clear resolutson between the alp.ha pulsea and the loWer pulse’ hetghts in au the
‘ counte_r_a. Thm lends added weight to the conclusmns reached in Sec. B. The

. resuits of a scan of all of the low-momentum'data are a-;so listed m Table III.

B. Resuita of the. Osc:lloscope Data at 1060 Me\’/c

Smce the conserva,ti@n of baryon number forbxds the pmduction of alpna

' partxcles from deut,eron-protam colhsioms, the hydrogen data were treated as

backgrotmd a.nd subtr&cted from the deuterium data to yxeld the net alpha signal

from d-d coll-isions. (The datax taken with an empty target canno% be us ed as a

'measure of the background because energy losses inair’c the fu deuterium target

are large, thus the alphas are at quite a dnfferevxt momentum {roin those from

an empty target.} If we assume that all the.net aiphacoums obtained from Table III

were due to the n0 reaction {1} we obtain a center-of-mass croas section of

.
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<, !ﬁ. ) o
30— = (0.097 £0.027)x10” > cm?/er . )

We don't believé, however, that all the s_»e‘ alphés were actually pro&u‘f:o-z'd_bv the
110 reaétion‘ (1), for the foilowing reasonﬁ-- | |
{a) F’or test purposes we used an alpha. beam from the cyclotron and

found that the inelastic scattering of alphas from a deatermm target proriured
8 counting rate in our alpha. tglescope;whxch was 1.48 t0.03 times that obtamed
) .v:!ith' a hydrogén target. 'Th'ua alpha éontém_ination of the _cieuteron beam from the .
cyclotrouvwm;ld_.pro\'r»ide'a. p§eitive net 'éoﬁxnting rate when wé.'subtracted—the |
Ahyd?dgex_:x (bac'kground). cvom.xting rate from the deuteriﬁm data,

. (b) With a deuteron bearn under normal running conditions an mcrease
in alpha counting rate was obtamed when additional aluminunt was placed ia the
_"beam at the target entra,nce Therefore alpha production from deuteren inter. |
7' actions at or before the target entrance, together with sCattermg in the zas of .
‘the target, produces a net positive yzeld of alphas cbtamed from a uz—:iz sub-
| tractmn of the data o |

(c) F’rom I‘able H weé see that théré were more deuterons scattexed down -

our chaxmel mth a deuterium target tha.n from the hydrogen target. Thzs also
means that the deutermm target acaﬁtered more deaterons to the aluminumi Larget
waus, whxch ceuld mteract there to pradace a.lphas that could get do #n -our
»magnetic channel. This process would’ a,lso produce a net positive ywld of
‘. a.lphas from DZ. HZ subtractxon of the data, 7

{dj . The-data obtained thb the magnetnsystem momentum set at f;{Ivie%)-
872 ’v{e\f/ ¢ provxde additxonal 'mformatmn. Making reason‘able asaumptions
. about the ~novz*"x.o}:ntum dependence of the background which are canmstem with the

‘." TS A

'87& MeV/c data, one can derive a result of zero ‘nG yield from the 7:'3 reaction (1).
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T We c:ox;cludé ther'eforq that the ‘cro;ss‘ sectionl iisted in (4) is an upper
'iimit-far the ﬂof fea.,ction (1} and that our results are consistent with zerc cross
" section. Thisvva'luav is to be éompared with a theoretical prediction for this
cross section at our ‘energigs at the same angle, |

theory A
d S RN X
__Uw = (38255x10

' whxch was computed with the asaumptmn that - I spin need not be conserved. 4

cm /Br, : {5

From the oscﬂlogcope film ;_iata in "._Cable Il at 1069 Me’v'/c, the dif-
ferential croses seczior; in the ceute:'-'of:-mass system for the vy reaction (2)

at g = 65 deg was also c;lculfated. and the value obtained is

. | ¢ B {d + d— He4 + v) 2 (0.23 £6.06) 107 33 sz/sr . (6).

IV. CONCLUSIONS

We obaerve experzme*’atany a croés section which 1s oaly a,bouL 1/400
that which one woul& e:fpect if 1° spin need not be conserved. If we state the
ra*w of (4)/(5) as aum:;;:;;é of the nonconservation of I spin we obtam an
~ upper limit of 0.0025 tQ.QO{}s; or stated alternauvely._ I spin is at least
(99.74 20.08)%: gox’mérve‘d in this 0 .int,e’ra.ctian (1.

'No evidence was found fx_')lx" t}ze."réaétipn d+ d - e’ ﬂg ,. whe-re the
ﬂg is a néutral meso;:{ of zero‘fiéotopic ’sgﬁ,nw with a vrestv mass in the interval
g existed, the';n_fhis reaction, which is 2 strong inter-

action, would be allowed by isotopic spin conservation and therefore should have |

120 to 155 MeV. If the n

‘been detected. For a ‘ng of the same masg as that of the ordinary 110, we
find dg™/an (d + d—~ He + 70} (0.097 £0.027hx 10732 cm%/er at

D m. = 90 deg.
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APPENDIX

An eva.luation of the difierential crose section in terms of the observed

e \.ounfmg xatea involves 2 determina.tion of the quantxty

J an_ (x) M (x) ax, (D

where, M, m JLhe f;a.ctwn of the alpha beam thét ia not acanered out of the
magnet system as a reault of mu)tiple scattering, and AQ . is the center-
£~maas so*xd angle subtended by the conxmator a,nd the :nagnet system. This
quantity is-a ﬁxnction oi the momentum bite of the magrat system, the con-
"ﬁgurat:on of the magnet system collimator, the kinematics of the pa.rtscula.r
reactmn, ami the poeitiox1 X maide the' target. _ "‘he dependence of these
,quantitxes on % ha.n been exphcitly mdxcateci in (7), since the integral was
'v_'l_evaluatad by caiculatmg these va}.uea for various target pcsxt‘aons and numeruany
'::'performmg the indicated mtegration. _ l“or the 'no and 's( reactions with the |
'magnata set for an alpha momentnm of AO&O NeV/c the: accentances were
evaluated as 0. 79 sr-cm a.nd 0 47 8r- cm, raspecnvely The term M{x} does not
',‘take mto account the multxple scattermg in tw ;.l a.nd T2 counters, . Aﬁ :
- additional correction wa.e made for this effect which, for the WO c;'os:sasectionv
- {5, was 3"{». 4 _ ‘ ‘ | T
. To get a feelmg tor t'hese numbers we covuid armtrarﬂy a.s'sign numerical
.values 0f 0.13 sr to Aﬁ m. 0 55 to M, and ‘11 cm to 1, where L is an

efi@ctive_ target thickness
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. L

» L = dx . ' - co . (8)

'
kN ,
| jO R

__': Al xy . . ' ) .
Tha only meaning that shouid be attached to these three nurnbers is that their

product #quals the value given above (0.79 sr-cm) for the correct numerical

evalnation of (7) for the n0 reaction (1).
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;T_ablei I. Magnet system and counter telescope components shown in Fig. 2.

S - . R . L -

. Hem '~ Designation = . De=ariclion

1

Beading = . M, . . H magnet with T-in. gap, 29X36-in. -
magnets o S ‘ rectanguiar pole tips, 21-deg bend.

o R MZ' . T magnet with 3.5-in. gqf;p, £ o 26-in,

‘rectargular pole tips, 15-degz bend,

By anl Mg o H magnet with 8~in. gap, 15 36-in,

rectangular pole tips, 50-deg bend.

TR R s PR

. (Cuadrupele Ql’ D, and 24 8-in. -aperture guadrupule focusing

. - 4 . .

magnetrs B : magnet of three elementa (1-27-104n.}
operated DO {divergeni-couvergent-

divergaeat in the Lorizontal plane},

CC, and DCH, respeutively,

Tounter Ty, T2, &) Hlastic scintiliator,

- e

teiesco.Le ' _ - : H5.5 76,570,020 in,

R, T3, 14 . THastic acintillator, 4> 4 in., 2 was

. 0.620in.

. s 7 Bt -

Absorber CH, of thickness = 0.876 and

' A T AR X
B ':sq,‘»

g

5,

0.584 g/cm” for magnet-system moementa
: -4 ' . : .
of p(iHe ) = 1050 MeV/ic and 872 MeV/c,

respectively,
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Table L. continued

Item:- - Deaignation

Description

k-{éé beam

collimator

Collimator consisting of two iead =lits;

the aperture of each wasz 0.7 in. witde
and 8 in. high. They were located 22 in.
. and 70 in, from the target center, along
. . the He beam direction.
LA T SO . s ‘ o N
Momengum- 2-in, ~thick brass slit, 4 in, wide,

defining slit

¢

iocated at the centex of the fieid leng

2 -

Vacuurmn.

system

“sluminum pipes, i/é in, thick 7 in. i. <,
i1 the gquadrupcles.  The aluminum.
Qaéﬁmm_. bo:kea_ inside ‘the bendin_g maganets
v:hd not restrict the golid éngle ~r:)Jvf the alpha

beam in either plane,

Shielding surrounding

the final counters

» .

1t thickness of steel inside 2 ft of
- o :

rarvaffin.

wedge

“Mylar, 0.7 in. wide X 8 in, high, whose
thickness varied, over its width, from
Gto 0.21 g/cm”. Located at the first e

beam collimator,

Beam optics

—

ey

fhe Beam optics Qere symmetric about.
‘the energy si.its_at the center of 30 s“.?.il
was cperated to image the targe! onto the -
e:iefgy glits in the hor{:zam:al piane and

0’:."1(:@ t';;e center of Mg la the vertiond plane.

O, was operated s g to image the center
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Table I, . Tlectronics Tiata
Lount ;w» 1077 deuterons incident on target
niagnet Riomentumn,
momentum at target . b
P i't*’r?%} centor Aldpha counts Deuteron counts ,
EAEA - .
e}, p - : - o
' Mie L o) ETTET E target _l‘*” target oy pty mz’ .T.Ziz ta.rg-ga B target
‘:‘x. J‘\
Case (e /o
- T ‘4 -0 ‘..:' - s oer ¢y P AL 7y e 7 . ..4. . .~.
d Fd-rite’ +w D59 1295 £2.2%1.,7 45,02 1.4 6X10° £ 14
s 4 Iy - , S, IR . &
d - od-ede oy 1308 a7 Gl.axdt Y- X S e X3 gx 10
fovacuaied
ALY « § . D N ’ 1{-:
target 1369 11449 32,74 2.1
3 rq ié 2 {} S By ey Z. Y Ly H
d+d—ile ¢w YA 12795 2i.oxi.3 12.53=x1.1
T oo : ; W3 115 9n a4t 14 S d
& rd o + ¥y ol iz Ih2Ed. 4 14,5409
Ca.  fne volues lsted in Table T of Ref. T are incoyrect, being too low by a factor of 1.9%2,.  The coxw {.{"&. values 11 ﬂ,c,ﬁ
LETS wWeTe used, nowever, o obtain the fisel results L, Ref. 7.
b.  Phese mumbers should be coneidered Ondy as indicative since tae co untor tel aso:k;c was not alatenued foy counting
deuterons. ,
5. Dackground counts foyr the deufeviusy d a.ta are piven by a tarsget filled witn hydeogen {(which has the same alpya
encrgy losy as in the deuterium tayget).
e Counting rate normalired 10 a target pressure of 390 psia {data taken at 350 paiz to minlmise eucrygy losses).

-
«
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E\,E {,4;”.‘ Aamt 5} r'.j A

4+ d"* Heé"é-y

Table 1, Uscillostcope film-data. True alpna counte per 1 i)'_“ deutercus incldent on tar oL
Magnet PliHe?) at
momentum -target
R e center Alpha counts 3
Case {MeV/c) (Ne‘f /c) 132 target i, trrget nply tavget
T L IR I . - o - Ao g .“—"v
d+d-lie + Ha‘«laﬁo’- 12'74 12,7 40,8 a1 4.7
d+d>He +y 1060 1427 15.951.2 10.520.3
Target-empty. o
background = 1060 1340 $.6%1.2
dra=netea® g2 1275 sl ELl 4.440.6
372 1159 9.3%0.5° £.3£0.5°

a. Ermm are those of counting statistics only.

Countmg rate normalwed to a taxget yressurc of 390 psia {data taken at 350 psia to

__ ml'mmme energy iosses).

.

s it
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