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An equality of particle and antiparticle gravitational interactions holds in general rel-
ativity and is supported by indirect observations. Gravity dependence on rotation or
spin direction is experimentally constrained for non-relativistic matter. Here, a method
based on high-energy Compton scattering is developed to measure the gravitational in-
teraction of accelerated charged particles. Within that formalism, the Compton spectra
measured at HERA rule out the speculated anti-gravity possibility for antimatter at a
confidence level close to 100%. The same data, however, imply a gravitational CP vio-
lation around 13 GeV energies, by a maximal amount of (9 & 2) - 10712 for the charge
and (13 +3) - 10712 for the space parity. The detected asymmetry hints for a stronger
gravitational coupling to left helicity electrons relative to right helicity positrons.

Keywords: CP invariance; experimental test of gravitational theories; relativistic electron
and positron beams in accelerators.
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1. Introduction

Extreme weakness of gravitation makes it the least experimentally investigated
fundamental interaction at sub-atomic scales, with elementary particles. Any test
with a single carrier of the gravitational force, hypothetical graviton, is unfeasible
whereas in the electroweak or strong interactions experimental results with a pho-
ton, W, Z boson or a gluon are readily available at sufficiently high energies. The
weak gravity combined with a rarity and vulnerability of antiparticles drives any
attempt of testing the antimatter gravitation to its technical limits. Einstein’s gen-
eral relativity,! the currently accepted theory of gravitation, does not distinguish
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between particles and antiparticles or their properties such as spin or helicity. The
general relativity is based on universality of gravity and equivalence principle, and,
there is no alternative theory available to predict or describe violations of these
principles in a consistent way. Departures from perfect spin or particle—antiparticle
symmetry are allowed in some quantum gravitation scenarios.? Hence, observa-
tions of antiparticle gravitation could serve as an experimental input for quantum
gravity.? Additional motivations for such investigation are the still unexplained
matter-dominant universe* and the connection of antimatter’s possible anti-gravity?®
to the accelerated expansion of the universe.® One can also think about a possi-
ble particle-antiparticle gravitational asymmetry and helicity dependence from an
analogy to electroweak interactions, where a photon’s massive partners, W and Z
bosons, are considered responsible for space and charge parity violations.” Thus,
possible massive or lower spin gravitons could introduce similar violations® that
may remain hidden at low energies and will become detectable at high energies.
Another possibility to incorporate asymmetric space or charge gravitational
interactions is a modification of vacuum properties described within the Standard
Model Extension (SME)? by Lorentz violating terms in Lagrangian. Such action-
based approach is further developed for anomalous antimatter gravity in Ref. 10.
Indirect observations of matter—antimatter gravitational asymmetry involve nu-
clei with different content of quark—antiquarks in the equivalence principle E6tvos
type experiments.!™'2 Using CPT conservation, the observed stringent limits for
the equivalence principle violating matter could be expanded to a limit below
1077 for the matter-antimatter low-energy gravitational asymmetry.'® Hughes and
Holzscheiter have set limits on the matter—antimatter gravitational differencies from
an equality of particle-antiparticle cyclotron frequencies.!* As the source of gravi-
tation, however, they have used the potential of the local supercluster while for the
Earth’s potential, the derived restrictions are completely lifted. Technical difficul-
ties for charged antiparticle’s gravitational coupling’s direct measurements turned

15717 which may deliver conclusive

physicists’ attention to neutral antimatter tests
results soon. The ongoing experiments, however, are still at low-energy, and massive
gravitons’ interactions may remain unseen.

Spin-dependent gravitation (for a review, see Ref. 18) motivated by Lorentz
violation,'® torsion gravity,?® exchange of pseudoscalar bosons?! or few other hy-
pothesis has been constrained by low-energy spin-polarized experiments, such as
the test with polarized torsion pendulum.?? Here also, the high-energy could reveal
gravitation’s preference for a helicity which is hidden at low energies.

In this paper, I will demonstrate an extreme sensitivity of a high-energy pro-
cess — laser Compton scattering — to an antiparticle’s hypothetical anti-gravity
and gravitational charge and space parity violation. Next, applying the developed
formalism to the existing data of the HERA Compton polarimeter, I will compare
the y-spectra generated by electrons and positrons to measure the charge and spin
asymmetry for their gravitational interaction. Systematic effects and prospects for
other tests will be discussed at the end.
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2. Refraction in Gravitational Field

In an earlier publication, high-energy Compton scattering sensitivity has been
shown to a Planck scale dispersive and birefringent vacuum model.?? Subsequently,
I applied the same formalism to the Earth’s gravity assuming the real gravitational
field’s induced refractivity only for the Compton photons.?* The refraction, how-
ever, also affects the leptons involved in the scattering®® in agreement with the
equivalence principle. This makes the Ref. 24 conclusions on the general relativity
violation invalid.®

Here, I follow the formalism developed by Evans et al.?® to find a massive parti-
cle’s energy—momentum or refraction relation in a static and isotropic gravitational
field described by the Schwarzschild metric. Combining Egs. (3) and (30) from
Ref. 25, for a particle at a distance R from mass M, in a weak gravitational field
GM/R < ¢?, one can derive a refraction relation

E_E+2GiM (1)
T cT eRr

where G is the gravitational constant, ¢ is the speed of light and £, P and v are
energy—momentum and velocity of the particle. This relation is also valid for mass-
less particles: at v = ¢, it describes the photon refraction in a gravitational field
in a form derived by many authors; see Ref. 26 and references therein, or, for a
more recent reference, see Ref. 27. The second term in Eq. (1) is a scaled gravita-
tional potential U(G, M, R) = —GM/R of the gravitating mass. This term can be
dropped from Eq. (1) unless there is a change in the potential
AG AM AR
AU—U?JrUﬁfU?. (2)
Indeed, at AU = 0, the physical processes (involving one or more particles) are
not altered by the extra gravitational term in Eq. (1) since the potential U can-
cels in energy—momentum conservation. Situation changes with AU # 0. Thus, for
AR # 0 case, differentiated Eq. (1) describes particle’s gravitational energy change
(frequency redshift /blueshift for v = ¢) or deflection — using the principle of least
action. While these are classical gravity processes validated by multiple measure-
ments, the first term in Eq. (2), AUs = UAG/G, violates equivalence principle
and has intensively been constrained by pendulum null experiments with different
materials — all for the non-relativistic (¢ = co) case (see Ref. 11 and references
therein). Thus, Eq. (1) follows from general relativity in a weak field (metric is re-
placed by gravitational potential) and describes relativistic gravitational effects in
accord with the equivalence principle.
To allow departure from the equivalence principle, let us retain the interaction
strength G for matter particles and use a different strength G}, for antimatter

2First calculated by T. Khaladgiyan using the Ref. 25 formalism.
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leptons to write Eq. (1) for positrons in the following form:

cP:U—QU(1+AGp), 3)

E ¢ " G
with AG, = G, — G. For an anti-gravitating positron G, = —G.
In a similar manner, within the spin affected gravitation, we can assign an
interaction constant G_ to particles possessing a negative(left) helicity and modify
Eq. (1) to include a helicity-dependent term AG_ = G_ — G

P v U AG_

Positive(right) helicity particles’ coupling constant G is assumed to provide an
average (G_ 4+ G4)/2 = G for unpolarized or zero helicity case, so that AG_ =
—AG,.

Anomalous dispersion or refraction relations similar to Eq. (3) or (4) are often
applied for vacuum, within the context of action-based Lorentz violation.?®2? Such
models have an advantage to access modified dynamic properties (cross-sections)
of considered processes though stringent observational and experimental limits, in
particular from a Compton scattering test,3? exist for Lorentz violating vacuum.3°

Here, we limit ourselves exceptionally with kinematics in a real gravitational
field to investigate how the hypothetical refractions by Eqs. (3) and (4) are affecting
the high-energy laser Compton process.

Similar to Eq. (3), assumption has recently been considered in hypothetical vac-
uum Cherenkov radiation formalism to constrain charge parity violation in gravi-
tational field.3!

3. The Compton Process Affected by Gravity

Using energy—momentum conservation with Eqgs. (1) and (3), when in the Earth’s
gravitational field a photon scatters off a positron with energy &, the Compton
scattering kinematics is given by (from here on natural units are assumed)

£ G

where x = 4ywg sin®(0y/2)/m, with m and v = £/m being the mass and Lorentz
factor of the initial positron, respectively. The initial photon’s energy and angle are
denoted by wg and 6y, while the refraction of Eq. (1) is in effect for the scattered
photon with energy w and angle #; the angles are defined relative to the initial

A
€x—w(1+x+7292)+4w(1—w)’yQU G =0, (5)

positron. This kinematic expression is derived for weak gravity and high energies,
i.e. the O(U?), O(63), and O(y~3) terms are neglected. In this approximation, the
refraction effect of Eq. (1) for the initial laser photon is negligible. For the initial and
scattered positrons the refraction of Eq. (3) is applied. To determine the outgoing
photon’s maximal energy, Eq. (5) is solved for w at § = 0 with the following result:

b+q— /b2 +q(qg—2b+4) (©)
2q ’

Wmax = &
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Fig. 1. The maximal energy of Compton scattered photons (Compton edge) and its dependence
on the initial lepton energy for a head-on collision with 532 nm laser light, in the Earth’s grav-
itational field. The solid line is for matter gravity (e™, electron, G) while the dashed line shows
antimatter anti-gravity case (et, positron, —G). The dotted line corresponds to gravitationally
sterile right (positive helicity) Compton photons (¥, G4+ = 0). Names of eTe™ accelerators are
printed at the upper part.

where b =142 and ¢ = —QWQUAGP/G. Thus, in high-energy Compton scattering,
the small factor UAG, /G is amplified by v2, allowing one to measure it by detecting
the extreme energy of the scattered photons wyax, or positrons € — wmax (Compton
edge).

In order to estimate the method’s sensitivity, I calculate the Compton edge from
Eq. (6) for an incident photon energy 2.32 eV (the widely popular green laser) in the
Earth’s gravitational field (U = —GMg/Rg = —6.95 x 10710), at different energies
of the accelerator leptons. The resulting dependencies for a matter (electron) gravity
and antimatter (positron) anti-gravity are presented in Fig. 1. The plot shows
considerable sensitivity, which grows toward high energies in a range available to
accelerating laboratories. For handling measurement’s systematic errors, from an
experimental point of view, it is more precise to measure a relative asymmetry
rather than absolute Compton edge energy. Therefore, we form an asymmetry of
Compton edges measured on positrons (wh .. ) and electrons (wg, )

max max

€

max , (7)

wh —w
- D e
Wmax T Wiax

max

and use Eq. (5) to find the charge parity gravitational violation magnitude

AG, 1 AQ-A)(1+a)?

Aley =U=¢ 292 1+ A)RAz+ A1) (®)

For evaluating a sensitivity of the laser Compton process to the spin-dependent
gravitation, let us investigate left helicity photon scattering off unpolarized (zero
mean helicity) leptons’ beam. According to helicity conservation, the scattered
gamma-quantum will retain the helicity of the initial photon at Compton edge
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energies.®® Hence, we apply the helicity modified refraction relation of Eq. (4)
to the initial and final photons, reserving the refraction of Eq. (1) for the ini-
tial lepton. After scattering, the leptons become longitudinally polarized acquiring
P, =2(2+z)/(1+ (14 x)?) portion of the initial photon circular polarization.3435
Therefor, for the scattered lepton, the term AG_ /G in energy-momentum relation
(4) must be scaled by a factor —P;/2, where the —1/2 coefficient counts for half
spin and positive helicity of the lepton. This modifications will bring Egs. (6) and

(8) for the charge parity case to

_ _8\/b2+4u(u+m+Pz—1)—b+2u(1+Pl) ()

W

max 2u(2 + P) ’
and, with a measured energy asymmetry A_ = (Wmax — W)/ (Wimax + Was), tO
1 24_(1—-A_)(z®>+2 2)(1 2
292 A2xi+ Ao — (2224 32+ 2)

for the space parity case. In the above equations, the upper index (—,0) stands
for the scattered photon’s average helicity and the following assignments are
made: u = —272UAG_/G, AUg_ = UAG_/G, z1 = 8z° + 2222 + 21z + 6,
x9 = 4(2® + 22 — 0.5z — 1). Energy dependence of Eq. (9), if the Earth’s gravity
attracts only left helicity particles, is plotted in Fig. 1. From the plot and formulas,
we can conclude that Compton process sensitivity to the gravitational space parity
violation is sufficient for introducing a Compton edge sizable shift in a scenario of
the helicity-dependent gravitational field.

For estimating the sensitivity in Fig. 1, the Earth’s gravitational potential
6.95- 10719 is used. There is though a much more greater gravitational field at
the Earth’s surface, the largest, local Supercluster’s potential'* with a magnitude
3-107°. For gravitational effects induced by the third term proportional to AR/R
in Eq. (2), the Earth’s potential prevails (due to large 1/R factor) while in our
case, for the first term in Eq. (2) with AG/G, the local Supercluster potential con-
tribution is dominant. Exact potential selection, however, is important only when
separating the AG/G contribution from the AU factor. The Compton scattering
could measure only the factors AUg, or AUg_.

Besides the gravitation, other interactions also may alter energy-momentum
relation.?®37 For the Compton process, a background electromagnetic field is the
main competitor to gravity, and, since electric fields are usually shielded by conduc-
tive beam pipes, let us estimate influence of magnetic fields. According to Eq. (1.1)
from Ref. 36, the maximal impact to energy—momentum relation for photons in a
magnetic field B is presented by

—1- -
& 45ma— 7
where « is the fine-structure constant. Hence, refractivity created by a 4 T supercon-
ducting magnet is about 8-1072! and that of Earth’s magnetic field is 10~2°. These

P 14 a2
9 pe (11)
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tiny effects are still experimentally unreachable, and, compared to the gravita-
tional potential magnitude (either the Supercluster’s ~107° or the Earth’s ~107)
in Eq. (1), are completely negligible.

4. Experimental Results

The high-energy accelerators where laser Compton facilities have been operated for
years, are listed on the upper energy scale of Fig. 1. As can be seen from the plot,
6 GeV storage rings have low sensitivity while the higher energy colliders (HERA,
SLC, LEP) have a great potential for detecting gravity related energy shifts. This is
true for the HERA and SLC Compton polarimeters but not for the LEP polarime-
ter, which has generated and registered many photons per machine pulse.?® In this
multi-photon regime, any shift of the Compton edge is convoluted with the laser-
electron luminosity and cannot be disentangled and measured separately. Unlike the
LEP, the SLC polarimeter operated in multi-electron mode and analyzed the ener-
gies of interacted leptons using a magnetic spectrometer.?® However, at SLC only
the electron beam was polarized, and positron data are missing. Hence, we turn to
HERA, which has recorded Compton measurements for both the electrons and the
positrons. At the HERA transverse polarimeter, Compton photons are registered
by a calorimeter in single particle counting mode. A recorded Compton spectrum
produced by 514.5 nm laser scattering on 26.5 GeV electrons, from Ref. 40 is shown
in Fig. 2 superimposed on a background Bremsstrahlung distribution. In contrast
to Compton scattering, in the Bremsstrahlung process, the momentum transfer is
not fixed, and any small refractive effect is smeared out and becomes negligible.!
Hence, following the analysis in Ref. 41, I calibrate the energy scale according to the
maximal Bremsstrahlung energy which is found by fitting a convolution of parent

mmax

% 10° ¢
] . o
Q T
e} :
(=] 2 .

102k €
N - e-
<. [ 400 —
- 10 F . T s
[~+1 +
g f el - N

L 200 ,
1 L ¥/ndf 13.97/9 ¥/ndf 19.75/12
5 10 20 @ 25

Photon energy [GeV]

Fig. 2. HERA polarimeter Compton ~-spectrum produced by laser scattering on 26.5 GeV elec-
trons, on top of background Bremsstrahlung with fit results. The inset displays the background
subtracted Compton spectrum. Vertical lines show measured values of the Compton (wmax) and
Bremsstrahlung (£.—) maximal energies.
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energy distribution dX/dw with the detector response Gaussian function,

v [ T 1 e (B (12

205w

to the Bremsstrahlung spectrum. oy and E, in the fitting function denotes the
calorimeter resolution and detected photon’s energy, respectively, while the normal-
izing factor N and maximal energy E,, are free fitting parameters. The fit is per-
formed using MINUIT*? and the integral (12) is calculated numerically applying the
Gaussian quadrature algorithm. The same fitting function with the Bremsstrahlung
parent distribution replaced by the Compton scattering differential cross-section
d¥c /dw is applied to the background subtracted spectrum to find the Compton
edge at we) = 12.70+£0.02 GeV. Here, the upper indexes denote (scattered) lepton
type, helicity and the 0 stands for a spectrum summed over the laser left and right
helicities. The fit results together with fit quality estimates are shown in Fig. 2
The absolute value of the Compton edge is calculated from three measurements —
Bremsstrahlung and Compton edges Bpax and Chax in ADC units, and electron
beam energy Fheam in GeV — by a formula wiax = FbeamCmax/Bmax- More details
about the analysis and experimental setup can be found in Ref. 42.

The same analysis procedure is applied to a HERA polarimeter Compton spec-
trum that was generated with left helicity photons scattered on 27.5 GeV positrons
and has been reproduced in Fig. 8 of Ref. 43. As mentioned above, left helicity
laser photons are generating the same (negative) helicity scattered positrons at the
Compton edge (wP ). The resulting plots with fit quality outcomes are displayed

max

in Fig. 3. Comparing the obtained Compton edge wk . = 13.80 £ 0.02 GeV with

the photons’ maximal energy for the anti-gravitating positrons 25.9 GeV, derived
from Eq. (6), one can conclude without any advanced systematic error analysis

Hl ax

o 0oy (-G)

max max

p—
<
g%

e N

Rate [Hz /0.12GeV]
s

e e+
; o""w‘*’www» it
H i
300 A M
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Fig. 3. A similar plot to Fig. 2 for positrons with energy 27.5 GeV. The Compton edge energy
for anti-gravitating positrons is indicated by a vertical line wmax(—G).
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that anti-gravity for the positrons is ruled out. We can estimate accuracy of this
statement by assuming an absolute energy calibration scale of 0.14 GeV as it is
calculated in Ref. 41. Thus, antimatter’s anti-gravity is excluded within more than
850 confidence interval.

Using only the quoted statistical errors for the w¢

s we obtain a

s
positron-electron and negative-zero helicity Compton edge asymmetry Aqpo— =
0.01297 4+ 0.0013. In order to account for the different energies of accelerated elec-
trons and positrons 26.5 and 27.5 GeV, the measured maximal energies in the
asymmetry calculation have been normalized to 13.10 and 13.87 GeV for the elec-
trons and positrons, respectively. These are the expected Compton edge values from
Egs. (6) or (9) in the absence of gravitational anomaly, at AG, = 0 or AG_ = 0,
respectively.

Since the spectra for electrons and positrons are detected with the same exper-
imental setup, i.e. with the same laser, geometry and detector, both measurements
will experience the same systematic influences that will cancel out or reduce greatly
in the asymmetry of Eq. (7). Hence, we omit systematic corrections with associ-
ated errors applied to polarization or energy measurements (as described in the
Refs. 40, 41, 43 and 44), in order to analyze instrumental errors specific to the

detected asymmetry which we rewrite in a more convenient form:

_ NpTe(l + xp) — newy(1 + )

Aoy = , 13
PO NpTe(l + zp) + nexp(l+ ) (13)

where 17 = Chax/Bmax is a ratio of the measured Compton and Bremsstrahlung
edges, x is the kinematic factor with indexes e and p denoting the measurement
with electrons and positrons, respectively.

Uncertainty of the factor ., = 4& pwosin®(0y/2)/m? is dominated by the
lepton beam energy spread while contribution of the other constituents is negligible:
o(wo)/wo = 1075, o(m)/m ~3-10~7, A(fy) ~ 2 mrad = Asin?(6y/2) ~ 3-1076.
Therefore, HERA leptons’ energy spread o(£)/€ ~ 10~3 will introduce a systematic
uncertainty 7.9 - 10~* to the measured asymmetry. Since the electron and positron
measurements are considerably separated in time, one of the important potential
sources for a false asymmetry could be detector aging and degraded performance.
This assumption could be checked by measuring the calorimeter resolution from
the spectra edges’ slopes — the same energy resolution gg = 0.24 for both spectra
indicates the same, non-degraded, response of the calorimeter.

A major energy correction factor, detector nonlinearity, applied to each meas-
ured Compton edge will largely cancel in the asymmetry. However, assuming a
possible change of detector’s linearity we apply a nonlinearity correction (as de-
scribed in Ref. 41) which will scale the ratio n — n(1 + f€(1 —n)) with a factor
f = 0.001 GeV~!. Limiting the possible change of nonlinearity factor to 10%,
from error propagation in Eq. (13), we derive an associated conservative system-
atic uncertainty of 9.6 - 10~ for the asymmetry which is affected negligibly by the
correction.

2050079-9
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A correlated error could potentially be induced by the detector spatial non-
uniformity which affects the Compton edge absolute energy determination in case
of Compton and Bremsstrahlung beams vertical separation.! In the asymmetry,
however, the non-uniformity is negligible when the Bremsstrahlung from electrons
and positrons overlap (Eq. (13) effectively depends on 7,/ = (CPax/Clax) -
(BE ax/BP.y) ratio). This is the usual case with the calorimeter centered on the
Compton beam during polarization measurements. Then, the electron and positron
Bremsstrahlung vertical overlap is provided by geometrical constraints, flat orbit
requirements and the polarimeter setup location at HERA West — away from the
routine beam-tuning regions at the lepton—proton interaction points in HERA East,
North and South. In order to depart from the assumed 100% spatial correlation of
e~ and e’ Bremsstrahlung beams, we allow a 10% mismatch (correlation coeffi-
cient Cy = 0.9) to estimate the detector non-uniformity influence on the measured
asymmetry. Thus, the quoted 1% spatial non-uniformity*® will result in a 2.2-1073
correlated systematic error in the asymmetry according to correlated error propa-
gation formula

(6A)? = (dAp)? + (dA.)* — 2C; dA, dA,, (14)

with dA, = %Anp, dA, = %Ane and An,/n, = Ane/ne = 0.01.

Other minor instrumental false asymmetry sources are electronic pedestal off-
sets, estimated to be £4 MeV with ~ 3 - 10~ contribution to asymmetry and
luminosity-dependent pile-up photons. The latter amounts to 0.02 and 0.0015 pho-
tons/bunch for the electrons and positrons, respectively, and, in our case, will tend
to reduce any true asymmetry so, it cannot be responsible for the observed effect.
An ignorable, about the order of m, contribution to electron—positron asymmetry is
coming from Bremsstrahlung edge charge dependence. The quoted and calculated
errors are listed in Table 1.

There are also potential contributions from chiral sources collected in Table 2.
To estimate the magnitudes of these effects, I have explored the HERA transverse
polarimeter setup simulation code.**

Table 1. Errors of the measured asymmetry A = 1.3-1072.

Source Magnitude (rel.) Error AA
Statistical fluctuations 1.4-1073 1.3-1073
Laser frequency shift 10—° =0
Electron mass’ error 3.1077 ~0
Interaction angle drift 3-1076 ~0
HERA-e energy spread 103 7.9.10~4
Nonlinearity change 10~1 9.6-10~*
Beams vertical mismatch 10! 2.2-1073
Electronic pedestal shift 2.9.10~% 3.1074
Pile-up photons 7.5-1072 <0
eT Bremsstrahlung edge 7.2-107° =

2050079-10



Mod. Phys. Lett. A 2020.35. Downloaded from www.worldscientific.com
by 77.8.114.12 on 04/28/20. Re-use and distribution is strictly not permitted, except for Open Access articles.

Ezxperimental hint for gravitational CP wviolation

Table 2. Systematic contributions from chiral sources.

Source Magnitude Error AA
Magnetic field 50 pT 2.3.10—26
Earth’s spin 2.1023 eV 8.0-10-30
Lepton polarization 0.6 3.1-10-6
Laser linear polarization 0.2 5.4-10"7

A tiny effect from the stray magnetic fields have been calculated using Eq. (11).
The Earth’s rotation gravitomagnetic impact on elementary particles amounts to
hg/c=2.2-10723 eV, where g is the gravitational acceleration in the laboratory.*?
This contribution to the measured asymmetry is also negligibly small. Compared
to the birefringent magnetic field and Earth’s spin, the instrumental chiral effects,
responsible for false asymmetries, are larger by many orders of magnitude. The
effects are induced by a change of laser polarization either linear or circular, the
latter in convolution with the lepton spin. An energy dependence of the induced
asymmetries (for 100% polarized leptons) is plotted in Fig. 4 for HERA polarime-
ter parameters. Though the mentioned polarized effects cannot directly affect the
Compton edge photons to alter the observed asymmetry, an energy smearing and
spatial non-uniformity of the detector can mimic a Compton edge shift. Simula-
tions with conservatively high values of the lepton and linear light polarizations
show artificial asymmetries below 107> value.

......... N

9 T"Azimuthal \ Asymmetry
0.6 §-—cos20)--- A

o
(-]
1

Spatial Asymmetry

o0 2 4 6 8 10 12 14
Scattered Photon Energy [GeV]

Fig. 4. Asymmetries in Compton scattering associated with the initial photon’s polarization (lin-
ear \; and circular \) changes. Analyzing powers (asymmetries for the cases |AN| = 1, |[Pe AN = 1)
of the HERA transverse polarimeter setup.

With a quadratic sum of the estimated systematic and statistical errors, the
measured asymmetry and its error become

Aepo— = (1.293 £ 0.286) - 1072, 15
P
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which differs from zero by more than 40 confidence. Within an extreme conserva-
tive approach, a linear summation of all the errors reduces the deviation to 3.60
confidence interval.

Separate contributions of the gravitational charge and space parity violations
cannot be derived from this asymmetry alone. Instead, one can assume space P
parity conservation and calculate maximally possible electron—positron charge C
parity violation by inserting the observed asymmetry into Eq. (8):

AUg, = (9.0 £2.0) - 10 2. (16)

In a similar way, within a perfect C parity conservation, one will have maximal P
parity violation magnitude using Eq. (10):

AUg_ = (1.2840.29) - 101 (17)

In a general case of C&P violation, the C and P symmetries are violated to lesser
degrees. Obtained signs of violations correspond to a stronger gravitational coupling
for the left helicity electrons relative to the right helicity positrons.

5. Conclusions

Applying a gravitational field-induced refraction and assuming an equivalence prin-
ciple violation in a general form AG, /G for positrons and AG_ /G for helicity, an
outstanding sensitivity has been demonstrated for the high-energy Compton scat-
tering to such gravitational anomaly. Within the developed formalism, the HERA
Compton polarimeter’s recorded spectra with electrons and positrons strongly dis-
favor the positron’s anti-gravity and show a significant deviation of the AG,/G
or AG_/G from zero. The last claim is based on a detected 0.013 energy asym-
metry, which is a large number compared to the laser and lepton beam energy
relative uncertainty of 107> and 1073, respectively. The remaining source of a pos-
sible systematic energy error is the detector that is greatly eliminated from final
result by using the asymmetry instead of absolute energy measurements. However,
additional uncorrelated systematic errors may impair the outcome and, claiming a
definite observation of CP parity violation at high-energy gravitational interactions
would require the following:

e a thorough analysis of many Compton spectra accumulated and recorded by the
HERA during its running period;

e climination of possible electroweak sources that can mimic such result;

e experimental verification at other accelerators.

In the absence of these, the measured electron—positron asymmetry can only be
considered as a hint for the gravitational symmetry breaking and an invitation for

* machines with

further studies. New experiments, however, will require future e”e
sufficiently high ~+ or a precise setup on the currently running 6 GeV accelerator

PETRA-IIT with the highest positron energy available. Anyway, it is worth the
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efforts since high-energy violation of the equivalence principle and gravitational CP

parity could reveal an interaction to massive or lower spin gravitons.
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