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~ August 28, 1970
ABSTRACT
. ..A £it of forward charged pion photoproduction dé.ta _
is attempted by parameﬁrizing Regge pole-cut combina‘tions‘ '

in the region t < 0 in terms of complex conjugate pairs

of Regge poles. In particular the pion-pomeron cut is

taken into account by ti;is rarametrization; in addition to

the pion, exché,ﬁge "of the Aa-ineson is'conéidered. Predictions
are made for the differential cross section and the asymmetry
pa.rameters for pion production by 11nea.rly pola.rized photons

and polarlzed target nucleons. The results are found to be

in good agreement with prion photoproduction data for la.ﬁoratory
photon energies ranging from 3.4 to 18 GeV and‘ t-values up |

to -0.2 (GeV/c)®.
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1. INTRODUCTION

The considerable number of data which'hévevfecently become
évailabie on forward chargéd-pion photoproduction have initiated'numefous
attempts to explain them in the frame of Regge pole pheﬁomenology.. It
has become clear, hbwever, that the original simple model of Ball et al.l
and Henyey in terms of a pion parity doublet does not explain polarization
data despite thereasonablefit it provides for the differential cross
section at small momentum transfers._ Attempts have therefore been made
to incorpofate besidés'pbles'absorptive effecté.in the form of Regge cuts.
Séveral models have been developed fbr calculating the contributions of

these cuts, the most popular being the absorption (or Reggeized

‘Gottfried-Jackson) model--and some of the most successful fits for

~differential cross section and polarization data are those of Jackson

and Quigg,3

the Michigan group,u‘Blackmon et al.;5 and Ffoyland and
Gordon. | |

The conspiracy problem which one encounters in charged pion’
photoproductlon has been one of the vexing aspects of hlgh energy Regge
pole phehomenology. Conspiracy of some type (i.e. pole or cut) is now

firmly established as the only way to explain the sharp forward peaks

in chargéd pion photoproduction and n-p charge exchange scéttering.

The explanation therefore requires the existence of related terms with thé

same energy dependence at t = O in both the amplifude containing pion
exchange and the amplitude of oppositevparity. It is knownvthat a
cigfpirator pole may lead. not only to interpretaﬁional difficulties
(regarding'its physical manifestation) but also as LeBellac'

pointed out to a violation éf the factorization*theorem'

for residues. These difficulties are avoided in cut-models
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as e.g. those of Jackson and Quigg‘and the Michigan gronp by attributing'
thevrolevof the conspirator to the Regge cuts, so that the poles them-
se1VES may be evasive. This is possible since cut contributions are not
associated with definite parity and hence may conspire;

Recently Ball et al. 8 suggested that Regge pole-cut combinations
| should in the region of negative momentum transfers and until extremely~‘
high energles are reached, be parametrlzed s1mply by a complex
conJugate pair of Regge poles. Support for the possible complexity of
Regge.trajectorieslhas recently been found by Ball and Marchesini9 and
Chew and Sniderlo in various approaches to the multiperipheral model.
Bali et al.8 show that at moderately high energies, i.e. those rresently
available; the effects of cuts are well represented by pairs of complex
conjugate poles in much the same way as branch.cuts‘in_energy may be
parametrized by a Breit-Wigner formula in terms ofnearbysecond'sheet
poles. Using this formalism Desai et al.ll obtained excellent fits to
the N ’cnarge exchange differential cross section and polarization data.

The aim of this ndte is to present a fit employing complex

conjugate pairs of Regge poles for the data of charged pion photoproduction.t

We recall that the pion-pomeron cut contributes to both natural and
unnatural parity amplitudes which at t = O are related by the so;called
conspiracy relation. The work of Ball et al.8 shows that the unnatural
parity cut contribution and the pion pole which we will assume to be evasive
can be represented by a complex rair of Regge poles.  This will lead
naturally to a zero in the residue function for this combination as the
original pion residue is proportional to t while the cut has a non-
vanishing portion for t = 0. Since the conspiracy relation must hold

- for the pion—pomeron cut, the natural parity part of the cut must also
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be represented by a pair of complex poles at t = 0, and we will assume

such a representation to be reasonable in the small t reglon. The

' traJectory ‘and reeidues of these natural parity Regge poles are, of course,

independent of the-pion trajectorybexcept at t = 0. In thls picture the
role of the comspirator is thus played by the natural parlty poles which
are,not on the physical sheet of the J plane and hence need not have

any'manifestation as & resonance in the region of positive t.
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2. MODEL AMPLITUDES
We usé s--and t-channel amplitudes as given by Jackson and
Q,u:.gg.3 The s-channel helicity amplitudes are g. , = g.(s,t)
Ox ,KYX dJ
where J = l 2 5 4 stand for the photon, initial nucleon, and final
nucleon helicj-_ties (KY’%'N; >\'N') = ('l:'"é’? , (1,-33-3), (1,%33),
(1,-3;%) respectively. At high energies and small momentum transfers

these amplitudes are related to the parity conserving t-channel

helicity amplitudes Fi iby
= L xF, o - (1)

where v = (s -m )/2m is the photon energy in the laboratory, m

the nucleon mass, and X the crossing matrix glven by

/t/2m om/(WF - 8) 1 A} 0
X (92 o (/e em(-t)?
B (-t)%' : 0 (-t)%/em_ -2m(—t)%
s/om 2m/(p° - t) 1 0 %
» / B / (1 | : | .fo(i;é)

3

(Note that the Fi -as defined by Jackson and Quigg” differ by some

factors from those of Ball and Jacob.lg) The Fi’ of course, have an

index ' (#,0) corresponding to the exchange of particles of well-defined

isotopic spin in the t channel.15

O

!
v
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In:¢§nstructing our amplitudes we use the same t-éhannel
exchangeé'és-Jackson and Quigg?--i.e., n  and Ag, so that Fh = 0.
We make this choice because a study of the overall effecfive trajectory

indicates that the A

5 is relatively'important over a large range of

t. Moreovér the classical Born approximation indicates dominance of

, - . 1
‘' exchange in the region of small t. In the region of (-t)° > 0.6(Gev/c)

. other exchanges become important--particﬁlarly o exchange (in the

isoscalar—photoniamplitudes) as is iﬁdicated by the dropoff of the
ratio do(x~)/do(x*) * in this region. Here, however, we neglect

p exchange; we give our Justification below. With due'regérd to the

kinematical factors charactefistic of the evasive-pion,12 we'may write

in standard Reggeiied form (incorporating the electric Born approximation)'

) | -i;{aﬂ(t) Otn(t) :
- egnt . 1l + ' v '
For 7= - eij sin ﬂajt_) I‘Qozﬂ(t)) (;; - ()

where e,g havevtheir'usual meaning.as coupling constants at the 7v,n
vertices r_espec't:'.u("e'lyv_(e2 = 1/137, gg/hn = 14). This expression is
valid in the tv:,pgv region.v We now assumél% théﬁ near t =0

the collisioﬁ of the dominant—i.e. pion—pole witﬁ the pion pomeron

cut can be represented‘by a pair of complex cthugate poles (on the
physical sheet of the J plane). In the'region # < O the amplitude.may

therefore be rewritten

¢
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, 2 B : Ot+(t) “ina (1) /2 ‘ - .‘ _
F2(-) = (& +2) V ?:n ié:)(t) a_,_(t) '3;) - e o '

o . ) g )2 |
| - E a_(t)G—O) R ()

with ai‘= qﬂ + iaI. Here a gamma fuﬁctionvand part of the signature
factor have been absorbed in the function tg(t), and )\ 1is a constant
proportional tp aI“(more génerallyﬂsome singularity—free t;dependenCe
of A would be allowed but the data require ‘x to remain nonzero at

t % 0). We assume that the real.part of the complex trajectories
behaves much the same és in the t > Ol regioh.f Clearly the part
proportional to t represents the evasive pion pole-cut contribution
in the regidn f < 0, and the part proportional to A\ isbthe conspiring
?ortion'qf the‘unnatural parity pion¥pomeron cut. In the following we
leave the Ag—cpntribution unchanged, the assumption being that the A2—
meson leads to hondominant cut‘effects, so thét the imaginary part of’
ité trajectory‘may be neglected in the t < O region. The éonspiracy :
relation. |

.Fg.(-)(o)/FB(_)(O) = ;ug/zm

\

.

must now be satisfied by the natural and unnatural parity parts of the

(-)
p

pion-pomeron cut. Hence the natural parity part belonging to F

must also. be represented by a complex conjugate pair of Regge poles at
t = 0. We assume that such a represenﬁation is reasonable at least in the
region of small ‘Jtl. The trajectories and residues of these poles, of

course, are related to the pion trajectory and residue only at t = O.
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These poles therefore play the rble of a "conspiratbr" but they do not
lie on the physical sheet of the'J plane. Then, adding the relevant

g A, contribution we may write

ol (t)

() o 2B a(t)( )
o al(ﬁ) -ina'(t)

. a:(t)C-Z;)' e

eg t E2< ) _) 1"<l ) (t))[l +-e 11@ (t)}< >oc (1)
. » (5)

.is the correspbnding Singularity-free residue in F5(_)’ and

—1ﬂa (t)

where gg
B(t) is a singularity-free function of t such that

— _ l 8 (0 o
B(0) = s w0 (0] °

For convenience we choose a+(t) = a;(t). The amplitude F () of

I

course, contains only the A2 contribution and is given by

A (t)

| i
Fl(') = - %—%%- £ r(l - (t))[l re e ]( ) (6)

where is the corrésponding singularity-free residue.

£
h We summarize further essential formulae. The cross section for

unpolarized photons is given by
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- do 1 , 2, . t hm 2
2. o [imlfea(i-22) « == 5l
- dt | l281rm2 [ 1 . _ qu . (u2 _ t)2 2

+ G’ZZ?),FBF}

for Fu = 0.

(7)
For photons polarized linearly in the production plane' the

"solarized photon asymmetry parameter" ' E: is given by

o, N 2N,

- »v,-}‘Fl;Z‘(i-t)(l' - ;:?2) N @‘2—&2—%—)—2— PP (1 ] ﬁ'g‘)lF}le

 er F), = 0. . (8)

A different combination of amplitudes from that measured in the polarized
photon experiménts is measured by photoproducﬁion from a polarized
target (see e.g. Jackson and QuiggB). The production cross section of

pions from polarized protons can be expressed as

ao _ g,
at T odat

@+ AR,
polarized

unpolarized

where PT is the target polarization vector and n the normal to thé

production plane (positive in the direction of k X g). The parameter
A(t)h is then a measpre of the asymmetry in the produced pions between

two states of proton polarization; it is therefore called the "left-

5

right asymmetry parameter"” by Jackson and Quigg,” and is given by

-4
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IF | (-t)(l - >

for‘
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' 3e7 FIT=TO DATA-'Z'

~ The essentlal aspects of the model have been formulated in the

previous section. We now set for computatlonal convenlence

()

-1ty (t) (t) -1

F (-) = A r'<1 - a (t))[1}+ e .

1l

P (-)t__' Eﬁl f Ct gt + x) [a (t)(:__:jl (t) -1 efi%Q+(§)7

2 ‘2m>\,‘ (t-u)

o (t)-1 -i (t)]

R ON

The constant. B may be related to the COupllngs e and g by extrapola-

(11)

tion of F ( ) to the well-known electric Born approx1mat10n

at the plon pole, i.e. at t = pe. Theﬁ l R : ‘»

5, (VG2 = es /(s - nd),

so that . : — - R
| l | |
- e8 x 5o Be®H s o <l + ) | (12)
In FB(—) we neglect the A2

factor t and partly because calculation shows this term to be

contrlbutlon,vpartly because of the

negligible compared with the pion-pomeron cut contribution. Since the

latter does not possess the pion pole we parametrize it as

-
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satisf&’the-
oonspiracy constraint.

In Table I end Figé..l totB we‘summarizevthe results of the least
squaresnfits. The totéivvxg per dete'point isyapproXimately 1.2, the

number of parameters:being 6. For the differential cross section we

‘took the date, p01nts of SLAC (Boyarskl et al, 5) for photon energles from

5 to 18 GeV, and for the asymmetry parameter the data points of DESY

(Geweniger et al ) for photon energles of 3 4 Gev. The polarlzatlon

~data of the rec01l nucleon are those of the Berkeley-SLAC-Argonne

collaboratlon L7 for photon energies of 5 (and 16) GeV.
We observe that in the region ]t’ < ug the flts reproduce the
Born approximation fairly well--as expected, since the.success of the

electric Born'approximation in this region is well known and has been

" discussed by many authors (e,g.'Hararil8). It is also well known that

' the Born approximation of the differential cross section exhibits a

strong upward trend beyond t = u21 in violent disagreement with
observation. The width of the forward peak and the effective Regge

trajectory aéff which is known19 to lie somewhere between 0.2 and -0.2

- are clear evidence for pion dominance in this region. The A2 meson -

plays only a secondary role. This is born out by our calculations which

showed that the cross section and polarized photon asymmetry vary little
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 f'lf the 1ntercept of the A trajectory is varied from 0.56 to 0.25,
whereas the polarlzed nucleon asymmetry shlfted sllghtly within the :  §

experrmental error bars (for this reason we give only the curves of the .

w s
|

"second fit"); The ‘results were'fouhd;te be insensitive to multiplication
.Sf A by a factor' éEt. With increasing Itl the effects of A2 and

o) exchange beeome.more pronounced because of:their higher intercepts.

A clear 1nd1cat10n of the. grow1ng 1mportance of o exehange in the

,tl > pg region is given by the_ratlo of =x /n‘ productlon cross

sections,gofgl 3the corresponding reactions being related by s-u

cross1ng (llne reversal) at fixed t. 22f This difference between the-

Cross sectlons ‘away from the forward reglon (where it is ~1) is due to

" the isoscalar amplitude Fi( ) which we have neglected altogether. ' If

the photen hed'a,well-defined»isotopic7spin the ratio would always.be

one. In view of its hlgh tragectory the p meson is ‘expected to.yield

the domlnant oontrlbutlons to the 1soscalar amplltudes and, in fact,

this is verlfled.by the n=p cut model of Froyland and Gordon.6 An
'interesting,‘though,probably model-dependent estimate of the relative

magnitudes of the dominant isoscalar, ieovector amplitudes is quoted by

Blackmon et al.’ They estimate lcc(»o)lg/lu?ﬂ(')l2 £ 0.3 for (-t)% £ 0.6

GeV and EY.s 16 GeV with further increase of importahce of the o

meson at»still higher energies. The predictions for the polarized .
photon ésymmetry are in reasonable qualitative agreement with experi- = .
mental data. The agreement in the region of small ltl is, of course,
ensured by the zero in the Fg(_)‘ amplitude as provided by the pion-

pomeron cut. In particular the results exhibit a flattening of the

L
asymmetry beyond (-t)2 = 0.2 GeV/c and thus indicate a trend which is
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- different from that predicted'by.éither'the.electric Born term or the

& o pseudomodel of Jackson and Quigg. Anuanalogous Qverall"agreement is
found for the left-right-asymmetry'pgrameter. In either_Case‘oné would
- not expect quantitativé-agreement beyond -t ~ O,h (geV/c)2 in view of

the growingyimportance_of isoscalar contributions.
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FIGURE CAPTIONS
Predictions for the differential cross section in Yp — n'n.
Data are from Ref. 15 (SLAC).

Model (s0lid line) and gauge-invariant perturbation theory

'(broken llne) predlctlons for the polarlzed photon asymmetry

parameter 2: . Data are from Ref. 16 (DESY)
Left—right*asymmetry' A from a polarlzed target predicted by
the model. Data are from Ref. 17. Model agreement with

16 GeV data is similar to that for 5 GeV.
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