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Distance Ordering

Pion test beam data (2018) with

Er = 40GeV

100000 events for data; 10000 events for
simulation

Calculate distance of 24 X 24 to event’s
centre of gravity (CoG)

CoGj = +2— 3 Enit - i

Etotal hits
with 7 € [x,y, 2]
Distance
d= \/(I — CoGX)? + (J — CoGY)?
Sort the tiles from smallest to largest
distance to CoG

First tile is first energy in PDF
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Distance Ordering Energy Distribution Kinematic Variables Summary and Outlook

Simulation

— PDF for given dataset is created based on KDEs
— Generate 10000 events from the estimated PDF with h = 0.01
— Each event: 24 x 24 x 20 simulated energies

©® Calculate distance of tiles to the simulated CoGX/CoGY tile
® Simulate energies based on the sorted energies — sorted simulated energies

® Assign simulated sorted energies to the tiles sorted by distance

CoG; Data (100000 Events) CoG; Simulation (10000 Events)
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Distance Ordering Energy Distribution Kinematic Variables Summary and Outlook
Energy Distribution per Tile
® Layer 0
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Tile No. 10
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e Positon in mm

ile Positon in mm,

Energy per Tile per Layer (Event 6)

Data:
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Kinematic Variables
Total Energy

e Gev
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£ o — Simulation (>0.05 MIP, 16x16x38)
® Full dataset: 24 x 24 tiles per layer; 38 H ook
. . ‘-U 7
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. . . . £ oos—
® PDF estimation with KDE cannot consider E
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Total Energy

® Total Energy: Eiota1 = Y. Enit
A

its

® Simulated energy distribution agrees with reduced data
® More deposited energy in outer layers than outer tiles
Total Energy Total Energy
E,740 GeV. E,740 GeV.
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Distance Ordering Energy Distribution

Centre-of-Gravi

Kinematic Variables Summary and Outlook

ty

Centre-of-Gravity: CoG; =

® Good agreement between
data and simulation with

24 x 24 tiles in x- and
y-direction

® Good agreement between
data and simulation with

all layers in z-direction

Zobeyer Ghafoor, André Wilhahn,

Stan Lai
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Shower Radius

Shower Radius: R = g1~ 3 Eyy - my with
total hits

it = \/(ihic — CoGXyit)? + (uit — CoGYyie)? and iy € [x,y, 2]

Large influence of outer tiles with deposited energy

® Quter layers register lower-energetic hits — smaller influence for shower radius

Shower Radius Shower Radius
E,740 GeV.
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—— Data (16x16x38)
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Shower Variance

Shower Variance: Var(i) = g1~ > Euit - (inic — CoG;)? with i € [x,y, 2]
% hits
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Distance Ordering

Energy Distribution

Shower Skewness

Shower Skewness: Skew(i) =

icxy,z]

® |ncluding less tiles lead to

discrepancies for skewness
in x- and y-direction

® No significant influence of

outer layers on skewness
in z-direction
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Kinematic Variables Summary and Outlook
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Distance Ordering Energy Distribution Kinematic Variables Summary and Outlook

Summary and Outlook

® Distance based sorting and simulation of
deposited energies for fast simulation

® Exclude outer tiles and layers to see
behaviour of energy distributions

® |nitial results promising; however, not
fully optimal

® |nclude Gaussian noise

® |nvestigate behaviour of energy and
kinematic variables with tile groups
(16 x 16) and all 38 layers

® Expand to larger energies
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Thank You For Your Attention!
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Number of Events (normalised)

Centre-of-Gravity
Simulation of CoGs in all three directions with KDE

CoG in x-Direction CoG in y-Direction
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Kinematic Variables

Centre-of-Gravity: CoG; = > Enit - init With 7 € [x,y, z]

Etotal hits

Total Energy: Eiotal = . Enit

hits

Shower Radius: R =

Z Ehlt it with
hits

Ecoml
it = \/(ihit — CoGXni)? + (jhit — CoGYni)? and it € [x,,2]
> Enig if mit < 30mm

hits

Z Enit - (it — CoG;)? with i € [x,y, 2]

ot11
hit

Central Fraction: Feengral = E n
tota

Shower Variance: Var(i) =

. 3
Shower Skewness: Skew(i) = Z Enit - (@) with o; = /Var(i) and

Etotal
i€lxy,2]
; 4
Shower Kurtosis: Kurt(i) = ﬁ > Enit - (""t;&) with o; = /Var(i) and
©t8% hits !
i€lxy 7
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Central Fraction

Central Fraction:

Feentral =

£ 3 Eiie if ny < 30 (60) mm
% hits

Simulation of energy fraction in a radius of 30 mm and 60 mm agrees with data
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Shower Kurtosis

Shower Kurtosis: Kurt(/)

; 4
_ 1 ., . ( it —CoG;
T Eiotal tht:S Enit ( o )
with o; = /Var(i) and

icxy,z]

Including less tiles lead to
discrepancies for kurtosis in x-
and y-direction

No significant influence of
outer layers on kurtosis in
z-direction
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