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COMPASS hadron beams
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Two Cherenkov detectors (CEDARs) 
for π/K separation

Composition of the beams

+ some contamination of muons and electrons
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Low-t ?
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Henry Primakoff
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Coulomb field of 
nucleus can be used as 

photon target!
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The COMPASS setup
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CEDARS

Target  
and RPD

Spectrometer 
 magnet SM1

RICH 
detector

Electromagnetic and hadron  
calorimeters ECAL1, HCAL1

Muon  
Wall 1 

Spectrometer 
 magnet SM2

Muon  
Wall 2 

Electromagnetic and hadron  
calorimeters ECAL2, HCAL2

>350 plains

Silicon  
detectors

 CEDAR detectors for beam particle identification  
 Set of nuclear targets (from H to Pb) 
 Precise silicon detectors to measure small scattering angles 
 Magnetic spectrometer for pion momentum measurement   
 Electromagnetic calorimeter with good energy and spacial resolution for 

photon detection 
 Muon identification system 
 Muon beam
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 Polarizabilities of hadrons
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The electric and magnetic 
polarizabilities of a hadron 

are the quantities 
characterizing the rigidity 

of QCD system 
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~P = ↵X
~E

~µ = �X
~H

Compton amplitude:

αX, 10-4 fm3 βX, 10-4 fm3

p 12.0±0.6 1.9∓0.6
n 12.5±1.7 2.7∓1.8

PDG data:

π, K ?

H = ... −(αXE2+βXH2)/2 
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Pion polarizability (theory)
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Chiral theory 2-loop approximation (O(p6)):

Partially conserved axial current (PCAC) approach:

- basing on PIBETA results for FA/FV

The most of other models like quark confinement 
model, QCD sum rules, dispersion relations etc. gives:

8⇥ 10�4fm3  ↵⇡ � �⇡  14⇥ 10�4fm3
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Pion polarizability: 
experiment
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Polarizabilities and 
cross section
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απ and βπ can be extracted separately from the 
measurement of  the  differential cross section

Z2

Q2≪mπ2 

σ∼Z2

Compton cross section:
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Polarizability effects
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απ−βπ

απ+βπ

CM-system 
Pπ=190 GeV/c
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Simple case: απ=−βπ 
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xγ - relative energy of 
emitted photon in Lab 

system
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Pion polarizabilities at COMPASS
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Primakoff 
pilot run

2004

Primakoff 
run 2009

Primakoff 
run 2012

~ 1 week

~ 3 weeks

~ 3 months Time

~10k  
events 

0.5X0 Pb

~60k  
events 

0.3X0 Ni

~200k  
events 

0.3X0 Ni

xγ>0.4πγ:

Published result

Under  
analysis
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Choice of the target material
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C ➔ Pb ➔ Ni
Serpukhov COMPASS

2004 COMPASS 2009, 2012

�
Born

⇠ Z2
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Kinematic cuts
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Exclusivity cut 
on the level ±15 

GeV to reject 
events with 

missed particles 
in the final state

pT-cut to reject low pT 
region related with 

multiple scattering in 
the material

Mπγ< 3.5 mπ to avoid  
ρ-meson production 

and decay to ππ0

Q2< 1.5×10-3 (GeV/c)2 
to reject πγ state 

production via 
strong interaction
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Muon data
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The same selection + muon beam momentum measurement
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The measured xγ-distributions
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Background from the reaction 
π−Ni→π−Ni π0 is subtracted
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Corrections
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 pion rescattering 
 radiative corrections (Compton vertex) 
 form factor of the Ni nucleus 

 High Z effects (Zα=0.2) 
 Nuclear charge screening by atomic electrons
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The COMPASS result
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2009 

απ=(2.0±0.6stat±0.7syst)×10-4 fm3

Under assumption απ=−βπ:

Phys. Rev. Lett. 114 (2015) 06002

Protvino: απ=−βπ =(6.8±1.4stat±1.2syst)×10-4 fm3, χPT: απ≈2.8×10-4 fm3 
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The COMPASS result

COMPASS preliminary result for pion 
polarizability is the most precise among 

the dedicated measurements
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Pion polarizabilities at COMPASS
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2012 
Primakoff data collected in  
2012 provide possibility:

to reduce uncertainty of απ measurement  to 
~0.3×10-4 fm3    (χPT:  5.7) 

to measure απ+βπ  with accuracy ~0.03×10-4 
fm3  (χPT:  0.16) 

to access quadrupole polarizabilities of pion 
απ2 and βπ2  

to study dynamics of pion polarizabilities 
απ=απ(s,t,...)

>200k  of πγ events with xγ>0.4
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Kaon polarizabilities
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ᵪPT  prediction O(p4):
↵K + �K = 0

↵K = ↵⇡ ⇥ m⇡F 2
⇡

mKF 2
K

⇡ ↵⇡

5

�Prim ⇠ 1

m2αK<200×10-4 fm3  (1973) 

- from kaonic atoms spectra

Experimental results:

At COMPASS: 
• ~2.4% of kaons in hadron beam 
• CEDARs for beam kaons 
identification

1 Kγ event 
per 500 πγ 

Quark confinement model:
↵K + �K = 1.0⇥ 10�4fm3

↵K = 2.3⇥ 10�4fm3

⇡ 0.6⇥ 10�4fm3

Theoretical predictions:

Polarization effects  
~m3
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Pion polarizability 
at JLab (plans)

23

γ*

γ

A. Aleksejevs at. al,  
Measuring the Charged Pion 

Polarizability in the γγ → π+π− 
Reaction 

(A proposal to the 40th Jefferson Lab 
Program Advisory Committee)

Polarized photons of 6 GeV 
107 tagged photons per second 
 116Sn target of 0.6 mm 
 Rate: up to 400 events per hour 

for Mππ<500 MeV 
accuracy for απ-βπ=±0.6×10-4 fm3

Existing detector  
GlueX at Hall-D

Main physical backgrounds: 
• pion pair production in strong interaction 
• coherent ρ0 production
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QCD chiral anomaly
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π0→γγ γ→3π

For π−γ➔π− π0:
For π−γ➔π−η:

F3⇡(0, 0, 0) =
F⇡(0, 0, 0)

ef2

Low-energy theorem: 

Chiral anomaly: chiral symmetry on the level of the 
lagrangian but non conservation of chiral current
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QCD chiral anomaly 
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Experiment Year Reaction Cross section, nb F3π, GeV-3

FRAMM 
(CERN) 1985 π−e→π

−eπ0 σ=2.11±0.47 9.6±1.1

SIGMA 
(Protvino) 1987 π−(A,Z)→ 

π−(A,Z) π0
σ/Z2=1.63 

±0.23stat±0.16sys
10.7±1.2

E94-015  
(JLab) 1994 γp→nπ−π0 Proposal

Low-energy 
theorem 9.78±0.05

Problem of extrapolation to zero: F(s,t,Q2) →F(0)  

VES 
(Protvino) 1998 π−Be→π−Be 

η σ=135±34 6.9±0.7

Low-energy 
theorem 6.5±0.3

For π0:

For η:
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Сhiral anomaly at COMPASS
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We have more than 10k π−Z→π−Zπ0 events in 2012 
run data (600 events in Protvino experiment) 

π−Z→π−Zη 
K−Z→K−Zπ0 

K−Z→K−Zη 

K−Z→K0Zπ− 
 

Study of such 
processes like: is also possible

2004 
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πγ cross sections near 
threshold: π− ➔ π− π+ π−
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COMPASS already published 
the result for the cross section 
of π−γ→π−π+π− reaction near 

threshold. PRL 108, 192001 (2012)

2004 

Eur.Phys.J. A36 181 (2008)
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πγ cross sections near 
threshold: π− ➔ π− π0 π0

Reaction π−γ→π−π0π0 is under analysis

Dynamics for reactions with more pions (4+) in 
the final state can also be investigated
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Radiative widths of mesons
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Radiative widths of mesons
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EPJA 50 (2014) 79
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What about kaons?
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Particle BR(➔Kγ) Full width, MeV

K*(892)- (9.9±0.9)×10-4 50

K2*(1430)- (2.4±0.5)×10-3 100

…

It would be nice to have high 
statistics with kaons
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π0 lifetime
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Direct measurement is competitive!

This basic constant of chiral theory is 
known with accuracy worse than 2% 

(0.02% for charged pion)

(Exclusive) 
production off thin 
foils with precisely 
variating distance 

between them.

SPS, 1985 
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Kaon

Pion

F(q2) ⇡ 1� q2 < r2 >

6~2

Form factors of π± and K±

e p → e n π+ 

e+e−+ → π+π− 
π− e→π− eπe➔πe (Eπ lab ≈ 700 MeV)

Ke➔Ke (EK lab ≈ 200 MeV)
Q2 up to 0.3 GeV2/c2

0.642±0.008 fm
0.560±0.031 fm

Muons as 
the reference!
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SUMMARY

34

 Low-t reactions provide unique possibility to study 
processes induced by photons. Study of such reactions is one 
of the main goals of the COMPASS experiment. 

 Main directions of low-t studies at COMPASS are: 
• pion and kaon polarizabilities; 
• chiral anomaly study; 
• meson radiative width; 
• σπγ dynamics for ChPT tests. 

 Ongoing results at COMPASS:   
• the most precise measurement of απ (published result); 
• measurement of π−γ→π−π+π− cross section near the threshold 

(published result); 
• measurement of π−γ→π−π0π0 cross section near the threshold 

(preliminary result); 
• the most precise measurement of a2 radiative width (published 

result); 
• the first measurement of π2 radiative width (published result). 

 More results are expected from existing data but we already 
thinking about future. If you have any ideas - welcome! 


