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ALICE - ALarge lon Collider & WY

Experiment

» A dedicated heavy-ion experiment at CERN - LHC

« Study of a high-density, high-temperature phase of strongly interacting matter:
Quark Gluon Plasma

* Unique PID capabilities among all LHC experiments

» Covers a broad kinematic range by using all available PID techniques ISnneir Tr(ellgléi?g
ystem

» Excellent Physics performance in RUN1
and RUN2

e
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ALICE universitétbonnl

Original TDR: 2000
Field cage assembly: 2002 - 2004

«  MWPC installation: 2005

« Electronics installation: 2006

* Installation into ALICE L3 magnet: 2007
 Commissioning & calibration: 2007 — 2009

« Data taking: 2009 - 2013 (RUNH1), restarted June 2015
(RUN2)
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AN The ALICE TPC

ALICE universitétbonnl
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ELECTRODE
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INNER FIELD
CAGE

Acceptance: |n| < 0.9, AD =
21T
low-mass, high-precision field
cage
Active volume 88 m3
B=05T
Readout area 32 m?
Gas:

 Ne-CO2 (90-10) Run 1

* Ar-CO2 (90-10) Run2

* Ne-CO2-N2 (90-10-5) Run 3
100 kV at central cathode

* Epritt = 400 V/cm

* Vprift = 2.7 cm/us

* max torit = 92 ps
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g/éb The ALICE TPC %CE universitétm

TPC is the main device for tracking and particle identification in the central barrel !

* Inpp, Oggiax = 5%

« Expected: 5.5%

[ALICE Collaboration 2006, J. Phys. G:
Nucl. Part. Phys. 32 1295]

« Resolution for the
highest multiplicity HI
events: 044, = 6.8 %

dE/dx in TPC (arb. units)

« Expected: 7%

p/z (GeV/c)
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é) Advantages and Limitations
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ot  lon Backflow suppression of a MWPC with a

2 :J B 11101 11t Gating grid ~ 10~
« 100 us electron drift time + 200 us to

i U ’ K) ' K) i neutralise all ions
: -+ Total cycle time ~ 300 ps limits the maximal
- — — readout rate to ~ 3 kHz (in p-p)

oGy ML Trigger Rate ~ 600 Hz for Pb-Pb (300 Hz in
Run 1)
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lon Backflow Suppression %E A

E i = 250 Vicm
v 55Fe-Source
Cathode
9.7 mm Driftfield
GEM 1
1.9m I
, GEM 2
1 1.8 mm Transferfield 2
GEM 3
1.8 mm——Transferiieid s
P-4 GEM 4
v k 1.4 mm Inductionfield Anode +
.~‘ 7 Readout
v '. v' a; - .
PR, i 3,75 KV o | _
o Asymmetric field configuration

b ted in a GEM
lon Backflow suppression of a can be repeateciin 4

. stack !
GEM ~ 10'1 for a smgle GEM Edrift < ET1 ET2 < ET3
~ 102-10-3for a GEM stack AUg1 < AUg2 < AUg3 < AUg4
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xUpgrade TDR of the ALICE TPC ® Iy

Upgrade of the

Time Projection Chamber

CERN-LHCC-2013-020
Addendum:
CERN-LHCC-2015-002

Requirements for the upgrade
GEM based TPC of ALICE

Drift field: 0.4 kV/cm

Detector gas: Ne-CO2-N2 (90-10-5)
Effective gas gain: 2000

S/N ratio ~ 20

IB: <1%

€. <20

o/E (5.9 keV): <12 %

Low discharge probability
Operation at 50 kHz (Pb-PDb)

vV Vv VvV VvV VvV VvV VvV v V9

lon Backflow
IB := Ratio of Icath / lanode

Number of back drifting ions / e prim
€ .= IB*gain - 1
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ééﬁ Properties of a GEM foil ® 4

ALICE

Standard GEM (S) » Requirements could not be fulfilled
with a triple GEM (S-S-S) setup

» New readout chambers employ
standard pitch (S) and large pitch
GEM foils in a S-LP-LP-S
configuration

» HV configuration has to be optimal for

ion back flow, energy resolution and

FT i afier memcoewe s low discharge probability at the same

Large-pitch GEM gL time

TV - _"i::?-i *x

pad plane
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Rotation of Foils

ALICE universitétbonnl
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Alignment of the GEM
foils

» Alignment between the
GEMs is crucial to have
a uniform 1B
» To decrease the IB
further than with the IB
optimised electric field
configuration — use
GEM foils with different
geometries (different
optical transparencies)
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u@) Baseline solution for IB

universitétbonnl

and Energy-resolution
(S-LP-LP-S)

o (%)

18

Vv (V)

=N

Optimisation of two parameters at the same time is conflicting:
» Best Value IB ~ 0.6 % at an energy resolution of 6/E <12 %
» Upgrade goals have been reached with even a small margin for fine tuning (in case

needed for the stability)

» Much larger phase space has been scanned no significant improvements ( no order

of magnitude) are expected
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Discharge Probability %E universitétm

(S-LP-LP-S)

Stable operation under LHC conditions

2'3' PY
] . . .
i § » Discharge probability studies (TUM, CERN):
w*
g . ., <1010 (4GEM, measured with alpha particles)
¥ o8 .*‘;0 (6 £4)x10-12  (hadron beam at the SPS)
-+
Y.i { « Discharge propagation studies
ool >
.
. + HV system stability (CERN, IKF, TUM)
w* [—o— YO SN ATE, 0555 . .
« mwmmacoma | e Charge density studies
o TUM-JGEN, Ne-OO N, (90 40-5
o L adeanladi b - (see P. Gasik, A. Mathis, L. Fabbietti, J. Margutti NIM A870 (2017) 116)
par
5-55 5-5-58 S-LP-LP-S
“standard” HY H=20% 1B =034% B =03% 1B =034% B =063%
G =200 G o= 2000 G = 16l G= 300 G o= 500 G = 2000
H0gn —
Ey =64 MeV (~10-") <2x107% < T6x 1077
rate= 0.2 Hz A .
lgm / N
Ep=55MeV f< LSx 10710
rate= 11kHe [ 'l
Doy Ame MO !
Ep=52455458MeV 272107 23107 (31408 x10°F v 3% 1077/
rate = 600 He \ . F.
W0gr
Eg < 23MeV o Aw 1012
rite = 60 kHe
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ég History of Prototypes

ALICE  universitatbonn

Year ROC Version Assembly Tests, beams
* PS beam test (dE/dx resolution verified)
2012 IROC 3GEM prototype TU Munich - ALICE p-Pb run (stability issues addressed, gas mixture, HV
scheme)
2013 IROC 3GEM prototype TU Munich » MLL Garching (stability)
2014 IROC 4GEM tof TU Munich * PS (dE/dx resolution with the baseline configuration)
prototype unic ° SPS (stability in hadron beam verified, discharge probability
* “School of ROC” workshop
2015 OROC  4GEM prototype TUM/CERN | First OROC prototype, commissioning with sources
, * Commissioning of the test set-up and procedures
2016 IROC EDR pre-production Yale . FEC+ROC tests at CERN
FINAL pre- « Commissioning of the test set-up and procedures
IROC product?on Yale * ALICE p-Pb run (chamber damaged)
o Fast-track GFMs
FINAL pre- » 2 out of 3 stacks installed
OROC producF;ion Bucharest . Fast-trgck_ GEMS
e Commissionina of the test set-un and nrocedures
2017 OROC EDR pre-production  GSI « Commissioning of the test set-up and procedures
* Final characterization
IROC FINAL p re . Yale * Fully qualified
production repaired « 1 MOhm on GEM4
» Final characterization
FINAL pre- ya
OROC production repaired GS| . ':u“%ﬂlrfl(')fr']egEM 4

ILC TPC collaboration meeting, DESY Hamburg
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HiStory Of PrOtOtypeS %@ universitétbon;\

PS BEAMTIME (NOV. 2014)

Cherenkov .
. e . / r/
Scintillators
e @: mean=101.55, 029.22, a/mean=9.08% -
— n: mean= 66,10, 0=6.89, a/mean=10.42% )
« Secondary et, tbeam; 1, 2, 3 GeV/c 1000 r 4-GEMIROC -
» dE/dx performance as expected from simulations 800 "
* Relative energy resolution as in present MWPC 600 ‘
. O./u, = 9% 400f -
e 0. /u,=10% - :
» Physics performance not compromised up to o/E(°°Fe) = 14 % ‘
% 50 100 150 200 250
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History of Prototypes

ALICE universitatbonn

PS BEAMTIME (NOV. 2014)

Secondary et, tbeam; 1, 2, 3 GeV/c
dE/dx performance as expected from simulations
Relative energy resolution as in present MWPC
e OJ/H.=9%
e 0. /u,=10%
Physics performance not compromised up to o/E(°°Fe) =
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dE/dx resolution %ﬁ umve,sitétm

Ll lllllll —

ALICE performance
pp,Vs=13TeV -
B=02T

Energy deposit per unit length (keV/cm)

o \ '.nﬁl £ .
‘1’ v 12 i

Momentum (GeV/c)
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@ischarge Studies at the SPS %& 4

4 GEM

Beam

& » Alarge GEM prototype (IROC) was irradiated
over its full surface

Setup at CERN SPS
» ~ 2 x 108 st/spill (150 GeV/c)

» Particle shower produced with a >°Fe brick
» Line up the detectors (Readout facing the beam)

ILC TPC collaboration meeting, DESY Hamburg 30th November 2017 20



[LRischarge Studies atthe SPS ~© WY

Readout

10 k

» Current readout on the pad plane 4-GEM

(ah
(rate measurement) _
» Read out the induced signal on the IROC 100 k @;

pad plane (discharges)

S Teee—w

u (V)

Results

» 3 discharges seen — (6 + 4) x 10-12 Discharge probability / incoming hadron
» 5 discharges expected per year and GEM stack expected for the ALICE
TPC in Run 3
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;é‘x universitétm
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» Full production

» Summary
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é@ The TPC upgrade with GEMs %& 4

160 cm

" Replace 72 Readout Chambers in total !
Each IROC consists of 4 GEMs

Each OROC consists of 3x4 GEMs

512 GEM foils

(+ spare chambers, plus yield not 100 %,
rather 85 %)

* — The quality of at least 720 GEM foils has
v to be assured
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| @3 TPCU milestones Y -4

(. ALI

v R&D and Prototyping 2012-2015
v LHCC approval June 2015
(TDR, TDR Addendum, TDR Addendum UCG)
v Engineering design Review (EDR) November 2015
v Training (School of ROCs, Visits at all institutes, etc.)
v GEM and chamber final design review June 2016
v Pre-production: finalized
v Production Readiness Review (PRR) 10t March 2017

- full characterization of the final-design (aka PRR) chambers

(]

Mass production (40x IROCs + 40x OROCs) Q2.2017 — Q3.2018
4 ROC tests at LHC Q2.2017 — Q3.2018
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£ﬁ Participating Institutes %ﬁ 4

GEM Frames OROC Alubody Padplanes GEM Production IROC Alubody GEM Frames
(U Heidelberg) (Europe) (Europe) (CERN) (UT Austin) (USA/Tennessee)
| A

OROC body assembly OROC body assembly GEM QA GEM QA IROC body assembly
(U Heidelberg) (U Frankfurt) (Helsinki) (Budapest) (U Tennessee)
l A
Fg \N Vg \
GEM framing GEM framing GEM framing GEM framing N
(TU Munich) (U Bonn) (GSI) (WSU)

OROC assembly + tests OROC assembly + tests IROC assembly + tests 'A
(HPD Bucharest) (GSI) (U Yale)

QA of GEM foils not
main task, but needs
Final Test/Storage to be included.

Integration
(CERN)

3~ external supplier
3~ WP1: GEM foils

3 WP2: IROCs (USA)
3~ WP3: OROCs (Europe)

ILC TPC collaboration meeting, DESY Hamburg 30th November 2017 25
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.

,.9;5 Work packages (Responsibles

\,

ALICE

universitatbonn

Design and Engineering
B. Windelband (U Heidelberg)
J. Rasson (ORNL)

Online/offline computing
K. Schweda (GSI)
M. Ivanov (GSl)

Project Leader
H. Appelshduser (U Frankfurt)
Deputy Project Leader
C. Garabatos (GSI)
Deputy Project Leader
T. Cormier (ORNL)
Technical Coordinator
C. Lippmann (GSI)

P. Gasik (TU Munich)

ROC Coordination

Electronics Coordination
C. Lippmann (GSI)

Physics Performance
M. Ivanov (GSI)

Simulation
P. Christiansen (U Lund)

GEM foils
M. Ball (U Bonn)

Online/offline Reconstruction
and Calibration
J. Wiechula (U Tiibingen)

IROC
D. Majka (U Yale)

OROC
P. Gasik (TU Munich)

HV System
R. Renfordt (U Frankfurt)

FEE
K. Read (ORNL)

Readout System

K. Oyama (Nagasaki IAS) ==

T. Nayak (VECC)

SAMPA
ALICE common project

! CRU

\ ALICE common project

Installation and Commissioning
B. Windelband (U Heidelberg)

J. Rasson (ORNL)
C. Lippmann (GSl)

ILC TPC collaboration meeting, DESY Hamburg
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éﬁ From EDR to PRR %CE universitétm

* Engineering Design Review (EDR)
— Focus on the engineering concept of the TPCU project
— Do we have fully developed concepts for the production
— Results shown were still based on prototypes

— Discuss/Eradicate potential design flaws

* Production Readiness Review (PRR)

— Proof the production readiness by demonstrating the readiness of all institutes
(manpower, infrastructure of the institutes, knowledge at the institutes)

— Demonstrate that detailed protocols have been developed
— Show that all production steps have been qualified
— Is there sufficient documentation of all processes

— Demonstrate the readiness by qualification of an IROC and OROC chamber

ILC TPC collaboration meeting, DESY Hamburg 30th November 2017 27



éﬁ FrOm EDR to PRR %CE universitétm

* Most crucial changes (after discussion with the referees)

— Flip the segmentation of the top GEM (field distortion vs. discharge
propagation probability)

= Redesign of the GEM;. In this context redesign of HV path of the GEM
foil

— Loading resistor on the GEM foil: Originally considered to be soldered
before final assembly. Now at CERN PCB workshop (battery effect of
flux agent)

= QA scheme (measurement of leakage current, inter segment test) had
to be revised.

— Evaluation of QA methods (Impact water content on the measurement)

Next slides show the transition from EDR to PRR for the quality assurance
(QA). You will have probably different challenges, but don’t expect less !

ILC TPC collaboration meeting, DESY Hamburg 30th November 2017 28



Cé’s From EDR tO PRR % universitétm

ALICE

A. Utrobicic et al, NIM A, Vol. 801 (2015), p. 21-26,
http://www.picologic.hr/

EDR: Only demonstrator HV box existed EDR: Only Helsinki had the pA-meter
Now: Every institute has a HV box and drawers Now: Every institute has a its own pA-meter
for final design GEM foils

|

l

EDR: Only prototype software existed
Now: Every institute has his own HV + analysis software

EDR: Only individual lieak measurements possible
(segment by segment) — QA very time consuming
Now: All segments can be measured in parallel QA-
Basic: Measurement per foil 15 minutes

|
Ating

SHOCRREERBRRRECE .
i
! |
i e

| ——
’cl-l
o HHEBEEREEEEERHELELE
—

I

L.
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L/éa;g From EDR tO PRR % universitétm

ALICE

Status table gem/L1/1001 Edit generic status table Statusis A

step status  datafield value date comment author condition true?
1 1 HV cleaning done 2015-09-10 10:10:16 Peter eqdone
2 2 dark current [nA] 12 2015-09-13 10:17:09 Peter <=14
3 3 gas gain 2400 2015-08-13 10:17:09 Peter >=22e+3
4 4 quality ranking A 2015-09-13 10:17:09 Peter leB
submit

Status table gem/L2/2001 Edit generic status table Statusis B

step status  datafield value date comment author condition true?
1 1 HV dleaning done 2015-09-13 12:05:53 Peter eqdone

2 2 dark current [nA] 13 2015-09-15 12:43:37 Peter <=14

3 3 gas gain 2200 2015-09-15 12:43:37 Peter >=22e+3

4 4 quality ranking B 2015-09-15 12:44:28 gas gain marginal Peter le B

submit

« Database, Logistics and Transport

— Database was significantly improved

— Logistics coordination was therefore improved accordingly
— Final GEM Transport Systems (GTS) are available
— Paperbacks are used to further protect the GEM foils in the GTS

ILC TPC collaboration meeting, DESY Hamburg 30th November 2017 30



(‘;" FrOm EDR to PRR universitétbon.n

i ALICE

P ][ Stock | Shipping | Sekect by baccs |} Information | Jogged in: Markus ALICE TPC pr(]duction database

i1-002

View and edit  OROC2 GEM foil: O02GF/G1, serialno 02-G1-001 9+

AL Status n Show selected stock items  link to bookmark this selection
information on batch 6 1 r
Selection specific A step selection: (+) off ) not done ) passed ) failed
part iype prefix  serialng batch location X serialno’be X q
—— I”Ill]“l"”"l | I”II e category part batch type QA status wildeards %, _ sent? select location
. p . Infrastructure : CEM TRANSPORT SYSTEM : any : all types : any : H :
Comment {pone so far):
part item  batch fruﬁm o date  location QA status link comment
GEM TRANSPORT SYSTEM GTS5-01 Hucharest X
GEM TRANSPORT 8YSTEM GT5402 Helsinki X presently 3 layers
QA table for 0261001 Show peneric 0A tshle  Statusis 1 _ it uesby | {2k to repent QA sicg, edit GEM TRANSPORT SYSTEM GTS403 Yale X p];-\,\:;f]l\lijl\:;flr\jhrr:lbtrs WEL
5 | | daaficd valise - datz A S o author | condition | true? GEM TRANSPORT SYSTEM GTS-04 Hucharest X
ilink) {hower cursor for explanations) e = — — A R 1,
— " " GEM TRANSPORT 3YSTEM GTS-05 Bucharest X lstshipment from HD to CERN: 298 2016
ok, 2 scratches, over etched dots.
1 1 uick defect nal show 5 15:46:31 file txt Ay b b y L ucharest A st shipment from to Ok s 2B
4 P shorw GEM TRANSPORT 8YSTEM GTS406 Buch: X lstshi f HD to CERN, 29 82016
GEM TRANSPORT 3YSTEM GTS407 G5l CERN 2001117 X
: | 2 [WV cleaning done: 55 eq done S e e e
GEM TRANSPORT SYSTEM GTS-08 GS1  CERN 20,1117 X presently 4 layers
) 1 | intersegment test ok 55 sqak
= GEM TRANSPORT 5YSTEN TUM X
4 | 4 |resistor values [MOhe] 518 153740 Philip | filetxt GEM TRANSPORT SYSTEM GTS-10 TUM X
46 R <5 i
= - — GEM TRANSPORT SYSTEM GTS-11 CERN Budapest 27.11.17 X
5 | 5 |funnyholes 2 2 4:25.57 | Yellow Ufoil with I || o GTS-12 Bucharest X
0 & | beakage current [pAl at S00 Y & |z 336407 Vikior | <= 167 Bucharest X
sparks h
3| 7| spark map emant  show 1 [a007 027 139644 Vikior | fletxt il A
Sparkmap afier fr Yale X
8 | & |ahsolube humidity [ppmV]  [4320 3 (2007 1027 1336207 Vikior | <= 00 Yale X
mrzent | avg all FrEe— — g RN
10 | (A8 I_leak hisio data 3 2007 10:27 133607 Vikior | file ixi S (e e 20 LL.17 i
ok GT G5l CERN 2001117 X
12 | 2 |hoest Marton | filetxt G Budapest X
GEM TRANSPORT 8YSTEM GTS-20 Boan X
13 | 13 | hole sixe data 200 Marton| file st eI e e T ot the foils
GEM TRANSPORT SYSTEM GT8-21 TUM GSI 211117 X f"'“ B o LS HEL R
s 3.4, sparks: 0 rom the side are missing.
15 | QA-A | long term leakage current datn 2 [ ook betir aliogh Marton | file txt GEM TRANSPORT SYSTEM WaLU Yale 28.11.17 X
GEM TRANSPORT 8YSTEM Helsinki X
2 [ 20 [trame ghacing ok T 10 Vikior | eqakc GEM TRANSFORT SYSTEM Boon X
28 | 15 |quatity B 2 | 2000 5 HV ot sticky el LBy pn] e GEM TRANSPORT SYSTEM Helsink:  GSI 291117 .4
e GEM TRANSPORT SYSTEM Helsinki X
foe mare explazations GEM TRANSPORT SYSTEM GT8-27 CERN Budapest 22.11.17 X

27 items
Data fields for O02-G1-001:
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LN From EDR to PRR i

—— ALICE

Basic QA consists of:
» Coarse optical inspection (re-inspection) including map of optical defects
* Include environmental parameters in the database
 Intersegment test (CERN workshop)
« HV cleaning (at 500 V) including spark map

* lieakage Measurements for 15 minutes, data is stored in a leakage current file
with common data format

QA table for 02-G1-003 Edit peneric QA table Statusis QA-B turn QA details on (allows to repeat QA steps, edit QA file comments)

step data field tan 2
(link) status (hover cursor for explanations) value n date QA step/file comment author | condition | true?
ok, Black mark on the edges and several over etched dots.
1 1  guick defect map dummyDefects.txt  show 2017-01-15 15:46:31 Lilit file txt
dummy defects
2 HV cleaning done 2016-11-30 10:51:13 Lilit eq done
3  intersegment test ok 2016-11-30 10:51:13 Lilit eq ok
4  leakage current [pA] at 500 ¥ 384 3 (2017-02-01 13:08:41 Average current = -15.4 Markus | <= 167
ok, 2 sparks
5 5  spark map sparkmapBonn.txt  show 3 (2017-02-20 09:05:54 Peter file ext
uploaded again for coordinate conversion
6 6  absolute humidity [ppmV] 2570 3 (2017-02-01 13:08:41 Markus | <= 6000
ok
7 [QA-B I_leak histo data 02 02-G1-003 N2 framed.txt evaluate| 3 [2017-02-01 13:12:12 Markus file
ok

ILC TPC collaboration meeting, DESY Hamburg 30th November 2017 32



(éfb From EDR tO PRR %CE universitétm

r—

Before
0
Date: /(2: Oi% 2£ z(ﬁg Serial No.: Z /(i 2&662— 6;(.2/(/(?/
T Pagy Voo ol ek oyt ks M. Ball et al, JINST Vol. 12 C01081

* Basic QA: Coarse optical inspection
— Note visible defects by eye (CERN)
— 5-10 minutes per GEM
— Quick crosscheck after transportation (framing & assembly centres)

— Enter the values directly in the database (no paper in the cleanroom)
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From EDR to PRR % universitétm

ALICE
Before Now
| bol lcgcnd‘ royE—— - - - ‘
B "
2:27 . : 19/ \18
ol ? ) |
i | |
o n / \10
o 9/ \ 8
; 7 \e
5/ ¥
i b 13// \\20
ELILE Mﬂ% Serial No.: M@M 2 LT
Comment: _ F"“’G{'»‘Z\ B delects (ot ouentolo bty |

* Basic QA: Coarse optical inspection
— Note visible defects by eye (CERN)
— 5-10 minutes per GEM
— Quick crosscheck after transportation (framing & assembly centres)

— Enter the values directly in the database (no paper in the cleanroom)

ILC TPC collaboration meeting, DESY Hamburg 30th November 2017 34
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From EDR to PRR

QA-Basic - HV cleaning ALICE
Before b3 Now
/j = (D
16 13/ '\\13
14,,] 5 15/ \14
A2 x 13/ \12
A X + 4 ”/ \\*°
S : i 1O :
ﬂ53 5/] \\4
Type: OROC2 Date: Serial No.;€ZQ—OZ®QZ~Q}ﬁ( b( badiloiten
Commen t Lol o, - @022 A)

0‘04?% PHC = O.06 2u A

« Basic QA: HV cleaning of the GEM
— HV cleaning of the GEM foils at 500 V
— Watch the sparks per eye, enter N sparks, position in the database by hand

— If sparking does not stop or sparks at one position, terminate measurement,
send for re-cleaning

ALICE | Production Readiness Review (PRR) | 10.03.2017 | Markus Ball
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,

-
gl afgrafgrao
| | ! ! ! |

EDR: Open question N2 vs wet air

Now: Clear protocol for lieak and HV-cleaning as well
as for the environmental boundary conditions:

water content in nitrogen < 0.6 % abs. humidity

ILC TPC collaboration meeting, DESY Hamburg

loakage currert | A

=10”

1ef S. Urban - master thesis, Uni Bonn

ui M. Ball et al, JINST Vol. 12 C01081

127

08 iy LI
06— e S
04} —_ ;7,‘ ‘
02 . — %

1 . » - -—'—-
e ——

wPEPEPE BN B N N RS I
0 02 0.4 0.6 08 1 1.2 14

abs. hummidity /

16| I dry nitrogen

I dry air

14 air 1 % abs. humidity

I air 1.3 % abs. humidity

12—

£ S. Urban - master thesis, Uni Bonn |
10—

= M. Ball et al, JINST Vol. 12 C01081

8_

6~

4=

2 |
N = IR T | S T N 1

350 400 450 500 550

600
breakdown voltage / V
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Scheme of D. Majka (Yale) « Some challenges introduced by the EDR

v Resistors are now soldered already at the CERN
i workshop, not - as initially planned - at the assembly
u T centres
o o v Testing scheme had to be modified
E E v Sensitivity of the pA-meter had to be evaluated
v Offset correction mandatory (due to lower lieak
thresholds)
v Alternative to the flat HV pin had to be found. Conical
el o oL HV pins (Europe), round HV pins (US), sharp HV pins
. $ . (L . 47 (discarded)
Vi Bosikerzof the HV pin had to be verifiedeak current 22
# 180irot offset corrected # :Z STSer coreciad
i i »
W [
GEL0.15 = ‘—0.1‘ = ‘—0.05‘ = ‘0 = ‘SJ.OS‘ Hﬁ‘ ‘0.1‘ = ‘0.15‘ OE‘—0.15‘ = ‘—0.1‘ = ‘—0.05‘ ‘ "LH‘ 0 i‘ ‘ ‘0.05‘ = ‘0.1‘ = ‘0.15‘

lieak (NA lieak (NA)

ILC TPC collaboration meeting, DESY Hamburg ) 30th November 2017 37



From EDR to PRR ® .

| 2.identical systems
BT the U

SN

7 identical systems in Ehrope

— —
——-

' MSOROC HV-Box

%

IROﬂ-(V—Box T

'\

« Basic QA: Leakage Current measurements

— Procedure established with resistors already soldered

— Carefully check all connections/resistors before drawer is put in the HV
Box (Ricad must not deviate more than £ 5 % of the nominal value)

— lieak threshold no resistors = 0.5 nA/segment (5 MQ = 0.167 nA/segment)

ILC TPC collaboration meeting, DESY Hamburg 30th November 2017 38



From EDR to PRR ® .

‘:‘——‘.;m\\'“ \
OROC HV-Box

« Basic QA: Leakage Current measurements
— Procedure established with resistors already soldered

— Carefully check all connections/resistors before drawer is put in the HV
Box (Ricad must not deviate more than £ 5 % of the nominal value)

— lieak threshold no resistors = 0.5 nA/segment (5 MQ = 0.167 nA/segment)

ILC TPC collaboration meeting, DESY Hamburg 30th November 2017 39
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i I——‘\\m\'\* N
OROC HV-Box

» Basic QA: Leakage Current measurements M. Balletal, JINST Vol. 12 C01081
— Procedure established with resistors already soldered

— Carefully check all connections/resistors before drawer is put in the HV
Box (Ricad must not deviate more than £ 5 % of the nominal value)

— lieak threshold no resistors = 0.5 nA/segment (5 MQ = 0.167 nA/segment)

ILC TPC collaboration meeting, DESY Hamburg 30th November 2017 40
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universitétbonnl

QA Basic
Institutes Contact Persons Infrastruct Manpower
ure
CERN C. Garabatos , R. Existing Existing
Aparecido
WSU B. Llope, Oleg Grachov Existing Existing
Yale D. Majka Existing Existing
Bonn M. Ball, V. Ratza Existing Existing
GSI D. Miskowiec Existing Existing
TUM P. Gasik, S. Winkler Existing Existing
Bucharest M. Petrovici, M. Petris  Existing Existing

» All basic QA centres are fully equipped and in operation

« For all institutes except CERN, QA is only part of their task.

« Manpower in all institutes laid out for current rate (40-48 GEM foils per month)

ILC TPC collaboration meeting, DESY Hamburg

30th November 2017 41



universitétbonnl

» |If GEM foils are contaminated with dust use sticky roller to clean them

» Procedure suggested and used at CERN workshop

ILC TPC collaboration meeting, DESY Hamburg 30th November 2017 42
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ALICE  universitatbonn

Light table &
Microscope

O g Single rack (%)

HYV test box
90 100 110 120 130 140 150 160

Stretching Foil Gluing Station i nember of TPC track points N,

ILC TPC collaboration meeting, DESY Hamburg 30th November 2017 43
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Institutes Contact Persons Cleanroom Size of the
Class Cleanroom (sgm)
CERN C. Garabatos, R. ISO 6 (ISO 5) 28
Aparecido
wWSu B. Llope, Oleg Grachov ISO 5 (ISO 4) 48
Yale D. Majka ISO 6 (ISO 5) 22
Bonn M. Ball, V. Ratza ISO 6 (ISO 4) 36
GSI D. Miskowiec ISO 7 (ISO 5/6) 600
TUM P. Gasik, S. Winkler ISO 5 (ISO 4) 34
Bucharest M. Petrovici, M. Petris  ISO 6 (GEM), 26, 24
ISO 7 (Assembly)

« Cleanrooms classes ISO 6 (except GSI) or better. Work places have even
better cleanliness

« GEM foils are only unpacked or packed in clean environment to keep dust
contamination at a manageable level

ILC TPC collaboration meeting, DESY Hamburg 30th November 2017 44
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ALICE  universitatbonn

GEM Transport System (Heavy duty)

. Now 3rd version of the system exists. Contains space for three GEM foils per frame. Total weight ~ 150 kg
. Tested in practice with regular shipments already.

. Price is under control if negotiated with a delivery company (Europe, US)

. No GEM foil damage could so far be related to the shipment

. GEMs in paper bags minimises dust contamination, allows handling the GTS outside the cleanroom

ILC TPC collaboration meeting, DESY Hamburg 30th November 2017 45



ZAN From EDR to PRR —

My personal resume

* The changes introduced after the EDR lead to quite time
consumptive redesign of our GEM foils and reevaluation of our
QA scheme, but crucial for the safety of operation

* To coordinate production of such a size between several
Institutes and people, it was imperative to have clear protocols
of each production step, a common documentation tool, that
everyone uses as well as regular exchange and qualification of
the personnel

« Don’t underestimate the continuous production mode. Delays,
setbacks unexpected problems, miscommunication can cost a
lot of time and not everything can be solved with more work of
the same people

ILC TPC collaboration meeting, DESY Hamburg 30th November 2017 46
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» The ALICE TPC
» Motivation for the GEM upgrade

» lon backflow, energy resolution and discharge

probability
» The road from TDR to PRR
» Full production

» Summary

ILC TPC collaboration meeting, DESY Hamburg 30th November 2017 47
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— 8705 Mmm — 535.4 mm 1043.4 mm

A

5354 mm

1638.5 mm

535.4 mm

v

 GEM production at CERN
— 144 GEMs of each type: IROC, OROC 1, 2, 3

— 720 individual GEMs (including 25 % spares) = 2 x 180 sheets
(IROC + OROC3, OROC1 + OROC2)

ILC TPC collaboration meeting, DESY Hamburg 30th November 2017 48
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GEM cumulative production charn IROC, status 2017-11-29

largel

pan |

Produced ,‘_)1-’
QA-8 dome -

QA-A dome ,_/ r i

faded -~ [

failed afor OA'B . * November 2017: 422 foils produced
framed —— o~ -
(target: 720 = 640+80 spares)
*  GEM production 3 months behind schedule

» Updated production plan: end of production in 4/2018

* Projected yield: ~90% (constantly monitored)
‘ 7 « 720 produced GEM foils will be sufficient to finish ROC
- | . production (need 640 GEMs for 40+40 ROCs)

GEM cumuiative production chan OROC2, s1atus 2017-11-29

= ] o
JEruced — A —H « very powerful database system is in place
. one
o 1 GA-A dome : . : < 1 | « keeps track of all GEMs, components and QA results

failed after QA-B /

ILC TPC collaboration meeting, DESY Hamburg 30th November 2017 49
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—

FINAL CHAMBER PERFORMANCE

1. Chamber commissioning at the assembly sites

2. Stability tests at LHC

3. Energy resolution measured at PS with new electronics

ILC TPC collaboration meeting, DESY Hamburg 30th November 2017 50
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LIST OF TESTS

1. Gas tightness (< 0.5 ml/h)

Gain curve

Gain uniformity (<20 %)

IBF uniformity (IBF = 0.7%, Ae < 20%)

a bk~ 0D

Full X-ray irradiation (10 nA/cm?) for 6h

Gas: Ne-CO,-N,, (90-10-5)

HV: resistor chain
Settings: GEM1/2/3/4 = 270/230/288/359 V T1/T2/T3/IND = 4/4/0.1/4 k\V//cm

Readout: single channel pre-amplifier + shaper + ADC, amperemeters

ILC TPC collaboration meeting, DESY Hamburg 30th November 2017 51
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- — T T T T
8 b eromed - 8000~
10° =] n 7000{—
- : B o M Anode current / Rate / Specium J
e—— - 6000}~ - |
- j . Pwe-‘ss‘epe’upooo&umwm ]
- T - ﬁm_ ;
10° o) . 3“”5
= 3 3000
B OROG! S0DE 1,84 et 100 V. gal 200 R 4165 Y. ] 2000}
A i _ " -
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GAIN MAP

Gain distribution (anode current)

20f-
v Effective gain 18-
Geff = Ianode/(exNioan) B — 135-
%14;—
v Performance within specs: § 12f-
- gain uniformity < 20% B 10
8 8f
v 8 IROCs within specs : 6f-
N3
anode current distribution 2 _
, — T w— 6 8 10 12 14 16 18 20
Mean  -38.95 X coordinate (in)
RMS 5595
N RMS <15 %
o Low-gain bins not included in 1D distribution
- spacer
¢ - measurement edges (non-active area)
2
- % ~50 ~40 ~30 - ‘-1:0‘ — 1_:0. - tl)

e 1t © conumuiuuun ocuny, —eo s dMburg 30th November 2017 53
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N [T [, QROGH. ... o] onsales 3
D T S [ S R e x
e 496 : :
BT U X R S S SO, -
a0 - ) ’ 3 0
0 10 20 30 40 50 60 70 @0 0 10 20 30 40 S0 6 70 80
pad current (nA) pad current (nA)
8o H H T H H
70]-.. ... Tt chimber o
sl 3
50
408
J0F
0 0 ;JI.I‘{\ ..... Y WA ] ... 10 e
LT TN s : 3 a0 3 i - h 5 H i 3
0 20 40 60 80 % 70 20 30 40 50 €0 70 & %70 20 30 40 50 €0 70 &
X (Cm) pad current (nA) pad current (nA)

*  Gain uniformity RMS < 20%, within the specs
«  OROC3 non-uniformity correlates with a single foil hole-size distribution — investigation ongoing

«  More OROCs assembled and tested in the next few weeks

ILC TPC collaboration meeting, DESY Hamburg 30th November 2017 54
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el
/
ION BACKFLOW Ny
IBF distribution
Distribution of ion backflow chabf
- — Entres 206
20f- - Mean 05286
“E_ “:‘ RMS 007276
="F i3 | RMS < 14 %
=14 10—
2k g k
£ of Tl
S s S
3 -
> F i
af- .
LT
05 of APV O T P B
0 2 4 6 8 10 12 14 16 18 04 05 06 07 08 09
X coordinate (in)
v lon Backflow
Geff = Ianode/(exNioan)
IB = Icathode/Ianode = (1 +£)/Geff
v Performance within specs. IB<1 %
v Mean value in agreement with IBF < 0.7% measured with 10x10 cm? GEMs at G = 2000
VLol e fedietecabionontahied (dpaseYchiaigd distortions 35tk piavanahaoAfity! 55
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EPSILON MAP

Eps parameter XY Epsilon parameter
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v Epsilon proportional to the cathode current:
Gett = lanode/ (€XNignXR)
IB = I athode! lanode = (11€)/ Gege
€ = liathode/ (€% Nig X R) — 1
v Performance within specs:
- gain uniformity RMS < 20%; epsilon RMS < 20%

. ILl'ge-lt-:lglgt\')rgﬂuﬁgpgc%MemgseEM’ngﬁ%¥tH%mg%rk for effé%:le N&Yﬁ M}Qﬁﬂ igta(-)s1% € ~25‘#6
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FULL IRRADIATION WITH X-RAYS

. Induce 10 nA/cm? current (expected in Run 3) at the pad plane after
amplification G = 2000 for 6h

. Cathode/Anode current read with pA-meter

. Cathode/anode currents go directly to zero after X-ray off
. No energy resolution deterioration after the test

. Leakage current of all foils <0.5 nA after the test

. no discharge recorded

IROC-04 Currents During Full lllumination

Current [nA

-70 :\

-80

Cathode and Screen 2x attenuator

) Anode 250x sttenustor
50

0 1 2 3 Rl S 6

Hours

ILC TPC collaboration meeting, [

Screen  « Anode
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COMMISSIONING PROCEDURE

- Well established acceptance criteria
- Similar setups in all three assembly sites (Uni Yale, GSI Darmstadt, HPD Bucharest)

- Possible to assemble and commission 2-3 IROCs/month and 4 OROCs/month

- Acceptance criteria upon arrival at CERN:

- Capacitance, resistance measurements

- Leakage current at 350 V in dry gas

- Full voltage in dry gas

- Part of the chambers will be tested at LHC

ILC TPC collaboration meeting, DESY Hamburg 30th November 2017 58
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SUMMARY AND OUTLOOK

ALICE TPC will be upgraded for RUN 3 to operate at 50 kHz rate in Pb-Pb collisions

No gating and continuous readout with GEMs

Extensive R&D leads to the 4-GEM configuration, fulfilling all requirements:

— Low lon backflow

— Good energy resolution

— Low discharge rate

— Gain stability and uniformity

EDR to PRR Phase: | hope | could show you a bit of the challenges we had during
this phase

Full production started. 25% ROCs produced until January 2018
ROC production/qualification on schedule, until Q3.2018
OROC at LHC running stable. More chambers to be tested in the upcoming months

LHC Long Shutdown 2 in 2019-2020: chamber and FEE installation, commissioning

ILC TPC collaboration meeting, DESY Hamburg 30th November 2017 59
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Backup

ILC TPC collaboration meeting, DESY Hamburg
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+DOcEl 1. Chamber body assembly 320,

[B textp nasurrian 27

D40 2n HV cables and HV plugs assemily @20

[ Femitvecoghs 200

+01:02  2h. Fadplane fest 320,

[B cestsiane 2ot

e FRAME ASSEMBLY

B etz
- FRAME LEDGES CLEANING
[ cospumt 27,0025

B rergirpicirg 1. Check ledges under the microscope

+DEHY b, Coaree opiical check

5
B

P~ 2.  Document possible damages
[ soe [IESSERERETI 3. Remove overhanging glass fibers with sand paper (see picture)
[B cEwrv earann - - .
4, Clean in an ultrasonic bath for at least S minutes. For example:
~0E0C Ta. MV test In the PCE wokrshap
S Bath 1 with isopropanal for pre-cleaning - 5 (or pre-clean with iso-propanal manually)
o= 8. 0ptcatsearring . Bath 2 with izopropanal for final cleaning - 3'-3" and let imopropanol drain
S +  Bath 3 with distilled water - 3" and |et water drain
= o340 9. GEM frame assemisty
[ Fase assemidy 27
5. Blow dry with nitrogen
m 20400 1. GEM framing
[Cpy—— §. Check ledges again under the microscope
R oo M- o assemtly 7. Putledges inte the dry cabinet. Leave them (at least) over night for drying before the final assembly.
(B ROt assemidy 41
m 0440 12. ROG commissioning D20m
[B poccorerinainin
B} - 0ste 13, ROC acceptance D z0m

[ hot scemranze 2o
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et ALICE

CERN-LHCC-2013-020

IBF (E_ ) for Ne-CO_-N, (90-10-5)

|$ 007 :I I I I T T T T I T T T T I T T T T I I:
- :_ A ® E,=01kVlem v E_ = 0.3kVicm _: )
0.065 m E, - 0.15kViem E,-04kViom o Eisen-55 Quelle
0.06F A A By = 02kViom [ G, = 05kVem 3 Driftkathode
= A E,=06kV/icm -
0.055 —
= A 3 9 mm Driftfeld
0.05— A —
0.0451—" A e GEM 1
- v 3 2 mm Transferfeld 1
0.04—a Y — GEM 2
C m A 3 2 mm Transferfeld 2
0.035 . v Y — GEM3
- ® A v 3
0.03E o - A N 3 2 mm Induktionsfeld Anode mit
C PY n - : 3 Auslesepad |
0.025 ° ° -
T P R RS Ll L1 i~ fi i i
0.02L 5= ; 7= L 5% Asymmetric field configuration can be

En (kViem) repeated in a GEM stack !
Limitations of a triple GEM setup Earitt < ET1, ET2 < Eind, AUG1 < AUG2 < AUG3

» lon Backflow was measured with triple GEM stack. Best value achieves was around
2.5 % at a gain of 2000 — ¢ ~ 50

» Asymmetric field configuration separates Gain of GEM3 from Gain of GEM1+ GEM:
— higher discharge probability

ILC TPC collaboration meeting, DESY Hamburg 30th November 2017 63
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Electron transport properties for IB optimised HV settings

€.o = collection efficiency

£... = extraction efficiency

extr

M = gas multiplication factor

G = €.y X M % £, = effective gain
Eonl) Mejn M Pe—ion [ Eexir] Mo out [ Mign back fraction of fraction of
total IBF (sim.) total IBF (meas.)

GEMI1 (8) 1 1 14 13 0.65 9.1 9.1 3.6 (28%) A0% 3%
GEM2 (LP) | 0.2 1.8 & 12.7 0.55 8 .88 33 0(26%) 3T% 34%
GEM3 (LP) J0.25 2 53 104 012y 127 1.6 1.3(1.3%) 14% 11%
GEM4 (8) 1 127 (240§ 3053 0.6 1830 144 | 0.84 (0.03%) 0% 24%

- A - -
Total 3183 1830 dE3l] ) 0 (0.28%)

ILC TPC collaboration meeting, DESY Hamburg 30th November 2017 64
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ALICE universitétbonnl

Electron transport properties for IB optimised HV settings
€., = collection efficiency

coll —

... = extraction efficiency

extr

M = gas multiplication factor

G = €. X M % €, = effective gain

N..on = NUuMber of produced e-ions pairs

Nionback = NUMber of ions drifting back into the drift

volume (g)

IB = (1+£)/G
Eol Mein M [Nejon ) Ezxr  Mepu & 4 Mign back fraction of fraction of
total IBF (sim.})  total IBF (meas.)
GEMI (8) 1 1 14 |13 | 065 91 91 | 36(28%) A0% 31%
GEM2Z(LP) 02 1.8 & 127 055 8 088 | 33(26%) 3% 34%
GEM3I(@LP) 025 2 53 |14 | 012 127 1e | L3(13%) 14% 1%
GEM4 (5) 1127 240 (3053 ) 06 1830 144 |0.84(0.03%) 9% 24%
u E ’

Total 3183 1830 1830  9(0.28%)

ILC TPC collaboration meeting, DESY Hamburg 30th November 2017
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Electron transport properties for IB optimised HV settings

€., = collection efficiency

coll

... = extraction efficiency

extr
M = gas multiplication factor

G = €. X M % €, = effective gain

n = number of produced e-ions pairs

e-ion

Nionback = NUMber of ions drifting back into the drift

volume (g)

fraction of total IB: simulation vs. experiment

Eoll Mein M Mo jon  Emr  Megut G Mign back 4 fraction of N fraction of hY
total IBF (sim.) | Jtotal IBF (meas.)
GEMI1 (8) 1 1 14 13 0.65 0.1 0.1 3.6 (28%) 4075 31%
GEM2(LP) 02 1.8 & 12.7 0.55 ) (.88 3.3 (26%) 3T% 34%
GEM3I(LP) 025 2 53 104 012 127 1.6 1.3(1.3%) 14% 11%
GEMA4 (5) 1 127 240 3053 0.6 1830 144 084 (0.03%) 0% 24%
Total 3183 1830 1830 9(D.28%)

ILC TPC collaboration meeting, DESY Hamburg 30th November 2017 66



Triple GEM

ALICE universitétbonnl

discharge probability

(S-S-S) Triple GEM stack in standard settings
uzhodeﬂ. 210 .
S RS 3 ;
GEM2 R 10% -
GEM3 - g LA
TR iy R —— L AP
Anode puss ‘ WK ,“’-':
#*
~(A) a) 0 TAmy
e ) ) ‘ el
S 10 el : —~
Optimisation of two parameters at the same time is conflicting:
» 220Rn source, randomly distributed in the detector
» Measurement for TPC gas mixtures: Ar-CO> (90-10), , Ne-CO2-N2
(90-10-5)
» Different slopes for Ar- and Ne-based gas mixture
» Clear influence of additional quencher
ILC TPC collaboration meeting, DESY Hamburg 30th November 2017 67
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* QA of the CERN workshop:

— Deliver GEM foils within specification agreed upon in collaboration document
- Basic QA (CERN):

— Reject malfunctioning GEM foils at the earliest possible stage

— Give fast feedback to the producer (CERN)

— First reference (to identify e.g. defects coming from transport)
- Advanced QA:

— Additional quality selection (hole size distributions, defect classification, gain
uniformity prediction, long term stability)

— Provide additional criteria to select the best foils

— Provide additional information for the producer to improve/optimise the production
process

- Basic QA (Framing-, Assembly sites)
— Continuous quality monitoring
— Shows if the basic HV stability is kept after each additional production step

ALICE FSP Meeting 2017 - Buchenau 22. September 2017 68



ANExtended Traffic Light System L

* Red Light:
—GEM did not pass Basic QA (most important HV stability) — Reprocessed
—Not (necessarily) permanent

— Basic QA passed — HYV stability ok
— Hole size distributions: both inner or outer holes show an asymmetry
— Target design values for hole (inner outer deviate more than 10 pm)

— Basic QA passed — HYV stability ok
— Hole size distributions: either inner or outer holes show an asymmetry

— Predicted gain spread larger than 10 % (RMS), long term HV stability
acceptable

— Passed all basic and advanced QA criteria
— Basic HV stability is kept after all processing steps

ALICE FSP Meeting 2017 - Buchenau 22. September 2017 69
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Advanced QA consists of:

« High definition optical scan including the determination of 1-dim and 2-dim
hole size distributions and map of optical defects

« Gain uniformity measurements of statistically significant sample of GEM foils

« Correlation of gain uniformity and hole size distribution is used to predict the
gain uniformity of each GEM foil

* lieakage Measurements for at least five hours, data is stored in a leakage
current file with common data format

« Determination and classification of defects (in preparation)

no comment | avg all segments 10.7, sparks: 0
10 [ QA-B|I_leak histo data 01 O2-G1-001 N2 correctedtxt  evaluate 2 2017-08-11 16:22:15 Wiktor file
ok

no comment | avg all segments 10,7, sparks: 0

12 12 | hole size distribution 02-G1-00]1 1D.txt evaluate |D 2017-06-09 11:44:02 Marton| file txt

no comment | avg all segments 10.7, sparks: 0

13 13 | hole size data 2D 02-G1-001 2D.txt evaluate 2D 201 7-06-00 11:44:43 Marton | file txt

no comment | avg all segments 3.4, sparks: 0

C h . A S5, ertaTrs Y T | L -11-
15 [QA-A (long term leakage current data |02-G1-001-20170504-15-42 sectors.txt  evaluate 2 2017-06-29 14:11:17 sticky rolled after shorted sector, looks better although many Marton | file txt

sparks

frame glueing
20 20 eq
comment if not perfect (wrinkels?)

. = . I hae L) y =
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Advanced QA %CE universitétm

All values in um
Green GEM fOlI . Segmented Side Unsegmented Side
] inner (RMS) outer (RMS) | rim (RMS) inner (RMS) | outer (RMS) | rim (RMS)
56.6 (1.54) | 74.7 (1.54) | 9.0 (0.58) 56.6 (1.57) | 73.9(1.94) | 8.7 (1.94)

I-G 2-003 unsegmented side
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200000 }- : i | | ﬂ |
" 150000 n
: /]
§ 100000 | A

p - . '9‘2“’3 “‘W.D“<chhh0'oou-.<qv
20
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hole size Jum] o |

* Long term lieak OK |
* Hole size distribution uniform

 Mean values of the inner, outer -

holes close to the target values o |
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All values in um

G EM fOlI . Segmented Side Unsegmented Side
inner (RMS) outer (RMS) | rim (RMS) inner (RMS) | outer (RMS) | rim (RMS)
54.6 (1.72) | 80.5 (1.57) | 13.0 (0.49) 54.3 (1.67) | 79.1 (2.64) | 12.4 (0.68)
03-G2-008 unsegmenied side
400000 ﬁ
350000 Jl
300000
“ 250000 ,
‘§= 200000
150000 ] 1 0 42-008 junsegmentos 500, ouir holo Aamotor
100000 . ) ) '
0
0 20 60 80
hole size Jum]

* Long term lieak Ok

» Hole size distribution not (always)

uniform

 Mean values of the inner, outer holes
within 5-10 pym of batch average

< 00 200 100 0 100 200 00 0
fver
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Orange GEM foil:

All values in um

Segmented Side

Unsegmented Side

inner (RMS) outer (RMS) | rim (RMS) inner (RMS) | outer (RMS) | rim (RMS)
53.9 (3.14) | 77.3 (2.92) | 11.7 (0.52) 53.8 (3.16) | 81.0(4.02) | 13.6 (0.71)
03-G3-005 unsegmenied side
350000 ‘
300000 ]ll
250000
2 200000
8 150000 [\ FAY
100000 / \ / \m_— | mmmmmmmw .
50000
s -,
o 40 60 a0
hole size Jum]

* Long term lieak Ok

* Hole size distribution of segmented
and unsegmented side not uniform

 Mean values of the inner, outer holes
bigger than 10 ym of batch average

-200 <%0

we mm w0
fver
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Orange GEM foil:

All values in um

Segmented Side

Unsegmented Side

inner (RMS) outer (RMS) | rim (RMS) inner (RMS) | outer (RMS) | rim (RMS)
53.9 (3.14) | 77.3 (2.92) | 11.7 (0.52) 53.8 (3.16) | 81.0(4.02) | 13.6 (0.71)
03-G3-005 unsegmenied side
350000
300000 lll
250000
2 200000 |
- A A
50000
\ r
o 40 60 80
hole size Jum]

* Long term lieak Ok

* Hole size distribution of segmented
and unsegmented side not uniform

 Mean values of the inner, outer holes
bigger than 10 ym of batch average
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Jfﬁ GEM Framing

ALICE universitétbonnl

Optiguard® profile

Blue DEK frame with a stretched GEM

Foil stretching by pneumatic DEK
(Vectorguard®) frame produced by ASM
Assembly.

Foils equipped in aluminium profiles
(Optiguard®)
Foil in a profile is installed in the DEK frame

By applying 0.5 MPa pressure DEK claws
open allowing foil to be installed

Releasing pressure closes DEK claws which
stretch GEM

DEK frame stretching force: 10 N/cm
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» Aluminum jig (platen) to precisely position a GEM frame.
» Glue is dispensed on a frame installed in its jig
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Glue dispensed in a form of a thin line
Groove in a middle of a frame to guide the tip
Manual corrections possible “in-situ”

Glue: ARALDITE 2011

Install corner alignment pins

v Vv Vv Vv V9
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» Stretch a GEM foil and cover all mounting holes (HV flap cutouts) with a Kapton® tap
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v v v

Stretch a GEM foil and cover all mounting holes (HV flap cutouts) with a Kapton® tap
Place GEM frame in its jig and apply glue
Place a stretched foil on a GEM frame (alignment with corner pins)
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Stretch a GEM foil and cover all mounting holes (HV flap cutouts) with a Kapton® tap
Place GEM frame in its jig and apply glue

Place a stretched foil on a GEM frame (alignment with corner pins)

Put a top plate and press with weight

v v Vv Vv
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