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cathode segmented
anode (pads)

The Large

TPC Prototype = Gas filled volume

1. Setup 1. ionisation 2. drift 3. registrat " ngh eleCtrIC fleld InSIde
2. Fieldcage

) Drawing

) Wall Structure
) Wall Samples
) HV Stability
e) Mechanical

Stability
f) Gas Tightness

= Particle ionizes gas molecules and

b electrons are drifted to anode

d = Should be lightweight (low
material budget before

Calorimeter)

3. Field Strip Foll

COIL SUPQRT (Z-4X%15)

b) Siample Foil . _ K'CP'L SUPORT (R-AXIS e r4 SHIELD SUPCRT (Z-AXIS)
Cz CLYRUNN * Large TPC prototype: - = i* == Sl
UESW - Build inside EUDET | T \\( i Rt
sheAess  project Iy ——
(L . Fitinto 1T PCMAG ¢ i J]
5) Schedule (already installed at g , = 3
DESY HH testoeam || — / ,l
area) ge=——= >
| BRAZED ALUMINUM CORRUGATE CORE PANEL | U
5:rlfb[3riger&?ﬂr\’,ersity = Additional Sl-StrlpS = 2145 - ‘ }
as hodoscope - e — |
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(<1 Latest Technical Drawings of LP Fieldcage
*
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aburting edge
field strip fail

The Large
TPC Prototype g

1. Setup :

2. Fieldcage

a) Drawing

b) Wall Structure
c)

d

-

I

I

I

I

I

I

I

1

BTZ0

BTEY.Z

Wall Samples
) HV Stability
e) Mechanical —
Stability
f) Gas Tightness 0

resisfors

3. Field Strip Foll
a) Layout

b) Sample Foil

c) Field E T £
Calculations ' L X 241 | _@i_ —
i) Perfect Model | X : ‘ g H""*”“‘"‘" anode side L

13 copper metallized surface

0.4

i) Real s
Resistors ; || B i N______ :
i) Tilted Plates g
iv) Displacement B ' .: ?
) % + @\\ B
4) Endp|ate ;[ E J Y21 first field shaplng band
G first copper strip 15 sorems end of fieldstrip fail B e
5) Schedule : cathode side .
.. Copper strip widkh width of field shaging band / 16.25
1 distance of the first field - ol |ow g [Mm 15 (2:1] = Foe iz
shaping band to the anoda plate . [ 50 716k ] w05 :ﬂﬂwm'uw
. . . m%_i;-:_ field cage barrel
1+ Design nearly ready, only small details open: = :
Uniiversitit Hanburg L
H H I? Saha[iane| E’t — =
Sl Shaier = Inserts: Helicoil or Endsat-S* e i 1 | a

Hamburg University

» Screws: 5 or 6mm?

R = O-ring groove dimensions?
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The Large
TPC Prototype

1. Setup

2. Fieldcage

a) Drawing

b) Wall Structure
c) Wall Samples
d) HV Stability
e) Mechanical

Stability
f) Gas Tightness

3. Field Strip Foil
a) Layout
b) Sample Foll
c) Field
Calculations
i) Perfect Model
i) Real
Resistors
iii) Tilted Plates
iv) Displacement

4) Endplate

5) Schedule

Ralf Diener,
Hamburg University
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Fieldcage Wall
* Wall cross section:

= shielding

= honeycomb
with GRP layers

= field strips

« Estimation of radiation length of
the fieldcage wall is below 2% X,

 LP:4.45%
(2 walls + 72cm TDR or P5 gas)

e Final TPC: 4.85%
(2 walls + 130cm TDR or P5 gas)

Final Wall Structure /mpm

uo

Coppert shielding
GEP (0.3 mm}

~—Momex Layer

Nomex honeycomb
o2

o2
o2

5 GRP (0.3 mm)

____________________ O Lsolation layer (Kapton)

Field strips

Radiation Length in % of X,= 1.98%

B Kapton
B Nomex
Honeycomb

[ Copper
] Epoxy
[]GRP (70:30)

Material Rad length [cm] Thickness % of X,
Kapton 2857 4x75pm = 0.0300cm 0.1
Nomex Honeycomb 1430.00 23cm 0.16
Copper 143 3x 35um = 0.0105cm 0.74
Epoxy 1940 ~1000pm = 0.1cm 052
GRP (70:30) 13.31 2 x 300pum = 0.06cm 045

some numbers are estimations!
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The Large
TPC Prototype

1. Setup

2. Fieldcage

a) Drawing

b) Wall Structure
c) Wall Samples
d) HV Stability
e) Mechanical

Stability
f) Gas Tightness

3. Field Strip Foil

a) Layout

b) Sample Foil

c) Field
Calculations

i) Perfect Model

i) Real
Resistors

iii) Tilted Plates

iv) Displacement

4) Endplate

5) Schedule

Ralf Diener,
Hamburg University

Fieldcage Wall Test Samples
 Sample pieces with different cross sections available:

20

20

= to test high voltage (HV) stability? (partly done)
= to test mechanical stability (presumably this week)
= to test manufacturing procedures

uo

« one experience: gluing of Kapton on Kapton problematic — air bubbles

GRP (0.4mm)

Nomex

GRP ( 0.4mm )
3 Layers Kapton

GRP ( 0.4mm )

Nomex

' GRP ( 0.4mm )

Kapton
Z

GRP (0.1mm)

20

GRP ( 0.4mm )

Nomex

. |GRP(0.4mm)

1 Layer Kapton

GRP ( 0.4mm )

Nomex

GRP ( 0.4mm )
1 Layer Kapton



EUDET Annual Meeting 2007, Monday 08 October
X\(* *
a4l HV Tests of Fieldcage Wall

The Large
TPC Prototype

1. Setup

2. Fieldcage

a) Drawing

b) Wall Structure

c) Wall Samples

d) HV Stability

e) Mechanical
Stability

f) Gas Tightness

3. Field Strip Foil
a) Layout
b) Sample Foll
c) Field
Calculations
i) Perfect Model
i) Real
Resistors
iii) Tilted Plates

Each sample piece tested up
iv) Displacement to 24kv

4) Endplate iIncluding overnight test

S Every piece passed the test
without breakdown

S This/next week: test up to 30kV

Hamburg University




The Large
TPC Prototype

1. Setup

2. Fieldcage

a) Drawing

b) Wall Structure
c) Wall Samples
d) HV Stability

e) Mechanical

Stability
f) Gas Tightness

3. Field Strip Foil
a) Layout
b) Sample Foil
c) Field
Calculations
i) Perfect Model
i) Real
Resistors
i) Tilted Plates
iv) Displacement

4) Endplate

5) Schedule

Ralf Diener,
Hamburg University
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Mechanical Stability

« Simulation show that wall
structure is mechanically stable

* Only small deviations under
normal conditions

* Mechanical test of sample

pieces to validate calculation
input

gravity and 100mbar
overpressure

"o
only gravity

mm
5.31E-05

aus
UGS |-DEAS

mm
4.32E-04 ¢

" point load

UGS I-DEAS
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-3 Gas Tightness Tests
! ”

* 2 %

ORing Nut Testkammer

Testkammer

The Large Aus Aluminium
TPC Prototype

GFK-5cheibe

1. Setup

2. Fieldcage

a) Drawing

b) Wall Structure

c) Wall Samples

d) HV Stability

e) Mechanical

Stability Gasauslass

f) Gas Tightness

L /7le

3. Field Strip Foil
Layout

a)

b) Sample Foll

c) Field
Calculations

i) Perfect Model

i) Real
Resistors /A

iii) Tilted Plates
iv) Displacement

ORing Nut
4) Endplate GFK-Scheibe

8) Schedule » O-Ring Groove can be in GRP endplate or Aluminum chamber

= Overpressure of 160mbar still kept after over one week
with O-ring in GRP plate
Ralf Diener,

Bl = Test with O-ring in Aluminum chamber still outstanding
% ”“ﬁ% (but should in principle work even better)

T
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The Large
TPC Prototype

1. Setup

2. Fieldcage

a) Drawing

b) Wall Structure

c) Wall Samples

d) HV Stability

e) Mechanical
Stability

f) Gas Tightness

3. Field Strip Foil
a) Layout
b) Sample Foil
c) Field
Calculations
i) Perfect Model
i) Real
Resistors
iii) Tilted Plates
iv) Displacement

4) Endplate

5) Schedule

Ralf Diener,
Hamburg University
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Layout of the Fieldstrip Foil

tModel exported from C5T EM-5tudio

Cathode

« Wall cross section:
= shielding
= honeycomb
= field strips

25 mm

* Field strips
om €nsure avery
homogeneous
electric field
inside the drift
volume

Kapton
/ Coppet shielding
GRP (0.3 mm)
6 %’N otex Layer

D
O )
......................... Momex honeyecomb

L CGRP (0.3 mm)
‘1? ———————————————————— “—Isolation layer (Kapton)

Field stips
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The Large
TPC Prototype

1. Setup

2. Fieldcage

a) Drawing

b) Wall Structure
c) Wall Samples
d) HV Stability
e) Mechanical

Stability
f) Gas Tightness

3. Field Strip Foil
a) Layout
b) Sample Foil
c) Field
Calculations
i) Perfect Model
i) Real
Resistors
iii) Tilted Plates
iv) Displacement

4) Endplate

5) Schedule

Ralf Diener,
Hamburg University

Fieldstrip Foil: Layout
 Field strips for homogeneous field: 2.3mm width, 0.5mm gap

Pad for
SMD
resistor

Via

uo

Field
strips
(top)
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The Large
TPC Prototype

1. Setup

2. Fieldcage

a) Drawing

b) Wall Structure

c) Wall Samples

d) HV Stability

e) Mechanical
Stability

f) Gas Tightness

3. Field Strip Foil
a) Layout
b) Sample Foil
c) Field
Calculations
i) Perfect Model
i) Real
Resistors
iii) Tilted Plates
iv) Displacement

4) Endplate

5) Schedule

Ralf Diener,
Hamburg University
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Fieldstrip Foil: Layout
 Field strips for homogeneous field: 2.3mm width, 0.5mm gap
* 1MQ resistors connect to “islands” between 2 field strips
* Vias for connecting to Mirror Strips (behind the field strips):
= displaced by half the pitch (2.8mm)
= on intermediate potential
= “shield” from ground potential on outside
Eﬁ‘,lde‘” Field
resistor strips
(top)
Field
. strips
Via (bottom)




EUDET Annual Meeting 2007, Monday 08 October

7%\(* *
Al Sample Piece of the Fieldstrip Foil
The Large

TPC Prototype

1. Setup

2. Fieldcage
a) Drawing

b) Wall Structure
c) Wall Samples
d) HV Stability

) Mechanical
Stability

f) Gas Tightness

e

3. Field Strip Foil

a) Layout
b) Sample Foil
c) Field
Calculations = .
) Porfoctodl [ == * Produced in
Resistors :, tWO Iaye I'S
iii) Tilted Plates
v) Displacement [lIES : that are glued |
4) Endplate ‘ tog ether
5) Schedule ‘
: (boteom Iayer
Kapton foil
~100V between B N
ol Dioner two strips possible for SMD resistr o,
iversi . . SMD Resistor L
Hamburg Un|verS|ty In Operatlon Intermediate E-:Z Z-j
N UH % connection % % -
idi Feedthrough
n (Via)

Field strips
(top layer)
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The Large
TPC Prototype

1. Setup

2. Fieldcage

a) Drawing

b) Wall Structure

c) Wall Samples

d) HV Stability

e) Mechanical
Stability

f) Gas Tightness

3. Field Strip Foil
a) Layout
b) Sample Foil
c) Field
Calculations
i) Perfect Model
i) Real
Resistors
i) Tilted Plates
iv) Displacement

4) Endplate

5) Schedule

Ralf Diener,
Hamburg University

Field Calculations

uo

 Field with mirror strips and strip layout shown before

100
Q
8
b 0
- 8

-100

-200

-300

)
1

= Value below Accuracy Limi

t

Shown:
AE/ E

nominal

Goal:
Deviations
below 10
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The Large
TPC Prototype

1. Setup

2. Fieldcage

a) Drawing

b) Wall Structure
c) Wall Samples
d) HV Stability
e) Mechanical

Stability
f) Gas Tightness

3. Field Strip Foil
a) Layout
b) Sample Foll
c) Field
Calculations
i) Perfect Model
i) Real
Resistors
iii) Tilted Plates
iv) Displacement

4) Endplate

5) Schedule

Ralf Diener,
Hamburg University

Field Calculations
» With Non-Perfect Resistors: 1MQ £ 0.2%0(=200Q)

Anode

200

100

-100

-200

-300

0

-II-Illl\uj

-II-II|I'"|I’H||II"iI|I---I

| | LR | I---IUII | |-I | |

~

100

200

300

400 500
z [mm]

= Value below Accuracy Limit

1

107

108

Shown:
AE/ E

Goal:
Deviations
below 10

1200

1000

800

600

400

200f

uo

nominal

Distribution of Resistors

Entries 2999

Mean 42.23
RMS 88.64

IIIII\\
-400 -300 -200 100 O

100 200 300 40
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&\ . . .
=2 - \Vith Non-Perfect Resistors and Tilted Cathode
The Large (manufacturing accuracy)
TPC Prototype 'E' F =Ly | ey st er—— T T T 1 ] 1
€. - Shown:
1. Setup : 300 __ ................................................................................................................................................... __ E / E
2. Fieldcage B 7] 10" A nominal
a) Drawing B |
2)) \\//VV:” gtarrlTJ](;tll:arSe 200 __ ................................................................................................................................................... __ _: 10-2
d) HV Stability - N
ical =
S . 17 Goal
) Gas Tightness B 3 ~ 10_3 ) ]
3. Field Strip Foil ° ) 1 3 DeVIatIOnS
a) Layout ] - = ] be|OW 1 0_4
b) S.amp|e Foil Q R — = 10-4
c) Field . E - -
Calculations = =4 O
|) Perfect Model i 1 7
1) Sgsailstors -100 __ ................................................................................................................................................... __ _E 10-5
iii) Tilted Plates L 4 4
iv) Displacement - = "
4) Endplate -200 __ ................................................................................................................................................... __ ? 10
5) Schedule B | l @
N 4= 107 3
_300F_\ ................................................................................................................................................... __ g
L [ || | L e | | L | Ll 1 | | [l AF | I ] 10.3

0 100 200 300 400 500
Ralf Diener, z [mm]

Hamburg University

= Value below Accuracy Limit
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(( ) Field Calculation: Effect without Magnetic Field
* *
=228 - Maximal Displacement in the o g
©
The Large central area well below 40 pm g =
TPC Prototype < 8
e At the edges: up to 100 um -

1. Setup Ar ¢‘*** ;\%(
2 Fleldcage « Should be corrected in reconstruction

b) Wall Structure . . . .

SNt » Calculation with magnetic field on the agenda

d) HV Stability

e) Meche_mical

f) Gsezb'll'lig%tness Radial displacement Cathode rotated

1 [ SN P I: ..... | SRS I R A i ..... | R U P ... ... I..... ... ... I: ..... | AR A AN N I: ..... | S N

3. Field Strip Foil
Layout

.............. D S SO * Anode rotated

Cathode and Anode rotated

Field
Calculations

A r[mm]

)
b) Sample Foil
c)

i) Perfect Model

i) Real
Resistors

iii) Tilted Plates

iv) Displacement

4) Endplate

5) Schedule

Ralf Diener,
Hamburg University
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The Large
TPC Prototype

1. Setup

2. Fieldcage

a) Drawing

b) Wall Structure

c) Wall Samples

d) HV Stability

e) Mechanical
Stability

f) Gas Tightness

3. Field Strip Foil
a) Layout
b) Sample Foil
c) Field
Calculations
i) Perfect Model
i) Real
Resistors
iii) Tilted Plates
iv) Displacement

4) Endplate

5) Schedule

Ralf Diener,
Hamburg University

Field Calculation: Effect without Magnetic Field

 Maximal Displacement below 10um

» Calculation with magnetic field on the agenda g
<\
-

uo

Cathode

Longitudinal displacement

1

A r[mm]

Cathode rotated

Ancde rotated

Cathode and Anode rotated
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The Large
TPC Prototype

1. Setup

2. Fieldcage

a) Drawing

b) Wall Structure

c) Wall Samples

d) HV Stability

e) Mechanical
Stability

f) Gas Tightness

3. Field Strip Foil
a) Layout
b) Sample Foll
c) Field
Calculations
i) Perfect Model
i) Real
Resistors
iii) Tilted Plates
iv) Displacement

4) Endplate

5) Schedule

Ralf Diener,
Hamburg University
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Endplate Design (from Cornell)

 Modular endplate design to allow use
of different amplification and readout
techniques

ICROMEGA

S
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< Endplate Design (from Cornell)
*

X* 5\ k

. Most dimensi_ons already fit to current &Ly .
The Large fieldcage design, the rest is close and
Bad i  both designs are converging

1. Setup

2. Fieldcage
Drawing

Wall Structure s i
- 28,000 mm
11102 in)

a)

b)

c) Wall Samples (1024 fa]

s BT onter
Stability | st

f) Gas Tightness ST B8 __"ii'-'f

:

e

3. Field Strip Foil
a) Layout

15.000 mm.
= 105891 in]

b) Sample Foll
c) Field
Calculations
i) Perfect Model :
i) Real
Resistors
iii) Tilted Plates T

4 o

DETALL D
R362.000 mm REF SCALER 1 R367.000 mm REF

[14.252 in] - [14.449 in]

iv) Displacement

4) Endplate Riwae ‘connection to endplate

5) Schedule 4..|Imnmm :

0500 mm——————————
[0.020 in]
12.500 mam |
10,482 in) -t FR.00 1 mm
| [1.102 in]
- | Field Cage Flange to ) -

[10'::.6!!8&:;}:!1—-—- Froat Surface of Mieromegas !$r - aERlES | REW
Ralf Diener, e =& "
Hamburg University . R o = ﬂL EPP e e
Ea|
U"" i‘j%n'rnzni.’.?m ‘:| Micraregas Madols B Endplss
= : ||'| lM uc T = i
= I
i-ti- El ] 7 T ] T [ T ] |a Tl |
n \
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S . 2007, mid October: Fieldstrip foil

EUSIDDE T

The Large

el - 2007, till end of October: soldering of resistors on foil

1. Setup « 2007, till mid November: production of field cage

EiiS I - 007, November: trigger hardware in France for testing

a)
b) Wall Structure
E);VHVvemsfaab?@es » 2007, beginning of December: field cage at DESY

Mechanical
Stability

Rl » 2007/, Dec. / 2008, Jan.: magnet field map ready

3. Field Strip Foil

REsoml 2008, Jan./Feb.:
) Sample Foil
c) Field

S = Silicon hodoscope support structure ready

i) Perfect Model

i) Real Begin of Installation

Resistors
iii) Tilted Plates

QEEEEE = [rigger setup at DESY testbeam

4) Endplate

5) Schedule

Ralf Diener,
Hamburg University



