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RLASTIC SCATTHERING OF PIONS ON
POLARTZED PROTON

B L T e T

(Proposal for an Experimont)

JL. Sens

With the advent of polarized proten targets o mumboer of
gpeculntions concerning spin ond parity of the resoncnces in the = -YL
systems have, in principle, become more directly amenable to experi-
montal verification than has been the case go far.  This is in
particuiar true for two-body reacticons such as x-p elastic scattering;
here, scattering off polarized protons containe the some anount or
more information (dep&nding on the ineideont cnergy) ags & double‘soattering

cxperiment and is rate-wise no worse.

In the following we conpute just what asymmetry effects are
to be oxpected in view of the presently known phase-shifts and how
sengitive thoy are o the choice of guontum numbers for the known
resonances,  We thon propose an arrangement of counters with which an

vlrstic seattering experdment can bo carried out.
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and is thus the same as the polarization of the reeoil proton.

o(6) cnn be written in the form
o {6) =
with (put % o= 1)

a o= Re 2,0, A A,
n 1¢d ign 71 7

A(8 ) o(8) can be written in the form

g _ i n.
a(e)o(8) = 3 ¢ #ind cos  ©

with
o B3
c = Jm .%. 4., A A,
n igd "ijn i 7

- WM, Laysong) hes recontly onolysed the experimental doata on
differentinl and total clastic seattering betwoen 0.3 and 1.3 GeV,  The
logical order of this snalysis dis as Tollows: the date nre divided into
roesonant regiong ~nd non~resonant rogions., - For the resonint regions
the spin/parity asgsignnoent is teken over from photo-production (DB/? at
600 MeV, F5/2 at 900 MeV).  The amplitudes for these spin states are
found by fitting = Breit-Wigner fommwla to thoe observed pesks. In the

non=-resonnnt region, wse is made of the experimentel values of total o,
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the dlflorontlalCJ(O ) and. the forward seatioring snplitude™ . Furthor
restriction is imposcd by the requircment thot the A's vory snoothly
with encrgy nnd that L £ 3,

Taking the values of Ai’ thug obtained, we have caleoulated the

[

!',-,f {;—l{" -
cxpocted left-right asymmctry A(6 7 mhe conputer results for 900 MeV
is given in Fige 1. A quite lorge and strongly varying left-right

asymnetry ds obtsined..

Although the values given by Layson arce plousible scolutions,
they are by no means unique4 «  We have thorefore searched for other
values of Ai, which leave o(8 ) unchangod, IMgure 2 showe what
happens whon the amplitudes for the F5/2 and D5/2 states are inter-
changed: a very drastic change in A(()) in produced, while G(E’) romains
nearly the sameb). This shows that the asymmetry wmeasurcment is a much

nore sensitive anclyser of spin and parity than the differcontial crogs-~

section,
The provious procedure is, of course, applicable ot any cnorgy
+ . =6 .

for both n oand n ). We suggest howoever to do the first nensurenents

ot ~ 900 = 1000 MoV with n . In thie chergy ronge there is in the
vhage shift data the suggestion of another isobar, as pointoed out by
Feld and leyson. This isobar has o strange particle doeny mode
(besidem £ normsl one); the variation of o (7IH +p A k) with pion
cnergy is consistent with the sssigrment T = :j &= %*. In Fig., 3

0(9 )‘hnd A((B) arc glven, for 930 MeV, with the P%'amplitudes as glven
by Loyson's cnalysis; in Fig. 4 the imsginary par% of the B& anmplitude
has beon arbifrarily put ogual to zoro7). Although o (6 ) i; no longer

the some, the sensitivity of Al 6) s much- groater,
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LXPLRJZI‘J’IDNTAL ARRANGEMEENT

in Tlg. 5 the left-right ﬂsymﬁetrios obtained in Fig. 1 and 2

are transformed to the lab-systom Lor 900 MeV incidont piens., Pig, 6
contains the Lob-ongular distribution (fbr the F5/2 case; the D5/2 case

ig negligibly dnlfgrcnt) It appears that the region of grcatest
intercet is botween ~ 20° and 900 pion angle in the lab-systom,
In Flg. 7 a set-up is slcotehed wh:oh deteets ovents between these linmits,
Both the pion—~ and the proton detector consist of a watef Corenkov
counter, constructed in the form of a curved canal in which partitions
san bo placed.  Boch cell is viewed by a 2" photormultiplier o *r» eom
bottom.  The collﬂ'aro pldc@d.cs olose'to the nagnet ag the fringing
field allows. In front and behind aré plagtic scintillators.
The pion detector containg 14 equally wide cells, spanning 50 onch.
Sizme and position of the corresponding cells in thoe proton detcetor are

detormined by elastic scattering kinematics.

With the adoptoed scheme no cell is smeller in size than the
ﬁr&ctical Limit of about 3.5 % 6 em, The scintillators in the pion
deteotor span 10° each but nre placed such fhat in d frént—back
coincidence 50 intervals arc selected; similar %or the profon detector,
In the indicatoed intervals all pions have 8 > 0,75, all protons

| et fﬁ 0.75; on the pion~side the Cerenkov counters arc therefore put in

coincidence, on the proton~side in anti~coincidence with the scintilliators,

The clectronice consists ontirely of qtnndnrd conponents,
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A further safeguard ageinst unwanted cvents is obtained by
measuring the proton encrgy. this con be done by adding absorbers to
the ﬁroton deteetor, thus turning Py - p7 into (differuntial o
'integrél) renge tolescopes, A disadvantage is thot the differential
cross—-section, which can be ﬁonsurcd along with the asyrmetry, is
strongly distorted by the absorbers, due to nuclear interactions:
at 25° the proton range is 160 g/cm2 AL, which is two geometrical moan
free paths,  Other possibilitieé are nagnetlc analysis or o carbon-
pilate spark chamber to wmeesure the range. 4 decision must await morc
accurate calculations of the backgrounds duc ﬁo elastic aﬁd.innlastic
scattors on bound nucleons in the target, We prefer%to leave this
question open for the moment.

The number of sFatters on free pelarized protens, for a
lxzlx1l cm5 target, 251£ross-section, 10511 por burst, is 90 por‘burst.
45% goes into the angular limits 20 - 900 and ~ 3% escapes the pole
faces, For the sake of discussion we have assumed & magnet similar in
size and field strength as the one rccently proposed by Abrahan et als).
This gives 1.2 elastic scatters on polerizod protons per burst. For an
crror OA in A of 0,05 in any angular interval 400 events are roquired.
The least populated interval contains 0.2% of all cvents. In two days
of running the asyrmetry is deternined to between 0,005 and 0,05 depending

on the interval.

In Pige 7 the trajectories have been corrected for the magnetic

fleld assuming 20 kGauss over the entire pole area,
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of the,x?-substatos corresponding to o glven stutehly had been
T
interchanges for gggh;lig_simultanoously, then o (6) =o(0)

ot .
end AMle) = ~ A (p) (Minanimtransformation).

For an assumcd set of phase-shifts graphs like Fig. 1 are

obtained in three minutes computer tine,

The T = 3/2, \J = %-need not be in rosonance at the sane cnergy;
therefore this assunption is slightly too strong., Too little

is known about the amplitudes to give reasonable altcrnatives.

Abroham ot al, Proposal for a direct determination of the

=N - X parity.
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