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Scattering of polarized Laser photons on ultra-relativistic electrons in a storage ring
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Ladon Beam Laser Apparatus
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Ladon Beam Polarization Verification

The first verification of the polarization of Ladon beams was performed at Frascati with 
the elastic scattering of the Ladon gamma-ray beam on the 15.1 MeV level of 12C using 
the small NaI crystal ball (7q x 16f ) of the University of Rome "La Sapienza". The 
experimental points reproduce very well the (1+cos2f) law expected for a fully polarized 
beam on a perfect polarization analyzer.
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Ladon Beams in the World
Project name Ladon° Taladon+ ROKK-1∆ ROOK-2 ROKK-1M LEGS* LEGS-2 Graal** LEPS† HIGSÅ

Location Frascati (LNF-INFN) Novosibirsk (BINP) Brookhaven (BNL) Grenoble Harima Durham

Storage ring Adone VEPP-4 VEPP-3 VEPP-4M NSLS ESRF SPring-8 TUNL-FELL

Energy  defining  method collimation internal
tagging

tagging external tagging internal
tagging

internal
tagging

collimation

Electron energy          GeV 1.5 1.5 1.8-5.5 0.35-2.0 1.4 - 5.3 2.5 2.8 6.04 8 0.237-1.03

Photon energy               eV 2.45 2.45 2.34-2.41 2.41-2.53 1.17-3.51 3.53 4.71 3.53 3.53 6.42

Gamma-ray energy MeV 5-80 35-80 100-960 140-220 100-1200 180-320 285-470 550-1470 1500-2400 1-95

variable simultaneous variable 

Energy resolution          % 1.4-10 5 -- 1.5 0.5 1.6 1.1 1.1 1.25 0.8-5

(FWHM)           MeV 0.07-8 4-2 1.5-2 4 -- 5 5 16 30

Electron current             A 0.1 0.1 0.2 0.2 0.1 0.2 0.2 0.2 0.1 100

Gamma intensity           s-1 105 5 105 2 105 2 106 2 106 4 106 2 106 2 106 2 106 106-108

Year  of  operation 1978 1989 1982 1987 1993 1987 1999 1996 1999 1999

oLaser ADONe,  +TAgged LADON, ∆ ROKK is a russian abbreviation for Backscattered Compton Gamma, * Laser Electron Gamma Source,
** GRenoble Anneau Accelerateur Laser, † Laser-Electron Photons at SPring-8, Å High Intensity Gamma-ray Source.
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Ladon Beams in the World
GRAAL/ESRF

HIGS/FEL/Duke

LEPS/SPRING8

h  KL  w h’  thresholds

LADON

LEGS/BNL

s (µb)

Eg (GeV) The calculated fractional polarization of the gamma-ray beam at the Graal
facility, as a function of energy. The red and blue curves indicate, 
respectively, circular (absolute value) and linear polarizations. 
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The Frozen Spin Polarized HD Target at LEGS
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HD target 
cell

HD targets use a Hydrogen gas in which each molecule is 
made of one one proton and one deuteron. Since protons 
and deuterons are different particles, the deuteron is a 
boson, the molecular system  is not subject to the 
exclusion principle and therefore the proton and the 
deuteron can be polarized independently.

Signal

Signal

Signal and Background with Polarized Targets



Double Polarization Asymmetries at LEGS
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Gerasimov, Drell, Hearn (GDH) Sum Rule 
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Mainz
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Δ𝜎°𝑑𝜔

Gerasimov, Drell, Hearn Sum Rule from Dispersion Relation.
Cicularly polarized photons on longitudinally polarized target.

𝜅 = 1.793 anomalous magnetic moment of the proton; Spin S = ½
For the convergence of the integral:  

𝜎! ⟶ 𝜎" 𝜎 = 𝜎#! + 𝜎#"

= 204 µb

𝜔 → ∞

➝

➝

Convergence of 
the GDH integral
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Cross section 
of the 
BGO ball
15 x 32=480
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Graal Tagging Box

NOT IN SCALE

digital 
termometer

Stainless Steel vacuum box

Tungsten shield

guard ring

silicon semiconductor

10 mm

Air inside

Ring vacuum chamber: fixed

Vacuum
inside

We measure
this position

≈ 400 mm

Tagging box:
movable

Air outside

d ≈ 38 mm from Compton Edge to 
the electron beam for Green light

from the end of the 
Silicon wafer to the 
external surface of 
the SS box ≈ 5 mm

from the external surface of 
the SS box to the center of 
the electron beam ≈ 10 mm

Electron beam profile 
(rms): sx ≈ 140 µm
The electrons fly 
out of the page.

≈ 400 mm

microstrips

last microstrip 
closest to the beam

dt

5 mm

microstrip counting rate
microstrip number
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Graal Tagging Box
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Energy and Timing Resolution   1 UV Line

16 MeV FWHM

The energy resolution provided by the internal tagging technique:
μ-strip silicon detector energy resolution of 16 MeV (FWHM) (1.1%)
plastic scintillators time resolution better than 500 ps (FWHM)

1ch = 50 ps
σ = 147 ps

true events peak
peaks due to accidental 
coincidences

Eγ =1478 MeV

Strip Number

Tagged spectrum

Ee’    Eγ
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Beam Polarization Asymmetries
Graal: g + d ® g + n (+p) ® p0 + n (+p) qfn

quasi-free neutron
(neutron in deuteron)

Full line: MAID2005
Dashed line: MAID2003
Dash-dot: SAID
Despite the availability of thousands of 
data points on pion photoproduction at 
these energies the Graal photon 
polarization asymmetries have required 
substantial changes to the existing 
models.
Beam polarization asymmetries have 
been produced for p+, p0, h, and w on 
free protons (Hydrogen target) and on 
bound protons and neutrons (Deuterium 
target).
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Our “Absolute” Velocities
(Velocity of light:  c = 299 792 km/s)

Rotation of the earth around its axis (Grenoble) ≈ 0.32 km/s ≈ 10- 6c

Revolution of the earth around the sun ≈ 30 km/s ≈ 10- 4c

Velocity of the Solar System in the Galaxy ≈ 215 km/s ≈ 10- 3c

Motion relative to the Last Scattering Surface ≈ 371 km/s ≈ 10- 3c

Cosmic Microwave Background distribution:
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Graal Beam Orientation on the Earth

Earth rotation around its 
axis:    w= 7.3 · 10-5 rad s-1

Earth rotation around the 
sun:   w= 2 · 10-7 rad s-1

230.6°

≈S-W
50.6°

The Graal beam 
points approximately 
to the S-W

N
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Distribution of Graal Data
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Compton Scattering Kinematics
From the relativistic kinematics of Compton scattering:

(qg = 180o)

and in general from relativistic kinematics:

since at the ESRF:

we have:

Δ𝛽( = Δ
v(
𝑐

The error in b is reduced by eight orders of magnitude with respect to the relative error in d (the displacement of the
scattered electrons from the main orbit). For the ESRF electron energy of 6.03 GeV and a UV laser line of 3.53 eV, the
energy loss is 1.487 GeV that corresponds to an electron displacement at the position of the Graal tagging detector: d ≈
52.3 mm.
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Electron Distributions and Compton Edge
Typical spectra of scattered electrons are given in the top and
bottom figures. The top figure has been obtained with the Green
laser line (2.41 eV) and the lower one with three UV lines around
3.53 eV. The abscissa indicates the microstrip number. One
microstrip has a width of 300 µm corresponding approximately
to an energy bin 7 MeV wide. The higher microstrip numbers
correspond to the larger electron energy loss. The abrupt drop to
the right corresponds to the maximum energy loss allowed by
relativistic kinematics. We call it the “Compton Edge = CE” and
its slope is given by the energy resolution of our tagging system:
≈16 MeV (FWHM). This resolution is determined mostly by the
ESRF magnetic structure and the electron beam emittance. The
microstrip pitch (300 µm) was chosen with the condition that it
would not deteriorate appreciably the intrinsic energy resolution
of the system.

Microstrip channel numbers
1 channel = 0.3 mm ≈ 6.6 MeV

1 Green laser line

3 UV laser lines

EgEe’

Compton Edge

Compton Edge
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Injection times

ESRF Electron Beam Current and Compton Edge
Time evolution over a day of: 
a) ESRF beam intensity;
b) tagging-box temperature; 
c) CE position and fitted curve; 
d) δ = xCE − xfit. The error bars 
on position measurements are 
directly given by the CE fit.

30 µm

30 µmDd≈ 6 µm ≈ 0.17 MeV

0.9 K°

𝑥)* =A(1 − 𝑒+&,)𝑒+-, 𝑎 > 𝑏
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Compton Edge Position
The position of the Compton Edge as a function of microstrip number depends on the position of the tagging detector with
respect to the electron beam. This position can be remotely changed to cover the largest part of the gamma-ray spectrum.
Normally the CE provides us with the absolute normalization of our energy scale.

Conversely the distance (d ≈ 52.3 mm) between the position of the Compton Edge on the microstrip detector and the
electron beam could be used as a check of the validity of the relativistic kinematics used for the derivation of the energy lost
by the electrons if a careful estimate of the systematic error is made.

The Graal acquisition system has collected hundreds of events per second and more then 106 events per two-four hours run
over the interesting part of the gamma-ray spectrum. Therefore the position of the Compton Edge has been measured, for
each run, with a statistical precision, D d ≈ 10 µm, corresponding to ≈ 3% of the microstrip pitch of 300 µm. In five years
Graal has collected more than two thousands measurements and therefore the statistical error, (D d)stat, in the average
position of the Compton Edge on the microstrip, for each group of about 100 runs, is of the order of one-two microns.
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Average Results over a Sidereal Day

ΔEγ/Eγ

5�10-6 A< 2.5�10−6

14765 CE spectra grouped in 24 bins, with about 600 measurements each, corresponding to the
hours of the sidereal day and averaged. The error bars are purely statistical and agree with the
dispersion of the data points (χ2 =1.04 for the unbinned histogram). The blue line is a fit of the
form: A sin(Ωt+φ) . [Ω ≃ 2π/(23 h 56 min)] and at 95% Confidence Level yields:

ΔEγ/Eγ= A < 2.5�10−6

Δ𝛽 = 0.4 10#$ %&!
&!

≈ 0.4 10#$ * 2.5 10#' ≈ 10#()
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Minimal Standard-Model Extension - mSME
The minimal Standard-Model Extension, mSME, for the photon energy-momentum four-
vector, predicts a change given by:

Our measurement, based on the search for sidereal modulations in the CE of the scattered 

electrons, sets an upper limit: 𝜅*+ + 𝜅,+ < 1.6 10#() (95% 𝐶. 𝐿)
and shows no evidence for a signal improving the previous limits by a factor of ten.

Limits on Light-Speed Anisotropies from Compton Scattering of High-Energy Electrons, PRL 104, 241601 (2010) 
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ωγ   energy of the photon
kγ =

 
k γ ;   

 
k γ  three - momentum of the photon; ˆ k γ  direction of the photon

 κ      specifies a preferred direction which violates Lorentz symmetry

Eg =

pg =
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Light Speed Anisotropy 


