


" Recently, .Naus et -:al (1] ’have;”redonSidered ‘the -
derivation .of the 1low energy theorems (LET) for 'plon”-

photoproduction on the basis of the method originally

developed by Gell-Mann-and Goldberger [2]1. They have splittediz
the. photoproduction diagrams into those in- which plon- andf{
photon vertices are .separated by a single plon or: nucleon—”

class A dlagrams and the rest- class B dlagrams (see Fig.1)."

This approach 1s more general than evaluatlon of the Born"
terms and the rest 1n Several respects: 1) some extra model

dependent terms appear. and 11) the dependence - of - the"

off-shell scalar variables takes place. Moreover, Naus et al"
have Incorporated the gauge- invariance on ‘the operator:level .

(strong gauge condition) and have come to the relatibn:jor, " 
the off- shell behaviour- for the strong and electromagnetié_; o
vertices The main result of the Naus calculations 1s in the,_‘ ,
recovering - of the older  results [81 for ‘the: pion~

photoproduction amplitude at the threshold.
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. Fig.1 Class A diagrams for 20 photoproduction: reaction.:
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, we are going to show 1In a  more
stralghtforward - and physically ' opaque manner, than in
Ref.[1], how the off-shell behaviour and additional model
debendent terms, caused by spiitting the amplitude into class

A and B diagrams, disappear in the soft photon limit. To get

. In this paper,

'this goal we . shall follow step by step the procedure to -

obtain the LET which is described in the paper by Adler and
Dothan [4].

. let’s start by writing down the amplitude for
photoproduction using the quantities and notation as given 1n
Ref.[11]
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- Dne can easlly recognize 1in the above expressions the terms

in which 1the photon couples to external charged particle
© 1ines of the corresponding nonradiative process (see Fig.2).
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Fig. 2 Nonradlative diagram corresponding to pion
photoproduction
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v‘vvariablec r13: Fy=F;[(p+00%] 1n (2) and Fj=F
'We expand Fi with reqpect to k and get

Acconding to the Adler-Dothan necipe [41, one must drop all
terms in Mu,\which are explicitly independent or of first
order in the photon four-momentum k to obtain the truncated
amplitude Mu' It is clear
kFi—rq) are al least of an order of kl because the linear
combinatlon° of the Dirac operators in these terms cancel
the nucleon propagator. And the first conclusion 1mmediately
comes: the extra ‘model-dependent _terms, proportional to .
(Fi F;) are (according 1o the Adler-Dothan procedure)
negligibly small in the soft photon limit. '
To proceed with our consideration we note that F1 in
e.(1,2) are the - functions of the (off-shell)
[(p k)“] in (3).
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For the same arguments as given above we must keep in these:
expresqions only  the. first terms. Using the

one-. .comes to the YNN
approximation.

.. Before considering a similar procedure for the off-shell L
7NN vértex Ag, we note, that, following the Adler-Dothan
recipe: one. must add to the truncated amplitude M. a AM -
independent of k so ‘as to make Kk (Mu+AMu) O(keg Th1Q"\

constraint leads 1o -the following expression which 1s in thel‘

one-to-one correspondence with the -condition for the class Bl
terms of Naus et al - : : e

el s 0 ] @

‘that the terms proportional to -

scalar .

identity - =
FO(M“) =k5+k"14 with K= (KK )/2-0.06 and K *(K -k )/2=1.85"
vertex -as used in. thé  Rorn



The off-shell hehaviour in the 7NN verticec 8 removed

in a similar manner-as 1n the case of the rNN verteY From

the expression (A1 diagram)

A5(p ,D+K) rsfi[ (D¥K)2,H2,m )]+r5fq[(p+k)“ H2,n2) ]

o ,by means of the expansion of the form factors with reepect to

k one easily Comes to

A5 =y [ 7, (4 02,02 27, (W, W2 m”)] 15 -

M
With the appropriate - cholce of the constants f (M M2 2) it

~1s:the PS--or PV- coupling in' the =NN vertex. Now we are in a
-position to make the second conclusion. The dependence of the
. of f~shell :scalar .variables dis appears in the derivation of
"the LET. This is a nice feature of the Adler-Dothan procedure
_‘because the final expressions are formulated 1in terms of the

physically measurable (on-shell) quantities:
We encapsulate the above conclusions in the following

, ’statement the splitting of the amplitude 1Into classes A and
B, and the introducing of the off-shell form factors must

»"lead ‘back to the Born terms ALl additional terms, according
”to the Adler-Dothan rec1pe, are to be neglected in the
~derivation of .the LET. :

. We. don’t continue the .consideration of the topic by

,‘imposing the PCAC- constraints - because -this task can be
fodnd - for example, in the nice review by Kamal [5].
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; E4-91-336
BuemaccoBbie dJopMdJaKTopbl B Npefene MArKuX dJoTOHoB T

_AnA dJOTOpO)K,CLEHMFI NMoHOB Ha HyKﬂOHaX

HnaKoaHepremquKMe TeOpeMbl ana dJoTOpO)KJJ,eHMFl nnonoa ‘Ha HYKNo-

" Hax  paccMaTpuvBaloTCA. Ha OCHOBe metoaa Aanepa-foTaHa. I'onaaaHo, YTO

8 npeaene MFII'KVIX dJOTOHOB BCe -AoNONHUTENbHbIE MO.ClEﬂbHO 3aBucumbie

‘cnaraembte ucuésaoT. Kpome Toro, NoKasaHo, YTo B.3TOM fnpeaene HeT Heob-
1 .XO}lMMOCTM BBOANTL '338BUCUMOCTb dJopMdJaKTopos o1 BHEMaCCOBbIX cKa-,
, nﬂprIX nepemeHHblx 8 paanwmblx BepLuMHaX :

Pa60Ta BbIﬂOnHeHa B'ﬂaﬁopaTopvwl TeopequeCKow dJMauKu OMHM
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- The Iow energy theorems for the pcon photoproductlon are con5|dered b

. on the. basns of the Adler-Dothan procedure, It'is shown- that the soft photon"y
hmlt neéessanly leads to the Born approx;matlon for the mo- photoproductuong’

k amphtude at the threshold All addmonal terms, accordlng to the Adler Dothan
i rec:pe are to be neglected in the dernvatlon of the LET SR

The |nvest|gat|on has been performed at the Laboratory of Theoretlcal :
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