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ABSTRACT

In a dispersive approach to the calculation
of the electromagnetic polarizabilities of the pro-
ton, the sensitivity %o the annihilaition channel
input is analyzed., It is shown that the isoscalar
s wave absorptive paxrt gives the overwhelming con-
tribution. The connection with the poorly known
yy = amplitude is established and some numerical

estimates are presented,

T —— e o o o o o o e oy Bl ek o S Y P S S Wy o S e S

*
) Address after Octecber 1977 : Department of Theo=~
retical Physics, University of Valencia, Spain.
' +) Permanent address : Department of Theoretical
' Physics, University of Barcelona, Spain.

Ref.TH,2331-CERN
13 June 1977

TR R I L L L IR R e Lo et v e e e e e e e LSRR T L S TLEL LR TR TR R VR TUT UL AT






This letter is concerned with a thecretical derivation of the
electromagnetic polarigabilities of the nucleon by means of a dispersion
relation technique. These two sitructure constants determine (zpart from
mass, charge and magnetic moment) the Cempion scattering amplitude ! up
to second order in the energy of the photon and the differential cross-
section up to third order. They have been shown 2) to determine the longest
range interaction between two objects, one of which at least is neutral.

The knowledge c¢f these parameters, of undoubted interest for hadron physics,
is also relevant for certain implications in nuclear and astrophysical

3)

studies .

There are some results of the available experiments 4),5) of
Compton scattering on protons at energies v Dbetween 50 and 110 MeV that
can be analyzed in terms of o and P, electric and magnetic polarizabi-
lities, respectively. Such a fit has been carried out §) by imposing the

constraint resulfting from the forward dispersion relation 7) for the sum :

o(+(5 = (44.41‘-0-%),‘10‘43%3 o

The result is the following

o = (184 £0.6)x 1074 Lu? | ﬁ:(x.gi“o-‘?)xw‘égcmg (2)

where the errors of o and P are strongly correlated. Such an anslysis
is not free of problems ; in fact, it has been realized that for energies
around 100 MeV the contributicn of the no meson pole (which enters with
an energy dependence starting with v4) to the differential cross-section
amounts to ~10% at backward angles, This is essential for the extraction
of the proten polarizabilities and can change considerably 8) the reported
values. Therefore, our attitude will be to consider the result (2) as an

indicaticn rather than a settled question.

A separate theoretical determination of o and £ needs more

ingredients than the ones present in the forward sum rule ?). Bernabéu,

3)

Ericson and Ferro Fontan investigated this problem by the use of a back-

ward dispersion relation for the physical spin averzged amplitude at 1807,

In terms of the spin averaged amplitudes A1(s,u) and Az(s,u) introduced

by Bardeen and Tung 10) which are free from kinematical problems and s etric

under crossing, Ai(s,u)==Ai{u,s), the following relation was found 2
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i ¢
E:n[?ZAzl = 0(+ﬁ) (38)

] z VS ez) 22N+
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where the superseript ¢ means the limit s~*m2 of the continuum contri-
butions to these amplitudes, at fixed scattering angle, Z and #n are the
charge and anomalous magnetic moment in natural units and P==%(p+p') is

the average of initial and final nucleon momenta. One gets Eq. (1) from a
forward dispersion relation for the amplitude of (3a). In order to obtain
good cenvergence properties, a backward dispersion relation was written 9)
for the amplitude of (3b). Explicit knowledge of the asymptotic value

t-o at 180° of the pole contribution to this amplitude in a dispersive

*
approach allows one to arrive at the following sum rule

a
- ve
SRR Y Tayes) - 6 (AT =
il M vz(“ém [0 (8T =yes) - 0 (4T =no)]
o

4. at A, +P" @
+u2wm by t Abs (¢ *F Az)

where the backward direction must be followed in the last integration, i.e.,

cne needs the amplitude at the point

&2

As seen in Eq. (4), the absorptive part in the direct channel

s(u) = mi- b+ (DI o

contribution is cobtained from that of the forward physical amplitude by

changing the sign of the non-parity flip multipoles (&m=no). 4 reliable
9)

evaluation of this integrand gives

*
) The first term present in the right-hand side of Eg. {7) of Ref. 9) should

not be there. It amounted to a negative contribution to o-f of
2,4x10=% fm°,



[ -pl, = -4 . 407" fm

(6)

The second term in the sum rule (4) comes from the physical and pseudo-
physical regions in the wy—N¥ annihilation channel, Comparison of

Egs. (2) and (6) indicates that the contribution of this second term should
be very imporiant. Ite significance and the need for its inclusion has
repeatedly been pointed out in the literature 11)’12}’6). Even with a
fairly small radiative coupling of an effective scalar € meson, one

obtains larger absolute values 1) than the result (6).

The + channel contribuiion to o-f coming from two-pion inter-
mediate states was evaluated 12) in the Born approximation. That means that
only the Born contribution is taken for both the NF-wrm and the yy-—mm
in terms of which the + channel absorptive part of Eq. (4) is written.

One should recall that the use of the Born approximation for the NE-rmm
amplitude relevant for this problem is mearningless. These amplitudes are
13)-16) because of their relevance for nucleon-nucleon

by now well studied
17) L0 .
f+(t) partial

forces. It is well known that for the Frazer-Fulco
wzve helicity amplitude (the most relevant ome for us) the Born approxima-
tion is not only misleading but totally wrong, even in sign * » Since

¥ —-nm amplitudes are now krown to a 120% level 16 s one should make use

of them as an input in the calculation of the absorptive part of the +t
channel needed for Eq. (4). Unfortunately, no statement of this kind would
apply to the wyy—rmn amplitudes, on which the information is secarce 18),19)
and not free from ambiguities. The reason why NN—mm amplitudes are well
known in the pseudo-physical region above 4p2 lies in the fact that there
is a bounity of low energy 70N experimental data. In the absence of pion
Compton scattering data, nucleon Compton scattering may play an imporiant
r8le in helping to determine reliable physical yy-—mm amplitudes.

The purpose of this work is precisely to provide the connection
of a-f to the yy—-nm amplitudes. As we are going to see, the sensiti-
vity to different solutions for the yy-mn amplitudes 1s very strong.
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*) This, together with an error in sign in the expressions of Ref. 12) for
the absorptive part made their result go in the right direction. The
sign error has been confirmed to us by the authors (private communication
from B.E. Radescu).
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Therefore this connection gives a supplementary criterion which must be sa-
tisfied by those amplitudes. Of course, if they were determined from

e+e"—ae+e"nn experiments then a reliable value of w8 would be obtained.
It should be mentioned alsc that those amplitudes are crucial for the study

of the radiative decays of scalar and tensor mesons.

The abgorptive part of the amplitude 2A14-P2A2 needed in
Eqg. (4) will be obtained from unitarity taking only two-pion intermediate
states. The sum over the three possible two-pion charge combinations pro-
jects out the isoscalar combination, which for two pions implies even par~

tial waves only. We obtain

Abs [ 2 A, (%, 0050, -2) + (P2 A,) (£, co58,-4)]

e Lo (0 2[4 ws8) sive A 050 B ms0) [ T, os)
32wt E hm? -1

(7)

where A(+) and B(+) are the usual CGLN isospin even nlf amplitudes
and Fo(t,cosG) is the isospin.zero Gourdin-Martin 20) vy T amplitude.
Since the dispersion relation has been written for a spin averaged ampli-
tude the NN ->mm and yy—nn amplitudes which appear in Eq. (7) are pre-
¢isely the ++ helicity amplitudes. This is directly seen from the par-
ticular combination of A'T and B(+) for the first one and from the

absence of the Go amplitude 19)

for the second one. A partial wave
expansion keeping the first two even waves and the integration over the

solid angle € in Egq. (7) leads to

Abs (34, + PR} o 26 JEodu®
im -t |t %

{0 O e )t B0
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where the partial wave helicity amplitudes fi(t) and ff(t) for NN-smp
17)

are Pragzer and Fulco's and the partial wave helicity amplitudes Fg(t)
and Fg(t) for yy—mnn are defined as in Ref. 19). BEquation (8) feeded
into Eq., (4) will thus give the +t channel con$ribution to ao-8 coming
from the four lowest waves of the two-pion intermediate state. A gcod know-
ledge of the helicity amplitudes of Eq. (8) would thus determine the value

of a-B, since the s channel conitribution, Eq. (6), is well established,

It is known from unitarity that the phases of f and ff are
given by 6 and 65, the elastic mn I=0, =0 and two phase shifieg,
at least in the region 4p2 =t = 16y.2 and up to multiples of m. The same
is of course true for Fg and Fs. Therefore the products of helicity am-
plitudes which appear in Eq. (8) are the products of their moduli, where the
modull might take negative values if the phase of the corresponding ampli-
tude differs from the mnw phase shift in an 0dd number of n's., This gives

the following expression for the + channel contribution to o

i 87 4t ]/ﬁ;_ﬁ I
of = —
[ ﬁ]{; ™ 4/.Lz flmz—t n _&2

f’“‘)” f(w-)Q Jf()” m

From the factor cutside the bracket in Eq. (9) one sees the strong dominance
of the low +t region in the integration. The upper limit to will be taken
to be to==50 p2, and this because of three good reasgnsé1)First, the
I=Jd=0 nn state scatters elastically up to t~50 u s S0 that in the
two-pion intermediate state approximation the dominant s wave contribution
to Eq. (9) is correct in this whole region, Second, the best values for
[fi(t)l are known up to t=50 “2 13 ’16). Third, we have explicitly
checked that the contribution coming from above +t= 50 pe cannot give more

than about 10% of the one coming from 4n2 < t < 50p2.

We shall now consider the f amplitudes on a different footing
than the P amplitudes since our semi-phenomenological knowledge on them
lies at very different levels. The Frazger-Fulec f amplitudes are by now
known within i20% errors 16) and we shall take them as a fixed input. The

Gourdin-Martin F amplitudes are on the contrary poorly known. To our
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knowledge, the latest and most complete study on them is that of Ref. 19).
Besides the approximations needed to construct the amplitude for t < 0,
and for the choice of the girong interaction amplitude, the result is non
unigue due to the polynomial ambiguities. In order to fix the coefficients
of the polynomials one would need further thecretical or experimental in-
formation, which is missing. The F amplitudes will therefore be consi-
dered as the variable input in Eg. (9) to show the sensitivity of the

result for o-f to the different choices.

Let us now turn to the numerical caleculations., We shall start
with the 4 wave, since there the situation seems to be more settled.
lfi(t)] is given until t= 24»2 in Ref. 16) and we extrapolate it softly
until t= 5q¢2. This extrapolation is of 1little importance, since 1t con-
tributes only about a 20% of what comes from the lower regiocn 4u2 < it < 24p2.
This is understood from the slow variation of both (t/4-—u2)|ff(t)| and
|F§(t)] with t, which makes the integrand in Eq. {9) decrease egsentially
as Nt-z. Anvhow, 8 we shall see, the d wave contributes less than the
s wave., The amplitude IFg(t)l is taken from Ref. 19) and it seems to be
guite stable with respect to ambiguities in the region which interests us.
Turthermore, it differs very little from the Born conitribution in the region

of integraticon. We obiain in this way a coniribution to o-B which is

4 -4
{d‘ ﬁj& — ‘6 ijo ;wﬂ Uw

Since both Iff(t)] and IFi(t)] do not differ very much from their Born
contributions, the d wave may be calculated in the Born-Born approximation
4

leading thern to about ~ -5x10° fmo.

Let us turn now toc the s wave, |f2(t)| is given up %c b= 50@2

by Bohannon and Signell ?5). Their solution agrees very well over the whole

energy range with the one of Nielsen and Cades 14).- With the availability

of new information om low enefgy nH phase shifts, Bchannon 16) improved

the values of |fi(t)| corresponding to the lowest energies (until t=25 92).
This combined solution is considered nowadays as a very reliable one. Its
behaviour might be roughly described by a broad bump centered at t~ 25 pz.

The amplitude |Fg(t)| was obtained in Ref. 19) with different assignments
for the polynomials. On the basis of an acceptable behaviour around
t::(1‘GeV)2, they prefer the sclution presented in their Fig. T7b. However,

the precise result obtained for low values of should not be taken %oo
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threshold. In fact, the existence of this zeroc in the modulus makes the

seriously since there are other possible sclutions without a zero near
dominent part of the amplitude in the integral of Eq. (9) negative, Taken

ag given, one would find the result

[ ‘l%]: = 220« 107 fmd (11)

which, together with the other contributions {6) and {10), would lead to

AP T =30 407" fim? (i2)

to be compared with the experimental indication of Eq. (2) i The result
would be disastrous. The reason for the wrong sign lies, as said before,

in the existence of a zero of iFS(t)l nezr thresheld which corresponds

to a Jjump in the phase of m radians., The large absolute value cbtained

in Eq. {11) is understcod by the iarge contributicn from the high t regicn,
owing to the strongly increasing behaviour of ng(t)J up o t:j50p2. All
the present experimental results of o sand B, Eg, {(2), are strongly in-

compatible with any =solution of IFg(t)l which has a zero not too far from

threshold.

Let us give, just as a numerical illustraticn of the importance
of the zero, the result we would have got with the same [Fg(t)j but with-
out the change of sign : E?—E]i::23x10_4 fm3, leading to a total value

Q—B::13x10"4 me, which is about the experimental value of o-f.

We finally present the values cbtained when ng(t)f is appro=-
ximated by its Born contribution. It should be stressed +hat there is
absolutely no justification for it. We do it for the sake of showing the
« The Born

strong sensitivity of - to the chosen input for IFg(t)
term dominates at low values of t and it is positive definite everywhere.

The result is the following

T i L o o o L o o o o T 7 Y 1 et i o o o 0 L e o e e o P o e B . P P P .k o e e e = S T

Private communicaticon from ¢. Mennessier.



which would give, together with Egs. (6) and (10),

0(—[5 = 3x10~#fm3 (14)

Comparison of the values obtained in Egs. (11) and (13) shows the extraordi-
nary importance of the behaviour of IFg(t)! even at values of t above

2592.

To summarize, Eg. (9) presents a conuection of the electromagnetic
polarizabilities o and B with the isoscalar s wave wyy—rmn ampliitude
Fg(t). 411 the other ingredients are sufficiently well known to allow its
use to provide restrictions on the possible solutions for the amplitude.

With present informaticn, one would need a solution for |Fg(t)| with a
behaviocur at low t quite similar to the one found in Ref. 19), but with-
out the jump in m radisns for the phase near threshold. This is compa-
tible with keeping an acceptable behavicur at t::(1 GeV)Z. Experiments

on ete"—ete™nm will settle this question.
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