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INTRODUCTION

The determination of the momentum of charged particles moving in a mag-
netic field assumes a precision measurement of spatial coordinates in the bending
plane of the magnetic field whereas the precision of the measurement of the track
incident angle is less important. In a gaseous drift chamber a high precision co-
ordinate in the plane orthogonal to the anodes is determined by measuring a drift
time of ionization electrons created by charged particles crossing a detector. The
determination of the coordinate along the anode direction can be accomplished
by using several methods. For example, the strip cathode readout is widely
used [1, 2], and two coordinate drift chambers with pad readout are being devel-
oped [3,4]. These techniques can also be employed for the coordinate detectors
based on the thin-walled straw tubes, however, in this event the resistivity of
cathodes should be higher than 100 k{¥/square. Moreover, the charge collection
time should be higher [1-3].

The longitudinal coordinate can be measured in a straw by the method of the
charge division in which the signals are read out from two ends of the resistive
anode wire. The highest spatial resolution which can be achieved by this method
has been obtained by employing measurements based on time-dependent charge
asymmetry [5]. In this case, the anode resistivity was 400 /m and the spatial
resolution (r.m.s.) reached 0.95 cm at the middle and about 2.5 cm near the ends
of a 1.52 m long straw when 5.9 keV gammas were registered. However, when
minimum ionizing particles were detected, the resolution deteriorated from 2.5 to
6 cm, respectively [5].

As demonstrated in [6], the measurements of the longitudinal coordinate by
using drift tubes can be realized by the method in which the difference of signal
arrival time at the amplifiers directly connected to ends of the anode wire is
measured. The method is called direct timing method (DTM) [6]. The anode
wire is considered in this case as a transmission line.

This paper presents the results obtained by employing the DTM technique for
registering signals from a coordinate prototype detector based on 2 m long straw
tubes. An important feature of the detector prototype is a possibility of operation
at a gas pressure of 4 bar as well as a special design of the gas manifold which
allows mounting the readout boards close to the ends of the anode wires.



1. THE SETUP

The detector prototype includes a layer of glued straw tubes with an inner
and outer diameters of 9.56 and 9.68 mm, respectively. A 2 m long straw is
made by winding two Kapton strips. The inner strip is a carbon loaded Kapton
conductive film of XC-160 type, whereas the outer strip is Kapton aluminized
film of HN50 type [7]. The anode is made of 31 mkm gold-plated tungsten wire
which has a resistivity of 70 /m and is installed under the tension of 70 g with
one polycarbonate spacer at the middle of the straw tube. The transmission line
impedance is 360 Q2. The tubes were flashed with the Ar/CO5 (80/20) gas mixture
at the pressure of 1 or 3 bar.

Characteristics of the DTM technique with respect to the longitudinal coor-
dinate resolution were studied both with the gas gain of ~ 7 -10% and in the
high-current mode with the anode voltage of 3.05 kV. The transverse coordinate
resolution obtained earlier in the latter operation mode has been found to be better
than 50 mkm [8].

The layout of the experimental setup is shown in Fig. 1. A straw under study
has been irradiated either with 5.9 keV gammas from a 5°Fe gamma-ray source
or with beta rays from %°Ru source through the slit collimators. In the latter
case, the electrons passing through the straw have been detected by a scintillation
counter with two PM. Low-energy electrons have been stopped in an absorber
located between a straw and a counter.
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Fig. 1. Schematic layout of the setup. A — absorber, SC — scintillation counter, Amp —
amplifier, CC — coincidence circuit, DRS4 — Domino Ring Sampler

Amplifiers based on a MSD-2 microcircuit with a gain of 35 mV/uA and a
rise time of about 4 ns, an input impedance of 120 €2 [9] are installed close to
the ends of the anode wire connected with minimum parasitic capacitance and
inductance.

The pulses from the outputs of the amplifiers are fed into two channels (1
and 3) of the DRS4 amplitude-to-digit convertor which can digitize an input
signal providing the sampling speed of 5 GS/s and store an amplitude and a
pulse shape in a time window of the size determined by the DRS4 board mem-
ory (1024 words — 200 ns) [10]. The maximal amplitude of the input pulses
is +0.5 V. The data arriving at DRS4 is processed according to the following
algorithm:

e selection of the correlated pulses by introducing a threshold for the in-
coming anode pulses, and by requesting a signal from the scintillation counter
arriving at the second DRS channel in the case of measurements with the °°Ru
source;

e determination of the pulse amplitudes in the software time window and its
normalization on the maximum pulse height of the smallest pulse;

e linear approximation of the leading edge in the time interval between T;
and T} levels determined by the software as a percentage of the highest pulse
amplitude;

e determination of the arrival time for each pulse as the intersection point of
the approximated line and time axis;

e plotting a histogram of the time delay difference between pulses (Jt) and
evaluation of mean values and r.m.s.

If the point of the avalanche origin is displaced along the anode wire by dy
from its middle, the two signals arriving at amplifiers pass the distance L/2 + 0y
and L/2 — dy, where L is the anode length. Therefore, the absolute differ-
ence &t is determined as 0t = 20y /v, where v is the signal propagation velocity
along the anode wire, whereas the sign determines the direction of the coordinate
displacement with respect to the middle of the wire.

The tests for stability of the clock generator have demonstrated that the
generator random jitter is of the order of 1% which corresponds to 70 ps for
the range of measurements under study. This DRS4 frequency jitter resulted
in deterioration of the accuracy in the measurements of the arrival time differ-
ence ¢t for two signals as a function of §t. In order to reduce the uncertainty
in measurements of 6t during displacement of the collimated source along the
straw, the calibrated cable delay has been introduced in one of the channels
which provided measurement conditions in which '0¢ was close to zero. This
delay was subsequently taken into account. One can suggest at least two ways
of reducing this uncertainty. In the first approach, reducing the jitter by the
factor of 3-5 can remove the impact of the jitter on the measurement accuracy.
The second approach relies on determining of the correction coefficient intro-



duced into generator frequency for each measurement. To this end, a couple of
signals correlated in time with the measured signals by the external triggering
signal which has a well-defined time shift can be fed to one of the DRS input
channels.

2. LONGITUDINAL SPATIAL RESOLUTION

A 55Fe gamma-ray source has been used both in the studies of the DTM
technique and in ultimate measurements. The parameters of amplifiers have been
determined for the source position at the middle of the straw. Then, the scan along
the straw allowed for the measurements of the attenuation in the signal amplitude
and the signal propagation velocity along the anode wire. Typical signals shown
in Fig.2,a demonstrate a good uniformity of the amplifier parameters. Pulses
registered by an amplifier when the gamma-ray source is located at the end
of the straw tube are displayed in Fig.2,b. The attenuation of the signals as a
function of the distance between the source and the straw end is shown in Fig. 2, c.
Apparently, the signal attenuation factor at the length of 1.94 m is 2.17 and the
signal propagation velocity is 3.49 ns/m.

If the longitudinal coordinate is determined by employing the method of the
charge division the spatial resolution for register’ ing the minimum ionizing parti-
cles is considerably lower than for registering gammas from a 5°Fe source. The
anode wire with smaller specific resistance is used in an approach based on DTM
which influences a range of height of pulse less and improves the signal relation
in a background. We have compared an accuracy which can be achieved in the
framework of DTM method for the registration of gammas from a 5°Fe source
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Fig. 2. a) Signal registered at the ends of the anode when a collimated *°Fe source is
located at the middle of the straw. b) Typical signals registered by an amplifier when
a collimated 5®Fe source is located near the ends of a straw. ¢) Signal attenuation as a
function of the distance from the straw end. The gas mixture pressure is 1 bar; gas gain
is ~ 7- 10

with that for registration of electrons from °6Ru source by varying the match-
ing impedance between the straw and amplifiers. The measurements included
an option without series resistors Rs (Fig. 1) at the input of the amplifier with
the impedance of 120 (2 as well as the options with resistors of 180 and 240 Q
connected in series to the input. As a result, the leading edge of the signals mea-
sured at the pulse height 0.1-0.9 is changed from 6 to 11 and 16 ns, respectively.
Incomplete matching in the first two cases resulted in a considerable change in the
pulse shape caused by superposition of the reflected opposite-phase signal thus
hampering optimization of T; and T} levels along the straw. The pulse shapes
registered for different matching options are displayed in Fig. 3.

The highest accuracy of the method under study has been achieved by using
the matching series resistor of 300 2. It is shown in Fig.4,a as a function of
the distance of the collimated 5°Fe source from the middle of the straw. In the
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Fig. 3. a) Typical signals obtained in the absence of a 180 €2 series resistors R; b) for an
option with R; = 180 2; ¢) for an option with R = 240 . The gas mixture pressure is
1 bar; gas gain is ~ 7 - 10*
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Fig. 4. Accuracy (r.m.s.) of the determination of the longitudinal coordinate along a 2 m
long straw for incomplete matching. Filled circles — the gas mixture pressure is 1 bar
and gas gain is ~ 7 - 10% (anode voltage is 1.95 kV). Filled triangle — the gas pressure
is 3 bar and the anode voltage is 3.05 kV. The matching impedance for each straw end is
300 Q. a) 5°Fe source; b) 1°Ru source



measurements, the T}, and T} levels have been optimized individually for each
position of the source. Note, that 1 cm distance corresponds to the difference
in the time delay 6t = 69.8 ps. As follows from the plot, the accuracy in
registering gamma quanta at the pressure of 1 bar and a gas amplification of
~ 7-10* can be as high as 20-48 ps whereas at the pressure of 3 bar in the
high-current mode the resolution is of the order of 3063 ps. The deterioration of
the resolution is likely caused by a strong change of the slope of the leading edge
for the saturated pulses. Similar dependences obtained with the 106Ru source are
displayed in Fig.4,b. Apparently, the individual choice of the T; and T} levels
can provide the accuracy in the measurements of the longitudinal coordinate in
the range of 20-170 ps.

The main results have been obtained with the matching impedance of 360 €2
obtained by connecting series resistors of 240 €.

As is apparent from Fig.5, the spatial longitudinal resolution (r.m.s.) for
registering gammas of 5.9 keV at a gas amplification of ~ 7- 10% for 2 m straws
depending on the T; and T} levels is 20-60 ps which corresponds to 3-9 mm.
In this case the values of Ty and T}, which are 0.2 and 0.7, respectively, provide
similar accuracy for this interval along full length of a straw.

Similar resolution has been obtained in registering high-energy electrons from
106Ry source at the pressure of 1 bar and a gas amplification of 7 - 10* (Fig. 6, a)
and at the pressure of 3 bar in the high-current detection mode (Fig. 6,b) for the
same values of Ty and T, which are 0.2 and 0.7, respectively. A feasibility of
choosing a common interval over the full straw length for the levels used in the
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Fig. 5. Spatial resolution along one half of a straw for registering gammas from S5Fe
gamma-ray source. The gas mixture pressure is 1 bar and the gas gain is ~ 7 - 10t Ty
and 7}, levels are 0.2 and 0.7 (open circles), 0.05 and 0.8 (open triangles), and 0.1 and 0.6
(open squares), respectively
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Fig. 6. Spatial resolution along one half of a straw for registering electrons from '°Ru
source. @) The gas mixture pressure is 1 bar and the gas gain is ~ 7 - 10*. b) The gas
mixture pressure is 3 bar, the anode voltage is 3.05 kV
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Fig. 7. Results of the measurements of the spatial accuracy as function of the source
position with respect to the middle of 2 m long straw indicated as zero. The straws were
irradiated by electrons from '°*Ru source, the gas mixture pressure is 1 bar and the gas
gain is ~ 7 - 10*

linear approximation of the leading edge indicates a possibility of employing the
DTM method in multichannel detectors.

The results of the measurements of the longitudinal coordinate for a 2 m straw
obtained both by detecting gammas and minimum ionizing particles in different
operation modes of straw tubes are displayed in Fig. 7.




CONCLUSIONS

The measurements performed in the present studies of thin-walled straw tubes
have demonstrated that in addition to the precision measurements of transverse
to the anode coordinates fast current amplifiers can be employed for the mea-
surements of the longitudinal coordinates with reasonable accuracy by using the
direct timing method. If the accuracy of the transverse coordinates remains as
high as 170 mkm, then the precision of a few mm obtained in determination of
the longitudinal coordinate of MIP allows one to consider such detectors as high
precision large area detectors. Similar accuracy achieved in different straw opera-
tion modes such as registering of gammas of fixed energy and charged particles in
the proportional and high-current modes is indicative of good prospects of imple-
menting DTM method. The presented technique allows one to obtain high spatial
resolution in the direction longitudinal to the anode and, probably, can increase
accuracy in the transverse direction as compared to the conventional method.
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Maxkanpkd A. M. u ap. E1-2012-78
Merton npsMBIX BPEMEHHBIX M3MEPEHME IUIS IBYMEPHbIX MPEUH3HOHHBIX
KOODAHHATHHIX [ETEKTOPOB HAa OCHOBE TOHKOCTEHHBIX APeiipoBbIX TPYGOK

llpencTasnensl pe3yabTaThl U3MEPEHHS NPOAOIBHOTO NMPOCTPAHCTBEHHOTO paspe-
LIEHUs] CTPOY IIMHOH 2 M METOmOM IMpaMBIX BpeMmeHHHIX mamepenuit (DTM). IToka-
3aHa BO3MOXHOCTE IO/AYYEHHS KOOPIMHATHOM TOYHOCTH (0) Aydile 9 MM 1o Bcei
[MHE CTpoy. BenuuuHa IIPOCTPAHCTBEHHOIO paspelleHHs cnabo H3MeHSeTcs Kak
pH PErHCTPALIMA [aMMa-KBAHTOB MCTOuHMKa OFe, Tak ¥ NpH PErHCTPALMH 3apAKeH-
HbIX YACTHLl C MUHMMAIBHBIMM HOHH3ALMOHHBIMH HOTEPIMU OT ucroynuka %6Ru.
HcnonssoBanne oguoro Tuna FEE ang monydenus maHHpX KaK IO U3MEpEHHSM Bpe-
MEHH Ipeiitha 3neKTpOHOB HOHH3ALMH, TaK M 110 PacHpOCTPAHEHMIO CHIHAJA BOMb
aHOMHOHW NPOBOJIOKY IO3BONIUT CO3AATh ABYMEPHLIH AECTEKTOP JUIT NPEHHU3HOHHBIX KO-
OpPAMHATHBIX M3MEpEeHUIt.

PaGota BrinonHena 8 JlabopaTopuy u3HKH BrlcOKHX Hepruil M. B. U. Bexcnepa
dH A.M. banguna OUAU.
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Makankin A. M. et al. E1-2012-78
A Direct Timing Method for the Two-Dimensional
Precision Coordinate Detectors Based on Thin-Walled Drift Tubes

The results of a study of the longitudinal spatial resolution of 2 m long straw
tubes by means of the direct timing method (DTM) are presented. The feasibility of
achieving a coordinate resolution (r.m.s.) better than 9 mm over full length of the
straw is demonstrated. The spatial resolution insignificantly changes when measured
by detecting gammas from a °°Fe gamma-ray source or minimum ionizing particles
from a !%Ru source. The use of the same type of FEE for data taking both for
measuring the drift time of ionization electrons and propagation of a signal along
the anode wire allows one to construct a two-dimensional detector for precision
coordinate measurements.

The investigation has been performed at the Veksler and Baldin Laboratory of
High Energy Physics, JINR.
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