1G129000d-WO

VAANAD ‘SHRVIGIT NYID

*.60°0~ JO Surssoid oiaz

Je 20u213331p 918us K103Bi0qRT B 03 BuTpuodsaiiod ‘100°0 =~ VvV JO 2AdT
3yl 03 379333 Buryea1q Li1jsumis-3Zaivyo A] SSBIO B JO 3893 snond[queun ue
apyaoad o3 papuajuy sy 31 <013z ysnoayj ssoad a< pue Yy yoyys 38 °T3uE
UT 30Ud133J3ITP Byl saujwaalap juswpaadxs 9yl ‘spaevpuels uojlesjaefod
umouy A733eandd8 ou Bujaynbai juswainsesw-TInu v se paudjsag °adi3
ujds uazoiy ay3 jo 3a8ie3 uojoad pasjawyod A[aafidadsax ‘pastaeyodun

UBR WO1J PaiIIILde a1 suoajinau pasjieyodun L1aay3Idadsaa .m:fuu:m:
pesyaerod yoyym ujy saseyd paABaTIaIUT OMI JO SISTSUOD Jusmiaadxe

34yl °*ASW 00S 3B Sujiaijeds oj3Ise[d d-u uf d

vV pue Yy siamod 3urzLyeue
uojoiad pur uUOIINBU IYJ UIBIMIAQ Yy 2OUIIIJITP dY3l saanseaw jJudwiaadxa
a3yl -cuofideiajuf d-u ayj uy jJusuodwod Jupjesaiaq Lajaumis-a3ieyd

‘3upxju-uydsosy ayj 231e37IsaAuUT 03 Paqlidsap s8] juamiiadxa uy

30B1318QY

I-N'
'

*gpRUB) JO TFOUNO)

yoaeasay JujpasaujSug pue sa0u3fog [eaniey ayl £q 3aed uyp pajioddns yiom}

PUBTI923YMS ‘Ta8®BY 9GOy HD °To8®g 3IBIFSIAATUN ‘YFSAyd anj Inifisul
u@:uuwaw *4°o
0LL%6 VO ‘Katajaag
‘efuiojyyre) Jo L3ITsiaATun ‘L1o3eioqe] Kay9aag eduaime]
31392009 *J°H
TLZ 991 epeue) ‘-e3Ty ‘uojuocumpy
‘®l113qTy Jo A3Fsiaafup ‘soysfyd jo jusmiaedag
uosuUTlS ‘W' pue dmjnog °r ‘Aoy °9 ‘SsEOK °V*H ‘PTBUOEIN °‘[°*M
‘SNBTU33IY *H°TT ‘UIVIAH *g ‘STABQ °V'D S83aquUOo) °H ‘Sulye) °geq
€VZ L9A epeUBD ‘°D°g ‘idAnodusp ‘JIWNTHL
IBTTIN VD pue 333qy ¥
ZNT 1ey epeus) ‘cuey ‘3adjuury
‘eqoiyuel jJo A3ysasajup ‘soysdyq jo Juawiaedag
8130 UBA °*H°*]°M PUB SUUdAS *J°[

‘897 *d°M “I13Tqn) *J°H ‘uosyAeq *I°N ‘TTRYQITE °f

}83utia3jedg orisery d-u uy Lijswmdg a8aey) jo 183y [ejudwiiadxy uy

*286T “Tz-91 *31des ‘usaeyyooag

¢86T unp
6T-C8-dd-I¥lL




. -3 -

1. Introduction

Charge symmetry is a consequence of isotopic spin invariance, the
first "internal symmetry” that was postulated in elementary particle
physics. Isotopic spin invariance is broken by the electromagnetic
interaction and consequently one expects effects of order the fine
structure constant a = 1/137. Charge symmetry is a lesser symmetry
because it only involves a rotation in isospin space through n. 1In the
case of nucleons charge symmetry has as a consequence that observables
are unaffected by changing neutrons into protons and protons into neu-
trons. Thus, the neutron-neutron scattering length and effective range
are equal to the proton-proton scattering length and effective range
after correcting for electromagnetic effects, e.g., the Coulomb interac-
tion. But also, charge symmetry has as a consequence various equalities
among neutron-proton scattering spin-dependent observables, for instance
the polarisation of the neutron resulting from the scattering of unpo-
larised neutrons from unpolarised protons equals the polarisation of the
recoil proton.

Henley and Miller! have classified the nucleon-nucleon interaction
within the framework of isospin. According to this scheme one can dis-
tinguish two charge-asymmetric n:mmwwlnmvoaaoan interactions. The first
(also called class III) interaction preserves symmetry under the inter-
change of nucleons i ‘and j in isospin space; it is denoted by

<5.u D(ry(1) + 14(3)) -
The quantities MA»V and T3(1) denote the isospin operator and the third

component of the isospin operator of nucleon i, respectively. The ana-

logous quantities for the total isospin are m m:maw.asmmvo<m»=nmnl

action only affects the n-n and p-p systems; there is no isospin mixing

-4 -
since —aw.aw~ = 0. The second (also called class IV) interaction is
antisymmetric under the interchange of zcnumorm i and j in 1sospin
space; it is denoted by

Vyy = E(ta)= 1) + P x 1(9))3e

The quantities D, E, and F are functions of space and spin coordinates.
The latter interaction only affects the n-p systen, causing mixing of
T=0 and T=1 isospin states.

2. Presence of charge-symmetry breaking interactions.

Studies of the low energy nucleon-nucleon scattering parameters?
have shown that charge-independence breaking interactions exist. The
neutron—neutron scattering length is greater than the T=1 Hmo neutron-
proton scattering length or _mss_A_mav_. Such studies do not allow the
unequivocal determination of whether charge-symmetry breaking interac-
tions are also present. The main problem is the complicated influence
of the electromagnetic interaction in p-p scattering which forbids an
unambiguous determination of the purely hadronic parameters. Theoreti-
cal considerations based upon standard p®-w mixing models of charge-
symmetry vnmmxwzm.u or more fundamentally, mass differences between the
up and down quarks" predict |a | to be slightly larger than _wvv_
making the n-n interaction slightly more attractive than the P-P
interaction.

A comparison of neutron-neutron scattering with proton-proton
scattering differential cross sections at intermediate energies is
intrinsically difficult: experimentally due to normalization problems
and theoretically due to shadow corrections connected with the use of a
deuteron target. The accuracies that may be obtained at present are no

better than a few vmnnm:n.m
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differential cross section for the scattering of unpolarised particles.
La France et al.® have listed mww the spin-dependent observables in the
centre~of-mass which involve the spin triplet-singlet transition ampli-
tude. Experimental considerations show that the next w»anpmmn quantity
to be measured in n-p elastic scattering is the difference in the spin-
correlation parameters nstov and owxﬁav. The correlation parameter Cyz
has the projectile spin transverse to the beam direction in the scatter-
ing plane and the target spin longitudinal with the incident beam direc-
tion, while for C,yx the reverse holds. Again charge symmetry leads
to the equality of oxuﬁov and ouxAmv. but if charge symmetry is broken
then one will be able to measure a difference:

AC(8) = C,,(8) - C,.(6)
This difference in the spin correlation parameters oxNA¢v and nnxﬁav is,
like the difference in the analyzing powers, directly proportional to
the spin triplet-singlet transition amplitude:

2
AC = — Im[e*f ] -

0
All other spin-dependent observables which involve the spin triplet-sin-
glet transition amplitude require the measurement of the polarization of
either one or both of the scattered nucleons.

From nrmonwp several kinds of charge-symmetry breaking interactions
are predicted, caused by a variety of mesonic "indirect" electromagnetic
effects such as mixing of mesons of different isospin, in particular
19-n and p%-w mixing, ©%-y exchange, and "electromagnetic renormal-
ization” (radiative corrections) of meson-nucleon coupling constants and
of the baryon masses.

Calculations of the charge-symmetry breaking effects on the analy-

zing powers at energles up to 460 MeV have been made by Cheung, Henley

POLARIZATION
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and Miller!? and for energies up to 750 MeV by Gersten.!! The differen-
ces in the analyzing powers were calculated as functions of angle and
energy taking into account the direct electromagnetic effect (one photon
exchange), p%-w mixing, and the neutron—proton mass difference effect
in charged one pion exchange. Gersten!l also included the neutron-pro-
ton mass difference effect in charged p-exchange. The latter approach
is in terms of the bar phase shifts with values obtained in N-N phase
shift analyses which assume isospin conservation. The triplet-singlet
mixing angles were calculated in the first Born approximation. In
general the absolute values of the triplet-singlet mixing angles are
slowly increasing functions of energy. The 500 MeV predictions by these
authors are shown in Fig. 1.
3. Experiment

The experiment currently in progress at TRIUMF will measure the

difference AA between the neutron and proton analyzing powers >=|>v

o T T 4

™ 7 T T

03 > o8

T T T AN T T T
"Min,n)'H
460 Mev 06
ozt ~—— hord core 04

= = s0f1 core

02

0xar,,
—_——
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03 1 s L 1 ! 1 1 L -10
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Fig. 1. Theoretical predictions for the difference in polarisations of

scattered neutron and recoil proton in elastic scattering of unpolarised

neutrons from unpolarised protons due to direct electromagnetic effects

A>wmzv. due to p°-w mixing A>wEuV. due to the n-p mass difference

effect in charged one pion exchange (AP;) and in p-exchange A>w

o)
a) by Cheung, Henley and Miller, nmm.~cu b) by Gersten, ref.ll,
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The strength of the holding field will be less than 3 kG. After traver-
sing the wnoumn spin target the neutron beam passes a polarimeter deter-
mining left-right and up-down asymmetries and a profile monitor consis-
ting of a converter and two sets of delay line chambers. The latter two
systems are being used fqr diagnostic purposes.

Scattered neutrons and recoil protons originating in the frozen
spin target are detected in coincidence in two left-right symmetric
detection systems allowing cancellation of many of the systematic errors
to first order. Each detection system consists of a neutron array
placed at an angle of 32° and at 5 m from the frozen spin target and a
proton range telescope placed at an angle of 51.5° on the opposite side
of the incident beam. Each proton range telescope contains a time-of-
flight (t.o.f.) start scintillator placed close to the target, three
sets om.mouuw line chambers measuring x and y coordinates, and a range
counter consisting of a AE scintillator, a wedge-shaped brass absorber
at 3 m from the frozen spin target, an E scintillator, and a veto scin-
tillator. Each neutron array consists of two consecutive planes of 7
scintillator bars, each 1.05 m wide, 0.15 m high an 0.15 m thick with
the bars placed one on top of the other. With this detection system one
measures the neutron t.o.f. and vOmwn»on and the proton t.o.f., trajec—
tory, and selects a range of proton energies. Measurements of the open-
ing angle and acvwmswuﬁn% of the coincident neutron-proton pair will be
used to discriminate uwwwnmn_ncomulmnmm n-p scattering from heavier
nuclei, e.g. “He and Hnn. present in the frozen spin target. Each de-
tection system covers an angular range of 5° lab on either side of the
crossover angle. Extensive Monte Carlo simulations to investigate

effects of background and systematic errors have been made. Data taking

is to commence in the summer of 1983.

-12 -

A very similar experiment measuring the difference AA between the
neutron and proton analyzing powers in n-p elastic scattering at 200 MeV
is currently in progress at IUCF.!3 The latter experiment measures the
ratio of the analyzing powers at two different angles: >=A¢_v>vA¢~v\
>=Ao~v>vmm~v. This ratio is again independent of beam and target polari-

sations and differs from one as a consequence of charge-gymmetry breaking

interactions.
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