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oeHTndpunkaumsa vyactuuy 8 MPD

NoeHTudpukauyma vactmy B MPD ocHoBaHa Ha pgetekTopax

TPC n TOF.

Bpewmsa lNpoekunoHHaa Kamepa (TPC) - rasoBbln geTekTop C
CyMTbiBaOLWMMN  yCTpoUCTBaMM Ha Topuax. Kamepgaer

TpexmMepHble KoopanHaTbl nponetarLmx yactu [1].

BpemsanponetHaa cucrtema (ToF) onpenensieT CKOpOCTb
nonieTta 4YacTtuubl NOCPEACTBOM U3MEPEHUA BPEMEHMU MOSieTa

YyacTuubl OT TOYKU B3anmoadencTesna o camoun ToF.

Hetektop MPD:

CPC

Tracker \

[1] Hilke H. J. Time projection chambers //Reports on Progress in Physics. — 2010. — T. 73. — Ne. 11. — C. 116201.



NpoeHTndoukauma Yyactuu 8 MPD

Uaentudukaumua yactuy (PID) a1o 3agava onpeaeneHuns Tmna 4actuubl No 3agaHHbIM

XapaKkTepucTukam ee Tpeka.

Ny

Ona vpeHTudukaumm yactuubl Heobxogmma
nHdopmauusa o ee:

e MuMNynbce

e 3apsge

e yAenbLHON NOTepe IHeprum

e KBapgparte macchbl (TPC + TOF)

CoObiTne B TPC



Knaccugpukauma 4yactuu

NoeHTudukauma 4yactuy, senaeTca 3agadven Kknaccupmkaumm B MallMHHOM O0By4eHun
(0by4yeHune ¢ yuuTtenem).

[1ycTb
X - MHOXEeCTBO OnncaHn 0OBLEKTOB (XapakTepPUCTUK YacTuL)
Y - KOHEYHOE MHOXECTBO METOK KI1acCOB
CyLlecTBYET HeM3BeCTHas Lenesasi 3aBUCMMOCTb - OTOBpaXkeHne
y*: XY,

3HaYeHNS KOTOPOW N3BECTHbLI TONbKO Ha 0ObeKTax KOHEeYHOW o0byyatowen BbIbOpPKU

X" = (X1, y1)s ey (Xm, ym)’
TpebyeTcss NOCTPOUTL anropuUTM a CNoCoBbHbIN KnaccnduumpoBaTb NPOM3BOSIbHbIN 06bEKT X € X

a: X->Y.



Knaccudomkaumsa yactumy

3apava naeHTudmkaumm Yactul, MOXET ObITb pacCMOTPEHa Kak:

1.  Mynbtuknaccudukaums, korga Bce YacTulbl OTAENSTCA APYr OT Apyra OAHOBPEMEHHO;

2. bwuHapHas knaccndumkayms:

a. one-vs-rest;

6
b. one-vs-one. 10
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Habopbl AaHHbIX

prod01 (peankcHoe

prod04 (nckyccreBeHHoe gobasreHue
pacnpegeneHme 4yacTtumy): YyacTuy,):
PHQMD URQMD + BOX;
Geant 4 minimum bias Geant 4 minimum bias
Bi+Bi @ 9.2 GeV Bi+Bi @ 9.2 GeV
full detector configuration full detector configuration +
KonnyectBo TpekoB: 24M
107

SmearVertexXY (HeonpeneneHHoOCTb
10°

MecTa BepwuHbl) 1.1 cm
10°

Count

Konu4yectBo TpekoB: 4.5M
104

10°

102

+ p+ + k— p—

d 3He t °*He
Particles

prod05 (peancHoe
pacrnpenerieHme yactuu):
Request 25 URQMD;
Geant 4 minimum bias
Bi+Bi @ 9.2 GeV
full detector configuration

KonnyecTtBo TpekoB: 5.8M

[aHHble ONs TeCTUPOBAHUA CreHepupoBaHbl NPU Tex

Xe ycnosusax, 4to n prod05 (2.6 M)



Habopbl AaHHbIX

PaccmaTtpuBanuch 6 KraccoB 4YacTull:

[MpoToH (p); KaoHbl (K* , K ); MuoHbl (17, 117 ); AHTMNPOTOH (P).

=
o
=

KeV
Energy loss,

=
o
o

n+
K+

Momentum, &Y

BekTop npu3HaKkoB:
e unMnynsc (p)
e 3apsA (q)
e roTeps aHeprum (de/dx)
e KBagpar maccbl (m?)
® KONMYecTBO OTKIMKOB
yacTtuubl B TPC (nHits)
e nceBaobbicTpoTa (eta)
e BepLllMHa B3auMOOenCTBUS
(Vx, Vy, Vz)



bycTuHr gpepesbeB pewieHnn (CatBoost)

FPaAneHTHbIN OYCTUHT - anNropuTM, CTPOSALLMN aHCaMbsb peLlaowmx gepeBbeB HEDObLLOW MYyOMHBI.

Iteration 1
| S Model F;:
| o o O T1
| X<1
ol - yes no
1o O
| 0 O O
o | O
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Iteration 2
I Model F;:
O 0 T1
Bl ]+
| o yes no yes
OI o O
| (o] [o][o
(|
o] L
1 2 3 4 5
X

no

Iteration 3
Model F3:

: 0O O o) :D T1 T2 T3
s o s + +

| O | yes no yes no yes no
So B Dllol |u||o

I I
oy H© O

1 2 3 4 5 6

Ha kaxgon ntepauumn gepesbsi oobaBnsatoTcs
Takum obpasom, 4TobbI 3HAYEHME LIENIEBOM

PYHKUMN YMEHbLLANOCh.

https://www.researchgate.net/figure/A-simple-example-of-visualizing-gradient-boosting_figh 326379229 8



[Toabop onTManbHbIX rMNepnapamMmeTpoB MOAEN

[Touck onTMMarnbHbIX rMnepnapamMmeTpoB Obl1 OCywecTBreH C MNomMmollbio anroputma Tree-structured

Parzen Estimater (TPE), koTopbIn sBNSieTCA pa3sHOBUAHOCTLIO GanecoBCKOM oNTUMmn3aumn.
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MaTpuubl oLLNOOK

Kaxkgas ctonbeu MmaTpuLbl - NpeAckasaHHOe MOAErNblo 3HaYeHne Kracca, a kaxaas cTpoka - dhakTuyeckoe

3Ha4vyeHne

prod01:

0.49% 0.27% 0.02% 0.00% 0.00%

k*118.32% EERIFA 1.97% 0.04% 0.00% 0.00%

p16.63% 0.00% 0.00%

True label

n~ 1 0.02% 0.00% 0.12%

1 0.01% 0.01% 0.01% 22.87% EERSIEQ

p10.02% 0.00% 0.00% 12.28% 3.27% EEEEEE

k* P M
Predicted label

n"" k" p

13.92%

1 0.01%

1 0.00%

1 0.00%

prod04:

111.76% EREEYEE 2.73%

0.00%

0.01%

0.00%

1.23%

0.44% 0.01%

0.00%

0.00% 13.62%

0.00% 5.09%

0.01%

0.00%

0.00%

82.78%

0.84%

k'+

p -
Predicted label

k’—

0.02%

0.09%

0.06%

0.54%

0.78%

0.01%

0.00%

prod05:

3.21% 1.03% 0.01% 0.00% 0.00%

EEWANY 2.35% 0.00% 0.02% 0.01%

0.01% 0.02%

0.00% 0.99%

0.01% 0.01% 4.16% EER::FE

0.02% 0.02% 0.76% 1.46%

P = & b

Predicted label

kl+

10



Tekywime pesynsraThl

Efficiency

o o
N &

o
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right identi fied tracks

Ef ficiency =

Catboost Classifier fitted on [prod01]
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CpaBHeHue CatBoost u Tekyuwlero pewenns B8 MPD

OTtHoweHuna adpdekTnBHocTen CatBoost / N-sigma:

4.0
- Tt 4.0 1 -= 5 -
3.5 T k+ 3 5 | . k+ . k+
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XakaTtoH. KomaHaa JINR

2nd workshop on Artificial Intelligence
for the Electron lon Collider

Oct 10 — 14, 2022

Team Name Participant 1 Participant 2 Participant 3 Participant 4

JINR Alexey Aparin Artem Korobitsin Grigorii Tolkachev | Vladimir Papoyan

The hackathon starts at 10:00AM E.T on 14th October 2022, and until 5:00PM E.T on 14th October 2022

https://indico.bnl.gov/event/16586/page/435-hackathon
13



dopmaTt gaHHbIX

,D,aHHbIe Obinn npeagcraBlrieHbl B .CSV q)opmaTe.

1.
2.
3.

O6wee Yncno KoNoHokK coctasnano 185 wTyk

Kaxxgon cTpoke COOTBETCTBOBAO OA4HO coObiTne ¢ ogHom Yactmuen 1* (211) nnmn K* (321)

I'IepBble MNATb KOJIOHOK BKJTHOHarin.

o eventlD
o PID
o momentum [GeV]
o theta [O]
o phi [¢]
OcTtanbHble 180 KONOHOK:

o (X0, X1, ..., X59), (YO, Y1,

..., Y59), (Z0, Z1, ..., Z39) - pacnosnoxeHne Tpeka YacTtuubl

14



dopmaTt gaHHbIX

eventlD PID momentum theta phi X0 X1 X2 X3 X4 250 2Z51 252 253 2Z54 1255 1256 2Z57 258 1259
0 321 15.0 19.999999 0.0 1423.794456 1405205369 1430.641544 1403.547915 1433.835355 00 00 0O 0O 00O 00O 0O 00 00 00
1 321 15.0 19.999999 0.0 1408.906905 1404.078978 1414.115390 1439.424294 1403.474218 00 00 OO 0O 0O 00O 0O 00 00 00
2 321 15.0 19.999999 0.0 1430.051250 1426.306782 1432.112305 1439.064895 1401.014764 00 00 00O 0O 0O 00O 0O 00 00 0O
3 21 15.0 19.999999 0.0 1394.185996 1402.319707 1442.940360 1392.319962 1434.855558 00 00 00 0O 00O 00O 00 00 00 00
4 21 15.0 19999999 0.0 1430613166 1436.207042 1410.129402 1394.685095 1443.490183 00 00 00 0O 0O 0O 0O 00 00 00
1499995 321 15.0 19999999 0.0 1435607311 1429.843666 1438.180289 1431.681709 1412254015 00 00 0O 0O 00 OO 0O 00 00 00
1499996 321 15.0 19999999 0.0 1438.764633 1438.127191 1436.564538 1419.634826 1417.343095 00 00 00O 0O 00O OO 0O 00 00 00
1499997 211 15.0 19.999999 0.0 1446.151908 1401.789510 1406.219731 1389.773612 1388.870196 00 00 0O 0O 0O 00O 0O 00O 00 00
1499998 321 15.0 19.999999 0.0 1422369126 1420.570300 1411.851823 1439.666466 1426.353037 00 00 00 0O 0O 00O 00 00 00 00
1499999 211 15.0 19999999 0.0 1425667724 1395467156 1402992812 1450.238262 1398.860692 00 00 00 0O 00O 00O 0O 00 00 00

15



3agayn

BuHapHas knaccudukauus 't (PID=211) nnu K* (PID=321)

1. Training Events | 1.5 Million Events | With Magnetic Field (~ 1.5T)
Momentum 15 GeV/c at Interaction Point (0, 0, 0)
Theta 6 20° at Interaction Point (0, 0, 0)

Phi ¢ 0° at Interaction Point (0, 0, 0)

Training Events

3 Million Events

With Magnetic Field (~ 1.5T)

Momentum 15 — 20GeV /¢ at Interaction Point (0, 0, 0)
Theta 0 5—16° at Interaction Point (0, 0, 0)
Phi ¢ 0—5° at Interaction Point (0, 0, 0)

Training Events

3 Million Events

With Magnetic Field (~ 1.5T)

Momentum 15 — 20GeV/c at Interaction Point (0, 0, 0)
Theta 0 15— 16° at Interaction Point (0, 0, 0)
Phi ¢ 0-5° at Interaction Point (0, 0, 0)

B TPETbEWN 3aa4e B Kaxaoe cobbiTve aobaBneHbl 3allyMeHHbIe XUTbI



Pa3Beao4Hbli aHann3 gaHHbIX

Leamn

[] Click Mode
[1 Smooth

— Eval

Logarithm
&

rpacpuk obyveHusa CatBoostClassifier:

Accuracy Logloss Precision

Feature Id Importances
— 0 YO 15.519041
1 X0 9689802

0.994
2 Y1 7.143211
0.992 3 Z0 5942148
— 4 X1 4 285659

0.988
175 Z55 0.000000
0:286 176 756 0.000000
0.984 177 Z57 0.000000
178 Z58 0.000000

0.982
179 Z59 0.000000

0 20 40 60 80 100

3HA4YNMMOCTb KOOpPpAMNHAT XUTOB:

17



[TonbITKa CKOHCTPYMpPOBaTb HOBLIN NPU3HaK
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[TonbITKa CKOHCTPYUpPOBAaTb HOBbLIW NMPU3HaK (pagnyc)

HavanbHble To4kn nepBbix 500 000 TpekosB

60 @
e, } ?&D'
1000 o T 15
40 ° e ° n+ ’4‘&§
O1{ e ‘(?
. K+ e
- \j

g % S ‘%ﬁ‘{é

L . T T T
1400 1420 1440 —-1000 0 1000

ToyHOCTb Knaccudumkauum He yBennymnach nocre AobaBneHust pagnycoB AN KaXKaom TOYKU.

Ha4varnbHble TO4KM TpEeKoB MOIyT ObITb NCNOMb30BaHbI an4 I/ID,eHTI/ICpI/IKaLI,I/II/I 4YaCTUL B SKCrNepnmMmeHTe MPD

19



Cnoco®b oueHkn

ENtest |yp7“ed ——— yt’r‘uel

ACCURACY =
Ntest

SCORE = 0.0 {IF ACCURACY < THRESHOLD }

(ACCURACY — THRESHOLD)

SCORE = 00.0+50.0 X ==750,0 — THRESHOLD

Problem | Threshold

Number Accuracy
Problem 1 94%
Problem 2 86%
Problem 3 80%




EIC

ssion on 10-14-2022)

2022-10-14

Viadimir_P
19:18:12.008951

2022-10-14

Viadimir P
19:06:44.048222

2022-10-14

Vladimir_P
19:13:07.256701




Backup
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Ba)XXHOCTb XapakTepUCTUK B 3aBUCUMOCTU OT
obOy4aroLlen BbIOOPKM

BaXxHoCTb NMPU3HAKOB [103BOJ14AE€T oOfpeaersintb HaCKoJIbKO B cpeaHeEM U3IMEHUTCA OTBET MOAESIN Mpn

N3MEHEHUN 3HAYEHNA XapaKTepucTukm Yactuubl [1]

prod01: prod04: prod05:
Feature Ild Importances Feature Id Importances Feature Id Importances
0 charge 48976478 0 charge 52595520 0 charge 43753433
1 p 15612522 1 p  16.143578 1 p 19143319
2 m2  13.219858 2 m2  11.179546 2 dedx  18.371532
3 dedx 12.504383 3 dedx 9.959441 3 m?2 9 106441
4 dca 2931781 4 eta 3.202594 4 dca 3549774
5 nHits  2.682914 5 . 3178775 8 e Ty
i LR 6 nHits  2.890517 - wor SieR
oD e L e
. W osas 8 Vx 0.293670 8 Vi 0.630954

9 Vz 0.234098 9 W 0.551657

Uem Bbllle 3Ha4YeHME BaXHOCTU XapPakKTepnucTtukn 4actuubl, TEM bonblle B cpeagHeM WM3MEHUTCAH

3Ha4YeHne oTBeTa Modesin, B Ccitydae M3aMeHeHA camom XapaKTepUCTUKH

[1] https://catboost.ai/en/docs/concepts/fstr#regular-feature-importance 23



Tekywime pesynsraThl

wrong tdentt fied tracks

right identi fied tracks

Ef ficiency = Contamination = , —
17 Y all tracks vdenti fied tracks
O PEKTUBHOCTb NOEHTUDUKALNMK:
Catboost Classifier fitted on [prod01] Catboost Classifier fitted on [prod01]
1.0 - 1.0 -
0.8 - 0.8
§0.6  — Efficien;y | ", = g 0.6 - — Efficiency _ W
.g @® Contamination - .g @® Contamination v Ve
Eo4 - " ...‘.... ® ;3:_.10,4~ - L "=
- k* bt oE g ® v == k- n "
—_— of ma" & —— v "t .
0.2{ fv"™ £ TLk 0.2 £ YV mun
' <] . L . = . 2B u
O.O.MlLquvv,vvvvv,vvvvvy vy QO.M""““'."""'.."
0.0 0.5 1.0 1.5 2.0 2.5 0.5 1.0 1.5 2.0 2.5
p, GeV/c p, GeV/c
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Tekywime pesynsraThl

wrong tdenti fied tracks

. right ident: fied tracks Contamination —
E f ficiency = tdenti fied tracks
all tracks
O PEKTUBHOCTb NOEHTUDUKALNMK:
Catboost Classifier fitted on [prod04] Catboost Classifier fitted on [prod04]
1.0 - 1.0
0.8 0.8 -
O 0.6 - - Efficiency = T 0.6 -
c . " [l c
L @ Contamination o
= = 9
0.4 o= 1 e22f8eq0 504
- k* ° ol — @ °
e D) o_= ° . L4
0.2 1 aumfl @ 0.2 1
Lo " o®
o.o._,lm‘l,lll}_:,vvvvv,vvvvvyvyvvlv vy 00, 0anil’00000000000000000000 0, |
0.0 0.5 1.0 1.5 2.0 2.5 0.0 0.5 1.0 1.5 2.0 2.5
p, GeV/c p. GeV/c
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Tekywime pesynsraThl

wrong identi fied tracks

right ident: fied tracks

Efficiency = Contamination = , —
1t Y all tracks vdenti fied tracks
O PEKTUBHOCTb NOEHTUDUKALNMK:
Catboost Classifier fitted on [prod05] Catboost Classifier fitted on [prod05]
1.0
0.8
— Efficiency
oo @® Contamination >
e s ot L EEE S
L : _—L 2
50.4' :; ...II.I.. E
[
021 - g
o0 ®e®e. 0
00 ‘ .l. I!,":VYVVVVYVVVV"V
0.0 0.5 1.0 1.5 2.0 2.5

p, GeV/c




Tekywime pesynsraThl
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