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my-scattering diagrams for point like pion

correcﬂons related
pion mternal
structure

—

ﬁ:anE
i=BrxH

The electric and magnetic polarizabilities
of pion are the quantities characterizing

the regidity of quark-antiquark system

In nonrelativistic approximation the
hamiltonian of pion interaction with
external electromagnetic field
corresponding to the ath diagram can
be represented as:

H= — (0B + B, H?)




Theoretical predictions for oir and By

x PT (2 loops) 0tz+Bz=0.16, 0tz-Br=5.7+1.0
QCM (Xn"‘Bn:OZS, (Xn'Bn=705
QCD sum rules ;=5.6+0.5

Dispersion sum rules

Dispersion sum rules ° Viffel’ehf fheoreﬁca'
models predict quite
QCD sum rules  — different values of pion
polarizabilities.
Experimental
measurement provides the
stringent test of
theoretical approaches.




Experimental results for or and B+
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r — Br = 13.0775 x 10~ * fm?

or + Br = 0.187055 x 107 * fm?
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Primakoff reaction
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*
In COMPASS we study quasi-real i Q
photon Compton scattering on n~

A,Z

do = /dUCompton X TL(CU(), kOJ_)ddekOJ_

where ¢ = (wq, ko) is 4-vector of virtual photon

Main signatures:
O ~Z°

OCompton — U(awaﬁw) Q<< m
T

For measurement of pion polarizabilities we compare the measured
differential cross section of Primakoff reaction and the theoretically
predicted cross section for point like pion




COMPASS hadron run 2004

About 10 days of data
TARGETS: taking (pilot run)
main Integrated beawm flux is
Pb3mm 1011 pions

Pb 1.6 mm

" Trigger:

 Pb2+1mm Primakoff1:
C 23,5 mm trigger hodoscope +
>50 GeV in electromagnetic calorimeter +

Cu 3.55 ) .
. mm >18 GeV in hadron calorimeter

Empty target Primakoff2:
>100 GeV in electromagnetic calorimeter

-

. : HCALI Primakoff hodoscope
silicon stations

Veto system
X
Z D
Photon
Beam counter

SM2

ECALZ2 HCALZ2




Primakotf analysis

EVENT SELECTION
For measurement of orand By | [ =+ yinthe final state

under approximaﬁon g* BTT=0 [A primary vertex near the nominal

we compare differential cross
Sec‘l'ion M invariant mass My < 3.75 M,

target position

_C_.Z_g_ Where A= EW M | Ey+Px - Poeam | <25 GeV

dw Ebeam

measured and theoretically
predicted for point like pion

At COMPASS there is a possibility to measure o«

and Brindependently from comparison of 2-0 Since muon is the point like particle we use
cross sections Primakoff statistics collected with muon beam as
d?o

h h a reference.
, Where 0 is the angle of photon emission
dwdb

M P>45 MeV/c
A 0.5<w<0.9

A q < 7.5x103 (GeV/c)?

In current analysis only the data with
Pb 2+1 mm target and trigger Primakoff2
were used for pion polarizabilities estimation.




Primakoff and background processes
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. . —> can be subtracted
1) = =7 +Y diffractive e

2) K=n+n° 9 +y +®~4% of kaons in the beam)
3) U U +Y (~3% of muons in hadron beam) — Osyst
4) e~ e +Y (~0.1% of electrons in hadron beam) syppressed by Pi-cut

5) = p rn4n’ Sw+Y +® suppressed by Mqv-cut




Kaon background subtraction
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polarization effects. To keep statistics as :
large as possible in this region we cannot just 300
cut out the range of invariant masses oof
attected by kaon background. Kaon :
background was subtracted using data about 100 .
beam kaons decay up- and downstream the - Freliminary

% 100 200 300 400 500

target (virtual empty targets). Mo, VeV




Primakoff scattering for different
targets

Q2-distribution for different /-dependency

target materials of the Primakoff cross section
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Strong dependency of Primakoff signal (Q=0) to diffractive background
(@>>0.01) ratio on the target material

Good agreement with ZZ-dependency for the Primakoff cross section in the
wide Z range




Monte Carlo simulation
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s Acceptance of the COMPASS setup
for Primakoff events

The acceptance behavior is similar for pion and
muon events. This fact proves our choice of muon
events as reference.




Radiative corrections

Vacuuw polarization

In spite of the significant corrections

Compton vertex to the Born cross section (6-9%) the
correction for pion polarizabilities is

Multiple photon exchange not too big: 0.6x10-4 fm3

Screening by atowic electrons
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Estimations for systematic

error

Error, 10-4 fm3

Setup description in MC

+0.5

Diffractive and empty target
backgrounds subtraction

+0.3

Muon background

+0.2

Electron background

< +0.1

SYSTEMATIC TOTAL

+(0.6

ol=- Bn=(2.5i1 .7stati0.6syst))(1 0-4 fm3




Experimental results for or and By
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SUMMARY

* Preliminary result of the measurement of pion
polarizabilities at COMPASS under approximation os* Br=0
iS 0(n='Bn=(2.5i1 .7stati0.63yst))(1 0-4 fm3.

Current result demonstrates the great possibilities of
COMPASS setup: present statistical uncertainty (achieved
during about 3 days of data taking is on the level of the most
precise previous measurements. The systematic uncertainty
also not oo big and mainly appointed by limited statistics
with muon beawm for MC sefup description test.

Current precision of polarizabilities measurement is not
enough for test of the theoretical models. At COMPASS we
plan to perform new data taking for Primakoff reaction for

more precise measurement of o and B-




