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Calorimeter Parameter G[b @/%l

F’min Rmax zmin zmax Nlayers
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Calorimeter Shapes

m ECal/HCal: regular 12 sided
polygons

m Overlap of the LumiCal and ECal
endcap plug

m Cutout in the HCal for smaller HCal
Endcap inner radius to increase
coverage and decrease transverse
leakage

» Too small radii get overwhelmed by
vy — hadron backgrounds
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Current Status of Performance d[b <c\§l

m Focus on on-going studies and recently solved problems

m Comprehensive CLICdp note on all aspects of detector performance is being
written
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Track Cluster Matching AR &)

m Track—Cluster matching in
PANDORAPFA based on track-state
position and shower centre

CLICdp work in progress
T T

n LOWGI’ effiCienCy at the - pion identification e‘fficlency‘ E:‘lO GeV I 4
barrel/endcap transition region, 1L ILCSoft17-0823 ]
dependent on the calculated - ‘ostaTen ]
distance of the shower to the 095F 3
track-state on the barrel surface

> Increasing the maximal allowed 0.9k ]
distance recovered efficiency h ]

m Proper Fix: 0.85F i I

> LCTrack class in PANDORAPFA to E ‘ ‘ ‘ L]
hold multiple track states, check -1 -05 0 0.5 1
cluster position against all 0SBy
track-states 10 GeV charged pion reconstruction

» DDMARLINPANDORA fill track-state efficiency against polar angle

at calorimeter barrel and endcap if
the track-state in the endcap would
be above the inner radius of the
ECal barrel
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High Energy Cluster Reconstruction AR &)

m 500 GeV charged pions are

generally well reconstructed PHER oK PIOSS

(energy from track), but additional 3500~ pion, E=500 GeV' E
PFO i d 3000 pion identified E
is create ssool —— else E
m Total reconstructed energy with long 2000f- leading particle E
tail to higher energies. Energy flow 1500E- E
like behaviour of PANDORAPFA oof- cnergy E
m Total cluster energy overestimated soE S E
C L I L Il Il 3

m Calibrating at 500 GeV removes fo0™"350 500 550 B00 B0 700 750
Errg [GeV]

superfluous cluster creation
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High Energy Cluster Reconstruction AR &)

m 500 GeV charged pions are

generally well reconstructed (energy CLICdp Workin Progress
from track), but additional PFO is 12001 pion, Ex500 GeV |
cre ated 1000 :, pion identified {
r no signal particle in event ]
m Total reconstructed energy with 800 E
long tail to higher energies. 600 total reco =
Energy flow like behaviour of wool- event energy
PANDORAPFA ool E
m Total cluster energy overestimated E ]

. i 200 4‘50 500 5&‘30 600 650 760 75(
m Calibrating at 500 GeV removes EVO° [GeV]

superfluous cluster creation
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High Energy Cluster Reconstruction

m 500 GeV charged pions are
generally well reconstructed (energy
from track), but additional PFO is
created

m Total reconstructed energy with long
tail to higher energies. Energy flow
like behaviour of PANDORAPFA

m Total cluster energy
overestimated

m Calibrating at 500 GeV removes
superfluous cluster creation

CLICdp Work in Progress
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High Energy Cluster Reconstruction m @)

m 500 GeV charged pions are

200CHIGdp Work in Progress T 1087
generally well recoqgtructed (er?ergy o on o | it
from track), but additional PFO is 180 pion identified E
created 160 ; no signal particle in event é

140 —

m Total reconstructed energy with long 120} E
tail to higher energies. Energy flow 1:2: E
like behaviour of PANDORAPFA ool E

m Total cluster energy overestimated 3 E

m Calibrating at 500 GeV removes Skl 50

. Os
superfluous cluster creation B [GeV]
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High Energy Cluster Reconstruction

m 500 GeV charged pions are

CLICdp Work in Progre e
generally well reconstructed (energy == % %"
from track), but additional PFO is 180E- pion identified E
created 160 no signal particle in event 3

140 —
m Total reconstructed energy with long 120} E
tail to higher energies. Energy flow 1:2: E
like behaviour of PANDORAPFA ool E
m Total cluster energy overestimated 3 E
m Calibrating at 500 GeV removes R R R o ‘;EOAO 50
superfluous cluster creation Bt [GeV]
m Need non-linearity correction
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Software Compensation at CLIC Energies elb <c\a<~§’

CLICdp Work in Progress
T

Initial parameters and bins for weighting - Z S etrons, 500 GeV
function do not cover sufficient energy 0 oKL s0Cey v
range. By default 10° ——— KOL, 3000 GeV ]
m Only applied for hadrons up to 102 ]
100 GeV E
. _ . 10 3
m Highest weighting bin: 30 GeV/dm® E
Increase number of energy samples and 1 3
extend binning for parameter extraction 0 500 1000 1500

E [GeV]
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Software Compensation at CLIC Energies (i) <C\W

Initial parameters and bins for weighting m

function do not cover sufficient energy Z otk

range. By default

m Only applied for hadrons up to 10° |

100 GeV

m Highest weighting bin: 107 |

30 GeV/dm®

Increase number of energy samples and
extend binning for parameter extraction

CLICdp Work in Progress
T T T

—— neutrons, 30 GeV

—— KOL, 30 GeV

5 10 15 20 25 30
Hit energy density p [GeV/1000 cm?]
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Software Compensation at CLIC Energies n @)

Initial parameters and bins for weighting — gHCd Workin Progress
function do not cover sufficient energy S | ]
6 .
range. By default L 10k neutrons, 1000 GeV 3
m Only applied for hadrons up to Z s I —— KoL, 1000 GeV
100 GeV ;
m Highest weighting bin: 10'F
30 GeV/dm® N ,
10° E . . . E
Increase number of energy samples and 0 50 100 150 200
extend binning for parameter extraction Hit energy density p [GeV/1000cm’]
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Software Compensation at CLIC Energies

\

CLICdp Work in Progress
T T

Initial parameters and bins for weighting . T .

. . . F all events
function do not cover sufficient energy 400150 GeV — def weights]
range. By default : — CLIC weigh}s

m Only applied for hadrons up to 300;_ _

100 GeV 200F 7

m Highest weighting bin: 30 GeV/dm® 1ok ]
Increase number of energy samples . ]
and extend binning for parameter 87708 o090 1 13,32 13
extraction Equm [GeV]
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Jet Energy Resolution d[b @/%l

CLICdp work in progress
T T

B — 50 GeV Jets
190 GeV Jets

—— 250 GeV Jets ﬁ
6 1

J

m Applying software compensation

j
IN

- — 750 GeV Jets .
— 1500 GeV Jets
I ———— H]
iﬁ '

RMS90(E) / Mean(E) [%]

improves jet energy resolutions i |

compared to hadronic energy I |

truncation 21 1

m Offers some non-linearity correction I |
0

as well 0 02 04 06 08 1

cos(8)|
Jet Energy Resolution with not fully
calibrated software compensation
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LumiCal Reconstruction: Current Status | YN

LumiCalReco

m Fiducial volume cuts no longer applied by default — cluster was not written out
if too close to the edge of the detector

m Fixed some memory issues; adapted to changes in dependencies; fixed some
compiler warnings and coverity issues

outstanding vs Fixed defects over period of time

—&— Fixed
150 defects

—&— Qutstand...
75 ><7
0.0

Oct 2016 Jan 2017 Apr2017 Jul 2017

m Polar angle reconstruction much worse than from previous studies. Though
need tuning of reconstruction parameters

m Need to check reconstruction performance with overlay. Problems seen in
FCCee (Georgios Voutsinas) reconstruction, that all energy is clustered
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BeamCal Reconstruction ﬂp §c\/§l
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BeamCal Reconstruction Efficiency M @)

m Fake rate and reconstruction efficiency of 1.5 TeV electrons with 40 BX of
CLIC 3 TeV incoherent pair background

m Reconstruction can be tuned to reduce fake rate or increase efficiency

@ 0.2 w
2 F [
=0.18F —e— clustering, pregen bg - 22, 4o 0,07y 000000000000
% r » shower fit, pregen bg L OS?“' *
+~0.16— i i
100 shower fit, gaussian bg = %
0.4 o8- °
C = * ¢
0.12 L
01F oo
0.08[ r
r 0.4 E.=1500GeV
006E% &4 o & & C s 4 a 2 [ e —e— clustering, pregen bg
0 04i N . L —— shower fit, pregen bg
P 0.25 —e— clustering, gausian bg
0.02[- L —— shower fit, gausian bg
L | A
S S S N A R T T A
0 600 800 1000 1200 1400 O5 10 15 20 25 30 35 40 45 50
E,. [GeV] 6, [mrad]
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BeamCal: Cluster Position Issue AN )

m Fixed position of reconstructed
cluster on the backward side
» Local coordinates azimuthal angle
rotation differently than global
coordinate system
» Cluster position wrongly calculated
based on pad IDs

m Added test to check reconstructed
cluster position automatically for
forward and backward direction

Start 1: t_BeamCalReco
1/1 Test #1: t_BeamCalReco ....... Passed 27.79 sec
100% tests passed, O tests failed out of 1
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Summary m @)

m On going work to optimise calorimeter performances

m Software compensation showing improvements, but need some work to
extend to higher energies

» Might solve non-linearity issue along the way

m Forward calorimeter reconstruction included in default reconstruction

Many thanks to Matthias Weber for all of the ECal/HCal material
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