Charged particle identification using the liquid Xenon calorimeter of the CMD-3 detector
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Abstract

This reportdescribesa currently beingdevelopedorocedureof the chargedparticleidentificationfor CMD-3 detector,installedat the VEPR2000 collider. The proceduras basedon the applicationof the
boosteddecisiontreesclassificationmethod,and usesas input variables,amongothers,the specific energylossesof chargedparticle in the layersof the liguid Xenon calorimeter The efficiency of the

proceduras demonstratetdy anexampleof theextractionof eventsof Q ' Q © v v [ processn thecenterof massenergyrangefrom 1.28to 1.65 GeV\.

1. LXe calorimeter of the CMD-3 detector 5. Detector response tuning
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vessel with LXe solenoid Radiation shield thatof theliquid xenonandwith thetransversaimensionequalto the period Figure 11. The comparisonof the Q @Q w spectrafor cosmicsafter the
Figure 2. LXe calorimeter electrodes structure. of cathodestructure)in the cathodeanodegap We simulatethe electricfield stripscalibration
. Commmon distribution and calculate™Y as a ratio of the total charges,nducedon the

HV+1.2kV | wire lower and upperstrips The obtainedwith 5% precisiontransparencyalues
are”Y=0.290, "Y=0.239, "Y=0.371, "Y=0.353 "Y=0.397, "Y=0.365, "Y=0.357.
Their correctnesscan be demonstratedby the good agreementof the
inclination of bandsin the Q@Qw dJQTQw distributions in

simulationandexperimentseeFig. 14.

A Furtherit will be convenienfor usto usethe half-sumand half-differenceof
theAdecorrelated’Q @Q w , measuredy theupperandlower strips

A Themajorsimulationexperimentifference(for cosmic$ is manifestedn the
broadeningof the Q @Q w  spectraseeFig. 14. Our hypothesidgs thatthe
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Figure 1. The CMD-3 detectorlayout 1 - beampipe, 2 - drift

chamber,3 - BGO endcapcalorimeter,4 - Z-chamber,5 - anticorrelatedvariation of the transparencycoefficient aroundthe average . : " o o
superconductingolenoid,6 - LXe calorimeter,7 - time-of- Figure 3. Anodecathodeanode layer of the LXe values,obtainedfrom CST. We accountfor the broadeningn Q@Qw by Figure 14 TheQ@Q®  dQ TQ & distributionsin the 1stand6™ layers  Figure 13. Thedistributionsof they-compamentof the D-field
flight system8 - Cslcalorimeter91 yoke calorimeterA strip structureof cathodes shown introducing additional Gaussiannoise, see Fig. 15, and use some (much abovethe upperstrips (a), underupperstrips (b), abovethe
smaller)noiseto fit the'Q @Q w spectraFig. 16. lower strips(c), underlower strips(d).
A The tracking systemof CMD-3 detectorconsistsof the cylindrical drift chamber(DC) and doublelayer cylindrical | | A Finally, we can check the agreementof the Q@Qw  and Q FQ &
multiwire proportionalZ-chamberjnstalledinside a superconductingolenoidwith 1.0-1.3 T magneticfield (seeFig. 1). spectrafor pionsfromthe Q 'Q © ¢* ¢“ processseeFigs 17-18. We see

Amplitudeinformationfrom the DC wiresis usedto measurahe specificionizationlossesQ @Q w of chargedoarticles theagreementgoodenoughfor MC-basedBDT training

A The liquid Xenon (LXe) calorimeterof 5.4 8 thicknessconsistsof 14 cylindrical ionization chambersformed by 7
cylindrical cathodesand 8 anodeswith 10.2 mm gap betweenthem (seeFig. 2). Cathodesaredivided into 2112 stripsto
provide precisecoordinatemeasuremerdlongwith the measurementf the specificenergylosses(Q @Q w ) in eachof
14 anodecathodelayers (seeFig. 3). Eachside of the cathodecylinder containsabout 150 strips The strips on the
oppositesidesof cathodeare mutually perpendicularywhich allows oneto measurez ande coordinatesf the "hit" in the
stripschannels

2. Mg ys M M, - general considerations

A In this reportwe will focuson the chargedkaonsidentification The separatiorof the singlekaonsfrom piongmuonsusing
only Q' @Q w canbereliably performedonly for the particlesmomentdower than450MeV/c (seeFig. 4). Forthev 0
V) ,0 0 ¢* ,00 “° final statesat high c.m. energiest is hardor impossibleto obtainsufficiently puresample
of signaleventsusingonly Q @Q «w andthe energymomentumconservationHencethe Q @Q w -basedPID shouldbe

used Figure 14. The Q@Qw  distributionsin 7 layersfor cosmics(before Figure 15. The' Q' @Q ¢  distributionsin 7 layersfor cosmics(after Figure 16. TheQ'@Q o  distributionsin 7 layersfor cosmics(aftertuning).
A Distributionsof theQ @Q ¢ in sevenLXe doublelayersdependingon the particle momentuntor the simulatedsingle tuning). tuning).
Q," ,“ ,0 areshownin Figs 5-6. Thesearethe majorQ @Q w differences
1. Q@Qw increasegonaveragelayerby layerbecausef theparticledeceleratior{seeFig. 7);
2. Forthe' ,“ ,0 andn therearedifferentmomentunthresholds) of theparticleabsorptionin the materialin front
of the calorimeterr)y , below which only the productsof particle decayor of the absorptionby nucleoncanreachthe
calorimeter For kaonst) is ~400MeV/c (seeFig. 5);
3. Thevaluesof theny , aswell asthe distributionsof the’Q @Q w , dependon the expecteddistanceof the passQ  of
the particlein the LXe-layer, becausdhe showerprofile (for Q ), the probability of nuclearinteraction(for hadrons)and
thep a r t decelemtisatearethefunctionsof Q 8
4. In contrastwith the DC the probability of nuclearinteractionhadronsin LXe is not small (~25%). The accuracyof
simulationof suchinteractionds notguaranteedndrequiresverification
Tl s O Figure 17. The Q@Q ¢  distributionsin 7 layers for pions from Figure 18. TheQ'@Q ¢  distributionsin 7 layersfor pionsfrom ¢ ¢“
= 1 > 18 ¢ ¢* (aftertuning) (aftertuning).
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TR < gl A Weillustratethe efficiency of the developedPID techniqueby anexampleof selectionof theeventsof Q 'Q © 0 0 () processn thec.m. energyrangefrom 1.28to 1.65 GeV onthebasisof p & ] @ of integrateduminosity:
6000 S S We usethe simulationof the eventsof signalandthe major backgroundgrocesse§Q Q © “ “ | * * 'Q'Q andcosmics.
40 © T -
»0 4 A We selectthe eventshavingtwo oppositelychargedDC-trackswith polarangles— N (redY 1@, satisfyingtheconditionof collinearityini ¢ plane @ . S “s TV
L 2F- pions
00 e e Al e el SOCEMeV?g{]) O~ ~fo0 200 00 400 500 600 700 e ao0 oo | | A The distribution of the averagedenergydepositionof two chargedparticlesin the calorimetervs. the energydisbalanceyO \/?]_’ o \/?]—’ o s N s ¢O in the experimentand simulationis
’ Py MeVic N - L o . . . e w e e~ g : :
Figure 4. The Q @Q & vs. particle momentumdistribution Figure 5. TheQ @Qé i eachof the 14 layersvs. particle shownl_n Figure19. Thetermq) N Sisaddedio YOto compensatéhe energyof ISR photons emittedalongbeamaxis. In additionto the clustersof v v , : , Q 'Q final statesghe horizontalbandof cosmic
“ muonsis seen

for the eventsof the processu U , selectedin the  momentunfor thesimulatedd and*

simulationvi v p®' A8t A6 A Further Fig. 22a-b showthe distributionsof the 6 'O “Yy 6 O"Yy 7¥¢ paramete(/i=1.282and1.65 GeV correspondingly)The showncutsareusedto suppresf) ‘Q final state,seetheresultin Fig. 20.
dE/dx, ., MeV/cm

475 MeV/c < p < 500 MeV/c

25 and“ “ final statesseeFig. 23a-b. As aresultwe obtainalmostpuresampleQ Q © 0 0 () eventsseeFig. 21

A Thenweapplythecuton 6 O"Yy 0 O"Yy ¢ tosuppresgosmics’

N
4]

A Finally, usingtheselected) 0 eventswe canprovethecorrectnessf the’Q @Q & simulationfor kaons seeFigs 24-25.
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Figure 6. The'Q @Q w in eachof thel4 layersvs. particle Figure 7. The Q' @Q o in 14 layersfor the simulated0
momentumfor thesimulated andQ . and“ with themomentan rangefrom 0.475to 0.5 GeV/c.

3. General idea of the charged PID procedure

_ _ _ Figure 19. The distribution of the averagedenergy depositionof two  Figure 20. The distribution of the averagedenergy depositionof two Figure 21. The distribution of the averagedenergy depositionof two
Theideaof theLXe-basedPID is thefollowing: _  Ea chargedparticlesin the calorimetervs. the energydisbalanceYO for the  chargedparticlesin the calorimetervs. the energydisbalanceYO for the ~ chargedparticlesin the calorimetervs. the energydisbalanceyO for the
A E;f eaChD(f-tr?(ikXVc;th (I:urva:‘utLesma”enoug\:)m fh::]the pﬁ_mc'_eltn 0;? selecteceventsAll energypointsarecombined selecteceventsafterQ ‘Q suppressiorAll energypointsarecombined selectedeventsafterQ Q ,* * ,“ “ andcosmicssuppressionAll

e, we calculatel0 valuesof theresponses$Y) of the multivariate > ,¢ eneravoointsarecombined
classifiers (taken from TMVA package),trained for the optimal © P
separatiorof particularpairsof particlesin the particularmomentum (a) (b) (@) (b)
nand’Q parameterange§ nand] Q j (seetablebelowand
Fig. 8). 1
A For the training of the classifierswe simulate~v Jp Tt eventswith
singe’Q,*‘ ,“ , 0 ,n , having the momentumand Q

parametemuniformly distributedin the rangesfrom 0.04 GeVto 1.1
GeV and from 1.0 to 1.5 correspondinglyIn total we have 4400

' pe . . — e . . 1
classifiersto be trainedwith the 14 valuesof Q @Q w astheinput e e e e s

variables p, MeV/c
e s T K+ Figure 8. The distribution of the particle momenta
+ +/ + , . ..
m R; j(p=/e”) - - - vs. Q  for simulated’ (training sample) The : L y v . . o ., ., .
at R@,j(wi/ei) R (7% /u*) - . limits of] Al Q & cells i(nsideV\?hich p%rt?cular Figure 22 Thedistributionsof the 6 O"Y; 6 O"Yy ¢ parametefa- yi=1.282GeV,bi 1.65GeV)  Figure 23. Thedistributionsof the 6 0"Y, & 0"Yy ¥¢ parametefa- vT=1.282GeV,bi 1.65GeV) in the
K* Rij(K*/e*) Rij(K*/u*) Rij(K*/m*) - " . in the experiment(red markers),simulationof Q ‘Q (gray),* * (magenta),” “ (turquoisg, U U experimentred markers) simulationof Q ‘Q (gray)," ‘ (magenta) “ (turquoisg, 0 U (yellow).
L L L L ... Classifiersaretrainedarealsoshown
p Ri(p~/es) Ri;(p*/p=) Rij(p~/7=) Ri;(p~/K¥) (yellow).
A First of all one shouldchoosethe mostpowerful classifierfrom about40 classificationmethods proposedoy the TMVA
package We testeddifferent methodsfor the task of 0 F7* separationat ) X 7t A BA seeFig. 9. We found BDT
(boosteddecisiontrees)to bethe globally mostpowerfulmethod
Background rejection versus Signal efficiency K/n separation using BDT
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Figure 9. The dependencef t.hebackgrquqdejectiongﬁiciency Figure 10. The dependenceof the BDT background|| A We haveno problemsin the detectoresponsasimulationfor m.i.p.s, but seesomesimulationexperimentiscrepancyor showersPresumablyit is causedy the correlateddnticorrelatedvariationof the transparencyoefficient
on the signal selection efficiency for LF* separationat the rejection efficiency on the signal selectionefficiency for in thelower andupperlayer We planto studythesevariationsthoroughlyusingCSTFsimulation
momenta870 MeV/c for different classificationmethodstrained the ) 7 separatiorin the differentmomentunrangesrom
andtested 300to 900 MeV/c. A We planto applythe describedechniqueto the datacollectedin therunsof 20172018andto useit in theanalyzeof thefinal states) 0 ,0 0 “ ,0 0 ¢* ,00 “"8
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