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(ﬁ@a Content U/L

e Part I: LC Physics & GRPC DHCAL

* Part ll, Software developments:

* Druid, Event Display for the LC
 PandoraPFA @ DHCAL & performance Diagnose

 Toward reliable simulation: detailed geometry
Implimentation, comparison and digitization

» Hints to Improve Energy Estimation

09/03/2011 Reco Efforts Report @ LAPP 2



Part I: Physics @ LC & GRPC
SDHCAL

ILC
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@@a Physics @ LC U/L
Higgs? D »[SUSY? D
(Ne (Mo l

Measure as many parameters as possible

LC fills LHC loopholes Extrapolation to GUT scale shows way
to breaking mechanism
LC can see signals of SEWSB
- Measure properties of dark matter
LC sensitive to new gauge sector with high precision
To Y
P Higgs properties guide way
- to model of EWSB
Several models have additional
gauge bosons (ED, little Higgs)

Precision mass &
ew couplings

A LC is needed besides

Klaus Moenig: Physics potential of LC the LHC in any case
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CAL(e2 candidate Linear Collider

Calorimeter for ILC

(:] e . Extrustion im®

o - Alr supply ('\\\/{‘;é';\ ! B - Adr sepply Tng

o N e Power; Vassum & EI for Transfer lines

e f /
B S S00 JaV Dalay Drive bess
- " 4 2 n et

- il S
—_— )

Drive banw

f __Cabls trays |
5 N3
1_joan. Sarvizes
................. 1 Mr‘
[
] |1 A Powsr: |
Fii flghtL -l
I:N;; ghiisy water | 2 0 TAIM {opt.)
LEN supply i ]
= - = o e } £ =
LG ragirn . ol 4 y -
e — e | =] E
! N :
Corpressad sir DHIS3
LN ground -~ . NLin b
VCM_pround = .,
Grvp. - ™, \_‘ \M
LY ] !
Machina i ey 1GERONLG PR L — N
\ afe pa: ,
Elsctronic racks + Shielding wgmmi::th FL1lwr A \ ™, Tranaport trads
N Treseport > : = "6 Pips + Darping suteris) - Sector &
orainage Pps o~ Orainaga
ILC - Typical Cross Section - Diameter 5200mm - Scale 1:25 ( TG hypLanl-Crans;: ot tonss D;i:::'r m:";‘J'}n:t:::n:::: T“m, :r::n:ﬂ; ;;:E
KLY CLUSTER EUROQPE - J.0sborne / A.Kosmicki -November Bth Z2___ § >

 CLIC: Compact Linear Collier, center-of-mass energy: 0.5 - 5 TeV. Warm technology
( Room temperature & high gradient ( ~ 100MV/m), small bunch spacing ).

* |ILC: International Linear Collider, center-of-mass energy: 0.5 - 1.0 TeV. Cold
technology ( 2K & low gradient ( ~ 31.5 MV/m), large bunch spacing )

« CLIC & ILC: very different accelerators with similar detector.
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CAL(@d  Jet resolution & PFA

Calorimeter for IL

Final states in e+e- interaction up to 1 TeV c¢.m.s

PartiCIE FIOW A|90r|thm Multi bosons Multifermions + Boson(s)
/H ete"H ,e+e- 72
. . ] WW vwH,vwZ
Measure jet particles in 7z ttH
) ZHH evW

different sub detector! 77 v WW, v 22

IWW ttbar
Ejer = Ejareedtracks T By + Epo Di-jet mass for WWwv & ZZwv @ 500GeV

fraction 65% 26% 9%

60%/\E 30%/VE

Charged Particle — Tracker:
Ap/(p*p) ~ 2E-5 (1/GeV)
Photon — ECAL.:
AE/sqrt(E) ~ 15%
Neutron Hadron — HCAL.:
AE/sqrt(E) ~ 50%

s
ad
&=
o
-

Given a perfect detector with no confusion:

Gljet=0%h.+ O%y + G°h'  gives about 0.14)¢ E.
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CALi(ed

Calorimeter for IL
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Jet energy resolution

+ TESLATDR 2001 - PFA _LLR

JETS with G4 sim. & rec

. PANDORA 2010 - PFA
JETS with full G4 sim. & rec

A DREAM : Measured
on single pion

ALEPH measured

measured The worst enemy: confusion

A
ILC oal‘L !

50 100 150 200 250

Jet Energy (GeV)

J-C. Brient - IWLC 2010

Real life and
real detector

- O Zefficiency [l — loss of particles (not reconstructed)

— Energy threshold to be rec. (depends on species)

O 2threshold

GZ(:onfusion — Mixing between particles in the calorimeter




@@9 PFA Oriented LC detectors I_/I/(L

Calorimeter for ILC

* PFA: less confusion ~ good separation ~ high granularity

Granularity > Energy Resolution for the Calorimetry... I ee
( exception: 4™ concept with dual readout HCAL ) > AI‘

Calorimeter for ILC

 PFA Oriented detector ( both have ILC/CLIC Versions ):
- ILD ( European + Asia, International Large Detector ): TPC ( + Silicon inner
detectors ) tracking with B = 3.5T
- SID (US, Silicon Detector ): Silicon tracking with B = 4T
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(E@e High granularity Calorimetry l./l/(L

eqg. ECAL Prototype,
10k channels in a cube
of 18 cm side ~ 1/8 of
CMS ECAL

Scintillator| | MAPS Scintillator] | RPC \ GEM || Micro

Scintillator AHCAL with 3 * 3 cm cell @ DESY

2 GRPC Digital HCAL with 1 * 1 cm cell: SDHCAL @ IPNL et al
DHCAL @ Fermi Lab

09/03/2011



CALi(ed

Calorimeter for ILC

Gas: High granularity ( 1*1 cm ) @ low cost

Gas Vs Scintillator

To compare:

PCB (1.2mm)

Mylar layer (50p)

[iB support (FR4 or polycarbonate 1.5mm)

Readout pads

PCB interconnect (lem x 1cm)

Readout ASIC
(Hardroc2, 1.4mm)

]

Gas gap

Glass fiber frame (1.2mm)

’_.Mylar' (175y)

Cathode glass (1.1mm) L‘

+ resistive coating

Ceramic ball spacer (1.2mm)
Anode glass (0.7mm)
+ resistive coating

IWLC 2010 - M. Vander Donckt

» Gaseous detector:

09/03/2011

RPC: High efficiency, homogeneous, low cost, robust...
Huge fluctuation on induced charge: Semi-digital ( channel
coded on 2 bits)

Free of neutron hits

Reco Efforts Report @ LAPP

Sensor layer in Scintillator
AHCAL. Cell size: 3*3 cm, 6*6
cmé&12*12 cm
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% Neutron hits

Calorimeter for IL

40GeV Pion @ AHCAL with/without 0.1 mip cu ',
- | |
.l \ | :‘R ‘l
3 u|+.?‘|}1:r"lﬂl e \ " "
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— o UK, l‘ A A"
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Hit Colour: EM (blue), Neutron (yellow) or hadronic (red)

« AHCAL: Shower centre surrounded by lots of low energy ,/77
neutron hits J
* Needs carefully analysis: Confusion & Energy resolution _;7/ S
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CAu@d  GrPcsDHcAL | UL

Calorimeter for ILC

* Prototypes & test beam

Toward the proof of principle for Detector Baseline Design (DBD, end of 2012)
Mini DHCAL, m2 -» m3 ANR DHCAL with various new technologies

Performance study @ test beam & cosmic ray: homogeneity, efficiency, multiplicity, stability,
noise rate, induce charge spectrum...

1k channels e 10k channels —3pp 400k channels!
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@@9 Reconstruction Software I_/I/(L

Calorimeter for IL

e Goal: develop & optimize the reconstruction chain for ILD with SDHCAL

e Status & Plans:

» Detailed simulation ( full detector and prototypes ) and with experimental input

« PandoraPFA ( Currently Best PFA for the LC ) adapted:
- Preliminary RPC digitization
- To optimize PandoraPFA for SDHCAL

e Specialized SDHCAL algorithms: under development

- Density & NN analysis, Kalman filter, Hough transform...
- Specialized clustering + Energy estimator

« Druid ( event display ): heavily employed in algorithm development

09/03/2011 Reco Efforts Report @ LAPP 13



AL

Calorimeter for |
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DRUID

 Motivation:

e To understand the ILC events
& jet/shower details

 To debug simulation and
reconstruction algorithm

e Based on ROOT Teve:

 Visualize event information

( slcio file ) and/or detector _
geometry ( gdml file ) in Up:1TeVitH evt @ CLIC SID
arbitrary combination & Down: 40GeV pion shower @ ILD

different styles

« Compact (src code < 10k line),
Minimal dependency ( LCIO
(latest > v01-51-02 ) & ROOT
( latest > v05-28-00) ) and fast
(~3secforlTeVittHevent @
SiD with projections)

09/03/2011 Reco Efforts Report @ LAPP 15



(E@a GDML Geometry browser I_/I/(L

o Simulated 10GeV Muon event
QQevt@ 2 Thr, ILD with TBCern1006

 GDML file: simulation level geometry information, dumped from official
simulation package Mokka ( version higher than 07-03 )

* Druid: contains all the latest detector models: ( ILDOO, ILDOO_Dhcal,
clicOl1 _ild, sidloi3, clic_sid_cdr_b, test beam prototypes... )

* Tunable display depth, transparency, color, bkgrd, mount/unmount sub
detectors...

09/03/2011 Reco Efforts Report @ LAPP 16



CAL Example geometries

Calorimeter for ILC

ILD a la Videau HCAL (for DHCAL) + inner & SiD Tracker &
TESLA HCAL (for AHCAL)

HCAL Barrel

09/ ifforts R

17



CALi(ed

Calorimeter for IL

LCIO data browser

e Organized by collections:

e MCTruth level: MCParticle tracks

« Simulation level: simulated detector hits: cuboid/points with
tunable size/color

» Reconstruction level:

- Intermediate reconstruction collections: Digitized
detector hits, reconstructed tracks, clusters, Vertexes...

- Reconstructed Particle: PFO (Particle Flow Objects)

* General Options

 General: Zoom, Rotate, Project, llluminating, bkgrd...
e For Individual objects:

- Pick up & read attached information
- Display/hidden: inherit the status from last event

- Color/size options

09/03/2011 Reco Efforts Report @ LAPP

Eve |Files | Options |

[ ¥ Window Manager
[ viewers

LW Scenes

= [ Event

..... (] ¥ MCPARTICLE W

..... [ % CalorimeterHit O

..... [ simTrackerHit O

..... [ TrackerHit O

..... [ F simCalarimeter Hit O

----- [ FReconstructedParticle O
E-=5 W Cluster O

Ela [V FandoraClusters O
..... [ Cluster CaloHit O
..... L™ Cluster CaloHit W
----- [ ClusterCaiotit m
..... L™ Cluster CaloHit @
----- 1V ClusterCaiohit
..... [ ¥ Cluster CaloHit O
..... [ Cluster CaloHit @
..... [ ™ Cluster CaloHit O
[ | ol Tr =k [

- [Z] W LDCTracks O

-5 W Wertex O
E‘a v WOlertices O
Lt [ Wertes @

18



I C:

Calorimeter for IL

 Buttons:

Specify event number

Select rotation centre

Reroll object color if supported, i.e, clusters

Collection selection: switch between two scenarios

e Cuts:

Minimal (default):
MCParticle + Simulated Hits (+ Reconstructed PFQO)

Maximal: All supported collection, to include
intermediate reconstructed collections

PT Cut on MCParticle: ignore event detalil

Energy Cut on Calorimeter hits

« Hits options: specify color/size options

09/03/2011

Reco Efforts Report @ LAPP

Options & Control

Eve | Files Optinnsl
—Ewvent Mavigation

o et B

o~

—Rotation Center, Hits Cnlnr—‘

— Pt Cut (MCParticle), E Cut [Cell
15 il

Gel

[oe 3

Mip

— aimCalaHit Colur:
[PDG of Track =l
[~ Show Cell E = Cut

o

Size (cm. “3 for AHCAL)

—PFOCaloHit Colur:
[PDG of Track =l

BEE

Size of FFO hits {cm)

— Cluster Hit Size:
[ o il —‘

— Calarimeter Hit Size
[ o il
Size (cm, *3 for AHCAL)

DHCAL Thres(mip5):| 0 ﬂ

0.2, 5, 10/5F:

— Global 5F for Calo Hit

Colar Scale: Wﬂ
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Calorimeter for IL(

MCParicles:

Eventhir=8, Track No.=17
Charge=0.000, PID=22, Energy=1.044
(v, Wy, Vz) = (0,131, -1.189, -0.009)
(Ex, Ey, E2) = (-338.983, -1860.310, 26.767)
(Px, Py, F2) = (-0.331, -1.814, 0.026)
MothetPID = 111, MatherEnergy = 4454

-~ -« -~ l
- -y e ™ ”,_
Tau jet (t = v+m°+rt*) with different color option (L - R): energy, PID & index

09/03/2011 Reco Efforts Report @ LAPP 20



@@9 To debug reco algorithm l_/I/(L

Comparing reconstructed & MC objects...
PFO+MCParticle PFO+MCPatrticle + Simu Calo Hit

PFO

i \
i \
i \
\
B \
H \
H \

I e
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\
\
\
\
mle
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=
E ] 3
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= — [
e —
— _ ———
— — — e —
— e — i

Tool is ready... to be utilized in the reconstruction algorithm developments

Accessory: http://llr.in2p3.fr/~ruan/ILDDisplay/Druid_1.9.8.tar.gz ( Manual inside )
21
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http://llr.in2p3.fr/~ruan/ILDDisplay/Druid_1.9.8.tar.gz
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CAL@2  Reaconstruction toolkit U/L

Calorimeter for IL

e Sub detector:
- Tracker: Kink & vertex tagging & treatment
- Calorimeter: shower recognition for extremely high granularity:

» Optimize the algorithm & parameters

« Particle reconstruction:
- Charged particle: Matching & Linking
- Neutral particle: Energy estimator based on topological information

 |dentify EM/MIP part in hadronic shower; Kalman filter to reconstruct
MIP track momentum...

« Compensation

- Particle Identification

09/03/2011 Reco Efforts Report @ LAPP 23



CALI(eo Pandora PFA

Calorimeter for IL

,'", 1 P erformance S
® Currently the BeSt PFA for * Nc:w tested for jets in range 45 Ge\/—T5 Tev
the LC. Developed by M Eser | RMSy,/E,
Thomson @ Cambridge & |LD |:> 45 GeV 3.6 %
Orgamzed INto an . CLIC ILD 100 GeV 3.1 %
extendible reconstruction — 180 GeV | 3.0 %
frame work @ 250 GeV | 3.3 %
Eser RMSo0/E, i g
E 0.2_—
e Optimized for ILD with 45GeV | 3.6 % -
AHCAL + TESLA 100 GeV | 2.9 % N
250 GeV 2.8 % 01—
500 GeV 3.0 % ;
. . 1 TeV 3.2 % *E
« Achieved the physics goal X -
. 1.5 TeV 3.2 % C
of Jet energy resolution: e e e T e
RMS90/EJ ~ 3% - 4% ——
Jet Energy Resolution better than ij%J over whole range
IWLC2010, Genava Mark Thomeon 4
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ALILE9? SDHCAL & Pandora PFA

Calorlmeter for IL

—10pr—T—" 77 ‘Total Reconstructed Energy for Z Threshold uds events AHCAL __jtal Reconstructed Energy for 360GeV uds events DHCAL
S~ *.  — Particle Flow (ILD+PandoraPFA) ] Entries 9% Entries 1000
. . T F Mean 89.88 Mean 352.1
s B e Particle Flow (confusion term) . 0: . RMS 34808 |20 RMS  15.03
8 = - Calorimeter Only (ILD - E DHCAL - AHCAL
--Lu-... 8 T y( } - 80: Entries 1000 = Entries 999
S Wy 50 % / {E(GeV) @ 3.0 % 4 E I Mean 883700 Mean 353.8
)] 5 J 101 I[ RMS 45| [ | RMS  14.96
E e } 80 - JT
" H-PRELIMINARY |
[ 40- C
: uIM.W““_.,....u.u-u i 30: |1 407 J-
] = by 5
] 1 10F i I
'] '] 'l '] I 'l '] '] '] I '] '] '] '] I '] '] '] '] I '] '] 'l 'l : ﬂJJ” Mﬂ :
O I - nn onnm bl % ho oL—L= A nl niTh | Al [ [ o
0 100 200 300 400 500 %% . e  w o o 200 250 300 350 200
E./GeV EA0.6GeV E/2.5GeV
e

« SDHCAL.: finer granularity (1 *1cmVs.3*3cm)
e PandoraPFA @ SDHCAL

« Pandora + Preliminary Digitization + Calibration constant tuning
« Performance with uds evts: slightly worse @ Zthreshold, much closed @ 360GeV

« Performance analysis/comparison with single Pion/Klong events

e Statistic: ~300k each. 1k ~ 2k * 10 energies (10 ~ 100GeV) * 9 polar angles * 2 concepts
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CALI(é®@ SDHCAL. Pion at 6 = 80°

Calorimeter for IL

SDHCAL: E ., - Eyjerr, VS NUM PFO with Pion at 6 = 80Deg

o 401 |

IE: C : | ‘ | H H | |

E [ o I

2 B
- SDHCAL, 10k evts
30— T
S T ]
e N LA i
- - |
- | N N | ;
el E
RN L
s e :
5 0
0_\\I\‘\\II\‘\\\I \I\I‘\I\\i\\l\i\\l\‘l\\l‘\\\l
3 20 10 0 10 20 30 40 50 60

5(E)/GeV

81% evts (8097) has single PFO

107

—
o

1

Low energy tail in delta(E) spectrum, energy loss
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| 3(E) of events with only 1 PFO. 6 = 80Deg, Pion |
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CALi(ed

Calorimeter for IL

Ereco = Eycrrum VS NUM PFO with Pion at 6 = 80Deg

Single PFO evts In the
tail, 6 = 80°

o 40
£

£
2 3

2

-—
o
o

<

30

25

20

15

10

5

&2
=

Higher Energy ( Evt 821)

40GeV Pion at MCTruth

ldentify as 46.6GeV PFO
with 38GeV cluster

Track energy
Reconstruction Smearing

09/03/2011

Low estimated Energy: Pion decay:
40GeV Pion ~ 12GeV neutrino + 28GeV muon...

Possible to be detected by finding kinks along the track
1 & comparison of Calo track momentum Vs track momenturr

4
* :‘
** o o
* *
¢ P 0 DA :0, .
PR
. - ¢
»
*
* >
Y
Reconstructed PFOs: PandoraPF ANewPFOs
EventMr=821, PFO index.=0
Charge=1.000000, FID=211 *

Enaergy=46.577759, MbTrk = 1, MbCluster = 1

W= position= (0.000, 0.000, 0.000)

st clusterhit pos = (357.514, -2013.856, -532.740)
J-momentum = (3.167, -44.143, -11.663)

*

»

*
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Calorimeter for IL

-

Events with 2 - 5 PFOs

SDHCAL: E ., - Eyjerr, VS NUM PFO with Pion at 6 = 80Deg
o 401
IE: C | ‘ | H H | |
E [ o
2 3¢
. SDHCAL, 10k evts
30° T
25 e
-
- N | ;
SR -
S
LIS R R LA -
55 % ;
_\\I\‘\\I\‘\\\I\I\I‘\I\\i\\l\i\\l\‘l\\l‘\\\l
% 20 0 0 10 20 30 40 5 6
5(E)/GeV

~ 18%

Higher estimated energy

(1766) events has 2 - 5 PFOs

09/03/2011

10°
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1

3(E) events with 1<NPF0<6. Pion at 6 = 80Deg, SDHCAL
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Calorimeter for IL

CALI(eo Double counting

(Evt 286) 2 PFOs, Identify as :
100GeV Pion (80.7GeV cluster) + "

45GeV Neutron (45.4GeV) | T - Bvt2le
Total PFO energy = 145GeV S -~ Simulation level
Seed at deep ECAL Layer... _ \‘\\\\\ ‘.

Y
A ]
Y kY
A »
\\‘\:\i\‘\ N "
o\ \\\Q‘\\h ST

.
A}
A " \ ‘\k LR
TN IR |
UL SR L
\ NS\ MO ‘ \
\‘\\\n\ :
W
[N

aaaaaa Reconstruction: 4 PFOs:
100GeV Pion (86.3GeV) +
28GeV Neutron (24.4GeV) + ...
- Total PFO energy = 130GeV

L]
LRI | [
] s fy
s \
. '!- "n-:':

Clustering
To be improved... BT
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CAI" - Events: more than 5 PFOs

Calorimeter for IL

SDHCAL: E ., - Eyjerr, VS NUM PFO with Pion at 6 = 80Deg

o 40 ‘ ‘ ‘ ‘ . . ‘ ‘

B

P T L R R S NS S I

2> SDHCAL, 10k evts
R 1 S S e S
ERR S R .
25— i
- a1 |
- | N N i

2 - e |
15ty e ]
10- ' et
= -
O_IIIIIIIIiIIiIIIII
30 20 -0 0 10 20 30 40 50 60

5(E)/GeV

~ 1.4% (137) events have more than 5 PFOs
Large smearing in measured energy
( Smearing amplitude increase with MC energy )

107

10

1

8(E) events with NPF0>5. Pion at 6 = 80Deg, SDHCAL

12

10

RN

I

El

25 20 -15 10 -5 0 5 10 15 20 25

S(E)/GeV

‘ d(E) Vs MCEnergy events with NPF0>5. Pion at 6 = 80Deg, SDHCAL

= 25¢
] C
9 20- =
w C
“© 15F
10E =
) — e s R ey
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(|| e | = -
5 T ——
A0F —i
A5- —
201 —
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CALi{(eo Interaction based double
Calorimeter for IL CO u ntl n g

(Evt 867) '
Near the Calo Simulation level

Reconstruction level:

15PFOs U CE RN R

Leading PFO (59GeV cluster) - -y 0 00l
identified as 100GeV pion. . - R
Others contribute to double .

counted 32GeV... ‘ o . R

To be improved by fitting the

PFO position & direction... S
if coming from same spatial i -
point ( besides IP ) & Vertex wn Z
Reconstruction in Tracker... |

oy \\
P ;;
| =T
| e \\\ L]
A
v . . \ HitEnergy=13292.635 ke'
Ay gt \\\‘ Fosk = -2004 303 mm, PosY = -652.792 mm, FosZ = -431.332 mm
5 S H PFOPDG = 211, PFOCharge = 1.000000, PFOEnergy = 100.337669
. B ClustetEnergy = 55707069
W, o, Wk N
| [CR TR LR : N §
W & \ - LS
b b
A - .
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CALi(e9 Even more crazy...

Calorimeter for IL

Evt 646: Interaction N\ - Simulation level
Inside TPC (1/3 of the \

radius)

E -

Confused tracker: 3
LDCTrack found

6PFOs:
2 leading PFO
assigned with tracks + S
cluster, with energy é R
110GeV (40GeV . : S 3
cluster) and 148GeV PEO level N AN '{4*5@31 :
(55GeV cluster) . S A

Totally reconstructed
energy: 264GeV

Judgement on trk quality?
Flag on those kind of evts
Rely more on cluster info?

09/03/2011 To imbrqved Tracking Algorithm 32



CALI(€2 com

Calorimeter for IL

‘ SDHCAL:E - Eyy VS UM PFO ith Pion at=80Deg | | EreceEuctun Vs num PFO with Pion at 0 = 40Deg |
S 40, o 40,
: B 1 gﬁ -
3 35: = 35: .
i o .. corner !
il = T balre 30- ! .
z : " (Overlap) ",
25— 251 T
20 10 20- ﬂll
B B '
15 a 15 L
B - 1.
10F 10 10F- L
L L 1
: : /
E L1l L1 | \\I\ Ll }\\\\\I\I\Illl\\lll\\\\\\\\\\\\:\\\\i\ \i\ll\\l\f\
%o 3 40 5 60 %0 -50 -40 -30 20 -10 Na_3¢ 20 30 40
3(E)IGeV 3(E)/GeV

 For single PFO events:

* Large low energy tail in Corner (also for 2-PFO events):
Failure of Track-clustering linking + dead zone

» Large energy smearing in Endcap region (track smearing) |

 Corner & Endcap: More material, More interactions

« Linear dependency of 8(E) and NPFO
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pare to corner & endcap

Ereco-Eyyetrun VS NUM PFO with Pion at 6 = 20Deg

o 40r
LT ]
E ¢ 1
: 35: I
C ' 10°
30- a
250
- 2
20- 10
15F
10f 10
5F
%o 50 60 |
3{E}GeV
e ———
-
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Calorimeter for IL

SDHCAL, &{E) Vs NF“__D for Pion at 8=80 Degree

Eﬂ-U_ T X 1 1
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St T
o ! ] i 1| T - 1
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S(ENGeV

AHCAL, 8(E) Vs N___ for Pion at 6=80 Degree

Eﬂ-U_ :

o i
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35

30F----4
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20+ i
15E---1 | ]
10—+ R
ot S N -
E i 1] : 11 1
IIII|IIII|IIIIIIIIIIIIIIIIII|IIII|IIII|IIII
30 20 -10 0 10 20 30 40 50 60

3(E)GeV
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1

SDHCAL, 6{E) Vs NPFD for Pion at 6=40 Degree
=]

Z& c E I
- R SN S S ——
10310Ig'evts AT N N T
e B s S
o : | 7
s ey s |
. ' : - — 10
10° 20F- : : ;
15 : : ]
10 10— 10
1 E| III.‘iII‘I‘IHI‘hﬂ L1 1 | 1 1 1 I 1 1 1
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AHCAL, 8(E} Vs N___ for Pion at 6=40 Degree

30N Ol‘ner H10°
18k evts r-!.r :
NQO:SOG:GV Ru = 10°
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10;— :r 10
3 -
% T
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Reco Efforts Report @ LAPP

Comparing with AHCAL

SDHCAL, &{E) Vs NpFD for Pion at 6=20 Degree

£F : ! : 5 I
= T i 0] i i
35E- 1 oot e
E Ll R
30__ -J:. 4 L L _E.. _E a E
25 — :
- P = 10°
201 oo :
15F e |
10F- e R 10
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(-50 20 10 0 10 20 30 40 50 6O

3(E)IGeV

AHCAL, G(E) Vs N o

for Pion at 8=20 Degree

o 40 - : 10*
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203_ e I I ‘ I 5 10°
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CALI(e2 Compare to AHCAL: NPFO

Calorimeter for IL

Number of reconstructed PFOs (Normalized to 10k evts)

- | § SDHCAL_80Deg | AHCAL_80Deg
8000 — —— | Entries 13746 | Entries 27791
- Mean 1.734 | Mean 1.388

AHCAL_40Deg
Entries 32530

Sy B Mean 1.803
- RMS 2.102
5000 e e ] S TR O
— Entries 15579
4000 — Mean 1.55

- : | RMS  2.253 AHCAL
3000
2000 e e b
1000 ':

00 1 2 3 4 5 6 7 8

Less double counting in SDHCAL.:
Geometrical effects? Neutron effect? Less confusion (better clustering) ?
Disentangled with Simulation with GRPC TESLA HCAL: R Han
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CALI(e2 Simulation

« MC Models: To distinguish sensor performance from detector
geometry: RPC adapted to Tesla ( R. Han @ IPNL, G. Musat @ LLR)

A la videau RPC

Mylar layer (50u)

Readout pads

PCB interconnect (1cm x 1em)

Readout ASIC
(Hardroc?2, 1.4mm)

PCB (1.2mm)
EB support (FR4 or polycarbonate 1.5mm)

—
" Cathode glass (1.1mm)
Myl 175 isti i
ylar (175u) Ceramic ball spacer (1.2mm) + resistive coating
Glass fiber frame (1.2mm) Anode glass (0.7mm)

+ resistive coating

Scintillator |
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CALIE2  peliable Simulation

Calorimeter for IL
 Digitization module:
 Energy deposition - induced charge dependence, saturation effects

 Test beam input: efficiency, multiplicity, noise rate, homogeneity
fluctuation

R. Han @ IPNL: induced charge & avalanche spatial distribution

L

Efficienc

L] Cosmic Test Data (analog)

Simulationu 1GeV ionprocess = i

0.8—

0.6—
¥

[Efficiency Spectrum 3

0.4

mn

v  Cosmic Test Data (analog)

02— Simulationp 1GeV lonprocess

0\\II‘\I\\II\II‘II\\'I\II‘

0 0.5 1 1.5 2 2.5
Seuil(pC)

« Geant 4 comparison with TB data (cubic meter)
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Calorimeter for IL

CAL(Ee2  Energy Estimator

CAI.I 9 Digitiza’[ion & calibration LI/[L_ w 0251 RS R R A A LA RAR A RN
Crarl-oxﬂ;neter for IL! ' LI<J:| — I'II'. I 1
* Preliminary DHCAL Digitization module based on latest cosmic ray experiment: — . -
convert the energy deposition information into the induced charge 02— | Energy resolution ]
« Specify thresholds (0.6pC, 15pC and 30pC, corresponding to 0.2, 5 and 10 mips) - * single weight o .
on induced charge. Calibration constant fixed by Klong samples. B e energy dependent parametrization ]
| o individual optimization with E constraint |
‘ Digitization on qq evt Sample | ‘ Induced Charge Distribution of DHCAL hits with qq evt@91.2GeVt | 0.15 B beam ]
.g_ 4: | 6000— ‘ | a
g | L[ 501 E L _
§3- - / 5000/ < 0.6 pC, inefficient hit - .
gl 40l r (~98.3% of overall efficiency) 01— .~ —
D, / 4000 <0.6 - 15pC> = 5.73 pC ~ 32 MeV - R g T -
27 ’{ o | i1 ||<15- 30pC>=20.93 pC ~ 145 MeV L "'-'-';-1!_-_.;___ T -
I o E| | <> 30 pC> = 94.8 pC ~ 560 MeV B e— g “‘-———?___ |

O I IO | b 3000 b B ———
C |
200 2000 005 Fit:aNE@ b® c GeV/E ]
L = —a=613+01% b =254+0.10% c = 0.000+0.041 [GeV] m
B —a=492+04% b =234+0.12% c = 0.504=0.042 [GeV] 7
101 1000~ B —a=448+02% b=2355+0.05% c =0.505:0.024 [GeV] 7

E ol T T T N AT T AT N N M [ B BN B A B B

I w— I T | S S | 0 10 20 30 40 50 60 70 80 90
log10(Q, /pC) log10(Q, /pC)
beam Energy [GeV]
21/10/2010 ECFA 2010 @ CERN 30

 For SDHCAL: with Calibration constant proportional to mean energy
deposition: 80 — 90%/sqrt(E)

« AHCAL: ~ 60%/sqrt(E) before compensation & ~45%/sqrt(E) + 4% after
compensation!

« To improve our energy estimator
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CALI(eD E.E: Nhits or Energy

Calorimeter for IL

' Hit Energy By different local hits |

S

| Total Deposed Energy in 40GeV Pion Shower | htemp
Entries 1000
Mean 0.00155
50
RMS 0.0004461
¥? I ndf 109.1/72
40
Prob 0.003144
Constant 49.76 +2.31

30

Mean 0.001512 £ 0.000009

Sigma 0.0002519 =+ 0.0000081

20

Entries 598448
Mean -6.227
RMS 0.4713

EM

Entries 472114
Mean -6.238
RMS 0.4579

Had

10

I L | ol - | Il | Il Il | Il Il | B ‘ 1 ] | ‘
0.003 0.004 0.005 0.006 0.007
GeV

0 0.001  0.002

Entries 124858
Mean -6.185
RMS 0.5049

- -3
log(E/GeV)

-2

 Gaseous detector: Very small sampling factor ~ huge fluctuation in analogue

readout ( esp, ion/proton hits ) ~ resolution ~ 100%/sqrt(E)
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CALI(eD E.E: Nhits or Energy

Calorimeter for IL

30

20

10

Sigma  0.1668 + 0.0052 Sigma  0.1145 + 0.0032

| Energy Estimator Comparison for 40GeV Pion | | Naive Counting Vs EM/MIP compensation
= - 0E NHit
go— Energy NHit = ! &
= | Entries 1000 Entries 1000 go— | Emnes 1000 Entries 1000
70— Mean 1.014 - HCHIR = Mean 0.9785 Mean 0.9834
- 70— | rms 0.1557 RMS 0.157
[ | RMS 0.2353 RMS 0.1557 =
60— - 2 I ndf 61.85 / 47 12 I ndf 83.46/ 48
[ y . 2 —
— | «/ndf 104.8 /74 2 I ndf 61.85/ 47 60— | prop 0.07187 Bl DT
50 } Prob 0.01066 Prob 0.07187 C Constant  65.63 £ 2.77 Constant  70.61+3.01
I | Constant  42.55 +1.95 Constant  65.63 + 2.77 50 — | Mean 0.9982 + 0.0039 Mean 1.003 £ 0.003
40 ; Mean 1.009 + 0.006 Mean  0.9982+ 0.0039 40— | Sigma 0.1145 +0.0032 Sigma  0.1037 £0.0028

30
20
10 -
i :llJ-I-H\H-H-I l I \ | | | 1 ‘ | 1 | ‘ | | | 1 | ‘ | 1 | | | | |
0.2 04 0.6 0.8 1 1.2 1.4 1.6 1.8 2 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
oM o/M

Using Num of Hits as Energy Estimator ~ 72%/sqrt(E)

With identify and balance the EM/MIP components (New + 0.55*Nwir):
~65%/sqrt(E)

Ongoing study: SDHCAL thresholds/calibration constant optimization
( S.Mannai et.al )
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(E@g Better Energy Estimator?

Calorimeter for IL

DRUID, RunMum = 0, EventNum = 4

20GeV Klong @ DHCAL with :
1mm cell size

\

.*.-
F Y

4
ﬂ""'
s
E
.

K

Hadronic Shower = compact EM core + long loose MIP tracks

MIP tracks: Kalman Filter? Length?

EM shower: rely more on geometry size?

09/03/2011 Reco Efforts Report @ LAPP
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LICO Summary

Calorimeter for IL

« SDHCAL project: Toward the proof of Principle in 2012 for the DBD

e Reconstruction algorithm:

« DRUID allows a precise visualization to the geometry, MC, Simulated and reconstructed
objects for many detectors

 PandoraPFA has reached the initial goal of jet energy resolution and adapted to
SDHCAL, but there are lots of Hints to improve:

- To reduce the double counting

- To improve the track cluster linking & optimize geometry for overlap region
- To improve tracking algorithms: detect pre-interaction vertex, kinks...

- To improve hadronic cluster energy estimator:

* |dentify the EM/Had components for compensation; estimate MIP momentum
with Kalman fiter...

- Cooperated with LHC experiments on PFA application
* Detector optimisation ( eg, overlap region ), Benchmark physics analysis.

e Lots of things remains to be understood & Dense work... but fun!
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CALi(ed

Calorimeter for IL

Klong (90GeV)

Can deposit only 11GeV
energy in the end of Calo
s» (ECAL + HCAL ~6))

Additional weight to
deep layer?

Reconstructed PFOs: PandoraPFaNewPFOs
EventMr=1152, PFQ index.=0
Charge=0.000000, PID=2112
' Energy=11.204000, MbTrk = 0, NbCluster = 1
Wi« position= (0.000, 0.000, 0.000)
‘* 15t clusterhit pos = (-3307.260, -570.133, 357.617)
S-momentum = (-11.019, -1.522, 1.335)

Neutral Hadron = Huge Fluctuation+ =~ - e e e

Leakage
09/03/2011

Reco Efforts Rep

Neutral Hadron: Klong

Or create a huge cluster...

Reconstructed PFOs: PandoraPFaNewPFOs

Q}' Eventhr=309, PFO index.=0
g Charge=0.000000, PID=2112
Energy=113.645325, MbTrk = 0, MNbCluster = 1

Yt position= (0.000, 0.000, 0.000)
1st clusterhit pos = (-1404.870, -2115.811, 230.946)
J-momentum = (-60.302, -34.703, 17.613)

O 3

o

, 80GeV Klong, create 127GeV
cluster in the Endcap
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CAL

Calorimeter for IL

‘ SDHCAL, 5(E) Vs N__ for Klong at 6=30 Degree |

Eﬂ-U_

= : : 1 : : JI
E ! ! i ’ ’
e e S 1 3 10%
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L e RSN H |1 MMC RS S
- 16k evts)jii |
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r g g 1 o | 1 . g
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SDHCAL, 3(E) Vs Enetgy"mm for Klong at e=g0 Degres |

= bl ; ; ; ;
& L ' : i i
S S e
= 40— ST =
- : : —_ = |
r il S | B b
20 e TR T }
- ‘ ' I R T
R EEE
L o i : : .
20— -h- - - R - -5
- Po— = o ' :
r : — ;B 1
T e =
- _I i L L i L 1 1 i L L L i L L L i L
sq.l 20 40 60 80 100
I-:Truth

SDHCAL, 3(E) Vs N___ for Klong at §=40 Degree |

§ E : : : I
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SDHCAL, 5(E) Vs Energymm[or Klong at 8=40 Degree |

4 ¢]

= : : : : =
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[ == e e
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NPFO(Barrel) < NPFO(EndCap) < NPFO(Corner)
Large smearing in energy resolution: better energy estimator and leakage correction
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SDHCAL, Klong

SDHCAL, 3(E) Vs N__ for Klong at 6=20 Degree ‘
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SDHCAL, 5(E) Vs Emrgymm for Klong at e=20 Degree
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Calorimeter for IL

CALI(69 SDHCAL/AHCAL Comparison

| Num,,_ for Kong at & = 80 Deg, Normalize to 10k evts S['H‘_:F‘L 80Deg | Num__ for Keng at & = 40 Deg, Normalize to 10k evts | SDHCAL_400eg | Num,__ for Kong at & = 20 Deg, Normalize to 10k evts STHEATS NS
Entries 21455 Entries 29316 Entries 23864
Mean 1.535 M= Mean 2.095 Mean 1.707
10°E E o=
§ RMS 1.594 o RMS 231 10 E RMS 2.257
i AHCAL_80Deg : AHCAL_40Deg | AHCAL 20Deg
Ll Entries 21152 - Entries 28642 B Entries 23427
Mean  1.518 3| | Mean  2.038 Mean 1673
10°H RMS  1.704 10 E RMS  2.096 10°H Endcap RMS 217
2 102 2| |
102 E 10%E
10¢] 10F; 104
15 r 1] 15
e b b by L III b .t e s il 1 = [ AT N ATATI IR araararn 8 i | | |
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 0 10 20 25 30 35
S(E) = E__ - Encrrn for Kong at s = 80 Deg, Normalize 1o 10k evts | SDHCAL #0Deg_E G(E) = E,__ - EmoTnan Tor Kong at & = 40 Deg, Normalizs to 10k evts SOHCAL_i8Deg £ S(E) = E___ - Emcrrinfor Kong at 8 = 20 Dag, Normalize to 10K suts SDHCAL._200eg E
Entries 21455 Entries 28316 Entries 23864
E Mean -0.538 108 Mean -1.128 10°E Mean  -0.09011
C RMS 2.008 - RMS 6.281 F RMS 6.594
C AT Dot o AHCAL_40Deg E C AHCAL_20Deg_E
r Entries 21152 - Entries 28642 B Entries 23427
T Mean 0.491% = Mean -1.57 ~ Mean -1.317
102 | RMS 65.401 RMS 5.775 5 RMS 5.994
= 102 10°
10 10 10

Similar NPFO distribution & Better energy resolution @ AHCAL
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