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A Large lon Collider Experiment

PHYSICS MOTIVATION FOR UPGRADES

e Quark Gluon Plasma (QGP) - hot,
thermalized partonic state of matter

* Wish to study QGP thermodynamic

pro perties Run 3 Instantaneous Luminosity
-> 6x10*” cm?s?
\/sNN_S 02 TeV \/sNN..SSTeV |
° H|gher |uminosity [ ............ m ...... i ....... it - | ........ l ....... d ........ ﬁ
“More hard probes (increase in triggered I H Il ==l lll lll i || ﬂll L
data -> 10x) Run2 : Cintgratea = 101" E rrrrrrrrrr = 60nb”!
- More soft probes (increase in min. bias M shdoun/ichicalst
data -> 100x) D Cormsonee
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THE ALICE DETECTOR
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ALICE TIME PROJECTION CHAMBER

 Gaseous Drift Detector Dead Time: ~ 92 us (drift) +~ ALICE TPC Layout

280 us (gating) =~ 400 us
. MAX 3 kHz readout !
Used for tracking and PID HV electrode (100 kV)

field cage

MWPC + gating grid to reduce ionic
backflow readout chamber

""""

~ 5 m diameter x ~ 5 m length

Endplates housing

* 400 V/cm Electric Field 2x 2 x 18 MWPC
Suspendedfield
* Readout Chambers defining strips
* Inner 18 x 2 (IROC) 400V/cm

* Quter 18 x 2 (OROC)

ALICE

Innerand Outer
ContainmentVessels
(150mm, CO,)
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UPGRADING THE TPC ALICE

Run 2:

* ~ 3 kHz readout rate not enough to
handle higher luminosity X R— \

T |
Drift time in Gated wire grid
TPC. Gated must stay closed,

* Heavy ion interaction rate to
increase from 1 kHz to 50 kHz

7T\ N AN A NAN
« Continuous readout with Gaseous

* Eliminate ~400 ps dead time

_—. Multiplier foils
TPC * New electronics to sample each
Avg Event spacing: ~20 us = pile-up event and save out interesting
events

* Replace MWPCs with GEM foils:
3kHz -> Continuous Readout
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Gaseous Electron Multiplier (GEM) FOILS

* Kapton Foil — Polyimide film L

Kapton

* Upper and lower copper (kupfer) o~ —
conducting layer s

R

g I IR BTN I A
Pttt @ Tonen

e 70 um diameter holes TR o ereronen
- etched with photo-lithography

* 4 Layers of foil with varying GEM
pitch
-LP—SP—-SP—LP

-
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READOUT CHAMBER PRODUCTION

GEM Frame Ledges OROC jnfhlr..llb-l‘:u:h.l Pad;?'ola_rfe-s GEM Pllclu‘:lucnon IROC. Alubod'v GEM Frame Ledges
I Y
GEM QA
OROC body assembly OROC body assembly Advanced QA || Advanced QA IROC body assembly
Heidelberg nkrurt H ne Budapest U Tennesses
| I
T T
GEM framing GEM framing A

GEM framing

OROC assembly + tests

OROC assembly + tests

GEM framing

IROC assembly + tests

Integration

Final Test/Storage

Completed

September
1st 2018 !

Inner Read Out Chamber

ALICE

- external supplier
- WP1: GEM foils

3 WP2: IROCs (USA)

=3~ WP3: OROCs (Europe)

Outer Read Out Chamber
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INNER READ OUT CHAMBER PRODUCTION

* Ingredients:

4 GEM STACK

PAD PLANE (SENSORS)

ALUBODY

STRONG BACK

L
-~

=
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INNER READ OUT CHAMBER ASSEMBLY

* Cooling System

* Epoxy:
e Padplane +

Strongback +
Alubody

* LEMO connectors

Charles Hughes | University of Tennessee | US LHC UA Meeting 2019 10



A Large lon Collider Experiment

IROC LEAK TESTING PR LY
T=

Nz Tank

fL.pL

Test Vessel + IROC

PPM O,

IROC 30 LEAK TEST 4/23/18 - 4/25/18

1000000
IROC 30 LEAK RATES
Flushing IROC 30 with 1.5 L/min fy2 =0.15 L/min , fi.,, = 0.058 mL/hr
100000 Low Purity N, fnz = 0.075 Lfmin , fr., = 0.059 mL/hr
10000
1000 ;“:i;‘:l_';i"% to IROC 30 bottoms
H.igh PL:'rliltr;' N outat l'SG.PPM IROC 30 hottoms out at
z when "°‘_"""g at 2.74 PPM, when flowing at
100 0.15 L/min, 0.075 L/min High Purity N,
switching flow to
0.075 L/min High
10 Purity N,
1
0 5 10 15 20 25 30 35 40 45
Time (hrs)
Measured Production IROC Leak Rates (IROC-03 - IROC-48)
“
8 8 Leak Vals |
< Entries 46
g ¢ Mean 0.0687
F RMS 0.04683 |
g °F i
] -
PO
Z 4k
3 Threshold Leak Rate
21— S
11 [
0'_ L ey KET] N 53 ]>,,J A ik ¢ L,A - L,,.
0 0.05 01 | 02

" Measured Production IROC Leak Rates (mwy
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UPGRADE STATUS

Install new FEC + test Ready for transportation
to SX2

Remove Services and
FEE (outside cleanroom)

TPC in cleanroom. FC HV infrastructure Survey, sealing,
Cleaning & irradiation tests modification overpressure test

14 Jun (A)

16 Aug (C) ] 25 Aug (C) 18 Feb 2020

7 Mar
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SUMMARY

e ALICE: 1 kHz interaction rate -> 50 kHz
interaction rate (in heavy ion)

e ALICE TPC rebuilt

- Replace MWPCs with GEM foils
- New readout electronics

* New ROCGs installed in TPC, FEC testing
underway
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Backup

ALICE
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CURRENT TPC WORKING PRINCIPLE

ALICE

_ particle track

efle;cztronsg TN

gating gnd

shieldiqg = Outer Read Out Chamber (OROC)
orx ' o /
5 :
,
.\

sensing grid

Inner Read Out Chamber (IROC)

Pb-Pb /snn = 2.76 TeV
run: 137171, 2010-11-09 00:12:13

ALICE TPC Layout

HV electrode (10 kV), = Innerand Outer
Containment Vessels
(150mm. CO,)

- Readout limited to ~ 3 kHz

- Dead Time: 92 ps (drift) + 280 ps (gating) ~ 400 us T
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Comparison of old to new

ALICE

Conventional readout: g fGEll\d readoult;
y . ;EMs for electron amplification
E‘“'E;’;‘ni’].? La:;gzit,ﬁ?gfgl:‘ e and to llalock ll)ackdri ting ions. GEM Readouthas a
Z - C Signals on the pads through L e
INDUCTION Charge Callection. significant

reductionin ionic
backflow compared
to the MWPC.

+
-

backdritting ions

Reductionin
backflow allows for
CONTINUOUS
READOUT !

1.C.TM for

ion blocking
i : ! = 8
anode wire ¥ - 7, 7 V& forgas LS
’ o y 7 nmphfwahnn_ e RS 2

< L LS &

- T Lo e 4 ® v 3
TivoTrack- Resolation: ~cm I'wo-Track-Resolufion: -mm
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GEM Configuration and Settings

* Nominal GEM Voltages:
- GEM 1 TOP: ~ -3.5 kV
- AUggpy: 270V
- AUgepp: 230V
- AUggpa: 288 V
- AUggpg: 359V

 Nominal Transfer Fields:
- Gap 12: 4.0 kV/cm
- Gap 23:4.0kV cm
- Gap 34: 0.1 kV/cm
- Gap 4PP: 4.0 kV/cm

ALICE
Cover electrode
[ — B —
GEM 1(S) i
. ) E | ) 2 mm
GEM 2(L )-T—“—» S US|
| — B, =] |2mm
GEM 3(Lp
B, - 2 mm
GEM 4 (3) ' 1
E,,_. y | |2mm
Pad plane
Strong back

Nominal Gain: 2000
Nominal IBF: <1 %
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TPC READOUT ELECTRONICS

Prototyped at Oak Ridge
National Lab in Tennessee

2 x Versatile Links
* VTRXx—

i fiili i g s
i) it tii T i

2 X GBTx ASICs

5 x SAMPA ASICs

* Thermal Pads + Copper Cooling
Jacket
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TPC READOUT ELECTRONICS (continued)

e 3276 new FECs

LTU

timing and trigger
distribution (TTS)

: prom— Q » g 00O
* 160 channels, deadtime-less ‘ — S O | rowrrw ——
. o, o . ‘ CRU data links
digitization at 5 MHz l jgmwsx)

(") Trigger, control (DDL3)
an uration
32 channels

online

front-end Physics data farm

* Collective output of FECs is 3 TB/s
continuous data stream W

SAMPA chip developed . —= T s
for ALICE ey I*— Shaper /el ol

e FEC production 97.7 % vyield i i e e

___________________________________________
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GAIN

e Collimated X-ray source
measures cathode and anode
current on a per pad basis

Gain distribution (anode current ¥ i Fe%s source
F mmy : ® Cr filter ‘
" o Cathode 1 ' : ; ,
S 14 e U ----------------------- s —— 1 kK, | ol
12 \a e 2 " LM 101 , : ‘
10 g Ll T B U enssnnssnn \ b .
- Al A ; | i p—
[ A Q A“.‘ = —— '
. <7 M
" 2 x 2 cm? pads | . _— X-ray
i v : — - s Generator
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GEM QA: SPARKTEST ALICE

* Plexiglass HV drawer |51 RS °;/ e—
flushed with dry N, & e =

S T

* Multichannel floating
pico-ammeter for
spark monitoring and
current leak

8

bbbk

* 10 nA rejection criteria
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IN SITUROC TESTING

* Real time spark rate monitoring as
function of nominal GEM voltages

* Rocs justunder beam line in front
of PMD in mini-frame

* Tested during end of Run 2 in Fall
2018. Includes high luminosity pp
run and PbPb run.

* Also tested in GIF++ facility before
& after start of LS2
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