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Pure samples

* Provided by Xin Xia.
* Clear signs of distinguishing power

FDV2 vs Sum(En)/#.hits
8 - ; if (y<0)
8 [ i 10 no hits in Event;
12— - ParticlelD = 0;
- o if (y>0 && x<0.4)
= - noise
N - - ParticlelD = 1
08— =10 . if (y>0 && x<0.4)
- muon
B ParticlelD = 2
L if (y>0 && x>0.4 && y<-0.183*x + 0.623)
N pi+
0.4 — 1 ParticlelD = 3
- if (y>0 && x>0.4 && y>-0.183#x + 0.623) && y<-0.180+x + 1.551)
0.2 e+
ParticlelD = 4
0 1

Y4 8
Sum(En)/#.hits
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BDT Variables

o
n

0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

Normalized

—— Muon

—=— Electron

—— Pion
CEPC AHCAL
Test Beam

|

o

I’\J_

8

10

12 14 16

18 20

Shower Density

Pure test beam samples are used here.
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BDT Variables
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Pure test beam samples are used here.
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B D_l_ \/a r| a b ‘ eS Added by Jiyuan Chen

—o _I T T 1 T T T T T T T 1 T T T T T T T T | T 1T T T | T T T T T T T ]
() - — .
I —— Muon - Shower radius:
E B —=— Electron |
> 1__ —— Pion - Between the shower start layer and end layers,
08l CEPC AHCAL B the radius could be calculated as the RMS of r =
Z Test Beam : V{x? + y2} , x and y are position for each hit in
0.6] ] the events.
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Shower Radius

Pure test beam samples are used here.
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BDT Variables

Conclusion:

Clear single-feature distribution

No more double peaks

Normalized

—— Muon

—=— Electron
—— Pion
CEPC AHCAL
Test Beam

. i
12 14 16

L
18

Shower Density

Original samples
2023/3/22

Normalized

Normalized

s
0.16— — Muon =
14: —=— Electron ]
0. r —— Pion -
0.12|~ CEPC AHCAL -
0.1; Test Beam é
0.081 -
0.06 —
0.04— —
0.02— =
;\ PR A il T .1 T I il T |7

0 20 40 60 80 100 120 140 160 180 200
xwidth [mm]
022 T T T T T T T T T T T T T
02 —— uon E
0.18; —=— Electron é
016 EPC AHCAL E
0.4 3
- st Beam 3
0.125 =
0.1= =
0.08- =
0.06— =
0.04 =
0.02F —
R ol R N N

0 50 100 150 200 250 300 350 400 450 500

zwidth [mm]

Normalized

Normalized

[LELEL I L LI B L L L L B
0.16; —— Muon é
r —=— Electron b
0.14 —— Pion ]
0.121 CEPC AHCAL =
01C Test Beam E
0.08— =
0.06 -
0.04 -
0.021 -
T R AR

0 20 40 60 80 100 120 140 160 180 200
ywidth [mm]
06;“‘;
r —— Muon 7
L —=— Electron ]
05— . -
—— Pion ]
1 CEPC AHCAL ]
0.441 —
[ Test Beam ]
0.3 —
0.2+ —
0.1t —

0 200 400 600 800 100012001400160018002000
Edep [MeV]
6




MultiClass BDTG

TMVA response for classifier: BDTG
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(1/N) dN / dx

TMVA response for classifier: BDTG
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BDTG response for muon

Conclusion:

TMVA response for classifier: BDTG

(1/N) dN / dx
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Multiclass BDTG could be powerful in distinguishing different

showers

Can be used to tag all of the samples



Application of Multiclass BDTG

BDTG Scores in corresponding samples

c T
% 1 = —— E-score in E-sample u
0] Z ) ]
A - —=— Mu-score in Mu-sample i BDT e p|US Calib_Hit—Show(0)
: : : . - - EVENT:0
107 Pi-score in Pi-sample — BDT mu_plus EIRIEIE 7.25975e-05
- = . BDT 1 0.999927
- " BDT_pi_plus BDT:;GipIiISs 1.16402e-16
2| 4|
10 ; *‘"1" +§
sl + H  f b 1” T +H __ After tagging, three extra branches are
1073 1 Jr 1 i _ . |
i 1 1 v = added in the tree demonstrating the
i prid ++ +++++ . .
t, * * t ] possibility for the shower to be all three
UM ++ {H+H+ .
104 — particles.
: IC Ic [ | 1 IAIII_I|C\IAII_I | | | L1 11 | L1 11 | I | .| | 11 | IE
0 0.1 02 03 04 05 06 0.7 08 09 1
BDTG Score

Different showers could be distinguished from the others
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Plans

* Extra cuts could be applied on shower density to remove
empty(noise) events

* Currently only mono-energy samples are obtained. Need samples
for more energy points.

* Could be used to tag all of the test beam samples

* Extra iInformation could be used for downstream analysis.



Backup



Shower Radius

oSince the directions of the incident particles are perpendicular to the
surface of HCAL, we can use a very simple definition of “shower radius.”

o Definition: For each event, the layers where the shower begins and ends
should be defined at first. Between them, we obtain the x and y values of the

hits, and calculate 7 = \/x2 + y2 for each of them; using all of the r values,
TrRMs Can be calculated.




Results from Simulation

o These three kinds of particles in our simulation samples can be very well
distinguished.
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