Introduction
One of the most pressing questions of particle physics and cosmology today is the nature
of Dark Matter. Direct search experiment are aimed to directly detect Weakly Interactive
Massive Particles (WIMP) or to obtain constraints in the space of WIMP mass and WIMP-
nucleus interaction cross section. For WIMPs (from a few GeV/c? to TeV/c?) searches, the best
results are obtained using noble liquid time projection chambers (TPCs).
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Recoil Directionality Experiment
WIMP directional information is potentially available in a dual-phase Liquid Argon Time
Projection Chamber (LAr TPC) by exploiting the recombination effect. Columnar recombination
models suggest that the magnitude of the recombination effect should vary with the angle
between the field and the track direction. A difference in the electron-ion recombination effect
is expected when the ionizing track is either parallel or perpendicular to the electric field.
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Estimation of the influence of the electric field nonuniformity
on the error of reconstructed coordinates of events in the ReD TPC
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The dependence of the RMSD of the electron drift time in the cloud on the initial coordinate
(R=70 V, 50 mm drift distance)

Moscow, Russia

The dependence of the increase in the mean drift time on the initial coordinate
(R=70 V, 50 mm drift distance)

The focusing of electrons as they pass through the grid leads to both a change in the

average drift time of the electron cloud (A) and its spread over time (B).

To estimate the error in determining the vertical coordinate of the event, the true value

was compared with the determined value based on the assumption of a constant drift
velocity in the drift volume.
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Z — reconstructed vertical coordinate of the event;

tyir — Mean drift time of electrons in the cloud;

t.,in = 1.15 gs — minimum drift time for events in the model. Corresponds to the time of
electron passage of the LAr layer above the grid (3 mm) and 0.5 mm below it;

t.or = 0.60 ps — correction coefficient to compensate for the effect of focusing;

tax = 60.07 ps - total drift time (for R=70 V), determined by fitting the edge of the
electron cloud drift time distribution by the error function;

Mean vertical shift (mm)

= 49.5 mm - total drift distance.

Vertical shift of the electron cloud RMSD of the electron cloud vertical coordinate
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Schematic drawing of a cross section of the ReD dual-phase LAr TPC

Electron drift simulation

To estimate the effect of electric field nonuniformity on the error in the event coordinate
reconstruction, it is necessary to directly simulate the electron drift in the detector volume. As
a source of electric field values the results of simulation by COMSOL Multiphysics obtained
earlier [1] have been used. To calculate the electron drift velocity, a formula presented in the
article was used [2]. The temperature of argon in this simulation was assumed to be 88.2 K.

To account for the effect of electron cloud diffusion, 100 electrons were launched from
each starting point of the event. For each calculated electron displacement under the drift
field, a random value of longitudinal (along the direction of the drift field) and transverse
displacement was added based on the calculated values of the longitudinal and transverse
diffusion coefficients [2].

Modeling results

To estimate the effect of electric field nonuniformity, the results of simulations for
configurations with constant cathode (-744 V) and anode (5211 V) potentials and various
potentials of the first ring were used (from -66 V to 226 V).

To determine the coordinates and drift time of the electrons, the mean value of the
coordinates on the LAr surface and the drift time for 100 electrons launched from one point
was used. Only those events in which all the launched electrons reached the LAr surface were
taken into account.

Coordinates of events on the LAr surface (R=70 V) RMSD of the electron cloud horizontal coordinate
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The difference in the electric field above and below the grid leads to focusing of electrons
when they pass through it (A). This leads to a limit on the minimum error (~0.5 mm) of
horizontal coordinate reconstruction (B) observed even for a slightly focusing field (R=50 V).
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This leads to the fact that a correction factor (t.,) must be added to prevent a
systematic error of vertical coordinate reconstruction (A). But in any case there is an error
of ~0.3 mm for a uniform field (B).

Charge accumulation

Distribution of accumulated electrons on the chamber walls (R=86 V) Distribution of accumulated electrons on the chamber walls (R=50 V)
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The fact that the minimum horizontal error is provided by a slightly focusing
configuration of the electric field can be explained by the presence of a constant local field
nonuniformity near the chamber grid. It is clearly visible on the plot of the distribution of
the accumulated charge on the walls of the detector chamber for a slightly defocused field
(A). If the potential of the first ring is offset from the optimum, this local nonuniformity
can be partially compensated (B). But this local nonuniformity can also be compensated
by the charge accumulated on the walls because of it.

Conclusions
The simulation of electron drift in the detector chamber made it possible to preliminary
estimate:
« influence of the electric field nonuniformities on the error of event coordinate
reconstruction (>~0.5 mm for the horizontal and >~0.3 mm for vertical coordinate);
« distribution of the accumulated charge on the walls of the detector chamber;
« the effect of focusing electrons while passing through the grid on the spatial and
temporal distribution of electrons coming to the LAr surface.
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