Issues for the LC-TPC design
and their feedback to the

R&D program

OUTLINE of TALK

~Overview
LCTPC Design Is3sues in the DODs
“Next steps:
~More work with Small Prototypes (SP)
-Build the Large Prototype (LP)
‘LCTPC = R&D plans
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Strawman BCD Layout

1st stage
SGaV Electron

Linadc

Main Linac
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Goal: to build a high-performance TPC
as central tracker for an ILC detector

Decay
Channel

neasuremel
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(GeV/c?)

114.3
112.9
110.0
115.0
110.7
114.3
118.1
115.4
114.5
112.6

In(1+s/b)
115 GeV/c?

1.73
1.21
0.64
0.53
0.53
0.49
0.47
0.41
0.40
0.40



Large Detector Concept example

1opm GeV /e
3 _,-’.2 9

-~

S(IP) ~ 5um & e

5(1/pt) ~ 6x105 GeV/c™!
SE/E ~ .30 /VE

Energy flow
— granularity
— hermeticity
— min. material inside calos
calos inside 4 T coil

COIL

HC AL




YOKE
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Physics determines
detector design

momentum: d(1/p) ~ 10-4/G6eV(TPC only)
~ 0.6x10-4/GeV(w/vertex)
(1/10xLEP)
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ete>ZH-IlI X goal: M, <0.1x I,
—~> dM, dominated by beamstrahlung

tracking efficiency: 98% (overall)

excellent and robust tracking efficiency by
combining vertex detector and TPC, each with
excellenf tracking efficiency

TPC track reconstruction efficiency
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ete- ->ZH -> 4 jets

¥ LCD Event Display (750,750
Run 20 Event=1 (Detector ldmardl)
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Excerpts from DODs for GLD and LDC
used here as examples

DESIGN ISSUES for the LCTPC
- Performance
- Endplate
- Electronics
- Chamber gas
- Fieldcage
- Effect of non-uniform field
- Cdlibration and alignment
- Backgrounds and robustness
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Performance

- Momentum precision needed for overall
tracking?

- Momentum precision needed for the TPC?
- Good dE/dx resolution, V° detection

- Requirements for
¢ 2-track resolution (in r¢ and z)?
¢ track-gamma separation (in r¢ and z)?
- Tolerance on the maximum endplate thickness?

- Tracking configuration
¢ Calorimeter diameter
¢ TPC
¢ Other tracking detectors

- TPC OD/ID/length
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Aubuletectors in peconstructing many of these channels are highly intereconnecosd.  For the
TP, the issues are performance, sige, endplate, clectronics, gas, alignment amd robustness
in backgronnds.

s | alution expeected f nesded

The requivetnents for a TPC at the ILC are summarized in Tahle 1.

llllllllllllllll.---------‘-“
o for readout endeaps in 2

Marnber of pads = 10F per endeap

Fad =ize/ no. padrows o ] = iy = 2000

w1 20pm [average over driftlengil)

-.-l||||-.-||
we robustness = 050 tracking efficiency [ TPC only ), = 98% overall tracki
Backoround robustness  Fall preci |
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of the i ||ﬂ1 l:-| L DiRsdviltang o = I00 ARRATGIATAEAR ML pAATAr srpHboes bugesggpn, for inter-train

oy, LILI.I;A._'--l order to have a safory factor in case of unexpected backgroumnds |se |:-| o ",
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:’ The two TPC endplates have a surface of about 100 m=* of sensitive area cach. The layout

f:-l.Jlll.' endplates, Le. conceptual design, stiffness. division into sectors and dead space, |J.|=-‘

heen sttt dor, jpstance as shown in Fig. 1. In this example the qu et Lo, Grisms a8 3 T

Figure 1: Ideas for the layout of the TPC endplates.

Il,dﬂ.l'lu' l:-||-:'|--|.| ] MPGDs if needed. In general, the readout pads, their 5ize, "1 HRpL
*‘and connection to the electronics and the cooling of the electronics, are all highly cor Jl.'l..l.rll.‘]
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Annotations: Px is the type number of PADS boards or frames

12 sectors (30° each) as super modules are defined

On each, 7 modules are fixed
he sizes of detectors are varying from 180 to 420 mm

These arrangement seems to be the best as only 4
different PADS are necessary
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Design

Gas-amplification technology — input from
R&D projects

Chamber gas candidates: crucial decision!
Electronics design: LP WP

¢ Zeroth-order "conventional-RO" design

¢ Is there an optimum pad size for momentum, dE/dx
resolution and electronics packaging?

¢ Silicon RO: proof-of -principle
Endplate design LP WP

+ Mechanics

+ Minimize thickness

¢+ Cooling

Field cage design LP WP
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ionizing track clusters. A modification of the Medipix2 chip [called Timepix] to measore

alzo che -:||i|'I time I8 under development|7). Also a first working integrated grid has been
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resclution achievable in ré¢ is dominated by the transverse diffusion, sthich -||| fidy)

I!'lll_.la\. I|||
. — - 'S
W b as mmall as possible. Sinmltancously a sufficient nnmber of primary electrons shonld he's

., erowbed for the point and dE dx measurementa, awd cthe deift velocity st a drift Reld of a few
’alllll Viem should be about 5 emypes or more. The hydrogen component of hydroc .I.Il:-lll;\.

W |1 |']'.IJ |.-:||I|l'-u.||'|l. are waed ag quenchers in TPCs, have a high erosg section for 1 |l.;."dﬂjl-'lll
with |-:l'.'. |||l'l'"..|j,.y. k" cannkd nentrons which will e crossing the .' .IJ Jn‘frr . Thus
the conrentration of l|'.|.||-..l"| A 1T e sl e sl ool ol slwie F.!'Il!'.-ﬂ. A8 |;.||-.-.|'|| &, to minimize the

Sl of Fewkeroved hits due Jonsautious . o ietesking alteruetive sedberadivoual gasrs,
iz a Ar-CFy mixture, These mixtures give deift velocities aroumd & — 9 em /s at deife Aeld

af B0V S have no hvdroearhon content and have a reasonably low attachiment coeficiont

ab bow electric Relds. Howeser at intermediate belds (~5-10 KV e}, as are present in the

amplification region of a GEM or a MicroMegas the attachment increases drastically, thos

limiting the nae of this gas to aystems where the invermediate field regions are of the order of

a few microns, This is the case for MiceohMegas, but its e has oot heen tested  thoroaghly
for a GEM-based chamber., Whether CFA iz an appropriate guencher for the 1O TPC is not
L B A e e e
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(1] Ion build-up at the surface of the gas-amplification plane and in the drift volume.

—Atl the surface of the gas-amplification plane vis-a-vis the deift volume, doring the bunch

train of about 1 ms and J000 bunch crossings, there will e few-mm thick laver of positive
bons bt up dee to the inecoming charge, subsequent gas amplification and ion backdrift. An
important properey of MPGD= is that they suppress naturally the backdrife of ions produced
in the amplification stage. Thiz layer of fons will be reach a density of some {0 em? depend-
ing on the backgronnd conditions during operation. Intuitively its offect on the coordinate
measiremnent should be small sinee the drifting electrons incoming to the anode only experi-
enee this environment during the last few mm of drife. In any case, the TP is planning to
run with the lowest possible gas gain, meaning a few = 107, in order to minimize this effect.

~In the deift volume, a positive on density doe to the primary jonization will be buile
up during about 18 (the time it takes for an ion to drift the full length of the '|'E'["l- '.'n'.'.'. (5T

higher near the cathode and will be of order {C/em™ at nominal ocenpancy (~ 0U0%). The

tolerance on the charge density will be established by ouwr Bl programme, but a fl."n.' i
FC fem® s orders of magnitude below this lmic.,
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o ]'..ll  [Yrckehodt-ar1 1h bbb C—

LY i -'II|| r to minimize the impact of on feeding back into the drift volume, a |a|_|||||_'l|-|_-.

suppression of about 1/ gasgain has been nsed a8 a role-of-thomb, sinee then the total charge

introduced into the deift solume 8 about the same as the charge prodwced in the primary

r-nl-u;.,nmu Mot only have these levels of backdrift suppression not been achieved |||I|IIL..'..-'d|!I1"

RaD e li"'l RS bk sadso thdg owlesofsLbivn s anialealing. . Lo ko "l vels will |

needaed sinee these ions would dreift as few-mm thick sheets through the sensitive region during

=

gubsegquent bunch traing. Even if a suppression of 1 gasgain is achiewved, the overall charge

within the sheets will be the same as in che deift volume so that the density of charge within a
sheet. will be one to two orders of magnitude greater than the primary lonization in the total

drift volume. How these sheets wonld affort the track reconstrmictkon has to he simulated., bt

ter b o thee safi, sidia o backedeis Jesal ol <20 Ligasgain will be desivable. Therefore, sine

Ij.h |l.|l.|-1 |IlfI: can be completely eliminated by a gating |:-|.|I|l.' I." e sahould be foreseen, to

'I|.|| Altees v stable and.cobust charolwt aperations T -adthdd Amount of material for a Fating
plane iz small, < 0.5%Xe average thickness, The gate will be closed between bunch trains
and remain open thronghout one full train. This will obviate the need to make corrections to
the data for such an “ion-sheets effect™ which could be necessary without inter-train gating.
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« J Electronies For the readont electronics, one of the important issees 18 the density of
padds that can be accomodated while puarantecing a thin, coolable endplate. The options
being studied ave [a) & standard readont (meaning, a8 in previous TPCs) of several million
|..l. |‘=-.,-|£ () &, pixe |.|;l.'.l..l.lll1 of a few hundred times more by using CMOYS techniguoes.
ta) Standard readout: e,

] Y E ol -Iluli-ﬂu-in-!"liﬂi?-h‘ll: are, tor example, 2 mm times 6 mm (the TDH :-i..':l'.l:: or 1 i
timees G mm which has found to be better as a result of our R D experience (see below ], A
preliminary look at the FADC-type approach nsing 130 nm technology indicates that ewven
smaller gizes like 1 mm times 1 mm might be feasible (in which case charge-spreading would
ot be meeded ). In all of these cases there are between 1.5 and 2 million pads €o be read ont.
An alternative to the FADC-type is the TDC approach [see [6][7]] in which time of arrival

and charge per pulse [via time over threshold) i messured. In case the material bodget

requires larger pads, then the resistive-foil technigue[8] s an option to maintain the point

rescl it e,

EEEEENY
gun® LN I
“‘ a

||| MO remdont:

". Piew wiuulainfeh =t I|:|.| combined gas amplification and readont 8 under development. 1o

0

this concept[6] the MPGD is produced in wafer using post-processing technology on top of
a CMOYS pixel readout chip, thus forming a thin integrated device of an amplifving grid and
a wery high granularity endplate, with all necessary readout electronics incorporated. This
concept offers the possibility of pad sizes amall enough to observe individual single electrons
forme=d in the gas and count the mumber of lonisation clusters per unit track length, instead
of measuring the integrated charge collected. Initial tests using MicroMegas[9] and GEM
foils[ 10 mounted on the Medipix2 chip provided 2-dimensional images of minimum ionizing

track clusters. A modibication of the Medipix2 chip {called Timepix] to measare also the drif
time is under development[7]). Also a first working integrated grid bas been produced|11].
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LC TPC Fieldcage

A ST il eage """----.........

P
“

The design of the heldeage involves the geometry of the potential rings, the resistos

* *

Ya, . . . . . — av®
chiian. ipe central HV-membrane, the gas container and a laser system. These lyys e P
"TEmmaggy i amsuuunn®®
i"sannuny "TILLLE

laid out for sustaiming AU TSt R -t b - H¥ cormembrrenies AHS G minimum of macerial.
[mprortant aspects for the gas system are purity, circalation, How rate and overpressure. T
hinal conficuration depemnds on the gas mixture, which s disenssed above, and the operating
valtage which must also take into account the stability uwnder operating conditions duae to

Huctuations in temperature and atmospheric pressure. For alignment purposes (see next two

itoms] a laser svstom will be foreseen, either integratoed in the fieldeage11] or not
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Backgrounds/alignment/distortion-correction

- Reuvisit expected backgrounds

- Maximum positive-ion buildup tolerable?

- Maximum occupancy tolerable?

- Effect of positive-ion backdrift: gating plane
- Tools for correcting inhomogeneous B-field or

space charge effects in bad backgrounds?
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w0 ]' fet -'II: Lt Iludq..uu-:l-i'h:‘l'""""'""'"""'"----.......___.

- . i - . . . .
:'u--u 1EY -.3 for previous TPCs. This bomogeneity is achieved by cottegior

w‘flln:llu' 5 at the ends of the solenoid. At the ILC, larger gradients could arise from the helds oF,

Sthe DID [ Detector Integrated Dipole) or anti-DID, which are options for handling the beams

Ll
"II]‘-]ll.l' the detector in case a crossing-angle is chosen. This lssue was studied intensively at |
0

|11l.' :'|||I| Snowimass works ||l.]l 13|, where it was shown that the TPC performance will mrl
b -:|l.".1.~..|l-|'-:| if the B-field s maj IL.-I'-:l to 10— relative accuracy. The field-mapping 'L'ﬂﬂ .|.L|-:|

o oeedires -ul'l-.ﬂlvlnlll'-J .|]| e to accomplish this goal. The B-feld shoald .|I-..__| Lll.'-l.‘"l..lrllh"ll.'ll.‘-ullll |
giv for this purpoas:

the DID or corrector win T e * ey slibfows Banaas Do codsfigmrntinhy I||.||l u-||
the option a matrix of Hallplates and NMR probles mounted on the outer surface of the

heldeage is being stad Jl'-:l R

—Non- Iluflum!‘ 3 Yot ]| electrie field can arise from the heldeage. hackdei g pned primary
.

II.“IJ' n, the nom-uniformities can be minimized I.f*-ﬂl;.z the

l."-.pl.' ienee pained in past TPCs, For the second, a8 explained above, the backdrife-ions m,ll
in the driff,

!-n.' minimized at the MPGD plane wsing low :_'h.lh,'_';.l.ll.l and eliminated entirely
a
ter the third, the primary ons. i2 doe to backgrounds ]

115 ]'ﬂ‘l I||l' hirst. the I'I-.]ll.l,_'h-:

yolume using gating. The effect do

.

dnd is irreducible. As disenssed above, the maximom allowable electrostatic charge density
. - L - - - CLE & B

|J:|:1'I'l.- beir eatablished, but stoadies |:-_l. the STAR I:li.|:.ll'I||IIl'|.I| [1! | indicate tlat s L A ]l': Johm”

Yo, . = ' Tl =
can b l|]hI..Lr|-.] whereas at nominal occupancy [~ 0.0%) it will be of ordes ﬂ.“-d‘lll [hi=

res J"-I'll'l T the O |:"|: collaboration by simm l|..|.II il |.I|-:] Jryaihr® H'?.. D progrannmse

will be
Tl

& 7 _Calibration and alicniment
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setter nnderstond,
<000). Sinee such simlations have to b

at the beginning conld be mnch larger, =0 the the LO TPC should be pres ||;’

LC TPC Backgrounds
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l..
Ny
Ny
ol ]
.

|l|---l|ll|| (dizewased .||1'lu, and the track-
in the [Aresiieen O f |-|.|l- cronnds, which will be discussed ]II'I., Theore wre
1 the accelerator, from cosmics or other sonroes and from phyaies 'INL The

he accelerator, which gives rise to gammas, neatrons and charged pe ||I'L Je

in the TPC at each bunch e (17, Preliminary simulations of I|I"‘"'
mditiona[1] indicate an oee II|I.| v of the TPC of kess than about (05

Fud OO L pec for the L TPC ]ll.'l.:-lil mance, but caution is in order here.

LEP was that the backgrommds were much higher than expectoed at the

IIII|||u-_. | YK LOaryy, bt after the simmilation IS rans W -.'|||||l.-'.l'|| A
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i tumedd to the accelerator once it is commissioned, tly!

vl
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LC TPC Calibration/alignment

T

& 7_Calibration and alignment

The tools for solving this is=sue ave £ peak punning, the laser syatem, the B-field map, a
muatrix of E[.l|||l]:||l'-_-' VIR R s and the -|;|.-.l'| 5 antgide the TPC. In :.'_l'-l‘.'J.Il abnt |l..'.-'|:||
of data at the Z peak will be sufficient during commissioning to master this task, and typically
Liph during the year may he needed depending on the backgound and enengy of the TLC
machine. A laser calibration system will be foreseen which can be used to wnderstand hoth
muaEetic and |-|_|| LEOS .uu\--:lll"l i ..'-I..I.II.I.I.II-:-.IF..H-'I.”rIr.I.II.'.. M E prglps may UL ||I|-|_||.--|_|
il I3- tlll,-m‘lp J||l ¢ coordinates determined by the Si-layers inside the T T Rekly A of
I|15‘1'.| L owere n=ed in Ale _;|'_-|_|||_.: for drift welo il_-.' and alignment measurements, wens tllﬁ.fJ

b b extremely offective amd will thos be included in the LC TPC planning. Tl |||

tolerance 18 that systematics have to be coreected to 30pm throughout the chamber wolume
II| order to guarantes the TPC performance, amd this lesel has already heen l‘.l'llJlllJr.'.:il|""1“
*
|.'~'..'|.| -|.|- ph TP

o**
.
®

; .|.L|-:| rob=tnegy
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R&D Planning

¢ 1) Demonstration phase

- Continue work with small prototypes on mapping out parameter
space, understanding resolution, etc, o prove feasibility of an
MPGD TPC. For CMOS-based pisel TPC ideas this will include

proof-of-principle tests.

¢ 2) Consolidation phase

- Build and operate the LP, large prototype, (& > 75cm, drift >
100cm), with EUDET infrastructure as basis, to test
manufacturing techniques for MPGD endplates, fieldcage and
electronics. LP design is starting = building and testing will
take another ~ 3-4 years.

+ 3) Design phase

- After phase 2, the decision as to which endplate technology to
use for the LC TPC would be taken and final design started.
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LCTPC/LP Groups (18 July 06)

Americas Asia
Carleton Tsinghua
Montreal chC:
Victoria Hiroshima
Cornell KEK
Indiana Kinki U
LBNL Saga
MIT Kogakuin
Purdue TO/(}/O UA&T
Yale U Tokyo
U Tsukuba
Minadano SU-IIT

Other groups interested? More formal
collaboration now being organized...
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Europe
LAL Orsay
IPN Orsay

Saclay
Aachen
Bonn
DESY
U Hamburg

Freiburg
Karlsruhe

MPIL-Munich

Rostock

Siegen

NIKHEF

UMM Krakow
Bucharest
Novosibirsk
PNPI StPetersburg
Lund
CERN
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What have we been
doing in Phase 1 ?
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Gas-Amplification Systems: wires & MPGDs—

GEM: Two copper foils separated Micromegas: micromesh sustained

by kapton, multiplication takes by 50um pillars, multiplication
vlace in holes, uses 2 or 3 stages between anode and mesh, one stage
= - ; : - = B

P~140 pym
D~60 pum

Z-Position [am]

.

/J rl / /".‘.“ ‘\\

VA

n

‘
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Pixel TPC
Development

Digital TPC: readout a TPC with CMOS VLSI chins Freiburg @
Nikhef

> Test with e from "™Ru

» Reconstruct tracks e by e
or cluster by cluster with
Micromegas or GEM

» Resolution~50-60 ym achievable Micromegas

on-going work also @ LBNL
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sles

of Prototype TPCs

— Carleton, Aachen,

B b bt

20/07/2006

Cornell/Purdue Desy(n.s.)
for B=0orlT studies

Saclay, Victoria, Desy
(fit in 2-5T magnets)

Karlsruhe, MPI/Asia,
Aachen built test TPCs
for magnets (not shown
other groups built small
special-study chambers &

P opadillis

= e k )| i &
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TPC R&D summary to date

* Now 4 years of MPGD experience gathered

» Gas properties rather well understood

- Limit of resolution being understood

* Resistive foil charge-spreading demonstrated
* CMOS RO demonstrated

- Design work starting for the Large Prototype

20/07/2006
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Phase 2

* Basic Idea: LP should be a prototype
for the LC TPC design and test as
many of the issues as possible (like,
e.g., TPC90 @ Aleph)

* The Eudet infrastructure gives us a
starting basis for the LP work

» The general LC TPC R&D issues in

addition to the LP R&D which will be
planned in conjunction with it



Dietector F&D for the Internaticnal Linear Collide

f, to which all. af’ﬂ' C RS Broups will +
thg;_uj;ﬁﬁwwgo’mg mra be successful

The idea was that this will provide a basis for the LC TPC groups to
help get funding for the LP and other LC TPC work.

20/07/2006 Ron Settles MPI-Munich/DESY
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Work Packages for the LCTPC/LP

0) Workpackage: TPC R&D program

To be defined by the LCTPC collaboration

20/07/2006 Ron Settles MPI-Munich/DESY 37
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...e.g., Takeshi Matsuda et al discussing at bi-weekly meetings...

Goals of the Large TPC Prototype Study

n the course in the LP D&R:
Dptimizaton of the endplate and sector design
The structure of MPGD and pad
(minimizing the dead regions at the seciorfMPGD boundaries, in particular, i phi)
Pad size and shape
A gating structure

Maost updated electronics
Maost updated field cage

Siudyiconfirm the resciution and the two track separation in the large volume

Trucking n the non-uniform magnetc fisld
Calibrations and corrections

Cooperation with other type of tracking detectors (such as the silicon and the poel detector)

The important issue that we may not be able to access in the large TPC prototype study: Or can we?
=ndplate with surface-mounted front-end electronics
Thermo-mechanical design and study

20/07/2006 Ron Settles MPI-Munich/DESY
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Work Packages for the LCTPC/LP

convener in
white color 1) Workpackage MECHANICS
Ron Settles

Groups expressing interest to date(others?)

a) LP design (incl. endplate structure) Cornell, Desy, IPNOrsay, MPI,

Dan Peterson +contribution from Eudet
b) Fieldcage, laser, gas Aachen, Desy, St.Petersburg,
Ties Behnke +contribution from Eudet
c) GEM panels for endplate Aachen, Carleton, Cornell, Desy/HH,
Akira Sugiyama Kqrlsruhe, Kek/XCDC, Novosibirsk, Victoria
d) Micr'omegasppanels for endplate Carleton, Cornell, Kek/XCDC,
aul Colas Saclay/Orsay
e) Pixel panels for endplate Cern,Freiburg Nikhef,Saclay,Kek/XCDC,
Jan Timmermans +contribution from Eudet
f) Resistive foil for endplate Carleton, Kek/XCDC, Saclay/Orsay
Madhu Dixit
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Work Packages for the LCTPC/LP

2) Workpackage ELECTRONICS
Leif Joennson

Groups expressing interest to date(others?)

a)"Standard" RO/DAQ for LP: Aachen, Desy/HH, Cern, Lund,
Leif Joennson + ? Rostock, Montreal, Tsinghua,
+contribution from Eudet

b) CMOS RO electronics: Freiburg, Cern, Nikhef, Saclay,
Harry van der Graaf +contribution from Eudet

c) Electr. powerswitching,cooling Aachen, Desy/HH, Cern, Lund,
for LC TPC: Rostock, Montreal, St.Petersburg, Tsinghug,
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Work Packages for the LCTPC/LP

3) Workpackage SOFTWARE
Peter Wienemann

Groups expressing interest to date(others?)

a) LP SW+simul./reconstr.framework: Desy/HH Cern,Freiburg, Carleton,
Peter Wienemann Victoria, +contribution from Eudet

b) TPC simulation, backgrounds Aachen, Carleton, Cornell, Desy/HH,
Stefan Roth Kek/XCDC, St.Petersburg, Victoria
c) Full detector simulation Desy/HH, Kek/XCDC, LBNL

Keisuke Fujii
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Work Packages for the LCTPC/LP

4) Workpackage CALIBRATION
Dean Karlen

Groups expressing interest to date(others?)

a) Fieldmap Cern,
Lucie Linssen +contribution from Eudet
b) Alignment Kek/XCDC
Takeshi Matsuda
c) Distortion correction Victoria
Dean Karlen
d) Rad.hardness of material St.Petersburg
Anatoliy Krivchitch
e) Gas/HV/Infrastructure Desy, Victoria,
Desy Postdoc +contribution from Eudet
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Here are some ideas for the
evolution up to the Design Phase 3
(under discussion with the collab.)

- 2007-08: SP (small prototype) tests,
LP1 -> two endplates: Gem+pixel,
Microm.+pixel
»+ 2009-10: LP2 -> real LCTPC prototype endplate:
Gem or Mm + carbon-fibre sandwich,
gating grid,
sector/panel shape,
LCTPC electronics,
gas,
etc
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20/07/2006

TPC R&D breakdown (prel.)

Gem, Micromegas, Pixel LP1@Desy
Large, small, odd-shaped panels LP1@Desy
Fieldcage LP1@Desy
Sandwich structure SP/LP2
Gating/max. space charge SP/LP2
Point/2-track resolution LP1@Desy
Momentum meas. in inhomog. B-field LrP1i@Desy
dE/dx measurement LP1@Desy
Gas studies SP
Pad shapes Simulation—LP1,LP2
Jet environment SP@Cern/FermiLab
Beams

- 1-6 GeV/c electrons LP1@Desy

»+ 1-20 GeV/c hadrons (+dE/dX) LP2@Cern/FermilL
» 100 GeV hadrons (+jets) LP2@Cern/Fermil

Ron Settles MPI-Munich/DESY
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2006-2010

2010
2011
2015
2016

20/07/2006

TPC milestones

Continue LCTPC R&D via small-prototypes
and LP tests

Decide on all parameters

Final design of the LCTPC

Four years construction

Commission/Install TPC in the LC Detector

Ron Settles MPI-Munich/DESY
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20/07/2006
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..To be tested@the LP where possible...

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

»+ ~98-99% tracking efficiency in presence of backgrounds
- time stamping to 2 ns together with inner silicon layer
» minimum of X_O inside Ecal (<3% barrel, <30% endcaps)

* o_pt ~ 100um (re) and ~ 500um (rz) @ 3o0r4T for right gas if
diffusion limited

» 2-track resolution <2mm (r¢) and <56-10mm (rz)
» dE/dx resolution <6% -> e/pi separation, for example

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

- design for full precision/efficiency at 30 x estimated
Qgglﬁgfounds Ron Settles MPI-Munich/DESY
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Two other LC-TPC features

—will be compensated by good design...

- ~ B0 ps drift time integrates over 150 BX

— design for very large granularity: ~ 2 - 20 x 10° voxels

(two orders of magnitude more if CMOS pixel version)

- ~ end caps with large density of electronics (several million
pads) are a fair amount of material
— design for smallest amount: ~ 30%X, or less is feasible

- design for full precision/efficiency at 30 x estimated
backgrounds
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