Tracking ina TPC
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TPC tracking

= Time Projection Chambers have performed
well as the main tracker in a wide range of
physics experiments & environments

e eg. underground, LEP, heavy ion collisions
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TPC trackinc

= Is a TPC tracker suitable for the
environment and physics at the ILC?

e ie. will operate well and not compromise the
physics potential of the ILC?

= A growing worldwide community has been
active for many years to answer this
question

e we must have a definitive answer before the
ILC lab is ready to approve detector
construction
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Kevy physics Issues

= Momentum resolution
e recoil mass (HZ°)
e uuy lumi spectrum

= Pattern recognition
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= Low mass

e preserve good jet energy resolution
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Key environmental issues

= Beam structure

~2000 bunches (1 Mis) ~200 ms

gt P -

UL, Sl . LA

e TPC integration time: O(100) BX
e low duty factor — pulsed electronics

= Machine backgrounds

e will additional occupancy break pattern
recognition?

e will TPC suffer HV incidents?

= Magnetic field non-uniformities
e can corrections recover momentum resolution?
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TPC R&D program

= The ILC TPC R&D program began by
tackling the momentum resolutlon
question early this
decade

e |t was quickly realized
that to achieve the
resolution goals, the

amnlifirats on svs ctarm
Hao alllplllluauu 1 SyoLCili

must be miniaturized

e Natural application for
micro pattern gas detectors

icromegas |
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Momentum resolution

= Spatial resolution

- several small prototypes { it4
constructed by groups &4
around the world

= 15-60 cm drift
= 5-15 mm? pads
= B=0-5T

cnatial roacnli i1t
SpMadtliadl 1Couiut

targets achieved for
large B (100 um or
better per pad row)

e reported at previous
meetings
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New developments

= Very fine segmentation is possible with
silicon sensors readout (medipix / timepix)

e 55 um x 55 um pixels detect signals from
Individual primary ionization electrons

e possible improvement in dE/dx resolution

= Integrated amplification [ =
stage, with spark

protection:
e with 20 um
resistive layer,

silicon survives
breakdowns now
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Timepix events

= LiIke a miniature bubble chamber

cosmics (time mode)
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Pixilized readout

= For the GEM+pixel option, the diffusion
after gain spreads the charge over many
pixels. Larger pixels would allow lower
gain in the amplification stage
Post processing on a single chip
e developments
underway to
Increase pixel

civno _ 11coafiil
o) VA - uSCiui

for GEM+pixel
option
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... bevond spatial resolution

= Most of the other issues need larger scale
hardware & software efforts to address

e LCTPC group developing into a formal
collaboration

Memorandum of Agreement

on the Formation of the LCTPC Collaboration
October 2007
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LCTPC goals

= Build a large prototype TPC for test beams
and cosmic ray operation in a magnet
e tiled endplate

e interchangeable modules using different
amplification technologies

e high density electronics developments
e EUDET program provides much of the
necessary infrastructure
= Build software suite suitable for simulation
and reconstruction:

e for use with prototype data (test beam and
cosmics) and full size TPC with ILC events
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LCTPC meeting@Femilab, Sunday 21 October

The Large
TPC Prototype
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= Magnetic field up to ~1.25T

= Installed at DESY and
successfully operated

= Additional safety modifications
ongoing

= Lifting
table will

be installed g% % -
'._1___ ——




LCTPC mestingi@@Fermilab, Sunday 21 October

PCMAG Field Map

* Production of a magnet field map:
Measurement finished (July 07)

o

The Large
TPC Prototype

2. Infrastruciure
a) Magnet

_______

3. Scheduls=

Ralf Diener,
Hamburg Liniversity
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ALCPGOT, 23 October 2007

The ILC
Large TPC

Prototype
1. Imiroduction
2. Infrastructure
3. Magnet

4 Hodoscope and
Trigger

2.Fieldcage
a) Drawings
R

c) Field

6. Schedule

Falf Diener,
Hambang University
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Sk-ladder:
10-12umin rp
20um inz

urroundings: Hodoscope and Trigger

_— PC o Silicon hodoscope:

* Trigger (scintillators)
= hardware ordered
= simple holding structure
= two perpendicular layers

of slabs below the

prototype

« should be “rotatable”

= design details of support
structure still under discussion

Limited
readout area:
38.4 cm*




Field cage design
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= Tight tolerances

Field Calculations

+ With non-perfect resistors and tilted cathode
(manufacturing acecuracy)
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LC-TPC Large Prototype

Drawing have been prepared and sent : P J_ ‘ | ard g
to vendors for bidding (October 19). e (2

The endplate provides (7) identical locations . _ o AL L -
for module installation. S = |
The details for the installation hole are defined once.
Then the locations are defined.
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Populated endplate

LC-TPC Large Prototype
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Readout designs

254020

R |
= O
O s ©§[ © O, 5 i LT T

24,000 ,:‘
4+.000 48500 =

‘ 72,000

95,000

R154g,000

I
1

S

(GEE jx,‘l'.?lM: [Dessiné par - [Traitement
1T drg:3, | RIALLOT

F
O
O
T
@

OODOErLE |

DOG'ED L

Titre : PCB |
Modifié le: /7 lM |"E Etat:R

R1435,500

;

ocomet LEPP PGB ! Pian:
[ TcEA7sactav/oaAPRATSEDT | 11
] )

- :




= Gating can reduce the
number ions produced In
the amplification stage.

Wire gating GEM gating
Ed
Gate Open AN VR = =\= = _
done with wires
LoEoil MPGD or a GEM
U LU) operated at
Gate Closed %/ unit gain
il (I
MPGD MPGD

A. Ishikawa
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Power pulsinc

= Power supplies designed for average power
rather than peak power

= Distributed charge storage capacitors close to
the switchable loads supply the peak current.
Allow — 1 volt drop during power on cycle

= Local « Low dropout » voltage regulators
keep voltage stable on the electronics

= Properly controlled constant current sources
recharge the capacitors between cycles

J.P. Martin (U. Montreal)
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Software development

Simulation and Digitisation
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Scorecard

= Spatial resolution — established
= Pattern recognition — to start again
e full pad readout simulation / reconstruction

= Low mass — underway
e field cage designs / electronics considerations

= Beam structure — not demonstrated
e tests at FNAL foreseen

= Beam backgrounds — not demonstrated

= Magnetic field non-uniformities — starting
e software development, large prototype tests
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Summar

= A worldwide team of people are working
together towards the common goal of
developing a TPC design that will satisfy
the needs of the ILC physics program

= The more challenging issues requiring
large hardware and software investments
are just getting underway

= Plenty of room for new collaborators and
new ideas!
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