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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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Photo-Production of Neutral Mesons in Nuclear
Electric Fields and the Mean Life of
the Neutral Meson*

H. PRIMAKOFF}

Laboraltory for Nuclear Science and Engineering, Massachusetis
Institute of Technology, Cambridge, Massachuseits

January 2, 1951

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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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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@ 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



The Primakoff reactionn+Z > n +Z + vy

T

Inverse kinematics for the Compton scattering: y*m—ym’
In the incoming pion rest frame (Anti-laboratory system) 5

Z,A

d’o m, o (@ (L+cos® 6) + 23, cos §
)T Z 2 F pt 9 )
Tdcosd = { (0)+ ll + 2 (1—cos 9)J o, B.independently

w is the energy of the virtual photon in the anti-laboratory sys.

Assuming (o +_)= o in the Laboratory system:

= +47 Zazmﬂ
dE dE

v v beam
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2
E m,
Q2 = Q2. depends on analysis cut
Epean(Epean — E, ) E, is the energy of th 1 ph
eam\ —beam v gy oI the real photon



Polarisability effect (NLO ChPT values)

do /dQ,, [ub]

loop effects not shown
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Pion polarisability: world data before COMPASS

v a .
(A7) AZ) Radiative pion

Photon-Photon fusion

Primakoff process photoproduction

world avg.: 127+ 25
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COMPASS

NAS58 experiment at CERN SPS
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mmon  uon and roton pparatus
for tructure and pectroscopy

CERN SPS: protons ~ 400 GeV '

o secondary 7, K. P : up to 2:10" / s
Nov. 2004, 2008-09, 2012:

hadron spec. & Primakoff reactions

o tertiary muons: 4.10" / s e
2002-04, 2006 07 2010—11 spln structure of the nucleon =
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COMPASS

Experimental Setup

Fixed-target experiment

@ two-stage magnetic spectrometer
ECAL2

@ high-precision, high-rate tracking,
&y g g HCAL2

PID, calorimetry

SM2

ECALI
HCALLI

SMI1

Target
RPD

Muon Filter 2

(2004), 2008/09, 2012

@ 190 GeV 7~ beam on nuclear targets (Ni, W)
\' @ Silicon microstrip detectors for “vertexing”

Si Telescope RICHI o (digital) ECAL trigger



LS
]
+—
&)
S
o
s
&}
]
o
0p]
7]
)
@®©
Q.
S
O
O
&)
L
_I




Pwn polamzabzhtzes at C OMPASS

~60k

= E /Ebeant 0.4
Primakoff ~ évents |
pilotrun  0.3Xo Ni Primakoff
‘ 2004 ~ 3 weeks run 2012
~1WeeK  primagofi ~ ~3months  Time
~10k run 2009 ~200k
events events
0.5X, Pb 0.3Xy Ni

=

¥ Precise silicon detectors to measure small scattering angles
«® Electromagnetic calorimeter with good energy and spacial
‘resolution for photon detection |

-® Calorimeter-based trigger on hard photon(s) in the final state
> Possibility to use hadron and muon beams with the same
momentum 190 Ge V/c

1’
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Principle of the polarisability measurement

@ ldentify exclusive reactions
TY{Ni—N'}— TY

at smallest momentum transfer < 0.001 GeV*/c”

@ Assuming ar + 3> = 0, from the cross-section

J(x’:r'} _ Nmeas[xj')
Oar=0(Xy)  Naim(xy)

R =

3
— 1 - 2.
2

is derived, depending on x, = E, (1) / Epeam-
Measuring R the polarisability a; can be concluded.

@ Control systematics by
7Y {Ni—Ni'} — 17
and

K- = 7 — myy



Identifying the v~ — 7~ reaction

- 120 COMPASS 2009
= r T N1— Ty N
! _ simulation
® - (scaled to data)
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@ Energy balance AE = E; + E, — Egoam
@ Exclusivity peak o = 2.6 GeV
@ ~ 30.000 exclusive events (Serpukhov ~ 7000)
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Pion polarizabilities at
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subtraction of strong and #° backgrounds

0.1 0.12 0.14 0.16
Q [GeV]

signal: a;Q%e %9 + ge =27
strong background: H;]GEE_‘:CF



Pion polarisability — preliminary COMPASS result
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Fit to the X, distribution of the ratio of Real Data (RD) to a
Monte Carlo (MC) simulation (with zero polarizabilities),
giving best value a.=(1.9+0.7)-10-4fm?.



pion polarizability

2009 preliminary

determined under o, + 5; = 0 assumption:

preliminary result

ar = 1.9+ 0.7ar. = 0.8yt x 104 fm°

systematic error

estimated magnitude

d ipti

serpion CL=68% [10~*fm°]
tracking 0.6
radiative corrections 0.3
background subtraction in Q 0.4
pion electron scattering 0.2

quadratic sum 0.8




Pion polarisability: world data including COMPASS

world avg.: 7.5+ 1.6
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@ The new COMPASS result is in significant tension with
the earlier measurements of the pion polarisability

® The expectation from ChPT is confirmed within the uncertainties



v o> - = 3 P
COMPAS'S preliminary result for pion
polarizability is the most precise among
dedicated measurements
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Pion polamzabzhtzes at C OMPASS

'S200k of of Y events with E,,/Ebeam>0.4

% 2012 Primakoff data collected in
, 2012 provide possibility:
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-® to reduce uncertainty of a. measurement
to ~0.3%10% fm’ (xPT: 5.7)

> to measure a,+3, with accuracy
~0.03%x10* fm?’ (xPT: 0.16)

+® to access quadrupole polarizabilities of
pion a2 and [B.>
-®to study dynamics of pion polarizabilities
Ar=0r(S,t,...)
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Pion Polarizabilities

Murray Moinester, Tel Aviv University
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The electric an and magnetic B charged pion Compton polarizabilities provide stringent tests of
Chiral Perturbation Theory. The combination (an-Bn) Was measured at CERN COMPASS via radiative
pion Primakoff scattering (190 GeV/c pion Bremsstrahlung) in the nuclear Coulomb field:

m—+ 7 —n + 7+ y. COMPASS data analysis gives a value:| @n = —Bn = (1.940. 7 +0.85) ><10°* fm?.
The data were taken in 2009. Higher statistics data taken in 2012 will allow an independent
determination of a» and Br, and a first determination of Kaon polarizabilities.

Primakoff Process

Identify m Ni — m Niy exclusive reactions |
at smallest momentum transfer < 0.001 GeV %/c?

11

ECAL2

Muon Filter 2

Muon Filter 1

SiTelescope RICH1
Assuming an + fr =0, the dependence on ¥y = Ey/Egeam
R— 90w 5 3 omi _x
Ta, =olXy ) 2 a1 — My Runs with Hadron Beams 2004, 2008/09,2012 Fixed-target experiment
is used to determine the polarizability an 190 GeV n~ beam on nudear targets Two-stage magnetic specirometer
Tracking: SMD for vertexing High-precision, high-rate tracking,
Control systematics by investigating p Ni—p Niy, K- — nn® Trigger: Multiplicity trigger, (digital) ECAL trigger PID, calorimetry
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with zero polarizabilities.
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PDG style ideogram of polarizability data



