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e Flavor tag S(IP) ~ 5um @ 28 0 [c

psinafglﬁ'
e Track momentum  &§(1/p;) ~ 6x105 GeV/c™?
e Particle Flow SE/E ~ .30 /VE
Energy flow
— granularity
— hermeticity

— min. material inside calos
— calos inside 4 T coil
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Physics determines
detector design
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Motivation/Goals

» Full precision/efficiency at 30 x estimated backgrounds
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R&D program

ot

udy design thin endplatei mechanics, electronics, cooling

* devise methods for robust/performance in high backgrounds

* pursue software and simulation developments
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P T ISR 7,
First, orizrly,
1 Gas-amplification systzms
J Provoryozs

J F icilitizs

Me\chaAlc; \

' Then, some PROTOTYPE RESULTS |

(examples again) and PLANS...

24/05/2005 Ron Settles MPI-Munich/DESY
TPC, R&D Meeting @ LBNL 23 March 2005




Gas-Amplification Systems: wires & WPebs—
GEM Micromegas
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Gas- Amplification Systems:

Possible manufacturers

GEM Micromegas
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Berkeley bSaclay Orsay
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Field Cage

- Software calculations at Aachen-

E, uratiat, Strips on both sides
Copper strips: | g T
width 2.3 mm : B —a
distance 0.5 mm

= field with double-sided
strips much better than

with one-sided strips
Eparatier, SIrips on one side
. i

\ onstrate need ftor double-
sud strips, test chamber built.

» St.Petersburg calculations of
several FC configurations.

* Need'to study Alice FC ideas.
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Charge measurement with
Time-to-Digit Converter

o Work on
' Electronics

Aomplitwde

Imput

Cnatput I_ -

: — =
‘L T, o~ TN lme

Trigger

Main idea: use charge-to-time conversion technigue

Readout electronics

ASDQ: Amplifier-8haper-Discriminator-@(charge measurement),
developed for CDF's Central Outer Tracker

Dise Oumput Widih v Changs

Bt 4 v . @ C

/T
=

integrated conventional
approach.

* Nikhef developing "Si RO"
concepts (next slide)
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ctr, fime-stamp logic / pixel
l ~|huge J;r'anulllr'i’ry(cjigi‘ral TPC),

i fusTonimited: i

indiv, clusters for right/qgas

~ 15t tests with Micromegas
+ MediPix2 chip

> more later...
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{ Work on
Arrangements of detectors on the active area of the end cap (2/2) ‘! e Y

Annotations: Px is the type number of PADS boards or frames

12 sectors (307 each) as super modules are defined

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

| Principle for a Super Module equipped with detector 1 | ey -

End cap - TPC-LE
Carbon wheel

Detector 1 made with frames 20x100 mm

By rotation of 15° around the axe, of § mm of Framr‘eai.i}ﬁ;l:ip:‘;tfoliﬂen I;nmde(.:i;gnn;:.?: pexy
these frames are the same EpOXY O . ’ \
sandwich

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

Deformation limit acceptahbility
to define
Here is 20 pm / mbar of pressure

Complete wheel
with 12 super
modules
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Mucr activity

Simulations to undzesiand orotoryoz resulis

MUST rzenzel somez 1ss

© roousTnzss dgains
+ TPC dzsign, gyzredl
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crgrounds and
rformiances

Uzs now, lixz

Work in Aacnzn, bzsy, Vicroria, Zing Y.,
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PROTOTYPE RESULTS
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1 Gas studizs
© Drift vzlocity mzasurments
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Track distorrion studizs
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Prototype Resulfs

T ArCH4 (P10)
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LMy

drift velocity in cm/us

24/05/2005

Prototype Results

5as s

Encourdging cross-cnec

0
0

TDR gas

—— Magboltz simulation

4  Experimental data

150 200 250 300 350

drift field in Vie
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Prototype Results
ony backdriiiteptimizalion

—

T —T
1 1 b
I 1

.
Minimal ion backdrift can be ik

Cathode achieved with:

1
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B Ucpyv: ... small influence . P N \x ’ o ;'2 50
- s 1B . i
GEM 1 "B maximal N e e 02500, P
. T T - Qg =25 Qo - —
T B Ugema. - - Slﬂﬁf“ influence ; sy s X i = Still an open question:
B FEry. . ... minimal 0 2000 4000 6000 BOOD 10000 12000 How much ion backdrift
- Effective gain
GEM 3 B Uapys. ... maximal can be tolerated?
- maximal l B =4T, measured at DESY
Ind ------
;rg{deﬁ . r r . 1 ¥’
ickup I
Uemrs and e, allow variation I N Y N R

of effective gain without changing IB.
o g
--With optimization, rel. ion backdrift
~2.5%o indep. of gain

--Even with 10”5 more charge-density

B Prediction from
parametrisation:
IB independent of G

B Lower G.g yields lower
backdrifting charge Qa.

than expected, optimization dramatic
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Drift distance [mm]|

Prototype Results
Polrt rzsolurion,
YWigzs
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Prototype Results

9 ) X \ \
dE/dx, wires, KEK beam test

dE/dx in TDR gas

7 pad-raw /event x 30 events -> 210 sampling

..

24/05/2005

Ode/dx ~34% (- 7.9%w/ 40 samples)

not a correct truncated mean.

good w/o calib., any corrections

Ron Settles MPI-Munich/DESY
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300.7
8.919

proton @16eV/c
«dE/dx> 300.6
sigma  10.3

pi @16eV/c

«dE/dx> 236.4

sigma

8.9
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A : A
Diffusion mm 2' B = 1T
107
oo+ * ArCF4

+ ArCH4
08T = Arlso
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0.4
03T
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0.1+

0.0
0

10 20 30 40 50

Prototype Results

Polrnt rzsolturion,
Mleromzgas

Drift distance [cm] o~ A
= OsToTy measuremen

Resolution [microns] B - 1T

30T

3001

50T

2007

10T

100+

o ArCF4
1 ArCH4
1 Arlso

1x10mm~2
pads

)

w5
Drift distance [cm]
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o_pt| 100gm possible

--AT moment only/achievec
for shor’r drift (intrinsic o)

il ~daVYaVa
U '. UV 'V o

nhoise~1000e

--Analysis continuing...
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£,, DESY

' reliminan

o preliminary g
= 040
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e S
i
B T R T T

single row regoiution (mm)
LipoT

[Laes T

il o

drift distance (mm)

Prototype Results
Polrnr rzsolurion,

©25)
of o_pt measured
for Gems and 2x6mm”~2 pads.

« TESLA TDR gas
|[;"3\r:l[ZH4:CrZ)2 93:5:2)

= Non-staggered pads
(2.2 x 6.2 mm?3)

NERRN
HENEN

HEERE
Resolution determineaT_ '"'In D

« diffusion
* defocussing

* readout geometry
(relative contributions vary with B)

esy chamber (triple Gem),

A

twice, with and without padrow in
question, o determined for each
case; geometric mean of the two d's
gives the correct result.

--In general (also/for Micromegas)
the resolution is hot as good as
simuldtions/expect; we are searching

24/05/2005

} } }
(1] Y a0

drift time (30 s Bins)

I I I
t t t
50 100 110

for why (electronics,/noise; method).
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Prototype Results
Tinyopovineg oolgr ezsoliurion witn pzsistivz foll
SEESEETERENAL, pr— Carleton work.
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improves resolution: for B:O7
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Medipix2+Micromegas: results

o L
Em |
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Proto‘rype Results
To=ridess f230lurion sirtel]

\
e

Laser optics

Two tack mechithn at4T

§ 400 4T
E
g 00

o_paint for cosmics + laser ~ 80um % _

2-trdck resol. for lasers ~|1-2mm: % s

how the resolution onlone tracki|is iy

affected by, presence of a hearby :

o 1 2 E]

paralleltrack at same drift\dist!
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Other activities:
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Prototype Results
Oozeariondgl z.4ozeiznez

a Mo gystematic staristics yzf
zyzrdl grouss nave nad oroolzms witn
srur’ki‘fu (witn botn Gzims and Micromzgas

o BUT IT s Too zarly To Taxz Tnis szriously (L nad
similare ¢ ‘r)r*JJJ/rrs witn Alzorn)
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TPC Summary (PRC, Nov04)
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r g -
Plans
“ ) A ST rnat 1 Y = -
o 1) Dzimongrtrarion onasz
+ Continuz work for ~1 year witn small prototynes on maoping out
parameter soacz, understanding resolution, 2tc, To prove
feasivility of an MPED TPC. For Si-paszd idzas tnis will include
a basic oroof-of-princiolz,
~ ) -~ ? A , g | -
4 2Z) Condolicarion onasz
- Build and gozraiz “large” orototyoz (2 2 70cm, deift 2 20cm)
wnicn allows any MPED tzcnnology, To T237 manufactueing

Tzcnniquzs for MPEOD zndolares, fizldeagz and zlzcironics,
I Y

Dyzzicin woele weotillel 2 reer i L /72 vyzeare otileline cel t22rtire
| Pesmpweryweue M i M A I
a\ 3) esig)\n phse
\- AB"rer bhase'xZ, w\; desision las 10 whicb] endﬁla’reg(ech oleayio

use for'\The C TP wodlld beftaken and final/desi nistaried
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TPC milestones
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TPC R&D for an ILC Detector

i
Written report Status Report from the LC-TPC groups ! 2

for the PRC
October 2004,

where the
plans and LC TPC groups

Ameriea

m||esones on Carleton 1), LBNL, MIT, 1] Montreal, U Victoria
A st
Chibua U, Hiroshima U, Minadame SU-IIT, Kioki U Osaka, Saga U, Tokyo UAT, U Tokyo,
NRICP Tokvo, Kogakuin U Tokvo, KEK Tsukuba, 1 Tsukuba
Frope
EWTH Aachen, DESY, 1 Hamburg, U Karlsrohe, UMM Krakow, MPL-Munich, XIKHEF,
BINP Novosibirsk, LAL Orsay, IPN Orsay, U Rostock, CEA Saclay, PNPI StPetersburg

See next page for list of authors.

Abstract

This report gives an overview of TPC studies as of October H(M. Representative results
from various groups are shown and are preliminary. The R&D issues are discussed and nre
illustrated with examples, for the sake of conciseness, to characterize the status of the R&D.

Proposal PRC RED-01/03 of the DESY Physics Review Committee. The present status is of October
2004 and has been submitted for the DESY PROC Meeting of 28/20 October 2004,

FThe WWS0OC, the Organising Committee for the World-Wiee Study on Physics and Detectors for the
Linear Collider is forming an subeommittee for overviewing LT Detector RED activities globally, in conjunc-
tion with America (USLOSG, NSERC-GSC), Asia (ACFA http:/ feowww kek. jp/facta/) and Europe (DESY
PRC).

IWaorking with DESY /MPI-Munich on beam tests at KEK using the MPIL prototype.
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Requirzments on the LC TPC Design

2 A TPC for the ILC

The requirements for a TPC at the ILC are summarized in the following table.

Momentum resolution
Solid angle coverage
TPC material budget

Teinglepoint in g
Teinglepoint in rz

2-track resolution in rg
2-track resolution in rz
dE/dx resolution
Performance robustness

Backpround robustness

§(1/pe) ~ 1071/ GeV /e (TPC only; x 2/3 when IP included)
Up to at least cos @ ~ .98

< (L3 Xy to outer feld cage in r

< (L30XKy for readout endeaps in 2

~ 1M

~ (Lo mim

< 2 mm

< 0 Inin

<5 %

= 05% tracking efficiency (TPC only), = 98% overall tracking
Full precision /efficiency in backgrounds of 10% ocecupancy
(simulations estimate ~ (.3%)

Table 1: Typical list of performance requirements for a TPC at a ILC detector. The values are
taken from one large-detector-type proposal but are similar for the different large detectors

being discussed.

24/05/2005
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DESIGN OF THE LC TPC

MATN] OYUESTLO) S

1) ELECTRONICS
2) TECHNOLOGY
3) GAS

e “focus-our-efforts fo-answer these
duesiions? @ne ay\whilh 2 ar}e’r yinjz

collaborate tio build'large prototype..
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First meeting at Paris LDC WS, 14 Jan ‘05
Second meeting at Stanford LCWS05, 21 March ‘05

TPC Group Lzaders 21 March 2005
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Largz Protoryoz

T o gursnzll, we arz discussion 1oz f' asioiliny of
ouileling o laegz ofgioryoz fo 2ha0l2 fr2

s GEM-ap-NieraoNzgas dzeision, Walen must 92 Flmzly
2ot To allgyy
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First we need awrititen repor
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Laggz Proioryoz Comoonziis

IHIEIII...-I

=> Who is\interested in doing what? As soon as we know, the

groups for each component should get together and organize
themselves
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