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1. 	I ntroduct ion 

To incr eas e spatial resolution of bomogen eous electromagnetic 
calorimeters, one may use an addi ti onal coordinate dete ct or placed 
behind an active converter /1-3/. A high accuracy of the electromag
netic (e.m.) sh ower position measurement is required in many experi 
ments, f irst of all, at high energy reactions where ~-Quanta appear 
with smal l angles. The improvement of spatiul resolution of the e.m. 
cal orimeters is the aim of many s cientific grou ps (e . g. / 1-4/). 

It turns out that the best spatial resolution can be ac hieved 
by wide-ga p drift chambers (WDC) /1,4/. Therefor e, for a lead g l ass 
~erenkov s hower detect or (SD) with an aperture ~ 1x2 m2 consis ted of 
lead glass blocks 100x1 0Ox350 mm2 whi ch is part of the spectr ometer 
"Hyperon" / 5/ built by J INR-l HEP we a.r e constract ing an active con
verter 1x2 m2 and large wide-gap drift chambers with sensitive area 
1 m2 , t ha t overlap the SD aper t ure . 

This paper presents the results of measurements on a smaller 
SD with a perture 0.2 m2 in the 3 GeV positron beam. We have used two 
diffe r ent t ypes of electroni cs with WDC : a) a flash anal og-to-digital 
converter (FADe) /6/, b) a mul t i-hi t time-to-digi tal converter 
(IIHTDC) /9/. 

In this paper the s patial r esolution obtained by the IIHTDC 
me t hod is compared wi th that obtained by various algori t hms of data 
pr ocessing in tbe FADe method. 

We also present here the radial charge dis tribution in the 
e.m. shower for various depths in lead glass obtained by IDC. 

II. 	Experimental se t -up 

The experiment _ s carried out at channel No. 16 ot the IHEP 
(Serpukbov) accelerator. The scbeme of the set-up is sbawn in Fig. 1. 
The t rigger was obtained by means of three scintillation counters 
S1 S2S) and thres hold ~erenkov count er s C1C2C) selecting pooitrons 
with momentum 3 GeV/c. The extra scintillation counters S4 and 35 1 rom 
wide form a n arrow beam; they have been adjusted ~tb an a c curacy 
O. 1 DIID. 

The experimental set-up includes : an el ec t rodeless drif t 

chamber / 1/ DC-2 placed behind (at 1cm) t he a ctive converter ( Ae) 




Fig . 1. ~perimental set-up. ~electro-
tJ(",oc · 1II6gIlet. 

BUM ~ O\EJ~ --;-f3EJ V-.- 1~~ 
... c, c~ C, made ot lead g1ass blocks 'l'F-l-000 

At SO (radiation length Xo D 2.5 cm), an 
electro~et1c calorimeter (3D) con

sisting of 12 elements ot the same lead glass blocks (1Ox10%)5 cm). 
An electrode dritt chamber /8/ DC-1 (20x)0%2 em) with one sense wire 
0.02 mm in diameter, the drift length 10 om, bas been used tor measu
rement of the beam positron coordinate . The oonverter thickness in 
measurements varied within 1,2,) and 4 radiation lengths. Information 
on the energy BSD deposited in SD and BAC in AC was used to control 
it the incident particle is a positron. The required energy BSD+BAC 
sbouJ.d be equal (within the resolution of 3D jj E/E,...6%) to the ini

tial positron energy r-') GeV. 
The "electrodeless" drift chamber DC-2 (2Ox)0.x2 cm) with one 

sense wire 0.0) mill in diameter, drift length 10 cm _s used tor de

termining the ooordinate of e.m. shower a%is. The abowor detector was 
also used to remove the lett-right ambiguity of coordinates measured 
by the drift chambers. The wires ot DC-1 and DC-2 were put vertically, 
one after another, parallel to the boundary of 3D blooks. The coordi
nate sign is defined by a higber energy deposite on the right or left 

side of the SD. 
Itlxture ot 82% argon and 18% isobutane was used in the drift 

chambers . In this mixture the saturation of the dritt ve1~ity is 
achieved at the electrio field""'" 500-700 V/cm. A potential U • 7 kV 
was applied to DC-2 (the drift lengtb 1 - 10 cm), while in DC-1 a 
potential +1.5 kV on sense wire and -6 kV on the cathode was used. 

In Pig. 2 the block-diagram of elactronics for DC-2 is shawn. 
When e.m. shower passed D0-2 , signala from the anode wire oome within 

2 (Us to the amplitier A (with an amp11!ication 0.16 V/pC).Atter 
that the signals are formed in the "Gaus
sian" filter (GP) with a time constant 

" - 70 ns. Therefore the slgll1:!.ls fro 
clooe e1eotrons and pOSitrons inside tha 
ahower are integrated into one signal 
with Il large amplitude. Further the sig
nal was de'rided and fed iJlto two differ

Pig. 2. Block-diagram of ent electronic blocka. 
the electronics: AMP - am The tirst met,od. Signals from GP 
plifier, GF - Gaussian fil were fed to PADC 6/ that every 64 ns 
ter, ZC - zero crosser measures the input oharge and records 

2 

Fig. ). Spectrum ot a typical radial 
charge distribution of e . m. shower in 

DC-2 obtaine d by FADC. 

]0 
i t in t he buffer memory. I n thia way, we 
get a charge distribution hist ogram of 
t he shower in DC-2 with t he 64 ns st ep~ 

UJ 20 (whi ch corresponds t o ) mm in spllce) . A o 
::> typical shower charge distribution i n OC-2
I
::::; obtained by FADC is plot t ed in Fig. ).a.. 
1: Here the s hower axis ooordinate was at a« 

diatance r- 2.5 em f r om t h e DC-2 wi r e. In 

Pig. ) one can Bee a central part of the 
e.m. shower formed by a dense je t of oon

1 . 1 , ! version electrons and alBo a peripheralo 10 20 
component of the shower.

TIME (x64 ns) 
The seoond method. Signals from GF 

went to a zero crosser (ZC) which deter
mind the time of the maximum of the input signal. Further, tbe MHTDC 

with the 64 ns dead time measured the position of those maxima with 
an accuracy ...... 1 ns. 

III. Spatial resolution 

Spatial resolution of the e.m. shower coordinate measurement 
was determined from distributions of quantities AX = XJ - X.2 ' 
whe re X L is the coordinate of a beam positron measured by DC-1, 
and XJ is the coordinate Of the shower a%1s oa1culated trom the 
oharge spectrum of 00-2. 

Let ua discuss the methods of shower coordinate determinotion. 
Most authors take, ae the shower coordinate, the position of the 
center of gravity ot a transversal charge distribution )CObb et al~2 , 
Rameika et al. 1)/, Akopdjanov et al. /10/). Others /10 • taking into 

account ~he exponential tall-off of the transversal charge distribu
tion, appro%imate the shower transversal profile by exponents and 8S 

the ehower coordinate they take tbe position of maximum of the charge 
distribution. 

In our caee Xl W8S obtained by four different methods. 
Method TDcl 1/ • Information about all maxima (above the thre

ahold) of charge distribution across the ahower came from MHTDC (eee 
tbe preceding section, method 2). When only one signal came from 
MHTDC it was just used for determining the sbower axis coordinate. But 
1£ two or more signals came from MHTDC, 8S the shower coordinate we 
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took the coordinate nearest to the one determined fr om the energy 
distribution in SD. 

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

X,."" 2; A, X:/ L A; , 	 ( 1 ) , , 

where A: is the ampli t ude of the sigDBl in the i-th time interval 
of FADC (i c 1 .2••••• 256), and X: is the coordinate in DC-2 corres
ponding to the in terval i. 

Method ADO-maximum. Informa tion on the shower came from .P !,.uC. 

Shower coordinate was taken as FADC channel X: with the maximum 

value of ~ . 


Method ADC-weighted maximum. The coordinate 

to the maximum value of ADG spectrum A. was f ound. 
dinate was found as: 

( .. ..2. (-r:J. 

X~ = E A; 'l :/E. A, 
"-:l £ -1 

X.- corresponding 

The shower coor

(2) 

When showers went throughout the whole chamber area spat i a l 
resolutions were found from distributions of values 6)< == Xl - X" • 
These distributions are shown in Fig. 4 for all the above-listed 
methods, obtained at the converter thickness 4X ' Each distri bu tiono 
is approximated by a Gaussian with a ~YIlM equal to its experimental 
value. Note that ADC - w.m•• ADG - max•• TDC methods give a simil a r 
resolution as they are baSed on the determination of the charge dis
tribution maximum in DC. The space resolutions pres ented in thi s pa
per do not take account of the beam angular divergence and the in-

r oc AO C co r. 

~ 

~ 1 

~ 

O I51ANC E f-k OH 

Fig. 4. 	Distributions of AX found 
ter thickness 4X ' o 

A DC W M " D C - M AX 

'S HOWER AX L'5 Ifflll ' I 

by different me t hods at the conver

d ~ 
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Fig. 5. 	Spatial res olutions 
0' for e. m. showers in 1 cm 
intervals of DC-2 . 0 - me
t hod ADC-c. o.g•• )( - method 
TDC. method ADG-max. 
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E .-.t.oc........ 
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CONVERTER THIC KNE SS (Xo) 

Fig. 6. Dependence of t he spatial 
resolu tion d on the converter 

thickness. 

t rinsic resolution of DG-1 and DC-2 ( ,5 K '~ 0.3 mm for single particles 
/7 .8/) . 

In Fig. 5 spatial r esolutions of are shown ( FWHM from Fig. 4) 
obtained by TDC. AVG - c . o. g. and ADC - max. methoda in 1 cm in t er
vals of DC-2; measurements were done with a wide positron beam 
(~15 cm). Despite Borne fluctuations it may be noted that the best 
resolution is achieved by ADG-max.method. while the worse by ADC-

c.o.g. 

The resolutions or (see Fig. 5) in parts near the chamber 
wire are worae 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 shower passed near the wire, then e+e- of the e.m. ahower will 
with a large probability pass both to the left and to the right of 
the DC-2 wire. However. we will put all the tracks into one side of 
the DG-2. In the proceasing tbis will shift X" • 

The space resolutions 6 ~ cf/2.36 for the whole chamber area 
(except for the interval (-5.15) rom near the wire) are shown in Fig.6 
as a function of the converter thickness. From Fig. 6 i t i B s een that 
the resolution obtained by ADC - w. m•• ADC - max. and TDC methods are 
similar and noticeably differ from those obtained by ADC - c.o.g. 
method. Conaequent ly. the experiment shows that the determination of 
the shower axis coordinate from the charge distribution maximum isl, 
more accurate than that by the center of gravity. Similar results 
were published by the lHEP group /10/ who obtained the resolution 

<5 ~ 3 rom by the center of gravi t y me thod , while taki ng into account 
the exponential fal l - off acrosa the e.m. sh ower t hey got .; 2 mmN 

at an electron energy ~ 25 GeV. These data point to strong correla

'. 
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tions between the direction of 
of a cent ra l jet of conversion 
t icle dens ity. 

Table 	1. patial r esol ution 

motion of an ini t ial part icl e and t hat 
electrons and positTons with high par 

at t he conver ter thickness ]Xo: 

Me t hod Resolution J , mm 

ADC - VI'. max. 1.9 :!; 0.1 
ADC - max. 2.0:!; 0.1 
TDC 2. 1 :!; 0.1 
ADC - c .o.g. 2. 6 :!; 0.1 

It should be mentioned that the presented values of d are not 
correcLed f or angular divergence of the beam. To our estimate t he 
corr esponding corre ction will improve the values of 6 by 0.2-0.3mm . 

It is seen that a simpler TDC method provides a resolution 
that i s practically as good as the one obtained by ADC. We stress, 
however, that t he methods based on ADC do not require an additional 
determination of the coordinate in SD and allow the measurement of 
coordinates of two cloBe showers registered by one wire of the drift 
chamber. B¥ our estimate the two-shower resolution is not worse than 
3 cm. 

IV. Radial charge distribution at different spower depths 

Figure 7 shows the transverse chsrge distribution of the 
sbower at the converter depth 1, 2 ,3 and 4 Xo obtained by DC-2. 

e.m. 
It is 

Seen that the distributions can be described by a sum at two e~po
nents: 

YI X,t) -= (-1 exp{~/)( - :r.~//)u (C)] r- c.... expc - I~~ jt,~I/>';), (i)J ' (3) 

where X.. 19 the coordina te of t he sbower axis, ).l and ). ~ are the 
attenuation lengths for tbe central and peripheral parts of the e.m. 
shower respectively, t 1s the shower depth (in radiation lengths Xo)' 

The radial charge distribution of the shower Tia two exponents 
1s described by various authors - Iwata /11/ and Akopdjanov /lO/.The 
attenuation length ), 1 (for the central component of the show-er) 
is mainly due to the narrow angular distribution and also to subse
quent multiple scattering of electrone and positrons in the shower, 
while /.;l (for the peripheral component) is due to the l.sotropic 
propagation of photons with a minimal absorbtioo crOBS section. On 
the other hsnd, the groupe trom lHEP /12/ and PNAL /)/ described the 
e.m. 	shower profile only by one exponent. 

In measurements of radial charge distributions at different 

' f 
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shower depth we wo~ld like to exclude all systsmatic effects caused 
by the drl1t chambor. We bave already spoken about distortions of 
signals near the DO-2 wire. Because of that we exclude the interval 
:!; 40 mm around the wire. Besides, it is also necessary to exclude 
tbo ahowora dotooted near the walle, as part of these showers is be
yond 	 the olltlrnbor. Wo Ilooopted for shower profile calculations only 

the sho"ern f l 'om the intervlll [40, 75 J lIID. 

I" ". ... 
" ,", 

Fig. 7. Hlldl.!!! clll\rge dis
tribution ur e.m. obowers 
in DC-2, ~-J G.V, ut tbe 
lead glllllO .1e,Hh 1,2, 3,4Xo' 

i 
" 
Sill' 

I~ 
 II. 

u. 
H. 

II. 

,~I b 
UI\.,.."(I 	 flOM ,MOW" Alii ('I.) 

~. B. Hodil.l chorgo d11l

h-1lJu UOJlII ot «.111. "howor. 
wi til 1';-:1 CaV III 'the l ••d 

glnol! Ittl'Lh 1,2. ) .<4~. 

Note that the distributions shown in 
Pig. 7 are asymmetrio, which is due to 
the shape of the output signal from the 
amplifier whose leading edge is .ore 
steep than the fall-off. This effect was 
aloo observed by the CERN group /4/. 

So, the left parta of t he charge dis
tributions (see Pig. 7) will be oonsider
ed undistorted by systematio errors, and 
they will be employed f or determination 
of the constants in (3). The lete ports 
of transverse charge distributions of 
the e.m. shower in DG-2 from the inter
val [40, 75 J mm are draW'll in Fig. 8. So
lid curves were computed according to 
formula 3. The values of parameters 

>'J.(t) 	and A!l (t) are shown in Table n. 

Table 	II. 

t(Xo ) )..l(mm) >-~(mm) 

1 
2 
3 
4 

4.4 .±. 0.) 
5.6 .±. 0.3 
6.2 .±. 0.5 
6.9 :!; 0.5 

218 .±. )6 
177 ± 77 
44.±. 5 
48 .±. J 

The funotion }..~(t) is plotted in Fig.9 
and is compared with >-l (t) obtoinad in 

12/ tor sbowers from 32 GaV eleotrons 
in l ead and wi th )., j and }. J ! ound in 
/10/ for sbowera from 25 GaV olectrons 

in lead gloBo 'l'F-l. 
From ~'1p.. 8 f.nd TobJ 1 1 t j tl soen 

th,,\. the LWO-Q11lt)nant J,.ucripUon of the 
Ll-"naverou Ch'll'gU d1uLrj bution evolves 

7 
t, 



Fig. 9. Attenuation length Aj as 
E 

E 
 a function of the converter thick
-.12 \: 
.< ness: I - the present paper , 0 _ 

10 Bushnin / 12/ x _ Akopdjanov / 10/I 
t- ~.., 
Z 
w 
--' I I ! to the one-exponent description 
z 

\. with the increase of the converterQ 4 
\( thi ckness.
:J 
Z 
w 
t- Conclusion 
\( 0 10 

1. By using a wide-gap driftCONVERTER THICKNESS ( X.) 

chambers hiBh s patial resolutions 
d have been achieved in determini ng the s hower coordinates for the 

positron energy 3 GeV and t he converter t hi ckness 3Xo' Without ac co

unt for the beam angular divergence the spa t ial r eso l ution 6 i s: 


J 1 .9 ± 0.1 mm wi th the use or FADec 

,5 c 2.1 ± 0. 1 mm with the use of In~DC 

2. Resolutions ~ found with the use of e.m. shower maxima 

exceed those obtained by the center of gravity method. 


3. Transverse charge distributi ons at t he e.m. showers for 

t 1,2, 3,4Xo in lead-glass were measured wi t h the use of a wide-gap
c 

DC. They could be described by two exponents . 
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EHI.~aA3e r. C . II AP . ,[(13-8 5-694 
Yn Y"Iwe/ij'le TO"lIlOCTH on peAen eHHH KoopP;HHaT 
::meKTpOMarliHTllblX J1HIJll el1 C nOMOll\blO II111pOK03a30pHOH 
p;peA.O Hon K~MCpW 

C II()MOUU.KJ IUIIIH)ICO:l.:lSOPHOH p;peHcPOBOH KaMepbJ , pa 3Mell\eHHOH 
nrWJIC :1 KTIIU IIOI 'U KO lI llopTepa, onpep;enRJIHCb KoopP;HHaTbl 3neKTpo
~hll'lllfTl l lJtX JHtllfl('J\ e :l lle pr HeH 3 r3B. CpaBHHBalOTCH pa3nWiHbJe 
~1I' I'OJU.I (lO)lolllp 'I'I,1I C f1 0 ~10l!.\blO Bun C ManbIM Mep TBbIM BpeMeHeM 

" ( II(1MOIJ\I,1O NIiHYJtn KBa HTOBaHHH CHrHanOB C 6bJCTp Op;eAc TBYIOIl\HMH. 
Alll1 . JIOI''''' 'IIY H' II pu eTpaHCTBeHHoe pa3pemeHHe 1,9 MM IC oK.o./ 
111'11 1'111 111\1111" k till "" pTe pa 3X ' IIpHB ep;eHO norrepe'tJHoe pac rrpep;eneo 
lilli' II I )lltH" I. M . JIIlBlf ll Ha pa3 HbIX rny6HHax ero pa3BHTHH B CBlclH
Hnlt l)'" I J I 'h 11\1. 

1' , \l III'I'U tl lolIIOIIIleHa B Jla6opaTopHH Hp;epHblX npo6neM Ol15HI. 

""."1"'''"1' ()O'b8,Q1fHeHHOro HHCTHT}'Ta H,!{eplllllX HCC1le,!{oBaHHA , .IlylSHa 1985 
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A • ..-", Ifl' Y of Electromagnetic Shower Position 

1kl4' nlli na t ion by a Hide-Gap Drift Chamber 


The electromagnetic shower position was measured by 
a wide- gap drift chamber placed behind an a c tive convert er . 
Dif f e rent methods for the shower-position determination 
based on MHTDC and flash ADC were used. Spat ial reso l u t i on 
1.9 rnm Ir.m.s./ at an energy 3 GeV and converter t h icknes s 
3X was achieved. Transversal charge distrib u t ion a t d i f f e o 

rent depths of the e.m. shower in the l e ad glass was mea


sured. 

The inves t igation has been per f ormed at the Laboratory 
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