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[Ladon Beam Polarization Verification
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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 1>C using
the small Nal crystal ball (74 x 16, ) of the University of Rome "La Sapienza". The
experimental points reproduce very well the (1+cos2¢) law expected for a fully polarized
beam on a perfect polarization analyzer.
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I.adon Beams in the World

Project name Ladon® Taladon+ ROKK-1A ROOK-2 ROKK-1M LEGS* LEGS-2  Graal** LEPST HIGS®
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 lr;tgegrir;agl tagging external tagging itgtgegrir:}agl igi;grir;agl collimation
Electron energy GeV 1.5 1.5 1.8-55 0.35-20 14-53 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 st 10° 510° 210° 2 106 2 106 4 10° 2 106 2 106 2 106 106-108
Year of operation 1978 1989 1982 1987 1993 1987 1999 1996 1999 1999

°Laser ADONe, +TAgged LADON, A ROKK is a russian abbreviation for Backscattered Compton Gamma, * Laser Electron Gamma Source,
** GRenoble Anneau Accelerateur Laser, T Laser-Electron Photons at SPring-8, © High Intensity Gamma-ray Source.
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The Frozen Spin Polarized HD Target at LEGS
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Signal and Background with Polarized Targets
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HD targets use a Hydrogen gas in which each molecule 1s
made of one one proton and one deuteron. Since protons
and deuterons are different particles, the deuteron 1s a
boson, the molecular system 1is not subject to the
exclusion principle and therefore the proton and the
deuteron can be polarized independently.
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Double Polarization Asymmetrles at LEGS
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Gerasimov, Drell, Hearn (GDH) Sum Rule
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Graal Tagging Box

Air outside

Stainless Steel vacuum box

Ring vacuum chamber: fixed
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microstrip counting rate

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

5 | microstrip number
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Energy and Timing Resolution 1 UV Line

The energy resolution provided by the internal tagging technique:

u-strip silicon detector » energy resolution of 16 MeV (FWHM) (1.1%)

plastic scintillators » time resolution better than 500 ps (FWHM)
LB E “Heh=s50ps
- v -0 = 147 ps

Ey =1478 MeV
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Beam Polarization Asymmetries
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Our “Absolute” Velocities
(Velocity of light: ¢ =299 792 km/s)

Rotation of the earth around its axis (Grenoble) = 0.32 km/s = 10~ ¢¢c
Revolution of the earth around the sun = 30 km/s = 10-4c

Velocity of the Solar System in the Galaxy = 215 km/s = 10-3¢
Motion relative to the Last Scattering Surface = 371 km/s = 10-3¢

Cosmic Microwave Background distribution:

2 3
éT(lg):V00319+V—00329+0 —
T C 2¢” C

Y = 0.000122 +0.00006v = 365 + 18kms
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Graal Beam Orlentatlon on the Earth
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Compton Scattering Kinematics

From the relativistic kinematics of Compton scattering:

dE, 1 dE
(0, = 180°) E7/max _ 47/2Elaser ~ 47/2Elaser and ~ 2d_7 or d_)/ ~ y
1 47/Elaser Ej/ 7/ 7/ 2 E}/

m

e
and in general from relativistic kinematics:
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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.




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 um 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 1s 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 um) was chosen with the condition that it
would not deteriorate appreciably the intrinsic energy resolution
of the system.
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ESRF Electron Beam Current and Compton Edge

T(°C)  I(mA)

XCg (mm)

d (mm)
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200 t\ Time evolution over a day of:
180 Inj%ﬁmiﬁ a) ESRF beam intensity;
160F @) | | | b) tagging-box temperature;
- c¢) CE position and fitted curve;
43 ¥ d) 0 = xCE — xfit. The error bars
147 ; on position measurements are
IL directly given by the CE fit.
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0.015 |
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6 12 18 ¢ (hr)

INFN-TV 70 Anni - La Fisica Nucleare - Carlo Schaerf - 11 Maggio 2022



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 10° 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, A d = 10 pm, corresponding to = 3% of the microstrip pitch of 300 um. In five years
Graal has collected more than two thousands measurements and therefore the statistical error, (A d)., 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.

(Ad)smt N 1.S5um 3.10° =~ (AEV )stat

"~y

d 52.3mm E

/4




Average Results over a Sidereal Day

+107 | +
AE,/E, :|“ _ LALI y

{a T wet
qosp [0 | T [ac2se10c

6 12 18 ¢ (hr)
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 (x? =1.04 for the unbinned histogram). The blue line is a fit of the

form: Asin(Qt+@) . [Q = 211/(23 h 56 min)] and at 95% Confidence Level yields:
AE/JE, =A< 251076

AB =0410"8 "2 ~ 0410825106 ~ 10~

Ey



Minimal Standard-Model Extension - mSME

The minimal Standard-Model Extension, mSME, for the photon energy-momentum four-
vector, predicts a change given by:

— 11— K- + O(K?
w, (1 K ky)ky (K?)
E,= o, energy of the photon

Py = k}/ :‘ky

K specifies a preferred direction which violates Lorentz symmetry

- Vo

: ky three - momentum of the photon; ky direction of the photon

Our measurement, based on the search for sidereal modulations 1n the CE of the scattered

electrons, sets an upper limit: \/szc + K32, <1.6107* (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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Light Speed Anisotropy
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We have studied the angular fluctuations in the speed of light with respect to the apex
of the dipole of Cosmic Microwave Background (CMB) radiation using the experimental
data obtained with GRAAL facility, located at the European Synchrotron Radiation
Facility (ESRF) in Grenoble. The measurements were based on the stability of the
Compton edge of laser photons scattered on the 6 GeV monochromatic electron beam.
The results enable one to obtain a conservative constraint on the anisotropy in the light
speed variations Ac(f)/c < 3 x 107!2, i.e. with higher precision than from previous
experiments.

1. Introduction

The study of the light speed anisotropy with respect to the dipole of the Cosmic
Microwave Background (CMB) radiation as suggested in Ref. 1, is the modern ana-
log of the Michelson—-Morley experiment. CMB, besides being a unique cosmological
messenger, also determines the hierarchy of inertial frames and their relative mo-
tions, and is defining an “absolute” inertial frame of rest, i.e. the one where the
dipole and quadrupole anisotropies vanish.
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Lowering the light speed isotropy limit: European Synchrotron
Radiation Facility measurements(*)
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Summary. — The measurement of the Compton edge of the scattered electrons in
GRAAL facility in European Synchrotron Radiation Facility (ESRF) in Grenoble
with respect to the Cosmic Microwave Background dipole reveals up to 100 vari-
ations larger than the statistical errors. We now show that the variations are not
due to the frequency variations of the accelerator. The nature of Compton edge
variations remains unclear, thus outlining the imperative of dedicated studies.

PACS 13.60.Fz — Elastic and Compton scattering.
PACS 29.20.Lq — Synchrotrons.

The inverse Compton scattered electron energy spectrum, as suggested in [1], provides
a way to study the light speed anisotropy within the energy scales and monochromaticity
reachable in existing synchrotrons. The study of such anisotropy vs. the frame, when
the dipole of the Cosmic Microwave Background (CMB) radiation is vanishing, .e. with
respect to the apex of the CMB dipole, is of particular interest. It is due to the “absolute”

(*) Paper presented at the “First Italian-Pakistani Workshop on Relativistic Astrophysics”,
Lecce (Italy), June 20-22, 2007.
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The possibility of anisotropies in the speed of light relative to the limiting speed of electrons is

idered. The ab: of sidereal

in the energy of Compton-edge photons at the European

Synchrotron Radiation Facility’s GRAAL facility constrains such anisotropies representing the first
nonthreshold collision-kinematics study of Lorentz violation. When interpreted within the minimal
standard-model extension, this result yields the two-sided limit of 1.6 X 10~ at 95% confidence level
on a combination of the parity-violating photon and electron coefficients (%, )%, (&, ™, cry, and cry.
This new constraint provides an improvement over previous bounds by 1 order of magnitude.
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Properties of the speed of light ¢, such as isotropy and
constancy irrespective of the motion of the source, play a
key role in physics. For example, they are instrumental for
both the conceptual foundations as well as the experimen-
tal verification of special relativity, and they currently
provide the basis for the definition of length in the
Intemational System of Units. It follows that improved
tests of, e.g., the isotropy of light propagation remain of
fundamental importance in physics.

Experimental searches for anisotropies in ¢ are further
motivated by theoretical studies in the context of quantum
gravity: it has recently been realized that a number of
approaches to Planck-scale physics, such as strings,
spacetime-foam models, noncommutative field theory,
and varying scalars, can accommodate minuscule viola-
tions of Lorentz symmetry [1]. At presently attainable
energies, such Lorentz-breaking effects can be described
by the standard-model extension, an effective field theory
that incorporates both the usual standard model and gen-
eral relativity as limiting cases [2]. To date, the minimal
standard-model extension (MSME), which contains only
relevant and marginal operators, has provided the basis for
numerous tests of special relativity in a wide variety of
physical systems [3,4].
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PACS numbers: 11.30.Cp, 1220.Fv, 29.20.—¢

In this work, we will study photons and electrons in an
environment where gravity is negligible. Lorentz violation
is then described by the single-flavor QED limit of the flat-
spacetime MSME [2,5]. This limit contains the real,
spacetime-constant MSME coefficients (kg)**?2, (kyp)*,
b*, c#¥, d*, and H*", which control the extent of differ-
ent types of Lorentz and CPT violation. Note, however,
that ¢#* and k#" = (kg),*“” are observationally indistin-
guishable in a photon-electron system: suitable coordinate
rescalings freely transform the k** and ¢#” parameters into
one another [5,6]. Physically, this represents the fact that
the speed of light is measured relative to the speed of
electrons. We exploit this freedom by selecting the specific
scaling ¢#” = 0 in intermediate calculations. However, we
reinstate this coefficient in the final result for generality.

From a phenomenological perspective, the dominant
MSME coefficient is kr, which causes a direction- and
polarization-dependent speed of light [6]. Varous of its
components have been tightly bounded with astrophysical
observations [7], Michelson-Morley tests [4.8], and col-
lider physics [5]. We will bound the &, piece of k¥,
which is an antisymmetric 3 X 3 matrix; it currently obeys
the weakest limits, so all other MSME coefficients can be
set to zero in what follows. A MSME analysis then reveals
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