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Detector Outline Documents (LDC and”GLD)
LP-planning
Detector Workshops (Instrufmentation@Slac and
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TPC Applications@LBNL) 3-8April2006 /
Status report~to the Desy PRC"11May2006

(wr'|1' en version due four weeks ec:ry
Or'ganlzcmon of the LC TPC C}Ilqb ation
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Europe merica ' Other
RWTH Aachen Carleton U ' MIT (LCRD

CERN Copﬂe//d/y ] . Temp/e/l/l/a e
DESY Tndiafa U ' ] State (UCUT)

U Hamburg L BN /4 adamo SU-IT ],
U Freiburg MIT Kinki U
U Karlsruhe U Morfreal U Qsdaka
UMM Krakow U Victoria aga U
Lund. Vale Tokyo UAT
MPI-Munich U Tokyo
NI, KH?F\Q\ KogakuirTU Tokyo
BINP Novosibirsk KEK Tsukuba
LAL-Orsay ) U Tsukuba
IPN Orsay ..Other groups interested?
- URostock
CEA Saclay
PNPI StPetersburg
U Siegen
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HISTORY

1992: First discussions on detectors in Garmisch-
Partenkirschen (LC92). Silicon? Gas?

1996-1997: TESLA Conceptual Design Report. Large ’
wire TPC, O.7Mchan.

1/2001: TESLA Technical Design Report.
Micropattern (GEM, Micromegas) as a baseline,
1.5Mchan.

5/2001: Kick-off of Detector R&D

11/2001: DESY PRC proposal. for TPC R&D
(European & North American teams)

2002: UCLC/LERD proposals

2004: After ITRP,

To design and puild an

Europe
Chris Damerell (Rutherford Lab. UK) fh e I L d efector /

Jean-Claude Brient (Ecole Polytechnigue, France)
Wolfgang Lohmann (DESY-Zeuthen, Germany) Wh Ere ex Ce/ / ent v

Asia

HongJoo Kim (Korean National U.)
Tohru Takeshita (Shinsu U., Japan)
Yasuhiro Sugimoto (KEK, Japan)

North America

Dan Peterson (Cornell U., USA)
Ray Frey (U. of Oregon, USA)
Harry Weerts (Fermilab, USA)
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Large Detector Concept example
- vm. eV
GCIP) ~ S#m D 1‘:';1'-' Si]lﬁ.:?.2 ﬁ'/c
§(1/pi) ~ 6x105 GeV/c™!
SE/E ~ .30 /VE

Energy flow

— granularity

— hermeticity

— min. material inside calos
— calos inside 4 T coil

7400




+ + Data
ZH—puu X

200 —

100 —

Number of Events / 1.5 GeV

momentum+~d(1/p) ~ 10-4/6éV(TPC only
~ 0.6x10°4/GeV(w/vertéx
(1/10xLEP)

ete>ZH~-II X goal:sM <0.1x T, 0
-~ 0M, domingted™by beamstrahlung

N " TESLA/BRAHMS 2.01
tracking efficiency: 98% (overall) P o o i e S N W

7

0.8

excellent and robust-tracking efficiency by
combining.vertex detector and TPC, each wiit#

5 5 G rage:; 97.95%
excellent tracking efficiency
0.4
0.2 I
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 R&DPlanm

+ 1) Demonstratioh phase

- Continue workwith small prghtotypes onjhapping out garameter
space understanding resefution, etc, j6 prove feasif#ility of an
MPGD TPC. For CMOS/ Si-based idefis this will ingfude a basic

proof-of-principie.
+ 2) Consolidation phase
~ Build and opergfe-the LP, large projetype, (D > 75cm Adfift >
100cm),with EUDET infrastruettre as basis, to /
d

manufacturing techniqgues~for MPGD endpl , fieldcage an
electronics. LP_design is starting > buildhg and testing will

take dhother ~ 3 years.
+.3) 'Degign\phase
~ _After phase.2-the decision as to whic plate Technologﬁp/

use.forthe LC TPC would be taken-thd me
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What arewe doing)in
Phase1 ?
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: Two copper foil
by kapton, multiplicati

z-Position [am]
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Berkeley Saclay Oursay

(fit in 2-5#magnets)

Karlsruhe, MPE/Asia,
Aachen.btilt test TPCs

fof magnets (not shown) I?"'r. g

other groups built_small li
2\ special-study-ehiambers
_ — 2
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1-8 Ge\ Elechon Bean

Oplional Target

Tedasco pa

0.5 T Magnet

beam (nO'I' Test Beam Area 22
shown)
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Cothods (drift) plona

i M oy g Iﬂl'-f'l' spede: 13
——

Lo ]

MediPieZ pluel sensor
Bross spocer block
Printed cirowt board
Algminum bote plate

Y

+ MediPix2 chip

_ ' — more later...
\/ ch/DESY
rge Prototype
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TPC R&D Sumpiary

* Now-4years of MPGD“experience gtthered
* Gas properties-rather well undefstood
- "Diffusion-limited" resolution being understood

* Resistive foil charge-spreading dem@nstrated
- CMOS RO-demonstrated

+-Design work starting-for Thew pe

_~
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\Phgse
* BasicIdea: LP_should b apro’r ype

for the LC-TPC esn nand tes

many of the |ssues as possible (llke,
e.g., TPC90 @ Aleph)

e

+ The Eudet-infrastructure gives us
starting basis for-the LPM
'~ There other LC TPCR&D issues ’E/

addition to theLLP R&D which.will be
planned in conjunction with it _~

14/03/2006




— e ey,

EUDET Drerector FfD for the International Linesr Collider

Proposal full title Detector B&D fowards the International Linear Collider
Proposal acronym

Schematical Overview ...
Fundamental Objectives ...
Networking Activities._............
I Orverall Informamiom ... ..o e
I Acwviry NAL - Mapagement of the T3 L
IOI. Activity NAZ — Detector BED MNetwork DETHET oo enecececscncece 37
Transnafional Access Activities
B O g ST PSS YU SRR b
I Actuviry TAL — Access 1o DESY Test Beam Facilify oo
L Activity TA2 — Access to Detector FLAD InfTastmbCiume . oo 5
Joint Research Activities ............
I - < 0 TS UR . 1
I Descnption of Joint Fesearch ACvITES oo e e e
Other Intmes ...

I3 Proposal — "Integrated-TAfrastructure Initiative

7 M € from-EU over 4 years approved toprévide
infrastructure for detector R&D = Kickoff"meeting in Feb 06 /
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EUDET Dietector B&D for the International Livesr Collider

Proposal full ttle Detector B&D fowards the International Linear Collider
Proposal acronyim

Schematical Overview ...
Fundamental Dbju'rites
Networking Activities._
I QOwerzll Information ...
IO. Actvity AL "vLaIJ.H.“_'EIIELt u:ufth.e I.1
III. Activity MAZ2 — Detector B.&D MNemwar }: ZJ T\'E"'
Tranmahonal.—l:tess -u'?tles

s is for infrastrue -fop. ggj;egtor' R&D butﬁ not yet the R
If, to which all- af}fhgfl’t*ﬂ&%“&%ups will ‘have to contribut
the-EP-1s=going-to-be-successful:

The idea is that this will provide a basis for the LC groups to
help get funding for the LP and other LCATPC work.
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Work PacKages forthe LPX

the L¥ TPC

convener in

Settles
Groups pressing interesi#fo date(others?)

a) LP design (incl. endplate sTruc’rure) Corne %PNOPW
udet

Dan Peterson contribution fro
b) Fieldcage, laser, gas Aachen, DMersburg,

: 1) Workpaekage MECHAIMICS
white colof /FP g

Ties Behnke +contribution from Eudet
c) G@M}mnels for-endplate Aacher; Carleton, Cornell, D ,
. \ Akira Sugiyama Karlsrihe, Kek/XCDC Novo |r'sk, Victoria
d) Mlc’romegasppanels for endplate CarleTon Mk/XCDC,
Colas clay/Orsay
e)’Plxel panels for endplate Cern,Freibufg, lehef Saclay Kek/
Jan Timmermans +contribution from

f) Resistive foil for endplate Carleton, Kek/ Saclay/Orsay

MadhU Dixit /
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gges-1or 1

%c >

) Workpackage ELECTRONICS

a)"'Standard" RO/DAQ forAP:
Leif JoeAnson + ?

b) CMOS RO electronics:
a\ Harry van der Graaf

a |
/
c) Elec’rr' powerswu’rchmg cooling Aachen y/HH, Cern, Lunc;/
= forLCTPC Rostock, Mons: St.Petersburg, Tsi

Luciano Musa +conTrlde
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Work Packagest for the)LP andjrelated
thellC TPC
/

3) Workpatkage SOFTWA

a) LP SW+simul./reconstr.framework:
f‘\\ Peter Wienemann _VicToria, +contribution
b) TPC simulation, backgrounds Aachen, Carl , Cornell, Desy/HH,
A Stefan Roth Kek/XEDC, St.Petersburg,Victori

c) Full detector simulation Desy/HH, Ke
Keistke Fujii
14/03/2006 Ron Settles,-MPI-Munich/DESY
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WorkPackages fordhe TP~gnc
} the X TP
/4 Workpackage/CALIBRATION

Dean Ka
5roups expressing interest tofate(others?)

a)-Fieldmap / ’/4”:
Lucie Linssén /a ribution from

b)-Alignment Kek/X
Takeshi Matstda

. ¢) Distortion.cofrection Victoria
2\ Dean Karlen

d) Rtd.hardness of material St.Pet
| Anatoliy“Krivchitch

e).Gas/HV/Infrastructure Desy, Victoria,
Desy Postdoc +contribution fro
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SO

Work-Packages for hjL(Pa d relaj&d
work on the-LC TPC - cenVen

er/ca didates
Over'eﬂ composition of con ,ef\er'{

R 50:50 betw
ExtraEudet and Eudet fod‘l ation
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What are-the TP€.design_isstes_thathave
to be kept in nind w e@ng oulythe DR?

These are summa/r' ed y TPf)
central-tracker DOD (‘Detector Ou#line

Document’) for theLDC cm/d@ﬁ),

submi’r\‘rg\d to the WWSOC-at LCWS0671n

7 A Bangadlore

—




\ ‘\_,'\\
..o be tésted@the\LP wherépossible.

- continuous 3-D.tracking, easg//p ttern recoghition throughout
large volume; well suited f/or',l rge magnetjc¢field

- ~98-997% tracking-efficiency in presénce of b? nds

- time stamping to 2 ns together with inmys')i n layer

* minimum of X_0-inside Ecal (<3% barrél, <30% er;d}[;s?
h

-+ 0_pt ~ 100um (re¢) and ~500um (rz) @ 3or4T fof right gas if
diffusiomm\\ned

. 2—Trgck,rés>olu‘rion <2mm (r¢).and <5-10mm (rz)

- dE/dx resolution<5% -> e/pi separation, for€Xample /
- easily maintainable if designed properly, in case of bea

accidents, for example /

- design for-full precision/efficiency at 30X’ estimated
pﬂg’lﬁgfounds Ron Settles -MPI-Munich/DESY 23
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T wo other LCTIRL fedtures

—will be cofmpensatkd by
- ~ B0 ps drift-time in’regra‘rey 150 BX

— design for very large granularity:

- ~ end caps-with large density of elettronics (sev&( l|o
pads);are a fair amountof material

- deS|ng\for' smallest amount: ~.30%X, or less is fea Jb‘ie

desugn for full precision/efficiency at 30 x es
backgrounds / /
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Excerpis Trom-DODsfor 10

\) \‘ \
DESIGNTISSUES jor’r/he LC A)C
-  Performance
Endplate
Electronics

Chamber gas

F?lej\dcage
Effect of non-uniform-field

K '/,Calibr'a‘rion and-alignment
"= Backgrounds and robustness

-
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githedetectors in peconstencting many of these channels are highly interconnected.  For the
TP, the issues are [ [ormance, siwe, I'Ilc]]l'.:-.'.l'. clecEronics, A, alignment amd robustness
in backgronnds.

o | Resolution expected fneeded

hii :l"i|lli.|l'llll'|l'.!1 for a TP at the ILC are swmmarized in Table 1.

Hize P, o = LN, L=
Wlomentinm redclintion AL ]~ 0= S GeV fe [ TPOC only: = 203 when TP inclwded )
ST i Llp to af beast ops - (L5

TPC material handged < DX s to onter fieldeage in s

= (LHXs for readout endeaps in 2
MNumber of pads = 10 per endeap
Pad size/ nopadeows RVTTTRCE TN R )
Fegniglapaodnt in re 120pm [average over driftlengih)
(1.5 num

crack resolution in rd < 2 num

[ fla P ik ¥z

3
7

track resolution in rz < 5 num
dE/dx resolution < 4.5

Performance robustness = 90% tracking efficiency (TP only), > 98% overall tracking
Background vobusiness  Full precision/efficicncy in backgronnds of 10-200% oceupancy,

wherehy simulations estimate ~ 0L0% for nominal backgrounda.

bl g TP st the [LC detector.

lefine how many silicon lapers ave nesded. Present folkslov

LT R T L a4 e FERTI SRR PR S s e TRTE & — HE

chiannel used for measuring the Higes prodoction rate. This resolution i3 achievable with

inner-silicon tracking amd a TPO performance given in Table 1. I for physics reasons, the

overall tracking aceavacy showld be better, a larger TP and for moore silicon layers should
14/03/2006 Ron Settles.-MPI-Munich/DESY
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of the mumber of Dackdeifdrme=—rerm=TTmIITInn o Caring e rri=se-forcseon for inter-train

Al i arder to have a safety factor In case of unexpected backgroumds {see below

The two TPO endplates have a surface of about 10 m= of sensitive area each. The layout

he endplates, Lo coneeptual design, stiffness, divigion into sectors and dead space, ha

{

heen stalted=foar jpatance as shown in Fig. 1. In this example the question g heiva

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

tor make odd-shaped MPGDs if peaded.

anreesssaction to the ol ok

In general., the readout pads, their size, geometry

the cooling of the alectronics, are all highly correlated

design tasks related to the endplates. As stated in Section 1.1, the material budget for the

cideap and its effect on Ecal for the particle-How measurement in the forward direction mnst

be minimizged. Morve details are covered in the next itemmn.

2k i
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Annotations: Px isthe type number of BADS boards or frames

These arrangement seemste'be the best asonly 4
different.PADS ar e necessary
14/03/2006 Ron Settles,-MPI-Munich/DESY
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with 12 super
modules

38
<
=
c
S
o
3
@)

Planning
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Pads planetype 1

Pad®6 X2 mm

515000 padsion 12

5uper/ modules
y , approx.
7 _4correspond to one
- end plate)

il

14/03/2006

Pads planetype 2

Pads planetype 3
Pads planetype 4

/

2 pads kews
delgted dueto the
dead zone

Questions:

-Dowelet 5 mm of dead the detector,
because then thep eismorereduced ?
-Arethe padsalfgned ? From where ? How is

managedthe radius parameter ?
sConnectorsdensity isa crucial point asit drj
alot thedetector (and also perimeter em

ch/DESY showed in next side) 30
rge Prototype Page 4
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design tasks related to the endplates. As stated in Section 1.1, the material budget for the
andeap and its effect on Ecal for the particle-How messurement in the forward direction mst
he minimized. Morve details are covered in the next item.

& J_Electronics

For the readont electronics, one of the important igswes is the density of pads that can
he accomoddated while guarantecing a thin, coolable endplate. The options being stadied are
[a] a standard readont {meaning, as in previous TPCOs] of several million pads or (b} a pixel

Titis ll.l‘l‘l-l _a few In I_I|-:_|1.l..'|| times that using CMOYS technigues.

::‘|.I| Standard resdo II sdtad sizes under discussion are, for example, 2mm = Gmm (the TDR
*-i.-'l'.“' T obrann -"!Tllu‘l‘l.‘l.'.||l-.|| has found to be better as a result of our RED experience (see
helow ). A preliminary look at the FADC-type approach using 13Fnm techonology indicates
that even smaller sizes like lmoum = loon might be feasible {in which case charge-spreading
willld not he needed ). In all of these cases there are between 1.5 and 20 million pads to b
read out. An alternative to the FADC-type is the TDC approach (see [6][7]) in which tim.
0¥ -UIJHL-LLIS].-'.EI.LI. .ll'| ]l tlae (via time over theeshold) i measanad.

..||l CMOS read ""a-‘t mew concept for the combined gas amplification and readout is

"Samngn Essmuuununt® =
e -:]l'1|11.-||u ent. In

this concept[G] the MPGD is produced in wafer post-processing tech-
nelogy on top of a CMOS pixel readont chip, thus forming a thin integrated deviee of an
amplifving grid and a very high grauularvity endplate, with all necessary readont electronices in-
corporated. This concept offers the possibility of pad sizes small enough to observe individwal

gingle electrons formed in the gas amd connt the mmber of ionisation clusters per unit track
length, instead of measuring the integrated charge collected. Initial teses naing MicroMegas|8]
and GEM foils/9) mounted on the Medipix2 chip provided 2-dimensional images of minimmm
ionizing track clusters. A modification of the Modipix2 chip (called Timepix] to measure

alzo the drift time i under development[7). Also a first working integrated grid has been

produced| 1
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-\ilh\ i
b

A modifieation of the

ionizing track clusters. Medipix2 chip [ealled Timepix] to measoaee

aleo the drift time is under development[7]. Also a first working integrated grid has been

prodduced| 10

i-Chamber gas

Thiz igawe invidves [a) gas clhioice, (b)) oo buildup aed (c]) ion feedback,

[a] "L T ili ons for a TPU is an igporioplcdeleef L] parametor.  (aases
investigated arve variations of standard TPC gases, ez,
A 935 JOH (R0 (255 )-“TDR™ gas
A 955 JOH (5% ) —“Ph" gas,

Av(5 ) CH {1050 - 4P LIF
Ar (005 OO 10,
Ar (05 |]*-.l|:-||1.|||l'| BU) and I eI i e RIS
'Lll*i'u"i'_l{] I. J__‘..----.--ll -----............
1|". Len® l.||la-'l-lL|"' a gad & number of requirements have to be takben inbo |_1|_--||_1|q._..]|||-

'h_,... whpaine TESOlution achievable in rg is dominated by the transverse diffusion, which rlll.ﬁllj.

o b s gmall as possible. Simultaneously a sufficient sumber of primary electrons should he's
croated for tha ||fli.l|1 and dE  dx measnrements, amd the deift velocity at a drife feld of a few
";lllll Viem slonld be about 5 cmfpes o more. The hvdrogen compomrent of hydeoc .Lll:-lu‘a.
W IJ |]!.IJ |.-:||I|l=u.||]l. are waedd as quenchers in TPCOs, have a high cross section for in I-_.m’\ LIkl
with |-:l'.-. |||f'f"-.|“l. |'i..'h-l.lull nentrons which will be crossing the TP af idwe S2271). Thus
the concentration of I.I'.I1I-..I"I AT #i1 thum wopiiinnoal e sl noi sl ol slwin m #2055 |:.||=.-.|'I|| to minimize the

puasiiber ol bacek eeouiidd Bits due oo aeiteons O g intereatiner gltepnatise to the traditional cases

i# a Ar-CFy mixture, These mixtures give deift velocities aroumd & — 9 cm s at deif@ feld
of 2V Sm have no hydrocarbon content and have a reasonably low attachment coeficient
at bow electrie hields. However at intermediate Gelds (~5 10 KV e}, as are present in the
amplification region of a GEM or a MicroMegas the attachment increases drastically, thos
litniting the use of this gas to aystems where the intermediate field regions are of the ovder of
a few microns, This is the case for MiceoMegas, bt its wse has not been vestod thoroughly
for a GEM-based chamber, Whether CF4 is an appropriate guencher for the LO TPC is not
Epown and js beipe teetod a2 g part of our BACL

(b Ton build-up at che surface of the gas-amplification plane and in the drift voluome,

14/03/2006
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(k] Ton build-up at the surface of the gas-amplification plane and in the drift volome,

—At the surface of the gas-ampliication plane vis-a-vis the deift volume, daring the hunch

Erain of about 1 ms and J000 bunch crossings, there will be few-mm thick laver of positive
bons banilt up dee to the inecoming charge, subsequent gas amplification and ion backdrift. An
important properey of MPGDs is that they suppress naturally the backdrift of ions prodmesd
in the amplification stage. This layer of ions will be reach a density of zome {2/ cm? depend-
ing on the backgronnd conditions during operation. Intuitively its offect on the coordinate
measurement ghoald be small sinee the drifting electrons incoming to the anode only experi-
ence this environment during the last few mom of drift. In any case, the TPC is planning to
run with the lowest possible gas gain, meaning a few =107, in order to minimize this effect.

—In the deift volumee, a positive oo density doe to the primary ionization will be baile
up during absout 1s (the time it takes for an ion to drift the full length of the TPC), will be

higher near the cathode and will be of order £C/em” at nominal occupancy (~ 00L0% ). The

Lolerance on the charge density will be established by our RED programme, buat a few »

_~

i fem® is orders of magnitude below this limic,
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I.I 5 ]l__||| l{'lhlih-ﬂ.* 1ln1 Aating. ......lll......llllllllllll.

i1 -'II|| r to minimize the impact of on feeding back into the drift volume, a |u|_|||||_'l|-|_-.
guppresgion of about 1/ gasmain has been used a8 a role-of-thomb, sinee then the total charge
introedieed into the deift volwme 18 about the same as the charge produwced in the primary
I"'!HJ.;,,lhllu 1".l.1 only have these levels of backdrife suppression not been achiowvedd ||II|IIL._¢1I9I1'
R o li"'l s bk deo this . oudesofs bt 8 misleading. . Lawy - beckdrif |'-.|.|-|.-. will |
needed since these ions would dreift as few-mm thick sheets through the sensitive region -.'.|'.l-:|.ul

aubsequent bunch trains. Even if a suppression of 1/ gasgain is achieved, the overall charge

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

drift valume, How these sheets wonld affect the track reconstraction has to bhe simulated, bt

I_____________________________'l
tor b om the sale side a backdrift lewvel of << 1/gasgain will be desivable. Therefore, ginee |
the backdrift can be completely eliminated by a gating plane, a gate should be foreseen, to |
gnarantes a stable and robust chamber operation. The added amonnt of material for a gating I
plane is amall, < 0.0%Xo average thickness, The gate will be elosed betwesn bunch I|.'|i||:~|
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 conld be necessary withont inter-teain gating.
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LC TPC Design Issues & Large Prototype
Planning




Telcage
(he design of the heldeage involves the geometry of the potential rings, the resistos

I g central HY-membrane, the gas container and a laser syvstem. These lygs

laid out for sustaiming ar o

TTTETITTIT: el & tinimum of material.
[mportant aspects for the gas system are purity, circalation, How rate and overpressure. Tl
hnal configuration depends on the gas mixture, which 8 discussed above, and the operating
voltage which must also take into account the stability uwnder operating conditions doe to
Huctuations in temperature and atmospheric pressure. For alignment purposes (see next two
items] & laser system will be foreseen, either integrated in the fieldeagel[11] or not

T 4
ol
.
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ity of the magnetic field of the solenoid will be by design witlt g tolerance
) 2mm u=sedd for previous TPCs. This homogeneity is achieved by cofssguor
l|-:|iu;._.- at the ends of the solenoid. At the ITC, La LEE :_'i.'ill.:.]l'll'.h conild arise from the helds 08

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

inglde the detector in case a crossing-angle is chosen. This issue was studied intensively at

sl
procedures S0 able to accomplish this goal. The B-feld should also mtored sine

the DITY or cormector windimgs T X SET SEVY PR ..f:.n....:.-llJ:r- |II.I|I_:.II'I|: for this (LN RN
the option a matrix of Hallplates and NMR probles monnted on the outer surface of the

hieldeage is bheing studied

—MNon-1unigeedty of the eloctric ield can arise from the Heldeage, hackdeil® uied rinmary
ions. Bl the first, the fieldeage design, the nom-uniformities can be minimized O
rienee pained in past TPz, For the second, as explained above, the backdrift-ions 4
e minimized at the MPGD _:.l'.:'..'l.-i .l-i.Ll:_'; lova :.-,n-,u;ui.h and eliminated l.'.'l.lill."._-. in the drif
olumee nsing gating. The effect doe to the thivd, the primary ons, 8 due to backgronnds

d = irreducible. As discussed above, the maximum allowable electrostatiec charge densit

Lo established, but studies by the STAR experiment|15] indicate that wp to 1 pC

I ".'..I L L

& 7 _Calibration and alicnment
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= T
w 7. ||I|u.|||l-|| |.I|-| IJI.'.'ﬂhI!J'FI"'""'""""""'l--.----.....
The tag e fit" 50 T ng this is=sue ave L peak running, the laser system, |1||-'['|-1,|-| | FELAL PR,
TTET g | E[ Ul plates B probees and the Si-lavers outside the TPCL In general abao III'|'|J |||l
pldata at the Z pes ||- will be sufficient during commissioning to master this tas) i { A
= 1/ph -:|u.'u'.u. the year may he peeded depending on the backgonnd and enengy of the TR S
“u achine A lager calibration aystem will be foreseon which can be nsed to wnderstand ot |J~.
HIII- amal electrostatic effects, while a matrix of Hallplates  NME proles may I.|'|||l'luu'1l

||Jl' B- I:I-|'|l'..L|| Ap. The x coordinates determined by the Si-layers ingide the inner fieddcage of
the TPC wer L|".|'I'|.|--|.|q.,l.11||- drift weloeity and alignim

‘
Tk IJH'-I.!'l.fIIIJIII 8, were fownd

to b extremely effective and |.||| thus b |||l'|.ll-|l'|.|.i.||"||-|l-'|| TPC planning. The overall

tolerance 18 that systematics have to be coreected to 30pm throughout the chamber wolume
in order to g puRrAntee r"l.‘. TPC performance, amd this level has already been demonstrated
by the Aleph TPC

s A Bark '|-III||I g .|.l|-| robi=tnegy
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s 3 Back '|-..III||I H .|.I.|-:| rodsmsrifss
primary-ion charge buildop {discussed -I|I-.'"|L'

) -ll"""“""'l---l---..

-.....
and the track-
There are

The

The issnes Iyve® dre the
Anding l'||JIJ-'ul y in the presence of backgrounds, which will be discussed ]||ts.

b L"l;pl'llll 8 from the aceelerator, from cosmies or other sourees and from physics « -.-L'qa
which gives rise to gammas, nentrons and charged paf bicle=s

I||.|Lr| soaarce 15 the acreleracor.
||Il.".‘-‘l'
*

eting deposited in the TP( each bunch crossing|17). Preliminary ginmlations of
ln u} -
& - - - - - L] -- l. :
Jundder norninal conditions || IOERaca b Aan CdC A of the
level wionild be of oo conseqguence for the L TPC performance, but cantion is in order her
The experiencs at LEP hackgroumnds were much higher than expectoed at the
in] L= ] 4
beeginning of the running [vear 19901, but after the simnlation programs were mproved amnd
they were much reduced, even negligible at the end (year

it = eommissioned., 1 |1b'

PO of less than abont 00555 .[".'LI'?‘

.

.
I_ -
was that the
L
]
.

incderstond,

L ]
]
[ ]
L ]
]
n
]
L]
-
)
.
.

the accelerator betier

oy I . - . = =

S000). Sinee such simmlations have to be tuned to the accelerator one
the the LO TPC should be pr |l. ]

* . . - .
betehgronneds at the beginning l'-.lII|-:| bex mnwch larger, so t
s 10 or A%, The TPC performance at these oce |-.l‘-'-l.|.|-: :

foe -ru|] OTE OCCUpancy, up
leviels .-.fl-] hardly deteriorate l!llll'll..l||"'\-l!|IIJ|||II|.I||.'\- high 3D-granularity tracking '-.'.lHt1l-‘u-. ill
retmaining 30 to W% |lf bh-.'-.|||.I|||sl'|

itherencl § HITflu- . robmst and we Iy &l fficicnt with the

Y,
...
....
.....
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—JPRCL milesione

2006 /Co tinue LC-TPGIRAD via smull-prototypg tests,

organize/wp for Large Pfototype
2007-2009 TestLarge Pro’ry , decide techpdlogy
2010 Final designof LC TPC

2014 Four years constructitn

2015\\ Commission7Install TPC in LC Defector
AN
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Momenttum precision
Arguments for dE7dx, V° dete
Requirements for
+—2-track resolution_(in"r¢ and z)?
+ track-gamma-separation (in r¢ and”z)?
Tolerance on the maximum-endplate thickness?
Tracking configuration
. Cg\lorime'rer' diameter
+ TPC
-« Other tracking detectors
TPC outer-diameter
TPC inner diameter
TPC length
Required.B=mapping accuracy in case.of non-uniform B-
field?
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\De«sign

Gas=Amplificati n)fechnolo — input/from
R&D project

Chamber gas candidates: crucial decision!
Electronics desigh:

+ Zeroth-order "conventional<RO"” design
+—Is there an optimum-pad size for " um, dE/dx

~_ resolution and.eléctronics packaging?
>+, Silicon-RO: proof -of -principle
2\ :
ndplate design
7 :
+ Mechanics
+ Minimize thickness

+ Cooling

Field cage design
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Backgrounds/dlignmenyj/distolgtion-cofrectic

Revisit expected-tackgrounds

Maximum-positive-ion b)u]d p tolerable?
Maximum occupancy~folerable? /
Effect of -positive-ion backdrift” gating plane?

Tools for correcting spa€e charge in presefice of bad

EaF!\(grounds?

/\\
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