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4" Concept Software Framework: ILCroot

CERN architecture (based on Alice's Aliroot)
Full support provided by Brun, Carminati, Ferrari, et al.

Uses ROOT as infrastructure
e All ROOT tools are available (1/0, graphics, PROOF, data structure, etc)
e Extremely large community of users/developers

TGenerator for events generation

Virtual Geometry Modeler (VGM) for geometry

Virtual Montecarlo for particle transport

Growing number of experiments have adopted it: Alice (LHC), Opera
(LNGS), (Meg), CMB (GSI), Panda(GSl), 4th Concept, LHeC and the
forthcoming International Dual Readout Collaboratio n

Six MDC have proven robustness, reliability and portability

=" Do not Reinvent the wheel
AP LR E00S Concentrate on Detector studies and Physics




From Bangalore to Now:
Detectors in ILCroot

4th Concept Baseline

e VTX: from SiD scaled to 3.5 Tesla (original version)
Drift Chamber: 2"d version

®
e Fiber Triple Readout Calorimeter: 3° version
e Muon Spectrometer: Original version

New additions:

e_Crystal Triple Readout Calorimeter < Included into the Lol

e FTD (from SiLC) < Did not make it into the Lol
Also available

e VTX Detectors: Original SiD

e Central Trackers: TPC, Si-Strips (SID01), SPT (Pixel Tracker)

Total: 10 subdetectors (16 versions), most of them with full

simulation
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The Virtual Montecarlo Concept

e Virtual MC provides a virtual interface to Monte Carlo

e It allows to run the same user application with all
supported Monte Carlo programs

e The concrete Monte Carlo (Geant3, Geant4, Fluka) is
selected and loaded at run time

e Compare Montecarlo performance and possible flows

e Choose the optimal Montecarlo for the study

SN Perfect Tool for Designing/Optimizing new Detectors
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Physics Studies in the 4th
Concept

Detector simulation frozen in July 2008 (except Ecal). Simu & Reco
started August 2008

Several event samples used:

e 4th Concept (Pandora-Pythia, Whizard, Evtgen, etc,..)
e ILD sample for LOI (many thanks to Frank and Akiya)
e KEK sample

Fluka and Geant4 (through VMC)
Not only ILCroot: MarlinKinFit & Rave

99% computing resources are from Fermilab

ILCroot is freely available at Fermilab

nito://ilc.fnal.gov/detector/rd/physics/technical/resources/ilcroot.shtmi
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Processing Flow

&pril 18th, 2009

Reconstruct

All detectors are fully simulated (except
gaussian smearing of hits in the Muon
Spectrometer):

VMC

/w

D Loca s
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ete” —> ZOH° —> pt i X Vs=250 GeV
Older Analysis

KEK event sample for signal and SM background
ISR and beam spread (0.25%) included
-80% e- polarization, +30% e* polarization

Geant4 for particle transport of signal events
Geant4 for particle transport of beam background events

No calorimetry used

Mean x
Mean y

DCH Occupancy RNS)

Integral

Skewness x
Skewness y

Drift Chamber Occupancy 3 Entres
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Final State

e*e  —> H°Z°, H—>X, Z—>uu

e‘e  —> Z°Z°, Z->X, Z->upu




ete >Z°H > i X \s=250 GeV
Older Analysis
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ete >Z°H° > U X \s=250 GeV

from LOI

ILD event sample for signal and SM
background

ISR and beam spread (0.3%) included
+100% e- polarization, -100% e* polarization

Add GuineaPig events at digitizati
(1BX for DCH and 10DX for VTX)

Fluka for particle transport of signal event

Geant4 for particle transport of beam
background events

ECAL+HCAL with implementation of Triple
Readout
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ee —>Z2H >t X Vs=250 GeV

Analysis strate gy
o reduce background




ee—>Z2H > X \s=250 GeV

Resolution of Muon Spectrometer

X2/ ndf = 97.25/ 36
1.693e-08
0.001554 + 0.000035
0.04015 + 0.00211

| u” Energy Resolution Entries 5767 + J(

'::;" 'O'Dﬂﬂnj;jz 4t frhey % """" ?*ﬂik """" + |
| $+ T T$+$T+ T

¥2 I ndf 257673
Il TSN SRS SR DRI SR S I B PRI N B |

Constant 1118+ 23.8 2020 60 80 100 120 140 160 180
P, GeVv

Mean 0.0009894 + 0.0014548

Sigma 0.08068 + 0.00165
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ee—>Z2H > X \s=250 GeV

Final cuts for S/IN enhancement

¢* / ndf 155.404 /80

2. At least 5 charged tracks successfully reconstructed (including the muons) ” 600 Constant 202109 +12.268
E ——— Background e ¢® ZZ/WW / Bhabha I l
3. Distance of closest approach to the origin for the candidate muon tracks < 6 mm. 5 S RS MH 120.658 £0.070
Y0 Sw, 0.936555 +0.063978
— Signale '¢'® HZK mmX
* . b 0.462095 £0.053938

k 0.119073 +0,016851
bikg p0 2028.66 + 14,06
bkg p! 274687 £0.1411
bkgp2  0.100546 +0.000980

Signal + Background

400

stat
A Higgs

AM ;ft =171MeV /c® AM ;’f =40 MeV /c?
=13.62+0.77 fb
=64.1%

5 .
/ 2 Oback B 1 ( AL )2
(Ag)” = ((TZH + ey ) X (T«+ 73

e Ny is the number of events in the final sample

=206 MeV /c? AMYE =31MeV /c?

Higgs
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300
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reconstruction
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GeVle:

where:

e [ is the luminosity
e ¢ is the selection efficiency

® Opacr is the cross section of the background
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ee—>Z2H > X \s=250 GeV

Resolutions

Recoil Mass Entries 8657
From Mean 1255
MC Truth o Indf 104.958 1 81

Constant 345,349 = 10163
120,353 + 0.04T7

0.834883 + 0.031389

0476551+ 0.026400

0.0761503 + 0.0038436

bkg p0 459779 = 0.3TTT4
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GeVic®
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| Invariant Mass Z Resclution | Entries 5490 Recoil Mass Resolution {using P from tracker) |

Mean 0.4293 500 Enfries 5490
RMS 0.908 h Mean 0.9443

. ] RMS 2.068
¥2 ! ndf 181375 ¥2 / ndf 15.06/8
Constant 806.4+18.2

Constant 4811+ 11.0
Mean 0.03967 = 0.00325 Mean 0.03099 = 0.00782
Sigma 01711+ 0.0029
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Sigma 0.2955 = 0.0071
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ete —>Z°H° —>ete X \/8=250 GeV

from LOI

ILD event sample for signal and SM
background

ISR and beam spread (0.3%) included
+100% e- polarization, -100% e* polarization

Add GuineaPig events at digitization step
(1BX for DCH and 10DX for VTX)

Fluka for particle transport of signal events

Geant4 for particle transport of beam
background events

ECAL+HCAL with implementation of Triple
Readout
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e'e —>Z2°H° —>ete X ’\/s=250 GeV

ECAL is crucial in this analysis

. We first extrapolate the candidate electron track to the electromagnetic calorimeter
and look for an associate shower

Entries 8203

=
==
[ 1]
2

1s00F Mean 4.724
2. The energy of this shower must be consistent with the momentum of the track measured E iigiiﬁggls RMS __ 7125
by the tracking system 1608 3
1400 —
3. If the match 1s poor, we extrapolate the shower axis into the hadronic calorimeter. If 1200
an energy deposit is found, it must be smaller than 20% of the corresponding energy WWE_
measured in the electromagnetic calorimeter. 200 E 4
4. Finally, the Cerenkov and scintillation components of the shower must be consistent s00
with an electron/photon hypothesis. More specifically, we require: 400 f_
Ege—Foaw _ 4 200
maﬁ % Ocalib S 5”“?‘54_“?5””;0'”'zlsu:"an
eg

where o4 corresponds to the width of this distribution.

6419
-0.1532

e energy resolution Entries
from VTX+DCH Mean

6139 e energy resolution Entries
0.06859 from Mean

RMS 0.3115
51000— 421 ndf 21973 VTX+DCH+ECAL RMS 0.4574
C Constant 1039 + 22.9 - ®* I ndf 56.28/ 11
- Mean  0.00665 = 0.00154 C Constant 564.3 £ 10.6
800— Sigma  0.08161+ 0.00M75 B
L — Mean  -0.1671% 0.0033
- C Sigma 0.1889 + 0.0033
600— E
400(— '_
200(— —
0 _I TR W A A N AR paa e ! ! C

-1.5 0.5 0.5




e 45 GeV particles

Particle —
|dentification with W e e
Trip|e Readout m_ .......................... “m 5

T e e e

Cer Energy vs Scint Energy

50 _
P S S R S| R T

=
S
|

W
n
|
i

[~
=]
|

|

NN
4]
|

New results
with neutrons
contribution

Scint Energy (GeV)
(=)
|

— -l
e o
| I

on

1 i1 | i L1 l I - ] L1 1 | Ll 1 l | - ] L1 1 i 1 - |. L1 |
10 15 20 25 30 35 40 45 50
Cer Energy (GeV)

17

ILCRooOt simulation




ete’ —> Z°H° —> e* e X \s=250 GeV
Analysis strategy
Initial cuts to reduce background

1. |cosB.| < 0.95

80 100 120 140 160 180
ZeVic £l

Final cuts for S/N enjhancement
. largest P. > 20 GeV

2. At least b cl 1 tracks successfully reconstructed

> of closest approach to the origin for the candidate electron tracks < 6 mm
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e'e —>Z2°H° —>ete X ’\/s=250 GeV
using VTX + DCH

. H Mean 122
e
e*e” mass resolution RGCOlI MaSS ¥2 ! ndf T75.0924 1 80

Constant 235.848 £ 10.674
——— Background e'e"— ZZ | WW/ Bhabha M“ 120.979 + 0.139
O, 1.21439 £ 0.12039
B 0.30402 + 0.08053
— Signale’s —~ HE—e'e X Y 0137336 £ 0.022045
bkg po 1366.88 = 16.24
____ Signal+ Background bkg p1 -16.406 = 0.158

bkg p2 00567168 + 0.0011501

Mean 0.7827

RMS 1.251

Constant 699.6 + 19.5

Mean  0.02835+ 0.00521

Sigma 0.1489 £ 0.0051

Recoil mass resolution

Mean 0.3906 Cov v by v by b v b v b v by aa

RMS 2702 110 115 120 125 130 135 140

¥ 1 ndf 9373 T GEVF’GZ
Constant 4138 |1p8

By Results

Sigma 02888 |.0l0089

AM 2 =400MeV /c® AM YL =19 MeV /c?
AM S =149 MeV /c?  AM X% =28 MeV / ¢?
=15.08+£0.76 fb

=68.3%

g

e'e” L Z°H°

._-=_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

&

reconstruction
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e*e" —> Z°H° -> e* e X \Vs=250 GeV using

VTX + DCH + ECAL

Recoil Mass Mean 121
- 2 | i
e*e” mass resolution o ;;;; w 300 i I ndf 65.6177 180
o g RMS 07438 g E Bscground o'+ 22 1 W1 Bsha Constant 363.509 +13.532
3 700F- ¥2 1 ndf 122719 S 700 M, 120.09 £ 0.06
E Constant  739.6+13.9 B T 1.04595 + 0.05969
E . | = l&'s s HZ « 65 X H = - W=
6005 !;::1 33?3 f gggi Long tails 600 e N B 0.543468 + 0.051336
500 disappeard C sigral - Background K 0.140757 + 0.021534
400 500 bkg p0 2804.59 = 15.95
3[][]:— MaSS Shlft - bkg p1 371037+ 01622
c 400
a 0.131677 + 0.001100
200 appears it
100 300
0 bttt -
J— 200
100
Recoil mass resolution 6111 ?T [ I R R P PR [N TV T T T T T O O T
c 0

0.334
RMS 1.482
12 ndf 16.65/15
4746+ 9.0
Mean 0.4759 + 0.0068
Sigma  0.4297 £ 0.0066

110 115 120 125 130 135 140
GeVic?

Constant

stat

AM [iygs =430 MeV /
AM S =274 MeV /¢
=16.30+0.85 fb
=68.3%

AM P =476 MeV / &

Higgs

g

e'e” L Z°H°

& :
TILCO9 - Corrado GattduASIEE




April 18th, 2009

Jet analyses

ILD event sample for signal and SM background
KEK for WWvwv and ZZvv analysis

ISR and beam spread (0.3%) included

+100% e- polarization, -100% e* polarization

No beam background

Fluka for particle transport of signal events

No ECAL
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Jet reconstrucion:
combine calorimetric and tracking
informations

(work in progress)
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Jert

Use informations

from tracking

Cone 1

Feaconstrucilon

calorimet
With recy
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I Reconstruction Stra

Include muon
spectrometer
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ete” —> Z°H° —> vy X \s=250 GeV
from LOI

ILD event sample for signhal and SM &%
background

ISR and beam spread (0.3%)
included

No Beam background

Fluka for particle transport of signal
events

Only HCAL with implementation of
Triple Readout (ECAL implemented
later)

R I

Final State F WUD

signal POoH  Display
-—>H°Z° H->qq, Z—>vv

“—>W*W"—>qq Iv

Rapidily

Ojlions Il ST

2 jets -
bkgnd "—>2Z°Z2° —>qq |
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ete” —> Z°H° —> yv X s=250 GeV

Disentangle 2-jets from multi-jets events

‘ Total number of charged tracks for ZH->2jet (blue) and ZH->4jet (red) | s a1 naenecer | 4_YCut versus 2_Y¥Cut for ZH->2jet {blue) and ZH->djet (red) I S S, e,
N = = Entries 46254
= Entries 43451 A Meanx  0.7057
SCnt E Mean 18.31 E Meany 0.02626
3000?_ RMS  4.992 Mg; Emg : i
r I—— 0.08F e —
C q E 1 ERtries 43431
2500— Entries 46251 0.07TE M 0.481
= Mean  31.79 . -}55 .o Maan g 0005272
2000 RMS _ 6.336 Sk TR Shosaren
C 0.05 P
1500— .04
1000~ 0.03F
E n.02F
500— E
E 001
o Ahana 00_

Reduce ZZ and WW background

Visible energy for ZH->2jet (blue), ZZ (red) and WW (green) |

| Angle between the jets for ZH->2jet (blue), Z7 (red) and WW (green)

2400 % ItomerElotot_tie 12145_nagsiceony 4500 E | oosmmstiz meses ooy
22000 |Entries 36762 E  |Entries 36762
2000 |Mean 1284 40005 |Mean 1329
1800 |RMS  11.81 3500 |RMS 173 .
o3 : Already studied
E 3000
1400 =
1200~ sooE
1000F- 2000
800 f_ htowerEjettot_filedX 1500 :_ htrackAngleJet12_file3X
00 ; Entries 29238 E Entries 29238
E 1000
4000 Mean 115 £ |Mean 111.6 Signal + Background
s00E. |RMS__ 1598 5000 |RMS  30.04 20,06
E C 120; 215.401 575,0
00 = L sl E - 74.21% 3.71
0 94.66+ 0.23
| 4.492 + 0.282
100— 73.26t 3.62
= 121.3+0.2
| 4.357 + 0.237
|- 43.72 + 2.66
80 15+ 038

Reject prompt muons (via the Muon Spectrometer) from o
leptonic WW decay o
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ete  —=> Z°H° -> w X \/5-250 GeV

ks, P track, YCut and on Evis I el i i
Res u ItS Recoll Mass Entries 12532

119.7

Mean ,
Se[-IMRVS 5504

M g0 =119.60£0.07 GeV / c?
Orios = 3832 0.07 GeV / ¢
o(e'e - Z°H%Z - vV;H - qq) =155.3+2.2 fb

=28.8%

Entries 790
Mean 117.6
RMS 14.15

(no 4-jet survivors)

III|III|III|IIII II|III|III
00 20 40 60 80 100 120 140 160 180 200

&

reconstrudion

10° = [sum] ____hsum
S Entries 26857
= r Mean 123.1
- E RMS 10.16
B L= +2 I ndf 274.38193
10* = - po 9295.9 + 205.6
= 600 p1 119.602+ 0.074
C = p2 3.83351 0.07430
- e p3 23269.2+ 748.6
107 = C p4 -635.041+ 19.612
= E ps 5.69579 + 0.16984
- 400~ pé -0.0166961 + 00004854
107 300
- 200
|| 100
10 0 Gg -
—_r i O _l - | | - | | - | Ll .l —-J 1 ) - | L1 | Ll 1 | 1 - | - 1
-1 0 1 2 3 4 5 0 20 40 60 80 100 120 140 160 180 200

7
secondary vertex significance, log(1+d/c)



ete -> Z°H° -> vv cc + ZZ Background

hSigBkg
Entries 21566
Mean 106.3
RMS 20.06
215.4 [ 258
0.975
74.21+ 3.71
94.66 + 0.23
4.492 + 0.282
73.26 + 3.62
121.3+ 0.2
4.357 -\ 0.237
43.72\ 2.66
106.60\ 0.4
18.94 +\ 1\ 35

20 40 60 80 100 120 140 160 180 200
DijetMass (GeV/c?)

e Signal + ZZ background No flavor tagging
e Requires 2 jets from jet-finder Fit with three gaussians
e Evis > 130 GeV Selection Efficiency = 80.2%
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ete  —>Z°H° ->4 jets analyses

(work In progress)




ete- —> Z°H° ; and Z°->cc H°—>bb \s=250 GeV

Analysis strategy

Select Event with 4 jets (use jet finder
with recursive y.,)

Ecao + E muon CUt to reduce background
(events with neutrino or ISR)

5-C kinematic fit to all possible jet-jet
combinations

P =0
- Jet-jet mass

2. > E; =250 GeV recoiling
5 sy e e d Against a Z°

Pick combination with highest
probability

Final cut: x2/ndf<16/5

April 18th, 2009
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140
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e*e” —> ZOH° : Z°->uu Ho->cc Vs=250 GeV

Analysis strategy

Select Event with 4 jets (use jet finder
with recursive y.,)

Select M;;;; and My,
Requires 1 combination within 10 GeV
from nominal Z° mass

Plot the other combination hHiggeSalact

Entries 110
Mean 1127

Events with 2 ndf 4118 /10
. A 15,09 = 4.08
S|gn|f|ca!1t Emiss ' P;;Tc 1179+ 1?;
(neutrinos) ABky  aia- sess

: 108.1+ 3.3
: 14.16 2 2.73

B
100 120 140 160 180 200
Mass of selected jet pairs for Higgs, GeV/c”
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W/Z Mass Separation

e'e” - WW vy, Z2°Z°%v

KEK event sample

Simple Durham jet-finder a la L3
(recursive y,,) used for this
analysis

No combined information with
tracking yet (3 entries/evt)

No ECAL

4-jets finding efficiency: 95%

II|'||III||II|'I|IIII|||

90 80 70 60

April 18th, 2009 TILCO9 - Corrado Gatto




Status and Perspectives

ILCroot framework is stable and very fast
It runs smoothly on the GRID at FNAL
Very detailed simulation & reconstruction takes 20’-60’/event

Most of the effort by the 4th Concept Simulation group has
been put into implementing the baseline detectors + several

options

Some work on the detectors is still needed (detector
optimization and SILC+CLUCOQU)

Lots of Physics studies will follow
Add other background sources

Anybody is welcome on board
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Backup slides
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Event Display in ILCroot
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Outline

e The simulations in the 4th Concept
e ILCroot
e Detector simulations

e Performance & Optimization
e Physics benchmarks for the Lol
e Future prospects
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The Virtual Montecarlo Concept

e Virtual MC provides a virtual interface to Monte Carlo

e It allows to run the same user application with all
supported Monte Carlo programs

e The concrete Monte Carlo (Geant3, Geant4, Fluka) is
selected and loaded at run time

e Compare Montecarlo performance and possible flows

e Choose the optimal Montecarlo for the study

SN Perfect Tool for Designing/Optimizing new Detectors
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4" Concept Software Strategy: ILCroot

architecture (based on
Full support provided by Brun, Carminati, Ferrari, et al.

Uses ROOT as infrastructure
e All ROOQOT tools are available (1/0, graphics, PROOF, data structure, etc)
e Extremely large community of users/developers

TGenerator for events generation

Virtual Geometry Modeler (VGM) for geometry

Based on Virtual Montecarlo

Could it ever evolve into a general purpose entity for the HEP community (as
ROOT)?

Growing number of experiments have adopted it: Alice, Opera, CMB, (Meg),
Panda, 4th Concept

Six MDC have proven robustness, reliability and portability

=" Do not Reinvent the wheel
AP LR E00S Concentrate on Detector studies and Physics




Dual Readout Calorimetry

Total calorimeter energy: use two measured signals and two, energy-independent,
calibration constants
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Improving the Energy Resolution:
The Effect of Neutrons 45 GeV TI-

Cerpevsf

Cer pe versus Neutron fractionl
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hCerSignal

From Dual to Tri

o n
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Time history of the Cer

Neutron contribution
(negligeable)

nle Readout
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Neutron contribution
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Compensation with
ECAL and HCAL

e Get E¢, . and E., from ECAL (disregard
neutrons as Zggo >> 1)

e Get Eg, Ecer @and E
e Then:

from HCAL

neutr

_ s HES +EXN) (e —1) - UEE™ +E™) 75 -1) |

E [E HCAL

Total ~—

e —11s

e Estimate n., ng and n,, from a 45 GeV run (1T
and e’) by minimizing the spread of E,,
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Calorimeter Response for 45 GeV e
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80 GeV jet with escaping particles

ILCRoo0t simulation

:

i
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utu- at 3.5 GeV/c
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Jet reconstrucion:
combine calorimetric and tracking
informations

(work in progress)
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Jet Reconstruction Strategy
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Process e polar. e’ polar. Ecal

Z°H°e — u"‘ Ty X +100%

Z°H° — ete X +100%

Z°H — 4jets +100%

Z°H° - Vv X +100%

ete - 1t +100%

etes - T'T™ +100%
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