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SuperKEKB particle collider and Belle Il detector

Belle |l detector :

* Precise measurements of rare B,D meson
and lepton 7 particle decays

* Magnet spectrometer KLM- Kaon and

« Detection of charged particle tracks and [kt ECL-

[KLm]

i detect \ 7 77/ ! i
subsequent trajectory curvature - W\ T oo ete
measurement allow for momentum N :
determination. e \

l
Decay e, , T, K,p /

reconstruction I

(CDC, ARICH,
TOP, KLM,ECL)

CDC- central drift
chamber

Energy: y + K

» More subdetector components, crucial for ID: TOP
and ARICH



Particle ID

* Vital for High-Energy experiments — Belle |l
e Reduction of combinatorial background, B meson flavor tagging
* Example: ¢ > KK~

| Without PID e w|WithPID | »

e KK
T, :
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K*K- invariant mass (GeV)

* B meson decay endstates ™= K + 17 (Mostly at ARICH)



Charged particles emit
Cherenkov photons when
traversing the radiator layers

SuperKEKB particle collider and Belle Il detector

A R | C H (Aerogel Ring Imaging Cherenkov counter).

AEITOEE. s o
radiator
\ : _ _ Different [COS 6, = 1/,371]
' e ;_ Different velocity ¢— ..o\
\v _ angle

2

HAPD photodetectors

> & '8 Different velocity +
Hamamatsu HAPD detektorji known traCk
momentum



Particle ID at ARICH
Expected detector

Concretely (ARICH): Calculate expected photon hit Measured _
response (for each mass

distribution, for each mass hypothesis, compared it with dEteCtOr response Depends on
measured hit distribution. At hypothesis: e,Uur, K, p)

Probabilty, that

 Formally: Calculate likelihood function £(x|H) == particle type H
produces detector

response X.

p =248 GeV, ”m:- =238, di= 620433

e “Global” likelihood:

det={SVD,CDC,ARICH,...}

Li = L(x|H;) = L (x|H), @={eunmK,p}




Exa m p | €. (Separation based on m-fake rate (Reut) :f;m s
Ry value)
Particle ID at ARICH et o = [ 2

Reute

“ZPion1, T©
=Kaoni, K

Efficiency
measure:

L .
Rin = oy (pion tracks)

X o B number of kaon tracks, (properly) identified as kaon
ciiciency = number of all kaon tracks

number of pion tracks (wrongly) identified as kaons Get a set of

-fake rate =
rriakerate number of all pion tracks points
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Purpose:

K Efliciency

e Efficiency
measure

| * Determination of
I optimal R

© Fake-rate



Improvement of the particle ID

—

method at ARICH g
:
* Scattering/decay of particles ol 3 Without
drastically decreases K/m separation - scattering
efficiency ' /decay

All Tracks
* For construction of the Likelihood
function L p;cy a PDF of photon hits
by Cherenkov angle is used.
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1t Fake-rate

Background: Lygicy is faons,
calculated for all tracks, but . p>3.0Gev
not all actually reach the @ os . MC sim
detector. : . eor

Problem: Current method does
not discriminate between
scattered/decayed particle tracks
and non — scattered/decayed
tracks.
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* Problem: Scattering +
“in flight” decays of =
particles before
reaching the ARICH
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Idea: Write PDF as a sum
oif 55 ERnilIbUtots: ‘ PDF = pscqare. X PDFscqee. + Pnscart. X PDFrseate.

PDF, .+ (scattered) +
PDF, s qtt. (nON-scattered)

<= Scattering/decay
probability weights
(for each track)

PDFSCCltt.I PDFnscatt. *scattered means
determined via least scattered + decayed

Pions, squares fit using MC
2.0Ge . .
pre- et simulation data Pions,
7  p>2.0Gev

* Data
* Data

* PDFgcqu.
PDFTlSCCltt. ‘_ ‘ * PDFyscart.

Notice: better
agreement of data

and PDF '

PDFscart.
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We need to determine
i Based on two
Dscate. Probability ‘ criteria

weights.



Scattered, non-Scattered?

Problem: Not all tracks
have a recorded window

hit, HAPD coverage ~
Quartz window 60%

(Cherenkov) photons
ECL Shower criteria criteria

quartz window

1020 1960
1000(CDC) 1930(ECL flange)
940(ECL flange)
735(CDC)

\

Distribution of photon
hits by distance from
extrapolated track hit
(r) on detector plane
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Scattered, non-Scattered? Simulation

(determination of

) ; _ scattered tracks in category i pSCCltt. )
6 CategO ries Pscatt. = all track in category i

\ Pions (1)
Graph S

Tracks with a window hit: category:

0 - Photon_Count<1 + ECL=D
1 - Photon_Count=>1 + ECL=0

. L . . 2 - Photon_Count<1 + ECL=1
Tracks with zero photons inside r < 2.5cm and without an ECL shower

(Photon_Count=0 + ECL=0),

3 - Photon_Counts>1 + ECLa1

Tracks without a window

. - . Tracks with several photons mside r < 2.5cm and without an ECL shower
hit (winHIt=0): (Photon_Count!=0 + ECL=0),

Tracks with zero photons inside r < 2.5cm and with an ECL shower
(Photon_Count=0 + ECL=1),

e Tracks with an ECL shower (winHit=0 + ECL=1)

Tracks with several photons mside r < 2.5cm and with an ECL shower
(Photon_Count!=0 + ECL~1)]

s Tracks without an ECL showel (winHit=0 + ECL=0)

3
category

(no discrimination
between scattered and

Old non-scattered )
|dentification: method: PDF mm) Larich

i-category, h-mass hypothesis (K/m)

For every track we

NeW determine the Category USiIIg category
n PDF = Pse P -PDF_, + _,U att.\P 'PDFn.sca . ‘ AR H

ECL shower, photons) assigned a pycqee. Value



Results

Green — new method

Black — old method

Considerable
improvement
(up to 1.5 GeV)
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Negligible
improvement at
higher t-fake rates
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Summary:

e Scattering of particle tracks
e Separated treatment of scattered and non-scattered particle tracks
* Probability of scattering/decay based on two criteria

!

Improved K/m separation efficiency

* Further testing on “real” data necessary



