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 Polarizabilities: from medium to particles
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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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Compton amplitude:
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Polarizability of hadrons

αX, 10-4 fm3 βX, 10-4 fm3 Comments Chiral theory αX/r3X,  10-3

p 11.2±0.4 2.5±0.4 α=10.8 ,  β=4.0  (±0.7) 1.9

n 11.8±1.1 3.7±1.2

π± 2.0±0.9 -2.0∓0.9 assuming α= -β α=2.9 ,  β=2.7 (±0.5) 1

π0 0±2 1∓2 α=−0.4 ,  β=1.5 (±0.3)

K± <200 from kaonic atom spectra α= −β = 0.6 0.34

Hydrogen atom 4 500

Magnetic moment of proton induced by atomic magnetic fields is ~ 10-14 µN
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Primakoff reactions

σxγ(ω,Q2) → σxγ(ω,0)  

dσxZ=∫nγ(ω)dσxγ(ω)dω

π,K

γπ,K
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Z2↵

!
ln

E

!

density of equivalent photons

σxγ ∼ 1/m2
x
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Pion polarizability at COMPASS

απ=(2.0±0.6stat±0.7syst)×10-4 fm3

Under assumption απ=−βπ:

Phys. Rev. Lett. 114 (2015) 06002
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Kaon polarisability via Primakoff scattering

PT  prediction O(p4):χ
↵K + �K = 0

↵K = ↵⇡ ⇥ m⇡F 2
⇡

mKF 2
K

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

↵K = 2.3⇥ 10�4fm3

⇡ 0.6⇥ 10�4fm3

Theoretical predictions:
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σxγ ∼ 1/m2
x

1-st experimental problem:

Primakoff peak for kaon is 10 times 
lower than for pion

Higher Z for target?



Expectations

σαK stat = 0.03 × 10−4 fm3
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5 × 1012 K− → 6 × 105 Kγ events
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π0 - background2-nd experimental problem:



Radiative widths of mesons

EPJA 50 (2014) 79
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Radiative widths of mesons

EPJA 50 (2014) 79

Particle BR(➔Kγ) Full width, MeV

K*(892)- (9.9±0.9)×10-4 50

K2*(1430)- (2.4±0.5)×10-3 100

… AMBER could try to improve 
present result!
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Chiral anomaly and Primakoff cross 
sections near threshold

K±N → K±π0N
π−N → π−π0N

K±N → K0π±N

π−N → π−π0π0N
π−N → π−π+π−N

Chiral anomaly, F3π constant

…
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π−N → ηπ−N



Meson PDFs
GRV (1992) set of pion PDFs: Drell-Yan, charmonia 
and prompt photon production experiments (E615, 
NA10, WA70, NA24). 

SMRS (1992): basically the same old data. 

JAM (2018) set: production of leading neutrons in DIS 
at HERA (ZEUS, H1). 

Kaon PDFs: just 700 kaon-induced DY events at NA3
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Prompt-photon production
data → σinclusive γ(pT, xF) → gK(xK)

xg min ≈ x2
T min =

4p2
T min

s
For  and  :   pT min = 3 GeV/c Pbeam = 190 GeV xg min = 0.1
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• separation of quark/gluon contribution in kaon (K+ vs K−)
• pion as a reference!
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σK, σK+ − σK−, σK /σπ, (σK+ − σK−)/σπ, . . .
Observables:

courtesy of A. Shipilova ( Samara Univ.)



Previous measurements at low √s

Fixed target 
measurements

AMBER

xT=2pT/√s
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Rapidity



Photons at AMBER
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Target: 40 cm of graphite
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courtesy of A. Shipilova ( Samara Univ.)



Kaon-induced high-pT π0 production

qg→qg 51 %
gg→gg 33 %
qq→qq 15 %
qqbar
→qqba 1 %qqbar
→gggg→qq
bar

LO
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pT>2 GeV/c



Beam requirements
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BEAM Primakoff High-pT photons

Beam particle K- K+/- , π+/-

Beam momentum >40 GeV 190 GeV

dP/P 1 % not critical

Beam intensity ~5e6 kaons s-1 ~5e6 kaons s-1

Beam spot on target ~5x5 mm ~5x5 mm

Beam time request 1 year 1 year

Particle ID by 
CEDAR  pion suppression ~104 pion suppression ~103

TARGET > Ni   ~0.5 X0 ~ C  ~ 2 X0



• AMBER as successor of COMPASS with its three calorimeters is 
a unique facility for the study of processes with photons in the 
final state. 


• AMBER can perform sophisticated test of low-energy QCD 
models via kaon-induced Primakoff reactions:


• first measurement of kaon polarizability


• update the estimation of radiation width of kaon states


• chiral anomaly study


• investigation of Primakoff cross sections dynamics near 
threshold


• Measurement of the kaon-induced high-pT prompt photon and 
π0 production cross section can provide an important information 
about gluon content in kaon.

Summary
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