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SIZE: 16 x 16 x 26 m

WEIGHT: 10000 t |
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TPC (Time Projection Chamber) — main device in the ALICE “central barrel” for tracking and PID
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ALICE

incident

| particle — Perfect for HI Collisions:

. ' segmented
cathode E-field \ anode (pads)
\

- almostwhole volume is acti

LA L L™

- minimal radiation length
(FC, gas)

1. ienisption 2. drift 3. registration
- easy pattern recognition

(continuous tracks)

- PID information from ionizat
measurements

B-field Working' principle of a TPC (by O. Schafer) — www.lctpc.org

-«

 Two coordinatpsy)given by the projection on the pad plane
« Third coordinaf@given by drift time and drift velocity.bz =)
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ALICE TPC

ALICE

HV electrode (100 kV)

2 x 18 IROCs
Inner Read Out Chambers field cage
50 cm x 47 cm (29 cm)

GAS:
2 x 18 OROCs . Ne-C:Dz (90-10)
Outer Read Out Chambers *90m
114 cm x 87 cm (47 cm) V.. =2.73 cm/ps (@ 400 V/cm)
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MWPC readout

* Multi Wire Proportional Chamber chiged Batice rack
Wlth pad readout il drifting electrons from
gating plane % primary pmzahon

Py

* 3 wire planes: gating, cathode, anode
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s
‘ E-field
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* Gating-wire grid prevents back £ _ A
oy e . o[ . = y )\
drifting ions from the amplification };}4 + induced olusters

stage to distort the drift field
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* Nominal gain: 7 -8k i \\"j S . % .‘/ u\w‘.w
E 172: gating grid B ‘ | ‘ U \
- Gating - low trigger rates: " s, e .
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- 300 HZ fOr Pb_Pb 0&r cathode plane .
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- 1.4 kHz for p-p xiem)
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FILICE ALICE upgrade plans after LS2" @#F&

"The proposed upgrade of ALICE would forilitatet at 50k Mzich
necessitatesnaajor upgrade of the, hld@ely the replacement of the
existing readout chamtvetbGas Electron Multiplier (GialveLtors
Furthermore, all central detectors will require an (electronics) upgr

switching tofally pipelinaéad”
Minutes of the 109" LHC Committee meeting, 22.03.2012
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Gas Electron Multiplier

F. Sauli, NIM A 386 (1997) 531

Thin polyimide foil (Kapton®)
~ 50 um

Cu-clad on both sides
~5um

Photolithography:
~ 104 holes/cm?

“Standard” GEM foil:

- Inner/Outer hole diameter
50/70 um

_ - Pitch

140 pm

WD= §1mm Mag= 248X Tilt Corm, = Off = 36.0° Time :15:52:53
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Simulation

GARFIELD/MAGBOLTZ simulation: 2 e- entering the GEM hole

- E, . Up to 100 kV/cm with AV g, = 500 V (hole-size dependency)

- E,,.>>E — most of the ions are collected on the top side of GEM

above

- Epoow > E — electron extraction is improved

above
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FILICE Introduction summary

* ALICE TPC will operate at a factor 100 higher readout rate after LS2
- 2 MHz in p-p and 50 kHz in Pb-Pb collisions

- no gating and continuous readout
 GEMs as an alternative for MWPC readout

- no issue with rate capability
- possibility to efficiently block ions

- lower (effective) since signal is produced by electrons (fast) + lower noise
* |ssues for GEM upgrade

- dE/dx resolution for PID (Nov./Dec. 2012)

- stability under LHC conditions (Jan./Feb. 2013)
- gain stability (charging up, rate dependence)

- IBF (ongoing measurements, simulations)

- new electronics (polarity, continuous readout)
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ALICE

GEM — IROC prototype @ TUM @ ="}

TRIPLE GEM
STACK

SPACER
PADPLANE

IROC ALUBODY

GEM foils for IROC prototype

3 single-mask, large-size foils

AN

AN

Inner/Outer hole diameter: 50/70 pm
Pitch: 140 pm

18 sectors (top side segmented), ~100 cm? each

<
497 mm

AN

AN

2 mm frames (G10 fiber glass) glued on bottom side

v Additional frame (spacer) between pad plane and bottom foil T
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HV TESTS

Excellence Cluster
Universe

@ hole size measurement

@ search for defects

@ tests in box flushed with N,
@ 550V (max. 600V) applied

@ leakage current measured
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Niisg Gluing procedure

1. Stretching (DEK frame,

3. Alignment tool

6. Curing the glue (70° C for 20h)
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Framed GEM foil
FILICE

@ raw material is cut off

@ HV tests — foils are more stable after
gluing/heating procedure

@ loading resistors (SMD) are soldered

@ flaps used for HV connection (with Kapton
wires) after mounting GEMs on the Alubody
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HV supply

ALICE

@ Loading resistors

@ 10 MQ for top (G1) and middle (G2) foils ﬁ-g = i
@ 1 MXQ for bottom (G3) foil & g

@ Each side powered independently (6 HV channels) =

@ AV across the GEM must not increase after the trip ]
@ top side must discharge faster than bottom
@ crucial role of parasitic capacitances (cables!)

@ Grounding resistors

e GIT — 5 MQ: G1IB — 10 MQ =
e G2T — 5 MQ: G2B — 10 MQ iy i

@ G3T — 3.3 MQ2; G3B — 3.3 MQ2 o=
@ Tested with GEM-model and simulations

wesked)
T o

TS . .
q""‘Mlttﬂf

sy
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ALICE

GEM 1 Sl - - - - - mommo oo oo
TRANSFER FIELD 1

GEM 2 Sl - - - - - - - - - oo
TRANSFER FIELD 2

GEM3 il - - - - oo

INDUCTION FIELD

HV settings for a gain of 2000 in Ne-CO, (90-10)

Standard IBF
“Standard” settings Drift Field 04kV/em  04kV/em  “IBF” settings
- stability-optimized AUGEM1 276V 225V - IBF optimized (4 %)
- decreasing gain in GEMs  Transfer Field1 2.57kV/ecm 3.8kV/em - increasing gain in GEMs
- moderate transfer fields AUGEM? 252V 135V - high filed assymmetry

Transfer Field2 2.57kV/em  0.60kV/ecm  (OW TRANSFERZfield)

AUgEM3 221V 285V
Induction Field 2.57kV/ecm  3.8kV/cm
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First >>Fe spectra :

Ar/CO, 90/10
Gain: 6k

FWHM:

a.

50

ADC Channels

25%
10%

@ [ROC in the testbox with Field Cage
e Drift field: 400 V/cm

@ Drift length: =~ 11.5 cm
@ Readout: ca. 250 pads (out of 5500)

connected to the preamplifier (~ 75 cm?)

Ne/CO, 90/10
Gain: 10k

FWHM:
o.

250

25%
10%

313

ADC Channels
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ALICE

@ region covered ~ 6 cm wide

@ average noise (ENC) at the level of 500 — 600 e ™
@ EUDET Front-End Card:

@ programmable charge preamplifier: PCA16

@ digitization and signal processing: ALTRO
@ same backplane and readout as in ALICE

@ 10 Front-End Cards (borrowed from the LCTPC Collaboration via Lund):
@ 16 to 18 pads (size 4Xx7.5 mm?, 320 cm? in total) on 64 pad rows

Excellence Cluster
Universe

IROC Sector 15 Side A Run : 00592 EventlD -1 IROC Sector 15 Side A Run : 00582 EventID -1
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— First tracks
— Ne/CO» (90/10)

— 995 source
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PS test beam

@ Average beam rate: 2000 particles/spill (0.5 s)
@ DAQ rate: 500 events/spill

@ Data taken for different beam settings:

@ 1 GeV/c, 2 GeV/c, 3 GeV/c negative (e—, m7)

@ 1GeV/c, 6 GeV/c positive (e™, nT, p)

@ "high-rate” run, 1 GeV/c negative, 5000 particles/spill

@ shaping time analysis — different settings for moderate gains (1 — 2 k)
@ Data taken for different GEM settings: "Standard” and " IBF”

@ Gas mixture: Ne/CO; (90/10)

ALICE TPC UPGRADE 19




PS test beam

X f
1 |
o

600 800 10001200 140

10

1

Cherenkov signal

Excellence Cluster

Universe

@ Separation between pions and electrons
(Pb-glass vs. Cherenkov)

pad

@ Beam tracks

40

20

[ =]
T T

-20

-40}1-

IROC Sector 15 Side A Run ;: 00681 EventiD -1

-

row

max ADC

pad

IROC Sector 15 Side A Run : 00681 EventID -1

max ADC

ALICE TPC UPGRADE
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ALICE
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* p-Pb period 2013 (3 weeks)
» Prototype installed at the ALCIE cavern under the beam pipe (n = 2.6)
« 200 kHz interaction rate
» Particle rate ~5000 kHz per rapidity unit
« Standalone readout: waveforms, discharges, trips

» Trig. Rate < 10 Hz (recording highest signals)

preamp Attenuator Amplifier Oscilloscope
(factor 16) CH1
704 padzs —@ Passive
211 ¢cm splitter .
Oscilloscope
CH2
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Example of amplitude spectrum

h1

102

10

- Noise (“auto-trigger”)

Entries 4862

GAIN < 900/ vean 1.939

RMS 0.5288

Amplitude
spectrum
Last signal recorded
| | | I | before Itrip
1 2 1 1 1 4 1 L 1 6 1 1 1 8 1 1 10 1 1 1 12 1
Amplitude [V]

23 HV trips occurred

(+8

during the PS beamtime)

20 at lowest “IBF” settings, 2 at “standard”,
1 while ramping up

21 with beam, 2 without

All including G1 (absolute voltages?)

Highly ionizing particles?
(heavy fragments)

S

7 “shorts” developed in the GEM-foils
- 1xGEMI1;3x GEMZ2; 3 x GEM3;
— Shorts developed in the sectors with
problems at the QA — HV step;
— No correlations with foil defects found
— /
——
Importance of QA
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summary & outlook

ALICE — but not finish yet —

« First GEM IROC prototype for ALICE designed, assembled and operat

Good &E/dx resolution has been demonstrated with beams at the CERN

 Stability under LHC conditions tested during p-Pb beamtime

 |ssues to be addressed:

- Stability of the GEM systehUM, CERN)

« discharge probability

 discharge propagation (FEE protection)
- IBF —optimization in progreg3 UM, CERN, Frankfurt)
- HV supply

« Definition of assembly procedure for IROCs and OROCs under way

ALICE TPC UPGRADE 24
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IB for triple GEM

ALICE

Number of ions drifting back from the amplification stage to the active volume of the detector

should be minimized in order to avoid major distortions of the drift field

Number of ions arriving at the cathode
Number of electrons arriving at the anode

lon Backflow (IB) = eE=IBxGAIN-1

Expectations for the ALICE TPC upgrade:

- GAIN = 1k - 2k -1B=0.5-1.0 % (GAIN=1k)
-g=5-10 -1B =0.25-0.5 % (GAIN=2k)
B (E_“) for NIEJ’CO2 (90/10) s E = 0ZWViom IB (En) for NefCOszz (90/10/5) R T
@009 : ; Er, = 0.4 kVicm 0.09 : : . E,, = 0.4 kV/em
F i - Eufg-g:::z: I : ; : ; s E,=06kViem
0.05— 4 : 0.05 [ 4 >
F : L . ; : ;
E 7 . ; ) ER s - .
0.025 é — l3.l5‘ o Lft’ = '4.i51 = é 0'02_':15 315 11}11“1:5‘]11%‘11 5?5'
E, [kV/cm] Er, [KV/cm]

M. Ball et al. (TUM)
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2.57 286 3.13 3.33
261 280 3.07 332

E., [KV/cm]

255 282 3.06 3.28 3.45
251 273 298 3.16 3.33

246 2.70 2.89 3.03 3.20
238 2.55 269 284 294 5

225 239 248 261 270

205 216 227 236 242
1.83 194 199 205 2.11 1

1.63 1.68 1.711 1.77 1.87
IIIIIIIllII]lIIIIIIIIIII] B.E

06 07 08 09 1
Eq, (kV/cm)

0.3

0.4 0.5

Figure 5.5: Two-dimensional scan of the Ion backflow in a quadruple stack of standard GEMs (S-S-S-S) as a function of Ers
and Et3. ET; and Ey,q are both 4 kV/cm, and the voltages across the GEMs are in increasing sequence to achieve
an effective gain of 2000.

Picture from the TDR
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niverse

Excellence Cluster
.
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Best IB up to date

)

S-LP-LP-S

0
IB~0.3%
_ 20— 20 22— 20 _
S 48l 118 2 PN |18 5
=18} 118 R < 2.0 118 3
g 16 L 416 18] 1.8} 416
141 114 1.6 {14
12} 112 141 112
1.0F 4110 12r 110
! —e—BF 10}
0.8 18 18
! —o—a . 0.8}
L'I.E_- '_6 06k _ _.6
0.4k 14 0al —e—IBF,V__ =235V ],
- ) = A
0.2 E_=0.1kVicm 492 02l —A—IBF, V,,=255 V ] 5
. <[ ——IBF, V=285V |
0ol ool oy BB L
0.0 0.5 1.0 1.5 2.0 2.5 220 240 260 280 300 320
E., (kV/cm) Ve V)

Pictures from the TDR,

Still, optimization (improvement) in energy resolution AND stability needed
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Further IB minimization?

* MICROMEGAS

 DIFFERENT
GEOMETRIES

Micromégas

Conical GEM

HV1

4mm

HV2

[\ R S ———

128um I

g — 2R - R R P -.'{ |
14mm Region2 ”?'t '

Excellence Cluster
Univer:

Drift Cathode

Region1

GEM foil
oo oo

\

T.f ,;::' o
}] i:i! ‘\\‘l}b

_ Micro Mesh
|-Pilars

\Read-out Pads

Region3

PCB

s

]

“Flower” THGEM
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|44

Alpha source — gas mantle enriched in Thorium
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= RATE 1.8 Hz

» Measurement at G = 1.2x10° [108%)

= Discharge probability: (1.0%0.1)=10-2

» Measurement at G = 7.5x104(107%)

= Discharge probability: (32)x10-5

» Measurement at G = 5x104 (105%)
= Discharge probability < 2.5x10-%

COMPARISON TO THE PUBLISHED DATA:
S. Bachmann et al., NIM A 479 (2002) 294

ALICE TPC UPGRADE
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Fig. 8. Discharge probability as a functudh of total effective
gain for single, double and triple GEM defectors.
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* |n progress

Volts

th & @ R L o o

Ne-CQ Ne-CQN,

3-and 4-GEM stack
IBF vs standard settings

- Many other parameters

87 .5 % Standard
— Drift 400 ‘u’l,l’ cm
e i ' _ﬂ 5 ks i i i 6'

R
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TDR — baseline solutions

* Baseline solution, presented in the T:2=.. !

XXXX November 10,

- 4 GEM ¢stability + IB)
- Ne'CQ'NZ (90'10'5(btab|||ty + IB) Technical Design Report

of the ALICE TPC Upgrade

The ALICE Collaboration*

Version: TPC-TDR-1

Copyright CERN, for the benefit of the ALICE Collaboration.

permits any use provided the original author(s) and source are credited.

Cover electrode

2013 XXXX

This article is distributed under the terms of Creative Commence Attribution License (CC-BY-3.0), which
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ALICE

e 4times largerthan IROC!!!

870,48 mm

* 3independent foils (frames) per

amplification stage

 46775mm |
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GRACIAS!
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Pb+Pb @ sqrt(s) = 2.76 ATeV

2010-11-08 11:30:46

Fill : 1482

Run : 137124

Event : 0x00000000D3BBE693

- Designed to cope with rapidity densities approaching dN_,/dy = 8000 at Vs = 5.5 TeV

* Including secondaries, this amounts to 20000 tracks in one interaction in the TPC acceptance
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* ION BACKFLOW

* Definitions

Ianndﬂ
Ge:ﬂ’

- Effective gain

~ eN,R
- lon Backflow B — Leathode _ 1+ €
Iﬂﬂﬂdﬂ Ge;ff

- Epsilon — number of ions drifting back into the drift
region from the amplification stage per incoming
electron

» Expectations (Lol): 0.25% at the gain of 2000
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ALICE

5hFe
source
e o - l iseg hv
Drift foil / module
Cathode
and
25 mm
Mpod
CEM 1 controller
GEi\-‘I 3 1.Bmm
GEM 3 1.Bmm
GEMA4 1.Bmm
Readout foil / 1.4 mm E
Anode 1 pad 1

0
EII

I:;aiEqu illp',l‘,] i .
Windows II:.R T — o T
Z e : c} ¥
I:I I S Amplifier  Preamplifier ‘
Cseilloscope OUT
Pulse
{ I ' Generator Wing
indows
Counter Pegel Discriminator
Converber

Picture from the TDR
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Figure 3.5: High-voltage (HV) current meter with wireless readout (open lid). (1) HV in;
(2) HV out; (3) non-inverting operational amplifier (AD549L); (4) 16-bit ADC (ADZ7790); (5)
microcontroller (MSP430); (6) XBee® wireless transceiver; (7) reed switch. [H512]

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

mmmmmmmmm T R B

Analogue Part 16-bit ADC Transmitter Receiver Linux

Figure 3.6: Principle of current measurement with the new ammeters.

New batch (after some improvements) in preparation at TUM/E18
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Stability and long-term operation

ALICE
U, U Ui Uno: Uiy L5
« HV Supply - - - '
— safe trlp after the diSCharge i ] o 5 [
10M 10M -
- Independent HV channels
- Resistor chain
| |

- Active HV divider
- + fast shutdown

235V = | -
GEM2 p ?* R16 c'zn':‘_:_z R21 %23

-40 V i T9 - N 1 59
- B N I

AUD UL.1 R 3 & F
N o . et - (= : ;
285V = gue- - 3 T TN
" iy nefiglh . Jo R

; 71 ¢

Z _ ‘“ |

D

GND detector

“Frascati” Active HV Divider SRS AVD
E. Corradi et al., NIM A 572 (2007) 96 H. Muller, RD51 Miniweek, 23.04.2013
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