The ILD (LDC) Detector Concept

Ties Behnke, DESY

An of course entirely unbiased review of detector concepts at the ILC
and why it is now the right moment to contribute to the ILD

UK-ILD/ LDC meeting in Cambridge, September 21, 2007



Contents

es it look the way it does

i { et
= - — =
23 \ 3 e =
: | 3 MEy e
i e

4

@ Technologies in LDC: wher

|
/{5/{\' E\“ i ,_:L..—{"" sz
- i 1 i i

e

T eILD organisation/ li’oadmaps/_ | etc




The Goal

@ ILC is precision experiment -> consequences for the detector

™ M. Thomson, Cambridge

Focus on individual particles, focus on detailed reconstruction of particles I

21-9-2007 T. Behnke: ILD 3



Physics at the ILC

< Stress Precision measurements Higgs recoil spectrum
+ ¢ Data
S ZH > ppX
Reconstruct complete event properties 3 +
Do a “full” job: hermeticity S '
+ Be prepared for the unexpected =

Dead time free readout
large acceptance Recoil Mass [GeV]

"no optimization”: very broad program Goal: “background free"
signals

21-9-2007 T. Behnke: ILD 4



The States

Events at the ILC: tt event at the ILC (LDC model)

C Event Display {CED)

* multi jet final states
° leptons, often in jets

@ forward going physics

21-9-2007

C: V. Morgunov, A. Raspereza



Physics Challenges
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The "ultimate” in precision requirements:

Measurement of the Higgs Self Coupling

@ Multi Jets in the final state
@ need excellent jet-energy resolution to
get decent measurement

Jet energy resolution is the (one) key to success at the ILC detector I

21-9-2007
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The Backgrounds

Physics itself is the main background

Number of background

Though there are induced hits in VTX
some challenges from Beamstrahlung vs. radius
@ Vertex detector occupancy T e e
@ Very forward direction 1800 | = Nominal 500 GeV
- Low Q 500 GeV
1600 - = Large Y 500 GeV
1400 1 Low P 500 GeV
0 : »— High Luminosity 500 GeV |
T 12004 High Luminosity 1 TeV
;:2 1000 |- .
Significant work done, € o]
E [
seem to be manageable 800 -
400 + W= 5 )
200 —- : -
ol : — '
1 2 3 4 5
VTX Layer
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Detector Requirements

Excellent vertexing
as close as possible to the IP

Robust, three dimensional tracking
high efficiency, do not forget the low
energy tracks

21-9-2007 T. Behnke: ILD 8

Powerful calorimeter
good photon identification



Lessons learned

@ Last generation of e+e- detectors: LEP detectors/ SLD
@ Be prepared for the unexpected (lifetime measurements, ultimate precision)

@ Material hurts and is very important
(example: vertexing at LEP, luminosity measiirement)

Electromagnetic
calorimeters e,

Hadron calorimeters

@ Three dimensional event reconstruction
is very important for precision

Jet
[ chamber

 For ultimate precision:
® need good hadronic calorimetry

Vertex
chamber

r—  Microvertie
detector

@ Reality will be different than simulation..
(see next slide)....

Z chambet

Solenoid and
Presarmpler pressure vessel d _l
Forward Time of 1light ﬁ
21-9-2007 T. Behnke: I Forward e o1 g

Silicon tungsten
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Materials: from Concept to Reality
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Requirements: Tracking

Vertexing: excellent vertexing capabilities, thin!

impact parameter resolution
60 — . . -

" Key issuses:
50 " measure impact parameter for each track
= " space point resolution < 5 ym
= smallest possible inner radius r; # 15 mm
= transparency: ® 0.1% X, per layer

G"T,[llfll:l

20f % = 100 ym of silicon for 5 layers
35 = stand alone tracking capability

i, G Ry = full coverage |cos ©] < 0.98
70°05 1 I5 2 25 3 3.5 4 435 " modest power consumption < 100 W

Comparison of
TPC (left) and

SI based hit
pattern at the ILC

goal:

0P 5107
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Be aware of single benchmarks -
have to look at the complete system!
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Tracker Benchmarks

Higgs recoil mass measurement:

clear case for excellent momentum
resolution (...?)

CMS Energy has much stronger effect

| Higgs receil mass spectrum - full simulation & reconstruction |
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0.05

100 200



Tracking Layout

The real challenge:

design an integrated system,
which is powerful and thin at the same timel

External tracking detector (SET)

Time Projection Chamber (TPC)
Endcap Tracking
Detector (ETC)

21-9-29Q0xf ex Detector Forward Tracking Disks (FTD) 1- Behnke: ILD

Proposed layout
of the LDC
central tracking
system

Special Focus on:

Robustness/
Redundancy

Excellent precision

13



Vertexing

Low occupancy needed
Challenge in the ILC environment

Pixel detector:

Many different technologies under discussion
UK is very active in this area (Rutherford, others, LCFI etc)




chamber

A TPC tracker for the ILC

Proposed solution:

®Based on micro-pattern (MP) gas detectors

8GEM/ micromegas

® Mechanically potentially simpler

®| ess material

8L ess systematic effects (potentially)

®Not yet proven in large scale projects

10118

MP detector

GEM

trﬂck'_*:__,..---""'

GEM hole
(schematic)

\

track image,

—1T]

@ Many space point

@ true 3D points

@ Excellent Pattern

Recognition

® Large volume coverage

drifting

electrons

e

pad P]ﬂl’]E

enlarged view of the
field near the GEM holes
1 et i_'l.__ L 'i__'_l'

Pt %) T B tinrn

g I.-"..,.fjl | {T.:T-;' - l.-'- i ll‘T :,,II-'-, -:—
s i N A
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Silicon based tracking

Addition to the TPC based tracking:
@ SI strip detectors tfo complement the TPC

@ A few high precision points replace inside (and outside)

® Improved momentum resolution
@ Impact on material budget
heeds to be studied

Possible
Layout of the
ST tracker module

16



Forward Tracking/ Event Reconstruction

External tracking detector (SET)

Tracking behind the TPC
IS an issue:

+ Needed?

Endcap Tracking - HOW QOOd?

Detector (ETC) - Wher-e?
*+ Impact on calorimetry?
+ technology

Time Projection Chamber (TPC)

S| Vertex Detector Forward Tracking Disks (FTD)

Potentially very powerful forward tracking system
but careful evaluation of performance is missing

21-9-2007 T. Behnke: ILD 17



21-9-2007

Open Issues in Tracking

External tracking detector (SET)

Time Projection Chamber (TPC)

Endcap Tracking
Detector (ETC)

‘ertex Detector Forward Tracking Disks (FTD)

Sl

<

T. Behnke: ILD
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.. many ...

21-9-2007

Open Issues

Final resolution? Control of systematics I

External trackir (SET)

Time Projection (TPC)
Endcap Tracking
Detector (ETC)
Sl Vertex Detector Forward Tracking Disks (FTD)

T. Behnke: ILD
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.. many ...

21-9-2007

Open Issues

External tracking detector (SET)

Time Projection Chamber (
Endcap Track
Detector (ETC)
Sl Vertex Detector Forward Tracking Disks (FTD)

T. Behnke: ILD

Endcap design,
interference with
the calorimeter

material in endcap?

20



Open Issues

.. many ...

TPC or SI tracking? I

External tracking detector (SET)

Endcap Tracking
Detector (ETC)

L

Sl Vertex Detector Forward Tracking Disks (FTD)

21-9-2007 T. Behnke: ILD

Even though ILD

has decided to use

a TPC,

we should understand
and justify

this decision

21



Open Issues

.. many ...

External tracking detector (SET)

Time Projection Chamber (TPC)

Endcap Tracking
Detector (ETC)

ol b

Sl Vertex Detector Forward Tracking Disks (FTD)

VTX detector layout
integration into the rest?

21-9-2007 T. Behnke: ILD
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.. many ...

21-9-2007

Open Issues

External tracking detector (SET)

Time Projection Chamber (TPC)

Endcap Tracking
Detector (ETC)

—T1

Sl Vertex Detector

Forward Tracking Disks (FTD)

Forward tracking
integration into the rest?

T. Behnke: ILD
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A ZHH event at the ILC

Track reconstruction is only
part of the story

ZHH->qgbbbb event at 500 GeV

many jets (6)
e e lots of tracks

but still much
cleaner than any
hadron collider
can dream of

i :
|I - : i
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‘ x%% e //-,
/ £ u“’\\\ ZHH - ggbbbb
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Event Reconstruction

Excellent jet reconstruction needed

Individual particles
Sib/LDE/ 6LD particle identification
“calculation” of total jet energy/ mass

Individual jets
4th hardware compensation
“measurement” of total jet energy

21-9-2007 T. Behnke: ILD

Particle flow I

ILD is very much
concentrated on
particle flow!

25



What is Particle Flow

ECAL

AE=0.2GeV
5 GeV Ap=0.002GeV
o(E)/E
5 GeV electron: 0.002 GeV
photon: 0.2 GeV
heutron: 1.1 GeV

For LC energies: tracker is most precise

21.9.20 UTilize the precise tracker as much as
possible

0.025 H

(AE=1.16GeV)

Resolution tracker - Calorimeter

tracker

. 120 GeV
s * 370 GeV .
T EcAL
E(GeV)



Perfect PFA : What theory predicts

Jet energy resolution Typically w =25%w,, =13%

OZ(EJ-@T) = 0°(ch.) + 6?(y) + 6?(h°) + o®(conf.)
A = 110/0,' AhO = 340/0

Excellent tracker : N s(E? VE = 14%/E

o?(ch.) << a®(y) + a°(h®) + o*(conf.) Jet™ et Jet

Perfect PFA : ¢°(conf.) = 0 A, = 11%; A = 50%

GZ(EJ.eT) = AyEy + AhEhO: wvAijet +wh0AtheT => s(EjeT)/Eje* . 17%/‘[Ejef

o€ )E =A / \/Ey’h

13% neutrals _ 61% charged n} 26% photons
N Charged ) - 0 |
il

20 L Photons

Neutral hadrons 250 |

200 -
200

150

150 -

but be aware of fluctuations!
) ey

ke

i A 1 1 J ) .
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E/Etot E/Etot E/Etot

0.7

1 J
0.8 0.9



Factors Contributing to Z Mass Resolution

e ¢ >2">qq at 91.2GeV - rromasi
Effect o [GeV ] g [.Gn?\f‘] 9] [GEV].— g
separate not joined total ( %/VE ) to total
E>0 0.84 0.84 0.84 (8.80%) 12.28
Cone<5° 073 | 1.1 1.11(11.65%) 9.28
P,<0.36 1.36 1.76 1.76(18.40%) 32.20
O hear 1.40 1.40 2.25(23.53%) 34.12
O kcar 0.57 ==p=151 2.32(24.27%) 5.66
L - 0.53 1.60 2.38(24.90%) 4.89
M charged 0.30 1.63 2.40(25.10%) 1.57

21-9-20



What do we want?

60%//E 30%/VE
Traditional ILC goal: 30%//E

Masses J; 1,

Derived from physics studies,
but needs to be interpreted
with care

=
<
(11}
|©]
=
<+
3
m
G
w0
a
w0
w
]
=

20 100 110 120 100 110 120
Masses J, ], (GeV) s5es (GeV)

WW/ ZZ separation studies

Clearly a too simplistic view:
@ Constant ferm becomes dominant at high energies
@ Simple scaling produces unrealistic resolutions

To be understood

More realistic goal: 30%//E (VGeV)* C(%)( with C=2-4%

see work by Mark
21-9-2007 T. Behnke: ILD 29



The ideal PFLOW calorimeter

Traditional energy
resolution is important
@ Extremely dense (small Moliere Radius) P

® Extremely granular (particle separation) but not so critically

containment

Granularity and
longitudinal sampling

As deep as possible

Fine grained ECAL Granularity: “tracking”

21-9-2007 T. Behnke: ILD
HCAL becomes very important for ultimate precision

30



B ER) . CALICE - ECAL
§%§ +H : ’ ——% Ewha Univ., Sungyunkwan Univ.,

Kangnung NU , Yonsei Univ.

% ' T ] i LAL,LLR,LPC-Ct, LPSC, PICM
—

ITEP,IHEP, MSU

Prague(iop-ascr)

iz Imp. Coll, UCL, Cambridge
=S Birmingham, Manchester,RAL, RHUL

W is absorber material
SI detectors as active medium 1 x 1 cm granularity
30 layers, 24 X, (20 cm), 1x1 cm? cells
Alveolar structure, carbon wrapped W
9720 channels - in an (18 cm)3 cube

hke: ILD

31
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Silicon based photon detectors for the
HCAL

*  Multipixel Geiger Mode APDs ITEP  »

-

— Gain 10¢, bias ~ 50 V, size 1 mm?

— Tneoencitive +n mannotir ficlde

MIP events

o3 B85 88
B L
o
3 |
’Y
& 4
@»

g 4
E
k=]

Auto-calibrating
but non-linear 3x3 cm scintillator tile

with WLS fibre

New era for scintillator-

1156 pixels with based detectors:
individual quenching High granularity at
resistor on common latively |
substrate relatively low cost

21-9-2007 T. Behnke: ILD
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HCAL sensor technologies

« Scintillators

— Trade amplitude resolution
against granularity: analogue or
semi-digital readout

— Goal: Detector architecture
with embedded sensors and
electronics

* (Gaseous: Glass RPC or GEM
foils

— Natural choice for finest
granularity

— Digital readout for 50 million
channels?

21-9-2007 T. Behnke: ILD



ECAL Test Beam (CALICE)

~irst real test versus

fhe « Particle Flow » method

a_dedicated detecior
close by electrons (~ 3cm) nu

Detector Top

Detector Front

Detector Side Run 100176 Event 382

21-9-2007 T. Behnke: ILD



ECAL/ HCAL Test Beam (CALICE)

Major effort to test
® Technologies Combined ECAL/ HCAL/ Tailcatcher

» Shower physics test beam at CERN (2006/7) FNAL (2007/8)

2 track event
recorded at the CERN
test beam

with reconstruction
run on the data

36




Results

7
g

0.8
a0 -11] 174z DIodE

o1 i Pird -1 - Bl Pk -

1&

Measured energy resolution in the ECAL

AEME {%}=%‘E%%%muei |:|.1:§I

energy resolution (%ol

o4 3 Not fully corrected data
. \‘*-k-,ﬂ_ : (work ongoing in UK and elsewhere)
2 T __'_._._é ? 4D [ T T T T T T T T 7]
5 3 = - C} AHCAL with partial nstrurrlentaticun;
u] [ 10 18 20 26 20 :f.e:é:.;f {-gevﬁ}l:l E'TUJ 35 :_ P _E
0F s
- A .
251 g E
o
Energy resolution HCAL °F Frnd 535173
. . . . ~ AzrEizqa 76802034 |5
with partial instrumentation OF  |Peecs. oo0:0m0f
: T R
(z number of layers) o 852007 || rocmpmnn o020 |
N
0 0.2 0.4

1NE [1NGeV]

Lots of data accumulated, analyses are very preliminary
Expect many new and interesting results in the near future




Detector Optimization: ECAL S0

Photon separation
(fraction of second photon within

g 0457 iven distance
ST Z — uds (|cos0]<0.7) 3 )
= : :
% - 100 GeV Jets, 20x20 ECAL 65|
2 0.4 8 100 GeV Jets, 10x10 ECAL o S R e e s e e e e e L
& i ® 100 GeV Jets, 5x5 ECAL ;

| 35 , .......................................
E’n " qn._l_D.Ct;.‘l.ﬁ _
o 0.351 sslSI2s 0 LA W L
m B . 4_[}_._._._._....5-., ...,.E,.- )

i L : :
t; B pi DRl e Ll S S S e e e
- 0.3 . __

: 30 ;

B A S i

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0'%%00 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300

TPC Radius oy
5.._.
First full reconstruction results . : :
) 0 1 2 3 4+ s 5 o 2 9 10

Cell size in cm

1x1 cm”2 cell sizes seem reasonable

not a huge gain by smaller cells seen at the moment
21-9-2007 T. Behnke: ILD 38



Detector Optimization: HCAL

HCAL optimization:

reconstruction of overlapping hadronic showers

Quality, %

21-9-2007
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T. Behnke: ILD

A. Raspereza,
V. Morgunov,

Snowmass 2005

Two showers : 1 10GeV, K{ 10GeV
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Detector Optimization: HCAL

3x3

= n
=] |
£ g6 Z — uds (|cos0|<0.7) L
ER) ® 180 GeV Jets
-5} B ® 100 GeV Jets
a7 |
s |
g 0.5
- I
-] B
5 i ®
?.') —_ . &
2 041 .
- ]
W PR ERR S e AR el
0.3 ) 4 6 3 10 12
HCAL Cell Size/cm

M. Thomson,
Paris 2007

inary Conclusions”

‘Preli

¢+ 3x3 cm? cell size ok

* No advantage = 1x1 cm?
* physics ?
- algorithm artefact ?

* 5x5 cm? degrades PFA

Update today 40



The real thing

The LDC concept

small by LHC standards,
but still pretty sizable
objects

And our new “cousin”,

21-9-2007 T. Behnke: ILD 41



The latest LDC

- LDC VS

LDC starting point
for the ILD design

but

ILD will look different
in a few months time

L*=4.3m
2m Iron Il

Weight ~7700t

21-9-2007 T. Behnke: ILD
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Opening the Detector

Key issue at the moment: place needed for the detetor
opehing of the detector

Need 2.5-3m to access the detector
(Top view)

21-9-2007 T. Behnke: ILD 43



Access to the inner detectors

VTX detector can be serviced

250m —— ’*7

er

- i
W= =il = S56
— = EE—— —

1T b=

D =

» o

= =

L Q

2 <

- =
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Hall Cross Section
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One versus Two? Push-Pull?!

We want two detectors - clear agreement in the community

Cost considerations: 2 IP are too expensive
push pull operation has been proposed

23-5-2007

T T. Behnke: ILC Detectors

Can this be done?
How quickly?

Loss of efficiency?
Alignment?

Highly non trivial

46



Detector Platform for Push Pull?

SIENEE FERMEE SUT Eﬁ[@@@&@) PORTEE PONT ROULANT L0t 23120 Char‘ming!

* Detector over B J < * disentangles
itself should [ ., LJCA L) transverse and
be rigid v T | longitudinal
major "beast” %’ | - * Good solution for

e Needs to | % cables and supply
carry | el lines
the QDO | TR * But:is it really
support and i heeded?
the service i e J | s
cryostat! | Lo

= 20m wide -
- I
N. Meyners, DESY
23-5-2007 T. Behnke: ILC Detectors 47



Detector Roadmap

The roadmap for detectors at the ILC;

2007 2008 2000
Call for  Letters of intend Prepare an engineering design
letters report (light)
of collect groups in step with the collider
intend willing to contribute
to a EDR for the A complete concept
concept some engineering support of the concept

21-9-2007

a reliable costing
demonstration: we can start if we may

T. Behnke: ILD 48



Detector Roadmap

The roadmap for detectors at the ILC;

2007 2008 2000

Call for  Letters of intend Prepare an engineering design
letters report (light)
of collect groups in step with the collider
intend willing to contribute
to a EDR for the A complete concept
concept some engineering support of the concept

Research Dir'ecTor'> a reliable costing
demonstration: we can start if we may

21-9-2007 T. Behnke: ILD 49



R&D at the ILC - NOW

Organized in two complementary ways:

Technology R&D collaborations

LCFI, MAPS, ...
Look primarily at technologies hori l CALICE, LC-TPC,
concentrate on sub-detectors orizonta FCAL, ...

example: CALICE, LCFT, LC_TPC, ..

Detector Concept groups

A siD, LDC,

GLD, 4™
other?

Look at the overall concept
optimize the interfaces between sub-detectors
Look at integration issues

vertical

21-9-2007 T. Behnke: ILD 50




Towards the LOI

At LCWS2007: LDC and GLD decided to join forces to write a common LOT

@ Detectors are similar

@ TIntense collaboration on R&D level exists already at all levels

@ Resources heeded to write yet another report (LOI) and to do serious
engineering are rather limited

In our understanding:
@ The LOTI is rather heavy on performance evaluation
@ We want to understand the optimum for an LDC like detector (GLD like detector)
@ We are convinced we can go much further if we collaborate than if we
start a competition

21-9-2007 T. Behnke: ILD 51



Who does what in LDC

LDC has been a European dominated effort so far

with ILD this will change (but here I restrict myself mostly to LDC)

Py .
Other concepts e > Calorimetry Muon Detectors

",
e,
e,
?,
e,
e,
%,
'\

vertex <=—we_ ., LDCgroup L= Forward detectors
small, light weight
R&D groups

TPC tracking =I5 TREEAIR

21-9-2007 T. Behnke: ILD 52



Main groups in LDC
VTX: UK, Germany, Italy, France, Poland

TPC: Germany/ France/ USA/ Canada/ Japan/ China
ECAL: France/ UK and others, Japan

HCAL: Germany / Russia/ Czech AHCAL, France (dHCAL),
Spain (dHCAL), Japan

Muon: USA (NIUV), Italy (decreasing)

Forward (Germany, Czech, Poland, ...)

21-9-2007 T. Behnke: ILD

LCFT
MAPS
DEPFET

LC-TPC

CALICE

FCAL

53



LDC efforts

Overall Detector Integration and Engineering

Core Software

Detector Optimization

21-9-2007

T. Behnke: ILD

Germany (DESY),
France (LLR)

DESY
LLR
UK

UK
Germany
France

54



ILD structures

ILD steering group is the force behind the effort:

Hitoshi Yamamoto, Yasuhiro Sugimoto
Ties Behnke, Henri Videau
Dean Karlen, Graham Wilson

Working groups

detector optimization

MDI

Costing

21-9-2007 T. Behnke: ILD

Mark Tompson
Tamaki Yoshioka
Karsten Buesser
Toshiaki Tauchi
Henri Videau
Akihiro Maki

55



ILD plans

... are still evolving, but
1) make the working groups work
special emphasis at the moment is put on the optimization group

2) based results from the optimization group, work out an "optimal” set
of parameters for ILD, which are not just (LDC+GLD)/2

3) Spring 2008: form sub-system groups, charged with preparing the
relevant parts of the LOT

4) submit LOI summer/ fall 2008

21-9-2007 T. Behnke: ILD




Summary and Conclusion

Detectors for the ILC are a very active field
Many interesting technological developments are ongoing

Detector R&D is particularly strong in Europe, but other regions
are ramping up their efforts

Many programs have reached the state of first test results,
we will need a few more years to come to conclusions

Studies/ understanding of systems reaches a point where a meaningful
detector optimization is possible

21-9-2007 T. Behnke: ILD 57



21-9-;

Summary and Conclusions: |LD

ILD is the new kid around the block
though it is based on "old" and very experienced parents
ILD is very open and democratic, and lightweight in organization

ILD will try to do a real optimization - we want to be a heavyweight
in results

ILD will try to make the case for a “large” detector at the ILC with
redundant precision tracking and an emphasis on particle flow

ILD offers many exciting and challenging areas where people can
contribute even with limited resources

ILD has many of the tools needed to make contributions (see talk by Frank)

ILD will soon even have a WEB page: http://www.ilcild.org o8



