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b i = b
The electric and magnetic
polarizabilities of a
particle are the quantities
characterizing the rigidity
of QCD system
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charged pion polarizabilities
W+ ¥ —* W 1+ Y

Compton cross-section contains information about e.m. polarisability
(as deviation from the expectation for a pointlike particle)
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Theoretical predictions for a3, =

= | Model Parameter | [107* fm’]
xPT (1 loop) Qr — Br 5.4+0.8
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Nambu-Jona-Lasinio model

Quark confinement model Qr — Br 7.05
x4+ Br 0.23

QCD sum rules Oy — B 112210

Dispersion sum rules Qr — Br 13.60 £+ 2.15
ar+ B | 0.166 £ 0.024
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“The most oﬁheoretical models are in
agreement that a,-f3, » a.+f, = 0.2x10: fm’. As

for value a.-f3., predictions are quite different
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T has now been well established experimentally that neutral
w-mesons (#°) decay into two photons.! Theoretically, this
two-photon type of decay implies zero #° spin;? in addition, the
decay has been interpreted as proceeding through the mechanism
of the creation and subsequent radiative recombination of a
virtual proton anti-proton pair.? Whatever the actual mechanism
of the (two-photon) decay, its mere existence implies an effective
interaction between the #° wave field, ¢, and the electromagnetic

% wave field, E, H, representable in the form:
Interaction Energy Density =»(k/uc)(he)"teE-H. (1)
Here ¢ has been assumed pseudoscalar, the factors k/uc and
(he)~¥ are introduced for dimensional reasons (u=rest mass of »?),
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oulomb field of nucleus can be used as photon targe

LTI T . N i o — i
"y ‘™ 1 o

o,



Equwalent photon method

(Wezzsaecker-Wzllzams approxzmatzon)

Electromagnetw field of fast charged
particle is similar to a field of "
electromagnetzc wave
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Primakoff reactions accessible at COMPASS

Access to m + 7y reactions via the Primakoff effect:

At smallest momentum transfers to the nucleus, high-energetic particles scatter
predominantly off the electromagnetic field quanta (~ Z?)
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analogously: Kaon-induced reactions K~ + v — ---
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About 7 X 107 events of Complon effect on pion in the reaction #~ A -+ Ax”"y st 40 GeV/e were detected and for the
first time the charged pion polarizability was obtained o = (6.8 = 1.4) X 1043 ¢m?,

“Serpukhov value”
oy ~7-107% fm?

from the pion
bremsstrahlung spectrum

assuming ar + By =0
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Pion Compton Scattering
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Ni — Ni', ¢° ~

@ Two kinematic variables, in CM: total energy /s, scattering angle fcn,

domy _ o’(s°z2 + myz2) ami(s—-m)’ P
T s(szy + m3z_)*  4s*(szy + miz_)
2 _ 22
P =2 (ox — Br) + ;—?Tzi[n; + Bx) — (s ZEW) z> (a2 — f2)

z+ =1+ cosbcyn  a =1/137 fine structure constant (!)

® 0.(s) rather insensitive to pion's low-energy structure

o Up to 20% effect on backward angular distributions of do/dQcm



ThePrimakoffreactionp + Z - > po+ /+ g Z

p
Inverse kinematics for the Compton scatteringn*3Y 1 8 .
In the incoming pion rest frame (Anti-laboratory system) q
, A ZA
d’t,. , _.f m,w i@, (1+cos’ q) +2b, cosg}
2 73 dap -- .
dudcosg  © | Ag)+ [1+ (1 cosq)J ng &, B, independéatly

J Is the energy of the virtual photon in the anti-laboratory sys.

Assuming (s [ )= 0 In the Laboratory system

ds ~ ds ™ E, . -
IP=—9P +47°a°m, —* %Q - 3+4 o
dE, ~ dE, e U \ Q%
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Q<,.xdepends on analysis cut
E is the energy of the real photon
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Polarisability effect (NLO ChPT values)

do /dQ,, [ub]

loop effects not shown
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