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Why and how PID with the SVD 7

e Particle identification (PID) plays an important role in the physics
program of the Belle Il experiment at the SuperKEKB asymmetric-energy

ete™ collider
e L ow-momentum charged particles s

are mostly unable to reach the drift EI‘,"]
chamber and reconstructed with the : =
silicon vertex detector (SVD)

e Our goal is to identify those

particles using energy loss TR
information in the SVD.

e According to the Bethe-Bloch Y
formula [1], the mean energy loss :
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[1] W. R. Leo, “Techniques for Nuclear and Particle Physics T By =p/Mc

Experiments”, Springer-Verlag (1994).
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SVD dE/dx calibration

e The study is based on ete™ collision data recorded at the T(4S) peak
by Belle Il

e We use D** — DO(K~7)nt decays to identify pions and kaons, and
N — pm decays to identify protons

e Various kinematic and vertex requirements are applied to suppress most
of the backgrounds

e The sPlot [1] technique is used to subtract the residual background
contribution
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[1] M. Pivk and F. R. Le Diberder, Nucl. Instrum. Meth. A555, 356 (2005).
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SVD dE/dx calibration

e The two-dimensional (2D) distributions of dE/dx vs. momentum show a
clear separation among different particles in the low momentum region
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dE/dx distributions of pions, kaons and protons as a function of their momentum in data

o We check the 3 universality curve

from D* and A samples

e We get a flat curve once the particle

reaches its MIP threshold
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SVD PID performance

e The study is based on data reprocessed with uploaded histogram PDFs
e Again we use D*t — DO(K=7n+)r™ and A — pr decays for
performance studies

Efficiency is defined as:

€im— Number of tracks identified with PID requirement under the hypothesis i
= Number of tracks kinematically identified under the hypothesis i

Fake rate is given by:

£l Number of tracks identified with PID requirement under the hypothesis i
S Number of tracks kinematically identified under the hypothesis j
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SVD PID performance

e We plot the efficiency vs. fake rate to better appreciate the improvement
in PID performance by adding the SVD dE/dx information
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Thank You
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Backup: sPlot

sPlot is a method to reconstruct features of mixture of event
components based on their known difference in a given distribution

We have two components (signal and background) in the Am
distribution, where background is distributed as a threshold function
and signal as a Gaussian function

It gives the information about probabilities, allowing us to estimate
the number of signal and background events with each bin

From this we get the information of probability (sWeights) for each
event component in each bin

This sWeights information is used to reconstruct the distribution in
another variable in that particular bin
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Backup: Data/MC agreement

e SVD PID performance relies on its dE/dx information which is
proportional to the energy deposited by a charged particle (cluster
energy) divided by its path length

@ There is a known difference between data and MC in cluster energy
that translates to a data-MC difference in the SVD PID performance

Fair DATA/MC agreement on cluster charge on u/P side, worse on
v/N side. Tuning on MC to improve matching ongoing

ClCharge_TrkLengih_norm_L552U CiCharge_TrkLengih_norm_L5S2V @
m * Belle II - VD o0E
Belle II - SVD # 0ua e - # Dua —_— E
gt | S | g | S Za50 i + data (kaon)
o oo i } - MC (kaon)
A" j300E # )
" 2 F I s + data (pion)
T Sanf ), + MC (pion)
7 . F %'
o 2000 F e
ot e
i 1500 %
o S o,
i @1 o,
i S i, ——
e s 00 e A

TP Y P P YN
0 01 02 03 04 05 06 07 08 09 1
Momentum [GeV/c]

VERTEX 2020 o



