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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.
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Lawrence Radiation Laboratory o

_ University of California
Berkeley, California 9k720

June 10,.1970 .

ABSTRACT

The néutfoneprotoh'charge-exchange poiarization has

_provided new information to test various theoretical models

and ekchange degeheracy of p and Ag-ltrajectories. The

,‘small polarization which is consistentlygnegative and inde-

pendent of energy at most points is changing our belief that

~particles like p and A are exchange degenerate. We

2

are considering here a theoretical model which is capable

of reproducing the desired np-pn polarization that has

been found experimentally. This model for which the polar-

ization has given reasonable qualitative and quantitative

agreement with experimental data is consistent when we study

‘simultaneously the polarizations and differential cross

 sections for the processes np — pn and pﬁ —;nH.
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iNTRODUCTION'

' The idea bf exchanéé‘degeneracy has beenvpoﬁﬁiaf.until recently
since'rea;ctionsl liké 'K+n ~{Kon .and -K-p faion over a wide range of
momen tum provided some evidence for the strong form‘of exchange degeneracy
for o éna.,Aé.::Nof ohly is a large number of parameters like residues
and trajéctorieéfédugedthereby and formulations much»simplified, but
a good ﬁééﬁnéf‘dualify principle is provided.‘ The‘récent polarization
measurementgwdn nﬁ - pn 'scattéring has‘shaken our faith that ‘p and
A2 dbéy thé'stfong'fdrm of exchange degﬁefacy?_siﬂce this model predicts.
~zero polariéation.' The two particles obey the st;oﬁg form of exchange
degenergcy when their residues and trajectoriés_aré'equal. The weak-form
exchange degeneracy betweeh two particles‘means that their trajectories

should be‘eqﬁal'but not their residues. Nobody has fdund any resonance
of usual quantum numbers in the reactions vK+n feKOp. When p and A2
are‘exchanged in the t channel, because of the strong form of'exchange
degeneracy,'the compie# pafts of their contfibutions are mutually
canéeled. 'This indicates that fhere is no resonance in the S channel.
The fact‘that contributions due to the complex pért-of the o énd A2
exchanges in the t channel for the reaction K°p.7>KOn are added
togethér prbvides thé evidence for the existence of s-channel -resonance.
"This proberty of the strong form of exéhange‘degeneracy was applied

5

‘recently’ on np —pn and pp —nn differential cross sections. The
np - pn- polarization provides a test of‘thé_strong form of,exchange
degeneracy for the p and >A2. trajectories. HoweVer, one would like

to use a weaker form of exchange degeneracy for p. and A2 without

much ambiguity. Recently the differential cross sections for np — pn
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and pp —SnE. scatterings,5 o and A were assumed to obey the -

2
stronger form:of'exchange degeneracy; Small polarization and the
expres31on for polarizationu;indicate that lower-lying trajectories e
and B and their oppos1te parity partners that-are. supposed to play an
1mportant part in determining sharp forward peak are not expected to
contribute for the p —apn polarization whether the above-mentioned
particles are exchange degenerate or not. Also, these trajectories are
approx1mately Zero near t = 0. The Venez1ano5 »2 forms for the exchange
of 7 and B and their opposite parity partners conSidered as strongly
exchange degenerate are retained 1n this model. But it is essential to
break the strong form of exchange degeneracy for p and A | S0 that
amplitudes become complex in order to predict the np - pn polarization.
We make this model compatible with other well-studied reactions such as
n”p —aﬁn ‘and n_p’—anon 'wherevonly A2 and .p are exchange respec-'
tively Because of the even 51gnature of A2 tragectory, one has to
choose the Gell-Mann mechanism here to kill the ghost when ay, (%) =

2
This ghost killing mechanism is con31stent w1th x7p —» n and

K*p —aKQA where no dip6 is found. Also our parametrization is

consistent by factorization with the dip7 seen in n°p —>non at the
point where 0] (t) 0. Not only has our model been able to produce

a sharp forward peak in the differential Cross sections for np - pn
and pp —>nn scattering, but it also explains the consistenly negative
and independent-of-energy polarization at most points. Arnold and

Logan,8 who used a weaker form of exchange degeneracy for p and A2,

predict that polarizations should be zero when a (t) . This is

i 4
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inconsistent with experihental data which show that the polarization is

'monotoniCally increasing .and has no’indication}of.passing through zero

"in the range studied.
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FORMﬁLAS AND PARAMETRIZATIONe
eBeth .  and B. and their.opposite perity‘ﬁartners ¢ and BC
. are strongly exchange degenerate _ The contribuﬁibnsvdue to exchange of 7 &/
.all these partlcles to the he11c1ty.amp11tudes afe expressed as ¢ix,
where x denotes symbolically all #he partlcles-together. The ¢ix(s,t)
for 1argeife: and fixed t  are giﬁen b&j

1« (t)-l

2 ‘e . ¢}
m s2(bs)
np-> pn /By (’s" sin xa_(t) a_(0) Tla ()]

S (s, t)

s2(bs)

_ ‘Bsin nocc(t) aC(OTFIaC(t)] N ¢5 (S{ np- pn

1. O (t)—l

s2(bs) ™
¢2 (S t)np—apn ,ﬁf/ Bt ‘sin " (t) P[a (t) n l]

2(bs)ac(t) ‘ (1)

- By sin nQ Zt) o (O) P[a (t)]

ul a (t)—l

__— ’ - s2(bs) ©
2, .(S?t)_np—i pnN Pt 5n o (t) TTO‘ (t) + 1]

1 a (t)-1
- s2(bs) ¢
t sin nac(t) ac(o) r[ac(t)]

—~%

o a (t)-1 | | (.
_¢5X('S".’F)np-_> pn ™ By (l : ) sin ﬁam(gla (0) rle, (t)] g -

A2 contributions to ¢i(np — pn) are obﬁained by multiplying the usual

residue for A, exchange from Ref. 9 by Q, (t). The experimental data
‘ . 2 .
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show that the polarlzatlon is consistently negatlve and that it increases
in that dlrectlon'w1th ;4t; The theoretical predlctlon for the polarlza-
tion is 1ncens1stent with experlmental data since 1t decreases with -t.
In order that the re31due and therefore, the polarlzatlons should not
decrease with - -t, one has to multiply the above_residue by -another
factor (a\; bt), wherevpositive'constants a and b are chosen in such
a way that ene cen predict that the polarization and its slope with -t

will agree_fairly well with experimental data.'.Consistent with these

- facts, A2 contributions for-large s eﬁd fixed 't are giVen by
R : R . E
-_‘¢l (S’t)np—>pn - A¢5 (s’t)np;apn
e ()1,
e e @)@ - p) 8(be) P < "i“%u:))
~s :"GiR + T ap(t) b2R> — ﬂap(t) 1+e - F
R, . . R
¢2 (S’t)np—apn =7 ¢h (S’t)np—épn
: ) ' 1 a (t)-1 _
o S’ (t)(a - bt)s2(bs) e | -inap(tD
N T@_lR - ap(t) bga oy OB l+e |
8 | (2)
g (s, )np_) p‘n~T2(b + 1o (t) Do) (byp = & (%) bop)

. 2
Here T denotes -t/hmN .
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.'DESCRIPTION OF THE FIT

“ihe: ﬁp_ charge ekchange pblarization is'censistently negative
and’indepeéaent of energy.2 It'inereesee'monofonicelly with Uniform
_slope with;v—ﬂ; In efder:fo prediet»the polarizaﬁion eo'that it
‘agrees reasonebly well w1th the’experlmental data, ‘the res1dues of the
o) and A tragectorles are multlplled by a factor (a - bt) The best
values for' a and b cons1stent w1th experlmental data on np - pn
polarlzatlon and dlfferentlal cross sectlohs for ’np —apn and
pp —nn obtalned by the trlal and error method are a = O 5 and

= 3.0 (GeV/c) . Altogether there are 32 data for np —pn

dlfferentlal cross sectlonslo at an 1nc1dent laboratory momentum of
-8 GeV/c.-'There is.a syetematlc uneerta;nty of +5O common;to all
values,fend an additiohai?Sysgemetie uheeftaihty‘of +15% fof; |
-t > O.lﬁﬁ GeV/c?; A1 tﬂeée, eﬁerfvfroﬁ staﬁistieai-errors, are
tekeefihfd7eeﬁsiaefetéoﬁvfef the'@inimum_value‘efx'XE; TWelve‘pointsll
of expefimentelldete'ef'each.incident:lebofatofy-memeﬁtum 5565 Ty ana
9 GeV/c:fof' ﬁf —anHv'differenfiel cfoss eectibhsvere considered in
this‘invesfigatioh; 'The errors for 'ﬁi.—fnﬁ aiffefential crose seetions
were ‘obtained by.multiplyiﬁg statisticaljerrbre by a factof‘of 2.2.
This refhervarbifrafy'fechr»was'a ¢crude eoﬁpromise beteeen not
1nclud1ng any systematlc error at all and multlplylnv the . statlstlcal E»
error by a factor of h.78. The Dbest flt wa.s obtalned with x2 = 162 v: &
for 9k peihfs (withbut’7- and 9—GeV/c' pp - nn data). In this fit, |
the agreement with experiment decfeaées_with incfeasing laboratory
momenﬁum from'5 ﬁo 9 GeV/c for pg —§nH data. It wes fbﬁnd“impoSsible

to fit 7- and 9-GeV/c points with pp —nn at 5- and 6-GeV/c
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np —>pn  differential cross section and polarization data. The lower

curves at 7f and 9-GeV/c p§ —nn are predicted ones obtained from the

outputs of the best fit with x2 = 162 for 96 pqiﬁts. The best fit

for 7- and 9-GeV/c pﬁf->n3 data was obtained with %% =10 for 24

points. The two fits of curves for 7- and 9-GeV/c. pp —nn data are

plotted in Fig.'h for comparison. The residue parameters Byo B,

1R’ PoRr’

points are

b

By |

Also the above'

- b

“1p’ 2p

and b from the best fit with x2 = 162 for 96

‘given by

2

2

q

0.63 mb(GeV/c)’_2

0.38 mb (GeV/c)-2

0.099 (mb)% (cev/e)™

0.36 (ub)* (Gev/c)™ - (8)
1.57 (mb)%'(egw/c)'l
0.1k (mb)? (Gev/c)™t

residue parameters from the best fit with xg = 10 at

7- and 9-GeV/c pp —nn for 2k points are given by
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B, ~ 0.84 mb (Gev/e)™

k)
B = 0.39 mp‘ (Gev/c)'2 {.
N - 1 -1
blR.'."_—:." 0.099 (mb) .(GeV/c)-
| 1 - _ S
b, ~ 0.36 (mb)2 (Gev/e)™h o . (9)

B g 5._5 (mb.‘)%‘ .(Ge'V/c)-

0.4k (mb)% (GeV/c)-l. .

o
&

From (8) and (9) it is obv1ous that only B, and bl ~ differ to a
great extent from the two best fits.- Although the predlcted curves at
7 and 9 GeV/c for pp —»nn differential cross sectlons are not in fair
agreement with experlmental data, the.sharp forward peaks and siopes
are 1n_fa1r agreement w1th data. One has, therefore, to multlply the
7- and 9fbev/c pp — nn calculated poiﬁts by avfaetor of 2 in order
to get. reasonable agreement with experlmental p01nts. Figures 1

through 4 summarize the work of this 1nvest1gat10n.
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Fig. 2.

Fig. 3.
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at
8 GeV/c. Data points are taken from Ref. 10.
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FIGURE CAPTIONS

Polarization‘ P for np charge-exchange scattering at laborétory

‘momentum 1.5, 2.5, 3.5, 4.5, and 5.25 GeV/c. Data points are

‘taken from Ref. 2.

dc"fof np charge-exchange scattering at laboratory momentum

'%% for ﬁﬁ”'charge-exchange séattering at laboratory momentum

5'énd'6 GeV/c. Data points are taken from Ref. ll.‘

‘%%, for p§ charge-exchange scattering at.laboratory momentum

7 and 9 GeV/c. Data points are taken from Ref. 1l.
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