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1 Introduction 

Spatial reconstructio·~ of tracks is~n important part of dataprocessi~g in high 
energy. physics. It ti~u.ally. c~nsists of two stages folowing spe'Cific features of 
an experimentarsetup: · · . 

• re~ogitition of tr~cks in XY projectio~ (perpendicular to the magnetic 
field); · · . . , .·. .· . . 

• reconstruction of Z-coordinates (along the m(l.gnetic field) of tracks. 
~ ' ~ ' ' ' . \ ~ 

Here. we consider rriethods of Z-coordinate reconstruCtion in proportional 
strip chambe~s.of the ARES facility [1]. . 

1 
• 

. . . The main. co?rdinate detectors ~f the 'ARES ~pectrometer are 18:coax-
/ ial cylindrical, multi wire proportionalchambers. These chambers :are of two 

types: chambers ofthe firsttype register only the azimuthal coordinate, but 
chambers of the.second type (~hambers.l,' 4 and 9) ~re 'dual-coordinate'
theyregister the ~zimuthal and ~is (Z) co~rdinates~ The azimuthal coordi
nate in the proporti6nal ~ambers ofboth-types is determined'bythe number 
(position) of the hifwire~ but th~ radi~I coordinate is determined by the 
radius of the chamber. Cathodes' in the dual-coordinate chambers are s~lid . 
cylinders 'on.which_;there are helicoidal strip~. Strips a~e made from alu~ . 
minum foil and are ~ound with a~gle ~bout 30° or 45° along.the cylinder 
axis. Directions of strip winding ,on the inner• and outer cathodes are co~-

' trary. , Treat~ent of strip signals , gi~es us full information _about axis and 
azimuthalcoordinates of the event. The axis (Z) coordinate is determined 
by a point of i~tersection of th~ hit -~ire with the corresponding strips. 

Obviously, z~·coordinates of tracks have tobe known as accurat~Iy as 
I possible. But there are some difficulties arising fro~ the ARES. construction;' 

The most signific~nt of them are: .· . .· . . .. . . . . . 
- \ i ' r I 

. ~'::... • Almost each pair of strips crosses twiCe (fig. l shows only_~ne pair ~~f 
st~ips and. only one' an?de wire). · 

• Strip ~read~·utsyste~ have ADC with only 256 channels, which often 
leads to over- au'd. underllows. . 

• Due to the. comparatively'~mall ·number of strips on the first. chamber 
adjacent peaks are often merged. · 

These difficui~ies together "With' n~t ve~y high.stri; chamber efficien~y of 
the ARES facility make re~onstruction ·of eorrect. Z-coordinates· very com
plicate._: The main. nmi~de~ised problem appeared. at a: stage of joining up 
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·Figure 1: · 'A scheme of ARES 
strip chamb~r.~ · . " 
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Figu~e '2: View of a charge and · 

· ·strips dispo~ition. 
" I/'.' 

Z-coordinat-es with XY:tr~ck~ '(a problem of Z-identification). To resolve 
theni we propos~ touseinfa'rmation about the total induced charge (TIC). 
·in addition_ to known ·standard methods (3, 4, 5, 6]~ On the basis of TIC 
information we construct some new effective algorithms -of Z-coordinate re~ 
constructio~ .. Th~se algorithms are tested on_real f-1;:-:-+ 3e and~---:--" 3ev events 
obtained. on t,heAR~S setup [2]. _The .results 'of the test ~re quite successful. 

2 · Th~ physical};>~sis 
The thorough ~nalysis of physical . pro~esses in •_ proportional 'chambers _with 
strip read:out can befourid in (3, 4, 5]. They are summariz~d as follows: -~ . . ,• . ·,.-' ·' 

• A~ a result of track-passing through a .chamber, gas ionizati~rt takes 
place. · · · - ;. . - .. 

' - '\_ ~ 

• Electrons drift to anode,wires. 

e An avalanche appears in the gas amplification zone arou~d the arlode 
wire._ · . ' . - .- - · . .-. - " 

• Newbornion~ drift to cathode planes. 
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,Figure'3: An example of strip· 
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Figure 4; Dependence of charge 
induced on_ different cathode 
·plane~._ 

\,_ 

The eiectrostatic model is the 'simplest and-'adequate enough .model of 
these processes.'· Accord.ing to [3, 5] Jet· ~s consider pla~e- g~ometry with a 
''poirit:like" charge placed on the anod~ wire between .two infinite cathode 
planes (see fig. 2, where L denot~s an·anode-cathod~gap; ti; is a. position of 
the i,th strip). The charge, induced on' the strip. with the width w can be . 
expressed as:- ' -

A; = Q'arctan(expc;~))~~·+w 
• 7[". · · ai 

'(1) 

In th~ frame oft his model it. can be inferr~d that: 
. - . . \ 

• Charges induced on the both planes are equal. !..__ _ _____... ~ 

• The total in.duc~(f·charge is proportional to one formed during the.
. · · -av~lanche growth. Therefor~, in the case of proportional chambers; it 

has to be ,proportional. to the number, of electrons- getting 'to the' an'ode. 

.wire. " '• 
However, several deviations from this idealizedmodel.can occur in real 

exp-eriments.- The most important of them are amplitude peak extension 
and difference. of charges induced on adjacent· surfaces. These d~viations are 
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c~used by capacitative mutual i~fluence of ~trips, possibl~ different resistance 
of cathode surfaces and work of cathode read-out electronics [6] ... 

A typical example of the strip a~plitude peak in chamber 4is shown in . 
fig. 3. Thi~ peak isfitted by a,curvegiven in equation (1) plus-C- a con
stant, correspondingto the pedestal (the lev~! of:noise). Free para~etersare \! 
r Q, L, Xme~n, C. The. double amplitude peak extension is clearly seen· ( obtiined 
value of L = 7.268 is roughly twice greater than the gap of ch~mber 4). The 
simplest change of tl!e electrostatic lllodel for ac~ountingfor.thi~ ext~nsion .. 

. is correction,of the paranit;ter L in .. (l)Jor'detected.amplihide. · 
As was ll,lentioned above, charges, induced on adjacent surfaces, are not 

exactly equal but o'nly proportional in n~al experiments., .Thisis just the. 
case .oft he ARES facility. 'Figure 4 demonstrates this dependence of irid uced 
charges· for strip chamber 4. ·The disp~r~edr{ess ~rour!d line.it dependence is 
caused by the natur~ ofphy~ical processes in pi:oportional ·cha~bers. 
, •·_ We also propose to use TIC infor~ation for. ~dditionaJ analysis of c~mpli- · 

. cate event~~ Let us consider once again ihe work Qf,the· proportionaL cham
·ber [7]. Figure 5 sh~ws track)~assillg:through a chamber attheangle a to 

1 , thea:node wire. EleCtrons, formea outside an imaginary collection zone, are\ 
captured by electronegative admixtures during their drift to th~, anode wire. ', 
On the other hand, electron~,· formed .inside this zone, produce avalanches. 
Thus thetotaJ ind~cedcharge is pr<Jportional to the t~ackpatll in th~electron 
collection ~one .. This model i~ confirmed inflg.~6, wli~re experimental depen
dence of TIC on tile track path in. the electron collection zone is plotted. A 

. cluster of poiilts'in theregio~:oA em is" caused by the fact that: the m~jority .· 
'or t~acks, cross, the'. chamber almost perpendicularly, t'a a~o~ie, wireL Thus, if 

•• '....:.. •• " ,_. - - • ·'. • •• • • ·, > •• --· 

the total charge is given; it is possible to approximate track inclination to the 
anode wire (to theZ-axis).} . . .. . .. · .. • .... • .. 

No'te that we u~etpemostobviousformula to ca.lculate the charg~ induced 
on .the ~hip surface: , , , , , ·, , , 

, , ' 2 ' 

Q= L:A;. / (2) 
,i=~2 

. ' 
3 . Algorithms rif Z-coo~dinate. reconstruction 

- . ' -- . . . ( -'-... . . -·' 

A standard procedure of Z-~oordin~t·e reconstruction of inultitra~k events in 
, ~trip cha'mbers consists_ of the f~ll~wing steps: , , 

1.. Peaks 1of strip amplitudes on each surface are searched for and strip 
coordinates ~favalan~hes are .determined. 
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~Figure 5:. Track passing-through 
strip proportional chamber. 
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Figure 6: . An experim~nt~l · 
.'dependence of total induced' 

/charge on track p~t:h in eleCtron 
collection zone. ' 

,\ 
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2. Joii1ingstri'p coordinates-of ~valanches with arigles of hit anode win•s, all 
pos~il~le Z~_i(jentificati~ns' of h. it anode wires are -cal~ulated .( Z-points ). 

~ : - . 

3 .. Z~points a.rejoined with previously fqund XY-tracks to get spatial SZ-
lines ( Z-identificatiqns of~ tracks j. ·· · · 

4. If there are more than one-identification of an event, the most probabl~ 
should be taken.. ' .. " . . . ' . ., ' 

Now we will describe each stepin detail. 

3.1 :Determination or avalanche strip coordinate 
,_ . ' .• · . . . -· , . . .. ~ '. . 

~ . ~. ' \ 

. The process of searcli_!ng for avalanche strip coordinate begins with deter-
mination of an amplitude peak. Then, the coordinate of' the. strip 11iiti1· the 
maximum amplitude (Ao) is taken; and it is·co~reded according to correla
tion with ·amplitudes of the ne~trest 2 or 4 strip~ (A;). Thus, the formula of 
,the av:alanche coordinate' looks as:' 
, . ' 

C=.Co + u(Ao;A±t, A±z) · w; (3) 

:-
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here Co is the coordi~~te of the strip with th~·maximuffi' amplitude,-~ de
scribes the above~ mentioned correction. There are a lot of different types 
of the function ~. some 'of them are de~cribed in [3]. We adduce two moSt 
popular: 

. "~. A-· i 
A . - L ... •=-2 ' ·. . 
u -' 2 .. . ' 

Li=.:..2 A;_.·· . 
~ = 1- .Ai--A-t . 

.. 22A0 - (At +A:..l) 

\ ' 

. . _.J .. . . • \, . .• 

I ,, 

. (5) 

Formula (4) determines the center of gravity.of the peak, and fornmla (5) 
determines the so-called center of intensity. Obviously, in both f~rm~lae ~ 
hav~linea~ d~pendence on i: These formulae are apprmdmate and additional 
nonlinearcorrections'are often used~(see [3, 5]).to improve resolution. 

Inthecase of amplitude ov~rflO\\T in the pe~k maximum, w~ sugge<>t tha.t 
only amplitudes of peak "wings". be 'use'd, ~o the formulafo~ ~ turnsto the 
following: ., · . . . -. · . . . . · . · _ . 

. ·_. -~ . A2+At -.A-1-A:..2 
/ I . ~At+ A-i -A2 -·A-2. 

··-~ ' (6) 

This modificati~~~allows us to keep Z:resolution in the case or-amplitude. 
overflow. . · · .· ... · .. _ _ • . . _ _ .. _ . . . _ _ ·. . 

It is also clearly seen that -formulae (5), (6) are strip amplitude }:>aseli!_le 
independent: . . · .. · · , · · .. _. · 

·'.A; =A;+ ionst· .. \li; . ' (7), 

This fact-makes them less sensibl~.to the procedure of pedestal dete~minatfon. 

3.2 Formation ofZ-points 
/ '/. 

\-, \· ·: .' '.' . ' ' ' '/ ' ~ -----·. : 

The next 'step after searching for strip ·coordinates of-avalanches is determi-
nation of a~ode wire Z-identifications .. To do it we must c6mictly join pe~ks 

_ ori.t~o ~djacent surfaces with hit a~ode wi~es. ·We will call such ·a: grm;_pa 
Z-point. There is no problem in th~ case ofl-prong evi:mts (see fig.l)~ But 

. for 3-prong events there are three. peaks of a strip amplitude On each surface, 
· thus they. produce 3 · 3 · 2 = 18 ~andidates for Z~points. ·· · _. ... ·. . · 

To reject false Z:pointswe·suggest the following method. Since -~e have 
two strip coordinates ~fan avalanche, we can find its azimuthal coordinate 
using the fo'rmula: 

·~ ·'' '' . . . 
-~ \ . ,r . ·. .. . ' 

CJ> .. ~ (Z02- ZOt) + (DZ2 · C2-:- DZt· Ct) 
stnp -::.- · .·. DZDCJ>2.....:. DZDCJ>i (8) 

.6 

ti ·I 

i :~ ' .. 

·L ,. 

1 

Here~ZO; denotes Z-~oordinates ofcrossing of .the first anode wire centers· 
with the first cathode strip centers.on different s.urfaces; DZ; st~nds for Z .. 
change when one goes to the next strip; D Z DCJ> denotes Z increasing when 
one turns 1 r~dian along the strip, and C; denotes th~ strip ioordinate of the 

- avalanche;· . . . . · . 

If the ch~mber works with the absolute accuracy, Cf>strip simply equals 
Cf>an~de, det~rinined_ from the azimuth of the anode wir~. For ;eal detectors. . . . 

---the value 

/. ~ql = «P~trip - «Panode •. · 

' - ' ' 

has some distribution, whose width characterizes resolution of the device. So, 
obviou_sly, false Z-pciints can.be nij~cted according to thecriterion: ~«P <. 
3.5a4>. · ·. . . · . ,_ . ·. . · · .. · · . · . _· · · · . 

· -The same method can be' applied to information about the·total charges· 
induced on differ~nt cathode ~urfaces~ Figures-7 and 8 demonstrate usefulness 
of TIC inJormation. ~Fig. 7 .show~ the distribution ~f ~«P for 3-prong events 
without charge cut (without ~equesting of-charge proportionality on adjacent . 
stirfaces).~ One'can see that' ev~n after D.CJ> cut besides' true Z-points (a 
region of the peak),-there are a lo{of false Z-pointsdistribut~d uniformiy. In . 
this case relation 'between true and falseZ-points (signal/background ratio) 
can. be mea:sured as the peak' heiglit divided by the ·backgro!lnd' constant .. 
Fig.'8 shows th~ dependence ofthe signal/ba~kground ratio on cut on charge - . 
difference. So false Z-identifications can :also oe r~jected according to the 
cri~erion: ~Q = IQt - kQ ; Q2l <.3~5aQ. . ' 

. . ( 

3.3 .· Search for SZ-lines 

. After, we have folind Z-points at separate .chambers, it is necessary to co~nect 
'them with prefoundXY-tracks, and thus. with eachother. Wewill call t4is 
procedure building of S Z-lin!}s ( Z-identification of tracks). 
· · In the case of a uniform magnetic field, the track is ·a helix. Therefore the 
Z -coordin.ate ·of the track is proportional' to. its p~th from the vertex ( Zo) to 
the cha~ber; . · . . . · · f: ' .. · • ' .-·-.. ' · 

Zi. ~ Zo + kSi. · (9) 

Here Z; is the Z-toordinate at the i-th chamber, Zo is the coordinate of the 
track in the vertex,' k is 'the tra~k slope to the Z axis, S; is the p~th from 
the vertex to:the i-th chamber in' XY plane. It is possible that some '!-node 

. wires will have -more than one z~identification, and mor~ver, all of these 
·identifications may be false.· The simplest way. is to try all.these possibili
ties, including absence of any identifications, build all possible SZ-lines, and 

) 
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J; { \ ~' - • .--

exclude the wo~s{identifications according to thex2~c~iterion,. 
To determine parameters -Z~, k f~r th~ chos~n combination ofZ-points the 

least square niethodis used: . . . .. .· . . . 

Cs;'~ t (~::_:: (Zo
2 
+kS;)? 

· O"sz. · • 
• "> (1()) 

It is obviously lin~a:r. __ , ·. , .. ·· • ·. , · . . .· ... 
.. Again,' we can'·us~.charge.informatiop.. As wefoundouti~ section 2, the . 

charge is proportional to the' path ofa particle in the electron collection zone: ' 
- ' ·, ' 1 . .,";- ' -- . 

(ll) 
' 

Q = o:;s = o:;sxyJl+k2
• 

·,·-_ .. 

He~es is the full trackpa:th in the electron collectio~ 'zone, sxy, is its projectior1 
onto the XY-pl~ne. To_'use.thi~ fact, we add C~large ·~ependerit partto th_e 
functional (10): . ' · 'c ~- · •·· ' • · · · · · 

·. .· . (Q · - ct 's . v'1 +·. k_·2 ) 
2 

. , ' ' xy , . . 
CQk =·E ·· ... ' - 2 ' . (12)-
• . O"Qk' 

Coefficients a; and O"Qk are obtained from the calibration-procedure. 
·· Though the full functional . . · .\' . 

~. - -. . 
., ·. c = c;~+ CQ'k . (13) 

__, '~ 

.· 

j. 

- ' ' . ' 

is not linear, i~ allo~~s u~ to calculate x2, of an SZ:line even, if it consists only 
of two/Z-points .. This feature is extremely importa!nt for the ARES facility 
because of its; n()t v~ry high efficiency. . . . . -· _ 

During this stage of event Z ~coordina:te reconstruction, we. can r~ject im
possible SZ-lines using the criterion: 

2 2 
X :S Xcut· (14) 

/ 

3.4 Final event Z-identification 

. When all S Z-lines are found, it is possible that some tracks have several 
.identificatio~s. Some of the tracks can share the same Z~point and vice 
versa, several points may not bel~ng to any track. Tho~gh this is ~ossible in 
principle·; these identifications have low probability in practice. In' any case 
our ~lgorithm has tota:k~ intoaccount such possibility. For mC)st ~vents it is 
resolved by the x2-criterion. In other cases it is quite reasonable to use the 
meth~d of maximum i)fobability. . . . . 

To deter~ine the-probability of Z-identification we suggest the follo'wing 
method that tises .information about an angle of track slope to the Z-axis, 
derived from th~ total inducea ~harge (see sect. 2). .. . · ·. · . 

i Let us denote by Ppeak>Ppoint.P(inc_: probabilitie~ of peak, Z-point and 
S z~line to. be. true, and by qre'ak, qpo.int, %ne - that they are false. Let us. 
denote als~ by Ppeakti probability of two true peaks joining to give true Z- · 
point. The probability ofthe inverse case i~ qpeakl2· ·. . ~ ' 

, . A Z-point' is characte~ized by. five v~riables (only three of them are in
dependent): azimuthal angle <I>; avalanche coordinates on adjacent cathode 

. surfaces Ct,C2 a~dcharges indU<;ed on both surfaces Q1 ,Q2 •. Quantities -
~<I> ~ <I>striv~<I>anode and ~Q ;, Qt -kQQ2 ha\;egaussian distribuii~n for true 
Zcpoints, and they 'are obviously independent. Soth~ value ofF= ~<I>· ~Q 
is distributed as product ~ftwo gaussia"os; '· . . . 

J • - • • ' • • 

P;ru~(F)~ ·1 : exp(. _(~'~)2 -~ (~Q)z)·· .. 
: 27rO"<f>O"Q • 2o-2 . . 22 . • . <I> .•' ·. O"Q . 

(15). 

>-

Consider the distribution of Ffor false Z-points. It)s clear, that random 
. correlation of two peak -center co~~dinates·and anode wire coordinates gives 
a unifor~ distribution of~<I>. The distributi~n of ~Q can be found from 
calibration. Thus: ·. - · . . 

.• . 1 . • 
Pjalse(F) = 27r t ~false(D.Q) . . (16) 



Let we have the value ofF for the particular point and we want to find 
the probability that it is true while having an alternative hypothesis that it. 
is false. ·It is obvious that · . · 

{ 

Ppeakl2 _ Ptr~(F 
qpeakl2 -;- Pjalse(F)' · • 

. Ppeakl2 + qp~a,kl2 = 1. . 

From this system we obtain: 

(17) 

(18)' 

Consider Z-identification or'a sepitrate. strip chambe~. We
1 w'ill a,ssume 

that tracks do hot share points in the XY~plane. Therefore, ir'two Z-p~ints 
do not share peaks of strip amplitudes, they are independent. If they do 
share, this fact ~ust decrease the- probability'of the idtmtification .. ,. So the 
probability of the particul~r Z-identification on 'th~ chamber looks like: 

. . . . . i . . .. ·" 

p. . _: Npeako Npeakl. Npeak2 II .. ·.. · · .II · ' . (19) 
chamber ;- qpeak . , • Ppeak(tr" Ppeak(2) • • • · • ·· . Ppeak12 ; ' qpeakl2· . 1 

• · ' Zin · Zout 

In this formula we den~te by ilpeak~ the number of peak's that are iwt included, 
. into the identification, Npeakl - included only ones, eic; by Pp~ak(i) ~ the 

probability that the'peakis used i times; ··zin me-.;:ns ihe set ofpoints included 
into the' identifi~ation a5 t~ue, and Zout ·stan.ds for the set of false i~points. 
We ~hould mention here that the fact.we did not use Z-points rej~cted by 
·restrictions~~ <3.5ap~i-and .6. < 3.5aq p'r~ctically does. riot hav~ influence 
as for these points qpeakt2. ~ L . . .·.. . ... , · . . 

· Almost-the same reasoning' can be applied to SZ~lin~s probabilitie~;_Thus, 
the probability of event identification is given by a f;rmt,~la: · 

3. .· . N. 

Pident ·=.II P~ha~ber. II P/;ne' 
' ~, (20) 

i=l' ' j=l . 
. ' 

here P11ne denotes the' prol;ability of theSZ~line. 
. Therefore, to chose final event identification, it is necessary to look over 

~II possiblejdentificatio~s ~~d find one with'the g~eate~t probability: 
'' ~ ' . . ' ' - ' . . . . . - . 

I 

· ·p = ·max Pident· 
{ident} . 

10. 

(21) 

' 
I , 

\ ' 
\ 

,Table _1: Re,solution 'of strip chambers. · 

N, aq, , . aq az · . 
chamber .. {rad) · (channel) (mm) 

1 1:16 · JO 02
· . 17.5 2.1 

l 4 i. 1:18 ·10 :-z· 32.6 2:1 

9 0.78. 10 02'·. ·. 101.0 2.1' ! 

4 · Conclusion· 

The. results of the application _of the suggested ·method are given in table 1. 
For.'Z resolution determinatio_n we use a:- standard method, described i~ [8]. 
It is seen that the accur.i'cy ~ofthe ARES' strip ch·a.mbers is comparatively 
low .. Thisfactcan.be explained both.bythe r~asons described, in sect. 2 and . 
by nof.·optimal pa:rameters of chambers, for example, the ratio o(the ;trip ' 
·width. tci the a~ode-cathode gap. · ... · . . . , ·· . 
\. ;fhe· u.se-of TIC. i~formation leads to ~eliable Z-identifications; It also 
allows ~ne to increa:se significantly the speed ~f cal~~lations by. ~ejecting false 
poi~ts. _Th~ de;eloped method~ of Z2reconstnlction work' under hard condi-' < 
tions of the ARES fa~ility 'quite ~uccessfully. · . . 
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