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. ···• 1 Introduction 

The use of Hquid mediumicmizatiori detect6rs is attracti~e due to the possibil
_•.·· I,ty of,~btaining g9od energy-·and. spatial.iei9lution.• An electro~agnetic LKr · 

. calorimeter; ~developed. for the KEDR detector~ is· now un~er assembling and it 
· wilLbe used at tlrnVEPPa4M'e+e- collidei iriNovosibi:rsk[l]; The KEDll LKr 

... · _; calorimeter ~onsists of a ~et of i~~i~ati~n chambers operating in the electron
; >pul?e mode, read out by low~noise charge-sensitive p-reamplifiers.' . . .. ,, -·· 
. · .. _.. }'here should be two detectors in the KEDR setup for particle iqentifica

, tion: one using time-of-flight (TOF) information, arid the other based onaero
" gel· Cherenkov counters.· They shouid provide particle identification'for. diff~rent 

. ,.' secondary particle·· :rr{omentum ranges. T~ iinp~ove · ( 1r~k) · sepii.ration capability 
- . ~of. the setup in the inte~mediate'. momentum rang~ 0.5+o:s GeV /c .~ne can use 

dE / dx information fro in _the·. LKr calorimeter' chambers'. By measuriitgthe ··mo-. 
men tum of a particle as wellas its, ehergy los~, the mass of the' particle can be 

·• .. determined .. The pulse: height information from Jew consecutive gaps can ~be 
: useffor ~rdina~y dE/ix chargedp?'rtide (1r:k) s~paration '[1j. ·such ability of 
' particle identification can improve tne_'performance of the entire setup. ' I ., 

' . . . ' " . · ... · .. · ' ' '., .. ,, ' . / 
\ ·· An alte~riative method of thesigna] shape analysis' was suggested in [2]'. . 

· This method peqnits oni to reject the parts of the primary charge particle track· 
:•with en.ergetic -d.~lta. ( o-) electrn~s which s~ppress the right tail, of the. \Tavilo:, · 
ionization distribution. As. Monte Carlo calculation shows, this method can be 

'use_d~ ~t low. momentum ( ::;!Lg Qe V / C for 1r-k ~eparation). of partide dep~mding 
on. the signal, to noi_se ratio.· So, the possibjlity· of separating. 1r~ and k- mesons 
at the level of .2a_in a 4 ·cm LK~ medium chamber in the momentum rc1,nge 
o:s+b.8 GeV/ c was shown: . _ . ~-" . . . . . -

. . . ···. This method·. permits '·one t9 use. only o~e gap signal· and, therefore, t~ 
':'decrease the_ total thicknes,s of .liquid media and_ the.distuibance ca~sed by the 

. nuclear interaction.'.·. . '· . '., . ' ' ' i> ' ,· ' •·· ' ' . ' .·.· ' . ,·· . 

. . >':Som~ preliminary evaluations; of ADC :spes_tra sepa~atio~ were rep'orted_in · . 
.. [3]: The results on the ,experimental stu~dies of the particle>,separation b{the 
·method'.ofsh?-pe analysis are d~scribed below: . ' .. 

1.1 Beam selection 

In- order to experim~ritally study such a possibility,. one nee'ds a pionand a kaori 
· · beani :oflow mome~tum; but the problem .is to find the kaon beam of appropriate 

I '~momentum and suitable parti~le rate. For study of_( 7r-k) separation at a 'certain 
'' momentum we-have used a pion beam o(this momentum a,nd a proton beam of' 

:,,, . · a different ~oment~m: The proton beam mo~enfom was caiculat~d · in orde; to. -
. have the same velocity a~ the kaon at the requir~d momentum. Such a proton 
. produces the same ionization loss as th';J kaon '\\'ith the monie~tum eqti~l to that 
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Figure 1: Setup ~c~iin_e. 6- Cherenkov counter, S1,S2 ,S3,A1 - scintillator coun-
. ters, Pr -:- LKr prototype . . . 

~-

. of the pionbeain [4(The en~rgyloss in.the material along the beam \\'aS take~ 
into account.in· oi-der to obtctln the necessary par'tide: monientu'm at' the ~ntrni1ce 
of the LKr. chamber. · 

. w~ have·. exposed. a prototype ~f LKr. c~lorimeter. to: pions arid protons in __ 
the Tli beam of .the CERN: PS. The particle ·c~ntents 'of this bea~ can -be 
~hosen but·, in. any cas~, it is en~rgy dependent a~d it has significant amountof 

·positrons ·if the pion beam ~as chosen,jn particular aUow ·energy. Al~o; the -
, . ·proton be-am has a lot of pions, so one should make irideperident' beam particl~ 

selection for test studies.· For rej~ction ·of t·he positrons ,in the pion beam ind 
... · of the pions in the proton.beam a gas Cherenkov counter._a.nd. time-of-flight 

~easurement weie used. . . , •. , ,· . •. . .• ,·: • .. ·· . · .. ··• . . . , -~ 
The pion beam ·iit the· momentum rnnge 0.5+0.8 Ge V / c has a significant 

. admixture of muons, too, because of pion decay .. This question was studied by . 
Monte Carlo simulation of'our test setup;' It was shown-that the admixture of 
m:uons in the pion· b~am, which:produ~e:the trigg~r\ign~l; sho~ld be about 2%-, 
bU:t its ioniz~tion spec_tru~. does not practic"ally differ from the pi~n _one .. ··. . · 

The" beani .rate for such application should. be s·et· rathei-.low 'to exclude 
. dynamic saturation of th.epreamplifiers; we used a beam at a rate around a_ 
thousanct particles ·per second. · 

,· 

2 Experiµi.ental setup ✓ 
. _, 

Tlii e)(pe~imental~etup. (Fig; .1).c~nsisted ~fa beam~defining system and a pro-
-totype of LKr calorimeter:' The beam was definea'by four scintillatiori counters· 

and a Che~enkov gas counter C. <The ~nticoincidence counter··.J1 18x30 cm2 

in size had· a 5x5 cin2 window_'ar~imd the bea~,. Three· ~cintill_~tion· coun_t~rs .. 
S1,S2, S3 (in. coincidence) and C,Ai(in ariticoincidence) were used for generat
ing a Start signal o(a fast programm.able trigger unit.. > ~•· <.: . . . . . · _ -
. Two sch1t_illation c~uriters S1 and S3; :at a distan2e of 5.95 ~, with double · 

,j 
I 
)! 

_J 

1 · 
, I 

.I 

I 
! 
1 

-I 

' ,'j. 

'· . 

. ~i 

J '. 
'i 
I 
i 

·I 

:i 
" --< 

:;' 

l 
~j 

J:_: 
I 

i 
.l 
I 

~ 

side readout 1wereuse'd for time-of-flight measure'ment~. The time~~f-flighi i~fo~~ 
mation and the amplitu_de of the second TOF ca'unter (S3) signal were u~ed in a 
fast selection of a beam particle. The ·use of an ariticoincidence couiiter ·around . 

. the beaIIl behind the pr~totype and amplitude information fioni the s;c~nd TOF 
counter pe~mit suppressing multiparticle events resultingfrom beam particle in-
teraction. · · •.· · 

·'The.Start'signalsynchronized_by·_t_he ritean~timed sign~l of the first TqF 
. c~unter, and the.mean-t~rne\l signal frointhe second TOF counter were sent to 

'. the first channeL of a Memory Look Up (MLU) unit [5] for fastTOF measure
ment: The-second.channel of the MLU'.was used as a fast.QDC ofa linear sum 

. ofsl~n~ls from bC>~h ~~~to~u~tiplie.rs_j (EMr 9954-KB-03) or' the se~ond TOF 
-counter.--.- 0 • . . - • -- •:. • __ 

The MLU is' a p~ograni~able 'cAMAC modul~ f~r fast two-dii'uensional . 
{32x32) analysis. It h~s_two fast 5abit QDC ang the RAM scheme. The memory 
contents can be 'controlled \lia a CAMAC bus. The add~ess of the memory cell·; 

·· during·the data takirig is de_termined by. the cod~ at the out'put of both QDC: '.'. 
Tl):e MLU generates a sighal whe~ever the input TOF'. signals'. and ~h~_pulse 

. height ofthe analog sum signal from the_sec~nd 'TOF counter corr"espond t2, '.:-
-t_he r~quested particle .(pion or proton 'in our ca;e ). · This sc.hen1e.provides a fast' 
( 100 ris) t~igge~· ~nd, peimits, selection 6f particle sp·e~ies. by . changing ~'tim~" 

. pc>sition of a mask. ~E'or rejection 'of multiparticle eventsihside. th'e 7'window" of. 
thea~ticoincidence counter the'MLU unitwasprogramnie,d to suppress events'·> 

:· with-a large amplitucle_C>fa'signal in the~S3 cotint~r> ·.. .· · . •, .. · 
. • Four; outpu't signals after thi TOF constant fraction discrih;,initors were 
sent to a TDC (Le~Croy 2228A) foroff~lirie analysis.,' , .·. 

- · T~e, ga~ Chernn~ov counter avail.1ble on the T 11 beam was: used to' veto 
positrons ·,~hose contents":in the beam ra'.pidly in.creases with decreasing mo- · 
mentum of the pion beani. Its.efficiency ls not known.exactly, but· taking into 

-.. account the speCtrum· of the ·signals and' the threshold of t,he .discri~1inator we 
conclude.that it should be higher than 90%.' Besides thit, positrons were ad-

, ditionally suppressed by more· than 5 iadiation lengths of material with the' 
.. a~ticoincidence count~r. A1. and the. second TOF counter. amplitude 'rejection~ -

Residual positro~s' coul~ be separated in part by TOF off-li,ne analysis because 
at 0;7 GeV /c t_he .pion beam ha~ a delay about 0.4 us (in our se~up geometry) in 

· · . comparison to relativistic po~itron:
1 
The measured time resolution of our TO F 

· system was 0.23 ns_foi- the'pion beam. . < . . . 
r \ 

·/ . 

·" 2.1 LKr detector ..:.. 

. The LKr detectoi consisting .of a set of 8x12 cm~ ioniiation- chambers with· 
· a 2 cm gap was inserted. into a cry9stat of two coaxial stainless.steel '(316L) 

vessel]. The i_iiner one had ,;_ geometrical volume of 6. 7 I. . The chamb'ers were 

3 
i -. 
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. . . '/ -,---·:"' . . . 
placed orthogonal to the beam axis. The chamber electrodes were niade~of FR4 

.· {0.5 mm thick), covered on both sides with 18; µm copper layers; In totaUhere 
were 9 electrodes alternatively. connected to ground (5) and to high voltage ( 4 ). 

·· The first and the _last 'signal elect~odes with respect to the b'eam had pads of 
8x8 cm~: while the other three signal ~lectrodes were divided into 10 mm wide 

. - strips in the x and y dfrecti~ns.· One· strip plane had double-side orthogonal 
. strips~ A delrin plastic support was used for the eiectrodes in~ide the cryostat. 
•. Before liquefa~tion ofKtthe chainher was baked out for--2.days at ab~ut 60°C. 

We used no purification system for· gaseous krypton since the indu~trial 
gas. at _our disp6sal ·was alread)'.. pure ei:iough ( electronegative jmpurities were 
expected to.be below 1 ppmr Gaseous krypto,n flowed into the detector through 
a high purity stainless steel line at a pressure about 1.6 bar and was then liquefied; 
by mean~ of liquid 'nitrogen in a heat-ex~harige tub_e. To check the level ofLKr -

·_ during the liquefaction, the effect of increase in int~;eiectrode capacitance d~e 
··. to· dielectric. constant of LKr was used. Voltage pulses we're fed to the ancides • 

and associated preamplifier ~ignals wer~ monito!ed while filling the prototype. · . 
. The temperature ofliquid k~yptonwas kept during t_he t_est af( ... 14i±l.5)°C. 

· -\._and c.9ntfoU:ously monitored by 3 platinum resistor thermometers placedon the. 
. electrodes' support at different heights. .- . . . . . . ·.. . . . 

The five centralstrips in _each-r.lane and pads »':ere connei:tedt-o indi~idu
al integrating preamplifiers; their output signals were ·sent fo shaper-amplifiers 
with semi~gaussian shaping ( r,~ ~500ris ). The_ ~ignals were digitized by a peak 

-sensitive ADC (SILENk Jylod'. 4418/V) anithen sent to a dedicated personal 
computer. The oth~r parts o{the signal electtodeswere grounded. The shielded 
preamplifier box was mounted on the top flange ofth·e cryostaL:.The preamplf
fiefS'were de coupled :to ~lectr~des, each having a nominal fe;dback capadtaii.ce _ 
of 1 pF. For charge calipration, a· voltage pulse from a precision pulse genera
tor was injected ·hit~ the preamplifiers through known testcapacit~rs after each 
b~am spill d~ring the run. : . , . . . . - . . .: ,, 

·only the.last 2 cm ionizatiori chamber pad signal was used for this shape 
_analysis. A signal from.the preamplifier, b~sed on FET SNJ-9031, of this pad. 
ch~nnel was also sent after awide band amplifier to a waveform digitizer (Le
Croy Mod. 2262) with 40 MHz ~ampling' frequency. This recorder has a 316_ 
sample record length and _a 10 bit resolution [6]. So we recorded the 'shap~ of 

· the pad signaFduring a 7.9 µs,Jime inferval. · . _· ~ 
· •. To reduce high frequency ripple in· the high voltage a pair of passive low-

.pass filters·.were .used. ' ~- ., .• . - '-. . ': 
- . . ~-
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3 ·• Data colle,ction 'and selection· 

Dafa were taken_ for pio~s at momenta:_- .580, 680 and ?80 Me V / c :·<!-n<i-for protons 
at HOO,· 1770 and 1440 MeV /c:. Taking into account the energy loss ~of the 
partides, the beam momenta were set so as to,have the' data on;ionization loss 

''of the pioris ~nd -the "kaons" at the entrance of the last gap at 500, 600 and 
700 MeV /c: Total statisticsof 15000 events vias collected for these momenta, 
except'for the calibration events. _Da~a ~erea.lso takerifor different high voltages 
between the ele~trodes (0.5, LO, 2.5; 3.5 and 4.0 kV). ' . _ .·. _. 

< _ Unfortunately, we did not su_cceed in completely. suppressing the external 
pickup noise, mainly: cau~ecl, by. the p'a~er mit. ~osome everits were affected · 

· in this way, ,but. part of these events had -a distinguishable' external-influence, 
becaU:s~ of pulse nature of external pickup n~ise.- · . . . . . 

The events · used in the analysis were sele;ted_ accorcling. to . the following 
- OFF-LINE.criteria: .. · . . .. . .. . . . . 

~ 

·1. a cut bas~d on theTOF analysis (mEJan:¥0_:4 ns); \ 

. " --
2.,a cut based on.the second TOF counter signal amplitude analysis;· 

,. ... .' '.· / .·,. : ,. ··-· .. ·. . : ;; 

3. cuts on the puls·e,height or'the total strip plarie charge, an_d on (x,y) 
· coordinates ~f the particle· iii' the strip planes. to reject multiparticle events; 
. aridt~ exclude·cu'rrentedge,effe_ct [2] 6ejecting ~58%);.. . . . 

4. cuts oil the paramet~soflinear fit at the plateau before the sig~al; which .. 
·is seen in Fig. 2 (reje~ting ~12%); ,· ._.. . . . - . . . -

1 

~-~ -- • . ·. . - - _-_. • ,, l 

: 5. a cut based on tlie shape analysis of the: signal itself.in order to reject 
signals with disth1guisha~le external noise influence (rejecti~g:~13%)'. 
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About 13% of the events survived the cuts and were used for further anali 
sis. Here we should give some comments on the last tV.:o cuts. The, cuts in 1item 4 

,, , ~ ' • .• I 

require aflat plateau qefore thesignal, with a small slope and lo_\V v;ilue of x2 

for linear fit. This permits one to reject events which are_obviously affected by · 
'external pickup . noise; or contain the. tail of ihe previous signal.. Td. make the··.· 
. cut on .the basis of the ~hapeanalysis of the preamplifier-:-output signal (item 5), 
the valties of x; for parabola fitJor six overlapped parts of a signal were.used. 
NO cuts on the other parameters of the fit were irri'posed. Because such' a· cut is 

; delicate'arid c~n affect the spectrum overlapping studied in our test,-few th;esli- . 
old .vafo~s _of the·~; cutting ~ere checked .. The cut value whicJ/ did not cause 
measurable change in the overlapping of ADC spectra of the shaped signals for 
two ~ind~ of the particles V:.as used for event rejection: . . : . , 

4 Data analy'si~ 
.,. 

All data for sh,ape· analysis w~;e taken at high voltage is kV:Fig. 3 shows th~, 
electric field dependence of the pulse height, takenin special samples, fitted by 
theformula [7]: · •. • · · 

I Cq· 
··PH=--- , 

, , . 1 + E0 /E 

where Cq is the scale. factor and Eri is 'the recombination :constant;, 1:he ·val- . 
. •ue obtained for the fitted parameter E0 is (0.28±0.08) kV /cm. ·But here one; 
should iememberabi:mt the "ballistk". effect; because' the dei:re:isejn .the .field. > 

strength causes_tli~ increase· in the drift time .. So atO,5 kV /c,m the.fitted val~e 
)s Tar ~10.7 µsand the shaper (2RC~CR r,h~0.5 µs).signal amplitudejs 10% 
sm:iller than that ~t L75 kV lcm with Ta~ ~1.2.µs (see belowf · ·· · 

. The digitizer information ofthe selected "kaon" events at 0.5 GeV /c was 
analyzed. to obtain the values ofdrifftim~ (Tar) and free·electro~ lifetime ( r,) . 
This sample of ev~nts was chosen for analysis because.of the smallest irifl'uence; 

· of energetic 8~electrons on the signal shape: Fig: 4 shows the spectra of these 
\ . , - • ' •. ' - - ••• , _,I • • • • , '. -,,. • > . ' ·, '. • /. 

parameters fitt~d by the formula: · · · · ·' 

Q(t)'~.(~lo•~.+ .!!!._'.'+e•t+
10 '.~;);~xp(-.!..:)+•l;:r,~ Io -i;f C

0
~ 

\ ; I : - .·•• • • .Tar .. ' Ta: . . . T: - . . . < Ta.r . ' •' . 
. which is derived by integ·ration of the expressionJ(t) = 10 -(1 ~t/Tar)•exp( ..:....tfr,)' 
· for ·o 5 t 5 Ta/The value of the drift time,obtained from th~ fitting -parameter . 
histogram is Ta,;={7.2±0:04) µs (the errni shown is statistical ~ne).: The sys- . 
tematic shif~ of this value· estimated from c~mpari~on _with Monte. Carlo result 

. (about '-:0.1 µs) is taken into.account. As regards the meaning of T, its determ1: 
. nation is more complicated beca~se of the wide distribution 'of this parameter. 

This can be expected because the formula .'used for fitting· does-not ·take into ' 
' • ·,, ' • ' , • ' •• • •• •' • • • •- • I 
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Figure 3: Field dependence·. of .the 
pulse height. The curve is a fit to the 
data as described in the text ·-

ai::cdunt -non-uniforril ionizatio~ distribution in a ·gap'.· To· estimate the exper
imental value of r., a decrease Qf the mean values of.dE /dx( i)~.; in different 
quasi:gaps wai~sed (see bel~w). . . ... .• 

4.1 Shape· anilysis 

The s.ignal shape analysis ~f sel;cte<l events wa~ d~n~ ln the following way. Tne_ 
set· of samples du:dng· the _drift time ·(starting at_ cha'nnel N~.45 .in Fig. 2) was: 

• ·aivided into few groups: (Ng;":= 5 + 8), and the ·su~in each group '_V_as ·used for. 
- consecutive analysis;. As· a result ofthe first subtraction ofone group· contents 

· '. from'the·cont;nts ofthei1ext gr~llp;a set,of (Ngr --1) 'val~es of the ''current".· 
was ava~lable. The s~cond subtractiongav~ (Ng;:·-:- 2) · values, of.dE / dx( i)me• 

. corresponding to .the efficient number of q~asFgaps Nq9 =. ( N9 r :_ 2).. . .. 
·,· It.is essential that the specfru~ of dE / dx( i)m~• for any i ( the distribution of .• 

. \i~nization in the quasi-gap with. smallerthickness) differs from the ADC. p'ulse 
.. - height. spectrum• because of extension of the characteristic taH of the Landau ' 

distribution, though the electii:mic noise i'nfluence ~lso increases. No ineasurable 
difference in the tail's characte~istic for these spectra was f?und. . _ .. ! . 
. ·. Because of lin;iited:value ofT, the mean values ofdE/dx(i)m,. spectra for 
sequence 'ofquasi-gaps decrease at some rate. This feature ~as used to estimate 

. free electron lifetime.' . ·. . . . . .. . . ..-- . 

.. For N;>=4 the ratios of dE /dx( n)m,./dE/<f.x( 4)m,;for n = 2, 3, 4 w~re ~sed 
both for experimental data ancffor Monte Carlo events with the same values 

: of·Ta~ and~ tim~ duration ~f.a group. "The fi~ift ~pect;um of dE / d~( 1 )m .. was . 
. not used because of systematic errors which. can affect this mean value .. This 
. influence can be Cltl}Sed by,tlie preamplifier or by some uncertaintyin'the start or' 

the. first group. Fig. '5 shows· the experirnentaland simulated results. From this . ( ~ ' ~ .. . . . --- '' . .. . - . '· ~ ·, . -
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Figu~e 6: a) Height pulse spect~a from ADC for the pion and ,;kaon" beams at
Q.6 GeV /c (the digitizer~signal specta are simil~); b) dE/dx,.,·afte; the selection d~

... , scr1b~d in thetext. E1:15.(E~5)- threshold at which tl:ieleft_tail ~f ','kaon" spectrum. 
contains· 15;83% of'these particle eyent~ . · - . . . 

. analysis we Sconcluded that the measured free electron lifetim~ is about 27 µs . .. 
_, .' _ '. , _,. ! ' , . '' ._' I • ,-•- " : • _ - , • ' 

. •·· . Ta.king• into acci:mnt' the ·calibration data, we :found- that the measured 
'chargwfrom .the. 2 cm-LKr.chamber' was about 2.84 thnes smaller than ex

.•. pect~d from calculation_ 1_1sing W:::20.5 ·ey/P,air [I] 'a~d the free electton µf~!ime 
r 0 =27 µs,\ We ~concluded ,that this is ca.used by ,the recombination process . 

'-. , _,. - ,( 'j .. - , , ,: , : ,, -. / .: . . ' 

.. A simila_r result for non-purified krypton 'Yas mentioned in· [8]. Alth'ough the '· 

__,· "research. grade'7kryptoii with o.i ppm i5f·02 was'used, the.charge response 
measured· with the combined 20~Bi and. 210Po ·source· in. pa;allel plate· chamb·e~ ··• . 

l .v 

. · was _less than 50% of the· charge· colle~ted in 'the, k~ypton aft~r further· purifi~a- • 
ti~n.'It is difficult.to explain this result _by short lifetime alone, because in this 

. case it'should be less than 3 .µs,':whic11 contradicts.our result and estimates in, .·· 
[9] for higher level of electronegative i:mpurities)in the gas. · : ' · 
. As a measure of- particle separation, the percentage. of pions overlapped 

·. (POO°(o) is used.hereafter~. Itis_equal to the_ ratio of the number of the particles 
in the left (pion) spectrum ·with deposited energy lafger ·than ·Ern (Fig .. 6) to 
. _the. total number of eve'i.ts in .this spectrum. . The mea~ing. of E 1 ; 5 is eql!al 
. to the threshold value at which the left iail of the "kaon" · energy spectrum 
contains 15.83% of the total. number of "kaons"; and it was determined for each 
particular case. -This val.he is used because it is~equal to half of theconfidence ·· 

. level associ~ted with lo- deviation-for the normal distribution,' This measure of·· 

9, ·, 

...: 



separation permits an~ysis of spectra with the non-Gaussian· shape. 
- At comparatively small free electI"on lifet.iine (Fig. 5) o~e should normalize 

different dE/ dx( i)m~• in ea~h ~~ent to corred the-systematic decrease .o( the 
";econd derivative" .. The response of all quasi-gaps inside a gap should be : 
identical in· principle. Such normalizatio~ involving the cumulative distr_ibu tion 

. functions for particular spectra dE / dx( i)m,; obtained for all data ~amples in our: 
m;mentum range {0.5+0.7 GeV /c) showed suitable result. But application of· 
such normalization to the dataat a particular momentum meaning permits one 
to improve results, although insignificantly. These values ofdE I dx( i)~~.fo-r an 
events ( at a certain momentum in the following analysis). were entered in' the 
corresponding histogI"ams (Fig. 7 a, b ); then cumulative distribution Junction for 
each (luasi-gap was calculatef {Fig. 7 c, d). Fig. 7 depicts ~u~h no'rmali~ation to 
the first quasi-gap specfrum for the fourth quasi~gap: In this case any systematic 
influ~nce. on the beginning -of the ~ignal shape is not so dangerous. . . 

·. Thesevalues of dE/dx(i)':,.,.for any event. are different for a number_ of 
reasons: accidental appearance of o~electrons along the trark, the pream'plifier C. 

electronic noise disturbance, a'.'nd residual influence of the external pickup noise. 
' - ' . . • . - • '., . ~ ·. \ - , ! , . . •. -, , • 

A fowways.[2] of exclusion of the quasi~gaps'withlarge dE / dx{i)':r.~. were tested _ 
in OI"der to obtain the best separation of two spectra... , . . ' 

, The resolution of th~ energy.loss measurement,-and therefore the separntioi-i •
of particles, using the method of the truncated mean [io] depend ·on: the number -

·of s~mples used. T.his dependence v.:as studied:by analyzing. the mean values ):if · 
2 and.:3 l~west. quantities ~of dE/ d;(i)~ •• : .. • Fig~ 8( a, b) depi~ts the· dep~n<lence . 
of sepa:ration{fOO%) on the mom~ritum of particles f-;r few·immbers of quasi
g~ps (Nq

9
)'; then'fixed .numbers\(2 ancl_ 3f of lowest.dE /d~( i)':n,. were ·used .fm · 

· 'analysis._ Forcomparison the:POO% for.'a!llplitude spectra.from ADC aie_also . 
plotted; the curves.are simple.exponent fit lines.· -·.. . ·. - . . . ~ .. 
. -· Anoth~r~methcid [2] of flexible~ rejection wa~ studied by .the e;perimental' 
. data: analy.sis. It uses 'different ,numbers of-select~d-;vahies :of dE / dx( i);:,.~ in·· 
calculation of the· 'iuean:value .for,each even('The foll~wing f()r~uia describes·_ 
the number Nm~ of· the lowest values of dE / dx( if':,,·,.- used in calculati~n of 
dE/dx.,

1
: , . . •. 

_,., 

'Nmn = Nq
9 

--Ij'IX {k:,• (Nq9 2-1) -:(dE/dxmai - dE/dx,;.;n)f dE/dx;.,.in}, 
-~ . ' - ~ . - , - . . 

whel"e dE I dxiri:., aid dE I dx~in are ~aximal ~n~ ~inirri-;l valu~s of dE I dx( i)~· ••. : . 
The minimal number of quasi-gaps taken:into account was limited,toN,:,.n ·2::_1. , 

A few values of.k., as is described in [2], were used.for each value of the 
particle ni6:mentU:m. Then the optimal meaning of k, was determf~ed by. an~ 
alyzing the ·results• ~t all 3 mome11tum values. ·•·The obtained values' of, k, for . 
differenf.mimbers,of quasi-g~ps happehed to b'e in go~d agreeme~t with the 
saille paramet~rs i~ Monte Carlo cal~ulation, .. . , . - . . - . . 
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· Figure9: a) Exp~ri~enfal ( 11'-k) parti~le. separati~n {FOO%) using the method' offl~xi- · 
ble rejection; b) Monte Ca~lo calculated_ particle ( 11'~k) 'separation for similar parameter;. 
Different. curves correspo~d to. diffe~e~t n~mbers of qua,;i-gaps .. The ;rrors are shown 
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corresponding _values inthe case of.N9°"=_4 : .. . ..• 
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Whith the met.hod offle?Cible rejection (with varied number of Nmn),the par-
. tide separation for the same condition .becomes better (Fig. 9a ). For comparison . 

Fig: _9~ depicts the iieparation ability predicted from Monte Carlo calculation [2f 
for a 2 cm LKr.chamber: 1he p~ameters of the charge loss', drift time and free 
el~dronUfetime .were taken from our-data analysis; the noise "amplitude" used 

. .jnthis calculation' was 1 arbitrary unit { a.u.). It is obviOllS that th1_: Monte Carl~ · 
predicted separation is worse than the experimental one. It became lietter if a 

lower noise level was used.· The software noise generat.o~ used in [2] was designed 
by comparihg the simulated result to' a preamplifier nois~ characteristic when 

· additional capa~itance · ( C;n =82 pF) was attached to the input of th~ preainpli~ 
fiei-. fn our· chamber~tes~ this ~apacitance was less than 30 pF. Besides that in 
the pad channel we us·ed the selected :preamplifier with the lowest value cif the. 

: equivalent noise charge (ENCkThe.EN:_C measured in this test \l{~S about 595 
electrons with shaper time constant r,h=0.5 µs. The expected increase in ENc·:: 
due to additi~nal capacitance, C;n=50 pF seeri by the preamplifier is about 150'. 
electrnns [11]. So this discrepancy.in.the separationcapability can be explained 
by lower .noiseof (he preamplifier used in this te~t. . . , . . 

' . . . . "" / - -_ 

. 5 Conclusion· 

The possib!lity of improving separation of 71"· and k-mesons iri one gap of a liq-, : 
uid krypton uniform ionization .chamber using the new_ method [2] is shown in 
experimental study: This method permits one to increase the boundary momen- _:.. 

· tum of 20' ~eparatfon from0.6 GeV /c ~p to 0.68:~ G~V /c. Ho~ever, in our LKr , 
chambe·r test the real signal was 2.84 times less thanthe:predicted ·one. This .· 
res~ited i~ degradatiori. of the ex:peri~ental separation. c~pability. compa~ed to 
the calcul_ated_ r~sult: We concludeditisbecausc of using non-purifiedkrypton, 
is was mentioned in [8]( the twofold increase of signal . was found after'.further 
pu.rl.ficatio1;.1,of.')esearch grade,,_ Kr). . . .· . ·. . . · · · ·. · . 

The cbmparison with' the Monte Carlo result shows that I software noise / 
.. appears. to be high,er than the experiment.al noise of the preamplifier. on the basis. 
of the FET. SNJ-9031 transistor used iri.' the ~tudy. This was due to lower value 
of detector capacitance thari. it was expected. B~sides, the u·seof a preamplifier 
with-lower noise would be desirable,too_(the preamplifier used in this test was 

. designed for high capacitance 'detector· [11])'. So one can hope, to obtain the 
separation of71'~: and k:.mesons at the lenrel of2uin~a 4 cm gap of purified LKr 
ionization chamber; as ~as predicted in [2]. . . . . 

· The described new method of the signal shape· analysis for rejection of __ 
· ;riergetk 6-electron~ permits particle identification at fairly low momentum (see 

Fig.2 in [2]) depending e>n the property ofthe cha~ber: This method can.be. 
used ):0: nuclear;physics; where· the· signai•to-itoise_ rati~ would .be higher· for 

1' 

·, 

~. 



.,,_ 

'.---' 

: \ . particle with z > l. For particle separation>hy this method it is better to use a · . 
. ., . . .. . • ·. : .. • •. I • . . • . ·• ' . ···, . • 
. single-gap chamber (the first or the last gaps in a multiplane chamber); because ,. 
fof a double-gap charilber (as for internaF gap in Inliltlpl:me caloriineter) the • 
sep_arathm capability· becomes· worse [2]. · .. · ... · . . . · · . . . . · · 

This method could-be used if ~mall thickness of de'tector is required, or if 
,~ -. ' . -,• . ',, .-. . ' ' - - - .. ,. 

thee) time characteristicsof a H.quid'r,nedium chamber are s!udied .. ,•. . .·· · .. · ..!. 

, . From th~ analysis of twodata samples taken at the begim1ing and at the end 
. ,of the run we ob~erved ~o measurable difference fn the results_. No degradation.·.· 
of krypton has been seen·dming'. the 7 days' run due to the' materials ( FR4,<>. 
delrin, teflon cables, stairile~s steel 3161~ soldering tin ) used in the LKr dete$'.toi 

• ' ) • .• I ~ • - - , _-.. - • , \ : • • , . . /. • ' •. ' -

construction.· · ·· · · • · . · • · ·. · . · .• 
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