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Abstract

This report describes a currently being developed procedure of the charged particle identification for CMD-3 detector, installed at the VEPP-2000 collider. The procedure is based on the application of the
boosted decision trees classification method, and uses as Input variables, among others, the specific energy losses of charged particle in the layers of the liquid Xenon calorimeter. The efficiency of the
procedure is demonstrated by an example of the extraction of events of e*e™ — KTK~(y) process in the center of mass energy range from 1.28 to 1.65 GeV.
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» Distributions of the dE /dx;x. in seven LXe double layers depending on the particle momentum for the simulated single
e”,u ,m~, K~ are shown in Figs. 5-6. These are the major dE /dxp_;x. differences:
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1. dE/dx;x. increases (on average) layer by layer because of the particle deceleration (see Fig. 7);
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2. Forthe ut, m*, KT and p* there are different momentum thresholds p,,,- of the particle absorption in the material in front
of the calorimeter p;;,-, below which only the products of particle decay or of the absorption by nucleon can reach the
calorimeter. For kaons pX cnr 15 ~400 MeV/c (see Fig. 5);
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3. The values of the p;y,-, as well as the distributions of the dE /dx; x., depend on the expected distance of the pass d; x. of
the particle in the LXe-layer, because the shower profile (for et), the probability of nuclear interaction (for hadrons) and
the particle’s deceleration rate are the functions of d; x,.
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4. In contrast with the DC the probability of nuclear interaction hadrons in LXe is not small (~25%). The accuracy of EXPERIMENT 3 EXPERIMENT
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w0 < gl « We illustrate the efficiency of the developed PID technique by an example of selection of the events of ete™ - K*K~(y) process in the c.m. energy range from 1.28 to 1.65 GeV on the basis of 12.5 pb~1! of integrated luminosity.

600 S s We use the simulation of the events of signal and the major background processes (ete™ - n*n~, u*u~, e*e™ and cosmics).
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2000f- 4; «  We select the events having two oppositely charged DC-tracks with polar angles 8, € (0.9; = — 0.9), satisfying the condition of collinearity in r — ¢ plane: ||@pct — @pc?| — | < 0.15.
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Figure 4. The dE/dxpc vs. particle momentum distribution  Figure 5. The dE/dx, . in each of the 14 layers vs. particle
for the events of the process K*K~n*n~, selected in the  momentum for the simulated K and .
simulation, v/s € (1.5 GeV; 2.0 GeV).

p, [MeV/c]
shown in Figure 19. The term |p, x+ + p,k-| is added to AE to compensate the energy of ISR photons, emitted along beam axis. In addition to the clusters of K*K~, m™n~, u*u~, e™e™ final states the horizontal band of cosmic
muons is seen.

Further, Fig. 22a-b show the distributions of the (BDT i+ o+ + BDTk~ /e~)/2 parameter (+/s=1.282 and 1.65 GeV correspondingly). The shown cuts are used to suppress e*e~ final state, see the result in Fig. 20.
dE/deXe, MeV/cm

@ 25— = * Then we apply the cut on (BDT g+ ,,+ + BDTg~;,~)/2 t0 suppress cosmics, utu~ and Tt~ final states, see Fig. 23a-b. As a result we obtain almost pure sample e*e™ - KTK~(y) events, see Fig. 21.
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_ _ _ Figure 19. The distribution of the averaged energy deposition of two  Figure 20. The distribution of the averaged energy deposition of two Figure 21. The distribution of the averaged energy deposition of two
The idea of the L Xe-based PID s the following: _ o charged particles in the calorimeter vs. the energy disbalance AE for the  charged particles in the calorimeter vs. the energy disbalance AE for the ~ charged particles in the calorimeter vs. the energy dishalance AE for the
» Foreach DC-track with curvature, small enough to hit the particle in selected events. All energy points are combined. selected events after e*e~ suppression. All energy points are combined. selected events after e*e™, u*u~, m*n~ and cosmics suppression. All
L Xe, we calculate 10 values of the responses (R) of the multivariate energy points are combined.
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(boosted decision trees) to be the globally most powerful method. B : layer 5f layer 6
Background rejection versus Signal efficiency K/n separation using BDT z: ::
s & RS g § —— — || e E
80T -3 C ‘\\ S \:\‘\\ s "3 B %X ——— 350 MeV/c < p <375 MeVic o m;— n
— o 0.9 B \ \\\\\A\\\\:\ ~ < \k/ 13 " \ \ W | | —— 375 Mevic<p <400 Mevic ”‘;— : —
S 2N\ IR \\\ 1o NN | e . -£ layer 7
o e 2 08 - N \ S 1 o F — 450 MeVic <p <475 MeVic layer 7 - (dE/dx)_,__ for kaons from K+K- in all layers:
—1 <SR - \ N R i\ \ \\ = % 0sll ||—= m:wz:zzggg VeV - (dE/dx), for kaons from K+K- in all layers: N
S EE,:.TB:,SANN E’ 0.7 - N\ \\ \\\ \ \_ e B — 595 MeV/c < p < 550 MeVic " an EXPERIMENT
il SN NSO 2 || e e . EXPERIMENT :
Pshe m - \ \ \f \‘\\‘ \ : % 0.7 B ——— 600 MeVi/c < p < 625 MeV/c .
= : NN WEE W =g u
! AR \\\& 06 T o v S _ o _ _
—— G 041 \\ I\ \ H \\\\ vy v Figure 24. The dE /dx;f distributions in 7 layers for kaons from K +K~ final state (after tuning). Figure 25. The dE /dxsymn distributions in 7 layers for kaons from K"K~ final state (after tuning).
MR oaf \\ ; \\ 05 e e
=4 ; \l {\ I \ o
T 0.2 - — LAEL o4l b Lo ——— 875MeV/c < p < 900 MeV/c
0 01 02 03 04 05 06 0.7 08 0.9 1 0.4 05 0.6 07 1
Signal efficiency Slgnal eff|0|ency 7 . P I anS
Figure 9. The dependence of the background rejection efficiency Figure 10. The dependence of the BDT background || « e have no problems in the detector response simulation for m.i.p.s, but see some simulation-experiment discrepancy for showers. Presumably, it is caused by the correlated/anticorrelated variation of the transparency coefficient
on the signal selection efficiency for K/m separation at the rejection efficiency on the signal selection efficiency for in the lower and upper layer. We plan to study these variations thoroughly using CST-simulation.
momenta 870 MeV/c for different classification methods trained the K /m separation in the different momentum ranges from B
and tested. 300 to 900 MeV/c. « We plan to apply the described technique to the data collected in the runs of 2017-2018 and to use it in the analyzes of the final states K*K~, KTK n° K*K 2n° K;K*n™.
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