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Gas Track ng Detector for

1D Detector Design Concept

The ILD detector concel:)‘c uses Time Projection Chamber CRPC s tracking.
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l_arge Prototgl:)e | of the LCTPC

Large Prototgpe I: current Prototgping of LCTPC.
It can contain / modules.
Both Micromegas modules and GEM modules are being tested.

Tracks obtained bg Pixel ASIE
(TimePix) and GEMs.




Power Consumed by Gas Tracking Detector (TPC)

The ILD detector concel:)t uses Time Projection Chamber RS e tracking.
Power consumed is categorizecl as follows.

LV for Pacl readout
ClCC’tr’Oﬂics gy Readout pads
(advanced endplate)

Needs power Pulsing,
| Micropattern
gas amplifiers _~

beam axis

Needs cooling system,
which also consumes

POWCF.
Chamber wall
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Track of a charged particle
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Drift of 1onization electrons

5 HY ~70 kv

for electric feld

s High voltage electrode

HV for gas amplhcication ~kV.

Either Micromeas or GEM.
Both are under studg.
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High \/oltage: TPC Field Shaper

20kV on 210MQ chain resistor,
s0 it’s just about 2W power consum tion. T e AL B R clesign goal

Roug, | saging it could be scaled Yy
SOt L IDIRES clesign goal.

-4 < _ Intermediate
5.6m n LD TPC b\\\ flange
In aclclition, there are Glésign goal | ; |

- inner field cage with ®=0.65m
~ jon clﬁarge absorbed in cathode,
which generate some current.

‘l | | i A\ _-cathode

1R “Prototgpe” field shal:)cr

! W B T 210 field strips

<770 mm ~
720 mm

= composite wall

resistor chain DRSS — #  end flanges with threaded inserts

1
23 mm 2.8 mm

TR e

Resistor chain with IMQ resistors
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High \/oltage: Gas Amplhcication (case of G!

Here, let mejust mention that HV with order of about 2kv
is used for gas am lification in the case of GEM. (The
situation is somewhat different for Micromegas moclule)

One module current is small, but should be multipliecl bg a
few hundreds for the whole detector of the ILD design

goal. Cabling will be also issue.

~

Field Shaper * 3 | Dummy * 4 | Term. Plate * 8 7" strip 230V/cm
GEM C-C

GEM C-A

1230V/em
GEM A-C :

GEM A-A

2700V/cn|:
.

|
HV for GEM in the current Prototgpe (LPD testing

e e g 1y T

6

i L e—— ]




TPC Pad Readout
- Advanced ff:nclplate =

The TPC advanced encll:)late will have surface-mounted
frontend chips on its backside.

— Dense electronics. Dense therma”g.
— Needs power Pulsing.

Drift of 1oni1zation electrons

Readout pads _—— Track of a charged particle
beam axis

Micropattern s
gas amplifiers = 6.2
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Power Consuml:)tion of S-ALTRO
and TPC Advanced Enc:lplate

At10 (20) [40] Ms/s operation,
PASA (PrcAmPé)ShaPeAmp) . 8 (8) [8]mW /ch
e : 20 (26) P41 mW/ch
Digital Processor . 2 &) [8] mW/ch
Digital Links . 2 @ [8] mW/ch
Power chulators and Aux. : 11 (4)[20] mW/ch I TREERe ™ AL R

In total, one channel consumes . 43 (56) [791 mW/ch

(COPPER)

When the Pacﬂ Pitch is Imm X 4mm, power clensitg will be R 0L PLATES

11 (14 [20] kw/m2

With power pulsin of 1.5% duty ¢ cle
i Foids e : 160 (210) [3Q0] W/m?

This number is comparable with ALICE TPC frontend.
Butin our case, Xyis required to be <0.15.

These numbers can be decreased A R ey 00T N
bg soPhisticating the S-ALTRO ‘ o8 '
clesign in the future.

Half Cglincler of ILD TPC with
inner ®=0.65m and outer ®=3.6m

1.5 20 [3.0] kw
of which 88 (81) [72] % is analog.

ALICE TPC Electronics

* PC board ~150um Cu (0.1 X;)
«22mW /cm?2 = 220W / m?2

* 0.3mm copper plate (0.2 X;)




Daughter—-boarcl oPtion for TPC readout
(Temporarg oPtion before S-ALTROG4 comes)

234mm
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Daughter boarcls are mountecl onto

backplane b9 connectors

i
/
i
i
:
:
1
;
{
:
3
".‘
1
1
i
#
:
i
:

A Backplane Module
We don’t have 64ch version of S-ALTRO (S-ALTRO 64) yet,

while 16 ch version (S-ALTRO 16) has been fabricated and is reaclg to be characterized.
The Daughter Bd. scheme is now under consideration for the next Prototgpe endplate with S-ALTRO 16.
Essentia”g, total power condition is not different much from the advanced~endplate,

while cabling, cooling and material estimation could be additional issue.
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FPower Pulsing Upstream or Downstream

Most Downstream case (wi” be tested with a test board)

External External External

pulsing On-board clock pulsing
clock

10MHz

One Module

'

Control
FPGA

Regulator

Clock

PESSSSS———

| Regulator

PEE——
Enable
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FPower Pulsing UPstream or Downstream
Most Upstream Case (will be tested with a test board)

External External External

pulsing On-board clock pulsing
clock

10MHz

One Module

'

Control
FPGA

Regulator

Clock

PESSSSS———

[—] Regulator

PEE—
Enable
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Advanced Tinclplate Test Board

We have constructed “Aclvancecl—-ﬁndplate
test boards” to test:

8 Lo FOMES Pulsing condition
*  Power line stabilitg
* Noise effect to analog signals
v 'Licluicj e cooling
* Temperature of ASICs and Pacls.

For these stuclies, surface-mounted FPGAs
and ADCs are mounted instead of S-ALTRO

POWER PLANE

S_ALTRO chips|<

==

DIGITAL PWR PLANE

ANALOGUE PWR PLANE

Antoine JUNIQUE

PWR FOR ONE
MODULE
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Power Feecling oPtions for the readout electronics

We Iﬁaven’t cleciclecl strategg

® |inear regula’tors:
- AEP Test Board uses this oPtion.
- Large current requirecJ

if bgpass cal:)acitors Hatten: 1000A for half cglincler @ 20Ms/s
if not: Peak can be 67,000A — massive copper cables!?

DC-DC converters (swi’cchi ng regulators)
= Switching noise consideration (Probablg acceptable)
- Needs test under magnetic field and radiation

- Needs new cleve|opment? (clepencis on 5Pec.)

Serial ca!oling between SModules




Liquid CO, cooling for LCTPC

* Problems with water cooling

*  We would like to avoid thick Cu Plate.
In the case of ALICE TPC,
PCB (0.1 Xy) + Cu Plate (0.2 X,) = 0.3X,,
while requirement O CTNE G5 00976

Even if ASICs are cooled egectivelg for them to wor|<,
thermal leak to detector gas volume is an additional Problem.

*  Solution: Lic]uicl €62 coo]ing with which
* We can use thinner cooling Pil:)es comparecl to water cooling

* Wecan keep A along cooling Path sma”,
which is nice to keel:) detector temperature fat.

* Studies on CO, cooling for LCTPC isjust started and power
consumption estimation for cooling s not <?e‘c clear.

Most of the system will be outside of the detector and |icluid CO, will
be delivered 139 dedicated Pil:)es.




Summarg

High Voltage categories of LCTPC were shown.

Pad readout electronics (LV) consume most of power. Estimation of

their total power was shown. Power Pulsing IS necessary.

Voltage/ Current spechcications of power sources for readout

electronics depend on how to feed the power to moclules, which is not

yet decided.

Studies of power Pulsing condition and CO, cooling method havejust
started usi ng dedicated test boards.




