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REMARKS ON PION PHOTOPRODUCTION
J. D. Jacksoﬁ”_and C. Quigg

Department'of Physics and Lawrence Radiation Laboratory
- University of California, Berkeley, California 94720

March 25, 1970

We record some predictionsifor charged pion.photo¥
?roductioﬁ impliéit in our previous work. These include
‘extension of the pseudomodel to somewhat larger t
values ahd a discussion of photbproduction from a -polarized

_ tafget. Some remarks are also made on the predictions of

»

gauge-invariant perturbation theory.

1. INTRODUCTION

1,1

Elsewhere we observed ’ ¥ that finite energy sum rules (FESR)
provide a more or less model-independent connection between low energy
and high energy cross sections for charged pion photoproduction. In this

paper we extend the predictions of the FESR pseudomodel to larger values

+ . N . B i . . ) .
This work was supported in part by the U.S. Atomic Energy Commission.

T 'Present addreés: Clare Hall, Undiversity éf Cambridge, Caﬁbridge,

England. |

i Tﬁree'misprints of impqrtance occur in réf. 1;- for compieteness we
1ist them here: 1) In eq. (2) the argument of the exponential
should be multiplied by a. 2).In the definition of the CMSR the
afgument of thé exponential should be multipiied by l/é. 3) In

eq. (10), the constant on the RHS of the QL- expression should be
241 I ' ‘
(b))
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of -t;' After summarizing the relations between several useful setg of
'aﬁplitudésvin sectién éi we review in séction 3 the‘fo?mulafion of the
pseudbmodei; .Rather réiiable‘prgdictions‘are possible for the gross
featuresfgf the daté: differentiél‘cross séctipns for unpolarized or
‘linearly poiarizgd'photons inéident. HoWever, more_délicate features,

~ such as thé ieftFrighﬁ asymmetry from a polarized_ﬁarget are not predict-
able at thé ﬁresent stage of lowvenergy‘ahalysis.  WeugiVe expressions. .
for'the.ieft—righﬁ asymmetr& A, and the recoil ﬁucleon bolarization, and
célculatezthe'asymmetry A  invsome plausible Reége cut modeis in section
L, Section-5 is a digest of results ﬁhich follow from géuge-invariant
perturbation;theory. These are mostly weil kndwn, with the possible
exception éf thé asymmetry, <, fof:iinearly polarized photons.. For

It[ < 2p2 ﬁQt bnly thé cross section but also fhé'polafized photoh
asymmetfy i for chargea pions are given‘quantitativeiy by the electrié

Born resulﬁs;
2. INVARIANT AMPLITUDES, t-CHANNEL AND s-CHANNEL HELICITY AMPLITUDES ;

CROSS-SECTION FORMULAS -

2.1. Ball's Invariant Amplitudes

Lét‘-k, P, 4, p' be thevfour—momenta of the photon, initial
nucleoﬁ,:pion, and final nucleoﬁ; respectively, and define P = %(p + p{).
The nucléqn mass ‘is m, the pion mass is"u. The invariant Feynman
amplitude for a photon of poiarization € incident on.a nucleon of
helicityv X “leading to the productidn of a pion and a nucleon of
helicity 'x; ‘is written a52

,W7?Z, - ,EX'(p')[Al O +a,

where théf Ai are four invariant amplitudes and the four <Sf; are

s O en, O )

gauge~invariant Dirac operators,
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. | )
V 9{ = i 757'€ 7'k
. C2§ = iy (Pre gk - Pk gre)
, 5 . - '
- - > (2)
‘(Sg = 75(7;6 a-k - 7k g-e).
‘ifﬁi =  275Q7-é>P-k - 7k Pre < im yee 7-K)

The in?gfiéﬁt émplitudes A, are;Loreﬁtz scalérs,.fungtions of s and
t, and,ffee.of Kinematic singularities.

-j'An iéospin decomposition of the amplitude is frequently useful.
For the production of a piOn‘with isospin component a the .invariant:

amplitude (an operator in the 2 x 2 'isospin space of the nucleoﬁs) is

A:. = .A.(+) 3} + Ai(')'%{Ta; 13] o+ Ai(o) Tav. (3)

)

correspond to the absorption of

(0)

The ampiitudes 'Ai(+) ana Ai(__
-isoveétér (rho-like) photqné, while A, is the contribution of the
isgsgalar prhotons. In tables Ifand.beelow the'vérious possibilities
aré ifémized. L |

2.2, t-Channel Aﬁplitudes

'vThe t-channel helicity‘amplitudes. A for the process NN/~ Yt

o ; , fx,O;
are customarily related to the invariant amplitudes through the intermediary
of the so~called parity-éonserving't-channel amplitudés VFi, defined to be
free of kinematic singularities.‘ The Fi are related to the helicity

amplitﬁdes according to -



| e ‘ UCRL~19410

F,. = _iy2 -'ft' "+'ft‘ ' o ‘ (h)
- f)eme, \ PO “105++ _

o i(et)2- /¢ ot
o ] : 1 7103 ++ =10;++ ;

- (t - 4a®)2 sin o, \ ’

j- gl u2 | cos Gt +. 1 cos Gt -_; o

o et b
P i\/g f10;+-' ' f-lO;+-- \ (7)

ot T T . 1 Llcos® +1 = cos® -1/
(t - )t - k)2 t Tt

The amplitudes Fl and F2 recéive cdntfibutions from natural and |
unnatural parity seduences in the t-channel, respectively, and for
charged pion photdproductibn_thevcontributions are further restricted
to trajectories satisfying G = -1, (7 is the signatUre of the
and Fh

trajectory;) In leading order (in powers of cos et) F5

involve'natural and unnatural parify seqnences, respectively. 'Alsb,
'FB has the same signature--G-parity relation--as F "and Fys while
for Fh it is opposite. The contributions of well-known particles

3 are.givén-in table TI. | | | |

The conhections»of the F; to the :Ai " of eq. (1) are

o= (6o ) +tay) @
Fy = 2wy Sy I,

Fy o= A | - | (1)
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‘We note in passing that egs. (8) - (ll) imply certain relations among the

F. at spécial values of t, whatever the value of s. [At t = hﬁe,
F5 = -2mF, "(a threshold relation); at t = O, 2mF2 + uEF

conspiracy rela,tion).]Jr

5 = 0 (a

T For a discussion of the physical meaning of these relations see,

for eXémple, ref. 3.

2.3 s—Cﬁannel Amplitudes
| In the s—chanﬁel we choose the four CMS heliéity amplitudes
éox';x%x'iz gj<s,t}, Wﬁeré j.=-i,_2, j, L stands for the phoﬁon, init}él‘
“nucleon, énd.final nucleon heliéitiés (KY’XN; }N;) = (-1,-3; &),
(1,-3; -2), (1,35 %), (i;-%; %); respectiveiy} [The careful reader
.may héVe'noticed fhat the choicés for heliciﬁies fqr g, and g), are
different (al1 helicities reversed) from the definitions in ref., 1,
These changes, instituted in'order-to coﬁfofm to the phase conventions
of réf;.h ébncerning "particle 2", make thevpresént g, and g
opposite insign to those of ref. 1. As can be inferred from egs. (lka)
and (lhb) below, none of the resulfs.of ref. 1 are affected by such
sign changés;] Tﬁe corfesponding net s-channel'helicity flips
n(j) = fo.- Myt XN" are 0, 1, 1, and 2. At high energies and
smaLi momenfum tfansfers these'amplitudes a;e related to fhe _Fi by

J

e = (/BX-F a2

where v ( s - mz)/ém is the photon energy in the laboratory and the

crossing matrix X is
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jf /) fT/Em: -2m/(uév+ T) .v'.l‘_ . O“ _
: fv (T)% - 0 o (T)%/Em" Qm(T)%

\ -.(;)‘5 o (%em -em(n)E

-t/om 2m/(u?'.

+
-3

Nt
=
O

(13

i

In eq. (13) we have introduced T = -t, and have néglécted terms of

relative drder (T/hmg), as well as nonleading powers of wv.

2.4. Cross Sections
 Crst sections for.linearly polarized incident photons are most
easily expressed in terms of s-channel amplitudes. The expressions are

(s -2 aq /e - (e, - g7 ¢ ley - g7 (a)

»'(phdtonsApolérizedlin the_reactioﬁ plane)

(s - m)? Ao fat = (1/521) (s, + &, 1° + lgy + el (o)

'-(photons polarized ﬁerpendicular to the reaction plane).

The cross section for'unpolarized.photons is the average of (1lka) and

(1hp): ’
: '-'2' e o — b - , g
’i(é _ﬁmg)2 do/dt = (1/32n) j{: lgi,? . (15)

For a polarized target with.unpolarized'photons incident the

i

differential cross section in the laboratofy takes the form,

do C o .
T 1+ A {g) ‘o



-7~ . | ~ UCRL-19410

where (g}l is the target-polarization vector, oY is thevﬁormal to the
production plane defined accordinngo the Basel 'convention5 (positive
‘normal in thé direction }a X'sg, and A .is the‘léft-right asymmetry
parametér; given by

o |

o - L : :
A = 2 In(ge, - ngu*)/ Z gy 17 - (16)
. i=1. o .

If the target and photon beam are unpolarized, the recoiling
nucleon possesses'a polarizatibn in the direction of the normal gh of

magnitude.
| | oy
. ‘ * ' o) .
P o= 2In(ee, - e ) ) leglt . an
. ‘:l‘ _ .

This polarizéfion is in general differeht from the asymmetry A.
However,'for the circumstance where Fh = 0 .(a common assumption in
the theory) the crossing matrix (13) shows that at high energies and

small momentum transfers & = gﬁ. Under these conditions, A = P.
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3. PSEUDOMODEL PREDICTIONS
The_low energy side of the zero-moment finite eﬁergy(éum rule
is defined as

I v : oL : ‘
g.(m, V) = -(w/n) av @, (v, TD (18)
e o | | .
That thé;FESR felate.low enérgy'data and high;energy scattering‘
ampiitudés.isnwell‘known. }Invfact, for pion photoproduction the
connectidn;éan‘Be:made &éry_direct; if all the Regge pole (and smeared
Regge pélé,'i.e; Regge cut) cbntributions to F, satisfy the condition

on their (éffective) trajectories, !aeffl <1, it can be shown! that

‘¢i(T; ;)'é %vu; Re(?i(;, TE) . '_. '.3. (19)

This resgif is essehfially'médel-independenﬁ.

.As discuésed in ref. 1, the direct conneétion between the FESR
¢i and the t-channel amplitudes Fi éxhibited by»eq. (19)‘provides a
means fbr linking the low energy data and the high energy cross sections
withoutjén:intérvening model. . We neéd one mQre.assumption or émpirical
fact. .itvis.well establiShed6 that.the énergy dépenden¢e'of the charged

“pion photoproduction émplitudes is consistent with a power-law behavior

Xerr

of v with a, ©

pp =~ 0, at least for [t| <1 (Gev/c). Fo? m

photoproduction the exponent also séems‘close-ﬁo‘zero, although it may
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be somewhét:positive in the region‘of the dip in the cross section
(ltl ~.'(_5.5(Gev/c)2). Now, independent Of the mssible presence of
logarithmic-yariation in v mulﬁiplyinggthe poﬁer 1éw; the Phragmeén-
LindelOff theorem7vallowé us to conclude that the phases of the amplitudes
are given by [f1 + exp(-ina)], depending on the behavior of the |
amplitude undér-crossing. Fbr the amplitudes Fi(—) which dominate

charged pion photoproduction in the forward direction the phase factor

f

real. For.gharged pion photéproducﬁion the high energy cross sections

is [1 +'exp(-ina)], With o ~ 0 these amplitudes are predominantly
at smallf t -can thus be written directly in terms of the ¢i of the
FESR, by meahs of eq. (19). The cross sections for linearly polarized

photons, (1ka)and (14b) for example, are

| w, 2| BF
(s -t G s BT g P,
| SR ER T

(20)

o  do, B
. ;(s'-_mg)e dét ~ 2:;2 ' (¢3)2 + T(¢1)2_ ’

where thev;féi are actually the ¢i(-) corresponding to isovector
photdns. Data on the K~/ﬂ+ ratio in deuterium? indicate that for

T < C;l(GeV/¢)2_these:confributions'are dominant, but that for larger
T  the isoséalar cohtribuﬁions'(e.g;_p-exchange5 are appreciable. In
fhe larger T region, eq. (20) is.éxpected to aﬁply more closely to

the average of n+ and 1 photoproduction. The FESR resul’csT show

T The sum rules were evaluated by G. C. Fox from the low-energy

parameterization of ref. 9.
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that.fer smell T .the cross‘sections are given entirely by the first
terms ih‘eq. (20) ) | |

Comparlson of the pseudomodel glven by eq. (20), retaining only
the contrlbutlons of ﬁ (-) and ¢5 ', with the data ’lj'on yp n |
at small T .is shown in fig. 1. This figure eupplements fig. 1 of fef. 1
by exténdi_ng the range of r from 0.4 to 0.7 GeV/e. Also shown here
is a curve-for the electric Born approiimationll The rather remarkable
agreement betweee the pseudoﬁodel and the data hae been commented on in
ref; l..'The'general;suceees of the results of gauge;invériant perturbation
‘theory, at least for 7 < 0.1 (GeV/c)e, has been discussed some time ago
by Hareri:}? We make some further comments about the pertufbation theory
in eectidn 5.

A rather puvzllng aspect of the excellent agreement shown in
fig. 1 1s made manlfest if we examlne the = /n ratio from deuterlum.
This ratlo has fallen from a value near 1 at T = O to ~0.3 at
“fr = 0.6 GeV/c. ' Such a ratio at Vv* = o. 6 implies an appreciable

(0 )

contrlbutlon from the isoscalar amplitudes F and argues against the

cross section for ﬂf photoproduction being given entirely in terms of
Fi(_), as is assumed in calculating the curve of fig. 1. Indeed, the
"pseudomodel‘does only moderately well in:fitting'the average of the

o aﬁd‘,ﬂ- cross ‘sections beyond \/; - 0.2 GeV/c, even theugh that
is the croes section for which the isbvector-isoscalar interference terms
cancel. One may cenjecture‘that the preferential‘sﬁccess in fitting the
ﬁ+ date‘eaﬁ be traced to a_cofreepqnding bias iﬁ W.'alker'svfitting'9 of
the low-energy data from hydrogen and deuterlum, but this is only '

speculation at this point.
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tPSeudomodel predictions for the asymmetry parameter for

productien of pions by linearly polarized photons,

e
1 It
are dispiayed in fig. 2. There is quantltatlve agreement with the
(rather low energy) data’® on ni photoproduction out to 7 = O.l(GeV/c)2
and qualltatlve agreement to T‘: Q,S(GeV/c)g. We emphasize that the
predictions for (s - mg)2 do/at and for . 5 are energy-independent
. (by virtue of our assumption that d O for each amplltude) All
| pseudomodel results are collected in table II.

: The success of the pseudomodel at small [t ] _eneoufages one
to attempt further predlctlons, such as the asymmetry from a polarlzed '

target, but there are 1mmed1ate dlfflcultles. In terms of t-~channel

amplitudes, the asymmetry parameter A 1is

L FF
2(7)2 Im <? + :) g 4
PR e B
T Fl + F3 2 . 5 :
'hm? ' ] Q hm> : wL"r)2 T'Fhl

While the cross section [the denominator in (21)]is dominated at small

|t| by the amplitudes F2 ~and F5, whose real parts are inferred to

be much‘iarger than their imaginary'tarts by the observation of

* pp ~ 0, the numerator in (21) depends crucially ¢n the phase differ-

ences between ¥y and -F3, and vFg  aad -Fu. The phases of F;
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and .Fu_.can;in principle be determined from the effectivev O  values

of their”poWer;law behaviors, bﬁt the.high-energy cross sections are no
bhelp forvthese amplitudes and the upper limit of'integrafion v = 1.28 GeV
on the fiﬁiﬁe energy sum rules is too low to expect a reliable estimate

and p

of a(t)frfrom.them. Theoretical expectations are for the A,

Regge poles_to enter the isovector—photon and isoscalar-photon contri-
butions to F., (and Fj), while A,-exchange occurs in Fj. If the

1 1

ratios of real to imeginary partseof the various amplitudes are evaluated
by use of_effective Regge trajectories deduced elsewhefe, the FESR can

be used to calculate A at high energies., The resultT of such a

1 private communication from G. C. Fox.

~

calculatien-foriphotoproduction at 15 GeV is a small negative asymmetry
of maximum magnitude ~0.15 at = ~ 0.08 (GeV/c)?. The magnitude of
the effect cannot be taken too seriously because the sum rules for

3
there is also the problem of v = 1.28 GeV. The sign of the asymmetry

Flg-) and’ Fh(_) are less accurate than those for Fg(—) and F (-);

seems less open to question, although even there modifications in some
~ of the resonance contributions to the low-energy integrals could

produce marked effects,
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L. POLARIZATION PREDICTIONS FROM'REGGE CUT MODELS

:in ref. 1 we presented some'non;uniQUe Regge cut models for
charged:pion photoﬁroduction. ‘These models were required‘to (1) reproduce
the.near—fOrward differential cross section and (ii) satisfy the sum
riles ¢é(;) ‘and ¢5(;)r Since our object was the construction of
coﬁnterexdmples ﬁo certain FESR "proofs" of the eiistence of a pion
conspirétor,'we_did.not éoncern ourselves with ﬁhe other six sum rules.
" Here we expiore the range of predictions for thé asymmetry parameter A
given by these models and comment on the uniqueness or lack of it when
related cdnSiderafions about 'FESR andvfactorization are»brought to bear.
For conveﬁience~we exhibit the parameterization of ref. 1. The model

(), g ()

(-)
2 v T

involves only the isovector-photon amplitudes
and has Regge pion and 'AE‘ exchanges, modified by Regge cuts generated
in the manner of the absorptive model [eq. (2) of ref. 1]. The input

Regge pole amplitudes, expressed in terms of the s-channel amplitudes

gi of eq. (12), are

Regge _

81 = gﬂ gA

Regge Regge 50
g2 - gB - hA (“‘ )
_Regge _

g), = . gﬂ €p

where the individuallRegge pole'contributionsyare
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g = egair r(a (W)L + expl-ina (1) }(v/v,) ” ;
gy = €8 Z—§ (6, + §2)1r<§ - aA(Ti>[l +-exP{'i“qA(T)}](V/VQ) s
“m . :
- (23)
N (c)? i ' o % (7)
A =8 g (8 - wt/ln’) P - aA(T)-)[lf expl-in ()11 (v/vy) © .

Thé residues' gl, éndflgg of fhe‘ A2 Régge polé éorresﬁond to residues
in Fl(f)' énd FB(-)f fegpecti?ely, as can‘bé inferred by inversion of
(12). 1In ref. 1, and also here, these residueS‘aie taken as‘consfants,
an apprdximatioﬁ suitable for the.small fﬁf region. The model has
F), =0 and soihaS'the restriction, A ; P. |

‘Seven rebreéeﬁfati?é mbdéls are sPecifiéd:By the baraméters
given inxtéble IiI. Modei h'hasiah elehenfary piontand‘né AQ, It

'givésvadeQuate fits to the CMSR and4to thé high—eneréy'cross sections,
as already mentioned in ref. 1. It gives A = P = O, of course.

Models 1, 2, 3 >have gé/gl ~ +6.6 and differ in the~absolutekstrength
éf the Ag' coupling,and the_strength of the cuts."Mbdels l'; 2', 3!
have a fefersed sign'for »gl, while preéeiving thé absolute values Of,
the ratio (gl + ég)/él as in models 1, 2, 3. vAli six of these mddeis
give'accepﬁéble fits to the high-energy cfoss séctions in thevVéfy
small’ }t]: region (see Fig. 1 of ref. 1 fof a comparison of.model 1
with the data). The insensitivity of the cross sections to the sign
of él (neéative in tﬁe ﬁnprimed models, positive in the primed models’)
can be understood by examining egs. (14) aﬁd,(22,25). The;sign of

A
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(gl +»g2) Cin g, is defermined by the'need for eonStruetive interference
between the A, and g contributions to gy in a nodelvwith feasonable
strengﬁhe_fer the Regge cuts. The prined'and unnrimed models differ at
small [t| only in the sign of h,, and tnis sign is irrelevant for the
cross sections (14).  At larger |t| wvalues the corresponding primed

and unprimed models yield somewhat different magnitudes'for g, = gB,

. but the differences are not important for T < 0.15 (GeV/c)g.

Inspection of egs. (16) and (17) shows, on the other hand, that
the sign ofv A = P 1is determined at small [t] by the relative signs

(and phases) of g, ‘and g5 =g Thus the corresponding primed and

50
unprimed medels'giVe approximately equal and opposite nredictions.for
the asymmetry A. These ere plotted for models 1, 1', 2, andv2' in
fig. 3. | o
Hew can we choose between the primed and unprimed classes of

models, apart from by comparison with experimental data on A or. P?
First we detail the things which_unite_the models: Models 1, i', end L
are in‘quantitative agreement with the CMSR constraints on FQ(—) and
FB(f) for small 1, while models 2, 2', 3, and 3' disagree by ~10%.

All six models fit the high-energy.cross_section for 7Yp —>n+n for

()

B ]

< 0.1 and are ~20% low for larger . Confrontation of the

models with the requirements of the FESR for. F (-) is less satisfactory

1

than for Fg(_) and ‘FB(-) (and perhaps less significant, as is

indicated below). The high-energy side of the FESR for Fl<-) is-

assumed to be dominated by the AP meson at small t. The trajectory

and residue functionkmwe'been‘evaluated, assuming'a single Regge pole,
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by a numberrofyauthors;lu’l5;16' At f = O the FESR is consistent with
the magnitﬁde‘and-sign of the input Aé pole of model 1' (él':'+o.75),
"but the cerreetions fromethe varieus Regge cut amplitudes are sufficiently
greatvthet_model, if gives a much smaller net value than the ?ole tefm
alone, ISince the magnitude of gl .ie smeller fof models 2, 2', 3, 3',
they aleo give'a high?eﬁergy side of the FESR considerably smaller than
that fouﬁd from‘the_low;energy data, and eometimes differing in sign.
.eThe examples Qf paremeterization in table IIT were found by
trial and_errof, with a;biae against solutions.with very‘iarge Regge
cut'contributiOns. ObViOusly a search could be made for solutions with

larger &

1 in order to try to saﬁisfy the constraint of the FESR for

Fl<_)' We heve not done ﬁhie for several reasons.. One is that the
neglect-of;exchanges other than ﬁ and lAg already makes the predictions
for A shown in fig. 3 schematic, rather than quentitative. Secondly,
. the.smalineSs of the upper limit’ef integration 7 makes suspect thev
assumpﬁien_of the dominance of the hiéh—energyrside'of‘the Fl(-) sum
rule by a'Single effective pole. - The same caﬁ be said of_the sum rulee»
for Fg(f). and FB(-)’ but effective. o] -valuee near zero_make these
FESR insensitive to the upper_limit."zf‘the low-energy data permitted
;einﬁegfafion'upbto ? % é“or 2.5vGeV one:would feel more satisfied
abeut the determinaﬁion of the-paremetere'of the effective A2 pole.

_ Faetorization can indicate a preference for one class ef models
'over the oﬁher: It is'weil known that the presence of Regge cuts

restricts the application of factorization arguments. Nevertheless, if

the cuts are not totally dominant, gross features can be expected to



-17- ' ‘ UCRL-19410

-exhibit appfoximate factorization. Tor the effective A2 pole in
ﬁesonfbaryon scaftering.it has been shown17 that near t = O fhe
residues of the t-channel spin-flip andbnonflip amplifudes are such
| that (vB/A')A2 ~ +10. The nﬁmerigal value of +10 is not known with
any certainty, but (vB/A') is large and positive. Comparison of
the t—chaﬁnel helicity amplitudes for meson—baryen gscattering with the
t-channel amplitudes (4) and (6)'shows that factorization requires for
the A2 pele contributions the relation,
'f V?) 2m F (-) Eé | ) | o )
<}¥? = i tF E'j - gI - =)
. 1 . , .
Now, eq. (2&) is written as if there were no cuts. It can be expected,
however; that cuts will not modifyvthe order of magnitude and sign
implied in (24). it therefore appears that factorization'favors the
'primed_models which have opposite signs for gl and 52, and requires
negative velues for the left-right esymmetry A from a polarized target.

In our particular models, with g5 and A2 poles and cuts, the

asymmetry A 1s predicted to have the energy dependence characteristic

Xere

of x - A interference, i.e. (Asymmetry) > 0 for small |t

2 -
If this éhould be verified experimentally, it is evidence against the
hypothesis that photoproduction amplitudes are governed by fixed poles
only at Jj = 0. Thus, for example, at somewhat higher energies (~ 30

GeV in these models) the differential cross section would be expected

to beha?e as 5'0 for small values of 7.
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5. SUGGESTIVE PERTURBATION THEORY RESULTS
Among the puzzles in the photoproductidn of pions at high
energies are the apparent fixed power behaVior6 which seems to hold

for all.onefmeson photoproduction processes ( = 0 for forward

Otef‘fective
and ~0.5 for backwardlg production), and the success of gauge-invariant
pértgrbafionwtheory in predicting éertain featuréslof differential
Ccross seéﬁiqns. Hararil? has re@arked on the latter from the viewpoint
of forwardvdispersion relatiohs. Tﬁe contributioh to the dispersion
.integrél-(the continuum) is small compared to the nucleon pole terms.
- Since pefipheral processes_at.high energies are,normally thoﬁght of as
dominated_byvt-channél exchangés;‘it is cleaf that géuge'invariance,
bwithvits-linking of s; f, and u-éhannél poles, is playing a profound-
role. An éttempt has been méde to rétionalize'the success éf the simple
perturbétioﬁ'results through usevof.Veneziano.amplitﬁdes,l9 but the
.expected answer seems to have been built in and the mystery (if such
it be) is éé.gfeat as ever.

Fd;;completeness we summarizé the results of‘the elementary.
calculafibn.. Thevthree Feynman graphs which comprise the gauge- .
| invarianfuset, called (upon neglecﬁ of Pauli moment terms) the gauge-
invariang.electrié Born approximgtion,lafe shown in fig. L. Thevt—

channel amplitudes that follow from this model are

e
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e _ _,Fl(+) _ %e»g(t K Ll2)/(8 _ mgb)(u ) mg)
R om0 L deas - P 4 W)/ - 22)(u - n°)
O ) )
F5 _ ,. = F5 = QmFl ‘
5@ 0 g
o | - (25)
_31§-) = deg(s - v)/(s - me)(u - m2)
vvfé(;) = %eg(sbf'u)(t + ug)/(s - mg)(ﬁ‘_ m2).
e _ R
.F5 ) = ‘gmfl( )
r () oo

‘The observables at small t values calculated from these

amplitudes are listed in table IV. The prédictions’for the differential

6,10,11

cross section are successful for the charged pion reactions,

for -t < 0.1 (GeV/c)g, while the predictions for neutral pion
’ 20

_photoproduction are in obvious disagreement with the data. The

calculated asymmetry parameter, ¥, is seen in fig. 2 to Be qualitatively -
similar tovfhe pseudomodel result and to the data. The féilure at

large .(-t> is directly related to.the failure there of the predicted
differeﬁtial cross section-(see fig. 1). Note that pion exchange alone,
which is not gauge-invariant, &ields z = —l,_in complete disagreement

with the data.
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A comment is necessary about the pérturbation results for
TP —aﬂop. ' Since the anomalous magnetic moment terms have been neglected

and there is no pion current contribution, the nucleon pole terms alone

s 2.
give amplitudes 1 (“2 - t) times those for Yp‘—>ﬁ+n. At high
S 2 (m" - u) - :

energies the cross section from these\contribuﬁiéns is of the order of
| (t/s)2 times the ' cross section, a totally négligible value. The
vasymmétry'foérlinéarly polarizéd photons.for this negligible cross
seétion_happéné to be thevsamenés.that for éharged pioﬁs, It is clear
that suchva resultvis meaﬁingless.' Any céntribuﬁidn fromvofher diagrams
will swamb.the €lectric Born resuit. Vector'mééén exchange;vfor example,
is gauge iﬁvariant b& itseif and givés T o= +i vin agfeement with
existing date at émall"t values.’
.The eleétric Born appfokimatidn gives noIQSYmmetiy A or

recoil polarization P »sincétail amplitudes are real.
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TABLE I: Contributions of Well-known Trajectories to t-Channel Amplitudes.

w

Amplitude -

Spin (Nﬁ):  TP TG Tfajéctory"  ‘Isophoton
p () 1 a -1 X, A v
1 : _ ¢ 2
Fl(o):" 1 1 -1 o s
'Fl(+) 1 o S w, v
Fz(_)' 0 -1 -1 el v
Fé(o) 0 -1 -1 B s
' Fé(+) 0 -1 +1 ? v
p (=) 1 +1 - -1 ., A v
3 B S~
FB(O) 1 o o 5
F3(*) 1 +1 +1 w, b v
(=) :
NS 1‘ -1 + Ay v
Fh(o) 1 -1 +1 ? s
FhF+) 1 -1 -1 n(?) v

‘S(V) denotes coupling to isoscalar (isoveétor)‘photons
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TABLE II: Summary of Pseudomodel Results for. yp - .

(s_-'m?>2vdo/df v_f o s - c! -‘c!'

e/ wocew/®) 2
© o001 . 307 S ~ 0.0k
o.o w6 o
'o.oeé5 f, R s 0.96
o.ou»f,'- o _ - 138 S , 0.91
0.09 - 2y o 0.0
L 010 S 128 y 0.69
0.6 . 1 B 0.k8s
| 0'_25"” e 9T o
o300 o
0.0 ; -' - 'h5.6\ o 0195

- 050 - 32.5 , ©0.115
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TABLE III: Parameters_of Regge Cut Models
o . o ) : v - v

P Model _Ia(GeV/c)‘, : C & £y a. aA2
1 8 119 -0.75  -b.92  -0.65(t +uf)  0.b5 - 1
18 1.19  0.75 <642 -0.65(t + uo)  0.h5 - 7
o 8 2.00 =0.25 1.6k (1 + u°) 0.45 - 7
2" 8 - 2.00 0.25 -2.14 | ;(T + pe) O.h5.- T
3 8 1.49  -0.50 -3.28 -0.65(t + u°) 0.h5 - 7
5 8 1.9 0.50  -k.28  -0.65(t +p°)  0.b5 -7

8 1.30 0 0 - ---




‘TABLE IV: Electric Born Approximation Predictions
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Proc.ess' Amplitudé | (s-ﬁ?)gdo/éf -  Asymmetry
’ *  (Wbe-GeV) s
| 2 Ly | 2
7p>a'n \/' 2(r, ur, (O)) pep-{t_+p) e
| (t - )2 (5 +n)
Ty _*”. (<) (0) 52 (654 )(é-m?)2 oty°
e MR PP F @ e
> b >
Yp P ED (F )+F (O)) 131" .(I'__".'_E_). %—
‘ (u -m ) (t° +n)
.yn >t n (Fl(+)-F1(O)) ) o - acman-

W

S
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FIGURE CAPTIONS
Fig. 1. Pfediétions of the pseudoﬁodel (solid line) and of the‘electric'
Bofn approximation (broken liné)‘for the differenﬁial Cross
‘section in P -5 n. Daﬁa;aré from réf, 10 (DESY) énd ref.
11 (S1AC). | | |
Fig. 2.-;fseudoﬁodel (solidilihe) énd'gauge-invariant perturbation
#heory (brokén line) predictions fqr the polarizéd photon
 asyﬁmetry parameter Z; Data are from ref. 13;.
Fig. 5;  Left-right aSymmetf& from a polarized target, A, or'recéil
g neutroﬁ polarization,‘ P, predicted by fhe Regge'éufrmodels
éf table iII.v Model 3% is not'plottéd becaﬁse its prediction
at 5 GeV is similar to that of Model 2 at 16 GeV, and its
prediction at 16 Gev is’similarlto that of Mbdel 1ats GeV;
Likewise, 3'_~ié similaf to. 1' and 2f,"
Fig./h; “Feynﬁan diagrams for'thé electric Born approximation. Graphs

a, b, apd ¢ contain s-, u-, and t-éhannel poles, respectively.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, 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 informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or ' :

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, 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 Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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