


The use of hquld medrum Jonlzatron detectors is attractlve due to the poss1brl- :

1ty of obtamrng good energy ‘and’ spatral resolutron An electromagnetrc LKr
jcalorrmeter ’developed for the KEDR. detector is now under assemblmg and it
‘will.be used’ at the VEPP-4M: e+ colhder in Novosrbrrsk [1] The KEDR LKr =
calor1meter cons1sts of a’set of 1omzatron chambers operatmg in: the electron- :
pulse mode read out’ by low- -noise charge-sensrtlve preamphﬁers SR
e There should be’ two’ detectors in the KEDR setup for: partrcle r,dentlﬁca,
trou “one using tlme-of ﬂlght (TOF) 1nformatron and the other based on aero-
gel Cherenkov counters “They should prowde partrcle 1dent1ﬁcat1on for d1fferent
'secondary partlcle momentum ranges. To 1mprove (- k) separatron capablhty .
of the setup in the 1ntermed1ate momentum Tange 0.5+ 0.8 GeV/ c one.can iise - o
‘dE /d.l: 1nformatron from the" LKr calorrmeter chambers By measurrng the mo-
mentum of a partrcle as well as its energy. loss the mass of the partrcle can be -
determmed - The pulse: herght 1nformat10n from few consecutrve gaps can “be
used" for ord111ary dE /dx charged part1cle (x- k) separatlon [1] Such ab111ty of
;part1cle 1dent1ﬁcat1on can’ 1mprove the performance of: the entrre setup A
o An alternatrve method of the srgnal shape analysrs was suggested in’ [2] e
Th1s method permrts one. to re_|ect the parts of the primary charge partrcle track
wlth energetlc delta (é- ) electrons wh1ch suppress the r1ght tail. of ‘the’ Vav1lov ;
'1on1zat1on distribution;: As Monte Carlo calculat1on shows, this method can’ be RO
‘used~at low momentum ( <0.9 GeV/ c form-k scparatron) of part1cle dependmg
on- the srgnal to: noise ratro. So, the. poss1b1hty of separatmg 7- and &- mesons: <, .
at the level. of 20 ina 4 cm LKr medrum chamber in the moment m range et
0. 5+0.8 GeV/c was shown . i ey b ST
i This - method perm1ts one to use: only one gap srgnal and therefore, to S
decrease the total thlchness of hqurd medra and the drsturbance caused by the S
nuclear 1nteractlon AR AT e AR RO :
T Some prellmlnary evaluatrons of ADC spectra separatron were reported intes
= [3] “The results on the experrmental studles of the part1cle ,separatron by the
‘ thod of shape analy51s are descrrbed below R ST AR

T

vl 1 ‘f,'Beam selectron

f.momentum and sultable part1cle rate For study of (7r k) separatron ata certam
momentum ‘we have used a plon beam of this. momentum and a proton beam of

‘a dlﬁ'erent momentum The proton beam momentum was calculated in order to, -
have the same velocrty as- the kaon at the requrred momentum Such a proton jl
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'\‘:4* 7" The pion beam i the momentum range 0~5_‘. 0‘8 GeV/c has a s1gmﬁcant

Flgure 1 Setup scheme C — Cherenkov counter SI,S-{,‘S:;;,}T;“':—: scintillator coun- ¥ -

ters Pr——LKr prototype D et e e

‘./‘\;,

v of the plon beam [4] The energy loss 1n the materral along the beam was taken i
‘ ,' into account in order to obtaln the necessary part1cle momentum at the entrance S o

of the LKr chamber

We have' exposed a prototype of LKr calorlmeter to plons and protons 1n‘

the T11 beam of the CERN PS. The. partlcle contents “of this beam can be
. chosen but in; any case, it'is energy dependent and it has s1gn1ﬁcant a.mount of
posrtrons ‘if the: plon beam was’ chosen, Ain partlcular at low energy Also, the

selectlon for test: studles -For rejectlon of the pos1trons in the pion beam and
: “-of the pions in the proton beam a gas Cherenkov counter and'f tlme of ﬂlght
—f'»« measurement were used Lo S

admlxture of muons, too, because of plon decay. “This’ questlon was studied by =
Monte Carlo SImulatlon of-our test setup ‘Tt was shown “that the admlxture of
“muons in-the pion’ beam whlch produce the trigger s1gnal should be’ about 2%
but its 1onlzat10n spectrum does ot practlcally differ. from the p10n one.

dynam1c saturatron of the preamphﬁers, we used a beam at a rate a.round a.
thousand partrcles per second S

2 Experlmental setup -

The expenmental setup (Flg l) cons1sted of a beam~deﬁn1ng system and” a pro~» .

V.' totype of LKr calorlmeter ‘The beam ‘was’ deﬁned by four scintillation counters
- and a Cherenkov gas counter C The ant1c01nc1dence counter Al 18><30 cm?

“in size had a 55 cm? wmdow around. the beam ‘Three sc1nt111at10n counters .

51,82, 83 (in c01nc1dence) and ¢, 4, (in- ant1c01nc1dence) were used for generat-
: lng a:Start signal of a fast programmable tr1gger unit. s

Two sc1nt111at10n counters .5'1 and 5'3, at a d1stance 'of 5. 95 m, w1th double L

{
e

< ‘proton, beam’ has a lot of pions, so one should make 1ndependent beam partlcle .

~ The beam rate for such apphcatlon should - be set rather low ‘to exclude

posrtlon of a'mask: Eor rejectlon of multlpartlcle events msrde the wmdow of

< Residual posrtrons could be separated in part by TOF off line analysrs because o

& system was 0. 23 ns for the plon beam LT e

2 1 LKr detector L \ S

o ,vessels

o s1de readout were used for time- of ﬂlght measurements The tlme of ﬂlght mfor- ,-(

~ mation and the amplitude of the- second TOF counter (S) srgnal were used in a*-
" fast selectlon -of a beam partlcle ‘The use of an “anticoincidence counter around”

";the beam behmd the prototype and amphtude lnformatlon from ‘the second TOF
~_counter permlt suppressmg multlpartlcle events resultlng from beam partlcle in- " )
o teractron S p

; “"The- ,Start s1gnal synchromzed by the mean- trmed s1gnal of the ﬁrst TOF
,counter and the mean- tlmed signal’ from the second TOF counter werte sent to

" "the ﬁrst channel. of a Memory Look Up (MLU) unlt (5] for fast " TOF: measure-

“ ment. The’ ‘second. channel of the MLU was used as a fast. QDC of a lmear sum-
'of 51gnals from both photomultlpllers

ounter SR - l

(EMI 9954 KB 03) of the second TOF

The MLU is' a programmable CAMAC module for fast two d1mens1onal

L ‘(32x32) analysrs It has two fast 5-bit QDC and. the RAM scheme The memory

: “contents-can‘be’ controlled Via'a CAMAC bus The address of the memory cell--

~during- the data taklng is determmed by the codes at the output of both QDC
"“: The MLU generates a s1gnal whenever the lnput TOF s1gnals and the pulse

,ec:

A"ihelght of the analog. sum, s1gnal from the second TOF counter correspond to"
“-the requested partrcle (plon or proton in our case) Tlus scheme prov1des a fast
(100 ns) trlgger and’ permits- selectlon of partlcle specles by changmg ”tlme

: the: ant1comc1dence counter the MLU umt was. programmed to suppress events
R w1th a large amphtude of a s1gnal in the .5'3 counter. > "o o SR
- Four: output srgnals after the TOF constant. fractlon dlscrrmmators were

o sent to a TDC (Le-Croy 2228A) for off- line: analys1s R

-“The gas: Cherenkov counter avallable on the. Tll beam was used to veto

8 posrtrons whose contents Jn- the beam rapldly increases w1th decreasmg mo-
“Q'mentum of the pxon beam. Its eﬁiclency is not known exactly, but tahmg into
.+ account the spectrum of the s1gnals and: the threshold of the d1scr1nunator we'
2 ;conclude that it should be- hlgher than 90%. Besides that, pos1trons were- ad-
' ‘_",dltlonally suppressed by more than 5 radlatlon lengths of : material ‘with the

= ant1c01nc1dence counter A;and. the second TOF counter amplltude rejectron

, at 0. 7 GeV/c the pion’ beam has.a delay about 0. 4 ns ‘(in our setup geornetry) in
comparlson to relativistic posrtron The measured tlme resolutlon of our TOF

N

PRI

The LKr detector cons1st1ng of a set of 8xl2 cm? 10nlzatron chambers thh
‘a2 cm gap was 1nserted into a cryostat of two coax1a1 stainless steel (316L)
The mner one had a geometrxcal volume of 6. 7 l The chambers were




E .'Tithe pad signal” durmg a7.9 s time mterval

placed orthogonal to the beam axis. The chamber electrodes were made of FR4 ST e e e T P e BT e
(0.5 mm_thick), covered on both sides with 18" pm copper layers In total there -~~~ -/ . PR I e o
~were 9 electrodes alternatlvely connected to ground (5) and to high voltage (4). -
-The ﬁrst -and the last signal electrodes with respect - to the beam had pads-of  °

" 8%8 cm?, ‘while the other three s1gnal electrodes were- d1v1ded into 10 mm wrde"* &

. ’Stl‘lpS in the z and y d1rect10ns One strip plane had double side orthogonal b
str1ps ‘A delrin plastrc support was. used for the electrodes msrde the cryostat, ~: - -

Before llquefactlon of Kr the chamber- was baked out for-2. days at about 60°C. "~ - (i = 1 T : o -

: W used no purlﬁcatlon system for- gaseous krypton:since the mdustrlal SRS £ Frgure 2 A typlca,l dlgltlzed srgnal
- 2 gas at our dlspc')sal was already pure enough. (electronegat1ve 1mpur1t1es were - o i é_ S Cout of the preampllﬁer from the select—
“expected to be below 1 ppm). ‘Gaseous krypton flowed into the detector throughf‘ SR R N g_l'”';ml‘mI,”“l””lm;‘ , f:’“?ed events N e S e

“la hlgh purlty stainless steel l1ne at apressure about 1.6 bar and was then l1queﬁed[, s 1 IR 50 100 150 200 250 300 SR L =

“ by, means of hquld n1trogen in a heat- exchange tube To check the level of LKr. b ' ' - : SIOLE I

Dngmzer ce!l

dur1ng ‘the hquefactlon, the effect of i increase in: mterelectrode capacitance due - :
~to"dielectric, constant of LKr was used Voltage pulses’ were fed to the: anodesi}’ e
and assocrated preampllﬁer s1gnals were mon1tored while ﬁlhng the prototype SR
The temperature othuld krypton was kept during the test at (-147+1.5)°C D ,
Y and contmuously momtored by 3 platmum resistor thermometers placed on. the EaE
electrodes support at dlfferent heights. i [RrS) R T Lo 5
The five central strips in each plane and pads were connected to 1nd1v1du- g
al rntegratmg preampllﬁers, their output srgnals were sent to shaper amphﬁers RE
w1th semi-gaussian shapmg (‘r',;,-—500ns) ‘The srgnals were drgrtrzed bya peak v
sensrtlve ADC: (SILENA Mod. 4418/V) and’ then sent to a dedicated personal SRR
‘computer ‘The other parts of the 51gnal electrodes. were grounded ‘The shielded == &7
~ preamplifier box was mounted on the top flange of the cryostat. “The preampli- "
fiers were dc¢ coupled -to electrodes each having a nommal feedback capac1tance_! S
5 of 1 pF For. charge cahbratlon a’ voltage pulse from a’ precrsron pulse genera-f‘ n
L jtor was 1nJected into the preampllﬁers through known test capac1tors after each L _',because of pulse nature Of external pickup noise.” » IS,
2 beam spill durmg the- Tun.. L RN A R e D U ‘JI ‘ R . The events used 1n the analysrs were selected_‘accordlng to the followmgt;‘.’ o
S Only the last 2 cm’ 1onlzat1on chamber pad s1gnal was’ used for this shapeﬁ' l T OFF LINE cr1ter1a G e T e e T : T
- _analysis. ‘A signal from the. preampl1ﬁer, based on FET SNJ:903L, of this pad-"- " . (" ..
~channel was also sent after a wrde band ampl1ﬁer to a waveform d1g1trzer (Le-‘f’
= Croy Mod. 2262) w1th 40 MHz samplmg frequency This recorder has a 316,\"“' :
- sample record length. and 2 10 bit resolut1on (6] So we. recorded the shape of L

3 Data collectlon and selectlon

3 ' {‘*Data were taken for plOI'lS at momenta 580 680 a.nd 780 MeV/c and for protons .
ate 1100,-1270 and: 1440 MeV/c Taklng into account. the energy loss ‘of ‘the.
= '-f{,partlcles the beam ‘momenta were set so as'to. have the data on 1on1zat10n loss ce
~“of the’ p1ons and the: ”kaons at’the entrance of the last gap at 500 600 and -
iy —700 MeV /c Total statistics of 15000 events was. collected for these momenta,’—‘i
except ‘for the cahbrat1on events Data were also taken for dlfferent hlgh volta.ges S
between the electrodes (0 5, 1 0,2.5,3. 5 and 4.0 kV).: R A
Unfortunately, we did not succeed in completely suppressmg the externalj:
p1ckup noise, ma.lnly caused by the power :net. ‘So some events’ ‘were affected =
“in this way, but.part ‘of these events hada d1st1ngu1shable external mﬂuence,, .

1 a cut based on- the TOF analys1s (mean:l:O 4 ns),

2 a cut based on the second TOF counter srgnal amphtude analysls, 'T' SR

ah 3 'cuts on - the pulse herght of the total stnp plane charge, and on (z,y)ff

~To reduce hlgh frequency r1pple in- the hrgh voltage a parr Of pass1ve low- ’ G , o BN _icoord1nates of the partlcle it the strip planes to reject multlpartrcle \events,ff
: .pass ﬁlters twere used SRR R Sl N T A g Clem .and to exclude current edge eﬂ'ect [2] (re_]ectmg ~58%), T e

S 4 cuts on the parameters of lmear ﬁt at the plateau before the srgnal wh1ch R
' "1s seen 1n Flg 2 (rejectlng ~12%), AT

’ 5. a cut based on the shape analysrs of the s1gnal 1tself in, order to re_]ect'g'f"‘
,1gnals w1th’d1st1ngurshable external noise. 1nﬂuence (re_1ect1ng ~13%) S
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About 13% of the events survrved the. cuts and were used for further analy- '

. sis, Here we should-give some comments on the last two cuts. The cuts in'item 4
BN requrre a flat’ plateau before the srgnal with a small slope and- low value of X
~ for linear fit. This permits one to reject events whrch are obv1ously affected by
o ‘Lexterna.l ‘pickup noise, or contain the tail of the previous signal.” ‘To. make the
DS cut'on the basis of the shape analysrs of the preamplrﬁer output signal. (1tem 5),

R the values of x,’ for parabola fit for six overlapped parts of a signal were used.

No cuts on the other parameters of the fit were lmposed Because such a’ cut is

P dehcate and can- affect the spectrum overlapplng studied in our test few thresh-

o old: values .of the x? ~cutting were checked. The cut value whrch did not cause

" measurable change in the overlapprng of ADC spectra of the shaped srgnals for
S itwo klnds of the partrcles was used for event rejectron o .

N ¢f' g AR ST U T ST

- :4 Data analysrs

“‘.:'All data for shape analysls Were taken at’ hlgh voltage 3. 5 kV Frg 3 shows the

j'( the formula [7] : S R % e

f,”:where C is the scale factor and Eo s the recomblnatlon constant.:~'
L e obtarned for the ﬁtted parameter Eg is (0.284:0.08) kV/cm ‘But’ here one;
* should., remember about the "ballistic” eﬁ'ect because the’ decreaseln the field

-/ strength:causes the increase in the drrft time. So at 0:5 kV/cm the fitted value :
Cis Ty 5—10 7 ps and the. shaper (2RC C’R T,,.—O 5 ,us) signal amplrtude is: 10% :

¥ 'smaller than that'at 1. 75 kV/cm' with Td, ~7.2:s (see below). '
‘ The drgltlzer information of the selected 7kaon” events at 0 5 GeV/c was'

' analyzed to obtarn the values of drift. trme (Td,) and free: electron lifetime (-re) .

i 'Thls sample of events was chosen for analysis’ because of the smallest rnﬂuence

, parameters ﬁtted by the formula

I

t+ Tdr\,l "

Q(t)-( I r,\ ,Zf

\ '\

for 0 <t< Td, ‘The value of the drrft tlme obtamed from the fitting parameter

. nation is more. comphcated because of the’ wide drstrrbutron -of thrs parameter
2 Thrs can be expected because the formula used‘for ﬁttmg does not take 1nto

i O

e : electric field dependence of the pulse herght taken in specral samples ﬁtted by T

',The val- ‘

-of energetic’ 6-electrons on: the srgna] shape Frg 4 shows the spectra of these

R whrch is derrved by mtegratron of the expressron I(t) Io (1 t/Td,) ezp( t/rc)

- histogram is Td,_(7 240. 04) ps. (the error shown is statlstrcal one).. The sys- . !
: :tematrc shift of this value’ estlmated from comparlson wrth Monte Carlo result ¥
- (about~0.1. us) is taken into account. As regards the meaning of 7, its’ ‘determi-

,,"ﬁaccount non- umform 1onrzatron dlstrrbutlon m a gap To estlmate the exper-
N quas1 gaps was. used (see below) e

s 4 1 Shape analysrs

,ﬁf ffee electron lifetime. = " >

a0 L T R
wof e e T e
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F]gure 3 Fleld dependence °f the,i At
. ".pulse helght The curve is'a ﬁt to the e
‘ data as descrlbed in, the text LT

“1mental value “of T, a decrease of the mean values of dE/d:c(z)mg, 1n dlﬁ'erent RO

The srgnal shape analysrs of selected events was done in the followmg way The :

o ". set of samples durlng the drrft t1me (startmg at channel “Ne. 45 ] in. Flg 2) was’ e

~divided into few groups. ( =5 8) and- the sum:in: each group was used for -

consecutrve analysrs As a reSult of the ﬁrst subtractlon of one group contents : |

' from the contents of- the next- group,’ a set of (Ng, -) 'values of the ’ current” ST
“was available.” The second subtraction gave (N, —2) values of dE/d:c( ),,,e,~ e
,correspondrng to the efﬁcrent number of quasi- gaps ng (Ng, = 2) S
' ~It is essential that the spectrum ‘of dE/dz(z)me, for any i (the drstrrbutron of’.l

‘1omzatron in' the ‘quasi- gap w1th smaller th1ckness) differs from the ADC pulse‘ e

herght spectrum because of extensron of the characterlstlc tall of the Landau

'f distribution, though the electromc n01se 1nﬂuence also 1ncreases No measurable E v
Y \"drfference in the tail’s characterrstlc for these spectra was found. - SR S

Because of llmlted value of Te the. mean values of dE/d-’E( )mes spectra for' i
sequence of quasi- gaps decrease at some rate Th1s feature was used to estunate‘ R

- For NV, g—4 the ratlos of dE/da:(n)m,/dE/d:c(4)m,, for n= 2 3, 4 Were used S

i both for experlmental data’ and for Monte Carlo_events with the same: values"‘ )
S -of T4 and . time duratlon of a group.. “The ﬁrst spectrum of dE/d.’E(l)me: was o
L '.‘.not used because of systematlc errors which ‘can: affect this mean value. TlllS T
IS5 :i‘rnﬂuence can be caused by tlie preampllﬁer or by some uncertalnty 1n the start of
: --r_the ﬁrst group Flg 5 shows the experlmental and srmulated results From tlus
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Flgure 6: a) Herght pulse spectra from ADC ‘for the plon and ”kaon beams atx B
> 0.6 GeV/c (the’ drgrtlzer s1gnal specta are srmlla.r), b) dE/d::,,, after the: selectlon des |
scnbed in the text Eu,r, (Eus)' threshold at wh1ch the left tall of ”kaon spectrum S
contalns 15 83% of these partrcle events S :

: ;'Flgure 4 a) The parameters 1', as the results of ﬁttmg of the experlmental data, b) the E ok
Ul hlstogram of the expenmental data ﬁttmg parameter Tar - F1tt1ng was: done for ”kaon”“? -
‘f"events at05GeV/c . , S g :

PR

analysrs we concluded that the measured free electron hfetrme is about 27 ps...
;e Takmg 1nto account’ the cahbratron data, we. found that ‘the measured
e charge from the 2 cm“LKr chamber was about 2. 84 times - smaller than ex-
. pected from calculation using W=20.5 eV/ pair [1] and the free electron hfetrme S
: ‘_27 S “‘We. concluded that this is caused by the recombmatron process Lo
A similar result for: non-1 purified krypton was mentroned in-[8]. Although the >
»research’ grade krypton with 0.1 ppm- of O; was used the charge response"‘
- measured-with the combmed 207Bj and. 219Po-source in- para]lel plate: chamber ;
© was less than 50% of the charge ‘collected in ‘the. krypton after further purrﬁca—
o tlon "It'is drﬂ"lcult to explain’ this result by short lifetime alone, because in this
- “case it should be less than 3. ;ts, whrch contradrcts our result and estrmates in,.
[9] for higher level of electronegatrve rmpurrtreS)m thegas. . L -
“As'a measure of- particle separatron, ‘the percentage “of - plOIlS overlapped SR
(POO%) is used. hereafter. It'is equal to, the ratio of the number of the particles
.in the left (plon) spectrum wrth deposited energy larger thau ‘Exis (Fig..6) to .~
iy the total number. of events in. tlus spectrum The ‘meaning . of Eus is. equal
to the threshold value at whrch the left tail of the “kaon” energy- spectrum
contams 15 83% of the total number of "kaons”, and it was determmed for each
partrcular case. ~This: value i is ‘used because it is; equal ‘to half. of the conﬁdence
level assocrated wrth la' devratlon for the norma.l dlstrlbutlon ThlS measure of E

e
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Flgure 5 The normallzed mean val-, ;.

_ues of dE/d:: in_the’ sequence of the =
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sepa.ra.tlon permrts a.naly51s of spectra. with the non-Gaussran shape :
" At comparatively small free electron hfetlme (Fig. 5) one should normalize

"second- derlva.tlve

E 1dent1cal in* pr1nc1ple Such: normahzat1on lnvolvmg the cumulatlve d1str1but10n ‘
functlons for pa.rtlcular spectra. dE[dz(i )m,, obtained for all data samples in our-’
momentum range (0.5+0.7. GeV/c) showed suitable result. But appl1cat10n of -
such normahzatron to the data‘at a partlcular ‘momentum meanmg permits one
to improve results a.lthough 1ns1gn1ﬂca.ntly These values of. dE [dz(i )mes. for all
~events (at a certain momentum in the’ followmg a.nalysrs) were .entered in’the -

the ﬁrst quasr gap spectrum for the fourth quasi-gap. In this case any systematlc
1nﬂuence on the’ begmmng of the slgnal shape is not so dangerous ,
These ‘values - of dE /dz(z)m‘, for any event are “different for a number of

'\ “electronic ' noise drsturbance, and res1dual 1nﬂuence of the externa] p1ckup noise.”
A fow ways, [2] of exclusion of the quasi- gaps ‘with large dE % dz( ) were tested
“in’ order to obta.1n the: best sepa.ratlon ‘of two’ spectra ol
2 . The resolutron of the energy loss measurement and therefore the separat1on
of partlcles using the method of the truncated mean 110) depend on. the number
S *of samples used ‘This dependence was studled by analyzing the mean values of -
"2 and "3 lowest’ qua.ntltles of dE/dz(z mese ‘Fig. 8(a, b) « deplcts the dependence

ga.ps (Nyg); then-fixed. numbers (2 and 3) of lowest dE/dz(z)me, were u used for -
' plotted the curves are 51mple exponent fit. hnes S

Another method [2] of flexible’ reJectron ‘was’ studled by the experlmenta.l
.data’ analysrs

mes.

1 dE/dzael :

Nmn = ng’— IFIX{k (ng - 1) (dE/dz,,,.a, S dE/dzm,n) /d E / dzm.n}, g

:where dE/dzma, and dE/dz,,.,,,fa.re maxrmal and mlnlmal va.lues of dE/dz( )me;," Sl

+The’ minimal number of quas1 gaps ta.ken into account was limited: to Nmrl >1.
: S few va.lues of k,, as is descrrbed in- [2]; were- ‘used.: for each: value of the
e partlcle momentum. ‘Then- ‘the opt1ma1 meaning of k, was- determlned ‘by.an-.
" .. alyzing the results at all 3 momentum values , The obtalned values of ik, for

- dlfferent numbers of quasr-gaps happened to be 1n good agreement w1th the

sa.rne para.meters in Monte Carlo calculatlon :

dlﬁ'erent dE/dz(z),,.e, in each event to-correct the- systematlc decrease of the
-The response of all quasi-gaps inside a gap should be :

. correspondlng h1stograms (Fig.. 7d,b); then’ cumulatlve d1str1but10n functlon for . .
:", each quasi- gap. was ca.lculated (Fig..7¢c, d) Flg 7 dep1cts such normahza.tlon to .

“reasons: a.ccldental appearance of 6- electrons along the track, the preamphﬁer $

of sepa.ratlon (POO%) on the momentum of particles for few: numbers of quasi- - s

a.nalysrs For. comparlson the POO% for amphtude Spectra from ADC are also

. It ‘uses. dlfferent numbers of\selected ‘values of dE/dz( i) ey in - 3k o
: }f-: ' calculation of the mean value for‘each event. “The followlng formula descr1bes ,' ', -
the number N,,.,, of the lowest values of dE /dz(z)" Mused ;in- ca.lculatron of

e ; mulative dlstnbutron functrons for the first (c) and fourth’ (d) quasr-gaps The arrows

/’éjzo’g 40560 - so
ChE _*dE/dx.(ou)

40 : 7\‘\60 fhee
CgE/du(ow) T

\lwv",

~40° 0 C 60
. dE/dx, (o)

;"—":k"‘Flgure 7 Normahzatlon usmg cumulatrve drstnbutlon functron for the ”kaon atrf;
0.6 GeV/c dE/d:c(l),,.,, (a) and dE/dz(4)m,, (b) spectra for selected events Leu-

'show the’ sequence of usmg hlstograms in thls algorlthm
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it '5 Conclusmn

. "f’m calculatlon of the ‘mean values of the energy loss for dlﬂ'erent numbers of qua51-gaps
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;"Flgure 9 a) Experrmental (7r-lc) partlcle separatlon (POO%) usmg the method of ﬂexr- ', =

e " ble’ reJectlon, '5) Monte Carlo calculated partlcle (m=ky separatron for srmllar parameters

Different curves correspond to dlfferent niumbers of qua51 gaps.- “The errors. are shown : 1{‘ L
L for- ADC and "N, g_4 sepa.ra.tron curves for other cases the errors are roughly equal to 7"_‘. D

_correspondlng values in the case of N"—4

‘.. as was mentioned in [8] (the twofold i increase of 51gnal

S of the FET SNJ- 903L trans1stor used in the study ThlS was due to lower: value':

. Whlth the method of ﬂexrble re_]ectlon (w1th varled number of N,,,,l ),the par—' o
G tlcle separatlon for the same cond1t1on becomes better (Flg 9a). For comparison” ",
e Fig. 9 deplcts the separatlon abllxty predrcted from Monte Carlo calculation [2] - =

~ - fora2cm LKr chamber The parameters of the charge loss drift time and free -
T electron lifetime .were taken from our-data ‘analysis; the noise amphtude used .-:
. _-in this calculation was 1 arb1trary unit (a.u.). Tt'is obvious that the Monte Carlo -

X 'predlcted separatlon is worse than the experlmental one. It became better if a

{:- "= lower noise level was used. The software noise generator used in [2] was’ des1gned'~' E e

by comparing the s1mulated result to a preamplifier noise- characterlstlc whenf':""~ ‘
;;f“'addltlonal capac1tance (C.,,-82 pF) was attached to the 1nput of the preampli- - -
“ - fier. In our “chamber test this capacitance was less than 30 pF. Besrdes thatin" "~
. the pad. channel we. used the selected preamphﬁer with the lowest value of theff’i"";'-f
his equlvalent ‘noise charge (ENC) The. ENC. measured in’ this’ test was about 595
v electrons wrth shaper time constant T,;,_O 5 s The expected increase in: ENC"‘#: S
o due’ to addltlonal capac1tance C,,,—50 pF seen by the preamphﬁer is about 1507 -
electrons [11] So this dlscrepancy in the’ separatlon capablhty can be explamed.: L
by lower n01se of the preamphﬁer used in th1s test N

» s experlmental study ThlS method permlts one e to T mcrease the boundary momen—j =

-+ tum of 20 separation from 0.6. GeV/c up to 0.68" GeV/c. ‘However, in our LKr .~
‘L fchamber test the real s1gnal was 2.84 times- less, than the’ predlcted one. ThlS:}:k
resulted in’ degradatlon of the experlrnental separatlon capablhty compared to-
};.{the calculated result. We concluded it'is because of us1ng non- purlﬁed kryptonj
’ . was. found after further e

g vpurrﬁcatlon of ”research grade”. Kr) B S o L
. . The comparlson with" the Monte Carlo result shows that software norsev' o
o appears ‘to be. lugher than the experlmental n01se of the preamphﬁer on the basis: -

, of detector capacrtance than it was expected Besides, the use of @ preamplxﬁer sk :
:’w1th 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 ' - -
B separatlon of m-'and k-mesons at. the level of 20 in‘a 4 cm. gap of purlﬁed LKr' e
i 1omzat10n chamber, as was predicted in [2].- o eo- - S
: / "The ‘described new ‘method of the s1gna1 shape ana.lysrs for re_]ectlon of L
R energetlc 6- electrons permlts partlcle 1dent1ﬁcatron at farrly low momentum (see

7 °Fig.2 in: [2]) depending on the property of ‘the chamber ~This method can_be -
“used in nuclear physrcs where the s1gna.l—to-norse ratlo would be hlgher for "f; :




o partlcle W1th Z > 1 For partlcle separatron by this method rt is better to use a,
jvslngle -gap chamber (the first or the last: gaps in a multlplane chamber) because‘«/
d;ll-for a double—gap chamber (as for- mternal gap in: rnultlplane calorlmeter) theﬂ

: separatron capabrhty becomes worse [2] T : . na
Thrs method could’ be used if. small thlckness of detector is requ1red or if:

the tnne characterlstrcs of a llquld medlum chamber are studled
) From the analysis of two' data samples taken at the beglnmng and at the end
of the run we observed no measurable dlfference m ‘the Tesults. No degradatlo
of krypton has. been seen durlng the 7" days run due to the materlals ( FR4;
delrrn, teflon cables stalnless steel 316L solderrng t1n ) used in the LKr detectorL
constructlon ' A REE S :

e
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