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Detector Design Guidelines

Alternative to other Concepts
e No PFA for Calorimetry
e No TPC for Central Tracking
e No range-based Muon Detector

Low material budget in front of the Calorimeter
Light -> no iron
e Good for in the (unfortunate) case of push-pull

Open mind toward the choice of technology
e Define a baseline configuration
e Work in parallel over (reasonable) alternatives
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Detectors Comparison

ILD SiD 4-th

VTX Si-pixels Si-pixels Si-pixels

DC with Clust.

Tracker TPC + Si-strip Si-strip Counting

PFA PFA Multiple Readout
Calorimeter

Rin=2.1m Rin=1.27m Rin=1.5m

3.5T/-1.5T
3-4T 5T
No return yoke

10.2-13.2 Tm? (non-PFA)

1.6-1.6 GJ 2.7GJ

R=6.0-7.2m R=5.5m

1Z|=5.6-7.5m |Z|=6.4m




4th Concept Detector

Vertex Detector 20-micron pixels (based on SLAC/FNAL design)
Drift Chamber with He gas and Cluster Counting
Double-readout calorimeter

Dual-solenoid with Muon Spectrometer
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Motivations for Baseline Configuration

e He-based Drift Chamber with Cluster Counting
Continuous tracking and seeding from Central Tracker
Lowest material budget
@(10%) channels
Consolidated technology (i.e. Kloe)
Cost

e Dual readout with time history of all channels

e Resolution scales as 1/sqrt(E) at all energies
e @(10% channels

e Cost

e Dual Solenoid Muon Spectrometer
No iron (field is fully contained)
Precise determination of momentum
Tail catcher
Independent calibration for the calorimeter (i.e. via p->py)
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The 4™ Concept
Tracking Systems







Bearm Plipe and VXD layout
Beam Pipe:

e 400 um Be
e 25umTi

VXD: SiD layout (modified for
35T)

e 5 barrel layers (96 ladders) x 4
endcaps (96 sectors)

20 pm x 20 pm pixel size
Total 4.3x10° pixels

(Total 2.5x10° pixels for 5 Material budget scan (1mm steps)
Tesla version) !

Detector support: 100 pm
CarbonFiber

Si modules: 100 um Si

Material Budget

Beam Pipe: 0.18% X/X, 5 Tes| :
esla version

VXD (including support & electr.): 0.8%

XIX, 12 14 16 18 20
r,cm
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VXD Single Cluster Residual
(single track)

e FNAL/SLAC layout more than adequate for current requirements at ILC
e Main Issue is choice of technology
e Mostly driven by Montecarlo studies on beam background

1971

36.33 £1.07
-0.07023 + 0.10469
.31+ 0.08
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ILCRoo0Ot simulation
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The 4™ Concept Drift Chamber

VVessel: 18-150 cm
spherical Endcaps
Active volume: 19-147 cm




Drift Chamber Layout

Hexagonal cells f.w./s.w.=2:1

24 superlayers, in 240 rings
10 cells each (7.5 in average)
at alternating stereo angles
+72 + £180 mrad
(constant stereo drop = 2 cm)

66000 sense w. 20 pm W
152000 field w. 80 pum Al

“easy” t-to-d (few param.)




MC generated events:
2cm diam. drift tube
gain = few x 10

gas: 90%He-10%iCaH10
no electronics simulated

vertical arbitrary units

cosmic rays triggered
by scintillator telescope
and readout by:

8 bit, 4 GHz, 2.5 Gsa/s
digital sampling scope
through a 1.8 GHz, x10
preamplifier

;’P 2007 INTERNATIONAL
LINEAR COLLIDER WORKSHOP

" b May 30 until June 3, 2007




Front end VLSI chip

Integrated 0.13um CMOS technology
provided by UMC though Europractice;

3 costitutive blocks:

500MHz bandwidth amplifier with
programmable DC-gain;

6-bit@1Gsa/s ADC;

6-bit@1Gsa/s to 30bits@200Msa/s
buffer;

Very low power consumption (~40 mW)
Fully differential architecture

72 chips delivered as of today

chip microphotography




Material Budget at 6= 90

lego_x

(0.1mm steps)
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Wires: 0.4%

Vessel:

e Inner wall: 0.1% X/Xo

e Outer wall: 2% X/Xo

e Endcaps (wires, pads,electronics &
services included): 8% X/Xo
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e Double-walled CF cylinders

e Allows full azimuthal and
longitudinal coverage

e Barrels

e Five Iaers 300 Ii wafer thickness

e Eighty-fold phi segmentation
e rin=18cm; rout=127cm

e Disks
e Four double-disks per end
e Measure ! an !!

e varying R segmentation
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e Total strips: 5.5x10/

ILCRoot simulation
Based on SID MayO1/Polyhedra




Si-Strip Tracker Material Budget

lego_x
Entries 390
Mean 63.56
RMS 43.46

Barrel - 0.1mm steps

Outer Endcaps - 0.1mm steps  grmeit—
— Mean 100.7
i - RMS 46.88
0.004 fit- 0.05/
0.002/{i1 -
i 0.04
0.03H
Si Strip Tracker S8R
Barrel :6.21% (Si= 3.98% + Support=2.23%) L
Endcap Inner Disks: 2.93 % X/Xo 0.011
Endcap Outer Disks: 4.39-5.39% (with supports) X/Xo L “ U UI H
[ 1 1 ‘ 1 1 1 ‘ | | ‘ | | | 1 1 I 1 1 1 L

| - |
40 60 80 100 120 140 160 180
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Tracking Option #2: Si-Pixel Tracker

Same layout as Si Strip

100um thikness Si detectors
50pm % 50pm pixels

@(5x1019) channels

In BLUE: Kapton
In Green: Silicon

In Yellow: Carbon Fiber
In Purple: Rohacell

lego_x
Entries 312

Barrel - 0.1mm steps

oo
0.0162—
0.014—
Si Pixel Tracker 001241
Barrel : 4.8% (Si= 2.6% + Support=2.2%) -0
Endcap Inner Disks: 2.22 % X/Xo 0-008
Endcap Outer Disks: 3.78-4.28% (with o0l
0.004
supports) X/Xo ;
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The 4™ Concept
Dual/Triple Readout

Calorimeter




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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From Dual to Triple Readout

hCerSignal

gI Time history of the Cer

Time history of the Scint g

Neutron contribution i Neutron contribution
(negligeable) =l

neutrons
/]
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Particle Identification with Dual Readout
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Fulse Ampl. [mV)

a)

scintillation

Yilhcrar filled, +30 deghees|

— Yallow fifiar, <30 degroes

Time (ns)
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resolution (fibers)
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Dual-readout in BGO:

scintillation and Cerenkov
lights separated



The 4" Concept Calorimeter

Cu + scintillating fibers + Cerenkov fibers
Fully projective layout

~1.4°aperture angle
~ 7.3 <A, (Fibers)
~ 8.3 <A\ (Crystal+Fibers)

Azimuth coverage
down to 2.8°

Barrel: 16384 cells
Endcaps: 7450 cells

November 16th, 2008




Hadronic Calorimeter Cells

E;::"."':B'('thi’lﬁl‘-' ‘f.‘"s'r}*iie;':ée}[f::_’_:’: Prospective Top cell size:~ 8.1 x 8.1 cm?

view of

clipped cell

1 mm diameter
Plastic/Quarta\ fibers
Aperture Num

Number of fibers inside each cell: 1600 (C fIPers

equally subdivided between Scintillating and

Cerenkov

Fiber stepping ~2 mm
Cell length: 150 cm

Each tower works as two independent towers in the same

T R |
T et S S

Bottom cell size: ~ 4.4 x 4.4 cm?
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Material Budget Map (Crystal+Fibers)

Interaction length map (Fiber + BGO)
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The 4™ Concept
Muon Spectrometer




Id & Muon Spectrometer

radius 2.3 cm

filled with 90% He — 10% iC,H,, @ NTP
gas gain few x 105 31500 tubes

total drift ime 2 ps 21000 channels

primary ionization 13 cluster/cm = = 20 electrons/cm total 840 cards
both ends instrumented with: End caps:
. > 1.5 GHz bandwith 8640 tubes

8 bit ADC _ 9792 channels
> 2 Gsals sampling rate 456 cards

free running memory

fully efficient timing of primary ionization: cluster counting_ .
accurate measurement of longitudinal position with charge division
particle identification with dNC|/ dx




MUD Barrel (1/3)+En
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Ut - at 3.5 GeV/c
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4" Concept Detector
Performance Studies

See also the following talks:

J. Hauptman on Monday morning on Particle ID

F. Ignatov on Tuesday afternoon on tracking with beam background

M. Rucco on Tuesday afternoon on tracking performance

A. Mazzacane on Wednsday afternoon on Performance with jets

V. Di Benedetto on Tuesday morning on Performance of Dual Readout
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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
Novein-X=Toth, 2008 Concentrate on Detector studies and Physics




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

Perfect Tool for Designing/Optimizing new Detectors




Detectors in ILCroot

e VTX Detectors: 4™ Concept,SiD, FTD (from SiLC)

e Central Trackers: TPC, Drift Chamber (3 versions), Si-
Strips (SID01), SPT (Pixel Tracker)

HCAL: DREAM (3 versions)
ECAL: 4™ Concept (2 versions)
Muon Spectrometer: 4th Concept

Total: 10 subdetectors (15 versions), most of
them with full simulation
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Event Display in ILCroot

ete -> HOHoZ°
—> 4 |ets 2
muons
ECM =500
GeV

T T T TR
(Ee T T I
COTEH T T [P
T 1 T T




Single tracks
No beam bkg

0.8E

0.4

0.2

0.8E

Good Tracks

E.

...........................................

.......................................

........................................

9om = Total Tracks Generated

1.2 1.3 1.4

Defining “reconstructa

DCA(true) < 3.5cm
AND

(At least 10 hits in DCH
OR

At least 4 hits in VTX)

ble tracks”

LCWS08 - G

Tracking efficiency

Tracking Performance

Tracking efficiency at low angle

will improve w
in the fwd regions
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_ reconstructed tracks
ST reconstruc table tracks

0.4 0.6 0.8 1
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10 muons

Comparing Central Trackers Performance

Relative Pt resolitlon with P
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10 muons

Comparing Central Trackers Performance

w I Ralative Pt resolutlon with Theta
SID/SIPT with 5 T field
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Tracking Performance for Single

Tracks (P=

[0.02,200] GeV) in 5 Tesla

CluCou

Pixel Tracker

o(R™)=7.9/P00.39x107GeV "'c il 5(P™) = 20.4/ P ] 0.29 x 10 GeV “c
o(#)=0.62/P*” 0 0.027 mrad o () = 0.64/P°™ [10.002 mrad
o(¢)=1.30/P [ 0.031 mrad o(¢y=141/P [ 0.027 mrad

o(D,) =12.8/ P** [
o(z,)=15.7/P°® O

2.1 um o(D,) =12.7/P°" 0 2.1 zm
2.9 1m 0(Z,)=13.5/P*" [0 2.1 m

SiD Tracker

og(P )y =241/ PO o.‘31x 10 GeV 'c
o(8) =0.6/P°** 0 0.07 mrad
o(¢)=14/P 00.029 mrad
o(D,) =12.2/P*>® 0 2.1 m
0(Z,)=16.8/ P°** 0 4.4 um

November 16th, 2008

LCWSO08 - C. Gatto




Tracking Performance for Single
Tracks (P=[0.02,200] GeV) in 5 Tesla

CluCou

Pixel Tracker

o(R™)=(7.9)P 0 0.39x107*GeV c 20.4) P [ 0.29%10°GeV '

o(9) =0/62/P°>™ O 0.027 mrad
.30/P [0.031mrad

H=0.64/P*"® [0 0.002 mrad
o(¢) =1.41/P 0 0.027 nrad

o(D,)/=12.8/P°* 0 2.1 um o(D,)=12.7/P°* 0 2.1 zm
=15.7/ P°%%® [] 2.6 0(Z,)=13.5/P*" [0 2.1 m

o($) =141

o(D,)=12.
0(Z,)=16.8/ P** [0 4.4 um

SiD Tracker

MS effect o(P)< 24,1/ P 0 0.31x10*GeV ¢
o(8) =0.6/P** 00.07 mrad

P [ 0.029 mrad
2/P%>* 021 m

November 16th, 2008

LCWSO08 - C. Gatto




ttbar->6jets

Tracking Efficiency with Beam
Background in CluClou Tracker

Efficiency for good tracks
> 1.2

Efficiency for good tracks

¥
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ttbar->6jets

Tracking Efficiency with Beam
Background in Si-Trackers

Efficiency for good tracks
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ttbar->6jets

Efficiency vs Fake Clusters with Beam
Background

Efficiency for good tracks | Efficiency for good tracks

o 1.2 ; ; - 1.2
Good tracks :

Good :tracks

1
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P, Spectrum of Reconstructed Tracks
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ttbar->6jets

Tracking efficiency with Beam
Background (Pt>0.2 GeV

-
=
(=]

(1=
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: ttbarDCHST
ttbarDCH
ttbarSiD

* ttbarSiPT
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th

number of bunch crossing

Sources of inefficiency
e (Gas detector: seeding for low Pt & Kalman filter with fake clusters
e Strip detector: seeding from barrel with no z-coordinate (endcaps are OK)

e Pixel detector: seeding for low Pt & Kalman filter with fake clusters
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HCAL resolution with single Tt
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Reconstructed vs Beam Energy
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Di-jets events

Total Energy Resolution for di-jets
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Di-jets events

Response

po0
pl

0.4667 + 2.954
1.003 + 0.01936

HCAL Reconstructed Energy (GeV)
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400

Sigma from Gaussian fit on the Total Energy Distribution

Mean from Gaussian fit on the Total Energy Distribution

2 -0.06563 + 2.513
p1 1.001+ 0.01656
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Muon Spectrometer Performance

X2/ ndf =97.25/36

Prob
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Cracks excluded

Requires tracks already
reconstructed in DCH

Efficiency vs Momentum | 2285/182

i
1

0.01104

0.9418 + 0.0042

"




80 GeV jet with escaping particles
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Jet reconstrucion:
combine calorimetric and tracking
informations

(work in progress)




Jet Reconstruction Strategy

T 1T T

Niar |
2
T

I 11111111
I |
t]!i[ﬂﬂlll_ LI
:*f:j‘/‘/q/ﬁ '
{
[ T T

|
w2

111

[T TT TITCATTTI

LL (1 IR

I T
1T A

h;;"ih

T T T L

w‘* f/\

I

LT [ [
(I 11 {1
AL 11 T

N Muon 55




Z° Mass with Dual Readout

htemp

60 Including jet-finder

Mean

Sigma

40

Entries 1244
100115 /M =35.3%/VM Mean 90.54
RMS 4.542
80 2 | ndf 38.68 / 34
n .
g, | M =39%//M x

Constant 91.13 £ 3.33
90.77 ~4.11
3.784 + 0.086

20
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50 60 70 80 a0
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100 110

All events, no cuts

Jet axis resolution
Og=1.7°
O, = 1.9°
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Including jet-finder

hZMass
Entries 828
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¥2 1 ndf 92.15/56

Constant 394+20
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e'e” - W'Wvy,Z°Z°%v
W/Z Mass Separation

e Simple Durham jet-finder a
la L3 (fixed/variable ycut)
used for this analysis

No combined information
with tracking yet

4-jets finding efficiency:
95%

g_lllllllllllllllllll|IIII|IIII|IIII|IIII|

| I | | | I I | | 1 1 | | 1
100 110 120
Mj1j2

Study by A. Mazzacane




ete -> Z°H° -> vv cc + ZZ Background

hSigBkg
Entries 21566
Mean 106.3
RMS 20.06
215.4 f{ 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

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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Summary of Detector Studies

Resolutions with multi-jets are dominated by multiple scattering in
VTX + Central Tracker

Redundancy of measurements and seeding in central tracker is
fundamental for good/safe performance

Small drift cell (drift time<= time between BXs) relax the
requirements on the VTX

VTX resolution likely not an issue (for pixels about 20 pm x 20 um)

VTX material budget of 1% X/X, is OK

Jet Energy resolution is better than 30%/sqrt(E) with Triple Readout
Calorimeter

Constantterm is 1.2%

Dual Solenoid Muon Spectrometer nice complement to Tracking +
Calorimeter
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Status of Lol

e Organization of Lol of 4th Concept has been
finalized

e All tasks have been assigned

e Mass production of events has been planned
after ECFA2008 (July 2008)

e Mass production of events started in August.

e All computing resources for the mass production
of events are from Fermilab
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Status and Perspectives

Detector R&D is conducted by independent collaborations (CLUCOU, DREAM,
SILC, SIDET, 3D-Pixels, etc)

Most critical issues have been pinpointed:
e DCH needs Si in fwd region: CLUCOU + SIiLC (A. Savoy-Navarro, F. Grancagnolo)
e Crystal Calorimeter: Collaboration with DREAM/Pavia, Fermilab (A. Para)
Performance of Dual/Triple Readout is very good in data and simulation:
e need much more work to go from Technique R&D to a Detector design
e many good ideas on the market (fibers, crystals, fiber-crystals)

e |t should be an independent, worldwide effort (for future colliders as

Software framework (ILCroot) runs smoothly at FNAL. It allows quick test of new
iIdeas and efficient optimization work

It is continuously upgraded, with newer versions of the detectors
Present effort is for the Letter of Intent (March 2009)

Personal thanks go to Fermilab for their support and collaboration over the last two
years (especially M. Demarteau and B. Tschirhart)
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Backup slides
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Layout and assembly technique
(based on Kloe)

November 16th, 2008

Gas = 0.0015 X,
Wires = 0.0040 X,

LCWSO08 - C. Gatto

Length:
34matr=19cm

3.0matr=147.0cm

Spherical end plates:
C-f. 12 mm + 30 mm Cu

(0.047 X,)

C-f. 0.2 mm + 30 mm Al
(0.001 X,)

Outer cylindrical wall:
C-f./hex.cell. sandwich

held by 6 unidir. struts
0.020 X,)

Retaining ring




SiD Tracker Layout

Version  SiDO1-Polyhedra+ SiDO1
Guard ring: mm 0.07
Barrel Layers: 5

Total Tiles Barrel 7312

Wafer layout

Strip pitch 50 pm

Strip thickness (Si wafer) 300 pm

Strip length 93.31 mm
Tile width 93.531 mm

Carbonfiber in 0.228 mm
Rohacell tickness 3.175mm
Carbonfiber out 0.228 mm

Si support 300 pum x 6.667 mm x 63.8 mm
Kapton Layer 0.1 mm

Support layout

Carbon Fiber 500 pm
Rohacell  8.075 mm

Carbon Fiber 500 pm

Barrel Layer layout
Radial position (Barrel) cm 18.5-24.5; 44.1-50.1; 69.6-75.6; 95.2-101.2; 120.8-126.5
Z-length cm 53.4; 121.6; 189.6; 257.8; 326

Endcap rmin rmax z positionin cm
1 185 48.6 629148

2 185 741 96.915515

3 185 99.7 131.016285

4 195 1253 165.117005

5 278 16.67 20.59408

6 7.51 16.67 54.04408

7 11.65 16.67 83.14408
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DCH Resolution vs P

Relallve F1 resciution with P [ Relaflve Pl resolullon wih P il

nimies
Meanx 1004
{ Mean y 0 2579
J A& x BT
01433

1pt) 10 GeVia
A 1pE] 107 Gevic

AApt] 10 S e

November 16th, 2008




AT R
S LS T 1 O s T 22

[T TImm_L1 7T T T1
1101 Y
I 11111 I I N

9
-
D
>
D
12,
o)
O
N
-
©
O
p

November 16th, 2008




ttbar->6jets

Resolution in Real Life: tthar->6jets
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Material Budget Map (Fibers)

<\.>=7.3

Interaction length map (Fiber)
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4" Concept Crystal Calorimeter

Crystals

Scintillation yield
Cerenkov yield
Dimensions

Rin, Rout cm
material in front
Depth ( )
Depth (A)
Granularity
Coverage in 9
Total cell barrel

Total cell endcaps
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~17.9 XIX, ~ 27.7 XIX,
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r=461m

Fibers
Tower

=251 m r=251m
Crystals

r=238m

=208 m




Main Source of Constant Term: tower shape

Top view of the shower of a 45 GeV e
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Calorimeter Response for 40 GeV e
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Resolution for T° in ECAL+HCAL

n° Energy Resolution X2/ ndf 1227 /5
po 0.08043 + 0.001048

p1 0.001398 + 0.0006868
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ECAL+HCAL Issues

Preliminary studies on ECAL+HACAL for hadronic
showers and jets

Making ECAL and HCAL working together is not
trivial

Simple merging of the two showers is not working

Need a more involved calibration

Otherwise need to give up the crystals or make a
purely crystal calorimeter

Onqgoing collaboration with Fermilab on
simulation of crystals in ILCroot
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Dual Solenoid B-fleld & Muon
SpPectrometer

Magnetic field of dual solenoid and wall of coils




L-System basic element:

radius 2.3 cm
filled with 90% He — 10% iC,H,, @ NTP
gas gain few x 10°
total drift time 2 us
primary ionization 13 cluster/cm = = 20 electrons/cm tota
both ends instrumented with:
« > 1.5 GHz bandwith ASLC ol
. 8 hit fADC e
* > 2 Gsals sampling rate development:
« free running memory at INFN-LE

for a
- fully efficient timing of primary ionization: cluster counting
e accurate measurement of longitudinal position with Charge division
Novenﬂaﬁgﬁlﬁoiﬁentification with d N C'/(dégs - C. Gatto




Modular Design

550 tubes
22 cards
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Full H-system
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Chawnwnel count

Total:
40140 tubes
30792 channels
1296 cards
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