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Coherent layout of
detector:

-VTX:perf,,min.material
-TRK:perf.,min.material

-CALO:granularity

FIGURE 12-1. of the ILD detector concept.
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3.2 ILD DETECTOR PERFORMANCE
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..To be tested@the R&D where possible...

- continuous 3-D tracking, easy pattern recognition throughout
large volume, well suited for large magnetic field

»+ ~99% tracking efficiency in presence of backgrounds

* track-topology stamping to 2 ns together with inner silicon
» minimum of X_O inside Ecal (<4% barrel, ~15% endcaps)

» a_pt ~ 100um (re) and ~ 500um (rz) @ 4T

» 2-track resolution <2mm (r¢) and <5-10mm (rz)

- dE/dx resolution <5% -> e/pi separation, for example

- easily maintainable if designed properly, in case of beam
accidents, for example

Ron Settles MPI-Munich
15 October 2009 CLIC'09 Workshop




TPC with MPGD

Cathode | Incident ~ Field Cage  Anode: Amplification
. Paricle 1 + Readout

A = MicroPatternGasDetector
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» 1) Demonstration phase \
- Continue work with small prototypes (SP) on mapping
out parameter space, understanding resolution, etc,

to improve the design of an MPGD TPC.

» 2) Consolidation phase

- Build and operate the Large Prototype (LP), @ ~
90cm, drift ~ 60cm together with SIT prototype,
with EUDET infrastructure as basis, to test
manufacturing techniques for MPGD endplates,
fieldcage, electronics. The LP has been built now

and testing of the options is underway.
» 3) Design phase
- During phase 2, the decision as to which endplate

technology to use for the LC TPC will be taken and
final design started.

v
Ron Settles MPI-Munich
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LCTPC per‘fO rmance goals GEM gas-amplif. for a TPC

Ar—CF,-is0C,H, (96:3:1)
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» R&D plans/options

Present goals based on results from small i =
prototypes using cosmics or beams at KEK, im0 o
DESY, CERN. Three options left —

= 2[kV/cm]) Drift distance [mm]
MicroMEGAS TPC with resistive anode
Carleton TPC (M. Dixit et al., 2007)

In DESY 5T solenoid

Carleton, Aachen,
Cornell, Desy(notshown)
for B=0orlT studies

0.
v

Saclay, Victoria,

Desy MPI(not shown) firt
in 2-5T magnets

Karlsruhe, Asia, Aachen
built test TPCs for
magnets (not shown),
o’rhcr' gr‘oups built small

jgesiagly chamiers == Silicon Pixel Readout for a TPC
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R
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A 5cm3 TPC (two electron tracks from 90Sr source)
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TPC R&D summary to date

* Now several years MPGD experience gathered

* Gas properties rather well understood

» Limit of resolution understood

- Resistive-anode charge-spreading demonstrated

- CMOS RO demonstrated

+ Gas-amplification techniques ruled out with SPs
‘MWPC
‘Micromegas without resistive-anode

* Work in progress with the Large Prototype

S

®



Performance goals...

Ron Settles MPI-Munich
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Momentim resolntion (3.5

Momentum resolution (3.5T)
Solid angle coverage

@ = 3.6m, L = 4.3m outside dimensions

8(1/p) ~ 0% 1075 /CGeV /e TPC only (« 0.4 if TP inel.)
8(1/p) ~ 2% 107%/GeV/c (SET+TPCHSIT+VTX)
Up Lo cos 6 0.08 (10 pad rows)

THU materal budget

/ ~ U U%ho H}\EFLILEI feldcage m r
\;_3 0. 1niq_a_tof‘ readout endeaps in

Number of pads/timebuckets
Pad size /no.padrows
Tpoint in ro

Tpoint 111 72

2-hit resolution in ro
2-hit resolution in rz
dE/dx resolution

Performance
Bacdsground robustness

Background salety factor

~ 1x10° /1000 per endeap
o T s 4-Gmm /=200 (standard readout)

{:'_:_lﬂﬂlun;_ﬁ}ferage over Lyepsitive. madule track ¢ angle)

o 0.5 111111‘(1'51.1:\; k 6 angle)
~ 2 mm mcnm Wlth MPGD

~ G mim (mudulo track angles)

Kx.__jw 5% --"/

= 97% efficiency for TPC only (py > 1GeV /c), and
= 00% all tracking (p; = 1GeV /c)

Full efficiency with 1% occupancy

Chamber will be prepared for 10 = worse backgronnids

at the linear collider start-up

15 October 2009
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LCTPC performance goals...

..To be verified (or revised) after tests on the Large Prototype:

Consolidation Phase
TPC Large Prototype Beam Test at DESY

Pixel beam telescope Si strip detector Magnet: PCMAG
(EUDET) (EUDET/SILC) (LC TPC)
Field cage & \ —— g : «__| Endplate
All Mechanics | g / (LCTPC)
(EUDET) e R
| MPGD Detector
e — Modules
G:U’D' ’mte“‘ =t (LC TPC)
A 1; E
= o Test beam (DESY) \ Cosmic trigger
N éﬁ,‘,’;’,‘;"""g L / \ (LC TPC)
Readout electronics Software development S : _’. i 18
(EUDET & LC TPC) (EUDET & LC TPC) s
__ - -

Ron Settles MPI-Munich
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I.IDET Detector R&D towards the International Linear Collider

A Large TPC
Prototype at DESY

Klaus Dehmelt
DESY
On behalf of the LCTPC Collaboration
ALCPG09

Albuquerque, New Mexico, USA
Sept 30, 2009

LP-TPG Field Cage (FC) 1%

Radiation Length: 1.31% of X,

Diameter: Inner 720 mm,
Quter 770 mm
Wall thickness 25 mm
Length 610 mm
HV to be applied: up to 20 kV

ALCPG 2009

Sept 30, 2009 !

15 October 2009

magnet, up to .25 T
¢ ¢ test beam @DESY
(1GeV/e<p<6GeV/c)

Cosmic Trigg
Setup

ALCPG 2009 g e D
Sept 30, 2009 8 " K. Dehmelt (S

-+ Software goals: Develop
MarlinTPC to reconstruct:

+ Technology's signals (GEM,
Micromegas, Pixel)

- Correct distortions (B,Efields)

Ron Settles MPI-Munich *
CLIC'09 Workshop 1



P - MicroMeGaS

. ] e
e MicroMeGa$ Structure  “ie-ire
‘Bulk Micromegas’ panels, without ST ARG
resistive foil and with resistive carbon- £S5 AUSi conted i
loaded kapton, have been produced at
CERN (Rui de Oliveira)

MicroMeGasS for

LP:

24 rows x 72 pads
Av. Pad size: 3.2 x 7mm?

)

'?“"‘ K. Dehmel
o0 K-

> x
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About 3200 channels readout-
- electronics (Altro/Alice)
i, I CERN&Lund

.......

......

Triple-Gem
being

prepared N
by Desy
group

P 25 0 ey W s
Ron Settles MPI-Munich
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anode plane

GEMs

readout plane

quad-boards Peadoit:

2 quadboards
(4 TimePix

redframe i ChipS each)

reinforcement of
anode plane

J. Kaminski, Univ. of Bonn

ALCPG 2009 D‘,.
Sept 30, 2009 L

Pixel readout for a LC TPC

LCWA 2009 — Detectors Tracking session
30 September 2009

Jan Timmermans

On behalf of the Bonn/CERN/Freiburg/Nikhef/Saclay groups
1

Largest amount of readout channels
on one anode for a TPC so far: # ch =500 k

J. Keminiski, Univ. of Donn
AT CPG 2009

o K. Dehmell

3 e
Sept 30, 2000 e K. Cehmelt [

'Long-term’' plans (end 2010) i’! ‘r nn_
LP1 module covered completely with Timepix modules !'! ' e

First ideas: 119 Timepix chips (more than 1 wafer, =7.8-10° Lhﬂllllelb)

Gas amplification: triple GEM, possibly also InGrids
Readout electronics: 'Scalable Readout System' developed "‘
at CERN in the framework of RD-51 universititbonn

Ron Settles MPI-Munich

15 October 2009
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LPTPC Silicon Envelope
Status & Plans

Y+Karlsruhe

Introduction
This work is performed within the SILG R&D coll the |dea |S known

Improve the
resolution of the
Large Prototype
TPC by adding a
precise measured
point of the track
(order of 10um),
inside the gap,
between magnet
and TPC, on both \
sides of the TPC. SILC Support

TPC Support

21.09.2009 phan Hansel — LCTPC collaboration meeting
15 October 2009 CLIC'09 Workshop
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Near future plans (~2010)

7/ modules Micromegas w. T2K electr. in ‘flip-chip’
mounting (7x1700 ch.)

Up to 4 modules of (Asian) double-GEM + gating-GEM w.
10,000 ch. ALTRO electr.

Development of new ‘stiffer’ GEM module/mounting

Development S-ALTRO 0.13um chip; 16ch prototype
Spring 2010; final 64ch version needs funding
New endplate (some funding available):

— Thinning of present design: could reach close to .15 X, (2 yrs)
— New technology (e.g. C) or spaceframe design study (~3 yrs)
Development “full” endplate module w. Timepix (64/119

chips)
Development new fieldcage w. laser tracking capability,

ineluding improved HV cathode connectio
Ron Settles MPI-Munich *
15 October 2009 CLIC'09 Workshop
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Jet Physics ... it is easier to find
ne in ete;

Jet e\(ent in ete- co lision STAR Au+Au coII|S|on

=

| T, | 510 20 5D GV
Centre of screen is {  0,0000,  0,0000, 00000 [ |

15 October 2009



FPHYSICS PERFORMANCE

assummed for ILD, 150 BXs of bearmn-related backgromnd correspond to o voxel occupancy of
approximately 0.05 % (the TPC voxel size is taken to be 1 mm in the ¢ direction, 6mm in =
and Smm In z).

Figure 1.2-5 shows the TPC hits for a single tf event at /= = 500 GeV owerlayed with
150 BXs of pair-background hits. ©On average there are 265,000 background hits in the TPC,
comparad to the awerage number of signal hits of 23100 (8630 from charged particles with
pr =1 GeV). Even with this level of background, the tracks from the tf event are cearly
visible in the ré view. A significant fraction of the background hits in the TP arise from
low energy electrons/positrons from photon conversions. These low energy particles form
small radius helices parallel to the z axis, clearly visible as lines in the rz view. These
“micro-curlers™ deposit charge on a emall number of TPC pads over a large number of BXs.
Speelfie pattern recognition software has been written to identify and remove thess hite prior
to track reconstruction. (Whilst not explieitly studied, similar cuts are expected to remove
a significant fraction of hits from beam halo muons.) Figure 1.2-6 shows the TPC hits after
removing hits from micro-curlers. Whilst not perfect, the cuts remowe approximately 99 %
of the background hits and only 3 % of hits from the primary interation and the majority of
these are from low pr tracks. Less than 1% of hits from tracks with pr >1 GeV originating
from: the £ event are removed.

This lavel of background hits proves no problem for the trach-finding pattern recognition
software, as can be geen from Flgure 1.2-7. Even when the background level Is increased by a
factor of three over the nominal background no degradation of TP C track finding efficiency
is observed for the 100 evemis simulated. This study demonstrates the robustness of TPC
tracking in the ILC backgromnd environment.

These conclusions are supported by an earlier study based on a detector concept with
B = 30T, a TPC radius of 1.0m and TPC readout cells of 3 x 10mm®. This earlier
study used a uniform distribution of background hits in the TPC volume, but Included a
very detailed simulation of the digitised detector response and full pattern recognition is
performed in both time and space. The TPC reconsiruction efficlency as a function of the
noise oecupancy is presented in Section TT; there is essemtially no loss of efficlency for 1%

FICURE 1.2-5. The vz and ré views of the TPC hits from a 500 GeV tt event (blue) with 1500 BXs of
beam background (red) overlayed.

6 ILD - Letter of Intent
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ILD Detector Parformanca

FICURE 1.2-6. The same swent 3z the previsus figure, with the micro-cuder removal algorithm applied.
This & the input to the TPC track finding algorithm.

FIGURE 1.2-7. The same event a the prewious plot, now showing the reconstructed TPC tracks.

oceupancy (uniformly distributed through the TPC). It should be noted that this level of
ocenpancy is twice the nominal cccupaney at the TPC inner radius and about fifty times the
typical total occupancy in the TPC.

1.2.2.2 Background in the Vertex Detector

The Impact of background in the vertex detector (VTX) depends on the sssumptions made
for the Silicon read-out time. If one were to assume single BX time-stamping capability in
the wertex detector, the anticipated background level is negligible. However, it 15 anticipated
that the readont of the Silleon pixel ladders will integrate ower many BXs For the studies
presented here, it is assumed that vertex detector readout integrates over 83 and 333 BXs
for the nmer two and outer four layers respectively. For the gilicon strip-based SIT detector,
single BX time-stamping is assumed. Henece the background hits which are superimposed on
the physics event correspond to 1 BX in the SIT, 150 BXs in the TPC and 83,‘3-33 BXs in

ILD) - Letter of Intent 7
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Occ. @ ILC < 0.1%
j—
Occ. @ Clic ~ 3%

15 October 2009

THE ILD SUB-|
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ILD - Letrer of Intent
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o 2000912 Continue R&D on technologies at LP, SP, pursue simulations, venify performance

goals (see next slide)
e 2009-11 Plan and do R&D on advanced endeap; power-pulsing, electronics and mechanics

are critical 1ssues.
e 20011-12 Test advanced-endeap prototype at high energy and power-pulsing in high B-feld.

o 201318 Design and build the LOCTPC,
e

At the beginming of the period 2012-18, the selection must be made from the different

technological options — GEM, MicroMegas, resistive anode, pixel, electronics, endeap struc-
ture — to establish a working model for the design of the LOTPC. This design wall be used
for the ILD proposal in 2012 and include pad segmentation, electromes, mechames, cooling
and integration, so that performance, timeline and cost can be estimated reliably. 2 For the
technology selection, a scenano could be that questions must be answered as to which options
give the best performance based on R&:DD) results from LP, 8P, electronics and endeap studies.
Main performance eriteria could be endeap thickness and opgint, double-hit and momentum
resolution for single tracks and for tracks in a jet environment. Choiee of enitena to use wall
be decided over the next two years.

Ron Settles MPI-Munich
15 October 2009 CLIC'09 Workshop
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IRE 4.3-5. (left): Example of resclution resutts from a small protetype [92] measurements with TOR
ArCHLCO ith ndidate P5 and ArCF lsobut {Right): Theoretical
Auti t}, based on an algorithm [79] verfed during 5P studies.

£35. (Top left): Event display from tests. | lop right) Wiew of the Endcap
as used for the Large Pro : al d of enplate for LCTPC.
right) Possible layout of PCE, & 0 or the LCTPC.

Ron Settles MPI-Munich
15 October 2009 CLIC'09 Workshop




‘After LOI’ bottom line:

We LCTPC have to
make certain decisions
and write them up by
the end of 2012...




H [

1gPe-
JLF, A
TPC R&D Priorities
la) advanc

1x. 15% X0 meluding ¢
1b) continue tests in eleetmu beam fm correction procedures
2a) future tests m hadron beam
a) for momentum resolution
b) for two-track resolution in a jet environment

2b) powerpulsing/cooling tests, both on LP and SP
3) 1on backtlow studies:

a) sumulations of 1on sheets for Gem, Micromegas
b) design/test gating device

27



GEM+p
( Altro or
el beam mome 0 fen
N |'|'..-'\.l'-
e wlpls

GEM. Micromegas, or pixel

ling gating and other opti

demonstrate measurement of 100GelV beam momentum over m tracklength,

|'.'_”|'.|r ] ] ! A |'.'_f.||'; II ? ; I [

Devi

Sl [ ) (138 test: g configurations

SP2.5P3 Performance n jet environment

SPn 2007-2012)  Performance, gas tests, dbB/dx measurements.,
continuation of measurements in prog

by groups with small prototypes

Ron Settles MPI-Munich
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Design team
being set up

after

discussions at

LCTPC

collaboration
mtg 21 Sept

TPC desigwperformance discussion at LCTPC collaboration meeting 20090921

Qverview Ties Behnke
Mechanics design
---overall mechanics
tolerances for
aligniment

Dan Peterson
Ron Settles
---fieldcage Peter Schade

--—-advanced endcap  Dan Peterson

-—-overall Robert Volkerborn
structure Michael Carty
-—-mpgd+gate Akira Sugiyama
---cooling CO2 from Nikhet?
Electronics
-—-sAlfro

Luciano Musa
Magnus Mager
Antoine Junique

---power-pulsing etc
Talkahiro Fusayasu

R&D steps(inel. beam)2009-2012
---LP 1ssues/plans
Klaus Dehmelt

-—-engineering R&D
LOI + more discussion

How to make technical
choices mn 2012
First ideas in LOI

30
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1 LCTPC Collaboration

» Performance goals and design parameters for a
TPC W|th standard electromcs at the ILC detector

ion in ro

Background robustness v ‘

ket sy tor ¢ .pgga usel.lh;:sa 1S.~

gollider start-up
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PandoraPFA/ILD Jet Energy Resolution

* |s an ILD-sized detector suitable for CLIC ?
* Defined modified ILD* model:

*"B=40T (LD=35T)

* HCAL=8), (ILD=62)
*x Effect on jet energy resolution

c./E = alVE. _ c./E = o/lVE, _
|cose|<0.7 . oc/ Eser |cos6|<0.7 N o/

45 GeV 25.2 % 45 GeV 25.2 %
100 GeV 29.2 % 100 GeV 28.7 %

180 GeV 40.3 % 180 GeV 37.5 %

375 GeV 81.4 % 375 GeV 71.7 %

500 GeV 91.6 % 500 GeV 78.0 %
NOTE:

* Meet “LC jet energy resolution goal [3.5%]” for 500 GeV ! jets
* |Importantly, PFA is still working for 500 GeV jets

* Raw calo.energy : 52%

» PandoraPFA : 35 %

Looks promising...

ALCPG Meeting, Albuquerque, 29/9/2009 Mark Thomson

Ron Settles MPI-Munich
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