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Introduction

s Motivation
# ILD is costly, especially SIW-ECAL & Yoke.

s Options:

® Reduce ECAL number of layers (reported at LCWS12 & in DBD)
+ outer TPC radius (— ECAL, sDHCAL, Yoke's radii correspondingly) together with

length (keep ratio constant)

similar study done for SiW-ECAL |& + A
+ AHCAL(M. Thomson @ Lol R
and recently by J. Marshall *) B 4r

# change B-field £
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s Validation of ILD models
# Simulation done with Mokka (Geant4).

+ Tracking performance (important input for PFA, since 60% of jet energy from charged

particles)
+ PFA performance: With recent PandoraPF ANew

SiW ECAL-sDHCAL dimension-performance optimisation

2/19



Parameters

Unit: mm # When mention: R, " means that the
Reca ™ 1843 1600 1400 1200 whole ILD detector model is reduced
% For all models, ECAL, HCAL have
R 1808 1565 1365 1165 same thickness as in baseline design
# Same B-field (3.5 Tesla), sensor size
IPE 2350 2040 1785 1530 (5%5 mm? for SiW ECAL and 10x10
half_Z mm?* for sDHCAL)
TPC half Z=R___inner x 2350/1843 #% SiW ECAL has 30 layers (29 Si layers)

ECAL

Samples & calibration procedure

@ Muon's, gamma's, K

Energies: 1, 3,5, 7, 10, 15, 20 - 100 GeV (step 10GeV)
10k events for each sample
For energy correction in function of cosf: 100K events (gamma's, K°)

Jet: ete- » Z - gqgbar (uds), energies: 91, 200, 360, 500 GeV

s Calibrations are done in following steps:
1. ECAL & HCAL calibration: conversion of deposited charge to energy
2.Pandora weights to EM and HAD energy
3.Angular correction of energy for neutral particles & photons
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ECAL + HCAL calibration. S
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# Based on single particles
@ EM calibration coefficients are adjusted from default value for every radii within 1.5%
@ Hadron calibration at calorimeter energy level is fixed
which was determined for sDHCAL prototype using 3-threshold mode: 0.114, 1.39 and
3.65 pC (cf. A. Steen's talk on SDHCAL performance)
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Energy resolution for gamma

v energy resolution vs Radius
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- no changes in resolution for single photon events
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Hadron calibration: parameter scan. Stzep 2.

@ Two calibration constants within Pandora: weights to energy deposites in ECAL and
HCAL which belong to hadronic shower

@ Set of parameters are chosen so that:
¥ Jet energy resolution is as small as possible (for all energies)
«# mean value as closed to reality as possible

@ Scan based on single jet energy resolution o, /E ©

« Once close to 2l 20—
minimum, 5% of F
change in HAD and $ €
EM scale does not 15— 4.04 4.10 447 [N 4.45
affect significantly -
the resolution 10— H H 3.92 ‘3094|401 412
5 405 (417
[ 4
0:— 4350 402 414
red boxes: mean value differs to n 3.8
real value by less than 1% S 4.07| 417
: : 10— A5 : 3.6
(*) the JER is expressed in terms of - I | I
RM390 10 0 10 20 30 40 50
I'mSgD(Ej) _ I'mSgo(Ej )\/§ E2H+ [%]
E, E;;
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Hadron calibration: parameter scan (cont.)

: <
# Scanning should °':' 20— 91014 91.29 91.56 92
ensure that energy T ¢
. ~ 91
mean value is closed T 450 ARERARAN PN 33191.62 91.92 92.29
to generated E._ u
jet-jet L 90
10 - H 8997 R NRI RGN 1518191:38 91.63 91.94
- 89
5— ERARA A (A IOMRG A g4RIsEg 4740 91.69
- 88
0— fEEaZ 8958 CONG CN20 G0AT CO.T6 GO.CT CH2T CERGE]
u 87
51— G BECNNG G027 G666 GO.7a GALO7 CEEEN]
- 86
-10 — 88718 89.65 89:89 908N AZRANME N1 .15
— 1| 1 1 7 | 1 1 1 1 | 1 1 1 | | 1 1 1 1 | I 1 1 1 | 1 85
-10 0 10 20 30 40 50
E2H+ [%]

# Scan results show that:
¥ EM scale should be increased by 20%
¥ HAD scale should be increased by 5%
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Hadron calibration: parameter scan (cont.)

2 of
s Scan repeats for : + 20 48
.o N I~
+ all radii T 150 46
¥ for energies 91, 200 and :
10—
part of 500 GeV :
s Optimal for JER always at 51
+20% for EM scale and +5% -
0__ 4,29 430 431
for Had scale -
-5:— 480 alaw R = 1400 mm
?‘o 20:— 3.73 3.71 373 _10:_ Ejj = 91 GeV 3.6
5 : :I 1 1 | 1 1 | 1 | | | | 1 | 1 1 1 1 | 1 | | | | 1 | 1 1 | 1 1 | 1 | 1
T .. 10 0 10 20 30 40 50
15:— SbL sbn sk E2H+ [%]
103— 49
- 3.4 @ Variation of JER is <1% if
S s 342 B0 e change scale by 5%
- 3.2
0— N G G e G
: 3
SE R =1400 mm,
- E. =200 GeV g
-10_— 1] .
—1 1 | | | | | | | | | | | | | | | | | | | 1 | | | | | | | | | | | | |
10 0 10 20 30 40 50
E2H+ [%]
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Angular energy correction. Sizp 3.

# Mean value of energy shows a significant dependence on polar
angle, especially for lower value of radius: due to gap between
modules (ECAL+HCAL), alveolar structures (ECAL),

;- 5 L L ] % 10.4 i L T T d
o I i - i
9) I KaonOL 1 9 0oL Photon N
§§ 45-— \ —- ?I:LlcILJ 10--—1"—' - ZE o === ]
L = =B - T RS —— —— _
_434:_;3 J==tc ] = F - :
i B gy o8- - -
—p— . —v—
4 —— R=1843 - i ' —— R=1843 i
- —=— R=1600 i 96 —=— R=1600 N
N —+— R=1400 i - —— R=1400 -
| —+— R=1200 - [ —— R=1200 i
3 5 1 1 1 | L L L | L L L | L L 94 1 1 1 | 1 1 L | L 1 L | L
0 0.2 0.4 06 0 0.2 0.4 0.6
|cos(0)| |cos(0)]
Effect of correction on JER
E; (GeV)  Reca before after E, (GeV) Reca before after
1843 3.89 3.85 500 1843 3.12 3.06
1400 4.23 414 1400 3.71 3.64

Trong Hieu TRAN SiW ECAL-sDHCAL dimension-performance optimisation 9/19



Mip calibration: muon's at 10 GeV

@ Mip calibration: how energy in 35000 —
. . — Rg;, = 1843 mm
calorimeters are translated in to MIP 20000 £
ener = Rgc, = 1600 mm
8y . . 25000 Rgca, = 1400 mm
@ Controlled by equivalent number of mips e R™ = 1200 mm
per cell for each event 20000 meAt
15000
ECAL
10000
5000
OO 0.5 ..%...%-5....2....25....3...23-5....4....4?—%
Mip per cell
25000 — R0, =1843 mm @ Double-peak structure for ECAL mip
— R™ =1600 mm due to two sections with different
20000 RI™ = 1400 mm sampling fractions
— R =1200 mm

15000 ECAL

# Very small difference in MIP calibration
between different radii.
(Fluctuation.)

10000

MUON

5000

1 L
0.5 1 1.5 2 25 3 35 4 45 5
Mip per cell
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Single particle resolution: muon's

g 0.6: —_— ;._ mud
s - — - mul
© 0.5 13 mu-5
- —— —¥—— 7
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0.4 —x— mu15 Momentum resolution of muons
C i mu-20 H H H
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~ —_—t  mu-50 .
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——
10 GeV p's

Or in terms of resolution of 1/P_ of

track.
Degradation in 1/P_ resolution by

~60% from radius 1843 to 1400 mm.
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= RiZ, = 1700
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Performance:
Jet energy resolution
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Jet energy resolution vs Radius

< O
= = -
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SiW ECAL: 5x5 mm?, AHCAL: 3x3 cm?, sDHCAL: 1x1 c¢cm?

@ JER is determined using Z - uds
(Z decaying at rest- gqgbar)
@ CM energies:
91, 125, 200, 380, 500 GeV
- Jet energies:
45, 62, 100, 180, 250 GeV

4 This giucly: solid lines,
PandoraPr Al lzw v0.09

4 Nzgulrs fope ARlCAL @ Lot
- dashed lines, PandoraPF A

4 pzazqr Ugdaizsg for ArlCAL
-~ dotted lines,
PandoraPrAl lzw v0.12
(ef. T, Mearsndll™s ralic)

¥ PandoraPFANew is not
optimized for 1x1 cm?
sDHCAL

¥ even though, sSDHCAL seems
to have similar resolution at
medium energies as AHCAL
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Jet energy resolution vs E

S 5""' @ At low energy, JER is dominated
~ [ e iiemm by intrinsic calorimeter
a5l B resolution — mainly HCAL
& i —— R™ = 1200 mm i (1/sqgrt(E))
= - 1| @ At higher energy (250GeV)
=~ 4} — confusion term dominates
W ] -» JER increases
5 i 1/ @ R=1200 mm does not seem to be a
€ 351 - good option

3 ]

ogluv e by v v i b b v by 1]

50 100 150 200 250
E [GeV]
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Further cross-checks

@ DHCAL in analog mode
@ Effect of tracking on PFA performance
@ Magnetic field
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Change of B-field

@ |LD with Ecal inner radius at 1.4 m is chosen for the study
@ Change default B field (3.5 T) by a factor of 0.9, 1.1, 1.2 and 1.3 - 3.15, 3.85, 4.20

and 4.55T
— 5
é L -
w- ot 1 * Improvement at high energies -
S450L - confusion reduced
8 - 1 # Forlow energy (45 GeV),
~ t - improvement at low B-field: at higher
W 4L N B-field, loose of low energy tracks
8 B 4
7p} B .
S i I > I ]
3.5 i\ H oz —
: \r/' 3 i
[ sDHCAL H ]
—-o— 45 GeV jets
3 [ =100 GeV:ets B
- 180 GeV jets -
- =% 250 GeV jets -
2.5

o 3\‘3 15,‘3(3 ,5‘_2)6 bﬂ’g D‘_ca‘a

B-Field [Tesla]
Rec, = 1400 mm, 29 Si layers, 5x5 mm?
sDHCAL 10x10 mm?
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Effect of tracking on JER

— 5
o
S, i MC Track 1 @ Tracking performance degrades for small
@‘ i et | ] radii = effect on PFA performance need to
84.5 -4 180 GeVijets  — be checked
- - --3-+ 250 GeV jets - _
S - 1 @ Use MC truth tracks as input for
S - - PandoraPFA
—~ — —
- 4r { @ Slight difference observed but not dramatic
2] - -
£ 3.5 - .
: Rec. Track :
- -—e— 45 GeV jets .
3 -=100 GeVjets -
[ 180 GeV jets i
L. =250 GeV jets 4
2.9 P P p PO @O P >
AT ADYT ARYT ADYT ARV AT AD
inner
Recal [Mm]
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@ Recalibration:

+ Conversion factor (charge — energy)

DHCAL in analog mode

@ Take energy as proportional to deposited charge (like AHCAL) in gas

# Scanning also performed
@ However minimum of JER is ~4.18, far from what given with digital mode (hit counting)

a0 R 20—
%15i 515;
I = E C
10;— 435 433 10— HDAR 011031 91.24 91.57 91.83
52— 423 25 5?— DRI F2R01I02] 91.31 91.59
0;— L2288 51 B 23 SRS OV NEE SRR 46 of— BDBEMODIGDRODIE0N0103" 91.30 91.61 91.86
-5% 120 .13 421 427 _5; .15 90.3)
-10§— 121 ) 421 4:251 USRS -103 3993 90.21 074N 90196 91.20° 91.43
-152* 433 423 128 -15; 39.77 90.02 90,32
'20; 145 e o =B -20%— 3933 39,33 90.32 9088 m
'Zsml.f}“m....m.. '25;‘ M 25 L
0 5 10 15 20 25 30 35 40 "0 5 10 15 20 25 30 35 40 O
E2H+ [%] E2H+ [%]
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Summary

@ Performance SiW-ECAL and sDHCAL for different radii studied in Mokka and Pandora
@ Calibration was performed for every radii

@ for single particles

@ internal Pandora weights to Hadronic & electromagnetic components (2-dimension scan)
@ If choose to reduce radius from 1.8 to 1.4m, JER increases:

45 100 180 250
1843 3.85 3.01 2.97 3.06
14090 4.14 3.35 3.39 3.64

However,
+ we should mention that potential of high granularity is still not fully explored
+ we may allow degradation but we gain in price as a function of R? !
@ Several cross-checks have been done:
#* Effect of tracking: negligible to JER
¥ Magnetic field: small effect for highest energy jets
# DHCAL in analog mode: hit counting seems better than energy counting

@ Future plan:
¥ extend study with 1.4 m for Ecal inner radius and with 19 Si layers
¥ add jet energy point at 62 GeV (in progress, some features not fully understood)
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Backup slides
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Dependence of energy on cos©
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quark

@ Large dependence on costheta
o

hp1843_uds_500
Entries 6274
525 Mean 0.3655
- Mean y 498
520 RMS  0.2045
- RMSy 16.78
515
= sum of PFO energy
510/
505
S
500 T+
= -+, —+
= T e+
495 +
490F
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475:IIIIIIIIIIIIIIIIIIIlIIIIlIIIIlIIII|IIII|IIII|IIII
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Kaon OL in jets

Entries 9327 \_—‘ Entries 15906
F Mean 5.022 400 Mean 11.68
¥ RMS  5.843 n RMS 16.59
350 i
I 350} 500 GeV
3001 91 2 GeV ¥
. 300
250} h
250
200
200
150 1500
100 100]
50, 50|
0:\\\\ | "-—‘-‘-l‘\IJ{JII\‘II\\‘\\\Illlll‘\\\\lll\l 0:|||| L1l I“l‘lhj‘""‘l"'ll*-"‘}"I.Alll‘IL.IJ;.\IllL‘.JiLL
10 20 30 40 50 60 70 80 90 100 O 10 20 30 40 50 60 70 80 90 100
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@ Procedure:

¥+ Chi2 method

Had calibration

#+ sum of energy in calo = Ecal Energy + (N, t. + N, t, + N, t,)

+X>=2(E
4

rec

—E

sim

)2 /Esim

|

[ thresholds

N. : nb of hits corresponding

to threshold t

o
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ter scan

iC parame

S

Pandora hadron

“Valley” is broad.

Once parameters approach

minimum, JER does not change

significantly

'4")'/// "
i

<+ ®
L3P ]

.._ | I
© v
3 -

o
-
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Pandora hadronic parameter scan

10.2

10

4o
$o

ST
4o
3
4o
5

AR & .

9.8
9.6
9.4

9.2

9 | | | | | | | | | | | | | | | | | | | | |
0.2 0.4 0.6 0.8 1

o

cosO
Comparison PFO energy & hit energy. Photons' at 10GeV
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Energy correction vs cos@

1000

800

600

400

200

DIIIIIIIIILI_I_I_lI AT EEE FEERE N ' PR EEEE

-0.005 -0.004 -0.003 -0.002 -0.001 0 0.001 0.002 0.003 0.004 0.005
A cosb (rad)

@ Difference of reconstructed and generated photon polar angle.
@ Average is less than 1mrad
@ — safe enough to do a correction in function of cos6
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ILD layout

2348 2622 3922 4072 6622
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Half-Z reduction

Hit Z distribution
h_Z br1 h_Z_br1
«10° Entries 2386056 ><103 Entries 2452481
~ Mean -1186 C Mean -1822
— RMS 173.2 - RMS 266.5
160 — B
- 100— |
140[ B
120— 80|
100(— B
— 60—
80— B
sof— a0/
40— B
— 20—
20— -
0:|||||||||||\|||||‘|||| |\|||||||| 0_‘“‘ll“\\\\‘l\ll‘\l\\l\l_l \II‘II
-3000 -2000 -1000 0 1000 2000 3000 -3000 -2000 -1000 0 1000 2000 3000
R=1200mm, halfZ=1530 mm R=1843, halfZ=2350 mm
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