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Charged Particle Identification

 No update since June.
» We basically consider that the present version is close to final, though
we might need more polishing.
v" SN might add a few plots that show Belle PID performance.
v' Any comments are welcome.
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5.2 PID

Editors:
Alessandrn Goe (RGUER
Shaofer Niekidx (Belle)

§.2.1 Imtroductian

In this sectice the tmpkemeathn and the pefancans
af partielo dantifisacion (PID ar Belle and BARL will ba
presntad.

Afrer a beief lptrodoetlon, the algertthnrs aed stacietl-
eal tacks usel by tho tvo eperimente will be prosentad
Eome examples o the cypleed peeformance of the PID aqy
Inezers will be ghem. eloog with soa Sewelon on the
ewthmacinn of aywenzatic ineertalnios.

5211 Defnitons

The perform=ance of & PID elector dadieated 0 the ddon-
tifcacton of chargerd partlzies of type o b characicrizad u
tarins of efflciency azd mls-ldantiftzaclon prolabits
tles.

Thao frst b corvpeted as the fractlon of eecoceefully
Ideerifind o trade ameng all the o trasks rescestrucead
by ehe decectar, whils the secoed are the peabahillitics that
partides of type @, 4. ., arc inparreecly bdmmlfed A e

L mary ceses the quartitios Sofined ahove depand on
tha pr . b the poler aed asneetal angiee of the
tracis, &0 the performance of PID wiectors b studied acd
presantad n bine of (p, 8 9)

i
8,212 Detector and physics sowrnes of PID

Hams aees as inpur for the PID seloetors tha informa 14
from all ite gobdestectore. Indepandast measuremepss of
the dE/dr of a sherged track arg provided hy the SVT
and the POH. The number of Charsnkay phatous-aid the
meagmromant of the aperture ango are provided by the
DIRE, while the EMC & responethle for the escagirenan
af chi depealtod energy and of tha guantizicx {re the fat-
eral anyl the Zernlhe mone refated to the shapa gf
ths elprtramnagratde and hadronle showers assocdatad ta &
charged track Fleally mest Inforseties relovamt to the
ldeneifimation af nmone e provided by the IFR

Bieile alen nea emblar inpuot jnforinatione dF fdr froem
COC, tima of Mgkt infonnatce fran TOF sl the v
bsar of Charenkiv phatans ar the ACC ara used matsly for
badran |dereifpationg. Ieformations from BOL and KLAL
arn-also pecessary for electom and meoe ddotifeacke,
respertively.
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5.2.2 PiD algarithms and maltivariate methods

In the carly phases of the experimem, PID sclomom were
mestly basi] on cuse appifed 1o the mos relavant warl-
abdes for cvary partlok type (og E/p for ploctronk, the
distanece travellad in the retare yoke for mecone, the Charachov
ungk for tho Kfw separatioe, .. ). A hettor perlormans

{e cltalzad with tha usa ol Hkelihood basad salkeetars, in
which the nfrmarlem for the different subdetoccors is
uwadd o poanprte cha Ukellbond Ly for the cardidate par-
tlela of belmglex to type o

Lo = [T Rizg=) [a1)
1

wharn Fyi 2,10 4 che probakdliey densley fuseclon for par-
tleles o de ke dnpur variable 1. Tha cheervatilos used for
the scarstracclon of the lkelibood ane estemod o be nnece-
rainted. The Individual Meliocds o the particlo types
umang which we want to dlserlminacs ang then sombdniad
I Watihoed ratios, and cha seleetion b pecformed apply-
leg curs of dfferent vighteess an tha likalthood ratles

Cue and kelbood hased malestore o very robast aed
do wot mead re-cunbng to compensata for the aging of the
detestor amd the chawpes inteedused by tha repmonces-
Iz of the date’ Howewer, slguifieant tmprovesses can ba
artdeved by coesiderieg o eger set of varlbdes. ovam smne
with very mild disfrhnination powes, fn the aplanersa.
tlee of PID sefocices. Glvan the large mmeber of input
varlakles [up to 30) and tha slignificsct corvelacions among
those, the ne of more soplisticated satistleal tools, such
us Netra] Noroorks (NN, Bapged Desisian Trees (ROT),
and -Ermor Correcting Suteat Cade (BOOC algorithens
bepomes. masdatery,

Dz ta thelr bigher scesiebeity. che sniezroem based on
maltbrariace metheds mead to be trainod on high porlty
data poanral sample (eee Sectlon §.2.3) afer evory majar
shango W the meanstrustion slgorizins. Partieulady o
portant for RS wilch was afeetad by largn waraclons
Iz tha perfornanes of the [FR, & the pessibilley coocan-
alcer the data raling parled as oo of the inpur varfahls,
Ie eecice to compemsate for the kes of pifteloney of spoel|fe
regiune of tha datector

In the followleg epctices the algorithes whish ghwe
the weimare performenes s Belle and BaZie will ba do-
sieribed

5221 Balle algordithms

The PIT} 5t Bolls is based on the Eelihsod pecbod Bella
b dfferant PID packiges for hadeos- and loproe- lden-
tifmriom. Tha basie PID packago called ate pdd conbinae
ke informachon of dE ) de, tine of fligit ard secopones of
ACT. This packages can peovlcle PID Infarmasion for any
seargod parclelos, bul 3 uialely used for the srparecion
moong 7, K and po For glescron Weuctficarion, Bolla hac
ancther packege (@34 ) thar combines the informariom from
ECL mnd ate,2id to prorvlde separatian barween elomtream
and badme: For muoe, e214 padmes salevlaes the pask-
ags ondy from the lefoematice from KL

ax

§.2.22 Baban algorithmrs

In BABAR, tho ulthaate performacs W tho selecton of
runne i asblived with aw algaritbn: hased oo Begoed De
ciaign Thees (Marsiy {20Ha] ). The algeetthm ks as in-
pat Al varizhles: besldes the vartahlos reated 1o tho lesgth
anif thm shape of the IFH soscar assosiatad to the mndl-
dace track arsd the messuromant of the ouorgy deposiiod
1= el EMC, alsa the variables relaned to the sbape of the
chigzar in the calorimeter, tha pember of Cherenkoy phe-
tors snd tha apersurs angle of the Cherankow pong, aed
tha number of DECH e -aed the dE dr measered in the
BCH ane used

Tha trainieg of the selectars {s parfoara high pu-
rity datn samplks of muons and plom. eehdvided In TH)
lshes of p, 6. and elinrge. Candldate tracks wro rasclomdy
diweantad in podor to bave the eame manbor of muom
anid plons in the sama bl This allows uwe fo neg tha g,
8, anil charge warlahles in the treo withaut haroducdng
any blas dua to the dbfarem (p, 8) spectrem-af the soeres
sarapln. The sowree sepk & choe randocly spiit e
o training aed & castieg sacaphe Four dfferent lovals of
tigheivicss are dasigniod for the muoe sebemor (VeryLood!
Locsa, Tight. and VeryTigit] tha mus om the pep
the clasefier are designad smck that dlther the rmon so-
laetlom affiderey 1o kept corstene af SR, 809, TR, and
fiif respartivaly acrost the whels momene
and for the all main data 1aking periods, ar the plon e
ldeerfimation probabdlicy & 6%, 3%, 2%, and 1.3 Two
nclditloesal solartors, optimibzed for maons in the momn-
tum ranga FLAGL T GaVie, witll & target oficlescy of T7%
i 0% havn bean dovelopad. The BDT hased woem ss-
leeors proved to ba sigeificantly mone affieiest thae the
salpctnrs based on Nenral Networks. as man be ssen from
Table B.2.2.2

For all che other charged parricle {olecrroes, plows,
keome, abd procoes), aoclask of relactoes biased on tha Er-
wer Correcting Outpo Code algesithms [Distterlal ase
G: [1996]), arc usad. The dlecrimleation s bespd oz 36
varlabics from the: four lener snbdoiactars: 8VT. DCH,
DIRE, and EMC. Candidate e = K, and p are sepa-
rated 1y meane of weveral hinary elasdfeors (o mr csc
BDT%) combingd throngh an ezhousiive moree This ome
sures tho rohesinms of this type of sclostons agalngt pe-
tential mis- clasdfrationg of somo of the hirary elasslfios.
Thae selectars am ratned oo high podey dace sempies (e
Sertion 128} and tho cste an the oniputs of the hlnary
clageifictn o tunad in smeh o way that the ssdactinn o
shemey matrbes the ona of the acalogous Hellood hased
sdlpctors. Six levals of tlgorness are prrovided (Separlones,
VaryLopss, Loose. Tight, VeryTight, apd SuparTight ) At
tha same kel of aficeney, tha mis leptiieaslon mee for
tha ECOC adgoritkms i slgnlfeancly lowee than thar of
tha Hmihood baxed salectors {ime Tabia 5:02.2.2]

523 Ma nance in BARLR

ing PID g

Tha ndug of tha P10 sslomor and the asssssmant of ther
performane takok advantege of high purky sampls of

Charged Particle ldentification

Talila 3, Averagd efiseeced el sl ot b oo
Hillarant Tamilies of moon ol keon BabBsr slecies. The
quatad uncariainty ceboseasis Lhe Ljscel statialion] dusgee-
tality G gl binoof Lie taldis Lhed msiiank 1he perRssacss
al the suppertiel wactern. Mo @panetic pnoetainly has bsin
imetadies]

LR
[ =y ey
Likalilicrnd il

I-Wu;nuu.? E,: = mie-td rade [

teacks soleeted an the meal dain A lnego nimber of oo
tren and mnce tracks s saleciod fram eTe™ - ETET{Y],
ETuTly) procoses, with mintmel euts an the dnemat ies
af tha event and o the moalicy nf hoth tho medidato tyack
and af the other track fn cha overm. For same low-statistles
eple of esctrans (muoes) from the

o o e (et has e

K awal o eardlfates are solacted from D - 0%,
[F me Kow™ Tho K7 asslgnmass ls dong besed on the
charge of tha sl plan free the 5 deesy, The pardoy of
thg garnple Is burmeasad apqilying qualicy cuss ce tha recan-
srrzeseel tracke and rejesning fabo O™'s by cutoing on the
irvastant mase of the reestructed 02 mndidao and on
tha probatibity of tha A and 7 tracks to criginato from &
sonEnan vareex. Addittonal ¢ samples. epecially Impoe-
ter for memuring tha mistegging of plonk as omoes at
high momersim: {where tha scacistios ol the D e Ko™
e mach lower| are obralned from KT e w77~ decays
and fram e7 e = T r pvents whime ono T (tag) bas oo
thprgnd parclzla amces e doecay prodiects and the ather
darays 10 a final stace with three charged partisls. Floally
protons ane sdemed from A= pr~ docaye. mehaeclng the
purlty of the sazopla by applying ouws on the goalicy of the
cantlbdaie tracks and ou tha peobahility that the proton
and i tracks weo coneleteur with ariginades. fom the
sann vertax, Soma excamples of performence of the HARER
saloctore arg displayad 1s Table .22 2 aed in Flgum 22

As paledl abova, thars high puricy samples are utilized
Is tho tralming of the mor advansed FID algarichms ad
Iz establishing the perforumees of all the sclectam. Do
perdieg on tha wvallshle welscles. the contral samplos
are dividod into several bine with dffermt (p8), Io the
12 monk sloeroms at SARAR, tho sareples ara als
szhatvided In & hiles of @ w0 hotrer characcarize the degra-
datiom of the BPC cambere and tho staged upgrade of
tha barrel foriian with L8T detectors Each of the sclan-
torm anpported by the experiments is applied to avery bin
af tha contral senipios snd tha officleney for both tho data
(Egese ) nindd tha slemlattom (eyo) & eompmte]. Tha tabls
af efficlenpics thes huflt are than med o corveet tho st
wlarion ko that it PID performarnes maiches that of rhe
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analysls can i
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e sgloctar pan ha senskive to tho sharged noitral mulihe  tloe 'uhl'.d..|'.' tha E 1D m..nLI_g hasad an the t
piicdty of the events srocledl. For exarmple perfarisane om of the P 1o
5.2.5 Eyctomaric effecte af :Jn.:"..m: bl imirans sdactons dtad 1%
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anté puricy dara smplcs to assees tha performanm of PID s ai final starcs i eizably highe P ;
leerors and correct the slemlation so it peéche the date B Finak T d.ses.m s =
ak ch as poesthle. Sevaral ways exisr to estlmate the [n HasBAR, msary of tha analyses ssimats the syszom- tinHeitles anil topaloghs of the cliamel i Iur whie

eyntemitle nnmrra relaced 1o PID. In general ie s
ressibile to enahllsh a secommendod vy o procoad
all the apaivebs, slooe n general the performance of

it atie wmoertainry on the PIDY perfornsense by taking the
differeminn of a:ﬂ.,i;lml reccesrietion affcloney v the sim-
1 nhtainad by applying or wot epplyleg the corear-
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Reorganization of Chapter

Current organisation; --------------=------
4. Vertexing
5. Multivariate discriminants
5.1 Analysis optimization
5.2 PID
5.3 Flavor tagging
5.4 Background discrimination
6. B-meson reconstruction
7. Mixing and time-dependent analysis

Proposed new organisation: --------------------——--—-
4. Multivariate methods and analysis optimization
5. Charged particle identification

6. Vertexing

/. B-meson reconstruction

8. B-flavor tagging

9. Background suppression for B-decays

10. Mixing and time-dependent analysis
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