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A large-scale coordinate-tracking detector TREK for registration of near-horizontal muon flux 

generated by ultra-high energy primary particles is being developed in MEPhI. The detector is based 

on the multi-wire drift chambers from the neutrino experiment at the IHEP U-70 accelerator. Their key 

advantages are a large effective area (1.85 m
2
), good coordinate and angular resolution with a small 

number of measuring channels. The detector will be operated as a part of the Experimental complex 

NEVOD, in particular, jointly with Cherenkov water detector (CWD) with volume of 2000 cubic meters 

and coordinate detector DECOR. The first part of the TREK (CTUDC, coordinate-tracking unit on drift 

chambers) consisting of two coordinate planes of 8 drift chambers in each has been developed and 

mounted on the opposite sides of CWD. It has the same principle of joint operation with NEVOD-

DECOR triggering system and the same drift chamber alignment, as the main part of the TREK, so 

basic features of it will be examined. 
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The new large coordinate-tracking detector TREK based on drift chambers is 

developing in MEPhI. The detector has the 250 m
2
 of effective area and dedicated 

for registration of near-horizontal muon bundles of high density generated by 

primary particles of ultra-high energy. Its first prototype (CTUDC) showed great 

performance and accuracy at registration of multi-particle events in joint operation 

with NEVOD-DECOR experimental complex.

The building for the new detector is already constructed. Now all cable and 

gas communications, technological systems is assembling. The first experimental 

series at detector TREK is planned at 2021-2022.

IHEP Drift Chamber
     IHEP drift chamber was developed specially for the neutrino experiment. The 

specific features of such experiments (low event rate, moderate requirements for 

spatial resolution) allow the use of drift chambers with a large drift gap for 

detection of particle tracks.

     Overall size of the chamber is 4000х508х112 mm
3
. Sensitive area is  3.7х0.5 

m
2
 that is 91% of the chamber area. There are four sense wires alternatively 

shifted by ± 0.75 mm parallel to the drift direction in the middle of the chamber to 

solve the right-left ambiguity. There are two guard wires to remove the edge 

effect. The sense and guard wires are surrounded by the cathode wires. The field 

shaping wires are soldered on the printed circuit together with a high voltage 

divider which ensures a uniform potential distribution from 0 to 12 kV. Due to a 

good uniformity of the electric field inside the chamber, electron drift velocity can 

be assumed to be constant and we can use a linear relation between drift time 

and coordinate. Maximum drift time is about 6 μs (corresponding drift velocity is 

42 mm per μs).

     The chamber gas volume is limited by a 1.5 mm thick aluminum alloy case 

which serves simultaneously as an electric screen and the chamber frame. The 

electric insulation is provided by two layers of 0.2 mm thick polyethylene film 

glued on the internal surface of the case.

     The chamber is filled with a gas mixture Ar (94%) - CO2 (6%)  at a small 

overpressure about of  10-20 mbar. The chamber gas volume is 210 litres. Signal 

wires provide current pulses through capacitors to shaper-amplifier AMR-4 (its 

mean threshold is 0.8 mA). Amplifier provides 70 ns signals, their length limits the 

two-track resolution by 4 mm. Spatial accuracy of IHEP drift chamber is 0.6 mm, 

angular resolution is about 0.03 rad. Right-left ambiguity is solved in 98% of 

events. Efficiency of a single wire is 98±2%. 

Drift chamber cross section in plane 

perpendicular to sense wires, 

1 - guard wires; 2 - cathode wires; 

3 - sense wires; 

4 - field shaping wires

Drift chamber wires 

Wire Material Diameter, μm Tension, gf Potential, kV 

Signal Stainless steel 64 400 +2.2 (+14.2) 

Guard Stainless steel 200 1800 +2.2 (+14.2) 

Cathode Stainless steel 200 1800 0 (+12.0) 

Field shaping Cu-Ве 200 700 (900) -12→0 (0→12) 

 

CTUDC
Coordinate-tracking unit based on 

drift chambers (CTUDC) consists of 

two vertical coordinate planes installed 

at the different sides of the CWD in the 

short galleries of the third floor of the 

NEVOD building, one floor above the 

DECOR supermodules. Such location 

allows the registration of near 

horizontal tracks as by CTUDC 

(triggered by CWD) so by joint 

operation with DECOR, that will 

significantly increase the range of 

muon track zenith angles from 85-95° 

to 80-100°.

Each plane consists of 8 drift chambers installed 

in two rows, overlapped by 30 cm to exclude dead 

zones in the chamber ends; it causes a 4° angle 

between the planes and CWD wall. Chambers are 

mounted on a special frame that allows precise 

adjustment in all dimensions.

The distance between registration system of the 

unit and chambers is different for planes; it causes 

the difference in the length of cables and requires 

additional commutation blocks. The effective area of 

the plane is 14.8 m
2
, area of two DECOR 

supermodules located a floor below is 17.5 m
2
, so 

the total area of coordinate detectors for registration 

of near-horizontal particles coming along the CWD 

almost doubles. One of the main goals of this setup 

is to examine conditions of the joint operation of the 

drift chamber detector with CWD and DECOR. 

Conclusion

Left plane Right plane

Method of Local Muon Density Spectra is a new 

approach for measuring primary cosmic ray energy. It 

provides possibility to study PCR in a very wide energy 

range (from 10
15

 to 10
19

 eV) by means of a single, not 

large detector. It reveals an excess of multi-muon 

events at large zenith angles in comparison with 

simulations performed within the framework of 

commonly used hadron interaction models (even 

under assumption of heavy primaries – iron nuclei).
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Multiplicity
The distribution of muon bundle events detected by 

CTUDC by multiplicity

The distribution of events in the difference in the muon 

track projected zenith angle estimated according to 

CTUDC and DECOR reconstruction. 


