


Electrodes winding Electrodes installation

ant to provide Devices for producing wire Devices for measuring,
precision electrodes within achievable calibrating, aligning and QA of
al man- limits of precision the electrodes wires wrt the
requirements. chamber frame.

SN—

\
Pad Plane (PP) \

Read-out pads, connectors Anode (A) assembly

to FEE and gas sealing

procedures > Structure holding the PP and Chamber

anode electrode.

assembly
Components QA
_ Combine anode and
... | Supporting structure of the J cathode assemblies Gas, HV,
chamber [FR4 ledges] and ) assuring gas and HV
of the PP [Honeycomb connectivity without [uniformity,
(HC)], gas adapters, etc. gas leaks and dark gain,

Cathode (C) assembly currents. packaging, etc.]

Entrance Window (EW) > .
Structure holding the EW

- « « | FR4 structure reinforced with and cathode electrode.

C ledges, kapton(Al) pre-
stretched electrode. y, }
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edges & HC plates

— components for 2 chambers (+ 2 entrance
window frames) were realized by our external
collaborators ProPlastic (Laura)

- HC processing improved (CR group)

- the gas inlet / outlet ledge - was adapted

to the SERTO gas connection of the TRD gas
system (Daniel B. & Laura) see S7.

>

Mg eUT”

Bou___dabl M| S i
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Entrance window

“Uni. Muenster :

’Henninq, Laura, Philippi sy .
l“ IFIN-HH : |

e Laura, Marian, Alex ok G
Constr_uctlon of the EW g — Mg 2 =
frame in Bucharest together installina Kapton foil
with colleagues from Cosmic " "Sua _":g apton ol
| Rays group (IFIN-HH) . \ @ Uni. Muenster
Al e

el e

*) 2 extra EW frames  / R \
were realized to optimize 4 /S oa K =
the foil installation /472 . — B
procedure '/

**) Kapton foll / T’
provided by
Uni. Muenster &

| 4 EW produced and
e | successfully transported to
| Bucharest

26/09/14 TRD2D @ CBM CM, 48th Warsaw 4




26/09/14

ode Assembly
construction

L

TRD2D

CBM CM, 48th Warsaw

l.Installing ledges on the
assembly table

2.Installing entrance
| window

3.Closing the cathode
assembly

4.Reinforcing the cathode
assembly

5.Reinforcing the cathode
assembly (detail)




Cathode Assembly
gas sealing

SRRV Gas sealing the 4
a— B edges of the EW is
a long process
(1dayledge) but
can be shortened if

Connection to the HV is The cathode assembly
IR JaE NIV SI[o [N Rl iS gas sealed on the
gas volume to avoid gas interior at the boundary

leaks. between the kapton(Al) realized in a
foil and the ledge = : parallel production.

26/09/14 TRD2D @ CBM CM, 48th Warsaw 6



TRODES
winding _
Device for wire winding inherited from ALICE TRD construction.

Ianned Or pc ossible similar to those done by Uni. Frankiurt.

——

ereTensmn LR

regulating device |i& -
METEOR Project request (anode)

- WRe3 20um Luma wires

- Nominal wire tension 50 cN

- Elasticity limit 52 ¢N

- Never enter plastic deformation

- dynamically during winding process
- statically on the support

Linear drive
for creating
=== Constant Wire Pitch

Control Unit
(Keyboard controlled Win98)

26/09/14 TRD2D @ CBM CM, 48th Warsaw 7



RODES
winding

SWICFG u
~ 60 - T T ‘ T
= [
CA LI .
E 55 : ....................
7] L PP
g .
z 50 i ———— S ——
o
w
B 455 m
= d
]
40 :
x
LR SRR
i
ol H
30 .: %o _ - H
b [ T,(cN) = 35; 2 Rot/min
25| 4 o —— To(cN) = 35; 4 Rot/min
| — first touch-down
200 ¢ el ~i| —— second touch-down
ng - first tension freeze
15| 3 3 2z second tension freeze
. 0w next wind
10 : L L : T [ 1 T T 1 1
-? n n
E 15 : : 3—9‘%‘9% ;
5 st WP W st e
£ (¢ : &‘”\%J W . W\u/ replacing the breaking wheel
— 5 ) giloss o o % o W% . .

a T e . e RN was simple but it took 4 months
o , ; of bureaucratic negotiations
.'§ 4 L H :

s = :
22t :
E-é 1 - ]
== 9% - 100 200 300 - 400 500 600 700

frame angle (deg)

replacing the constant angular velocity of the frame winding mode with the constant linear velocity of the wire
is producing a flat profile of the wire tension during winding. Further device configurations for in-depth QA data.
26/09/14 TRD2D @ CBM CM, 48th Warsaw 8




ELECTRODES
winding

selriges (L2 IGIE ST « GO From the QA data collected from the METEOR we

Info in =gaWinding=: Suspect LOCAL Winding. No. 8 on the "BOTTOM" frame has tension 2(cM) from neighbor.
Info in =gaWinding=: Suspect LOCAL Winding. Mo. 8 on the "TOP" frame has tension 2(cMN) from neighbor. 1 H H

Info in =gaWinding=: Suspect LOCAL Winding. Mo. 9 on the "TOP" frame has tension 2(cMN) from neighbor. can bU|Id a detalled report on eaCh wire.
Info in =gawinding=: LOG FILE INTEGRITY : DONE

Info in <qaWinding~: GLOBAL WINDING : DONE. Unfortunately the momentary value of wire tension
IS not recorded but the linear velocity is and it is
used as proxy.

vbimmss) timeis) TulcN} v mmss ) timeis) ay= owm WM

72 21 49 0 20 66.6 55 75
63 20 50 65 20 66.1 5 75
49 T 20 AT . B RR TS5

| | | | | | | |
| | | | | | | |
| 87 | 49 | 68 | 20 | 49 | 70 | 20 | 66.8 58 75
| | | | | | | |
| | | | | | | |
I I | I I I I

70 | o0
— { CATHODE[TOP]ID{_PP0) |

s X2 ndf 1033/ 369
— 24 %o , <T> (cN) 92.57 + 0.08696

Results for the
winding of the
cathode for PPO.

The limit of full-
range precision
= of +2cN was not
% I reached.

50 100 150 200 250 300 350
winding id

85 i 32 I'ndf 4954 / 369 ‘
80 L <v> (mm/s) 69.68 + 0.1905

v (mm/s)

60 Il

{ CATHODE[BOTTOM] ID( PPO) |

%100 . lendf‘ 1020!569 The prOdUCtion
: 98 <T> (cN) 92.54 + 0.08643 Iimit was Set tO

el LEIE, ILII .. e “.-1 - I,‘ "lrﬂﬂl‘!l‘!, iy vlll i4cN
¥T?’Yf1f 1'7‘?7]’]!-.-."1',711‘ 1»§r‘1¥ﬂlf'? LR h

@ T T e - ee & " ¥

85 i %2 I ndf 665.5/ 369
80 L__<v> (mm/s) 69.88 + 0.06982

v (mm/s)

50 100 150 200 250 300 350
winding id
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athode Assembly
athode electrode Installation

1.The device for aligning the cathode assembly to the
winding frame holding the electrode.

2.Putting the chamber and the cathode electrode in contact
with micron precision to conserve wire tension

3.Gluing the CuBe wires to the chamber ledge along the
specially designed groove.

4.Preparing for electric soldering. A special shield is
installed on the device to avoid contamination with rosin
i (flux).

26/09/14 " TRD2D @ CBM CM. 48th Warsaw



ension Device [WTD]
positioning & tension

Device for wire QA inherited from ALICE TRD construction. Frequencies of the TRD2D wires a factor 2 above
ALICE. Different background for anode measurement (Au/Au) No updates planned or possible similar to those
done by Uni. Frank\urt ' |

Linear drive
\ for measuring the
ere Pltch Wm

Taa=
‘‘‘‘‘‘‘‘‘‘

In parallel a new device was ®
developed (together with Uni
Muenster) based on CAN-BUS

communication. It was developed
up to the ADC integration.

- Control Unit In parallel the obsolete analysis and
\ (Mouse controlled configuration of the old WTD device was ported @
Win98) to offline keeping the LabView based DAQ.

26/09/14 TRD2D @ CBM CM, 48th Warsaw 11




Vire Tension Device [WTD]
positioning & tensmn

2 1.288848-5:1-180.625058 {t>180.6250588&1<=199.893258] |~ —T 1 For each wire detected the
g | full wave form is exported.
mos Several blasts are issued
o which provide statistical
accuracy.
0.3

gas blast gasiblast

| E—
| E—
®
o
n O
~

0.1
L L L L L L ‘ L L L L L L L L L L L L L L L L L L L L |
2 4 6 8 10 12 14 16 18 20
t-180.625058
— 100 — T T T T T T T T T T T T T T T T T T |
m H H
2 ¥2/ ndf 570.3/26
2 po 15.91+1.225
& 80 pl 26.66 + 2.639
p2 268 + 0.346
p3 2.978+0.3912
60 p4 0.001+0.01213
st i . . .
1% harmonic 2nd harmonic For each oscillation Fourier
40 : .
s harmonic” AR harmonic anaIyS|s_ IS pe_rfor_med. First 4
harmonic oscillations are

Ak registered. Filtering of noisy
W oscillation and statistical
' ?% accuracy.

. l

120
Freq (Hz)
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Ire Tension Device [WTD]
positioning & tension

In the end we produce a full QA plot of the winding process for each individual wire and for each of the 4
processing steps (challenges) wrt. 3 observables: static signal, tension and relative position.

g - o TR ] " - n N X SN (PR LT o) o ’ Ehk ‘ g ‘. 1
j L ] 5300 W STt Y b
ool AT [ TR A T T W IREENE & e L "J%‘ -
15 y ] TRt T U SR il s |
1.0 ... . +1 | . V . ) . f 4}} 1
o " PPO cathode electrode QA | '
E 130 TDI I I 92I_44 ‘:0- ; 1626 [ wo 160.6 | wo ‘ 176.5 ‘—e‘—IIV‘IETEHOR‘
120 T e | Tos 0025 | T a7 = W-FRAME
‘10 —— W-FRAME + COMB
—s— CHAMBER
e 9 _ _ g |

90

80

70

60

g 100 " .om_n
*
< 5 \ :
_50 »
- .M w “ - V‘ﬁg
-100 \{
=300 N

wire id
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re Tension Device [WTD]

positioning & tension

CATHODE ELECTRODE (CuBe 75um, 1.5mm pitch)
Wire tension distribution; Mechanical deformations of auxiliary devices and chamber.

drop in wire tension is 17 ¢N (in the middle of the frame) due to its deformation.

W-FRAME + COMB

CHAMBER

The production steps (of the cathode electrode) add systematic effects and resolution drops to the winding
performance. Let’s investigate some correlations ...

26/09/14

TRD2D @ CBM CM, 48th Warsaw
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% 130 T (9944 w0 1626 [ w0 1606 | wo 1765 —e— METEOR
~ 0 = 2 0.00039%5 | & 0.0003906 | a 0.0006013
= e 1 -5 | Mo 1.9 | [Ty 6217 | —=— W-FRAME
" ? ’ ) ' —+— W-FRAME + COMB
—+— CHAMBER
':':'m “\00‘0 ”ﬁl\ & ,.l"“‘\ !HN‘N q.o,n N “l 0 E on ﬂ (W : ) T () 0 ol "* (&) f\.‘ @ @ i". e l.”
0%@ “”, viny .”;'\”'I ‘4 = Jl{nln_:_ 111 oY \.r \ > ..r \" ~ ; ya ' ‘J HEE !“.{ ‘-_ = - = ‘r ‘.{ ' ‘;_‘!, 34, ..::w ‘ i—; ;""""f;:“-. l\!" TR A'M @‘; v 10\ s,
rhm . % i y T i 'W
ERNCN |
80 ~Lgps A = o J M bt - .u -wf I
) T Wy gt k2 VB . i
70 . AL i |
; ; : |
H H H |
60 |
L L L _‘_ L L L L _!_ L _l__ _!_ L L L L _l__ L L L _{_ — L l
METEOR | Value of tension reported by winding regulator on the moment of touch-down on the winding frame.
W-ERAME  Value of tension reconstructed offline from WTD measurements on half frame. The maximum

Two calibrated wire combs (GSI) are applied on both ends of the electrodes to regulate wire
pitch (1.5mm). An average of 2¢cN are added to the wire tension due to extra stretching.
Final value of cathode wire mechanical tension on chamber. The further drop of 10cN is due to
chamber deformation.



120

10

100

90

80

70

60

e Tension Device [WTD]

positioning & tension
L A D

scope.

history under control.

T 92.44 | 10 162.6 [ w 1606 | wo 1765 —o— METEOR
|0 = a 0.0003925 | a 0.0003906 | a 0.0006013
i 7550 | T 7.9 | T 67.17 —+— W-FRAME
Wire tgns!on 'C!IStrIbUEIEOI’] o : | W-FRAME + COMB
systematic effects after - -
removing mechanical deformations. - - CHAVBER
[ ? . .
: : Rl
: : e |
. = f f |
: R |
‘--I,-: --------------- :---E------IIIIIIEII----- -------‘--II-IIIIIIII---‘- FEEEETEEEEET . LB i
— R T emy Ee e —o— METEDR - Ib
Periodic systematic s e L T WPRAME i
= —+— W-FRAME + COMB i
effects of £2cN are = ?ﬁ 7}%#?-\— ;.“ o e CHAMBER .
1 1 - s 3 A / i == ) -
gener_ated by the Wlndlng 2 i s B/ S\ v, 7 5 %; R
machine. Local effects in = |, gﬁf/ } N = ANV JF .
wire tension are harderto = = 3 \ .
calibrate/monitor than = . At
global effects (mechanical :fw :
deformations). Fixing such 2% « . :
issues beyond production : . P N A I e B A AV
P § %@%q v N :
Wire-by-wire production . — —— S L A — —— 0
- wireid:

26/09/14
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ension Device [WTD]
posmonlng & tensmn

W Frame defnrmatlon | T T

.........................................................................................................................................................................................................................

winé{ng framédeformation
(spline and parabolic)

under cathode electrode load.

.................... ..:...‘....‘.' xn (mm} _33.25
.................... ﬂ 0.002326
’ (um} =249.1
L | L L L g | 1
100 E‘Uﬂ SUU

The winding frame is a 17kg Al-profile support
of, 770 x 800 mm?for installing electrodes. It is
" optimized for TRD2D size. A deformation of
<150pum per edge when 37kg of uniform load is
/ applied is realistic (*

TRD?D @ CBM CM. 48th Warsaw 16
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Wire Tension Device [WTD]
posmonlng & tensmn

" Chamber deformation T ! !

E _
E W-FRAME + COMB CH}AMBER
- ; . ; : :

L X (mm)

et - The cathode assembly + scafold deformation:
- Global of ~50um | edge
- Local of ~5pyml/edge (C-C ledge)

Good QA of Wire-Wire identification and
Tension estimation facilitate such subtle
observations.

= Smooth variation of cathode tension over the
B s chamber are no problem for detector operation.
TRD2D @ CBM CM, 48th Warsaw 17
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W-FRAME

METEOR

DEFORMATION

One can estimate the dispersion of wire
mechanical tension measurements around
the simple parabolic model and derive the
resolution of each method for [CuBe, 75pm]:

- resolution WTD or(cN) < 0.65

- resolution METEOR o+1(cN) < 2.20

W-FRAME + COMB - CHAMBER

DEFORMATION

# wires

# wires

Wire Tension Device [WTD]
positioning & tensmn

AT (eT)
"‘|Ten5|on resolutlon[WTD]| s
sl . - = [ Constant _ 21.89
: : : Mean 0.03162
. _________________________________________ é 0-9?34
20 S .‘, i
15 ..................... . ...................................
10 ..................... ...........................
g .....................
LR
—-10 -8

H H Iilll - L H
%0 8 6 4 2 0 2 4 6 8 i

"'I Tensmn resolutlon[METEOH + I'..".FTD] |""‘I"""‘

Con sta nt 6.25
Mean 0.02009
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pDde Assembly
construction

(&R

S
/ ES TN ) o
2 M
y = &S /wéj)!&/ e
U = 5 e, o S
Sy T Wi~ = (\ (G

1.SealinQ PP viases with Epoxy 106
2.Aligning PP on the assembly table g
3.Aligning ledges on the assembly table U
4.Fixing the back-panel ledge in position for Epoxy curing 0%
5.Preparing HC for installation with Epoxy 116

6.Installing ledges to support the anode electrode.

7.Fixing the ledge in position for curin
26/09/14 TRD2D @ CBM CM, 48th Warsaw




Anode (A) Assembly
anode electrode Installation

By .. 1.Assembly A alignment to the winding frame holding the electrode.
2.Aligning the central A wire to the PP, left and right
3.Gluing the A wires to the chamber ledge along the special groove.
¢ 4.Installing the special shield to protect chamber from soldering

2 ~# rosin (flux).
ﬁiﬁ""‘ 5.Soldering wire-by wire
~ 6.Inserting HV cables (2 x 2) for soldering and sealing

. o
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ension Device [WTD]

positioning & tension

ANODE ELECTRODE (WRe3 20pam, 3.0mm pitch)
Wire tension distribution;

A ‘ T’\ o D ’ il A Ao v ; " T
LR w s v \( \[' l{ ‘

_| PP0O anode electrode QA

50.07 | *° 92.6 | wo 95.22 | wo 92.05 —es— METEOQOR

a 0.00P3404 | a 0.0003855 | a 0.0003968
T 50 | Toin 50.33 | Toin 50.06 —=— W-FRAME
n

ﬁ —+— W-FRAME + COMB

o e

3 - -

\Mﬁ Wi h . R L T o
et TUARMERLL £l ool T i L8R 5 ML P

_ g AAPPAALIR BRI SRS I s i w

Lo U\Igl : l UH g il
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ension Device [WTD]

positioning & tension

ANODE ELECTRODE (WRe3 20pam, 3.0mm pitch)
Wire tension distribution;

e P /‘\/‘\'/\\ 2 .
e SR PO et
R A A '\/V\/\/ W Y v

T T T T T T T T
50.07 wo 92.6 | wd 95.22 | w0 92.05

a 0.0003404 | a 0.0003855 | a 0.0003968
Tonin 50 | Tenin 50.33 | Toin 50.06
=+ B
# e
AvAv/mn
ﬁ \ A L —+ METEOR

—=— W-FRAME
—+— W-FRAME + COMB
—s— CHAMBER

—
A . . .

; ZWWMWV v e TN\ ot es.
/ |

IRV

L L L L L L L L L L L L L L L L L L L L L L |
60 70 80 90 100 110 120
wire id
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5as adapter
gn, technology and realization

Pre-assembly of the
gas adapter and
SERTO gas sleeve.

Standard interface
with outside world.
(SERTO M14)

Customized adapter
M SERTO stiffener sleeve

Gas sealing epoxy -
Vg

TRD2D ledge Installing the gas-adapter on the TRD2D
Screw g QLRI

chamber

Specific interface with TRD2D chamber
TRD2D @ CBM CM, 48th Warsaw 23
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Updated

interface

for gas
inlet

Customized adapter

| :
*, SERTO stiffener sleeve  After assemblying PPO we observed a large gas
Gas sealing epoxy leak. A possible source was identified in
\ ! TRD2D ledge
N | ‘ [ Screw
| N | O A mock-up of a TRD2D chamber using the new
i | T T design was used to run a dedicated test of gas
i =1 | B N e leakage using a temporary gas sealing solution.
e | o ’ Lo - see next slide
INTERFACE
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Gas adapter
realization and test

Gas leakage test done on patrtially
assambbled TRD2D chamber. The two
assemblies are sealed with liquid latex.

In the zoom insert one can see the
seelings of:

— chamber-ledge to pad-plane

— pad-plane viases

‘‘‘‘‘

L ASE AR

| 8 d X : % 2 2 \! 3
e 1 : ‘ t O\ RN < 3 u AT SR
— ‘ S (i ‘:‘%‘\w m\% 0 L5

ont e edgés Impossivle tu cure,
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Chamber assembly

v " 1.Connecting the A and C assemblies. The closure ledge is
- added to mark its position.

2.Preparing the closure ledge. Glue and spacers are
arranged such that the gas sealing and mechanical
integrity are optimized.

3.Gas sealing of the HV cathode entry on the finalized A
assembly .

4.Soldering HV to the cathode electrode

5.Installing the closure ledge on the chamber and a detail
of the corner gluing

“TRD2D @ CBM CM. 48th Warsaw



Anode Wire Tension
V ON/OFF (Open atmosphere)

HV =0 Modulation of oscillation amplitude
il | measured on the same wire without
S [TOP] and with [BOTTOM] electric field
= | I Anode — Pad-Plane.
u.,° 0.3
| [T Fourier analysis of the two oscillations
"L e for the first and second order
g L LA A 4 A L MM ML WAL harmonics.
0.6 | <
05 HVa.pp = 1850V CHO MENU
0.4 sn {1850.0
E os IMon ‘00.‘004() u_f\«
= ll I s | =
N oz
" M |
-0.1 “H I ! V M, | u “H I ! I I AN L WU
-0.2 : I I t I .‘ ] .|| I .I I. ‘ 1 1 ‘ I I I ‘ ‘
o m:y:mﬂmzs 0.1 0.2 0.3 . (S) 0.4 0.5 0.6 0.7
o T ‘ ‘ ' ' i ' o 80 i | | I '
a ¥2 I ndf 83.64/6 ¥2 | ndf 1.373/2 aQ 21 ndf 0.2136/4
= Constant 47882107 | , | Constant 53.13 + 0.5988 T HV =0 Constant 49.14 + 0.1365
g 50 Mean 262 + 0.1707 Mean 263.2 + 0.04266 ‘;" 50 HV _ 1850V Mean 523.6 + 0.02734
S Sigma 3.094 + 0.2204 \ Sigma 2.416 + 0.07467 8 A-PP = /\ | Sigma 5.071+ 0.07517
«©|H1.7.262.0Hz (48.40CcN)

H1" = 263.2Hz (48.86¢C

m ad I et
20 n\,ﬁ/\ N / \ a \ 20 — ff/—/<\j Wire-frequel ?:—-\,;\E%
f-/_"r/\,f\/ U V V \J\&,Q\ — show coupling effects

10l /N A "l H2=523.6 (261.8) Hz induced by the electric
\ | field.
f%2’0 230 240 250 260 270 280 2390 300 g 80 4390 500 510 520 530 540 550 56¢
Wed Aug 26 10:53:14 2026 Fl‘eq (HZ) PPO-A_WF _260702_21.root Wed Aug 26 10:49:50 2026 Freq (HZ) PPO-A_WF_260702_21.root
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CB

HV tests

26/09/14

anode - pad-plane

. The dark current measured between

anode electrode and the grounded
pad-plane was < 0.5nA (15nA HV
supply offset) in open atmosphere
(see H&T conditions)

Bty | W S8

s \"..,'_,,
= =

TRD2D @ CBM CM, 48th Warsaw



HV tests
anode - cathode

- Chamber (partially) flushed with N,
GE e | — pad-plane and drift electrodes floating
""""""""" - 4 - air humidity H = 50%
- a max of Uac=2.1kV were tested on the
chamber with dark currents

Ioc <100pA

Confirming design of the chamber
- in 2 independent parts (anode +
e 19 ) cathode) from HV point of view.

LLLLL
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HV tests
anode - cathode

) CAEN :
4 Ch NIM/Desktop Programmable \

HV Power Supply
i)

NDT1471

Mset 11950.0
Iset |000.500

Chan /2

CH1||

HV EN/ON~
e

o)
w ”
KILL Y

OFF

HVEN/ON "
&
OFF “\,

KL &

KA #

Open space between anode
and cathode assemblies

% Cathode HV connection

B |
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Ironment monitoring
electrodes mstallatlon

counts / m*

1 8/1 5 7 8/2 7 1 9/03 7 9/09 19/ 1 51 9/2 1 20/03 20/09 20/ 1 5 20/2 7 2 1/03 2 1/09 .2 1/ 1 5 2 1/2 7 22/03 22/09 22/ 1 5 . 22/21 23/03 23/09 23/ 1 5 23/2 7 24/03 24/09
Mon Aug 24 10:55:46 2026

time (day / hour)
Tuesday Wednesday Thursday Friday Saturday Sunday Monday
Anode
Cathode winding | Cathode W-Frame | Cathode Chmb Anode W-Frame chmb
Cathode W-Comb | Anode winding Anode Comb

26/09/14

TRD2D @ CBM CM, 48th Warsaw




Conclusions

View of the internal geometry of the TRD2D chamber centered on its custom gas inlet.
Electrodes are also visible in the image .

- o

e p‘-"f - S -
= - 3 > . W

3

THANK YOU !
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