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_ABSTRACT

With.§Ome $iﬁple'assﬁmp£i6ns‘bﬁ %ﬁé behavidr of the‘discontinuity
u of,uthe cu"cv in _jthé ‘angu].ar momentum plane (associ_ated with the simulteneous
exéhangé ofithe o] and‘tﬁe P trajectoriesL we shoﬁ thét the high.eﬁergy
nN chafge-exchange pélarization is exoécted to have the following‘
i'; féétﬁres-. It has a8 z2ro near the forward direction [say with
It] <1l (GeV/b) ], whose position depends on the eﬁergy{..ln th¢  t
“,.regioﬁ between t = 0 and the position of this zero, the polérizatioh

‘1:decreas¢s withienergy énd beyond this region the polarization increases

s wi£h energy; Consistent with ail the other available xN data, we
éhow that . thé presentnchérge-exchange volarization and differential

'cfoss séction date can be fitted by 'a small p-P cut contribﬁtion in
« additom to the p contribution, with ﬁhe é trajecfory choosing either’

' Segse-or ﬁoﬁseﬁseYStates at dp =_O.v If‘%he 0 trajectbry chooses the
nonsense stafe; the crossover effegt obéerved in the'high energy ﬂip .
differeﬁtial cross section can be ekﬁlained naturally without introducing,i'
a zero in the.heligity npnflip amplitude of the p , which is needed

in the present pure Regge polé model.

i



associated with p and Pomeranchon eXchangeJ7’

" It is perhaps well-known oy now that the high energy = p
charge-exchange differential cross section near the forward direction .

can be_explained‘successfully in téfms of the ﬁechannel' (nn\# Nﬁ)

: . 1 - o qs
p trajectory exchange.” If the = p 'charge-exchange amplitude near

"the forwardvdirection,is indeed dominated by the o amplitude, then the‘

.phase of the helicity-flip and nonflip amplitudesvshould be about the

same, vhich implies that the charge-exchange polarization should be

small. The latest available data on chafgé-ekchange polarization by
‘Bonamy et al. at CERN® is shovn in Fig. 1. The average polarization

for all points with 0.2k 2 [t] ¥ 0.0k (GeV/e)® 1s 16 * 3.5% at 5.9 GeV/e

and is 14 * 4.5% at 11.2 GeV/c. The polarization data are certainly not

Y}

- . consistent with zero. “To explain the observed magnitude, one has to

explicitly include, in addition to the o amplitudes, some backgrdund :

~ contributions. Various possibilities within the Regge model have been

proposed ever since the report of the pfeliminary results on nonzero

3

charge-exchange polarization at 5.9 GeV/b,became available.” Among

these proposals;, there are,_for'example, (a) interference between the

p eamplitude and the tail of direct channel resonances;h (b) interference

between the o) 'amplitude and the contribution of another trajectory,5
7

v'(c) the possibility that the p trajectory 1s complex for negative t ,O

and (d) interference between the p and the contribution of the cut

8

ILet us examine the energy dependence of the charge-exchange

- polarization thet would be expected from these various possibilities.

.

Define the t-channel helicity nonflip and the flip amplitude A' and

B such that at high energy one ha59 for the differentizl cross section:



& = T 1" -t x 132]%) , (1
. LOTML :
and for the polarization.
L *
-e(x k, 1t1)2 " Im(BE)” A . -
P = B o . o (2)

»lkalA'] -t kb[BEle |

, i N
'whero E ié the total lab onergy of incident pions. Fzctors ké and ko
ere given in Ref. 9. For E >> M end [t] << W2, k,~ 1 and X, /M .
If a single‘ﬁrajectory 'a is exchanged, A'!' cc 5% and B EO‘.l .

(a)_If we assume that the tails of direct channel resonances behave
at‘large E as x/m, then the oolarlzatlon due to interference beuveen
these tails and the p falls at high energy as E-(ao+l . If the
Aélaoticitiés x are not cooéﬁant but are thémselves decreasing
'functions of E , then the polarization disappears even faster.

(b).'iet us now coﬁsider the polarization produced by the.exchange

two t-channel trajectories of al(t\ and o, (t) , where we take

If the contribution to the amplitude of al is larger than

the decrease in the polarization is given by P o« E 2 1 .

Ctl > (12' .

' that of Qs

On the other hand, if there is an energy region in which a2 dominates,

) 0yay, ‘
then in that region the polarization will increase: P o E . DNote

also that Bose statistics require any trajectory which can contribute
to = p charge-exchange scattering to have odd signature, wvhich

1
implies for small It Poc t2 sin % (ae - al) .
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(c) The vproposal:that the p trajectory may be complex .for certain -
negative values of t may be thought of as an extension of the idea of

heving two trajectories, which would require al(t) and: ag(t) instead ~

of being real, to be complex conjugates of each other for negative t .

- It is possibie to get the polarization to be'independent of energy with

this pioposal.-

» (8) The energy'dependencé of the polérizatioﬁ expected from interference

between the p Regge pole and the p-P cut has been studied recently in

~ two papers, by Delany. and Gross7 and bvauzinicH_and Teplitz,.8 In this

note wé_wish to examine in further detall the ‘dependence of this

. polarization upon both energy and momentum transfer. We will point out

that the simpiest assumptions about the discohtihgity of the cut, such
as were made in Ref. 7 and Ref. 8.imply that the pélarization should
decrease as the energy increases (contrary to the expectation of these ,
authors), but‘nét so fast as to be in confliét with the experimental data.2
'-We will firs# derive a general expression for'the polarization

due to the interference between the p pole and the p-P cut; we ignore

the contributions of highe:-ordef cuts as hopefully negligible and certainly

. complicated. Since in our fits the p-P cut contribution to the

differential cross section is small, it is plausible that the contributions

d e

- of higher order cuts are even smaller. We then discuss in some detall

the expected high-energy behavior of this polarization. Finally, we
present two sample fits to the existing charge-exchange polarization

data consistent with all other relevant =xIi data.

-
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Associated with the simultaneous exchange of the p and the
Pomeranchuk Regge poleb -in the t-channel, there will be a cut in-the

- _ . 1
angular momenvum plane) whose rigntmost extension ac is given by

a(t) = = Max [o (t') + 6(t") - 11 .~ (3)
COVRT T Vel =
| -

: Aséuming that the trajéctoriés are linear (for small 1) ﬁﬁd that
aP(O)'='l, this éives
o (t) = afo) + —2F . I (4)
, : ap + o
The value of a?" is at présent ﬁot ﬁell defermined, although gaflier
rits'l to the nN data suggest that aP' lies between 0 and O.h(GeV/k)-g.
The fits which will be discussed later have aP' = 0.35, which together
.with the‘valﬁg ap"= 1.0 gives‘ ac' = 0.26. From Eq. (4) ac' < ap',
for eny value of ‘ap'. The conclusion of this paper is essentially
indepen ent of the value of aP' used., TFor instance a?' could be‘zero,
or it cquld be as large as ap'.
Performing the Maﬁdelstam-Hatson-Sommerfeld transforﬁafion on
vthé partial wave expansion for the helicity ndnflip and flip'amélitudes
and keeping only the p - pole term and the contribution of the cut, we

™

get for large E ,

+ f‘a
' + e, /E‘Vzp(u)4 / ’ + : J .y [E \J'
A'(E,t) = 87(t)(tan —- + 1) == + a7 D'(J,t)(tan T + 1) {51,
. o : 170 J[L _ O/

/ ' A\

2



and a sinilar ex esslon for B(d,u with B8 " and - D replaced by 8 and
D .. The symbols’ B are the reduced residua,functions for the pole terms

and D~ +the reduced discontinuities across the cut in the J plane of the
t-channel helicity amplltud°s. We assume that the oac&orouﬁd integ

. . . , . ' 1 » N -
can be pusned et least to J = -%,:Le~L ?~§ . For 51m011c1ty, we will

‘ignore cont ibutions to- the integral in Eq (5) from the lower llm-u,

these COPu”lbUbWOnS belng of back ground S;ze.' Thls,ls eqplvalent to

evaluatin~ the 1ntegral as if 'L = o. From hermitian analyticity,

D(J,t) is real for t < hmﬂe.

. p i _ |
We assume that the discontinuites D (J,t) can be written as

F \ .
D*(J,t)(tan i‘ei +1) = _(Efr_’;l exP[ - (7 - 1)]-
' cos —~ : J
2
- * A [ i i !
= L Cyle =) expi——e—(J-Dj .
o0 . _ .
(6)
‘The C 's are given by
C_"(t) = (ng Bq ; vD (7,%) l , and are reel.
' - {cos %g (e, - 37
e

' . e e 12 -
If the cut is logarithmic as expected, ™ then 7 = 0. From (5) and (%),
N N 7 .o
the contribution Ac» of the cut to A' is

T O N 2 Tm+7+1) T
AL (B) = {5 (tan —= + 1) Z —— —inr , (7)
\ O/ : ' { B o T
. '-.=O tén ‘ = = l‘é- :
)



a similar exprassion for -BC' with.’Cnf"replaced oy 1Cﬁ , where
C, =¢C, 'COS'ﬁac/é .. A formula similar to Eq. (7) has been derived in i
» .t . - . ’ ' . ] . . .
Ref. 7. To order 1/ith E the phase of A, - 1is glven by the first

(n = 0) term:

§ [ . - b4 S 1 |
‘{ phase of Ac'g = %_(l - ac) + (7 + 1)tan 1 7 *0|—=% . {
0 0]
(8)

It is crucial for the discussion below that to order 1/in E the phase
cof -Ac' does not depend on the details of the discontinuity of the cut
(the set o? C ), thus to thls order the phase of Ac' and B, are the

same, Since for small 1%, ap” and ac are nearly equal, the term

s o A MO per it e -

(7 + l)tan-l

is really the leading term of the phase difference between the cut and

the pole, and so must not be neglected; a similar point has been made

i P W g g Cvne

in Ref. 7.
\

At energies'éo large that C /E << (¢n E)n,' Ac will be well

.approximated by the first-tefn of Eg. . (7). The energy dependence of

the polarization will tnen be given by -
y
a =C ’ ”~ 1 .
¢ 0 x| 1 " ’
sinzia - a + (7 + 1) tar
' L P /ﬂf\ J

) ‘1( +1)/2 : l-’
&2 ;(-2)2 y 7/ | . .
\“’ ‘ | I (9)



o=

In the smail, ltl region of‘interest, for v =lO, and a Very wide
range of E , the energy variation of the polarization is controlled.
primarily by the sine factor; see Fig. 2 for e graphicallillustration
of this. We should point-out that a simplified version of Eq. (9) has
been given by Delany and Gross in Ref. 7. However, when they discussed
the energy dependence of the polarlzatloﬁ in this small ltl region of

G,-@

1nterest they only considered the EC P factor, neglecting the

'logarithnlc denominator and the controlling sine factor, and so were led

- to eonclude that the polarization should increase with energy.

We can define the effective positim of the cut, G pp 2 SO unat
' ‘ "ore | \
phase of Ac' = phase of (%tan —5— +1) o (10)

From either Eq. (8) or Eq. (9), we can see that at large energy,

20y +1) ., -1 kLS y +1

(E t) = a(t) - =L 2=/ tan ~ a(t) - .
eff ¢ b1 ,.2:&niE7EO§ ‘ c &nZE7EO5
(11)

We can now see what the energy dependence for the polarization will be,

in

for E large enough so that Eq. (11) is valid. For given E and small

“enough [tl’, o] will be less than ab ; as the energy increases

eff

O op will rise, the phase of the cut and the pole will get closer’
al . .

together, and the polarizetion wiil fa;l; At larger lti, vhere

ef > @, the polarization will increase. These remarks are 1llu trated:

in Fig. 3.



Between the region in t in which
and the fegion in which i% Vill fail, is thé:p01ﬁt aeff = ap K af this
poiﬁt the'polariiatiqn is zero. That is, there is a moving zero in the
polarization at the value of + satisfying
o (t) - a(s) = 207 + 1) o0t e~ 7+ 2 .
¢ o - b 2 n{E/E) an(;/EO)

~"We turn now to the question of whether energies

.GeV are sufficiently large to warrant the approximation of keeping

the first term in Eq.

s

derivatives of the discontinuities (the Cn’s), which we

From Eq. (5), keeping the first term in Eq. (7) is equivalent to assuming

that

4
R™(

is independent'of _Ju

, for those values of

(7)._ The answer to this question depends on

+
D7(J;t)
td 4
cos = (ac J)

J,‘t) =

J for which (E/E,)

(12)

of 5.9 and

the

do not know.

o -J
C

11.2

only

.18

significant. For the energies in question this is perhaps a full unit-

of angular momentum.

~since B
o]
polarization depends
; oo, et
why R (J,%t) should

‘detailed explanation

pecssible assumprion,

We would expect that the

sign

e zero at J = 0. In our

of the cul residues,

. ] +
namely that R (J,%t)

contribution to the

at J = 0; however,

assume that the
we know of no reason

ignorance of arny

ke 4

AT

ne simplest

approxinated by a



constant (or at most an exponential) for -3<J Sa . The exsonential

, c

can be included by adjusting EO; for scome choice of EO’ CnT =~ QO for
. 1 - )

n>0, and A, is given by the first term of Eg. (7). In fact in the

fits we will take E, = 1 GeV and 7y = 0, although these Tits to the

0

presently existing charge-exchange polarization data are insensitive

Lo 2.

to this particular choice. More explicitly the cut contribution is taken

to be L L » .
-+ e, @,
. Co (t)(tan -+ i1)E )
A (Et) = — (13)

with

c = (ac + l)ao exp(ait),

where"aO and al are the parameters. The factor (ac + 1) is

included here to be uniform with the parameterization

Yy

or the p-amplitude
of Caée]_below.
In our'numefiéal analysis, together with the charge-exchange
polariiation data gifen in Ref. 2,'we include_a sanple of high energy
nlf data, such as the differential cross sections and poiarizations
+ ' + ' :

of =n"p elastic scatiering, the =n"p total cross sections and charge-

exchange differential cross sections. The exact data included are

enumerated in detail in Ref. 11 #nd 1k, We add the 0-P cut contribuiion

of Bq. (13) to the Regge amplitudes of P, P' and p . The P and P'

amplitudes are parameterized in the same manner as in Ref. 14, Two

]

14

different parameierizations for the p emplitudes, depending whether

/"“.



the p +trajectory chooses sense or nonsense at 'dp = Q , are considered.
We will proceed to discuss our fits for thess two cases separately.

Case 1: The p trejectory chooses sense at ap = 0.  We write

v R 1o

- . ! o P P z P
Ay = (ap + l)ao 1(1 FG) explaty - G (tan 5 + 1)
2 . .
: . PO ap'-l
Bp. = ap(qp + l)bO expkolu;(uan' 5 i)=

(14)

‘where the term G is introduced here in order %o explain the observed

<~

sign change in the difference

+ -
g lﬁ P dg X P
dat ! dt

‘in the smaiiv‘lt[- regioﬁ (so-called the crossover effec’c).15 With the
inclﬁsion of P, «Pf'and p plus the cut contfibution, we found that,
having comparabievfifs to all the other data as in Ref. 11 and 14, the
charge~-exchange polarization data can be adequately fitted. The fit for
the charge-exchange polarization islillﬁstrated in Fig, 1. The
parametérs for the cut and the oo vcontributions are tabulatea in Table I.
For éomparison,'wé-include in Table I also the corresponding paraneters
for the bramﬁlitudeséiven in Ref. 11. TFigure k4a shows the prediction
of cﬁ;rge-exchange'polarizations at 5.9, '11.2,’ 22, - 50 and 100 GeV/c
“over a lafgé"t”vinﬁerval given by this solution. We illuséréte,in

Fig; 5a our fit to the cﬁarge-exchangé diffefeﬁtialAcross-séction data
“at 13.3 GeV/b andlthe éontfibutions‘of the'individugliterms{ N&tigé
@he dominance of ﬁhe p contribution, except negr.the dip Where»thg

.

contribution due to .

the interference tetween the o and the cut is

significant.



Case 2: The p trajectory chooses no:sensc at. =0 . Ve

T _— . - o«

! - av i FOA N G o . p
Ap = a(a + l)ao vxp\alg}(uau -+ i)E
(15)
T . zieN ap-l
Bp = ap(ap + l)bo exp(olp; tan —= + i)E .
) *

In this case, the crossover effect described above between = p
dlfleren ial cross sections is- naturally [Shlge )la i- ed by the change in sign
. L [ [ Ty
- in the sum of Im A and ImA . At o =0, A =B =0, the
. _ p ¢ _ p A p
sizable charge-exchange differential cross sections observed near the
dip is filled by the cul contribution. The cut and the p parameters
for this case are also tabulated in Teble I. To give a qualitative
feeling how the crossover effect and the bottom of the dip in charge-
exchange differential cross sections are fitted, we present in Table II
a comparison in X associated with the high energy =« p and charge-
exchange differential cross section data for Case 1 and 2 and the
corresponding values in Ref., 11, The fit to the charge-exchange
polarization data .for this case is also illustrated in Fig. 1. TIts
’ s L. L) ) bl 2 e Lt o £ P -
prediction on charge-exchange polarization for a larger t interval
at 5.9, 11.2 and higher energies is illustrated in Fig. 4b. Our £it
butions of the

N . - s RN} N .
to the charge-exchange data at 13.3 GeV/c and the coniri

individual terus por thig case are illustra

o : ' " We summarize that followihg the approach of Ref. 7, we have

~ R

charge-
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exchange polarization due to p and p-P. cut contribution. With the

_assumption that therdiscontinuiﬁy is*constaﬁt’ana tneAchargL—echg nge
polarization is éhﬂy'mﬁ't>1nue“Le rence between Aé' and Bp ’ fhe
charge-exchange polarization should behave aS'foliovs. ~There is a zero
whose locatioﬁ illmoméntum transfer moves with.energy.'.ln the reéion

where [t[ is less than the position of this zero, the polarization

decreases with increase of energy, and in the.larger [t[ region the
p /

polarization increases with energy. The cut contribution needed %o .

explain the existing charge-exchange poliarization data in the small ]tl

e

region is quite sm2ll as illustrated in Fig. 5 (also for example at

11.2 GeV/e, t =0, A ='0.13Ap‘ for Case 1), although its contribution

region could be

o/

in the large lt] region, in particular near the di
substantial. With the introduction of this cut contribution, the data
_can. be consistently fitted with the p +trajectory choosing either sense
or nonsense states at ap = 0 . With the p choosing nonsense at

+ ,
& = 0, the crossover effect in n'p differential cross section can ve

] . i '
explained naturally without introducing a. zero in A . The assumptions
)¢ y g 0

involved in this paper seem to be adequate in explaining the existing

nll data. However, their validity remains . . to be further tested
experimentally. '
We would like to than: Professo; Geoffrey ¥, Chev for having

suggested this invesitigation, and Dr. Robert Thews for several helpful

discussions.
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: TABLI I: | Parameters for the ¢ and the
Case 1 ' Casz 2 Sol. a of Ref. 11
( —
) ] &, moGeV - 0.63 - 0.71 -
cut (‘ _'2 : _
;Lal GeV 1.27 0.0k -
. RN L
a, mbGeV 1.69 1.75 _ap(o) - 1.49
a Gev? 1.92 ©1.90 2.0l
o (¢ 1.21 - 1.79
b, Tb 28.9 28.5 29,2
by Gev ™2 0.07 0.07 0.12
;/ap(t) 0.57 + 1.01t. 0.57 + 0.99% 0.576 + 1.02%
i . .
0. ¢ o(t) 1.0 + 0.35t 1.0 + 0.35% 1.0+ 0.34t
{ac(t) 0.57 + 0.26t 0.57 + 0.26t -
TABIE II. A X,Q comparison for the differential cross~sectior§ data
_ Present woerk Ref. 11
Data Total points Case 1 Cage 2 Sol. a Sol.
N :
% p des 141 158 6L 133 161
% p - xn des 56 86 o8 a7 87




Fig.

Fig.

Fig..

Fig.

Fig.

.

. FIGURE CAPTIONS

1. 1 P, charge-exchange ‘polarization at 5.2 and ll.Q'GeV/b.

2.

By =1GVatt = -0.15 (GeV/c).

are from Ref. 2. The solid curves

o

and the dashed curves are correspondingly the fits for Case 1

‘and Case 2.

The energy dependence of factors in Eq.ﬂ(9) for 7.=0,

R

N

The‘funCtipns aéff(t) at .Q_and:l’.E GeV/E{ Q?(t), ac(t)

and ap(t); for Case .-

Chargeéexchange_polariéatién at 5.9, 1l.2, 22, 750 and
100 QeV/E as predicted by:(a) CQSevl sé;utiqh and. (v) C;se.Q
solution. o | | | |

The fit to the>charge;exchange differential cross sectioﬁ'for

.

(a) Case 1 - and (b) Case 2 at 13.3 GeV/c. Data points =L are

' from Ref. l6a'apd IT  from Ref. 16b. Notice the p trajectory

i R} s .-l . . - ‘.v 1 2
contribution is dominating except near T = -O.6-(GeV/b)

where ‘Bp vanishes and the p-cut interference contribution

is comparable to the p contribution.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. ‘Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, '"person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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