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W, Z separation in the ILD Concept
120

@ The Semi-Digital Hadronic
CALorimeter(SDHCAL) is one of the
calorimeters developped within the
CALICE collaboration proposed for the
Future International Linear Collider
experiments.

@ ILC should be equiped with high
precision detectors
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o Excellent Jet energy Resolution 3%/ Eje:

— 2 2 2 2
Ojet = \/JTrack + O Had + Teim + O confusion
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@ PFA: Construction of individual
particles and estimation of their
energy/momentum in the most .
appropriate sub-detector

500 f+*

Construction of Highly Granular soo |\
Calorimeters to separate overlapping showers

gon
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PFA Hadronic Calorimiters

SiD

@ Analog HCAL readout directly by SiPM

o DHCAL: Binary readout and embedded electronics
1-bit readout electronics (1 threshold) o SDHCAL: 2-bit electronics (3
Lateral segmentation of 1 cm2 thresholds)

Lateral segmentation of 1 cm?2
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SDHCAL prototype technology

@ Sampling calorimeter

Readout pads

Mylar layer (S0u) (1cm)x 1cm)

@ Size: 48 stainless steel plates 4 48 active layers ros . pmporsct )
=1 x1x 1.3m*

o Active layer

o Gaseous detector: GRPC (Glass Resistive Plate
Chamber) of 1m?

o Gas mixture: tetrafluoroethane(TFE, 93%),
isobutane (5%) and SFs (2%)

Readout ASIC
(Hardroc2, 1.6mm)

il

wylr (175 .
vr (175 Ceramic ball spacer (1.2mm)
Glass fiver frame (1.2mm)

o HV: ~ 6.9kV in avalanche mode o E

@ Readout orcaL025 1) E

e 96 X 96 pads of 1cm? per layer<=> more than 3

460000 chanels for the whole prototype nE . E

o Semi-digital readout: 3 thresholds on the :: 3

induced charge to have a better idea on the ey ! E
deposited energy o

TN T T TN .
01 02 03 04 05 08 07 08 08

@ Absorber:48 x 20mm stainless steel <—=-~6\
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SDHCAL prototype technology

@ A technological prototype was built with a self-supporting mechanical structure,
fulfilling almost all the ILD requirements

@ compactness

o homogeneity

o low power consumption

o Power pulsing mode: Important feature of ILC detectors to reduce power consumption and

heating for highly-granular detectors
Electronics switched on just before the bunches train and off after
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Tests beam summary

August-September 2012 on H6 line
for 2 weeks

November 2012 on H2 line for 1

week

December 2014 on H6 line for 1
week

Large beam size, low particle rate
< 1000 particle/spill

Triggerless acquisition: all hits are
recorded untill a ramfull occurs,
then data transferred and
acquisition starts again

Power pulsing
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SDHCAL Performance

o Efficiency: probability to find at least 1 hit within 3cm of the reconstructed track in
the studied layer. € ~ 96%

@ Multiplicity: mean number of hits matched on studied layer within 3cm of the
impact track @ ~ 1.7
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Event selection

Event selection

Electron rejection Shower start > 5 or Nigyer > 30
Muon rejection Fri >2.2 No
Radiative muon rejection M >20% containement

Neutral rejection NhiteFirst 5 layers = 4 cuts
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Calibration

@ the beam parameters were optimized to get spills containing less than 1000 particles

o For some runs with rather high intensity, the number of hits go down with time
within a spill especially with the number of hits associated to the second and the
third thresholds.

o Limitation of the GRPC rate capability

o Degradation of the energy resolution.
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Calibration

@ We correct for using a simple formula Neorr; = Ni — Siope; X TimelnSpill

@ N; : number of hits for each event
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Energy reconstruction: Quadratic parametrisation

0 Erec = a(Niot) X N1+ B(Niot) X Na + v(Neot) X N3 in case of S.D readout.
Erce = CNiot + DN2, + FNZ ;. in case of Binary readout
o N;,N3,N3: number of hits for thresholds 1,2,3(0.114pC,5pC,15pC)

Niot = N1+ No + Ns

a(Neot) = a1 + a2 X Niot + ag x Nio

B(Niot) = B1 + B2 X Niot + B3 X N2,

Y(Niot) = 71 + Y2 X Niot + 73 X N2
@ «,f,v: quadratic Weights2of Niot obtained from like x? minimisation:
o= Y (Beam—(Eee)

Epeam

shower developpment pion 50 GeV

CALICE Preliminary —_ B

Calibration coefficients
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Binary-based study

>
Q
19}
9
g
L

90

80

o

a)

70

Oreco/Ereco

60

o
N
o]

o
o
)

L L B B B
-
.

Ervv b b bev v b by

50

o
N

40

30

20

o
s

10

0.

s

T T

I FI A WA N W EE N
10 20 30 40 50 60 70

o Epran [G6V]

AE/E .
o

&

8070 80
Ebeam [GeV]

O
[N
1S)
N
o
w
o
N
)
a
=]

Sameh Mannai reconstruction in SDHCAL ACAT January 1



Systematics

Systematics
Changing the cuts (5% changes)

Differences observed in simulation with and without cuts

Beam energy (2%). this includes difference coming from proton/pion (in case of H6
data)

o Difference between fit using CB and Gaussian fits)
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Multithreshold-based study
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Multi-threshold vs Binary
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Energy recontruction: Artificial Neural Networks

o TMultiLayerPerceptron of root
package.

Hidden

2 hidden layers with 6 and 2 neurons. b

Hidden Output
layer

v
.ﬁ — Reconstructed Energy

The input variables: N1,N2,N3 . fuput lay

@ The output variable is the
reconstructed energy: Eyec .
Monte Carlo Simulation

e Training Samples: Odd energies, 1-99
GeV (50 training samples)

o Test Samples: Even energies, 10-90
GeV (40 test samples)
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results in MonteCarlo Simulation
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ANN results in Data

@ Architecture of the ANN : One hidden
layer of 8 neurons.

F T T T T |
@ The input variables: N1,Ng, N3 . Lrooof- [ ¢ <Ny> *
5 E " <N,;> . B
@ The output variable is the 1000 | 4 zmzz . -
E [ L* 3 . ]
reconstructed energy: Ejec - I ol E— .o E
. © C |
o Data SPS H2 and H6 taken during 2 ool ° . E
2012 i . ]
400~ L -
@ Training Samples: Trained with Simulation L . |
samples, odd energies:1-99GeV 200~ : R N o
@ Test Samples: 2012 tests beam data: E P . .o
Energies(5,7.5,10,15,20,25,30,40,50,60,70 and 80 e e T T e
Gev) B GeV)

@ An improvement in energy resolution reaching 13%

at high energies comparing to quadratic method
N, pion 50GeV N, pion 50 GeV/ N, pion 50 GeV/
o
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Muon /electron identification using ANN in MC

o TMVA of root.

@ Method: Multilayer perceptron MLP. . ? i r—)

Entrias 160000

@ Training - W s
@ 28000 electron : energies: 1200

2,3,8,10,15,20,25,30,40,50,60,70 and 80 GeV
@ 14000 pion with energies 10,20,30,40,50,60,70 and

80 GeV i
@ 9000 muons events with energies: 0.5, 2 and 10 500
GeV .
@ Variables: the total number of hits, =
start, width, mean radius, longitudinal ey e
centre of gravity of the shower
MzStart Start Width
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on/electron identification using ANN in MC
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Conclusion

@ The SDHCAL prototype is built and successfully tested in tests beam
@ Good data quality and stability were observed

@ Analytic energy reconstruction method is well understood: Good energy resolution
with satisfactory linearity

@ ANN technique used for energy estimation giving promising results

@ ANN used in particles identification giving similar results to classic event selection
with a slight improovement in energy resolution but a better linearity.
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Back-up
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PFA

Charged particles: 65%
precise measurement by Tracker

Photons : 25 % measured by EM
calorimiters

Neutral hadrons : 10 % measured by
HCAL
Tracker measure the Energy deposited
of charged particules then eliminate
them of the calorimeters.

Calorimeters are used to measure
Neutral particules once deposited
energy of charged particles eliminated

op 21 E 03 o

— = 5073 0004EG 21| —— ]

E - JR ey @ g (100 GeV) ¢
Calorimeter Track Leakage Confusi
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PFA

To distinguish between Z W= jets, the
ILD energy resolution should be
comparable to the widht of the bosons
mass spectrum < 30%/vE.

mZ/mwW =113

mZ- mW = 10.7698 GeV
mZ =280.42 mw

GeV =91.18GeV

TW = 2.04610.049 GeV
[Z = 2.4952+0.0041 GeV

600
op 21 E 03
— =073 00MEE 21 (| —— %
E V/E/GevELQ ﬁ T @ (mm:ev) N 400
t
Calorimiters Tracker Leakage Confusion 200

High granular calorimiters allow the
minimisation of the confusion term in
energy resolution
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Multithreshold-based study
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Multithreshold-based stu
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NN regression estimation
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NN ldentification
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NN ldentification
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Event selection

@ Pions Data are contaminated with muons,cosmics, electrons —> Event selection
o Electron rejection: Shower Start > 4
o Muon rejection: Npjt/Nijayer > 2.2
o Neutral rejection: Ny in the first 5 layers> 4
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