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The electromagnetic structure of pions is probed in 7y Compton scattering in inverse kinemat-
ics (Primakoff effect) and described by the electric (ax) and magnetic (8x) polarizabilities, that
depend on the rigidity of pion’s internal structure as a composite particle. Values for pion polariz-
abilities can be extracted from the comparison of the theoretically predicted (under approximation
of unstructured pion) cross section of Primakoff scattering and the measured cross section. The
high beam intensity, good spectrometer resolution, the high rate capability, the high acceptance
and possibility to use pion and muon beams, that are unique to the COMPASS experiment pro-
vide the tools to measure precisely the pion polarizabilities in the 7~ + (A, Z) > 7~ + (A, Z2) + v
Primakoff reaction. This cross section is related to the cross section of Compton scattering on
pion. A precise tracking system, electromagnetic and hadron calorimeters provide good conditions
for Primakoff events selection and background suppression. The pion polarizability measurement
was performed with a 7~ beam of 190 GeV . Most of the statistics was collected with a 3 mm
thick lead target, along with smaller samples using carbon, copper, 1.6 mm lead and empty target.
Total statistics collected with lead target is about 60 000 events.

Keywords: pion polarizabilities; Primakoff scattering; chiral theory.

1. Pion polarizabilities: theory e Primakoff reaction:

and experiment
: o o T+(AZ)—mTr+(AZ)+y (1)
Pion polarizabilities characterize pion inter-
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nal electromagnetic fields. They are fun-

damental parameters of pion physics and T+HAZ) = v+ (A 2)+m (2
the comparison of theoretically predicted and
directly measured values provides stringent
tests for various theoretical models. Chi-
ral perturbation theory (xPT) is one of the vy o ata (3)
most successful tools in describing low en-

e 777~ pair production in ete” interac-
tions:

ergy hadron properties and provides for the

two-loop approximation the values L. Table 1. Experimental results for charged pion
polarizabilities
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Data value 10~ 4fm?

T+ (A, Z) >+ (A Z) +~

Protvino 3 an 6.8+1.4+1.2
The predictions of other theoretical Y+ (A, 2) v+ (A, 2)+=

models like dispersion sum rules, QCD sum  Lebedev * Qn 20 £12
. . .. Mami A25  ar —fr 11.6+1.54+3.0+£0.5

rule, lattice calculations lie in the range from Nty ot
2.4 to 8.0 for a; and from —8.0 to —2.1 for PLUTO 6 O 19.14+48+5.7
B, in units of 10~4 fm?. For the experimental DM1 7 ar 172+ 4.6
measurement of charged pion polarizabilities DM2 ® o 26.3+7.4
Mark 1T ° an 2.2+ 1.6

three physical processes are used:
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The experimental results are presented
in Table 1.
tween measured values and large statistical

Significant disagreement be-

and systematical uncertainties don’t allow
to confirm or disprove the xPT prediction.
New more precise measurements are needed.
Precise measurement of pion polarizabilities
with the Primakoff reaction is one of the
goals of COMPASS experiment 2.

2. Primakoff reaction.

The Primakoff reaction is a process in which
charged pion electromagnetically scatters on
a nuclear target under emission of a hard
photon. It can be treated as Compton scat-
tering of virtual photon provided by the nu-
cleus on the pion. The cross section of this
reaction in the rest frame of the incoming
pion can be represented as:

dBo 20372 Qz _ Q(z)
= F 2\2 4
dtdwdcosf  m2w  Q° A(Q7)7 x (4)
T 2 (1 + 29 + 20, 0
x(ppt 4 M 2 (1 + cos0) + 203rcos )

« (14 ;=(1— cos))?

where m, is the pion mass, w is the en-
ergy of the virtual photon, € is the photon
scattering angle, ) is the momentum trans-
1:71:;7’” FA(Qz) is
the electromagnetic form factor of nucleus.
(Fa(Q?) =~ 1 for small Q*), F! represents
the Compton term for a point-like spin-less
particle. The dependency of the Primakoff
cross section on pion polarizabilities allows

ferred to nucleus, Q¢ =

to use the reaction for separate measurement
of a; and ;. The small momentum transfer
to the nucleus (Q? << m2)) can be used as
the signature of the process.

3. Primakoff reaction studies at
COMPASS

Primakoff reaction studies at COMPASS
during the pilot hadron run in 2004 were
performed with a 190 GeV 7~ beam and
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a 3 mm lead target . Additional samples
with copper, carbon and empty targets and
a 190 GeV p~ beam can be used to study
background processes and estimate system-
atic errors. COMPASS provides unique con-
ditions for the investigation of the Primakoff
process: silicon detectors (spacial resolution
better than 16um) for the vertex position
reconstruction and for the measurement of
the pion scattering angle, an electromagnetic
calorimeter for the photon 4-momentum re-
construction and a magnetic spectrometer
for the determination of the scattered pion’s
momentum.

3.1. Primakoff trigger

Two types of triggers were introduced to en-
rich Primakoff events: One selects events
with at least one scattered particle with a
momentum below 150 GeV/c in coincidence
with a high energy photon. The scattered
pion with a momentum 20 + 140 GeV/c is
detected by a trigger hodoscope. In addition,
an energy deposition larger than ~ 50 GeV
in the electromagnetic calorimeter and an en-
ergy deposition smaller than ~ 18 GeV in the
hadron calorimeter are required. The other
trigger was introduced to enhance the region
of pion momenta below 90 GeV/c. Only an
energy deposition above 100 GeV in the elec-
tromagnetic calorimeter is required for it.

3.2. Ewvent selection

The candidate Primakoff events are selected
with the following requirements:

e existence of the beam track;

e only one secondary track with momentum
and negative charge, reconstructed in the
silicon detectors;

e only one cluster in the electromagnetic
calorimeter with the an energy above 7
GeV,

e vertex position close to the nominal target
position (Fig.1);
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e pion scattering angle > 0.2 mrad (to ex-
clude effects related to multiple scattering
of the beam pion in the lead target).
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Fig. 1. Vertex position reconstruction.
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Fig. 2. Exclusivity peak.

3.3. Energy balance

The energy transferred to the nucleus is
much less than a setup resolution. Un-
der zero transfered energy approximation for
Primakoff scattering Epeam = Eycluster +
The width of the re-

constructed beam energy peak is about 7

Erscatt., see Fig.2.

GeV and the main contribution to the peak
width is due to the electromagnetic calorime-
ter energy resolution. The exclusivity of Pri-
makoff events is enforced by accepting only
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events for which the reconstructed beam en-
ergy (Eyciuster +Frscatt.) 18 in the range 165 -
215 GeV.

3.4. Q2%-distribution

For the calculation of the scattered photon 4-
momentum we can neglect the energy trans-
ferred to the lead nucleus (but not the mo-
mentum). In this way the photon energy
E’y = Epeam — Erscatt and Q2 = (Eﬂ'scatt X
efrscatt - (Ebeam - E‘n’scatt) X 07)27 where
Orscatt and 0, are the scattering angles for
the pion and the photon. A small beam mo-
mentum spread and the precise measurement
of scattered pion momentum allow to obtain
a smaller uncertainty for the photon energy
than using the energy information from the
calorimeter. The obtained Q? distribution is
presented in Fig.3.

In addition to the electromagnetic scat-
tering process with the 7= + ~ final state we
have diffractive scattering processes with the
same signature, for which the transfered mo-
mentum is not zero. The diffractive scatter-
ing process produces some background level
in the region of large @2 while the peak at
Q? = 0 corresponds to Primakoff events.
The width of this peak is fully defined by the
setup resolution for Q2. For Primakoff and
diffractive scattering separation we use the
cut Q% < 1.5 x 1073 (GeV/c)2. This Q2 ap-
proximately corresponds to equal contribu-
tions from Primakoff and diffractive scatter-
ing. The diffractive background for higher 4-
momentum transfers and the clear Primakoff
signal for Q? < 1.5 x 1073 (GeV/c)? can be
seen in Fig.3.

3.5. Final state invariant mass

The invariant mass spectrum (Fig.4) of the
reconstructed 7~y system after all described
selection cuts shows a peak at 700 MeV cor-
responding to p~ decaying into 7~ 7°. In
case of the loss of one photon from the de-
cay ™ — v 4 v or in case of a small angle
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Fig. 3. Q2 — distribution
between the photons and only one cluster re-
constructed in the electromagnetic calorime-
ter the p~-decay events have the same sig-
Taking into
account that the nominal p-meson width is
150 MeV, events with My, > 4 X m,- possi-
bly will be excluded from the polarizabilities
analysis.

A similar background also can be ob-
served from the decay of the beam kaons
(4%) K= — 7 xY. Its contribution can be

studied with empty target samples.

nature as a Primakofl events.

3.6. Prospects for pion
polarizability measurement
at COMPASS

Taking into account the current efficiency of
the Primakoff event selection we estimate a
statistics of Primakoff events for 7= beam
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Fig. 4. 7y invariant mass
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and lead target of 60 000 events. About
30 000 of these events have a relative en-
ergy of the scattered photon in the range
0.5 <
statistics of the Protvino experiment in this
range was 7000 events) (Fig.5). COMPASS
also covers the range 0.25 < Eiz < 0.5 im-
portant for independent determination of a,
and (B, but not covered by the Protvino ex-

periment. Big statistics, samples with muon

< 0.9 (for comparison, the

beam and different targets provide a chance
to decrease statistical and systematic errors
of pion polarizability measurement.
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