


1 Introductlon )
Spatla.l reconstructlon of tra,cks isan 1mportant part of data processmg in hlgh’ :
energy ‘physics. It usually con51sts of two stages folowmg spec1ﬁc features of
“an experlmenta.l setup : : ; s : ‘
. . recogmtlon of tra.cks 1n XY pro_]ectlon (perpendlcular to the magnetlc L
ﬁeld), L oy : :

~

e reconstructlon of Z coordmates (along the magnetlc ﬁeld) of tracks

Here we consrder methods of Z-coordma.te reconstructlon 1n proportlonal',' ’

strlp cha.mbers of the ARES fa.clllty [1].: el

The main coordma.te detectors of the ARES spectrometer are: 18 coax- -
/" 1a.l cyllndrlcal multiwire’ proportlonal chambers .These chambers are of two

types cha.mbers of the’ ﬁrst type reglster only the azrmuthal coordlnate but S
- chambers of the second type (chambers 1, 4 and 9) are dual- coordmate -
they register the a.zrmuthal and’ axis (Z) coordinates: The a.mmutha.l coordi- -

' “nate in the proportlonal cambers of both- types is determlned by the number.

(posmon) of the hit’ w1re “but- the radlal coordlnate is determlned by the’ S
ra.dlus of the cha.mber Cathodes in the dual coordmate chambers are ‘solid - S
cyllnders on’ wh1ch there are’ hehcondal str1ps Strips are made from alu-"

?"1 ‘minum foil a.nd are’ wound with® angle about 30° or 45° along. the cyllnder

axis.. Dlrectlons of str1p wmdmg on the inner- and outer cathodes are con- :

tra.ry Treatment of strip s1gnals glves us full 1nformatlon about axis and
- azimuthal coordmates of the event. The axis (Z) coordmate is- determlned’:
by a point of mtersectlon of the hit wire with the correspondmg strlps o
Obv1ously, Z: coordlnates of tracks have to: be known as’ accurately as
poss1ble ‘But. there ‘are some dlﬂ"lcultles arlsmg from the ARES constructlon s
The most s1gn1ﬁcant of them are : : : ’ '

: a ‘o Almost each palr of strlps crosses tw1ce (ﬁg 1 shows only one’ palr of v
; strlps a.nd only one anode w1re) : '

e Strlp rea.dout system have ADC w1th only 256 channels, whlch often B
leads to over-. and underﬂows R T AL

Nn ezt - [ R -

e Due to the comparatlvely small number of strlps on the ﬁrst chamber' :
: a.d_]acent peaks are often merged o e o

These dlﬂ"Icultles together w1th not very hlgh strlp chamber eﬂ"Icrency of -
the ARES facrllty make reconstructlon of correct Z- coordmates ‘very com--
pllca.te The main. non dev1sed problem appeared at ‘a stage of j _]ommg up
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F1gure 2, V1ew of a: charge and

F1gure 1 \VA schemebof ARES l
: . strlps d1sp031tron"'

i str1p chamber

" ,Z coordlnates w1th XY—tracks (a problem of Z- 1dent1ﬁcat1on) “To resolvev' S

~'1them we’ propose to use 1nformat1on about the total induced. charge (TIC); S
"On the: basis of TIC o

i lnformatron we construct some new eﬂectlve algorlthms of Z- coordlnate re— L

“in addition to known standard methods [3 4,5, 6]

. Vconstructlon These algorlthms are tested on real p'—" 3e and7r - 3ev events B
: 4obta1ned on the ARESsetup [2] The results 'of the test are qurte successful e

| '2 The' physmal ba51s g

The thorough analys1s of phys1cal processes 1n proportlonal chambers w1th “
jStI‘lp read out can be. found in [3 4, 5] They are summar1zed as follows '

e As a: result of track pass1ng through a. chamber, gas 10nlzat1on takes»'
place ‘ , S Sy : -

Electrons dr1ft to anode wires. 7

B
@ vk

\

An avalanche appears 1n the gas ampl1ﬁcatlon zone around ‘the anode’

R E

3,Newborn;iot'ns'drift:to cathode planes - .

S . Charges 1nduced on the both planes are equal

!
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Frgure 4 Dependence of charge

F1gure 3 An example of str1p :
: { 1nduced ;: on d1fferent cathode“ S

The electrostat1c model 1s the s1mplest and adequate enough model of

'i::]these processes Accordmg to [3 5] let: us cons1der plane ‘geometry with a i

“point-like” charge placed on. the anode w1re between two:infinite cathode

: lrzplanes (see fig. 2, where L denotes an’ anode cathode gapy a;is’a pos1t1on of
__the i-th strip).- The charge 1nduced on the str1p w1th the w1dth w can be :
l‘expressedas i S RS SRy

= 4' Q arctan(exp(

In the frame of thls model 1t can be 1nferred that

* Ny The total 1nduced charge is proportronal to one formed durmg the~

v avalanche growth Therefore in" the case of proportlonal chambers, it
has to be proport1onal to the number of electrons gettmg to the anodef :
- wire. AR B SRR j" N

However, several dev1atlons from th1s 1deal1zed model ccan occur ‘in real o

' yexperlments. The most 1mportant ‘of them: are amphtude peak’ extension -

and dlﬁ'erence of charges 1nduced on adJacent surfaces These dev1atrons are -

S



¥
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caused by capacitative mutualinﬂuenc'e of s’trip‘s,' po:sVS1ble different ‘res1stance‘ '

~of cathode surfaces and. work of cathode read out electronics [6]. -

A typlcal example of the. strip- amplltude peak in chamber 4 is shown in~ °
fig. 3. This peak is fitted by a,curve given in equation (1) plus C—a con- ,

stant, correspondlng to the pedestal (the level of: norse) ‘Free parameters are ©

Q, L Xmean,C’ The. double amplltude peak extension is clearly seen (obtamed

value of L = 7.268 is “toughly twice greater than the gap of chamber 4). The

simplest change of the electrostatlc ‘model for accountlng for thrs extens1on
" is correction of the parameter L in (1),for detected amplitiide. - S

,4_ As’was mentloned above, charges, 1nduced on adJacent surfaces are not

exactly equal but only ‘proportional in- real. experlments .This is just the

~ case of the ARES fac111ty ‘Figure 4 demonstrates this dependence of induced
charges for strlp chamber 4. The dlspersedness around lmear dependence is

caused by the’ nature of: phys1cal processes in proportlonal chambers S

We also propose to use TIC information for additional analys1s of complr- o

cate events. Let us consider once agaln the work of the proportlonal ch_am-
‘ber [7] Flgure 5 shows track” ‘passing- through a chamber at the’ angle a'to

; the anode wire. Electrons “formed-outside an- 1mag1nary collectlon zone, are f"'f':
l captured by electronegatlve admlxtures durlng their drift to the, anode wire. -

-~ On the other; hand electrons, formed 1ns1de this zone, produce avalanches
- Thus the’ total 1nduced charge is proportlonal to the track pathin the electron

collectlon zone Th1s model is conﬁrmed in ﬁg 6 where experlmental depen-‘ g

~dence of TIC on the track path in the electron collectlon zone is. plotted A

cluster of p01nts in the region'0.4 cm is caused by the fact that the maJorlty

: of tracks cross the chamber almost perpendlcularly to. anode w1res +Thus, if-.
the total charge is given, it i is poss1ble to approxrmate track 1nchnat10n to the
anode wire (to the Z- ax1s) (0 N SR e S : '

Note that we use the most obv1ous formula to calculate the charge mduced i

on the strxp surface :

3 Algorlthms of Z-coordlnate reconstructlon

A standard procedure of Z- coordlnate reconstructlon of multltrack events in=" 7

strxp chambers con51sts of the follownng steps

1 Peaks 'of strlp amphtudes on each surface are searched for and strlp
' coordlnates of avalanches are determlned : ‘ ‘

B - strlp proportlonal (‘hamber L

' : Now we w1ll descrlbe each step in detall' k : ;/'; l L
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) 2.« .lommg strlp coordmatesof avalanches w1th angles ofhlt anode \\ 1res alll;'
: possrble 7 1de11t1ﬁcatlons of h1t anode w1res are calculated (Z pomts) :

o ,7,'3 Z- pomts are _]omed w1th prev1ously found 1\ Y tracks to get spatlal Sz

lmes (Z ldentlﬁcatlons of tracks)

E '4 If there are more than one rdentrﬁcatlon of an event the most probable'

"""‘llould be taken Dt e R e o e e f SR A

3 1 Determmatlon of avalanche strlp coordmate R

The process of searchmg for avalanclle strip: coordlnate begms w1th deter'f '
.fimmatron of an amplitude peak. Then the coordmate of ‘the strlp with’ ‘the
" maximum- amplrtude (Ap) is: taken and it is corrected a(‘cordmg to correla-
"i'tlon with ‘amplitudes of the- nearest ‘2 or: 4 strlps (4 ) Thus the formula of

the avalanche coordmate looks as:
s Y :

C Co+A(40,Aﬂ,Aiz) W (3)

~ R g w0 s
P - e . N




here Co is the coord1nate of the strnp w1th the max1mum amphtude A de- :

'scrlbes the above—mentloned correction. . There are- a_lot of different” types

.of the functlon A some of them are descrlbed 1n [3] V\e adduce two mostf‘ k

pOPUIar N : :;_', SRS <
A= ————‘="?, T U R Oy o
L TR A
:‘ : ,f »,,vf “ - 1 Al A 1 i - f\' i T
: A = S TS T
5 T 22Ao—(Ar+A n LGy

~e L f‘\,;,,,,r

~Formula (4) determmes the center’ of gravrty of the peak and formula (5)

determlnes the so- ca.lled center of intensity. Obv1ously, in both- formulae A
have linear dependence on i: These formulae are’ apprommate and additional - =

~ -nonlinear_corrections are often used- (see [3, .5]) to 1mprove resolution.

In the case of amplitude overflow in the peak maximum, we suggest that
only amplltudes of peak wmgs” be used so the formula for A turns to the'_ "

,followmg A +A A A PR
: 2 1—Al1— 2

A1+A 1—A2—A 2

A

ThlS modlﬁcat1on allows us to keep Z resolutlon m the case of amphtude,,vf{f’.

. overﬂow

lndependent

A = A. + con.s't ::" : Vl

3 2 Formatlon of Z-pomts

IR The next step after searchmg for strlp coordmates of avala.nches is determl-‘f M
- nation of anode wire Z-identifications. To do it we ‘must correctly Jom peaks 5

~on.! two adJacent surfaces with hlt anode wires. We w1ll call such” a group’a

- Z-point. There is no. problem in the case of 1-prong events (see ﬁg 1)..But"
for 3-prong events there are. three peaks of a strip amplltude on each surface,

_‘thus’they. produce 3-3-2=18 candrdates for Z-pomts LA

“To reject false Z-pomts we's suggest the follow1ng ‘method. Since we- have e
two str1p coordmates of an ava.lanche, we can ﬁnd lts aZImuthal coordlnate: o

using the formula JECE A e e S DI

'«Q (Z02—201)+(DZ2 Cz—-DZl Cl)
‘_sﬁff;, DZD<1>2—DZD<1>1 o

»’72(4);,‘31 .

Tt is also clearly seen that formula.e (5) (6) are str1p amplxtude basellne«; B

ThlS fact ma.kes them less sen51ble to the procedure of pedestal determlnatlon

e

4 ' ?mHere ZO, denotes Z coordlnates of crossrng of the ﬁrst anode wu'e centers',"
o with the first- cathode strip centers.on dlfferent surfaces, DZ; stands for Z -
i change when one goes to the next strip; DZD<I> denotes Z i increasing when

'v 3, 3 Search for SZ-lmes

o

one turns 1 radlan along the strlp, a.nd C denotes the strlp coord1nate of the

~ avalanche:’

I the chamber works w1th the absolute accuracy, Qstr,,, s1mply equals;

s (I)a,,ode, determlned from the a21muth of the anode w1re For rea.l detectors
“‘the value TR AT ” ‘ EEI T S PR

AQ Qstnp - 4>zm.ocle -

»has some dlstrlbutlon whose w1dth characterlzes resolutlon of the devrce So, _
g obv1ously, false Z-pornts can be rejected accordlng to the crlterlon A<I> <
: ;‘3 50.¢ g : ; : L

r\“

" The same method can be applled to lnformatlon about the total chargesg.

) “induced on dlfferent cathode’ surfa.ces Flgures 7 and 8 demonstrate usefulness *
of TIC. 1nformatlon ‘Fig. 7. shows the distribution’ of Ad for 3- prong events
i w1thout charge cut (w1thout requestmg of charge proportlonallty on adjacent -

E f:';jsurfaces) = One’can_ see that even after- A® .cut besides true Z-pomts (a-
- region of the peak), there are a- lot of false Z—pomts dlstrlbuted umformly In-

- this case relation between true and false Z-points (s1gnal/background ratio) -

' can be measured as. the peak helght dlvxded ‘by. the background: constant. .
. Fig. '8 shows ‘the dependence of the’ srgnal/background ratio on cut on charge :
dlfference So false: Z- 1dent1ﬁcatlons can also be rejected accordmg to the k
: crlterlon AQ |Q1 kQ Qzl < 3. 50Q : ‘ N

'.,‘:After we have fohnd Z—pomts at separate chambers, 1t is necessary to connect
~'them'with’ prefound XY -tracks, and thus with each other We w111 call thls
,’_jprocedure bulldmg of S5Z- hnes (Z-ldentlﬁcatlon of tracks) ' ‘

: In'the case of a. unlform magnetlc field, the track isa hehx Therefore the :

ffZ coordmate of the track is: proportlonal\ o lts pa.th from the vertex (Zo) to
o ‘,the chamber AT T AT I

Z‘ = ZO +k5, ‘, ' L ,":7 ,f; (9) .

e Here Z is the Z-coordlnate at the 1- th chamber, Zo is the coordmate of the
‘track in the vertex, k is the track slope to the Z ax1s, S; is the path from

the vertex to-the i-th chamber in' XY -plane. It is poss1ble that-some anode -

“wires will have more tha.n one Z-ldentlﬁcatlon, and moreover, “all of these
. ,ldentlﬁcatlons may be false.. The simplest way- is to try all these pOSSlblll-
gtles, 1nclud1ng a.bsence of any ldentlﬁcatlons, bu11d a.ll poss1ble S Z lmes, and

.
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: 'exclude the worst ldentlﬁcatlons accordmg to the X2 crlterlon SR e
: To determlne parameters Zo, k: for the chosen comblnatlon of Z po1nts the S
: least square method is used: - : R ~ G :

It is. obv1ously llnear : Lo ey : i
Agaln, we can use charge lnformatlon As we: found out in. sectlon 2, tlle_.

: charge is proportlonal to the path of a partlcle in’ the electron collectlon zone: i o

(11)'{?

) Here s is the full track path in the electron collectlon zone sry is 1ts pI‘OJ(‘CthIl L

'onto the XY—plane To use’ thls fact we- add charge dependent part to- the o

functlonal (10) S e T S
: L'Qk—fz ' 0

e UQk

- Coefﬁcnents a, and oQk are obtalned from the cahbratlon procedure
Though the full functlonal e T O e e

,."cahbratlon Thus

hciic;;_;;' c csz-chk:j;jig;;cﬁ,flg»‘i7(13r o

is not lmear, 1t allows us to calculate x /of an SZ l1ne even if it consxsts only

oof two. Z-p01nts Thls feature is extremely 1mportant for the ARES fac1llty .
*.~because of its’ not very. h1gh efﬁc1ency

‘During ‘this stage of event Z- coordmate reconstruct10n, we can re_]ect lm-

- poss1ble SZ lmes usmg the crlterlon

v

3. 4 Fmal event Z 1dent1ﬁcatlon > « B o

o When all SZ hnes are found it-is possrble that some tracks have several‘
P 1dentxﬁcatlons “Some of the tracks: can share the’ same Z- point and vice
i versa, several ‘points may not belong to any track. Though th1s is possrble in.

{ 'prmclple these. 1dent1ﬁcat10ns have low probability in practlce In any case "

our algorlthm has to take 1nto account such possibility. For most events itis

L resolved by the X cr1ter1on In other cases. 1t is. qu1te reasonable to use the,l

R 4method of maximum probablhty s RO P .

a

~To determme the probabrllty of Z- 1dent1ﬁcat1on we suggest the followrng'

/,Vmethod that, uses 1nformat10n about an angle of track slope to the Z- ax1s
o :derlved from the total 1nduced charge (see sect. 2). '

“Let- us denote by ppe,,k,ppom,,plme;— probablllt1es of peak Z pomt and’

SZ line to be: true, and by gpeak; Gpoint’ Qline — “that they are false Let us.
i denote also by Ppeak12. probablllty of two true peaks JOll’llIIg to. glve true Z-
) f;\,vpomt The probab1hty of the inverse: case is Qpeakiz- :

A Z-point is character1zed by five variables (only three of them are in-

B dependent) ammuthal angle <I>/ avalanche coordinates on adJacent cathode =
,:_'surfaces Cl,Cz and’ charges 1nduced on; both surfaces Q1,@2." Quantltres,
‘ AR = <I>smp <I>,,node and AQ = QI—kQQz have gauss1an dlstrlbutlon for true
Z- pomts and they are. obv1ously mdependent So the value of f A<I> AQ
lS dxstrlbuted as product of two gauss1ans : DR

HoL (AQV agr «% s
Ptrue(f) 2_"_0_ O'Q e’xpi< 200 20'Q ) . . (15)

Cons1der the dxstr1but1on of f for false Z pomts It s clear that random; 7

";correlatron of two peak -center coordlnates and anode w1re coordlnates ‘gives ‘

a 'uniform dlstrlbutlon of: A<I> ~The dlstrlbutlon of AQ can- be found from )

ﬁm&f) eMAAQ) ;ﬂff7l_um B




Let we have the value of F- for the partlcular pomt and we want to find

. the probablllty that it-is‘true whlle hav1ng an alternatlve hypothesrs that 1t’

is false Tt is obv10us that

i { ppeakl‘Z Ptrue(]:l

peak12 Pfalse(]:) . fl’ v : 'V(IT) .

Ppeakl2 'l' qpeak12 = 1

s .From th1s system we obta1n

: s Ptrue(]:) .l ‘/'L; S
ppeak12 Ptrue(]:) + Pfalse(]:)

- fa.lse
41peak12 = Ptrue(]:)'l‘ Pfalse(]:)

r

L Consrder Z- 1dent1ﬁcatlon of a separate strrp chamber We’vvlll assume
\that tracks do not: share pomts in the XY- plane Therefore if! two Z- pomts”
~do not’ share peaks of str1p amplltudes they are mdependent If they do
- share, this fact" must decrease the: proba.blllty ‘of - the 1dent1ﬁcat10n So the" B

: probab111ty of the pa.rtrcular Z 1dent1ﬁca.t1on on the cha.mber looks llke

NpcakO Npeakl : NpeakZ

Pchamlger = ‘Ipeak Tppeak(l) peak(g) HPpeak12 H qpeak12 (19) ;"

/ Z‘lTL e Zout ’~~!“

In th1s formula we denotek by NpeakO the number of peaks that a
- into the 1dent1ﬁcatlon Npeakl —included only ones etc; by ppeak() the

probabrllty that the peak is used i times. Ziw means ‘the set of points 1ncluded;»"

“into the 1dent1ﬁca.tlon as’ true, and Zout stands for the set of false Z-pomts

- We should mentlon here tha.t the fact we d1d not use Z pomts rejected by

" as for. these pomts qpcaklg ~ 1

- Almost-the same reasonlng can be a.pphed to SZ lmes probabllltles Thus, i
,the probabrhty of event 1dent1ﬁca.tlon is glven by a formula B S

N :

Pzdent = H Pchamber H lee’ o
S ,,—-1 J—'l N L

I "ivf

here le.e denotes the probablhty of the SZ 11ne b

Therefore, to chose final event 1dent1ﬁcatlon it is necessary to. look over :

all posslble 1dent1ﬁcatlons a.nd ﬁnd one’ wrth the grea.test probablhty

Chone Fa {1den
: ST TR

N

N ) sy

not 1ncluded;f ‘ e S
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 Table ‘1;“‘Res‘¢>1u'tioh of strip chambers. . |

SN Oy Log i |ez

Z.~'| chamber- (rad) (channel) ~(mm)
R T 1.16 ,10""«' 175 2.1
41181072 T o326 |21

9 - ]0.78-107%2]-101.0 | 2.1~

4 Conclusmn

The results of the appllcatlon of the suggested method are; glven in table 1

" For/Z resolutlon determlnatlon we usea standard method, described in [8]
o Itis seen- that - the accuracy of the ARES strlp chambers is compara.tlvely
“low.., Thls fact can be expla.med both by the reasons descrlbed in"sect. 2.and
< by not optlmal parameters of chambers for example, the ratio of the strlp
"+ 'width.to the ‘anode- cathode gap.. LT T e

N The use- of TIC 1nformatlon leads to rellable Z 1dent1ﬁcat10ns It also :

":”allows one to 1ncrease slgmﬁcantly the speed of calculatlons by rejectmg false -
7 points: The developed methods of Z: reconstructlon work under ha.rd COl’ldl- S
o tlons of the ARES facrllty qulte successfully ; o . ‘
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