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PION PHOTOPRODUCTION, NN SCATTERING,
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Richard Brower. and Jan W. Dasht
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ABSTRACT .

The differéntial érdss gections for pion photoprodﬁction have
beeﬁ-ekaminéd along'with thoég for- pn’fanp and pE - nn gcattering.
It is found thét an M =1 pion parity doubleﬁ fit is consiS%ent wifh
both seﬁs of data 1f a‘fuli dynamical-éero in the NNy vertex function
is hypothesized. If a square-root—type dynamical zero is postulated,
some problemé witb consistency bétween fits arise. In the forﬁer case;
the zero is at t % -0.05 Gev?. In both fits the M= 0 p, A,
and B trajectories are introduced. |

The possibility of an M =1 parity'doublét tyﬁe conspiracy
for the B tfajectory has also been investigated éﬁalitatively. This.
assignment is suggested by a- B trajectory photo?roduction‘finite
energy sum rule aﬁd by consistency'réquirements between phénomenological
- fits and the Bietti-Roy=Chu pion_photopréducfioﬁ sum rule which predicts -

t, ~ -0.03 GeV". Additional experimental tests for an M = 1 B

trajectory are prorosed,
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INTRODUCTION

If has been known for some time that the differential cross

sections'for £6si£iVefpion phétbproauctionl show a marked fdrward peak

' very close to t = O;vsimilar to the peak found in np charge exchange,
with a width close to .pg; A number of people have conjectured that
an M =1 type congpiracy involving a pion parity doublet would prove
to be éuécessfﬁl;'as it wéé'in np charge exchange,2 and préliminary
fits'héVe béén made fdfksﬁali 3.0 We give an account here of a ﬁore
détaiied fit'éfzﬁhOtoprdduction_data from 2.6 to 16 GeV and t ranging

2 We find that the M=1 parity doublet (the pion x

uﬁbto -0.5 Gev
and its parify déublet'ﬁartnerv n')‘providesVa sétisfactory explana-
fioﬁ of the daﬁé if the 0, AE’ ~“amd B trajectories are also
included (és thé& wéfe in Ref. é). : Thege latter trajectorieé are all
assumed to be M =0 +trajectories with thé. BNN . residue vanishing at
t = 0. (The B parent trajectory is completely neglected here, i.e.,
‘we, agsume it decouples completely from fhe Nﬁ and  yx channels).

The only other known meson trajectéry tﬁat could be‘eXchanged here is
the A, ‘trajectory. Although the Al trajectory (with an M=0.
assignment) séems:necessary to fit certain resonance production data,
we do not include it here. Thus the Fits here are consistent withvthe
assumption of zero (or small) AlNﬁ‘ aﬁd .Alyﬂ’ couplings..

The question of the order of the zero in the pion residue function

is also inyestigated (this dynamical zero is denoted here by to). We
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fiﬁd thatvthe éssumption:of a full zero in the vertex function is
prefefred 6ver‘that of a sduafe—réot ty@e zero in the above model.
Consgtraints involvihg factorization have been imposed from previous
fits,5 and a fit aséuming fhe existence of a double zero in the pion
NN —>NﬁA‘residue_function has béen éarriea out for the reactions
np‘—%pn‘ éﬁd'pg -nn. .Thié doublé Zero bccurs4around to X -2.5 ug
»raﬁhéf than to”z ;“2 iaé is the case if a single zero. is
éssumed;"> |

|  .We hévenaISOUQQélifatively investigatéd the possibility thét
tﬁe :B tfajeéfdry'is aﬂ' M =vl .rather than aﬁ M = 0 iject. FQr
some time péoplé'haVe spééuléted“about the possibilify of the B
tfajectdry'cdnspiring with an as yet uﬁknoﬁn trajectory, usually
denoted by p', ffom certain”high.enefgy»data,6 Here we find evidence
froh two sources‘fhat this may be>the case. The first igs a photopro-
duction sum'rule‘for the‘ B ffajécﬁory; gimilar to the Bietti-Roy—Chu
gum rule for the pioﬁ trajectory.7 It‘waé found that there was evidence
from this sum‘rule for a conépiring pion with a zero in the pion fesidué
at t, & -1.5 ug, qualitatively (but pét exactly) consisfent with
phenémenological fits of the data. We perform a similgr éalculation_
using the small photoprodﬁction-isoscalar amplitudes for_the B- trajec;
tory and find similar resulte; the B residue is émali and nonvaﬁiSﬁing
at t =0 With a zero displaced by about —5 HE. The gecond source
comes from the pionrphotoﬁroduction and NN data, relying on the Eegge

fits. The small M =1 B amplitude suggested by the sum rule seems‘
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inconsistent with the laréé‘ M=0 B amplitude found in the fit.
Furthér, if énevdémands cdnéistency of the position of the Zero in the
pion residuevanction found ih these fits with the Bietti-Roy-Chu sum
rﬁle, an M =1 B trajectory is preferréd over M = 0. Experimental
tests involving pp —anﬁ,. yn —»np, and =N — «N* reactions at small
t. ére proposed to make a Quantitétive determinaﬁion pogegible. -
‘In.Section’i,we'giﬁe,a brief account of the pion photoproduction
formaliém. iﬁ Sectiqn II‘we describe the data and the fits. Section III
descfibes'the"photdpréductién ‘B sum rule. Section IV is concerned

with qualitative remarks designed to support an M = 1 assignment for

-the B trajectory. The Appendix contains some remarks about

photoproduction kinematics and conspiracies.
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II.'—FORMALiSM FOR PiON PHQTOPRODUCTION
Wg-define‘gur svléhd t. channels ag
-8t .y + N -+ N
tr g +x SF 4N

We next_défine tfchannel‘parity-conserving kinématicfsingularity—

free helicity amplitudes by the formulas:

t 1 t t 1
F = = (£7. .+ ) s
1 gin Qt ++,1 --,1 £ - u2
bt 1t ot il 1 2NS
For = ¢in N (f++,l' ?—-,l)[t/(tvum') ]
v o A » 1
R e s B
t t .
= - = g 5 L ’ :
b Lrzeg =2 ) (4o ®)(42hnt)3
| . S . | 1
where 2z, = (s + e - B /okp = v/2%kp, k = E———Er‘, P :_i(t'-‘hmz)?,
MR t 2 " 2 . : 5 2
o : 2(t)2 : . o
The pioncontfibutes to th only while sehse-nonsense coupledutriplet
states contribute only to Flt. F3t and Fut_ in leading order are

- composed of nonsense-nonsense. coupled triplet amplitudes and uncoupled

triplet'amplitudes regpectively.

<

v



0, 1, S, N, and the regular [P = ('-1)J] and irregular [P = (-1)
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' TheReggeizationbf the parity conserving amplitudes yields

—‘i;rOé.

: . E: (l +a )1t e i) i i . o, -1
o= 2 ein x| SR (t) Ggg (v) (T) ’
l . o O .
' \ -ina. | S v
. - (1 + ai)(l +e i) _ i(t) . i(t) v o; -1
2 T 4 2 sin Q. Yo1 ~ot (v ) )
i oo i ‘ - v 0
_— 4 g, ,
. t Z (1 +O¢1)(l e i) _— i(t) . i(t) .
3T T 2 sin 1 7NR - NR U0
" ' l i y ozi-l '
< Heg -0 - ) 70 6 (t)kv—o'> -
| (1 o+ ) (1 e M) : .
L SR o 7. Me) 6t (%)
Ch T =TT T e s 1 711 11 y
' 2 . . o -1, |
1 t - - 1 R *y - N1 -
-, -1 By i) o (t)K-;—) L@
where =1 GeVg.

V O ‘
The residue functions 7ij(t) “have been given labels descrip-

tive of thé vertices. We label the singlet, uncoupied triplet, sense

coupled triplet, and nonsense coupled triplet NNX- vertices by

J+1
}

ynX vertices by R and I. The residues'may contain powers of O

or t depending on- the ghost-killing mechanisms and t.= O coupling
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schemes,g’5 and are denoted by Gij(t) (Table I). The connection of the
7ij with factorizable residues iBij is given in Table I.
The cross section in the & channel in terms of helicity

amplitudesvis given by .

4o, . -2, - 89.5 st 2 t 2 v +
Tl cev™) = —2 : eI LI e R I S A Y
23{(8 - m) R ’ B

or in terms of the parity-conserving amplitudes,

09 gey@) - 3895 (Zt2 - 1){(p2_-‘t)21FJ£12 . um_t- tng,Ie]

\ 2 2 o L ’
s +-1>[(' <t R - )67 - t)g'!F)fla]

. uzi(gum?v;_t)/-g)% (u?-t)QRe(Fétf”Fut)u . (3v)

At" t = 0 we get the additicnal constraint arising from the

required anaiyticity properties of the amplitudes,

om ¥,%(s, 0) = FBt(s, 0) . o (ha)

Notice that this constraint removes the apparent singularity in ‘%%

at t = 0. In terms of the M =1 parity doublet .conspiracy between -

the 5 and x' we obtain the following relation between the residue

1

~ ; ok — a',
functﬁons. 701 and Typ -+



must have .a singular iesiduer 7iId(t) o - B 7NRﬂ (t)
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T () = - 550 o ()

"MoreOVef,Athe first daughter one unit below the parity doublet
: 5 '
L that is

t lt—aO

correlatéd with the'lﬁ' -fésidue to avoid a singularity of l/t in .

Fut(O). Indeéd,.this“condition is the fesult of the pseudothresholdv

relation found by Ball, Frazer, and Jacoba-for the use of unequal—mass
baryons CSee:AppendiX). o

The gaugé invariance relation giving the pion-nuéleon coupling'
constant - for 'n+‘ photoproduction_iS'
2)

t
“1lim t - A
2 ( - e

T-

e t) - 0] = mwfer . (58)

s

S : : v .
' Hencé we obtain the connection between g~ /Ux and 781‘ for

xt photoproduction:

[evgl(p2><l - ue/to>‘]2'

2 1
g /hn = prs 5 (50)
e
. b 2 | | o .
where 70;(p ) = a_e "™ (see Table II). The relation 5a also
requires-a factor of (t --ug) in the B-residué; otherwise the B
would contribute to the pion pole.
The constraint arising from,factorizatiohbon the x' residue

function from nucleon-nucleon fits is given by
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] 1 : ' 1 ot
f — =TT ’ _ bid = I _ .
(:7SR "NR_)photoproduction (}12/(aﬂ') 722:)NN £it (6)

1 t

where 7§2 and 722 are the g¢ame functiong listed in Table II of

. Ref. 2.

" Finally we remark on an amusing connection between the cross

gsection calculated from the gauge-invariant Born term and that calculated by .

using the M =1 n-x' conspiracy, assuming tb = ug. Namely, for
‘small t and large s  the Regge contribution isg equivalent to the
Born apprOXimatibn. Satisfying the normdlization condition and the

conspiracy condition with the residues. ﬁﬂ(t) ~ %5 (1 + t/p?) and

Bﬂ,(t) ~ gg_, one obtains
dt ‘ A 2.2 5 SR o
-~ 7 Regge bp(s - m)" 4L = t/p . _ .
_ 389.5 e“g” (1 + t/pg)2 _ g_g>' - ’ (7)‘

(s - 2)° n (1 - t/u2)° at
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II. THE DATA AND FITS FOR 7P — D, NP — P,

AND pp — nf  SCATTERING

"A. The Data

The'photoproduction data usedl were positive pion photoproduction

data at 2.6, 2.7, 3.4, 3.7, 5, 8, 11, and 16 GeV/c lab momentum.

' Réliablevhigh energy negative pion photoproduction data are scarce; we

used only'énéiﬁbinﬁua£-3.u GeV/c, t = =0.37 GeV® as a constraint.

We have included data-up to t = -0.5 GeVg; consistent with the NN

fits. 'We have included the pdssibility of systematic errors quoted by
.fhe'experimeﬁtalists on the order of #5%. In all, 62 photoproduction

data points were used.

The np - pn and pp'—anﬁ- data were described in Ref. (2).

In all, 74 data points were used.

B. Parameterization of the Pion Phofoproduction Fit

The most important part of the parameterizatidn of the pion
residue function is the zero at.rto. If one makes the assumption that
the zero in the NN — NN pion residue is a single zero (i.e. a square
root type Zero in the Nﬁﬁ vertex), then the gquare‘root.zero must

propagate throughout all vertex functions of the form X . If, however,

we assume that there is é full zero in the NNy vertex and thus a

~ double zéfo in the NN - NN pion residue, only reactions involving NN

need have the zero. (of course there is nothing to prevent any other
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XY §értéi function from‘haviné“sﬁch a zero, but ifris then ﬁot
_requiréd fo bé'iﬁ'ény épécifié'ﬁlace,) Whilé the origin and full
conténf of the zefé‘is notvwell understood, it seems to have some
coﬁnectiohs.With;’PCAC,8v and recent work of‘Toller9 indicates that
‘fﬁé hypothegis of a fuil Zero in the NNy vertex function is preferred
o&er that of a équéreéroof typé'zefo from grdup theoreticvgrounds.
Since eérlief fits to: NN scatfering,assumed fhe square foot type
vertex zerd, Wé-haVeAfif the NN data with the fuil NN véftex
functiqn’zerévhypotheéis and find théf the zero is then required to
be at afoﬁnd' to %_42.5-p2 rather‘than at ;pg. The photoproduction
pion fééidue fuﬁction.has a siﬁglélzero in any case (we assﬁmé nothing
about tﬁév 7nn"vertéx in the full vertex zero case). We'find that
consiétenf fits to all data cén be obtgined.With the-full vertex zero
hypothéSiébbut thét some diécrepancy-exists between the valueé of
gg/hﬁ_ ébtaihed in the.'NN and photoprpductidn fits iT the square root
vertex zero is'assumed. | |
The parameterization of.ali trajectories and residue functions
was made consistent with meson-nucleon and nucieon—nucleon fifs.2’5
The x, Hv" o, and AE- trajectories were-considered fixed and the

B trajectory slope-was assumed unknown. Factorization from meson-

nucleon fits constrained the p and A, residues, which were taken

2
to have the Chew and Gell-Mann ghost-killing mechanisms at o = O,
respectively. Thus this £it violates o - Ap exchange degeneracy in-

this respect. The «' was made to choose nonsense at @ = 0, and ite

»
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residueé were C§nstrained fhfough factorization with the NN fit and
the ébnépifacy‘equatioﬁ.. Aitogethef three couplings (p, A, B),
fivevexponéntiéis,‘éne tréjectory (B) slope, and the zero b, were
ﬁéed as(vgriables. Tn addition, the 2.6, 5, 8, 11, and 16 GeV/c data

were allowed to héVe systematic errors of less than #7%.

C. The Fits

Photoprédﬁétion fité for both cases'of'a full vertex zero and a
sqﬁaré root'type veftex Zéro were obtained. .The parameters obfained
in the fqrmer case are'iisted in Table TI. The'amplitudes'are
picfured in Figs. 1 and 2, aﬂd the fit itself is picturéd in Figs. 3
and“&;h.Althbughtiittieweffoft hasvbeén made to tést the nonuniqueness
‘bf'the fifs, it.is:probably true that they are not unique, so that
these parameferé sﬁduld not be regérded quantitatively too éeriously.
We noté in‘paésing’that'the'smalll o) amplitudés found here seem
consistent.wifh_the result of small <vymnp coupling found in photo-~
production dispersion rélation calculations.

A fit to the np-pn and pPPp-ni data was obtained with the
assumption of a full NNy vertéx zero, and thege parameters are also
gre;ented in Table II. Thé notation used is that Of_Ref.-(é). Fits
with the square root zero at vafious locations were‘aléo obtained, and
will be discussed below. o |

| The best photoproduction fit fof the square robt vertex zero

2 ‘ - ' '
case was obtained with X = 73 for 62 points and a value of
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gg/hn =.l6.8,vin some disagreémént with the value of gg/hﬂ = 13

, obtaiﬁed in the NN fit for this value of t, -(to _ -0.027). Fits
with lafger‘vaiuéé-éf to Afend ﬁd!decreaSe gg/hﬂ for photoprodﬁction
lfaster'ﬁhan gg/hkr for {ﬁN vscatféring, éo that the farther oﬁt we
move tg the ciésér?We'éomé'to cbnsiétency,; However, for ty = -0.03h4
we th;in' gg/hﬁ = lBlénd 11.7, respectively, for yp .and NN

ﬁ:farfher out and retain an acceptable

scattering; we cannot move 'to

value of ég/ﬂn for'“NN vscaﬂtéring. On the other hand, moving fhe~
zéfo'in fo to.zi—O;OlB oﬁly raises gg/hﬂ to 15.7 in NN |
scaffering; ‘Thus somé‘inconsistency‘seems to exiét. This discrepancy
may, howévef;‘ASt be éérioﬁs, since we cahnot‘be_sure that there are no
other M = 1 5¢¢ns§iring farity doublets (e.g, B - p'). If there
Wére, one Eéuld fﬁt a zero ét.some vtB <0 into the B‘-fesidue
function,land:thé data éould’then bé'fit‘with a wide range of values

for td since the coupliné of the pion would then no longer be

constrained gt t = O. We discuss this point more fully in Section. IV.

The best photoproduction fit‘for the fuil Vertéx zero case
was obtained with X - 66 for 6o points (not signifiéantly different
frpm the previous casé);. With a value of to = -O.OS,Inearly equal
values of gg/hn = 15.4 and 14.7 were obtained for photoproduction
and NN scattefing respectively. Thus problems'of'conéisfency do not
seem to arise if the zero is assumed to be a fuil vertex zero.

The value of the x~/x™* cross section ratio at 3.41 GeV/c,.

) .
t = -0.37 GeV" ' is measured to be 0.73/2.1 = 0.35. We obtain
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ﬁ(n‘)/o(n+) = 0.87/1;5v= 0;57 for both types of zeros, giVing a
foiaiz.iéa‘ofvabqut .3  fof the 5~ and ‘n+- cross sections in each
case. ,
' Thé photopfoduction data éan be fit wéll only out to abéut
t = -0.5 Gévg’ with the models assumed here. Past this point, the

_ o : . _ .
data show a break whiéh we do ndtVQuantitatively reproduce. This )
break may be relatéd to the structure in the pp ;anﬁ crogs sections
past %7; —0,5 which the NN fits’could not guantitatively describe.
Tt is possiblé that thé inclusion.of other trajectories (e.g., an

M ='l':p' or some amount of Al) ‘could be used to affect quantitative

reproduction of the data.
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III. THE B TRAJECTORY PHOTOPRODUCTION SUM RULE

We-bégiﬁ by Writing the sum rule, a positiﬁe moment sum rule
for the even’ y part of the t-channel photoproduction amplitude which
contains the B (but not the =x) trajectory. This t-channel amplitude
' | 10

ié>proportional to the photon isoscalar amplitﬁde'which in CGLN

notation is (we use CGIN's v in this section)

T, 0 = 0 60+ v, 6,0 . Cw©

The sum rulé‘iSvthen,

, . I o ' . ‘ 'O‘Bﬁ-‘l

o= . Tm % ' egt+p° 1= B N '

0= 7 f v Im Ay, t)dv + vy Ty .2 T Tor (?) R(t) R
. A T . E . : : ) ; ’
o S S (9)

UMy

il
-
]
o
e
g
=
<
I
on
1
C
.

B
and

2o (

i

R ) 2 om) B /(3807

1 +ocB)(2 + o

We evaluate A(v, t) by writing its multipole expansion formally as

~ ' eg t + . . 1 , :
A(V’,t) - 2: 75;(v, t) H% : l"LQ(:"V T Ty :), (19)
i . - ) . .

.t - "B
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where the muitipole 'sum has the  (real) Born term explicitly removed.

The sum Z 777 (v, t) is given in CGIN through the multipole expansion

4i (©) where

R, 1) = (00 B/ + ) 700, 4

- %1‘- [+ Eg)/(M % E‘l-)']2 42_(0)(% t)
P Wt T MH )4 (Vv: t)
+ = T
v - M)_ [+ By (0 + 2,)]7
-:;-—LL—-—2-(Wt+NI;,L)[(M+E)/(M+E')%2 (vs
2k Wq : ‘
(ll)
Thé final form of the sum rule :is thus
. ‘ _>N' ' océ+l
- z?lfd)_g (t + HQ) +:-]:- f v Im Z?Z(Vft_)dv = }? (t)R(t) &;T'I
: Ve i . v
(12)

We use the parameterization of the multipoles given by Walk_erll

t’o evaluate the sum Z?Vi(v, t). This parameterization utilizes

gix resonances and a number of nonresonant parts, which are generally

small.
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The resultsAof‘the calculation are presented in Table III;
and the integrands of both the Bietti-Roy-Chu and the B -meson sum
ruleg at t =0 are plotted in Fig. 5.

Tt ic seen that the B residue is finite at t =0 ‘and hgs.a

zero at tB %--Bue. The implication is that the B trajectory is an

M=1 trajectofy, cOnépiriﬁé with an as yet mknown trajectory usually
dénotéd‘as “5'. Before turniné fo the reieVance of this to scattering
~ data, we femark:thaf thetforﬁ foundlfor théb B residue suggests an
ahaiogﬁ'with fhé pign fééidue functién.andvpérhaps suggests some'
correlation between fhévtwé trajectories in the sense of exchange
degeﬁéracy.' if‘the B ‘ﬁrajeCtory were to pass through the B meson
and through zéfo éﬁ t ; O the slope »aB' would'be 0.7, which ié

riot unreasonable.

.Wé‘commentvnext on.the feliéﬁility of the positive moment sum
rule. Firéf; we néﬁe a,deficienCy of the B sum rule that the
corresponding pion sum ruie does-not possess. First the Born term )
here is depressed by a factor (t - pg) relative_to the pion sum rule
g0 that thé'inherent stability df the pién éum rule due to a large |
Born term is loét. Secondly, the small isoscalar amplitude is’
presumably noﬁ too reliably determined, ag it involves canceilation
of large and nearly equal resonant amplitudes for . xt and. " photo--
production. Thus, if‘thére were important isoscalar reéonant coﬁtribu—

‘tions at k > 1.2 GeV/c the sum‘rulé woula be inaccurate. We remark,

however, that the integrand is positive over the whole region
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k = d;évtéAifQ_GeV/C; hénce to reﬁerse the sign of the integral (thus
ﬁéking thé. B.vdnv M =‘O Atfajéétory), one wpuld‘neéd to undo the

. total éffect of fhelfiféﬁ sié resonanées. Since we are working with a
positivé;ﬁdhent sum rule,‘this is not inconceivable. vHoweQer, the
convergencéiof the integral bver thevfirst_six resonances is gobd even
with the positive>momen£, so-the sum rule as it pfesently stands
con&érges well. Notice'that.the "duality concept” as advanced by
Schéiq aﬁd Chew;lg whereby domiﬁént Regge trajectories provide a semi-
local'évefage té thevénergy deﬁendénce of the imaginafy paft of the . .
amplifude'at:ioﬁ‘énergies in the fesonant region,dbes not appear to

_ hdid_in.fhis éﬁé¥éy fégion;aé thé contribﬁtion of the first éix
résonances fo £Hé »B:fsu@ rule integrénd frodﬁéés-oply a wide positive
' bﬁmb'over'the>wﬁole-regioh of iﬁtegfation.v Iﬁ faét, the Bietti-Roy-Chu
sum rule integrand is even worse;vbeing purely:ﬁositive af momenta |
0.2 <k < 0;7 GeV/§ ahd negative for 0.7_{ kr< 1.2 GeV/é (see

Fig. 5). ‘ Thus,photoproduction ampiitﬁ&es at these energies seem té
violate the Schmid "duality ¢oncept;7 though there is no reasén why it
should not be valid over a larger énergy region. Finally we remark oﬁ
the zero in the B re;idue indiéated by the sum rule. Tﬁe zeré is
cagsed by cancellation of the Born terﬁgﬁhat rapidly iﬁcreéées in f with
the nearly constant integral. If we-doﬁble the integral, the zero
moves outward td‘ tB = —O.lh;‘if we cut the integral in hélf the “zero
- moves in to tB = -0.06. Since we cannot reliably estiﬁate the erroré
on the integral, we cannot really be sure that the zero is not in fact

at 'tB = 0 (thus indicating an M =10 B trajectory).~
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We have also investigated the possibility of evéluating the
n'.and B residues using ordinary cutoff dispersion relations.' The
regulte are only roughiy in agreement with the unsubtraéted sum rules,
yiélding_ M=1 n‘ and B residueg without any zeros and with
magnitudes at t = O larger than those of the FESR by'an order of
magnitude; However, the cutoffvdispersion relation is satisfied very
nearly by the Born term and rqﬁghly by tﬁe_reéonances, so;that the

calculation of the Regge term is inherently inaccurate.
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IV. IMPLICATIONS FOR SCATTERING DATA AND THE PION SUM RULE

The actual é#istencé of an M =1 B trajectory cannot
cdﬂéiusivély bé ééﬁabiishéd from experimental’evidence; As‘we have
shown, an M = Ov B tfajecfory is certainly coﬁpatible with the existing
dafé."We éfgue;'hoﬁéver, that an M =1 B “trajectory is also compatible
and perhéps pfeferréa'by ekisting data, but that exhausti&e fits usihg
it would be inapﬁfopfiate until measufements at small t are made of
ﬁhe high énéréy‘cféss'sectionskfor th¢ précesses PP —»nn and
7h - 1p. Tﬁese measurements should serve to determine the. existence
of an M=1 B frajéctory ihva model ﬁhere only thé w and B
trajecforiés.hévé M=1, since the ﬁ-B and '-p' interference terms

chaﬁge sign'between the'processés N —ahp, PP —»nn ‘and between

7§‘—>ﬂ4n, .7ﬂ —§£4P. If thé B has thevquantum.number M = 0 these

interfefenéevtefmé at f.% O.vafe Zero iﬁ ail cases. However, for an
M =1 assignment these interference terms ﬁould be nonzero at t = O.
Further, the small t. behavior of the pp —» nfi reaction also brovides
a clear way to distinguish the type of zero in‘the 7NN Vertex_
function.. | |

- Another reaétion which would be critical in determining,the' M
Quantﬁmfnumber'of the B would be N - uli® ‘near t ='0. DNotice that
this reaction is the analog of the reaction sl — oN* ihvol&ing 5t
ethange. Finally, pn - np polarizatibn measurements:neér t =0

should affect this determination; these measurements are currently in

‘progress.
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'Wé'now éonsider the implications of consistency of high—energy
data dombined with the pioh sum rule for an M = 1 assignment for the
B trajectory.

~A.. Photoproduction

If we téké the result of the B sum rule at least as an
‘indication of the magnitude of the B residue, there appears to be a

contradiction with the fit. TFor [t| > p? the fit with t -0.0%

o=
seems to require at least a factor of 30 times the B .contribution
giﬁen by thévsumfrﬁie. The‘ M =0 B assumed in the yp —?n+h fit
may thefeforé Befinterpreﬁed ag simulating the éffect of a small M=1
B vamélitﬁde_tdgethef with the p\ amplitudes. If we assﬁmé'small
«yB . and %%p" couplingé, a medium NNB and médium NNp' nonsense
COupliné, énd é iafge  Nﬁp; _sénée coupling; the M =1 B énd o
wiil véfy neariy.si@ﬁlate the M = 0 B amplitude assumed in the
vphotbproduction'fit,being.predomiﬁately equal to the sense-nonsenée é'
amplitude which vanishes at t = ORYsée Fig.A6).

Tt is possible that with different o or A, ghost Killing
mechanisms (or the inclusibn of some amquﬁt of M=20 Aix legs M ; 0
B  would be required fd fit the data. InA;ny'éaseé the‘ ﬂ+>.photopr§duc-.

tion fit can surely be made consistent with an M =1 B-pav conspiracy.
Next, we considervimplications of an M=1 B 'frajectory for

7 photoproduction. Assuming the existence of an M =1 B trajectory

and the zeros indicated by the sum rules in the 'y and B residues,
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it ié phehbmenologically clear thét ﬁoré c¢nstfuctiVe =B and
(p +{§') "(ﬁ; + AE) intefferén:es would give better results for the
:fit fo_%he ﬂ-/ﬁ+ ‘ratio at moderate *. .This; unfortunately does not
‘prédié£ﬁthat‘thé nf/ﬁ* ratio near t = O woﬁld cdnfinue to be small
sinéé'the pfﬁéﬁd A2 Vtérms vanish at t = 0, and theSevterms are
éignificén£ at mbderéte :f; Notice fhat ldcal'fluctuatioﬂs (i.e.
maxima or mihim§) éhould oécﬁrvin the n~/xt fatiovin the M=1 B
model when the ﬂ'”df.;ﬁ residues vanish. Notice also that as
£ 50 an M=1 ﬁ .trajectory:predicté that the x~/x™ ratio would
be different from 1, whereas the model utilized in the fit with the
M=0 B residﬁe_vénishing at t>; 0 yieids the prediction of a
ratio of 1 'ét t'= 0. Even if the o' nongense 'and B residues
were émail as indiééted ByAthé‘sum-rule, intéfference with the large
ﬁ >ana 7! émbiiﬁudéé‘W6ﬁla producé a noticeable effecf._ Hence, a
: measureheﬁt bf thé = phofoproduction cross section near t =0
would provide a critical test of the p'-B consPirécy. |

Next we conéider, nQ photoproduction. Ader and Cépeville and
Braunschweig et all5ihave fit low energy ﬁO photoproduction data
utilizing an M =0 'B"amplitudé very éimilar.in magnitﬁde to.what.our
M=0 B would yield for ﬂO photoproduction. at small _t (e.g.,
tow -0.1). For higher values of 't; the p éﬁpliﬁudés in our fit would
simulate the B amplitudes in these fiﬁs (which did not include the p).
" Hence the conjeCtﬁ;éd simulation of the Mlﬁ‘o B':by‘an M=1 B+p'

should fit the ,ﬁQ photoproduction data.



-22- UCRL-18199

Fiﬁally wé'remafk %hat the presence or abséhce of polarizaﬁion

in n—p'—eﬂon is not critical to any of these arguments, since we may

always fit the polarization with a sufficiently small p'nnx residue. .

B. NN - Scattering .

‘Next we éonsider:imblications of an M =1 B-p' conspiracy
for the ‘pn —énp and"pi —nn  reactions. First, suppose that the

zero in the ﬁion vertex function (NN ) is of the square-root type.

o= -1.5 u® is consistent in the sum rule and

The'valﬁe of the Zer§ .t
the'pﬁotopréauééion'fits; but leads to some inconsistency in the NN
fité, since. ge/hﬁ in the NN fit turned out.to be rather low.

' Héwevéf,.aﬁ‘ﬁM :ll ‘B vﬁrajectbry‘could easily remove thié discrepancy.
vbyvieieasiné thehééﬂsiraiﬁt:on the pion residue at t.= 0, thus allowing'
d'highef vélue.of ;gé/hn to be obtained in the NN fit via destructive
ihterference éf'tﬁé ﬁl'wifh the ﬁ. a£ vtl= 0 [the p' -and ﬂL would
also interfere destructi&gly.(see Fig. 7)]. Notice that since mdre’
parameters are introduced in an M =1 B fit, the amount of freedom

in fittiﬁg the NN: data actually increasgeg, so there is no doubt that

a successful NN fit can be performed. The-ZerQ in ﬁhé B residue
would help to provide the nepessary.sharp peaks in the cross seétions

and the medium sized .NﬁB and” Nﬁp’ honsense éouplings would no doubt

be nonviolent enough to achieve éonsistent fits.. Thué, the pion could

gtill be held accountable for a large role in_making the sharp peaks.

Notice that in this cage destructive interferénce in pn — np implies
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eonStructiVe iﬁterfereﬁee iﬁ‘ pp — nn .so thet ﬁhe D —5nﬁy.cross
sections Should’remein larger theﬁ the pn — np Cross sectione at
t'=0 if thisbsquare-root type Vertex zero model 1is correct.
Suppoée_now thet tﬁe- %Nﬁ vertex zero is a full =zero. .The
raiue:efvthis iero.required'to fit.both photoproduction and NN data
,ié tO ~ _2.5“2.- Tﬁis Véiue is not consistent with the ?ioﬁ sum ruie
- but could‘be.made eoﬂsiefeﬁt:if the M=1 B trajectqry were present.
Moving the pion zero to t,

tion of the pion in the NN fite significantly (assuming fixed

= -l.5p2 would lower the t = O contribu-

. gg/hn). The exfra contribution needed in the pn —np cross section
could theh'eeeily:be proriaed By constructive<iﬁterference of the B
vith the ", and the ‘p' wifh the ' (see Fig. 7). Thus, in this
caSe>of_a‘fuiiivertex zero, the inferference in vp§ —»nn  would be
deétrﬁcfireIEO'ﬁhat £ﬁere'ehould aetuallyvbe a dip in the pp - nn
cross section for ‘ltl < 0.02 Gev® (i.e.;.the pn —np and pp — nn

cross eections should cross orer).. |

To summarize; if the pien photoprodﬁctioﬁ sum rule is correct,
the existing NN data seems to favor the existence of an M.ﬁ 1 B
trajectory regardless of the type of zero in the 7NN vertei funetion.
If the pion eum.rule is yieldihg misleading'reSUIts, therevis no
preference from NN scettering:fer an. M=1 B -trajectory>sihce it
cOuld.be thatva full ‘Nﬁ} vertek zero at t = -0.05 wduld be.COnsistenf

with the sum rule. The .exigtence of-higher resonances with large yN
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couplings could well change these sum rule results. In particular;
measurements of the total cross section up to 2.6 GeV/c (where our

Regge fits begin to WOrk) would provide information on the N partial

widths of these resonances.

—
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.. APPENDIX. KINEMATIC SINGULARITIES,; CONSPIRACY RELATIONS

AND GAUGE INVARTANCE

Tﬁe kiﬂém@tidAéinéﬁlafitiss:for.pﬁotoproduction and'Coﬁpton
scattefing hé&e‘béen @reviously derivéd from the connection of helicity
amplitudeé with invariant émpiitudes utilizing gauge invaiiance. There |
has been some confueioﬁ as to whether this method agreeg with the

" methods using Lofentz invériancev or crossing mafrices' as thé photon
mass is taken to zero.: Since”this-quesfion has been dealt withlextenf

.sively by Gotsman and Maof, ?,ﬁevshall bresent’only an outline of our
procedure with Sévéfal'ﬁewfobservétidhé.16’17’18’19

There isvcémplete agreement on the kinematical factors for the

© process ~yﬂb—>NlN2'_w1th a}l u@equglvmasses m7 * O’, s Mi, Mé
"respectively.- We start with this expressionl6’l8’19 for the parity

congerving amplitudés free of all kinematical gingularities.

R : i
~ 1 % v t2
F, = ——— (¢ S A P e
1 gin et (++,l —-,_) g(t _ A2)§.
1
> o= ———————r
2 gin Gt_ S, L -=,1 (t - MM?)E
1 ot t
%’3 - 1+;i | 1_?1 — e
t /) Gt - &)?
R
- £ £ t
~ -, =+, 1
B, T vz 1-z, ) (t- )

~Equation Al continﬁed.
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e t L .2% :
Fs = o g(t A=
V; .' .'-A'< S . . t - % )
~ 1 -2, o )
S 76 sin et =0 (¢ HM?)2 .

O
B
+

mE

wnere J= ([t (m + W[t - @ - wF]p7, - ,
A ,. ¥ : _ Yy v _ 2 e
4 =mo- M, FS' and F6 refer to amplitudes Wlth zero helicity
-for the massive photon.
In the unegqual mass éase, the helicity émplitudes are analytic

at t = 0, gince no pséudothreshold Or‘boundary of the physical region

coincides with this point. The above factors of Yt are to cancel
the half angle factorsat t = 0. (Note that 7 -1 as t-0.)
. Since both 'ﬁ% and ?ﬂt only depend on f?+ 1 at t = 0 we have the
relation |

2MT (s,0) = o (5 - my?) (5,00 o (a2)

This is a conspiracy relation that is satisfied in a non-trivial way
by M= 1 parity doublets. Such relations are the only consgpiracy
‘relations present in the all unequal mass case. For equal masses in

the initial or final state, z

; 20 as t —0; and for equal masses in
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‘initial and final states '2ticn s at t =0, s that'the conspiracy

~ relations cannot arise from thé'half-angle factors '(zt,t l)IM:H‘/2

for these cases.

In addition to this there are the threshold and pseudothreshold

rélationsl8

2MFy + 1?5 = 0t - hMQ) (a)
‘.-A? T - ot - 27)  (p)

T2 Tk .
?5' + A (bpk co.s.Qtr) '"};*'6 = 0t -‘A?), ' (.c)
‘ o 2 E
Ve TR - ol (s w®) (@)
VEE + (m, ¢ w) ok cos 0) F, = ole - (m x w7, (o)

- (A3)
where Wtk® - [t - (m, - W2 - (m, + W21, bp® = (6 - 25) (8 - WE).
In order to take the limit to equal mass baryons
(A = m - om, =.0).  we consider the pseudoﬁhreshold relation (b). From
the 1limit we see immediately'tﬁat ﬁﬁt @t as t -0 =o that_
. Fh = ———————E; Fh is analytic at t = O- as given in the text

t(t -
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. [Eq. (1)]. For the M = l"ﬁ-n' conspiracy this relates the residue
of x' <for the nonsense ampiitude to the first daughter in the coupled.
triplet stéfe. .

| By expénding‘thé felafibh.(b) in a Taylor series about t = 0,
evalﬁéting at t = A?, andvcbmfaring thevfifst order term with the
ébnsﬁiraéy réiafién-(AQ}, we oﬁiaih the photoprgduétion cons@iracy_

relation

g 1 L2 2y e ' ' ‘
2n F2<S) 0) = (u - I%, ) FB(S’ 0) > : (Al).
analogous to the Volkov-Gribov relation of NN scattering. (Notice

that for mo=m this applies to p production.)

-Now.let us chsidervthé limit of zero mass for the photon. As
Gotsman and Maor noted, the normal a@d.pseudbthreshbld relations (d)

P
F

5 "the situation is

imply a new factor of t - pg for “EEJ but for

more interesting. Since 'f; is an amplitude for a zero helicity

massive photon plus having a transition to the singlet NN state,

one may expect é plon pole in this amplitude. Except for the cace of

ﬂo photoproduction where charge conjugation does not permit'the pion-
2

pole, one cannot argue that as m7 -0 T, becomes proportional to

t - ug. Rather, one obtains the normalization conditions for the pion

pole contributing to F;.' This condition and the t - p2 factor in

. EL is the full content of gauge invariance for the t-channel helicity

amplitudes of photoproduction.
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We consider in more detail.the‘zero limit of the threshold and
pseudothreshold reélations- (d) and (e). To satisfy these eguations we

must demand that the zero photon helicity amplitudes '?;' and ‘?%
do nof'diVéfge'in the limit of zero photon mass. Clearly the difference
of the relations (d) yields a factor of + - u° for 'I?'h.

For the pion pole term we assume the usual Régge form

AR ‘ - . » .‘-v'viﬂaﬁ . v
% - f@)e L (45)
T Tl

where R(t) ,ig a smoqth fﬁnction,of t with no kinematical zeros and
R(t, v) .is.régula¥.fof t = pe. Usiné perturbation theory to obtain
the cou?liﬁg-of‘the pion pole e#agtiy at t = pz (definition of charge
if you like) dn¢ has the coﬁditioﬁ

,2) N

802 = ¥egm (anvn)en-m)iF e

To leading order in my the relations (e) become

L

) 2 ~o2 oy o
£y Ty + V2R, v) & 2w Fp(u, &) = O(m) . (A7)

4

Again the difference of the two relations (A7) gives the required result:
L2 1 _eg 2 . '
Fo(u, 8) = 5 —2 . - (28)

Thus thé theory of photoproduction for the massless photon can be
achieved as a smooth limit of the thebry bf thé massive photon with. the

use of the known analyticity properties of helicity amplitudes.
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. Next we consider the Compton scattering amplitudes for

.7ﬂt —>7ni. The result is that the amplitudes F and FII are

RR
analytic, where

t

e N £0,-10) .t
"RR 7 I-3z ). 2.2
T t (t - u7)
| s N . |
o £
_( fi0;00 | tio,-10 o |
1 "\ T+z ~ T-z ;) v » - )

t . t
The unequal mass conspiracy relation

o Taglss 0) = -F(s, 0) - (a10)
o L - : - ‘

is satisfied:byﬂthé_(fﬁil) factorized residues <;£ﬂ(0))2 % (}R“v(o))g

‘for the parity doublet solution. This relation eliminates the

at t = 0.

. t
appa?egt pole in flO,lO

We have checked that the M = 1 conspiracy is a solution to
all conspiracy relations for NN,.ﬁhotoﬁroducﬁionAand Comptonlscattefing
procesées:and thaﬁ.thé résidues factoriie. Tt shoﬁld‘be'ngted thatia
slight change in the kinematiéal singularitieé given in Réf. 2 is.
necessafy to have them‘obey factorizatidn} Nameiy, the’faétofs
(r - t/hmE)_l in Eq. (1) should not be preséntAfoi'the singlet and
uﬁcOupled triplet amplitﬁdes. Since this fadtor is very close to 1 for

0 < |t| < 0.5 these NN fits are not affected.

<
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nreldminary. ﬁq photoproductlon data at 6, 11, and 16 GeV/c

seem to 1ndlcate a dlfferent energy dependence than that of the
nsual vw_+ B model. '[D Ritzen et al (Stanford Llnear Accelerator
Center,'Sfenford), private communlcatlon.] This could be due to
small nut nonzero. p"amplitndes combined with flatter .M'= 0 B .
or M =1 ‘B-p'- trejectories_than thosevneually assumed, and (or)
a‘change in the w residue parameterization usually employed to
give the dip at about t_: -0.6 at low energies.

That the consistency problem is not trivial can be seen in the
foilowingdway:;,First,vthe pion’sum rule ie highly stable due to
tnerlargeﬂBorn term; doubling the effect of»thefresonences only
moves the zero to ,to_:.eO;Oh. Secondly, a double zero NN fit
for this value of t,. yields ,gg/hn ~ 17.5, which is already too
high. It is of course possible that other frejectories could
change the position of the 2erolin‘the pion residue function,'but

the only candidate,is the Ai‘ daughter, which is expected via

klnematlcs to be small near t = O.

J. 8. Ball and M. Jacob, Nuovo Clmento 5L 620 (1968).

L. L. Wang, Phys. Rev. 1&2 1187 (1966) A

E. Gotsman and U Maor, Welzmann Institute preprlnt (1968).5

J. D. Jackson and G. E. Hite, Lawrence Radlation Laboratory report
UCRL-17959 (Nor., 1967). Using the results of this paper, Jackson

has shown (private communication) that Eq. (A3) are all the

_threshold and pseudothreshold relations. Relation (a) at e
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is ignored because of its great distance from the physical region,

and relation (b) is of ‘no consequence since it involves only

zero—hélicity photons. Of courée, this relation is of interest

for p production when m7 - mp.

H. Stapp, Phys. Rév. 160, 1251 (1967).

(Note added in prodf)  Very recent <" photoproduction data of
Heide et al. (DESY preprint, 1968) seem to yieldlinconcluéive
results for the 'ﬂ;/ﬂ+‘.£atié due to,fhe measured inconsistency

of n4 photoﬁroduction cfoss'sections on hydrogen and on deutefiuﬁ,
'especiéily'at‘small anglesA(e.g. [t] < 0.0i). Posgibly measure-
meﬁts‘of the inverse reaction _ﬁ‘ﬁ:;aynv wouldvprovide.a more

reliable method‘of_obtaining the 5~ photoproduction cross

sections, sincevthis'method would not rely on any detailed

theoretical deuteron models.
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| Table I. Definition of Gy (t) and the full residues sij(t) » N
1. The factors Gij(t) ‘in Bq. (2) are
o Chew p with M =0 ' : L at e
GSR(t)  = o Gell-Mann 52. with M= 0 GNR(t)” = 4 A,
o Gell-Mann ' with M=1)} S B AR |
am(1'4,t/u2) B with M=0 a Chew A, [+

Gor(8) = A o i‘GlI(f) -
, a{l - t/to) x with M

It
|._l

11 Gell-Mann Al L

2. Define X() i; + Q)T (o +Vllj . - The conﬁection‘of_the full residue functions

/7 (2os1 )T (a+3)

the functions ;ij(t) in Eq. (2) are

uncoupled,‘M

coupled, M

il

g e

-gg

66TQT-T800



 Table T (Continued).

o Full B . . » )
~ Trajectories  residue = NN vertex e - y; . vertex

P R T R =y
D k) L

(o) S o , ‘\/’a'\/:c-.‘ R | ‘(_\/&-.v;q
| B 8 (@ + 13 (Vs Y ’\/;ko‘(a;i»)%‘(\ﬁ-" o Tirn

7SR

"
o=
A I
T
™
=

- B i : \ o : S 2y :

B . . o ﬂJt o -1 o P -7
: . - / : o X k [ + 1 ]2 1 1 —_
{;-} | Bor - | yx_p {:(1 i t/to)% or 1 | \[f | ,a(a ) {;_5(1 ) t/to)ﬁ'?r 0 701

Mo

-9%-

o r - AT 1 . — _Y . )
{rAl} . op - - '\/’}E pOL (a . l)% {\,—l‘}{:\/—;} '\/}Eka (a + 1.?2‘. {W}{f}} ' . ;;lI

o ¥ . ¢ ' : _ ' 1 s

66TgT-THON
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Table II. Parameters for fits with full NNrx vertex zero at 'to = -0.05

>

Parameters fixed from meson-nucleon scattering

o = 0¥5$ + 1.11£:
%, = 0.5+ §.86t
o o = Feffief o 6.8 O

Parameters obtained in nucleon-nucleon fit_[nptation and data normaliza-
tions correspond to Table II in Ref. (2)]. Residue units are propor-
1 o ‘ '
" tional to (mb)2.

. .

v o : X~ = 89 for.7h pointe v
| o = 0.025 + ;.25£ 7OB7-= -800% (a + 2)et?"
o, = -0.025 + - ‘.."_  7" = 0.919(1 % t/d.§5)2’éllﬁ.
oy = 'th 0.9t 722ﬂi.ﬁ=.v[b5H£0)/a%(0)JeAf§t
-7110 - 0.35 e-u.ht‘ E Vyléﬂ' _ 68 (an')%.ez.2t 
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Teble IT (Continued).

'Parameterskobtained in x* photoproductioﬁ fit. Residue units not

S
proportional to ° (ub)Z2.

R 66 fof 62 points | v
o = .-Q.u.+>o.95§ o | ;biﬂ _ -0.078 21t
TSR - 9-165 ?79;Ot | .. ?&R#' = -(2m7Q2> 701 (0) e5f7t
?SRAE _ 0.77 é'l;%t |  ?SRﬂ'/§ﬁR“f = 'i§56ve'2;6t
}‘761B - 2.9 glit | -gg/Mn‘ - 15.4
"
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' Table IIT. Results of the B méson sum rule
o_+1
N B

is the Born term. The power series expansions of I(t) and B(t)

L Tor (8) R(Y)

Eq. (12) reads = B(t) + 1(%), where B(t)

around -t = O are given by

it

I(t) -0.027'-‘o,o6t_+ o.o6t2

]

B(t) = -0.0058 - 0.29ht.
The residue is ZETro aﬁ tB x -0.092.

The contributions” [X(“—lO5 pz)j  to I(t),t~0 are given by
P53(1258) 1 0.01 Sli(1560) ~ 0.13  Nonresonant 0.01

Pll(1u7q) 0.21 Dl5(l652) -o,oo;

D13(1529) 0.21 Fl5(1§72) -0.01
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FIGURE CAPTIONS

+

. Fig. 1. Réal.paffé of the x” photoproduction am@litudes at 8 GeV/c

: forvfuil 'Nﬁﬁ vertex zero t, = -0.05. To leading order,

0

do

Tl = 2l £ B[T +2lrogy + (A))gp + T"sRl_

ﬂ*photoproduction ‘

+ 2|tpNR + (AE)NR + ﬂ'NRl

Fig. 2. Imaginary parts of'the n+ photoproduction amplitudes at

8 GeV/c for full NNn vertex zero ty = -0.05.

v Fié. 3. ﬂ+ photoproduction fit. Curves ﬂave beeh multiplied by‘O.99,
| 1.03, i.OB; 0.97, 0.93, respectively for 2.6, 5, 8, 11, and
16 GeV/c.. 7 | | |
"Fig. 4. Small f: region for g photopioducfionAfit with the same
ndrmalization'facfors. | '

Fig. 5. 'Intégrands at t =0 for thé"B' and pion photoproduction sum
0%y 1 (0 g A ) o)
rules. (‘E;— Im Al and —%— Im Al»'”; respectively),

Fig. 6. Conjectured simulation of M=0 B amplitude found in
photoproduction fit with M =1 B, o' amplitudes.
Fig. 7. Conjectured M =1 B aﬁplitude and resulting T amélituae--
| | for pn —anp"scattering near t1= 0. | |
x 'amplitude with M =0 B assumed.

------ 'ni ampiitude with. M =1 B assumed.

il

- - M=1 B amplitude.
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_ The mark on the vertical axis yields %% (pn »np) = 1 mb

- at 8 Qev.

vFig. 8.

Fig. 9;

-~ do

Real parts of the nucleon-nucleon amplitudes af 8 GeV/c'for

 full NNy vertex zero ty = -0.05. To leading order,
ol v B2 4 2l 2
ar | = 2lr BT w2y + () 4 x'y |
pn—np
Pp-> nn

| NUTNE: » 2
+ 2[*@22 + (A2)22 + T 22, + ll’li'plg + (A2)12.+ ¢ lgl'

To leading order the coupled triplet amplitudes factorize;

' 1 - [ s
e.gey 'y Wop = (r 12) . Note that the (12) gmplltqdes
have additional weight in the cross sections.

Imaginary pafts of the nucleon-nucleon amplitudes at 8 GeV/c

= -0.05.

for full NNy vertex zero ty
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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
w ‘Commission" includes any employee or contractor of the Com-
o : 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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