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I. Introduction

To increase spatial resolution of homogeneous electromagnetic
calorimeters, one may use an additional coordinate detector placed
behind an active converter /1_3/. A high accuracy of the electromag-
netic (e.m.) shower position measurement is required in many experi-
ments, first of all, at high energy reactions where 5/—quanta appear
with small angles. The improvement of spatial resolution of the e.m.
calorimeters is the aim of many scientific groups (e.g. /1’4/).

It turns out that the best spatial resolution can be achieved
by wide-gap drift chambers (WDC) 1'4/. Therefore, for a lead glass
Serenkov shower detector (SD) with an aperture~ 1x2 m2 congisted of
lead glass blocks 100x700x350 mw® which is part of the spectrometer
"Hyperon" /5/ built by JINR~-IHEP we are constracting an active con-
verter 1x2 m“ and large wide-gap drift chambers with sensitive area
1 m2, that overlap the SD aperture.

This paper presents the results of measurements on a smaller
SD with aperture 0.2 m2 in the 3 GeV positron beam. We have used two
different types of electronice with WDC: a) a flash anslog-to-digital
converter (FADC) /6/, b) a multi-hit time-to-digital converter
(umrne) /97,

In this paper the spatial resolution obtained by the MHTDC
method is compared with that obtained by various algorithms of data
processing in the FADC method.

We also present here the radial charge distribution in the
e.m. shower for various depths in lead glass obtained by WDC.

I1I. Experimental set-up

The experiment was carried out at channel No.18 of the IHEP
(Serpukhov) accelerstor. The acheme of the set-up is shown in Fig. 1.
The trigger was obtained by means of three scintillgtion counters
8‘5283 and threshold (erenkov counters 010203 selecting positrons
with momentum 3 GeV/c. The extra scintillation counters S4 and 35 1 mm
wide form a narrow beam; they have been adjusted with an accuracy
0.1 mm.

The experimental set-up includes: an electrodeless drift
chamber i DC-2 placed behind (at 1cm) the active converter (AC)




Fig. 1. Experimental set-up. M-electro-
peil s magnets

BEaM S Hs & 5> -
L G c,v4 [ {§§§> made of lead glass blocks TF-1-000

(radistion length X, = 2.5 cm), an
electromagnetic calorimeter (SD) con-
gisting of 12 elements of the same lead glass blocks (10x10x35 om?).
An electrode drift chamber /8/ DC-1 (20x30x2 cm3) with one sense wire
0.02 mm in diameter, the drift length 10 cm, has been used for measu-
rement of the beam positron coordinate. The converter thickness in
measurements varied within 1,2,3 and 4 radiation lengths. Information
on the energy Egp, deposited in SD and E,. in AC was used to control
if the incident particle is a positron. The required energy ESD‘BAG
should be equal (within the resolution of SD AE/E~6%) to the ini-
tial positron energy —~ 3 GeV.

The "electrodeless" drift chamber DC-2 (20x30x2 cm3) with one
gense wire 0.03 mm in dismeter, drift length 10 cm was uged for de-
termining the coordinate of e.m. shower axls. The shower detector was
algo used to remove the left-right smbiguity of coordinatea measured
by the drift chambers. The wires of DC-1 and DC-2 were put vertically,
one after another, parallel to the boundary of SD blocks. The coordi-
nate s8ign is defined by a higher energy deposite on the right or left
side of the SD.

Mixture of 82% argon and 18% isobutane was used in the drift
chambers. In this mixture the saturation of the drift velocity is
achieved at the electric field—~ 500-700 V/cm. A potential U = 7 kV
was applied to DC-2 (the drift length 1 = 10 cm), while in DC~1 a
potentigl +1.5 kV on sense wire and -6 XV on the cathode was used.

In Pig. 2 the block-diagram of electronics for DO-2 is shown.
When e.m. shower passed DC-2, signals from the anode wire come within

2 s to the amplifier 4 (with an amplification 0.16 V/pC).After
that the signals are formed in the "CGaus-
sian" filter (GP) with a time constant

7" — 70 ns. Therefore the signzls from
close electrone and pogitrons inside the
shower are integrated into one signal
with a large amplitude. Purther the sig-

nal was devided and fed into two differ-
Fig. 2. Block-diegram of ent electronic blocks.
the electronics: AMP - am-

The first ggt;od. Signals from GF
plifier, GF - Gaussian fil- were fed to PADC

that every 64 ne
Tax,: 3= NeXD OPOSEATs measures the input cherge and records

Fig. 3. Spectrum of & typical radial
charge distribution of e.m. shower in
DC~2 obtained by FADC,
30
it in the buffer memory. In this way, we
get a charge distribution histogram of
the shower in DC-2 with the 64 ns steps
(which corresponds to 3 mm in space). A
typical shower charge distribution in DC-2
obtained by FAUC is plotted in Fig. 3.
Here the shower exis coordinate was at a
distance ~ 2.5 cm from the DC-2 wire. In
Fig. 3 one cen see a central part of the
e.m. shower formed by a dense jet of con-
$4_¢_ %» version electrona and also a peripheral
TIME (x64 ns) component of the shower.
The second method. Signals from GF

went to a zero crosser (ZC) which deter—

mind the time of the maximum of the input signal. Further, the MHTDC

with the 64 ns dead time wmeasured the position of those maxima with
an acouracy ~— 1 ns.
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I1I. Spatial resolution

Spatial resolution of the e.m. shower coordinate meassurement
was determined from distributions of quantities AX = X - Xs»
where X: is the coordinate of & beam positron measured by DC-1,
and Xa is the coordinate of the shower axis calculated from the
charge spectrum of DC-2.

Let us discuss the methods of shower coordinate determination.
Most authors take, as the shower coordinate, the position of the
center of gravity of a transversal charge distribution (Cobdb et 51{2/
Rameika ot sl. /3, Axopajanov et al. /1%/), otners /1%, teking into
account the exponential fall-off of the transversal charge distribu-
tion, approximate the shower transversal profile by exponents and as
the shower coordinate they tske the position of maximum of the charge
distribution.

In our cese X; was obtained by four different methods.

Method TDC/1/. Information about all maxima (above the thre-
shold) of charge distribution across the shower came from MHTDC (see
the preceding section, method 2). When only one signal came from
MHTDC 1t was just used for determining the shower axis coordinate. But
if two or more signals came from MHTDC, as the shower coordinate we
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took the coordinate nearest to the one determined from the energy
digtribution in SD.

Method ADC-center of gravity. Information on the shower profile
came from FADC (see the preceding section, the first method), the
shower coordinate was counted as the center of gravity of charge dis-
tribution in ADC:

X;l .~ Z/‘LX/Z A.’ ) (1)

where /4! is the amplitude of the signal in the i-th time interval
of FADC (i = 1,2,...,256), and X/ is the coordinate in DC-2 corres—
ponding to the interval i.

Method ADC-maximum. Information on the shower came from FLUT.
Shower coordinate was taken as FADC channel X: with the maximum
value of Ag e

Method ADC-weighted meximum. The coordinate X. corresponding
to the maximum value of ADC spectrum Al was found. The shower coor-

dinate was found as: 2
S

Evg
%o = Lo AR .% Ae . (2)
= ;

When showers went throughout the whole chamber area spatial
resolutions were found from distributions of values AX = X:-Xa ,
These distributions are shown in Fig. 4 for all the above-listed
methods, obtained at the converter thickness 4X°. Each distribution
is approximated by a Gaussian with a FWHM equal to its experimental
value. Note that ADC - w.m., ADC - max., TDC methods give a similar
resolution as they are based on the determination of the charge dis-
tribution maximum in DC. The space resolutions presented in this pa-
per do not take account of the beam angular divergence and the in-
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Fig. 4. Distributions of AX found by different methods at the conver-
ter thickness 4X0.
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Fig. 5. Spatial resolutions

" for e.m. showers in 1 cm
Pig. 6. Dependence of the spatial

resolution ¢ on the converter
thicknesse.

intervals of DC=2, O — me-
thod ADC~c.0.g., A~ method
TDC, = - method ADC-max.

trinsic resolution of DC-1 and DC-2 ( éx~ 0.3 mm for single particles
/7,8/).

In Fig. 5 gpatiml resolutions ¢ are shown (FWHM from Fig. 4)
obtained by TDC, ADC - c.o.g. and ADC - max. methods in 1 cm inter-
vals of DC-~2; measurements were done with a wide positron beam
(~15 cm). Despite some fluctuations it may be noted that the best
resolution is achieved by ADC-max.method, while the worse by ADC-
CeOege

The redolutions ¢  (see Fig. 5) in parts near the chamber
wire are worse than the mean value over the chamber. Its origin is
in an incorrect determination of the coordinate sign for particles
passing near the wire. This sign is defined by means of SD. Thus, if
a ghower passed near the wire, then e*e”™ of the e.m. shower will
with a large probabillity pass both to the left amd to the right of
the DC-2 wire. However, we will put all the tracks into one side of
the DC-2. In the processing this will shift Xz .

The space resolutions & = ¢"/2.36 for the whole chamber area
(except for the interval (-5,15) mm near the wire) are shown in Fig.6
as a function of the converter thickness. From Fig. 6 it is seen that
the resolution obtained by ADC - w.m., ADC - max. and TDC methods are
gimilar and noticeably differ from those obtained by ADC - c.o.g.
method. Consequently, the experiment shows that the determination of
the shower axis coordinate from the charge distribution maximum is
more accurate than that by the center of gravity. Similar results
were published by the IHEP group 710/ who obtained the resolution

é~ 3 mm by the center of gravity method, while taking into account
the exponential fall-off across the e.m. shower they got & ~ 2 mm
at an electron energy ~ 25 GeV. Thesge data point to strong correla-



tions between the direction of motion of an initial particle and that
of a central jet of conversion electrons and positrons with high par-
ticle density.

Table I. Spatial resolution at the converter thickness 3X :

Me thod Resolution & , mm
ADC - w.max. 1.9 + 0.1
ADC - max. 2.0 1 0.1
TDC 2.1 0.1
ADC - C.0.8. 2.6 + 0,1

It should be mentioned that the presented values of < are not
corrected for angular divergence of the beam. To our estimate the

corresponding correction will improve the valueas of é by 0.2-0.3mm.

1t is seen that a simpler TDC method provides a resclution
that is practically as good as the one obtained by ADC. We stress,
however, that the methods based on ADC do not require an additional
determination of the coordinste in 5D and allow the measurement of
coordinates of two close showers registered by one wire of the drift
chamber. By our estimate the two-shower resolution is not worse than
3 cm.

IV. Radial charge distribution at different shower depihs

Figure 7 shows the transverse charge distribution of the e.m.
shower at the converter depth 1,2,3 and 4 Io obtained by DC-2., It is
gseen that the distributions can be described by & sum of two expo-
nents:

Yk 2)=Crexp-/x -Ju//)u(d)] + Ca @XPL-1x-Kal/Aa (O] (3)

where Xz is the coordinate of the shower axis, *1 and *: are the
attenuation lengths for the central and peripheral parts of the e.m.

shower respectively, # is the shower depth (in radiation lengths Io).

The radial charge distribution of the shower vias two exponents
i8 described by various suthors - Iwata /17 and Akopdjanov /10/.The
attenuation length A4 (for the central component of the shower)
is mainly due to the narrow angular distribution and also to subse-
quent multiple scattering of electrons and positrona in the shower,
while X2 (for the peripheral component) is due to the isotropic
propagation of photons with e minimal absorbtion cross section. On
the other hand, the groups from IHEP naf and FNAL /3/ described the
e.m., shower profile only by one exponent.

In measurements of radial charge distributions at different

6

shower depth we would like to exclude all systematic effects caused
by the drift chamber. We have already spoken about distortions of
signals near the DC-2 wire. Because of that we exclude the interval
+ 40 wm around the wire. Besides, it is also necessary to exclude
:ho ahowera detected near the walls, a8 part of these showers is be-
yond the chamber. We anccepted for shower profile calculations only
the showers from the interval £40, 751 wm.
Note that the distributions shown in
I - } Pig. 7 ere asymmetric, which ia due to
the shape of the output signal from the
‘ amplifier whose leading edge is more
steep than the fall-off. This effect was
s . also observed by the CERN group 4 .
1 Er So, the left parts of the charge dis-
.

™,
b,
o

T

tributions (see Fig. 7) will be consider-
ed undistorted by systematic errors, and
they will be employed for determination
of the constants in (3). The left parts
Fig. 7. Radinl charge dis- of transverse charge distributions of
tribution of e.m. showers the e.m. shower in DC-2 from the inter-
in DC-2, E=3 GeV, at the val [40, 751 mm are drawn in Fig. 8. So-
lead glass depth 1,2.3,410. i1id curves were computed according %o
formula 3. The values of parameters

e Ear e I A T R
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§ T As(t) and X2 (t) are shown in Table II.
Tﬁble I1.
(X)) X1 (mm) Ay (mm)
: 1 4.4 + 0.3 218 + 36
3 S 2 5.6 & 0.3 177 £+ 77
= 3 6.2 + 0.5 M 5
3 4 6.9 £ 0.5 81 3
= n,
ix
1%, The function A1 (%) ia plotted in Fig.9
and is compared with >1 (%) obtained in
R /12/ for showers from 32 GeV electrons

2 1 0
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in lead and with X1 and *: found in
/10/ for showers from 25 GeV electrons
in lead glass TF-1.

Prom Fig. B and Table II it is seen
that the two-exponent description of the
tranaverse charge distribution evolves

¥ig. 8. Radial charge dip-
tributions of e.m. showers
with ke) GeV ut the lead
glaon depth 1,2,),4%,.



= Fig. 9. Attenuation length X1 as
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1. By using a wide-gap drift
chambers high spatial resolutions
2 have been achieved in determining the shower coordinates for the
positron energy 3 GeV and the converter thickness 310. Without acco-
unt for the beam angular divergence the spaitiael resolution & is:
¢ = 1.9 4+ 0.1 mm with the use of FADC
& = 2.1 + 0.1 mm with the use of MHTDC
2+ Resolutions ¢ found with the use of e.m. shower maxima
exceed those obtained by the center of gravity method.
3. Transverse charge distributions of the e.m. showers for
t = 1,2,3,4X0 in lead-glass were measured with the use of a wide-gap
DC. They could be described by itwo exponents.
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Bunapsze I'.C. u ap. O13-85-694
Yayuwenue TOYHOCTH ONpepesIeHusi KOOpOWHAT
ANMEKTPOMATNHHUTHLIX JIMBHE!T ¢ TTOMON(bY MHPOKO3a30PHOH
npeithpoBoit KaMepw

G nmoMowsn mMpoKo1asopHOH nperdoBOl KaMepsl, pasMemeHHON
nocne aKTHsHoOr'o Konseprepa, onpenelisyiIuchb KOOpPOHHATBhI 3JIEKTDPO—
MAINMHTHEY gipnel ¢ sneprydeir 3 'sB. CpaBHHMBawTCA Dpa3IHYHBIE
MeTOON 00DPAtoTKI ¢ TOMOMBI BI.m C MaJibiM MepTBbhIM BpEeMeHeM
NG NOMONLIe MOJLYS KBAHTOBAHHA CHI'HAJIOB C OBICTDOMEC TBYIOIMHMH
AT, JlocTueny o npocTpaHcTBeHHoe paspemedwe 1,9 mM /c.x.o./
npHu roJuune Koupeprepa 3X0. HpHBeneHO rnonepedyHoe pacrnpepelje—
G AP .M. JINBHA Ha pasHbIX IJIybHHAX ero pasBHTUA B CBUH—

HOROM CTeRIe,

Patora nunoniena B JlaBopaTopuu sgepHeix npotnem OWIAM.

Npenpunr O0LeIMHEHHOTO HHCTHTYTZ ANEepHNX Hccnenosamuit, [ly6ua 1985
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Bitnadze G.S. et al. o D13-85-694
Accuracy of Electromagnetic Shower Position
Determination by a Wide-Gap Drift Chamber

The electromagnetic shower position was measured by
4 wide-gap drift chamber placed behind an active converter.
Different methods for the shower-position determination
based on MHTDC and flash ADC were used. Spatial resolution
1.9 mm /r.m.s./ at an energy 3 GeV and converter thickness
3X, was achieved. Transversal charge distribution at diffe-
rent depths of the e.m. shower in the lead glass was mea-
sured.

The investigation has been performed at the Laboratory
of Nuclear Problems, JINR.
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