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Compass physics program
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The polarizability
The polarizability (electric α and magnetic β) relates the 
average dipole (electric    and magnetic   ) moment to an external 
electromagnetic field.
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The polarizability is a quantity which characterizes a particle like 
its charge, radius ….



Prague 05-10/07/2004 Marialaura Colantoni 4

Chirality
What is the chiral symmetry?
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Chirality
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The inclusion of quark mass introduces a small breaking of chiral 
symmetry → perturbative expansion in energy
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Pion polarizabilities

Chiral dynamics describes:Chiral dynamics describes:
• properties
• production
• decay amplitude
• low energy interactions
of the Goldstone bosonsGoldstone bosons (π, η, K) among themselves
and with γ’s

The pion polarizabilities can be described in the 
framework of the Chiral Perturbation Theory (χPT)
based on the chiral symmetry of QCD and Goldstone 
theorem
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The χPT
LQCD (quark,gluon) → at low energy→ Leff (π,Κ,η,p,n..)

The χPT provide a rigorous way to determine απ, 
βπ via the effective chiral lagrangian

The numerical values are: ( )
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Consistent with the chiral simmetry ( ) 0=+ ππ βα

U. Burgi, Phys.Lett. B 377 (1996) 147
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Measurements of pion polarizabilities
PhotonPhoton--Photon Collision:Photon Collision:

f(1270)

From the results of MARK II  group (1990) [1] with the reaction:
γγ + + γ→πγ→π-- + + ππ++ the value of ααππ =(2.2 =(2.2 ±± 1.61.6stat+sysstat+sys)10)10--44 fmfm33

was deduced [2]
[1] J.Boyer et al., Phys. Rev. D42, 1350 (1990)
[2] P.Babusci et al., Phys. Lett. B 277, 158 (1992)
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Measurements of pion polarizabilities
Pion Pion PhotoproductionPhotoproduction::

A test made by the Lebedev group (1986) with the reaction
γγ + p + p →→ γγ + + ππ+ + + n+ n showed the feasibility ααππ= (20= (20±±1212statstat) ) ·· 1010––4 4 fmfm33

[3]. High precision measurement made @ MAMI (A2 coll.)
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Data analysis is in progressData analysis is in progress
[3] T.A. Aibergenov et al., Cezch J. Phys B36, 948 (1986)
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Measurements of pion polarizabilities
PrimakoffPrimakoff reaction:reaction:

The Serpukhov group (1985) with the reaction  
ππ + + 1212C C →→ γγ + + ππ + + 1212CC at 40 GeV gives:
ααππ= (6.8 = (6.8 ±± 1.41.4stat stat ±± 1.21.2syssys) ) ·· 1010––4 4 fmfm33 [4]  with the hypothesis (απ+βπ)=0
ββππ= (= (--7.1 7.1 ±± 2.82.8stat stat ±± 1.81.8syssys) ) ·· 1010––4 4 fmfm33 [5]
((ααππ++ββππ)= (1.4)= (1.4±±1.41.4stat stat ±±1.21.2syssys) ) ·· 1010––4 4 fmfm33 [5]
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π
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γπ

[4] Yu M. Antipov et al., Phys. Lett. 121 B (1985) 445
[5] Yu M. Antipov et al., Z. Phys. C 26 (1985) 495
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The Primakoff reaction
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For the reaction π + Z → π’ + Z + γ
one measures the Primakoff cross section:
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The goals
• Pbeam =190 GeV/c to increase the ratio
of the coulombian/nuclear cross section
and less multiple scattering effect 

GOALSGOALS::
measure independently (απ + βπ), απ,  βπ
enough statistics:

• to get the statistical errors negligible
versus the systematic one

• evaluate systematic errors due to 
different cuts

• more complete angular distribution
∆t ~ 5 · 10-4 (GeV/c)2
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Second Spectrometer: SAS
Geometrical Acceptance: θ<30 mrad
Gap: 200× 100 cm2

Integral field: 4.4 Tm
Analyzed momentum: p>10 GeV/c

First Spectrometer: LAS
Geometrical Acceptance: θ>30 mrad
Gap: 172 × 229 cm2

Integral field: 1 Tm
Analyzed momentum: p<60 GeV/c

The COMPASS hadron setup 2004
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Typical reconstructed event:
γππ ++→+ −− PbPb '
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The generator
• Target 208Pb
• t < 850 MeV2

• 1.05 · m2
π<s1<30 · m2

π

• Eγ > 90 GeV
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Pion reconstruction

pπ[GeV]

pπ[GeV]

∆p
/p

Pion momentum distributionPion momentum distributionGenerated Generated 
ReconstructedReconstructed

Pion momentum resolutionPion momentum resolution
~0.35%~0.35%
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Photon reconstruction:

Eγ[GeV]

Eγ[GeV]

∆E
/E

Generated Generated 
ReconstructedReconstructed

Photon distribution energyPhoton distribution energy

Photon energy resolutionPhoton energy resolution
~ 2.5%~ 2.5%
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πγ final state reconstruction:

Resolution of transversal Resolution of transversal 
components of the fourcomponents of the four--momentum momentum 
transfer to (transfer to (γπγπ):):

~3 ~3 ·· 1010--44 ((GeVGeV/c)/c)22

t[GeV2]

tMC-tRC[GeV2]

Generated Generated 
ReconstructedReconstructed

Four momentum transferFour momentum transfer
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The efficiency = Nrec/ Ngen
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Polarizabilities statistics
With 107 π/s, the spill structure is 5 s beam every 16 s ⇒ 2.2·1011 π/day

The  interaction probability R = σNT = 5·10-6 assuming:
σ = 0.5 mbarn
NT = Aρl/NA= 1022 cm-2

The global efficiency is estimated to be ε = 24 % due to:
• tracking efficiency ~92%
• gamma detection ~58%
• combined acceptance of COMPASS and SPS 60%
• analysis to reduce background ~75%

2.2 2.2 ·· 10101111 ×× 5 5 ·· 1010--66 ×× 0.24 = 2.64 0.24 = 2.64 ·· 101055 Events/dayEvents/day
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Primakoff summary
• Different target → Z2 dependence in the

the cross section

• Possible comparison with point like particle
via the reaction: µ + Z → µ + Z + γ

• Constant efficiency on tConstant efficiency on t

• t t resolution resolution →→ 3 3 ·· 1010--44 ((GeVGeV/c)/c)22

• Error on polarizabilities 
δαδα ≈≈ 0.4 0.4 ·· 1010--44 fmfm33 ((≈σ≈σtheorytheory))

• Also kaon kaon polarizabilitiespolarizabilities can be measured
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Kaon polarizability
The  K cross section scales down as m-1 → 3 times smaller compared 
to the π one.
The polarizability goes as 
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Assuming :
3 · 105  Kaon/s @ 190 GeV/c

we expect 10103  3  Events/dayEvents/day
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F3π measurement
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F3π= (12.9 ± 0.9 ± 0.5) GeV-3 [1] F3π= (9.7 ± 0.2) GeV-3 [2]
Expected ~ 5 Expected ~ 5 ·· 101033 events/dayevents/day VS 200 VS 200 SerpukovSerpukov events in totalevents in total

[1] Antipov et al., Phys Rev D36 21 (1987)    [2] Moinester et al., Proc Conference on Physics with GeV Particle beam, Julic,
Germany 1994, Miskimen et al., Theory and Experiment, MIT, 1994 
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Conclusion
Using the Using the COMPASSCOMPASS spectrometer one can:spectrometer one can:
•• test the test the χχPT measuring the pion polarizabilities PT measuring the pion polarizabilities 

via the via the PrimakoffPrimakoff reaction.reaction.
•• measure the measure the kaon kaon polarizabilities for the polarizabilities for the first first 

timetime
•• measure the chiral anomaly amplitude for measure the chiral anomaly amplitude for γ→γ→33ππ
•• and moreand more……

this is only a part of the wide research programthis is only a part of the wide research program
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Trigger
y

x

beamγ

π-

π-beam z

SM2

ECal2
(128 ×256)cm2

SM1

Hodoscope
(96 ×80)cm2

Beam Counter
Target

Veto system

Trigger:Trigger: HodoscopeHodoscope ×× ECal2ECal2

ππ-- γγ
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Comparison with the Serpukhov data

6.4 · 104/day~6·103 in totalPrimakoff events

1013 π/day1011total flux

σE/E≈(5.5/√E + 1.5)%σE/E≈3.5%@27GeV

σθ ≈ 3.1· 10-5 radσθ ≈ 1.5· 10-4 radoutgoing photon

σp/p≈(0.3÷1)%σp/p≈1%

σθ ≈ 4 · 10-5 radσθ ≈ 1.2· 10-4 radscattered pion

C, Cu, PbBe, C, Cu, Fetarget

107 π/spill106 π/spillbeam intensity

190 GeV/c40 GeV/cbeam momentum

@COMPASS@COMPASS@ @ SerpukhovSerpukhov


