“System Asvects of (Gaseous)
y T rackin@ Detejcftors. .

... or what can we learn (have we
learnt) from a LHC Detector?

° OUtI | ne [CMSand ALICE]

— Definitions & Terminology
‘racking in LHC heavy ion collisions
"he challenges

"he ALICE TPC and beyond?

e Qutlook

— A TPC for aLinear Collider
— Thoughts and ways to go towards solutions




> Definitions & Terms
e ‘System’

— A system, for our case, is the entire instrument built for
an experiment or collaboration, to collect, filter, and
analyze data(e.g. ALICE, CMS, ALEPH...).

e ‘Detector
— A detector or subsystem is a component of the ‘ system’

with specific tasks congruent with the other sub-
systems.

e ‘Optimization’
— Although specific in itstask(s), a detector must not be

optimized for highest performance for itself, but rather
be ‘subordinate’ to the global system objectives.
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‘ %, System Aspects & Optimization

e Optimization is; Build to purpose!
— Compliance with specs, schedule and cost

— Compatibility (sociability) with neighbor detectors
(X, noise, heet...)

— Adapting to environment and run conditions
— Respecting safety regulations and
— Securing capital investment.

e Thisreguires acoherent, system
oriented, execution plan

from R& D to commissioning!




Examples

e UA1 & CMS: A coherent system concept

— ‘Fall-safe muon detection with large absorber (comp.)
magnet design and specs
calorimeter design
tracking detector design

 ALICE TPC: A coherent detector concept

— ‘Low-mass’, low disturbance premise for
the measurement of low momenta and particle identification
Field cage material, gas choice
Gasgan
Readout scheme & electronics
Tolerances
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Counter Examples

e The U-TMP calorimeter of UA1:

— Perhaps too ambitious (built to purpose?)
— Underestimate of technical complexity
— Failed on cost and schedule issues

e The MSGC tracker of CMS;

— Overoptimistic laboratory results

— Nonconformity with real environment
 gsparks from hadronic interactions with substrate

— Failed on schedule and milestone adherence
— Or, was it apolitical issue?
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LHC Lesson 1

. Unprecedented rates (p-p)
& multiplicities (heavy ions)
— p-p-physics at the picobarn level (want L high)

— Pb-Pb-physics at the millibarn to barn level (want Llow)

— LHC stored beam energy
~ 60 kg of TNT equivalent . .- © . '_2-_;; P ,ﬁ{,f gaf wE

Rediation damage T (gt

ey of peats
Duration and size of projects S
Particularly difficult transition for

_EP “descendants’
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Lessons from LHC Pb-Pb

e The principal challenge istrack density

— dN_/dn ~ 8000 (for |n| < 1) --> ~24'000 primary particles
(charged + neutral) + ~ 50% secondaries --> ~ 2 x107 hits

Previous
Top View

Full projection into readout plane Sliceof 2°in 6
*) very conservative assumption
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Conseguence: Occupancy == TPC

« Why aTPC?
— For coping with high instantaneous rates, TPC is best suited, for it
delivers space points, and many of them (redundancy).

— TPCs are relatively massless --> strong reduction in secondary particle
production (background)

* \We define Occupanc
I\Iabove/NaII in
 For ALICE TPC.:

— Innermost pad row: < 50%
— Outermost pad row: < 17%

+ _ Clusters at the
— Average occupancy: 25% e roc

=
o

amplitude
8

)

i,
)
\
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100 MeV/c < p, <10 GeV/c")
o Particle identification

— Separation of hadrons and identification of elec.
e Tracking

— Matching with inner and outer trackers
— High track finding efficiency

") limited by magnetic field strength

g




e Track finding efficiency:
— > 95% for p,> 100 MeV/c

e Momentum resolution:
— dp/p,<1.2- 1.5% for MIP

ng efficienc

Track-findi

o dE/dx-resolution:

— < 10% (at high density)
| » Rate capability:
. % — 200 Hz central Pb-Pb (£ =107 cm2 s?)
— 1kHz p-p (L=3x10%cm?2s?)

dE/dx (a. u.)
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!

leaaei=m

Muon arm
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ALICE TPC: Layout

Large Data Volume
* 570 132 (pads) x 500 (time bins)
» 356 M bytes/ event
*Pb—Pb (@200Hz) o 71Gbytels
*pP-p (@1KHz) =>» 356 Gbyte/s

field cage

readout chamber

charged particle track No wire readout

drifting electrons from
primary ionization

ALY \\\\ \\“—: o K gating plane
\ &\\\\\}g ' cathode plané-

BB RN
\ %_"5‘—\ anode plane

Gas Volume: —
e \ A fie
sl “Russian Dall” principle for P -

Drift gas:
Ne-CO, (90-10) detector “containment”

_ pad plane

Z (dnft time)

Thomas C. Meyer/CERN-EP
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— (e-identification/TRD)
— Minimizing multiple scattering
e Choose composite .
mate” al for bOth the Total x/xy~3% (n =0)

Inner field cage and
containment structure:

Aluminum

 Choose neon
_ Instead of argon as
P— maln gas component

4~ 1% x/X,
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88 Field Cage: Design Objectives

e Ensure:
— Stable gas gain: > 10%
— Drift field: 400 V/cm with E/E, < 104
— Temperature stability: AT <0.1°C
— Drift gas purity: < 5 ppm O, and 10 ppm H,O

* Provide high mechanical accuracy for...

— Central electrode: 250 um (planarity and position)
— Readout plane: 250 um (idem)

e High structural integrity at low mass:

— Use composite honeycomb structures. Nomex, Tedlar, fiber matrices

* Operate safely at very high voltages (100kV)

— Use double wall insulation (containment)
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Innoval

Provide E-field homogeneity of
dE/dE, < 104, to match intrinsic TPC
spacepm nt resol ution (300-2000 pm):

— Rods even out irregularities on cyI | nder surfac&e (mm!).

— Suspended strips avoid
surface charges (NA49).

— Central €ectrodevs

. | mww"' .
readout plane alignment ! "““'flm. W
250 um/2500 mm!

— Severe constraints for

large structures! D // i,;. ; "
Potential stripsi¥eee; 7= " air”

Y /I//////// i

tive Detectors for Supercolliders Thomas C. Meyer/CERN-EP
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Challenge: Gas

o O pt I O nS' Courtesy Raob Veenhof: “Choosing a gas mixture for the ALICE TPC”
" ALICE Internal Note

Ne-CF,, (90-10)

e’

Ne-CO, (90-10)

va [cmy/ps]

Atrans [um/cm]

Ne-CF,, (90-10)

600 800 1000 1200 800 1000
E [V/cm] Magboltz Magboltz
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* Ne-CO, Isvery sensitive to temperature,
pressure and mixture variations.

-

Innovative Detectors for Supercolliders
Erice (Trapani), ITALY

Ex..Temperature sensitivity:

| _
.
-

To limit track distortions to
the intrinsic resolution of the
detector (~ 1000 pum)

AT must not exceed 0.1 °K

Courtesy Rob V eenhof: “Choosing a gas mixture for the ALICE TPC”
ALICE Internal Note

Thomas C. Meyer/CERN-EP
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>4 [TPC: Thermal |solation
e Complex integration and operation

T — SRR

TRD:
(30 Wattsm?)

ondings h-detector
ap, Tscreen , Tcorme .
Imen and G. Pean |

Must protect TPC
from exter nal heat
sources(ITS, TRD)

Must cool the
resistive voltage
divider chain

(4 x 8 Watts)

Thomas C. Meyer/CERN-EP
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ALICE TPC end plate

Innovative Detectors for Supercolliders
Erice (Trapani), ITALY

Anodewire
plane without
field wires

Thomas C. Meyer/CERN-EP
September 28 - October 4, 2003

From inside out:

64 rows with 4 x 7.5 mm?
64 rows with 6 x 10 mm?
32 rows with 6 x 15 mm?




e 7Z-coordinate (time direction):

— smaller time bins, but... Single avalanche

FWHM =200 ns

— signal/noise gets critical for Ty < 200 ns

— tempora signadl is

e r-@-direction (pad direction):
— Smaller pads, but...
— No. of channels increases --> cost!
— Sensewire HV to ground gets critical.
— Resolution islimited by

e Solution:

— Choose the pad-time area that still yields
reasonable signal (S/N > 20).

— For agiven pad area, optimize the aspect ratio
— Minimize diffusion --> high drift fields. ‘
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ADC counts

ADC counts

MR

T T o e e e e
~Signal corresponding to 1 M|P

300 400 500 600

Time samples (170 ns)
Filtereddata and fixed threshold

I I I I [T
: : : | —— filter output
- | —— threshold

Filter on SR S

AN RN

=

Convoluted ALI-Root data with measured signals

100 200 300 400 500 600 700
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DETECTOR FEC (Front End Card) - 128 CHANNELS
(CLOSE TO READOUT PLANE) Power

_ consumption:
L1: 5us <40 mW / channel
drift region 200 Hz

88
. L2: <100 ps

Digital
Circuit
DDL
(3200 CH / DDL)

®
®
©
-0
(@]
®
(@]
ce
@ e
(@]
®
®

570132 PADS  pad

plane

CSA

L= C SEMI-GAUSS. SHAPER 10 BIT * BASELINE CORR. ' \iULTI-EVENT

SIN = 30:_1 GAIN =12 mV/fC <10 MHz * TAIL CANCELL. MEMORY
DYNAMIC = 30 MIP = e ZERO SUPPR.

FWHM = 190 ns
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ALICE TPC Readout Chip (ALTRO)

Baseline Tail Baseline

Correction = Cancellation sicees: Correction =

10- bit 11- bit CA2 18- bit CA2 11- bit
20 MSPS arithmetic arithmetic arithmetic

MAX SAMPLING CLOCK 40 MHz
MAX READOUT CLOCK 60 MHz

16-CH Signal Digitizer and Processor
HCMOS7 0.25 pum (ST)
Area: 64 mm?2
Power: 16 mW/ch

Innovative Detectors for Supercolliders
Erice (Trapani), ITALY

Zero

Suppression _

10-bit
arithmetic

Thomas C. Meyer/CERN-EP
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40-bit
format

40-bit
format
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¥ ¥ Alternative TPC Readout?

e The quest for more signal!
— Without increasing gas gain;
I.e. avoid instabilities & aging;
— Without increasing primary ionization;
|.e. the space charge problem;

e Integrated designs...

— With higher component density and -safety
— With better pulse shaping (ion tail problem)




The Ring Cathode (RCC)

e |saclassical proportional chamber, with

3-dimensional cathode structure (rings) to “catch” more ions;

Induced signal ~ 4 (2) timesthat of classical TPC
with (without) field wires.

Gating scheme critical: positive ion feedback not suppressed
to the 104 leve

Only one wire plane (anodes)

F1T11 ' open gate —»
| | /
/ / )4 <—closed gate

—~gating strip

N‘\ground strip
. +—sense wire

ting cathode

multi-layer board

TAB-bonding — T\
|<—6.25 mm —»l \————preamplifier~shaper #
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The GEM Readout

T~ & . #75* Perhaps the most promising

""i h €3 e future readout technique:

— No more wires!

High gain, and good electron collection
efficiency (~ 95%).
Essentially no E x B - effect.

Pad signal ~ 100% electron induced
(noiontail) ©, but no PRF.

— lon suppression not at the level of 104.

— Spark rate of ~ 103 Hz (background),
and 103 sparks per incident a-particle.

— Gap uniformity for dE/dx crucial.
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Other Ways to | mprove?

o What, if B-field were higher?
— Curling tracks score additional hits and hence
INcrease occupancy and space charge.
— Increase distortions due to E x B-effect in drift volume.
— Cold gas has practically no diffusion suppression (wr).

o Better pattern recognition algorithms?

— Faster processors could run on more combinatorials
(secondary vertices),
but cluster-overlap
limits resolving power.
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Other Ways to | mprove

— No dramatic (factor 10) increasein v, feasible.

— |If Ne-CO, remains prime choice, HV would
become excessive for long paths.

— Given dl odds (flammability, toxicity,
corrosiveness, aging, HV and cost) our (ALICE’ )
choices are extremaly limited iIf not exhausted.




& The (ALICE) TPC, isit...

e atest bench for tracking beyond LHC?

— Powerful pattern recognition:
» Occupancy (space-time-bins) < 50%!

— Conceptually simple device.

— Robust construction,

 but need tight control on mechanical, electrical & environmental
parameters.

— Adaptable & exchangeable readout techniques.
— Proven technology in PEP4, ALEPH, NA49, STAR.




...The (ALICE) TPC...

* |In hadron collidersthe TPC Is severely
‘handicapped’ from:

— Space charge accumulation: Pb-Pb with £ <10%” cm? st

— Long drift/memory time: p-p: £L<3x 10¥cm? st
1 kHz maximum for chosen gas

e If dN_/dn ~sY? (RHIC!), abandon exclusive
studies and search for inclusive/selective
sighatures --> abandon TPCs.

» Perhaps TPC ideally suited for lepton colliders{‘
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“~ g Outlook: Tracking at TESLA

-

Relevant Machine Parameters: | TESLA-500 TESLA-80 " Substantl al |y |

E . [GeV]

Recpetition rate [Hz] baCkgI'Ound than at LHC
o ot murenespuse - Well defined initial state,

No. of bunches/pulse

Bunch spacing [ns] clean event si gnatur%.

Luminosity (e e ") [ecm?s?]

Precise measurement of charged

particle momenta

High-resol ution track finding for
|et-physics & event pile-up

dE/dx resolution of < 5% for
good 72K separation

o Systematic effects below 10 um!

Courtesy: Stephan Roth, RWTH Aachen
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-4 Outlook: A TPC for TESLA

-

e |argevolume
— ;=320 mm, r, = 1700 mm, | =2 x 2500 mm
RV g
Light structure

— XIXy~ 3% to outer field cage

High magnetic field: B = 4T g ol =

‘Fast’ gas: Ar-CO,-CH, (93-2-5)
— E4=230V/cm (60 kV max) |
— V4 =4.6 cm/us (55 ps max = 160 bunch x-ings)  pyg .01
Dy = 70 (300) pm/cm*2 @ 4T
— Average 0, 100 or 150 pm (dep. on gas: P10 or above)

Readout: Micro-pattern devices
— GEM (pads, chevrons of 1-2 mm width)

— Micromegas :

Courtesy: Stephan Roth, RWTH Aachen
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TPCs: Today, 2007 and 20147

Inner radius
Outer radius
Length
Volume

Material x/x

Pad size

No. pad rows

Total No. of pads

Magnetic field B
\Gas

Drift field E 4

Drift velocity v 4
Total drift time

Maximum HV
Diffusion transverse
Diffusion logitudinal
Resolutioninr- @
Resolution in z

dE/dx resolution
Tracking efficiency

Innovative Detectors for Supercolliders
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STAR TPC ACHPC

[mm]
[mm]
[mm]
[m’]
[%0]

[mm]

[T]

[Viem]
[cm/us]
[us]
[kv]

[um/cm*?]

[um/cm*?] B8

500200
000800

B0R00
60200

[um]
[um]
[%]
[%] )]
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14 Years Down the Road To LHC: Lesson 2

Design & Prototyping Construction &

 Thelifecycle of an LHC project is~20y!

— Will we be able to attract students henceforth?
* “Young people are impatient”

o Unfocused planning due to LHC schedule slip

— “Inten years from now we'll be running!”
— “Failureto prepare is prepare for failure!” No contingencies!

e Question: Competition over complementarity?

— Shouldn’t we have more diversity in the physics program?

 Thefear of change.
— We stick to conservative methods and traditional thinking.
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X ¥ Changesto face, now and later

* Non-traditional budget restrictions

* Highly complex and diverse projects
— Technically, geographically, financially, culturally...
Increased product complexity &
demands on quality

— Detector performance ——> data quality
— --> Our credibility & reputation --> share holding

People will disappear, knowledge must stay!

— Need good documentation (EDMYS), traceability, continuity

Multinational organizational structures
— Focusing on equity sharing & equally ranking partnerships;
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%~ From “Result-" to Project Orientation

e Create awareness of project management,

|.e. ensure;
— Completion mmmp deliver on time and within budget!

— Adequateness mmp build for purpose!
— Compliance mmmp conformity, performance.

Budget Schedule Risk

e Perform:
‘ C Rlsk analvss.and
* 1gOorous contingency
assessment.

Quality
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R& From Dogmatic to Pragmatic

» Accept PM asatool to achieve a

common goal!

— Governance (leadership) is not dictatorship.
— Applying rulesis not ruling.
— Controlling is corrective monitoring.

 Apply abalanced level of central steering:

- The * Checks-and-Balance”
approach, but

- High level of steering during
construction and assembly

| nvolvement

Consensus

Speed

L evel of steering
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Final Thoughts

e Technical:

— Today’s (') LHC tracking detectors have opened a new era of
state-of-the-art technologies, and are bench marks for
developments beyond the LHC.

— TPCswill probably disappear from hadron colliders and return to
their origin, e*-e (u*-U°) machines where, in conjunction with
micro-pattern devices, they constitute the ideal and most cost-
effective central tracking systems.

e Generd:

— The LHC isthe gateway to the future, provided...

...that overall coordination and rational in project management methods
are implemented and carried out by dedicated project teamsin a
‘check and balance’ spirit with central steering.
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