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Performance Goals

ILD DBD COmpMﬁ March, 2013 as compared to LHC detectors

,;" -, Vertex resolution 2-7 times better
& e Momentum resolution 10 times better
Jet energy resolution 2 times better

~ LC-TPC (ILD)
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ILD : optimized for

Particle Flow Analysis
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i N Micro Pattern Gas Detector

. .. L readout TPC provides pictorial

!—Ilghly efﬂcnent trapkmg In a 3D tracking by ~200 space

ity environmeni IS ain points with o,¢~100 pm and

essential ingredient for PFA two-hit separation of ~2mm Large Prototype

being tested at DESY
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G+ Why MPGD Readout?

Layout of the cell

< We need high (>3 T) B field
to confine ete- pair BG from
beam-beam interactions,
then ExB is too big for
conventional MWPC readout

pi211i09 Y1 80/01 /51 U0 |0°94°10 10 PaNOId

— Grid wires

. — Sense wire

| — Radout pad plane

< 2mm 2-track separation is
difficult with MWPC readout

' Thick frames are ExB spreads seed electrons along the
unavoidable for MWPC sense wires, then avalanche fluctuation
readout limits the spatial resolution!

Micro-Pattern Gas Detectors
Micromegas GEM InGrid TimePix

'Y Y 111

De-clustering, . .1
0 50 100 150 200 250
Drift distance [mm]

Pre-LCTPC group incl. the FJ team, together, excluded MWPC
K.Fujii @ FKPPL/TYL 2013, June, 2013 option with a small protoypte TPC!
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c MPGD Options

After the initial stage of R&D with many small TPC prototypes, we are left with
three options of MPGD TPC readout technologies for ILC, being tested at the

Large prototype (LP) TPC at DESY.

l. Analog (Pad) TPC: Subject to the gas gain fluctuation in the gas
amplification. Need to spread the avalanche
charge for charge centroid.

(1) Multi layer GEM with the standard pad (~1x5mm?Z) readout :
(charge spread by diffusion)
Asian (KEK-Saga-Tsinghua) Module, DESY module

(2) Micromrgas with the resistive-anode (pad: ~3x7mm?2) readout :

Saclay-Carleton Module

Il. Digital (Pixel) TPC: Free from the gas gain fluctuation. Expect
20-30% improvement of position resolution
In the case of digital readout.
No angular pad effect.
Theoretically the best but not yet ready for full
implementation of a module.

(3) InGrid Micromegas mesh on Timepix chips (pixel: ~50x50pum2)
NIKHEF-Saclay Module, Bonn-module

— being tested in Large Prototype at DESY

K.Fujii @ FKPPL/TYL 2013, June, 2013

Asian GEM module

MM (resistive anode)

PN

InGrid+Timepix

-

h

»

1

b

E



/—\ P\IIKI-EI_\‘J [ IVPI" ].} i ""1['"’}' I‘_,q i rol ’\hv} in the
- .o ot Siegen “TRostock | "l divection o it imap.
: IaOIFe ) Calelon | [~ Université \ [—'.g—’ = = l:-.{?"t:f-k. not 10U% eccuratel)
"\/ L Unwcr*lty de Monfréal | i sl $SEess
o -~ ( Lniversity i s i DN
e [ TRIUMT ] \ ' W'TH \) 7/ i a— = StPetershur
r / / . ~\ | f /2T [lamburg T SUYEETSY
\ L Jniversity — . BINE

. Novosibirsk

[' Uniiver sily of |
: Universily J

Vicora

In.diang_ of I'sukubg
Jniversiy = ]
K
TR ). Tokvo UAT |
LBNL \,/—\
Berkelzy J o U?ITV_Q:'(.;II)'
e at Takya

Lousiana o University of | Kogakuin |
Tech 3 X - Kal |-’ﬂ o _Unwversity |
Carnel ) ‘\‘\ﬁ'.,‘\ T::lnghud {
IIniversity ) GV R |_Uniiversity \ A y Klr!kll
e Y \\ W University )5 \ | niversily |
Y ) f [(’,FRN]\ \ of Fraiburg J 5
W A \ \"".. X N\ Saqa
\ Y ;EJA ' 5% € [\ Universily || t',"r:'s;:;"{a
)Tl :’ 4 [ Saclay ] - e “ -
on  Lamm s University l Minatano
=N of Bonn 2 % SU-I1
Crsay | : a “ =
Observer Status: [ jowu State | Purdue [ vae | [MIT ’ i [ umm ] NIE-NE
University | | University | | University | " | Munich | | Krakéw | | Bucharcs

K.Fujii @ FKPPL/TYL 2013, June, 2013



® |arge Prototype Test Beam Facility at DESY @{”*}& ?E'

G

Field cage &
Mechanics, Gas
system AR P4 Lk
(EUDET/DESY) \‘ > 7 gy
I e 03

LC TPC Collaboration i
Si strip detector Magnet: PCMAG and its upgrade
(EUDET/SILC/DESY) (KEK, EUDET/AIDA/DESY, CERN)

Endplate
(Cornell)

Cathode Laser Calib.

DAQ & Monitoring (Victoria)
(EUDET/DESY) _

Beam Trigger

v (NIKEFH)

2PCO2 cooling system —— ’Tes'\t-s‘beam &F acrllty
(KEK, DESY) / K VI@-‘} 1 8ince 2008) Cosmic trigger
/ ' ¢ (Saclay,KEK )
MPGD Detector Modules

Two types of Readout Electronics (DESY, KEK/Tsinghua,
(EUDET/AIDA /Lund/DESY, KEK, Saclay) Saclay/NIKHEF, Bonn)

Common Software Tools
(EUDET/AIDA , DESY, KEK, etc)

K.Fujii @ FKPPL/TYL 2013, June, 2013
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G+ Spatial Resolution

Asian GEM Module
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Resolution (j1m)

Orp=100 pm

Both options seem to satisfy the 0:¢=100pum requirement!

Saclay-Carleton MM Module
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L Resolution Formula

Since TPC operates on the nice and old “gas physics”; ionization, diffusion, gas amplification and
fluctuation, etc., it is possible for the GEM TPC (option (1)) to formulate a fully analytic expression of its
spatial resolution to understand the LP TPC results, to optimize parameters of the GEM TPC, and to
extrapolate them to the ILD TPC (R. Yonamine / KF)

. 1 1 |
(/J.w Ltall(,),Cd,x f,; pff [f])zLj - [B] _— - /,»‘
N, ff N eff
J
[A]: Hodoscope effect/S-shape at the short drift distances
t1/2 \ “ asymptotic formula ([ B] term)
41 - 2 _ : 1
[A] := / | (U' ) E (aw) Fa(Z +ytand + Az)) AL, .’L) o2 = (o4 C22)
J—1f2 diffusion-averaged & cluster ' Negy
position average charge centroid '
SySTemacs The constant term also scales as 1/Ne!
[B]: Diffusion + finite pad size term 5 [
<18
. i L L=6.3 [mm] Ar
\ \ 16—
I :—/ (Y(m. ll*A)—T\hll)(‘ +AH,\,' ) C
o J o 1/2 ‘ LW / / { 142_
, diffusiou-averaged charge cenwroid 12F
~I Al =0 7 displacement due to dittusion for a single electron :
2, TV £ - -
N . EAR AT Bl
; 4 | (“‘j' \ '.\ 1
[C]: Electronics noise - V=1t fe Tk
| EIASI AN SRR : effective # electrons
| ( ) p \ )
' | a . -1 bbb oo
[D]: Angular pad effect - ! N oy S‘“ 1 (:'J ,\2,\'-‘,.’}_‘_ B \ 00 01 02 03 04 05 06 07 08 009,,/L1
N ooy |~ N A .
‘eif - ! x‘_/< ' Yy I v ' > )
2 tan? ¢ EWSETIL o/ e Neys <€ Neyy
1) - A < L . - ] ] )
12 : effective # clusters Orep quickly deteriorates with ¢!
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Trackmg Code (Marlln Trk):
now fully C++ ere — t tbar @1TeV

, > A/; f —~ :
The continuous trackmg/ 'i‘PC s very robust against the
backgrounds (mcludmg |cro~ curlers) at ILC reaching

100% tracking eff|C|ency (> GeV/c) except the forward
region

A Kalman filter based tracking code for TPC at ILC has been
deveIOped (LI Bo/ KF)’ and Implern_ented in-the MarlinTPC * Claimed a clear demonstration of the robustness of a TPC
code for the beam test data analysis as well as to the new operating in nominal RDR ILC beam canditions
MarlinReco for the ILD physics simulation

_E 1 N . L} ""ll . LA "'v" L "' . "i:. _E 1 Ll L . ' v L} L l - L ' v L . ] v L I—
ur g Thy WW ]
0

" . 981 Jt
08 [ + + 500 GeV | 0.96 - p>1 GeV {
| ' t 500 GeV ] -
t1Tev | o94f 1 Tev ]
~100% tracklhfﬁ ‘efficiency ; Despite the more realism (cracks, support
_ » N T ] structures, and service materials) brought in to the
] v° 0 02 04 06 08 1 simulator,
p/Ge cos(0) PFA performance is now better than that of Lol!



ILD Detailed Baseline Design :

|etter of Intent (2009)

~700 signatories
~120 from Japan

Contents

1 1LD: Executive Summary
1.1 ILD Philosoohy end Challenges . .

1.2 ILD Lapout and Perfarmnnes

2 1LD Suleystous

d
eg the

The ILD Detector System

31 LD Itegmtor .. . .. v i v i e e
1.1 Mechaniena mnTN
312 Dotestor sssemly o .. 000 L
513 Lervice oathes and interfaces . .. L L
Sla Gesesal Safery [sswes . .. . ... ...
215 ILD Modellirg .. . ... ... ...
32 ILD Alignment ard Calibratien . . .. . . ..
521 Alignment of the Tracking Syeten . .
522 Cabrmoter Calibeation . . ... ...
33 ILD Daw Acquistion and Computng . . . .
3.0 DAQ Structure .,
332 DataProcessng . . ... .......
3233 Owlokand RED . ... . ... ...
24 LD Softwarc and Took e
540 Dutextor Modeb a Mo Hvl .......
; 42 Marhin: Kecomstruction and Analyras b\atrn
343 Monte Caro Procucticns . ... ... e
35 ILD - Machine-Detectcr Interface and eronnrmnl \rﬂ o

.51

ILD Push-pull [ssacs
Iinal Pocus Magets
Beam Pipe ayd Irteracti

Experimertal Area e e
lanm-n tairows ILC Sites
Marh H cgrounds

Iu eumn' studies . ..
h )erf-)cn.u
.muk low

A -

RIS IR ER Y N o

4.12
4.1

Il llmmr Bnace . ..., ...
helor meocels .. L. L L.
2 ertormance at 250 and 300 CoV
l

2.1 LD Vertex System . . . ... ... P b - e e A R
211 Basein: Desgy . ... ... s
212 Pixel Tochnelogics and Rculoul chmmm g ggo recoil ma recomtruction L.l e e i
213 Ladcder Desim . ... ... Tau reconsiruct on 508 BS B BAEIS (BE Bl B B8 BsE BB B
214 Dooling Systors . . .. ... 423 RICDEEWSB .. casvsaissassani ssassesas
205 Detector Mechanics 43 ILD Benchmerking . ... ... v oi vvws v u
216 Fuwe Prospeeas . . \ 43,1 Comnon xco)mlmc.x(m wels . ... ...

2.2 The (LD Silicon Tracking un D L 432 eT¢" < wih
251 The Central Sdlicn 4 nn(l ETL 433 e aaWTW™ . .. :::ci:iaas s
2.2.2 Forward Silison 7 . 4834 ctem ottt L. e e e e

23 The LD TFC Systom . . .. ... 2 430 c'ec = w Boums aOJ GeVo L. ..

2.8.1 Designofthe TRC . . ... ! e . 435 CLher pLYSICS PrOCeSSES . . . o . vt vt v i v o
.22 Callbrmton and Intersal z\.llmm(-m ofthe 71 'th - . A2 s =
253 Statis of R&U for the LOTEC .. ... .. @GP " . ... 12 § ILL Costs _

24 The LD Calotimetor Systemy . . . 13 5.1 Methodclogy of costing o RitE 5 RIS 13 RN B 15" M1 (R B0E 1BeRe BN B
241 herview 11 5.2 ILD Work 3reakdowa Structure . .0 oL L Lol Lo
142 The Zleotromognotic Cadorinmotor Syetemn . . . . . ... L. 16 53 MDeetowalaniion . .. . ... . ... ... .0 Lo,
243 The Hadronie Colorimeter Syston o T+ | B3l NorlooudOuROR o. i 6.6 60606 0o 18 5o 818 Bris: (81l @@ 1@eds B11d - &
244 Paticle fow perbonnznce of Jdwe ILD (uhl Bt S\tu n ™ 532 Silicon tray
240 Forward CaKWMIELIY . + 2 v o v v s sas i aas snaa s (U 533 hime Proj

25 The LD Muon system/ taill eatcher ... ... . ... .. .. ... 32 534  Calorimat
251 Muor System Layoat A3 535 Maognat
222 Technoogies 34 A3.68  Muen syt
203  Performance e e e e 35 52,7 Cos samn|

26 The (LD Coll and Yoke 5\“(1!1 e e e A8 6.4 Dotsctor cost deg

261 Magaet Designs . .o .. .. .. ... .... B8 94.1  Scallng iy
262 Soleawid design | | 5 94.2  Scaling th
203 Apt-DID dezzn . A ] 543 (hmgng
284 Amemblyoftaesokmeid. .. .. .. ... ... ... ... B8l 544 Scaling the
263 Anvilushs . .. . .. | 55 Conclesion
266 l'.nallc:l..uu.htl.l.lupp.ng.. A ) |

26T Lion Yoke Dusipn s 8 Sammary

265  RBurrel yol dixign i T Common scetion
269  End-vsp vobe ceipn | 93

A0 Yoke assemb’y L L oL L L e M

us

9%

9
100
102
105
105
106
106
110
115
17
120
121
121
122
124
126
127
127




TN/

0@ - Iﬁnﬂ!a
@ Entering New Phase "

D RD_9

ILD Detailed Baseline Design now completed!

We are now entering the phase for
the Final Engineering Design!

In addition to further R&D towards engineering design of
the GEM or MM module on each side, we need to work
together on the following:

< Common tracking and analysis software R&D
¢ Gating Device
¢ 2-Phase CO2 Cooling

< Readout Electronics: Analog-Digital mixed chip for
(semi-)surface mounting

K.Fujii @ FKPPL/TYL 2013, June, 2013 12



Common Tracking
and Analysis Software

to compare different technologies
on the equal footing
for eventual technology choice

K.Fujii @ FKPPL/TYL 2013, June, 2013 13



C-e Kalman Filter Based Track /a7

——

Fitting in Non-uniform B Field

arXiv: physics.ins-det/1305.7300 [KalTest|

N

Kallib | <al"rackLib
BaS|C Idea Of the algorlthm TUK aS ystawm TV iMool apor ‘:.v TVKNetoctonw o TEalNetCracle
~AddsndiFibee(vte - TVKSite) | |
. . . ) & N I J TTrechfraew
To use the helical track model of KalTest in the non-uniform magnetic ‘ “Wetaton © | TRaathn
M TKalTrack TVTrackHit = Melitalutsion . TRutativn
field, we have to: l St “Vestord
TVicatSee Deltalheft TVecterl
1 I ' i . + Transhwm(y - Tacterd)
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. . . . - At Fr: TKalMatsx)
@ transform the frame to make the z axis point to the direction of ~MH . Thadoot —
S i Filter(’ . )
magnet'c fleld. + CJ‘:C(‘\omedMeaVe:( B TKalTiackState J Tha nawly edded 1
2 TUKaKrave, | clami for Sransforming
m - TKalMatnix)
cone (e L 1) transform_— helix (k= 1) + CalcMaasVecDeriative( '
tayer (¥ +1) (L . T o]
~ora'-a" (updated by filter) = ;
TViurtece TVTrack
e - + CakXAt(pwi - double)
. CalcXingPoint Wieh( 5 + CatiOxDafold ;| dowbly)
PR T/KAState trh - IV IRk b CabDhDpki(phi - dandde)
laver (&) —— il Ll + MoveTo(pivot : T/ecior3
s =~ 7 - TMatroD
- K AMatnix ph the. -~
| ;n) ::Jll:a:vux I | epn ml:) - rM;mD)
s Po el - T alSae’ | ? =
_ . : ;t?q:o n'x‘:fs:rl.. TCylinder | THelicalTract 4
Figure 1 : The updated track propagation procedure. £ TR, - Frame - TTnckFrame [
Therefore we now have a segment-wise helical track model. T w | confidenca level
10 Enatrias 1000 30 Enrina <000
- — Mern (05930 F 1 M V4767
Track fitting in non-uniform magnetic field June 1, 2013 / 35.- p 1Gev nM; 8.239¢-05 25; Eeo‘yef;dence nl:.sn ;2;32
30| i
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\\ /"' r ‘ SF&[!JH ] ! L '_J"I‘Ihm :
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K.Fujii @ FKPPL/TYL 2013, June, 2013 Works in B field with >40% non-uniformity ! 14



lon Gate

K.Fujii @ FKPPL/TYL 2013, June, 2013 15



(-e@ Effects of Positive lons and lon Gating at ILC ./ o

Solved the Poisson equation for the simulated ion density distribution Pri f r

with proper boundary conditions and then estimated the distortion of r lm?ry 2L g Outer oyander

drift electron trajectory by the Langevin equation (D. Arai and KF) ot || sscnammen 'l
? i

inner cylinder

wilhoul Galing Device wilh Galing Davice

A s Cathade ! Arode
Primary lon 8.5um 8.5um OK ) ;

Ful Drift L=2.25m]

Not OK Secondary lon disks

Secondaﬂ/ IOn 6‘3# m O-O_ LM 4 outer cylinder

A
chargud T : clectron dnet path ".2
s Sodoss R RN T " teconetruciad rack
sum 3.oum ‘ I aadlt -
ik ¢l

— Inner cylinder

lon Disc

Cathode Anode

For the secondary ions from the amplification, we e ey
need an ion gate device for the ion feed back ratio of . E
>10-3 (measured both for the triple GEM and
Micromegas) at the gas gain of 1,000.

S'mulation by A Vvaqgel for
100 bunct: X mngs
averaged over =

The current options of the ion gate are limited:

== 3 30 lor 34 bunches

! m”n i

1 ‘J ! IA)N‘E&W'JV V%‘}.\f\‘r.—‘u‘m
) 750 1000 1250 1500
Radial Pos:tion (mum)

< The traditional wire gate is expected to work, but
introduces mechanical complications to the MPGD
modules. We also need to check ExB effect.

Primary Charge Density (N / em’)

¢ Thin GEM gate offers the electron transmission of
only 50%@ 1T — 30% loss in the point resolution
(Japanese LC TPC group). |

0!

No two-photon hadron BG included.
== undereslimale

< Try a larger geometric aperture with new
fabrication method?

K.Fujii @ FKPPL/TYL 2013, June, 2013 16



2P CO2 Cooling

K.Fujii @ FKPPL/TYL 2013, June, 2013 17



(¢ R&D on Power Pulsing and Cooling %

Test with Dummy Module

Comparison with simulation (Open 4 Bhase 602 Cooing Syfem
- “fordetédtor coollng te§t?f KEK=

Observation Simulation
P = 1.44W

o
O
w
jul
& "

29 .9°C ¢ FLIR

=095
QD
o
wn
-
@©
& ‘

. 2-PCO2 Cooing
- | ' - A = i Circulation
+k AT willbe > 10 [K] x o ::]] ::;::j}l:?;)n) x 1.5 % (PP) =5.9 [K| S = B System at KEK
([ extrapoation to the case w/o ccoling, w/ PP, w/ SALTROS4 ) £\ - i
Cooling Channel R&D cooling pipes

TPG: Carbon

(Momentive)
— - —

" conductivi

awn poce
(harizoni

The two phase CO2 cooling
system for the LC TPC R&D
(Delivered at NIKHEF)

Thermal simulation

|

|

| )

—— ~— June, 2013



Readout Electronics
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(oo S-ALTRO 16 Development

as a Pre-advanced Stage

j' - ACQUISITION CHANNEL (xN)
PASA <= =
Channel 15~ < DIGITAL SIGNAL CONDITIONER
ARG g = i i 12| Second |1
Channel 15 ‘= )| Rassine D gical 2ers [ Data
1 URE :: il m"“ €
’ it E c“[?:]"ﬂ'+ Shaper Cormalion apnuluH Format Bulls
B - 1
: = I
» 5 = Frocessing
i — P P
g = 7 logic CONMON
: - CONTROL L
% = { LoGIC =
E = f '
\ = Lo L1
B — [ Runs with Sampling Clock BD CTRL  [(ecquisticn) (readcut)
8 : g - Runs with Readout Clock
£ =
— e P v . . . .
- .- e R o e W N Bt ra Towpolon sempeA
’ UM S Ll _-: ACOFTATCH W "Oow 100 SN ITESNO]
£ e —
FASA if} — . ol
Chanal O 3 4- b4 ‘
ADC T R AL ol i ‘ ‘ .
Channel 04~ ‘ \\ : ;uum;
l \\\ | // . | al
' - MEE Memory  Pedestal Mamoy / h
. ‘ 1K % 40 1Kx1C ool B af It | ® }
P B - ——
Pt
_g)‘\') e W0 >N >0 N NG M0 20 .SZﬂ 0N L= LS "~ S - N TN S

Wire bonding packege

24mm x 24mm x 1.4mm Example of baseline correction

« Received back from foundry: Q1/2011. Reference:
- Characterization done "S-ALTRO prototype” 27.07.2010

K.Fujii @ FKPPL/TYL 2013, June, 2013
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S-ALTRO 16 Power Pulsing Test

EEE— - v"
| s-. 7 1—?:; 1
- i
e 1t i tmi |
Next Step

Gas detector Signal Processor ?

Our path not yet totally clear (definitely need collaboration)

Power (mW)
(g = (]
o o o
=1 o o
o o o

1gre:

T
ADC analog 24.96

e | oo
1 5-00 1800 2 0.00

Power up L1

Trigger Time (usec)

\_“-“ \“ ‘-‘é /‘ 1
[ ’_',.'>—-[ '/‘.s -;’\ ADC ’——A DSP RAM GRT
- -~ . Ep

64 ar 128 ckannels

Configurabion registers

The GdSP

K.Fujii @ FKPPL/TYL 2013, June, 2013

=, =,
© ©
g/ g/

o =
3 (‘A_;,,'

S-ALTRO

¢ 756mW / chip if no power pulsing

¢ 28mW / chip if 5SHz power pulsing
Still too high!

Natural successor of S-ALTRO chip

¢ Very low power ADC: 4mW/ch, complete

revision of other sections, too, for low
power consumption.

S-ALTRO — GdSP 64 — 128ch / chip ?
Optimized DSP

Fully accommodates power pulsing

¢ Section-by-section power management
¢ Applications: CMS high-n, ILD-TPC, ...?

21
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< The France-Japan collaboration on the LCTPC R&D has

< clarified the basic principles to determine the spatial resolution
through series of test beam experiments using a Large Prototype
TPC and through development of an analytic resolution formula to
understand their results, and

¢ demonstrated that both the GEM and the restive anode readout
Micromegas modules meet the ILC’s or¢ requirement.

¢ In addition to further R&D for solving remaining issues towards the
engineering design of the GEM or MM module on each side, we
need to work together on the following common issues:

< Tracking and analysis software R&D,
< Gating Device,
¢ 2-Phase CO2 Cooling, and

< Readout Electronics: Analog-Digital mixed chip for (semi-)surface
mounting.

< The France-Japan team has been the driving force of the LC-TPC
collaboration. This tradition should continue towards the final
design of the Linear Collider TPC.

K.Fujii @ FKPPL/TYL 2013, June, 2013 23
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G Performance Goals &1

NN S

< Momentum Resolution: o(1/p) = 2x10-5 (GeV-1)

>200 sampling points along a track with a spatial resolution

better than o.»~100 pm over the full drift length of >2m
in B=3.5T (recoil mass, H—=p+y-).

< High Efficiency: 2-track separation better than ~2mm to assure essentially
100% tracking efficiency for PFA in jetty events.

High tracking efficiency also requires minimization of dead
spaces near the boundaries of readout modules.

< Minimum material: for PFA calorimeters behind, also to facilitate extrapolation to

the inner Si tracker and the vertex detector

K.Fujii @ FKPPL/TYL 2013, June, 2013
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