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Combined beam data analysis

« Data samples were taken at PS(3 -11 GeV), May 2015
SPS data (10-80GeV) taken at SPS.

« Contamination :

« PS: muons, electrons(since using electron
eliminator in test beam period, the electron
contamination is negligible except 3-5GeV
samples)

. Simulation: FTF_BIC , geant4.9.6



Muon background rejection
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The shower radius is very small < 15mm(=1.5pad size)



MeanRadius of pion shower
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Event selection: muon rejection

30000

25000

20000

# of reconstructed events

15000

10000

5000

CALICE SDHCAL Preliminary
Muon Simulation: energy from 3GeV to 11GeV

(=]

2 4 6 8 10 12 14 16 18 20
meanRadius (mm}

MeanRadius > 15mm

# of reconstructed events

10° g
= CALICE SDHCAL Preliminary Before cut
~ Muon Beam data: energy = 20GeV
10f E —— After muon cut
10°8 =5
10° =
10 =
- (115
1 I
10 _ J AN N T T N T N AN TN N N M M A 1 A1
0 50 100 150 200 250

Muon beam data validation
99% background rejection rate
achieved

300
nHit



Electron background

. Method: Boosted decision tree (BDT)

o Training set:
« Electron 1-80GeV, 10000 events per GeV
. Pion 1-80GeV, 10000 events per GeV

. Test set: the same size

« Input variables: Begin, nTrack, nCluster, radius, nHit/nLayer,
density, nHitl/nHit, nHIit3/nHit, nShowerlayer/nLayer



Model Performance
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A good agreement between training and validation sets.



# of reconstructed events (normalized)

Pion beam validation for 6-11GeV
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We know there is no electron for 6-11GeV pion beam. These two results confirm it.
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Electron check for pion beam 3-5GeV
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The electron contamination is almost negligible. Applying BDT value cut > 0.0 is
enough to reject electron-like events



Apply the muon rejection and electron rejection

T T T | T T T | T T T | T T T | T T T | T T T T T T | T T T | T T T | T T
2500 CALICE SDHCAL Preliminary
— Pion beam data, Energy = 3 GeV | —— Before selection

3500

2000

- After selection

Number of hits

The number of hits before and after selection

C
Pi

| T T 17T | LI
ALICE SDHCAL Preliminary
ion beam data, Energy = 11 GeV | —— Before selection

— After selection

& ] 35007
1] ] @ -
o ] N r
s . =
£ ok : g soon—
Q — . o C
< [ ] S oen0lb
@ N N @ 2500 -
c — — — I
S 18001 . L 2000[
Q B _ () C
pe] — _ e} -
<] L - [0 ©
© + 1500 —
S 1000 — o S00¢
c . 2 1000[~
8 - 7 o C
© C 7] 5 500 :—
* 0_1 c e b P by TS N R B +H L .
0 20 40 60 80 100 120 140 160 180 200 00'

50

100 150 200 250 300 350 400 450 500
Number of hits

10



Energy reconstruction

® Feeding combined data, PS (3-11GeV) +
SPS (20-80GeV).

Ei.eco=aNy+ BN, +yYN3

= Nb. of hits with < < 2nd threshold
—~> N, = Nb. of hits with 2st threshold < < 3nd threshold
—->N; = Nb. of hits with > 3rd threshold

Niot = + N, + N;

a, 3,y are parameterized as quadratic functions of N,,
—2>They can be determined by minimizing a x?

N i i 2
2 (Ebeam_Ereco) i
X _Z O'z 0; = Ebeam
i=1
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Energy reconstruction
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Energy reconstruction
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Energy reconstruction
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Linearity and resolution
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Conclusions & Next

« The BDT model is robust and it can separate
electron and pion events of beam data.

o IThe resolution of combined beam data Is In
agreement with SPS data.

« Systematic uncertainty studied.

16



¥ ndf 3ATT I

p0

p1

16.75 + 0.126

30.74 £ 2,723

2 /ndt 16.59/7

po 18.53 + 0.1988

if —Qow < < &'high

p1 218+1483 [
1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | I:
5 10 20 25 30
Energy
o 2
e 0.5¢
_ 2 —Hn .
= 4 c {]-Saluw [ ::llﬁ - &'].DW - f o lff < _'ﬂflow
o —Mhigh
—0.50> Nhigh .
high g _ . .



