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ALarge lon Collider Experiment

LHC-ALICESEER ALICE

o Large Hadron Collider (CERN) : REIRI/ILF—ODEFEE/\ N OV INEER
o ALICERRE : ETRIF—EBEMAVERICED, IA—0 - TI—HAVTSX
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ALarge lon Collider Experiment

ALICEERERDAIEZZEEIL(2019-2020)  Alce
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ALICE Time Proiection Chamber

ALICE

incident
periee o cage HV electrode (100 kV)
cathode segmented
anode (pads) ) ALI C E TPC
. N7 : field cage
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ALICE performance
pp, 's=13TeV -
BeQ2T

* Diameter = 5.6m, length=5.2m
* Gas = Ne-CO3(-N2),Ar-CO>
* Drift field = 0.4 kV/cm

* e diffusion ~ 0.2mm/lcm (in Ne)
* e drift velocity ~ 2.6 cm/s (in Ne)

e 72 MWPC readout chambers
* Pad size : total 560k pads

Ene}gy deposit per unit length (keV/cm)

lllllll 1 1

lllll 1 Il

107"

1
Momentum (GeV/c)

M.Tanabashi et al. (Particle Data Group), Phys. Rev. D 98,030001, Fig. 34.15

* Inner: 4x7.5 mm?
* Outer: 6x10 mm?
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Operation of Gating Grid ALICE

GG is employed to prevent ions from escaping into drift space (="ion backflow”)

GG open GG closed
inter. L1gq (drift time) (ion coll. time in ROCs)
¢ § i i
t0 t0+6.5us Int. + 100us Int. + 280us

After 100us of electron drift time, the gating grid needs to
be kept closed for 200 us to prevent back-drift ions into the
drift space (= dead time for TPC) — total time ~ 300 used
limits maximum readout rate to 3 kHz

particle track

ALICE-TPC IROC

ALICE-TPCIROC
Cell: ALICE-TPC IROC GG open F e — GG closed
Gas: CO, 10%, Ne W‘:’~T=3w'&p=l atm . . . —_ Gas: CO, 10%, Ne ooff,r=3m‘x,p=1 am
E 16t E‘ 16
5 L5p E 15
i 1 < 14f < |z
gating grid | _ 5
shielding - 12t
. Lif 1 Lt
grid | ! l
(_) 09k 1 ook
. , ' . . 08F R 08F
i i sensing grid  ——— . I
P (+) 06t 1 06t
05F 4 05k
0 04
03F E 03f
02F 4 02k
0.1F 4 0.1F
x-Axis [cm] x-Axis [cm]
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Gas Electron Multiplier (GEM) ALICE

* high rate capability (< | MHz/mm?2)
* ion backflow suppression

e fast signal

* safer operation by stacking GEMs

* Less ExB effect

lsml 1 1 l1ml 1 1

1500
Drift Field [V/cm]

1 120001 1

2500

If IBF is good under 50 kHz Pb-Pb,

TPC can run continuously without
any gating.

Goal: @Gain=2000

IBF < 1%
o(dE/dx) <12 % for 55Fe
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lon backflow - 3 & 4 GEM layers ALICE

* The number of GEM layers

EM fi '
*VGeM, ETi, Et2, ET3 scans 3 GEM configuration

— minimum IBF ~ 2%

’BF — (’drift"Prim)/’pad L OO7JI_BI|: (I|ET1|) f?r I|\le|-Cloz|_N? (9|0-|‘I 0|-5? LI N B A B B N N B B
0 — -
= — A ® E,=01kvlem vy E,=03kvicm I
HV - g - X-r’a)l 0-0655_ m E,=0.15kvicm E, =0.4kV/cm _E
. - E,=02kVicm m E,=05kVicm _—
drift 0'065 - 4 ‘ A E,=06kvicm 3
(cathod) Ed = 400 V/cm (fix) I X-ray — 00%5& . A =
0.05 - A =
b R R R VTR L
- v | -
. 0.04Fa =
High Eti (= 5.5 kV/cm) o™ R Y . E
E L | A v E
E@E@®@en " - P . L
= ® | [} =
0.025— ® —
Low Em2 (= 0.1 kV/cm) = | | | ? e
002 1 4.5 1 | 5 1 1 5 5

=0 & & o S i

Vaemi <Vaemz <Vaems 4 GEM configuration

pad 5 ming ~ 1%
(anode) .J minimum IBF ~ | %
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AR
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lon backflow - “S-LP-LP-S” @ ee=400viem @
oDE @@
Combination of GEMs with different pitches High Er (= 4 kV/cm)
e O & e
= .
High Em2 (> 2 kV/cm)
Large pitch GEM (LP) - GID @D oo
@ = 70um, Low Er3 (< | kV/cm)
. A moem i pitch=280um oSS ETE e
- ; S
| Large-pitch GEM (LP C:l{c’}.‘é;: (P::c,de)
-“w AN A A =Y ~ "4 ',""";’r?. \
e Ol s S ey s
ini 5 dE/dx for Fe>?) ~ | 1%
minimum IBF ~ 0.6% O(dE/dx for Fe A
§ 232 225 205 191 127 096 073 069 065 0.65 06100 § 11,5 10,75 10,6 10,65 10,7 10,95 11,1 11,05 11,2 11,25 114 (114 Lo
S 0,9938 o 10,56
3 246 24 224 2051139 098 075 068 066 0,65 =145 11,7 116 1065 107 109 11,1 11,1 11,2 13114 114
= 1377 X 10,73
S 261252 232 211 1,29 097 0,78 0,73 0,62 =g 115 108 10,7 1065 10,7 11 105 11,15/11,25 11,3. 114
0 1,761 ™ 10,89
o - o
§ 2.93. 26 235 145 103 08 0,67 S § 11,45 10,7 10,7 10,75 10,65 10,9 11,1 11,1 11,2 11,3/ 1114 11,55 e
3 311 1298 (272 2,44 149 104 08 0,67 2629 § 11,3| 10,7 10,7 10,65 10,7 10,9 11,1 11,1 11,2 11,3113 11,5 1121
N P '
§ 3,31 3,16.2'65 16 107 0,66 2,913 Q § 11,25 106 106 106 10,7 109 11 11 11,2 M3 M4 M4 11,38
8 3:49 3,31 NI 1:57 1,01 0,63 i b= 1125 107 1055 10,6 10,6 10,85 10,9 11,05 11,25 113 11,54
= o
3 3,68 (3,45 NN oS 0,57 0,66 = SR 05 105 105 106 1055[07561095 11 11 (SIS 11,70
w0
3 3,65 [S41 EERISEN 43 093 0.61 =& 11,05 10,55 10,45 10,55 10,55 10,8 10,95 10,95 11,1 11,15 11,25
< (@] i 2 ! ! y g : ! 2 : !
<
S 368 55T I O e il g %= 104 104 10,5 10,55 10,55 10,8 10,9 10,9 10,9 11,15 181 11,25 ET1 4000
3 ET4 4000 S/ L
§ 2 3’22.2’43 i ©°e o R GEM1 275 2 11,25 10,55 10,4 10,45 10,5510,75 10,9 11 11,1 11,15 M3 M3 14 U0
S | R v GEM2 240 PB4 109 106 106 10,6 10,85 1(,.9 11 11,2 11,25 GEM2 240

100 200 300 400 500 1000 1500 2000 2500 3000 3500 4000

ET2

100 200 300 400 500 1000 1500 2000 2500 3000 3500 4000

ET2
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lon backflow - more combinations

ALICE

Combination of GEMs with different pitches

o (o/o)

16

14

12

10

Scanned parameters:Vgemi and Vgem?

standard pitch (S) 140 mu

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

Ne- Cco, N (90 -10- 5)

o S-LP-LP-S
* S-LP-LP-SP

¢ S-S-LP-S
¢ S-S-LP-S

lIIlIIIIIIIIIIIIIllllllllllllllllllllll

large pitch (LP) 280 mu
small pitch (SP) 90 mu
medium pitch (MP) 200 mu

i S-S-LP-SP

0,55 10,81

a(*Fe) (%)

10,60
116 10,85 10,9 10,7 10,75 10,85 1074
10,89
11,7 |10,8510,85 10,7 10,8 WIGS s
11,18
111,32
1"

11,7 10,85 10,9 10,65 10,8 10,9

jind e 1,71 )

444444

000000

049 082 1,09 (1589 177 1, Dt

047 ‘086 1,16 16 1,77 1,

Er3(Vicm)
100 500 1000 2000 3000 4000

E;5(Vicm)
100 500 1000 2000 3000 4000

1161
049 085 1,15 1,69 1,72 1, 11,75 10,85 10,85 10,75 10,8 10,9 -mﬁ

05 084 111 1568 165 1, 11,7 10,95 10,9 10,75 10,75 10,85 STEEANY[ey]

E 4 kV/em

AU

4 230V
(IR 1088 10,65 10,6 10,75 AU

0,5 230 \

100 500 1000 2000 3000 4000
Eq,(V/icm)

500 1000 2000 3000 4000
Ep,(V/icm)

III|lllllll||llllll|lllllll

Our Baseline = S-LP-LP-S

0 0.2

0.4

0.6 0.8 1 1.2

1.4 1.6

ALICE | #iifisEisk TV SR —

18 2
IBF (%)

—FEE) "EFE—LRNA) BRBRHE WS |

20-21.9.2019 | T. Gunji
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lon backflow - Simulations ALICE

Executive Summary of IBF studies - confirmed by Garfield simulations

" 0.050 : . - . - . - T .
Q 5045F —e— Meas S-S-LP-S | ]
; —o—Sim1 S-S-LP-S | 7
0.040 F —o0—Sim2 S-S-LP-S | 1 w
0.035 | —SMISSLPS | 1 = 40% simulation
' . 1 8
0.030 - 3 9 measurement
PO 1 5| 31% 4%
0.025 F 1 e
0.000 E | —=—Meas S-LP-LP-§ ] .g 2%
SeYE | —o—Sim1 S-LP-LP-S 1 3
L . - —
0015k | —o—Sim2 S-LP-LP-S 1 &
[ | —o—Sim3 S-LP-LP-S ]
0.010 F . 11%
0.005 | R'gﬂsﬂ -f
o000 b v
0 1 5 3 4 5 GEM1 GEM2 GEM3 GEM4
E., (kV/cm)
- = 18
§ = W Ug,, =235V (0.8) A g 17 B Ugew, =235V (0.8)
S "' A U =285V (08) § U A Veme=205V08)
C 2 5 155y ug,,=235V(0.95)
e ¥ Ugewp =235V (0.95) ) ER
16 Ugem, = 285 V (0.95) A,,// % pe u
©

7 8 9 10 11 12 13 14 15 16 17 18
o meas. (%)

11

0'8‘2 04 06 08 1 1.2 14 16 18 2 22 24
IBF meas. (%)
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lon backflow - 2 GEM + MMG ALICE

Alternative solution = (2GEM+)MicroMegas

\ drift electrode 1 !

particles

HV,
IBF by MMG
E iREEN @ Ed = 400 V/cm
Conversion gap e 5
£ § 1 [ e Rk DA ~ 2% (at gain=2000)
: . o i) £ 0.1
© \__400LP| .. ©1% &= s
SRR CRPRPPS :) WIRL Aol B S Micromesh __ HY, & IBF by GEM 2
E w
£ O | O — &
S Amplification gap > @ Ed = 400 V/cm
o S
- 2 ~ 2% (at gain=2000)
0.01 0.01
1 10 100 1000 10000 1 10 100 1000 10000
Gain - - Gain
I Readout strip § 20 - ° GEM1-MM scan (VGEM2=210V) (Ne/COz)
g — : : - GEM1-MM scan (V___=230V) (Ne/CO )
o B : : A GEM1-MM scan (V- - =250V) (Ne/CO )
B 8 R RLLIETERPRED GEM2 2
= § N B
= - : : o GEM1 scan (at Yale) (Ne/CO /N,)
Cathode X % — o : O Et1 scan (at Yale) (Ne/COleZ) ’
mesh R 1=} EEESUOR RO OO SO O GEM scan (Ne/CO,/N,)
. > | Loie : g Ett scan (Ne/CO/N,)
Drift gap = 8mm o - A GEM2-MM scan (V__ =220V) (Ne/CO /N,)
E..=400V/ c | A ¢ GEMA 22
arir=400V/em L > o o o GEM2-MM scan (V__=230V) (Ne/CON,) |,
14 % GEM2-MM scan (V__ =240V) (Ne/CO_/N,)
v v GEM2-MM scan (V__ =250V) (Ne/CO_/N,)
GEM1 | | ° GEM1-GEM2 scan (V, =420V) (Ne/CO/N,) |
_ * GEM1-GEM2 scan (V. =440V) (Ne/CO /N.)
Transfer gap 1 = 2mm v GEM1-GEM2 scan (v::=4eow (Ne/COi/N:)
GEM2 | | A GEM1-GEM2 scan (V,  =465V) (Ne/CO/N,) |
Transfer gap 2 = 4mm ol ¢ " .
MESN ¥ e - 4
I S | < 2 |52/ / 2 N
R 6 | i IBF<0.5% at 0=12%
Anode ads [ R | [ R | ] 11
P 0 0.5 1 1.5 2 2.5 3 12

IBF (%)
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lon backflow - “COBRA-GEM” ALICE

Alternative solution = COBRA-GEM
GEM-COBRA-COBRA stack

S577um pitch 40um pitch G

10" '
200um COBRA 100um COBRA =

AVac
_|

ne

By applying AVac,
further IB suppression
can be achieved.

102

| B AVggys = 430,430V

Orlglnally developed by J.EC.A.Veloso et al., NIMA639 (201 1) 134-136

A AVgps= 350,510V A

] @ AVigy, = 260,590V l
10-3||||||||||||||||||||||

250

V)

il AVAc=100V i 300" O

s). m \ i EWH H\.N.

( Issues: worse resolution (0~20%), charge-up
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Beamtest at CERN-PS and SPS ALICE

T I T T T T I T 1 T 1 I T T T 1 I T T T T T |l 1 1 I T 1 T 1 I T 1 T Ll I T 1 1 T I 1 1 1 I

Beamte St at C E RN PS | n 20 I 4 1200 I e: mean=101.55, 6=9.22, c/mean=9.08% . 140 — e mean=115.02, 6=13.64, c/mean=11.86% ]
S [ — n: mean= 66.10, 6=6.89, c/mean=10.42% ] I n: mean= 73.54, 6=9.31, c/mean=12.66% i
o N 1201 -
10001 rl 4-GEMIROC - ; HIROC :
- : 100 | .
800 - - | ]
600 St-e=4.40
) %% a00f -
2G EM+MMG 2001 ]
T - N7 P . A " B %, ]
~& ( % 50 100 150 200 250 0 T T T 50
; ¢ Qtot dE/dX g,

4GEM 2GEM+MMG

Fe absorber

0k (a)
4-GEM -

IROC Q

4 GEM: discharge probability (# of sparks/hadron)
= (6.4 £ 3.7)x10-12 ~500 sparks /year HI run

2 GEM + MMG: discharge probability
=102- 10! 14
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GEM mass production ALICE

HV electrode (100 kV),

2 X 18 Outer Read Out Chambers field cage

.
.
‘e

-
‘e

OROC

2 pad rows 138.9 cm?
2 pad rows 123.6 cm?
2 pad rows 122.0 cm2
2 pad rows 120.5 cm?
2 pad rows 118.9 cm?
2 pad rows 117.3 cm?

pad plane
114.2 cm

2 pad rows 115.7 cm?
2 pad rows 114.1 cm?
2 pad rows 112.6 cm?
2 pad rows 111.0 cm?
2 pad rows 109.4 cm?
3 pad rows 161.9 cm?

pad rows

ZpT 825 a: 535.4 mm 1043.4 mm foil 1

3 pad rows 120.7 cm?

3 pad rows 118.4 cm?
3 pad rows 116.1 cm?
3 pad rows 113.8 cm?
3 pad rows 111.6 cm? E
3 pad rows 109.3 cm? E
3 pad rows 107.0 cm?
3 pad rows 105.0 cm? q:
* 40xIROC, 40xOROC A
X 9 X 3 pad rows m
o 3 pad rows
3 pad rows
* 640x GEMs + 10 %
X s + o spares i
. . 4 pad rows
» GEM foil production at CERN PCB =
Oll production a S

4 pad rows

workshop
* GEMs are produced on sheets =

containing 2 GEMs of different size
* GEMs are segmented in one side.

535.4 mm
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GEM mass production - GEM-QA ALICE

* High definition scanning
* Measure outer/inner hole diameter

* Gain uniformity test
* Measure one foil from a batch

* Long term HYV test (6h or more)

QA at CERN

Hole size distributions
1-G2-003: segmented side, inner hole diameter l'G 2'003 gree n

250000

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)

200

200000

100

A
A

Jr llc»uter [0}

counts

100000

150000 J‘
|
|

rim inner @
50000 f

L /
0 20 40 60 80 100 120
hole size [um]

v Mean diameter < 5 um from the batch average
v AlIRMS <4 pum
v PTP variations (10< P <90) <5 um

1"

200 -

* Coarse optical check
e Search for mechanical defects

03-G3-005 ora nge Segmented Side Unsegmented Side
inner (RMS) jouter (RMS)‘ rim (RMS) inner (RMS) | outer (RMS)  rim (RMS)

o Hv test :(5)2222 F 53.9 (3.14) | 77.3 (2.92)  11.7 (0.52) 53.8(3.16) | 81.0(4.02) 13.6 (0.71
* apply 500V for 15’ in dry N2 2 21000 .
8 150000 "”" ,‘m
* lleak < 0.5 nA/segment, no o000 jf HE y \1
. 50000 |
repeated sparking 1 VAR N N
0 20 40 60 80 100 120

hole size [um]
v" Mean diameter >10 um from the batch average
v" Any RMS >4 um
v" PTP variations (10 < P <£90) > 10 um

* all segments tested independently
using multi-channel pA-meters

16
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GEM processing and Chamber production  ALICE
GEM framing

Uniformity of IBF
(IBF ~ 0.4-0.9)

17
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GEM chamber installation in 2019 ALICE

ROC stored at CERN

(1”.’ K ’ ______

|
]

,,w.l ~

-~ ’

Completion of GEM
and FEC
installation in 2019
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Front End Electronics

ESD protection

SAMPA ASIC
GBTx ASIC

GBT readout links: data
and monitoring (unidir.)

%
Trigger, timing and
clock distribution (TTS)

— —

—————— power

() E-link (10 data lines + 1 ADC clock line) | ., | | [ R
Lv % |
B2c é E |
'B Resistive Temperature Device (RTD) > l
& ADC |
l |
| A A |
[ I
[ |
[ I
l 1mi]
| RTD1 '
|
l Ref. clk. - |
[ ~ I
i GBTx1 '
|
l 8 ] |
[ AAA |
: RTD5 |
' |
l |
[ X X
| & Cad |
[ \\% I
| im1] A (1m1] I
[ RTD2 RTD3 |
[ Y Y Y A |
l U U U U U |
: SAMPAO SAMPA1 SAMPA2 SAMPA3 SAMPA4 :
l |
| AAAAA AAAAA AAAAA \ AAA AAAAA |
| I
e [ N N Y A N [ A AR I I O
32 32 32 32 32

19
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SAMPA and GBT
Developed by Sao Paolo team

e |30 nm TSMC CMOS
* PASA+ADC+DSP(BC, ZS,TC, HC,etc)

32 channel/chip ,
Both polarities J.Adolfsson et al 2017 JINST 12 C04008

ALICE

* Continuous or triggered mode sz channes
* PA gain: 4, 20, 30 mV/fC - -
* SA peaking time : 80, 160, 300 ns 1 ™",
* Sampling rate: 5, 10,20 MHz ’\" Shaver Digital ! -
* 2Vpp, 10 bit ADC T ADC foul £y || COMP- || b trer |[giseratzers T [aoral
* output: 320 Mbps x 10 serial links =L | %A /\ N I S oo
* |5 - 30 mW/channel 9 e S s
Shaping time control | Sain control VRere Vrer IOs
GBT ASIC Developed by CERN and LHC experiments
’ = i * versie ink ;(GBT T * Timing & Trigger & Data transmission
T ‘ @«E] Ci) ‘ E e e Maximum BWV 4.8 Gbps data
o carx |- AS E 3 A * TPC: 4 Gbps/GBT link
I S ‘ﬂi] 7 < K, stow contro * Radiation hardness (~ 100Mrad)
E ) * FPGA IP core library available

Off-Detector
Commercial Off-The-Shelf (COTS)

On-Detector
Radiation Hard Electronics

Slow control via GBT-SCA through 12C
20

1

I

I

d I
Custom ASICs |
I

I

I
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Backend module = Common Readout Unit ALICE

* Common project between LHCb and ALICE
* PCl Express Gen3 card (installed in FLP-PC)
* Maximum output BW : 128 Gbps (~90 Gbps)
* Receive data from GBT
e Maximum 48 optical in/fout (215 Gbps)
* For TPC: 20 GBTs are connected to | CRU (80Gbps)
* ~350 cards are needed for TPC

* Intel/Altera Arria 10 FPGA
* Online data processing in FPGA
* Base line correction
 Common mode filtering
* Channel sorting
* (Cluster Finder)
* | 150k LE, 427k ALMs, 1518 DSP blocks
* 96 x 17.4 Gbps SERDES
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new DAQ system ALICE

Continuous readout of the TPC
— Data volume = 3.5 TB/s. Impossible to write all data in the storage!
— Continuous data processing and online data reconstruction

~ 2500 links ‘i 2
in total }

e 4

l 3.5 TB/ S '_h} S (Oonzl)ir;:rﬁfﬂine
FLP: Local processing (FPGA) s
(correction, cluster finder) > Emc
| so0GBrs > pHo
EPN: Global processing (GPU/HPC) i
(tracking, vertexing, VO0) Triggers | MUen
| 100 GBrs e

Tt

Tri Detect ~ 250 FLPs ~ 1250 EPNs
Sto rage ’ bk R | ‘(First Level Processors) (Event Processing nodes)

22



ALarge lon Collider Experiment %

FLP and EPN ALICE

FLP (server (ASUS, Dell, SM) still under evaluation) EPN (server/processors etc still under evaluation)

FLP

20 GBT

20 GBT

] GBT Speed-up factor of HLT wrt offline

PC'e PCle (Run2) tracking on single CPU
Gen3 x16 Gen3 x16
DDR 1 &> <«—» DDR1 - LT GPY Tracker (NVIDIA GTX 1080 vs 7 6700K, 4.2GHz)
CPU1 I CPU 2 cee g € * X  x 7

¥ \ X *
A R ,4;«'*; ,: " Y i" * x
I Tk X

HLT GPU Tracker (AMD S9000 vs Xenon 2697, 2.7GHz) |

HLT CPU Tracker (Xenon 2697, 2.7GHz) ]

1
Mean occupancy at IR = 50 kHz
v

0 500000 1x10° 1.5x10% 2x108 2.5x108 3x10°8
Number of TPC clusters

* ~750 EPN nodes and ~1000 GPUs will be needed.
* Full tracking by GPU
* Online tracking by GPU was employed in HLT
during Run2 operation. = x20-40 CPU
* Many developments are on-going

e e, S * Hardware evaluation
144 nodes are needed forTPC e Data transport between FLPs and EPNs

Data corrections and online clustering Bandwidth (InfiniBand) test to storage
— data compression by x7. * Load balancing

Output to EPN farm: up to 100 Gb/s/FLP o

Speedup v.s. Offline Tracker (normalized to one
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space-charge distortion correction ALICE

5 > E— LERIERE : 50 kHz

A AY KU 7 NEE: 160 ms
—8000ERTDEMBRINTPCIHE HEEAN

Ne-CO,-N, (90-10-5): 50 kHz, € = 20

Space Charge distribution
p(r,0,2)

LAPLACE Field Distortions
equation (AEy, AEy, AEy)

=8
R A DT 11 O(20 cm)
dr (cm) for Ne-COz-N?_ (90-10-5), 50 kHz, € = 20
25
240
20

220

15
200

10

180

160

140

120

100
-10

-250 -200 -150 -100 -50 0 50 100 150 200 250

z (cm)

Space Point distortions
(Ar, A9, AZ)

‘ LANGEVIN
equation
9 24
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space-charge distortion correction ALICE

* VS A VRO = ICiRER/ Oy R ETDTMO20 cm)% O(100 pym)E TY FILY 1 LA TEEMIE
« BHEOEAMUF T V/N—D5DERE-KENT N Z@H1EO(mm)
SmsEDFHAELF TV /\—D5DERME-FFTNZEEERD S T ZEmMEE THIEO(100 um)

€ :
= .| DEFEOTh (37 e
ST D RSB R g 135 R
Convolutional Neural Network with Keras 7% ol FACHE - BIETE,
ENfEAE 1798 w5
E— LB ;17402 0 5
FfAAE : 900 El 35 0
H S
BET—Y i3 & oo-
ZERBHEEDDSE : pge — (psc) ’
iER/ Sy R ETOINDDSE : dr — (dr) 0.5
-1.0

-1.0 -0.5 0.0 0.5 1.0 1.5
calculated distortion

ERZEEDNSTSNIE (cm)
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Pre-commissioning at P2 ALICE

Programmer Rediger Vindu Hijelp

X MaxvalsA %) Masvaisi % sio
~ View Options Tools Help|File Edit View Options Tools Help |File Edit View Optons Tools Hlﬁ
Max Values A01 Max Values IROC A01 (01) Evont 0 i 401 91) row: 0, pc 081, gt 00745 o 5
by FH:."(‘Q‘WOI.&RW.CMQWE“M
9 §‘
50
17q § sof-
oo & [ i
30
2
10~
0 ﬂrmMUHMMM#W
PRI R R RO E T |
0 20 4 60 80 10 120 40
000, KMo X! sigo B
HelpjFile Edt View Options  Tools Halp|Fie Edit View Options Tools ?En

Max Values Side C Max Values OROC 201 (37) Event 0

OROG A1 (37) row: 52, prc: 087, gkt 04797 (i soc
FEC: 68 (17, Ol 02, Ghec 28, GRLL 7, Link: 1% (57)

——

- S i e A | - [
PGt o — " . 7l
e ; - o > i 1 L " L ol N | RENY BHSAT | N OM
S - - » { fom) f 20 40 60 &0 == "41
/ —a s L) S / Next Event |
2 T 0 g

Status on 21 Nov: Operating gas mixture not yet nominal. Field Cage at 90 kV. GEM
stacks in AO1 and A16 at 98%. Laser tracks in TPC

T 200[ —toc g 250f
S r S, E
> 180~ —90 > 200f-
160/ —180 150
140}~ —70 100}
° L] o .
Cosmic tracks in GEM TPC =
100{— o
801 _s0F-
60F- 100
40 -150
r : ‘
: g 5
20? _200__ \“
0—‘|II‘|III|“Illlllll]|II\|I‘I|III|IIIlI 0 25:III\‘]||||||||||I|II\l\|||||II|I|IIII‘!lIIIlI“III 0
60 80 100 120 140 160 180 200 220 240 B 6 250

x [em]

x [em]
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Timeline for the completion of upgradefLict
7/1/2019

2020F3 8~ TPCOBRE
20206 A~ MFTDRE
2020 F 7B~ ITSOHEKRE

2020F 1| B~J3Xy>¥a=vy
(2019-2020: Run coordinator:&8 &)

I2020 I2021

[ | [ [ | [ | [ | [ | | [ | [ | | | [ | | | | [ | [
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct

h TPC upgrade
| Work on services

] TRD rework
[ PHOS/DCal/CPV kinstallation

[} Reinstall TPC
I:h Install MFT
[, Install ITS
Lh AT-A
[ ITS-MFT-FIT commissioning
1 ALICE Global Commissioning

[C] Machine checkout (no UX access)

[ Machine commissionig with beam
First stable beams (approx.)

27
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=Y al) ®

ALICE

« ALICEEER D &S E L DB [CETH

s FRRIMREHZ(Y A LTOI 73> F o V/\—)DREFE. ERLERDEK
T EZNZmlc I GEME sz DHEREICEDL > TE

e GEM®Dmass production, QA, chamber DEEN &P D TPCANDE 1EZED £
=S ICR T LT

 TAEMNS, SiAH UTANPFERZHAWCEERERZEH TS

c FD—AHT, T—HFINERCRUEEPNTD T —F WIBYDEFEESH T WS
* FFGATOD T — % JL3E

H(baseline and common mode correction, ZS, cluster finder)

« GRUTDO K ZvEH>y
o GPUPHEEE & AW\ fc ZZRE BRI R 1E

c KEFEDOHFEMNS, EVXATLDII Y

Jdlnl
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&#l (Lol, CDR, TDR) ALICE

Upgrade of the

Upgrade of the

Irace i the parage ot the
Inner Tracking System ALICE Experiment Inner Tracking System

The Muon Forward Tracker

ALICE Experiment X Time Projection Chamber

e

CERN-LHCC-2012-012 CERN-LHCC-2013-019 CERN-LHCC-2013-020 CERN-LHCC-2012-013  CERN-LHCC-2015-001 CERN-LHCC-2013-024

Upgrade of the

Online - Offline computing system

CERN-LHCC-2015-006



