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Discrete symmetries in gravity have only been tested for low energy, non-relativistic matter, confirm-
ing the perfectly symmetric general relativity. A hint for high energy CP violation in gravitational
fields has recently been found in the HERA Compton polarimeter’s two spectra, measured with
electron and positron beams. Here we report results of the analysis of the same polarimeter’s
314896 spectra, acquired during 2004–2007 and tagged by laser polarization states allowing the
separation of charge (C) and space (P) parity contributions. The measured Compton edge energy
asymmetry, induced by the laser helicity flips, is as high as (4.9± 0.5) · 10−5 which corresponds
to a helicity-dependent difference in the gravitational potentials of (1.7± 0.2) · 10−14. In the case
of the observed anomalous coupling’s energy independence, the spin asymmetric gravity will con-
tribute to the galactic rotational curves and the cosmic microwave background. Further analysis
and calculations can determine whether the observed magnitude of the gravitational parity violation
is sufficient for detaching these famous phenomena from the dark matter and the Big Bang theory.

PACS numbers: 04.80.Cc, 11.30.Er, 41.75.Ht

INTRODUCTION

General Relativity (GR) [1], the currently accepted
theory of gravitation, rests on the principle of equiva-
lence, which is a concept originating from the univer-
sality of free fall for massive bodies. Up to now all
macroscopic scale experiments have confirmed this basic
gravitational principle down to the contemporary limit
of 10−13 [2, 3]. In the microscopic realm of quantum
and high-energy physics the gravitation is completely
negligible in comparison to the nuclear or electroweak
forces between the particles. Also the influence of grav-
ity as an external field is largely ignorable for quantum
particle interactions. Indeed, according to the equiva-
lence principle, particles with different natures, intrinsic,
spatial, or energetic properties are affected (accelerated)
equally by gravity. Such absolute democracy and sym-
metry makes any gravitational field undetectable for high

energy particle interactions taking place at a local space-
time point. The situation is different if the symmetry
is broken. Then an instantaneous momentum exchange
with the background gravitational field will depend on
the particle’s type and features affecting the quantum
processes’ kinematics and dynamics. We are searching
for such asymmetries in gravity, motivated by particle
physics’ well known observations that the weaker inter-
actions are less symmetric.

Recent calculations [4] demonstrate a considerable
sensitivity of the high energy Compton scattering to
the gravitational field’s broken symmetries. Using two
Compton spectra measured by the HERA transverse
polarimeter, a signature for gravitational CP violation
has been extracted in the same ref. [4]. These spec-
tra have been obtained from unpolarized laser–electron
and left helicity laser–positron scatterings. The reported
upper limit of the gravitational parity (P) violation is
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(1.3 ± 0.3) · 10−11 at 13 GeV energies. At low energies,
most of the existing P-asymmetric gravity limitations
are model dependent and set by precise spectroscopic or
polarized torsion pendulum [5] experiments. They con-
strain hypotheses such as Lorentz violation [6], torsion
gravity [7], exchange of pseudoscalar bosons [8], and a
few others. A detailed review [9] for low energy spin-
dependent gravitation quotes a current best limit around
10−7.

In this paper we will follow the formalism developed
in ref. [4] to evaluate high energy laser-Compton scatter-
ing’s analyzing power for gravity’s left–right preference in
a model-independent manner. After a short description
of the HERA transverse polarimeter setup we will ex-
plore the polarized Compton spectra sampled during the
2004–2007 running period to extract the Compton edge
left–right energy asymmetry and derive the magnitude
of the gravitational space parity violation. At the end
we will discuss the detected P-asymmetric gravitation’s
possible impact on some interpretations of astrophysical
data.

GRAVITATIONAL REFRACTIVITY

An external gravitational field with a Newtonian po-
tential U modifies the momentum P and energy E rela-
tion of a particle via the expression

c
P

E
=
v

c
− 2U

c2
+O

(U2

c4

)
, (1)

where v is the speed of the particle and c is the speed
of light. This gravitational refraction1 is derived from
GR for weak fields, when the Schwarzschild metric is re-
placed by the field’s potential U = −GM/R for the parti-
cle at a distance R from the gravitating mass M [4, 10].
Within GR all phenomena are described by Einstein’s

TABLE I. Gravitational fields and gradients (per one meter)
at laboratory. Listed are only the dominant contributors:
the Earth, the Sun, the Milky Way, and the Local (Virgo)
Supercluster.

Potential

Source
Earth Sun Galaxy Virgo SC

U/c2 7 · 10−10 9 · 10−9 3 · 10−7 3 · 10−5

∆UR/c
2/m 10−16 7 · 10−29 10−27 10−36

equation, expressing energy-momentum conservation in
curved space-time. In weak fields, Eq. (1) together with

1 The terminology originates from optics (for v = c). Since the
right side of Eq. (1) is energy independent, gravity is not disper-
sive.

energy-momentum conservation is sufficient for evaluat-
ing all gravitational effects. In a laboratory, the major
attractors create fields with U/c2 � 1 (see table I) and
the resulting field ΣU could also be described in terms of
a flat space refractivity. In Eq. (1), the equivalence prin-
ciple manifests itself by the independence of the gravita-
tional constant G, and the potential in general, on what-
ever property of the particle. This leads to cancellation
of the gravitational potential in energy-momentum con-
servation for any initial and final states at the quantum
particles’ interaction vertex. Since any observable has
to be gauge invariant, the gravitational measurables can
only depend on potential differences

∆U(G,M,R) = U
∆G

G
+ U

∆M

M
− U∆R

R
, (2)

where the first term ∆UG ≡ U∆G/G violates gravita-
tional equivalence between different particles or states.
In GR ∆UG = 0 and experimentally it is constrained ex-
ceptionally by low energy tests. The second term with
mass change is currently not associated with any known
test or system and the third term ∆UR ≡ U∆R/R is
responsible for the conventional gravitational effects: the
particles’ deflection and frequency shift. Typical mag-
nitudes of these effects for relativistic particles at the
Earth’s surface are proportional to the potential differ-
ence ∆UR presented in table I. So far only the vertically
moving (keV) photons’ frequency change has been mea-
sured using the nuclear Mössbauer detectors [11]. High
energy particles’ (or light’s) deflection 2L∆UR/c

2 over
a horizontal distance L is out of reach of any laboratory
instrumentation even for L ∼ km scale.

In order to quantify and measure the space parity
violation induced by gravitation, let’s assume a spin-
dependent gravity with different couplings to the left and
right helicity particles. For this purpose, we introduce an
interaction constant

Gs = G+
s ·P
P

∆GP , (3)

which couples the gravitational field to the particles with
spin s. This basic and minimal assumption will modify
Eq. (1) to

c
P

E
=
v

c
− 2

c2

(
U + ∆UP

)
, (4)

with a space parity violating term

∆UP =
s ·P
P

U
∆GP
G

(5)

The helicity (s ·P/P ) dependent interaction is assumed
to be small, so that ∆GP/G � 1. We also note that
the introduced deviation from the equivalence principle
is Lorentz invariant (v ≤ c) and does not violate Special
Relativity (SR). The specified mirror-symmetry breaking
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gravity will potentially affect all polarized interactions in
a gravitational field through the relation (4), while the
second term in this relation is not universal anymore and
depends on the interacting particle’s spin state. From
Eq. (4) it also follows that the term with ∆UP primar-
ily affects the velocity of the particle. Hence, mainly the
high energy processes would have sufficient sensitivity to
detect the gravitational P-parity violation through intro-
duced velocity change given the well-known SR relation

E2

m2
· dv
v

=
c2

v2
· dE
E
, (6)

with the particle mass m. This relation amplifies any
tiny relative change in velocity ∆v/v by the Lorentz fac-
tor γ = E/m quadrature connecting it to a potentially
detectable energy change ∆E/E = (γ2 − 1)∆v/v.

HIGH ENERGY COMPTON SCATTERING IN A
GRAVITATIONAL FIELD

Consider the polarized Compton process when a
laser photon with energy ω0 and helicity λ scat-
ters off an accelerated lepton with high energy E
and zero helicity (from here on natural units are
used). Then, the scattered photon with maximum en-
ergy ωmax (at the Compton edge) will retain the ini-
tial helicity [12] while the secondary lepton will ac-
quire a helicity λl = −λx(2 + x)/(1 + (1 + x)2), accord-
ing to refs. [13, 14]. The Compton kinematic factor
x = 4γω0 sin2 (θ0/2)/m, is defined for an initial photon–
lepton interaction angle θ0. Assuming the scattering
takes place in a gravitational field which violates P-parity
by an amount of ∆UP , we apply Eq. (4) to all initial and
final particles. After lengthy but simple calculations, the
energy-momentum conservation reads

x−y(1+x)−2(y2(λl−2)−2y(λl−1)+λl)γ
2λ∆UP = 0,

(7)
where y = ωmax/E is the maximum relative energy of the
scattered photon and the O(γ−3) terms are neglected.
According to this relation, the maximum energy of the
scattered gamma particle will depend on the laser helic-
ity and the mirror symmetry breaking gravitation will
induce a Compton edge asymmetry

A =
ω−max − ω+

max

ω−max + ω+
max

, (8)

where the upper indices denote the helicity states. From
Eq. (7) there follows

A =
2u(x2 + 2x+ 2)

−x4 − 4x3 − 7x2 + (u− 6)x+ 2u− 2
, (9)

with the assignment u ≡ −2γ2∆UP . And, inversely, from
a measured Compton edge spin asymmetry A one can

derive the gravitational left–right helicity potential’s dif-
ference

∆UP =
1

2γ2
· A(x2 + 2x+ 2)(x+ 1)2

2x2 + (4−A)x− 2A+ 4
. (10)

In the above relations the amplification factor γ2 sets the
detection scale for the high energy Compton process to
measure the gravitational parity violation. In order to es-
timate the sensitivity of the laser-Compton scattering we
insert the parameters of the HERA transverse polarime-
ter setup (see the next section) into Eq. (9). For a range
of feasible left–right helicity asymmetry measurements
one can refer to high energy precise detectors. Measure-
ments of asymmetries as low as 10−7 have been reported
at SLAC 50 GeV [15, 16] or at MAMI 1 GeV experi-
ments [17, 18]. Hence, for the sensitivity plot presented
by Fig. 1, we conservatively use a lower asymmetry value
of 5 · 10−6.
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FIG. 1. The sensitivity of the Compton photons’ maximum
energy to the gravitational field helicity dependent coupling
(potential difference ∆UP = ULeft − URight) for the HERA
transverse polarimeter. The dashed vertical line indicates an
upper limit detected in ref. [4]. The experimental result of
this paper is shown by the point with error box.

EXPERIMENTAL SETUP

The HERA transverse polarimeter is built to measure
the average vertical spin of the circulating electrons or
positrons using spatial and energy spectra from polar-
ized laser Compton scattering. The spectra have been
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FIG. 2. Simplified outline of the HERA transverse polarimeter. The setup elements displayed in the Laser Lab and HERA
tunnel are: light Chopper-shutter (Ch), Pockels Cell (PC), Beam Expander (BE), Mirrors (M0–M3), Lens Doublet (LD), light
Analyzer Box (AB), laser–lepton Interaction Point (IP) and Bending dipole Magnet (BM). Inset (a): Raw Compton spectrum
measured with left helicity laser during 45 sec shutter open cycle. Inset (b): Background Bremsstrahlung spectrum sampled
during 15 sec shutter closed period.

sampled by directing 514.5 nm laser light against the
HERA 27.6 GeV electron beam with a vertical crossing
angle of 3.1 mrad and detecting the produced high en-
ergy γ-quanta with a segmented calorimeter. The listed
initial conditions correspond to the kinematic parame-
ter x = 1.02 and Compton edge ωmax = 13.9 GeV for
the scattered photon beam. A reduced layout of the po-
larimeter setup is shown in Fig. 2. The whole detection
scheme is designed for the measurement of an up–down
spatial asymmetry of the γ-quanta which is introduced by
a flip of the laser light’s helicity and is proportional to the
lepton beam transverse polarization. The laser (Coherent
Sabre Argon Ion) produces 10 W CW linearly polarized
light in TEM00 mode. The linear (linearly polarized)
light is converted to circular (circularly polarized) by a
Pockels cell with 85 Hz switching between positive and
negative helicities. A mechanical chopper periodically
blocks the laser beam shutting the light off for 15 sec
within each 1 min measurement cycle in order to sample
the background spectra. An evacuated transport system
with remotely controlled mirrors delivers the laser light
about 200 m from the optical lab to the Compton in-
teraction point (IP). The laser beam is expanded (1:10)

before the transport for focusing into the lepton beam
by a lens-doublet installed 18.4 m upstream the IP. An
analyzer optical setup at the laser beam-dump monitors
the remnant of linear light to optimize the circular polar-
ization magnitude at the laser–lepton interaction point.

The energy measurement of the Compton γ-quanta is
auxiliary and serves as a means to enhance the spatial
asymmetry by imposed energy cuts. Since we are going
to compare the maximum energies of the photons from
the Compton spectra tagged by light helicity we concen-
trate on those details of the experimental setup that are
important for energy measurement only, ignoring all fea-
tures related to the lepton polarization detection.

The scattered Compton photons originate from an in-
teraction region (IR) about 0.5 m long, defined by the
crossing angle and size of the electron and laser beams.
Bending dipole magnets downstream of the IR separate
the electron and γ beams and the photons leave the vac-
uum pipe through a 0.5 mm thick aluminum window to
travel via a mostly evacuated 39 m path before enter-
ing the calorimeter, which is installed 65 m downstream
the IR. Collimators placed at a distance of 47 m from
the IR define an aperture of ±0.37 mrad, the same as
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the angular size of the calorimeter as seen from the IR.
The aperture is 15 times larger than the largest (horizon-
tal) angular spread of electrons at the IR and 40 times
larger than the characteristic radiation angle 1/γ, so the
acceptance inefficiency can be ignored. The collimators
are followed by magnets to sweep out any charged back-
ground.

The calorimeter consists of 12 layers of 6.2-mm thick
tungsten and 2.6-mm thick scintillator plates surrounded
by four wavelength shifters attached to four photomulti-
pliers (PMT). A converter-preshower tungsten plate with
one radiation length, installed in front of the calorimeter,
provides charged particles for the operation of position-
sensitive silicon strip detectors.

PMT signals from single photons are stretched by
shapers to 96 ns and fed into analog-to-digital converter
(ADC) in a 10 MHz data acquisition (DAQ) system sim-
ilar to the HERA cavity polarimeter DAQ described in
ref. [19]. An essential difference from the cavity po-
larimeter DAQ is the trigger mode operation, which stops
the ADC pipeline only for the signals exceeding a given
threshold (about 3 GeV).

The detector performance has been simulated with the
GEANT Monte Carlo program and tested using DESY
and CERN test beams. The measured energy resolu-
tion of 24% GeV1/2, spatial non-uniformity of ±1%, and
nonlinearity of 2% at 20 GeV are in agreement with the
simulations.

Apart from the laser light, the lepton beam also inter-
acts with residual gas, thermal photons, and the bending
magnetic field in the beam pipe, producing, respectively,
Bremsstrahlung, scattered blackbody radiation, and syn-
chrotron radiation reaching the calorimeter. To measure
this background, the laser beam is blocked for 15 sec
of each 1 min measurement cycle (laser light on/off is
45/15 sec). This procedure allows eliminating the back-
ground by a simple subtraction of time normalized light-
off spectrum from the light-on spectrum. The exact
on/off durations are counted by DAQ clocks.

At the time of the measurements, the average Comp-
ton γ rate was 37.6 kHz above the energy threshold of
3 GeV, while the background rate was 3.6 kHz. The rate
distributions obey Landau rather than Gauss statistics,
with longer tails towards lower rates. With such a high
threshold, only the Bremsstrahlung contributes to the
background since the maximum energy of the scattered
blackbody radiation is 0.73 GeV and the synchrotron ra-
diation is absorbed in the preshower and the first tung-
sten plate of the calorimeter.

Additional details about the setup are available in
refs. [20–23]
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FIG. 3. Fitted Compton spectra from Fig. 2 Inset.

EXPERIMENTAL RESULTS

Method of Analysis. The raw spectra measured by
the HERA transverse polarimeter are histograms with
8192 channels each (13 bit ADC). An example of a
per-minute spectrum measured at 30/11/2006 during
23:41:33–23:42:33 is presented in Fig. 2 Inset. For this
example, the laser-on (off) rate was 50.1(1.6) kHz and
1.1 · 106 high energy photons were collected for each he-
licity state (the Inset a displays only the left helicity spec-
trum). Algorithms for extracting the absolute maximum
photon energy from the Compton and Bremsstrahlung
spectra are described in ref. [4, 22]. Here we are inter-
ested in the Compton edge left-right helicity asymmetry
so, we apply a simplified analyzing algorithm involving
only the Compton spectra. After a reduction of the back-
ground subtracted Compton spectra to 256 bins both left
and right spectra are fitted in a single MINUIT [24] run.
The fitting function for each spectrum is a convolution of
the theoretical Compton energy distribution dΣ/dω with
the detector response Gaussian function

F (Ea) = Nλ

∫ ωλ

0

dΣ

dω

1√
ω

exp

(
−(ω − CEa)2

2σ2
0ω

)
dω,

(11)
where σ0 and Ea denote the calorimeter resolution and
detected photon’s energy in ADC units respectively. The
normalizing factors N+,− and the maximum Compton
energies ω+,− are spectrum dependent. These four vari-
ables together with σ0 and the calibration factor C are
free parameters of the fit. The last two (detector) param-
eters can (slightly) change in the course of the lepton-fill
or from fill to fill. The integral (11) for each MINUIT
cycle is calculated numerically using Gaussian quadra-
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ture. The Compton edge extraction fitting procedure is
applied only to data within a narrow energy slice around
the maximum energy to avoid contamination from sys-
tematic effects in the lower energy bins (see ref. [22]). Ex-
amples of fitted spectra (the same data as in Fig. 2 Inset)
together with the fit outcome are displayed in Fig. 3. The
quoted uncertainties are the statistical errors calculated
by the fitting routine.

FIG. 4. Upper plot: Compton edge helicity dependent asym-
metry measured by HERA transverse polarimeter. Lower
plot: Angular dependence of the observed gravitational left–
right potential difference.

Outcome of the measurements. Applying the described
Compton edge extraction procedure to data collected
during the 2004–2007 HERA running period, we suc-
ceeded in fitting 314,896 spectra complying with the
standard criterium for p-values to exceed the thresh-
old of 5%. Combining left and right helicity Compton
edge values for each minute according to Eq. (8) we
obtained 157,448 asymmetry points, plotted in Fig. 4
against their measurement time. Two extended gaps
between the data points correspond to the accelerator
shutdown periods. The average magnitude of the mea-
sured asymmetries weighted by inverse statistical er-
rors is (4.89± 0.10) · 10−5. From the observed asym-
metry, we derive the gravitational left–right potentials
difference ∆UP via Eq. (10). We also explore per-
minute timestamps of the measurements to check how
the asymmetry, or values of ∆UP , are grouped rela-
tive to a fixed direction in space. For this purpose, we
convert the timestamps T to Right Ascension (RA) an-

gles in the celestial coordinate system by the formula
RA = 360◦ · T (mod TS)− 9.87◦, where TS is the dura-
tion of the sidereal day and the angular offset is the po-
larimeter’s setup longitude. While the rotation of the ac-
celerator with the Earth sweeps the Compton beam along
a circle on the celestial sphere, the declination angle of
33.35◦ stays constant. The resulting angular dependence
reduced to 64 bins is shown in Fig. 4.
Systematic errors. The directional independence of

the measured asymmetry is a validity check for the ap-
plied model. Indeed, observation of any preferred direc-
tion in space would violate the Lorentz symmetry (SR).
Describing such a vectorial asymmetry that breaks the
equivalence principle of GR together with the Lorentz
invariance of SR would need a more complicated for-
malism than the applied scalar gravitational potentials’
formulas. The observed asymmetry, however, is highly
isotropic and this type of theoretical error can be safely
ignored. We came to this conclusion by fitting the ob-
served angular dependence with a constant for different
binnings and comparing χ2 to ndf (the values for 64 bins
are displayed in Fig. 4).

Besides gravitation, other interactions also may alter
the energy–momentum relation [25, 26]. For high en-
ergy processes, the main competitor to gravity would
be a background electromagnetic field. As an example,
let’s estimate the influence of magnetic fields. Accord-
ing to Eq. (1.1) from ref. [25], the maximum impact on
the energy–momentum relation for photons in a magnetic
field B is given by

P

E
= 1− 11

45

α2

m4
B2, (12)

where α is the fine structure constant. Hence, the refrac-
tivity created by a 4 T superconducting magnet is about
8·10−21 and that of Earth’s magnetic field is 10−25. Mag-
netic refractivity’s (transverse) spin asymmetry amounts
to about one-half of the mentioned values or, more pre-
cisely, to the 6/11-th part. These tiny effects are still
experimentally unreachable, and, compared to the mag-
nitude of the gravitational potential (either the Local Su-
percluster’s ∼ 10−5 or the Earth’s ∼ 10−9) in Eq. (1),
are completely negligible. The hypothetical influence of
the helicity-dependent weak interaction is excluded by
energy conservation: the weak bosons are too heavy to
contribute to the Compton scattering at the HERA lep-
ton energy scale, and, no virtual tree or loop heavy bo-
son can shift the Compton edge. Thus, an impact on the
Compton edge asymmetry from non-gravitational forces
is largely ignorable.

Possible instrumental false asymmetries may arise from
polarized effects correlated with the laser helicity flips.
These are linked with the lepton’s transverse or longitu-
dinal spin and the laser light’s linearly polarized frac-
tion coupled to the gamma-calorimeter segmentation.
The maximum possible theoretical asymmetries in po-
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FIG. 5. Upper rows: Transverse-spatial (angular) and
longitudinal-energy asymmetries in Compton scattering as-
sociated with the initial photon’s polarization (linear λl and
circular λ) flips. Analyzing powers (asymmetries for the cases

|P ‖e ∆λ| = 1, |∆λl| = 1, |P⊥e ∆λ| = 1) of the HERA transverse
polarimeter setup. Lower row: Percent polarizations mea-
sured during 2004–2007.

larized Compton scattering at the HERA polarimeter
are presented in Fig. 5. As follows from the plots, at
the Compton edge energy, the influence of the longi-

tudinal polarization of the electron beam (P
‖
e ) is dom-

inant while the contributions of the transverse polariza-
tion (P⊥e ) and linear light (λl) drop to zero. Although
none of the mentioned factors could physically alter the
Compton gamma’s maximum energy, the instrumental
smearing can mimic a Compton edge shift, given a suf-
ficiently large lepton beam polarization or linear light.
In order to estimate the magnitude of these effects, we
explored polarimeter detector simulation codes used in

ref. [27] with P⊥e , ∆λl and P
‖
e measurements (Fig. 5

Lower row). From simulated per-minute spectra (1.2 ·106

photons per helicity state), the Compton edge asymme-
try has been extracted applying the same algorithm as
for the real data. For the simulated 100% P⊥e , ∆λl and

P
‖
e values the instrumental false asymmetries amount

to 1.013 · 10−5, 5.379 · 10−6 and 4.625 · 10−3 respec-
tively. These numbers have been derived from 60,000
simulated spectra for each factor. Scaling the asymme-
tries by the observed average values for the 2004–2007
running period < P⊥e >= 31.18%, < ∆λl >= 3.92% and

< P
‖
e >= −0.038%, we get an estimate of the measured

asymmetry instrumental error of 3.62 · 10−6, where we

chose a quadratic summation to neutralize the negative
sign of the mean longitudinal polarization. Alternatively
one can correct the observed asymmetry by the longitu-
dinal polarization factor, assigning half of the correction
magnitude as systematic error, and apply more conser-
vative linear summation. This will enhance the observed
asymmetry from 4.89 · 10−5 to 5.07 · 10−5 and will rise
the instrumental error from 3.62 · 10−6 to 4.25 · 10−6.
The most conservative method, however, is a linear sum-
mation of the errors’ absolute values which brings the
maximum instrumental error to 5.13 · 10−6. Using this
value together with the above quoted statistical uncer-
tainty we get the measured asymmetry with an overall
error of (4.89± 0.52) · 10−5.

In order to evaluate the uncertainty of the ∆UP
one needs to propagate the measurement errors from
the asymmetry as well the kinematic and Lorentz fac-
tors through Eq. (10). Listing the errors of the
x and γ factors’ constituents yields σ(ω0)/ω0 ≈
10−5, σ(m)/m ≈ 3 · 10−7, ∆(θ0) ≈ 2 mrad ⇒
∆ sin2 (θ0/2) ≈ 3 · 10−6, σ(E)/E ≈ 10−3, and we
note that the dominant uncertainty comes from the
HERA leptons’ energy spread. The quoted system-
atic errors are collected in table II. Calculations with

TABLE II. Error bank of the measurements of the Comp-
ton edge asymmetry and difference between the gravitational
potentials.

Source Magnitude Error ∆A

Magnetic field 50 µT 5.5 · 10−26

Transverse polarization 31.2% 3.2 · 10−6

Laser linear polarization 3.9% 2.1 · 10−7

Longitudinal polarization -0.04% 1.8 · 10−6

Magnitude (rel.) Error ∆UP

Statistical fluctuations 2.1 · 10−2 3.6 · 10−16

Laser frequency shift 10−5 1.7 · 10−19

Electron mass error 3 · 10−7 1.0 · 10−20

Interaction angle drift 3 · 10−6 5.2 · 10−20

HERA-e energy spread 10−3 3.8 · 10−17

Asymmetry measurement 0.11 1.9 · 10−15

the displayed values give the measurement’s final result:
∆UP = (1.71± 0.036± 0.187) · 10−14, where the statis-
tical and systematic errors are displayed separately.

This measurement, as a by-product of the HERA po-
larimetry, may also suffer from hidden systematic fac-
tors such as the major suspects – the detector’s helicity
dependent gain or the lepton beam non-gaussian devia-
tions in 6D phase-space convoluted with a possible laser
spatial jitter at IP which is correlated with the light po-
larization [28]. For the gain effects we have estimates
from the bremsstrahlung edge fits [22] to be of the op-
posite sign (on average) to the observed asymmetry. De-
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tailed corrections which on average will enhance the ob-
served asymmetry, are, however, complicated since the
bremsstrahlung and Compton beams have an unknown
mutual offset on the face of the spatially inhomogeneous
calorimeter. For the lepton and the polarized laser beam
spatial convolution the estimations are more complex if
the optical jitter helicity dependent direction, averaged
over the four years period, would differ considerably from
a plausible zero value. The mentioned and other possi-
ble hidden effects, which could have been measured or
controlled during the machine operation, are out of ex-
perimental reach since the HERA is stopped in 2007.

CHIRAL GRAVITY IMPLICATIONS

The main message of the observed parity violation is
that gravitational equivalence is broken and systems or
processes involving spin are gravity dependent. Although
experimental detection is made at high energy, 13.9 GeV,
gravity’s universality, infinite range, and all-attractive
nature suggest an energy independence of the observed
helicity preference of gravitation.

This would mean that the hydrogen atom’s well known
electron–proton spin radiation (21 cm line) will be af-
fected by the gravitational potential at the location of
the atom. So far, the observed deviations from the 21 cm
line have been attributed to Doppler shifted velocities to
infer the presence of dark matter [29]. Meanwhile, the de-
tected chiral gravity could possibly explain the galaxies’
anomalous rotational curves by differences in the grav-
itational potentials at the Earth (where the 21 cm line
is calibrated) and the periphery of the galaxy. Detailed
calculations are outside the scope of this paper. Besides,
the uncertainties in the gravitational potentials, whether
in galaxies or even at the Earth, seem too large for an
accurate answer.

At the nuclear level, the helium nucleus in a gravita-
tional field will emit photons with energy 2∆UP ·MD,
where MD is the deuteron mass. The radiation will be
induced by different gravitational couplings for two op-
posite spin deuterons composing the helium. According
to the potentials quoted in table I, at the Earth’s sur-
face the radiation frequency is around 16 GHz, which
is only an order of magnitude away from the peak fre-
quency of the Cosmic Microwave Background (CMB, cur-
rently assumed as a Big Bang remnant). This fact, to-
gether with the estimated helium abundances of 25% in
the universe [30], hints that a considerable part of the
CMB could originate from the wide variety of gravita-
tional potentials in which the helium nuclei are located,
distributed according to blackbody radiation statistics.
An observation of the corresponding background black-
body radiation from helium electrons’ opposite spins (en-
ergy 2∆UP ·m), with peak frequency reduced by a factor
m/MD, could confirm this hypothesis. An excess of ra-

diation at the CMB 2.73 K spectrum low frequencies [3],
observed in 2011 by the ARCADE collaboration [31],
could already be a signature of the helium electrons’ spin
0.74 mK spectrum’s high frequency tail.

At scales larger than the atomic, one could possibly
find an influence of chiral gravity on asymmetric chem-
ical and helical molecules of life. These, however, are
composite complex systems and the interaction is more
difficult to justify and quantify.

CONCLUSIONS

The indication of a spin dependence of gravitation,
found earlier in a limited amount of data, has been
confirmed by the analysis of four years of data from
the HERA transverse polarimeter. A left–right helicity
asymmetry at the kinematic edge of the Compton scat-
tered γ-quanta is established with a 9σ confidence level.
According to the described formalism, this asymmetry is
induced by the breaking of gravitational equivalence: the
interaction’s intensity depends on the helicity. The con-
tributions of the other three fundamental interactions to
this asymmetry has been proven to be negligibly small.

Further experimental investigations of gravity’s spin
preference could be done at high-γ accelerators or with
atomic and nuclear quantum experiments if sufficient sen-
sitivity could be achieved. The latter possibility assumes
an energy independence of the observed effect, which
would suggest revisiting the hydrogen 21 cm line spec-
troscopy data so as to disentangle the contributions of
the gravitational fields from that of the Doppler veloci-
ties. Within radio astronomy, the feasibility of detection
of the possible 0.74 mK background radiation could be
evaluated as well.
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