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% ALICE upgrade strategy (1)

« Motivation: Focus on high-precision
measurements of rare probes at low p;
* can not be selected with hardware trigger

* need to record large sample of events ——
Upgrade of the

- Strategy: Read out all Pb-Pb ICE Experiment

Letter of Intent
interactions at maximum
interaction rate of 50 kHz

* When: 2" LHC Long Shutdown
(LS2): 2018/19

Upgrade of tﬁe

Time Projection Chamber

* ALICE Upgrade LOI:
https://cds.cern.ch/record/1475243 RN

+  ALICE TPC Upgrade TDR: sielelel
https://cds.cern.ch/record/1622286 A et e W

+ Addendum to the TPC TDR:
https://cds.cern.ch/record/1984329
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. ALICE upgrade strategy (2)

— Example: Low mass di-leptons

Simulation: Current data rate Simulation: Upgrade scenario
P9
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= ALICE TPC overview (1)

« Diameter: 5 m, length: 5 m
* Acceptance: |n| < 0.9, Ap = 2x
+ Gas:
— Ne-CO,(-N,) 90-10(-5) in RUN1
— Ar-CO, 90-10in RUN2
*  vy= 2.7 cm/us, max. drift time: 92 us

Low mass, high pre-
cision field cage

\. Inner, outer
. readout

chambers

Central-drift ’
electrode /
(100 kV) //

/

Endplate
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« Diameter: 5 m, length: 5 m .
* Acceptance: |n| < 0.9, Ap = 2x
+ Gas:

— Ne-CO,(-N,) 90-10(-5) in RUN1
— Ar-CO, 90-10 in RUN2
*  vy= 2.7 cm/us, max. drift time: 92 us

Low mass, high pre-
° o . /—
o5 Cision fleld E

T — — —
e N

\ Inner, outer
. readout
chambers
(MWPCs)

Central-drift
electrode

(100 kV)

ALICE TPC overview (2)

Read-out Chambers: 2 x 18 x 2
outer (OROC) and inner (IROC)
e Current detector (RUN1):

557 568 cathode pads (sizes: 4 x 7.5,
6 x 10, 6 x 15 mm?)

MWPC, gated grid operation
Rate limitation: ~1 kHz
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Gated operation in RUN1

Typical data taking with TPC in RUN1: Low luminosity Pb-Pb collisions

Drift time in Gated wire grid
TPC. Gated must stay closed,
grid open  no event readout

« Triggered operation with gated grid (max rate: few kHz)
* Maximum drift time of electrons in TPC: ~ 100us

« Additional gated grid closure time: 180us (to minimize ion backflow and drift
distortions)
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CContinuous operation in RUN3

Typical data taking with TPC in RUN3: High luminosity Pb-Pb collisions

>
. . _ _ , . time
OO ORI Y NI RPN
\/ P \ J 7oA aVY Ihv.¢d ! /K
N }‘é&‘{ﬂf‘;‘;{'{r’%g * D g’%’@’%‘?f‘"@!@”
| N 5 A ¥ NS TR
PR DR SR 2 IR RS ‘{\ 2\
7\ \ Y QKA AW Y AR E \ [}
\ )
|
Drift time in
TPC
*  Maximum drift time of electrons in TPC: ~ 100us
* Average event spacing: ~20us
* Event pileup
« Triggered operation does not make sense Continuous read-out
* Minimize ion backflow (IBF) in different way Micro Pattern Gas Detectors
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"2 GEM read-out (1)

Requirements for read-out system:
— IBF < 1% at effective gas gain 2000
— Local energy resolution <12% (o) for
SFe
— Stable operation under LHC condition
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GEM read-out (2)

Standard GEM
Pitch=140um

* Requirements for read-out system: Hole ¢=70um

* Implementation:

IBF < 1% at effective gas gain 2000
Local energy resolution <12% (o) for
SFe

Stable operation under LHC condition

20 pm EHT = 5.00 kV Signal A = SE2 StageatT= 0.0° Date :30 Sep 2011

Replace MWPC read- out system with W°=5{""‘ s x| meemooneseon Tmeeses
GEMs : ——
Simulated
* low ion backflow (IBF) avalanche ons
* high rate capability in GEM hole

* no ion tail
» continuous read-out possible

Gas with fast ion drift: Ne-CO,
New read-out electronics
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OBF optimized configuration (1)

« Satisfactory performance could not be achieved
with 3 GEM stack

* Best results in terms of IBF and energy

resolution:
— 4 GEM stack

Cover electrode
GEM 1(S) s Eo [;] .
GEM 2(LP jr—m = [— $2mm
GEM 3(Lp} E, L%x_] X2 mm
GEM 4 (S) - - E, I_J%L_J x2 mm

|'—1_] e, Ll_l_l 2 mm
Pad plane (I
Strong back
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OBF optimized configuration (2)

« Satisfactory performance could not be achieved
with 3 GEM stack

* Best results in terms of IBF and energy : ¥ .
resolution: =R ¢ s &
— 4 GEM stack Ll e .
— S-LP-LP-S configuration 78 = 9
— S: standard GEM foils Standard GEM (S) .
— LP: large hole pitch foils Mo -
— Optimized V settings: Vg, , E; (transfer fields)

Cover electrode

GEM 1(5) 7 e | — lz'-

GEM 3 Lp\l i E. l_%x_, :2 mm

(LP} L — | Es L — | '2mm R A g R s A
GEM 4 (S) . = : PRt L
L — | En L —— | 2mm o ’:ES-' :

Pad pene R PR —— 0
| e-pitch GEM (LP) [+ ? ad

Strong back L — ¥

.
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IBF optimized configuration (3)

. N _ (] [ ] (]
Drif Field —osv/em e |BF optimized settings:
Potential at top of GEM 1 =3150V °
AUgEMm1 = Uttop — Utbot =270V ° hlgh ET1 & ETZ
Transfer Field 1 (E11) = (Urpot — Uztop)/0.2cm =4.0kV/cm . |ow E
Potential at top of GEM 2 — 2080V T3
AUGEM2 = Untop — Uabot =250V e V sV sV <V
Transfer Field 2 (Et2) = (Usbot — Usiop)/0.2cm =2.0kV/cm GEM1 GEM2 GEM3 GEM4
Potential at top of GEM 3 = 1430V
AUggMm3 = Ustop — Uspot =270V
Transfer Field 3 (E13) = (Usbot — Ustop)/0.2cm =0.1kV/cm
Potential at top of GEM 4 =1140V
AUGEM4 = Ustop — Usbot =340V
Collection/Induction Field (Eing) = Uspot/0.2 cm =4.0kV/cm
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IBF optimized configuration (4)

Transfer Field 1 (E11)

Transfer Field 3 (E13)
Potential at top of GEM 4

Drift Field
Potential at top of GEM 1

= Ultop — Ulbot =270V
= (Ulbot - UZtop)/O'Zcm

Potential at top of GEM 2

= U2top — Uspot =250V
Transfer Field 2 (E12) = (Uabot — Ustop)/0.2cm
Potential at top of GEM 3

Ustop — Usbot =270V
(U3bot - U4top)/0'2 cm

I

=U. 4top — Usbot =340V

Collection/Induction Field (Eing) = Uspot/0.2 cm

—osv/em e |BF optimized settings:

 Achieved performance:

— 0.63 % IBF at O(5.9kev) ® 11.3 %

- Typical voltage settings are
shown above (eff. gas gain is

always 2000)

=3150V .
=4.0kV/cm . Iow E
=2080V T3
— 2.0KV/em * Veemi ® Veemz ® Veems < Veema
= 1430V
1140V=o.1kv/cm’\20.........!....,....!,.,,l,,,,
= % ............ UGEMSIUGENM:O.B UGEMB/UGEM4=0_95
=4.0kV/cm _ .................... +UGEM2=235V +UGEM2=235V _
——U_, =255V —o—U_, =255V

0.0 0.5 1.0 15 2.0 2.5 3.0
IBF (%)
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OBF optimized configuration (3)

* Electron transport properties for IBF
optimized voltage settings

* g = collection efficiency
* &4 = extraction efficiency
Eoll | Mejin M Me—ion | Eextr | Meout G Pion,back fraction of fraction of
total IBF (sim.)  total IBF (meas.)

GEM1 (S) 1 1 14 13 0.65 9.1 9.1 3.6 (28%) 40% 31%
GEM2 (LP) | 0.2 1.8 8 12.7 § 0.55 8 0.88 3.3 (26%) 37% 34%
GEM3@P) J 025 2 53 104 | 012) 127 16  13(1.3%) 14% 11%
GEMA4 (S) 1 12.7 240 3053 0.6 1830 144  0.84 (0.03%) 9% 24%
Total 3183 1830 1830 9 (0.28%)
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OBF optimized configuration (4)

* Electron transport properties for IBF
optimized voltage settings

* g = collection efficiency

* &4 = extraction efficiency

« M= gas multiplication factor

« G=¢g %X Mx ¢, =effective gain

Eoll  Mejin M Me—ion  Eextr  Mejout G Pion,back fraction of fraction of
total IBF (sim.)  total IBF (meas.)

GEML1 (S) 1 1 14 13 0.65 9.1 9.1 3.6 (28%) 40% 31%
GEM2 (LP) 0.2 1.8 8 12.7 0.55 8 0.88 3.3 (26%) 37% 34%
GEM3(LP) 025 2 | 53 | 104 o012 127 | 1.6 | 13(1.3%) 14% 11%
GEM4 (S) 1 12.7 | 240 § 3053 0.6 1830 144 § 0.84 (0.03%) 9% 24%
Total 3183 1830 | 1830 9 (0.28%)
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OBF optimized configuration (5)

* Electron transport properties for IBF
optimized voltage settings

* g = collection efficiency
* &4 = extraction efficiency
* M= gas multiplication factor

coll

extr

« G=¢g %X Mx ¢, = effective gain
*  n,,,, = number of produced e-ions pairs
Eoll  Mejin M Ne—ion] Eextr  Mejout G Pion,back fraction of fraction of
total IBF (sim.)  total IBF (meas.)

GEMI (S) 1 1 14 | 13)] 065 91 9.1 3.6 (28%) 40% 31%
GEM2(LP) 02 18 8 | 127] 055 8 08  3.3(26%) 37% 34%
GEM3(@LP) 025 2 53 | 104 012 127 16  13(1.3%) 14% 11%
GEM4 (S) 1 127 240 |3053] 06 1830 144  0.84(0.03%) 9% 24%
Total 3183 1830 1830  9(0.28%)
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OBF optimized configuration (6)

* Electron transport properties for IBF
optimized voltage settings

* g = collection efficiency
* &4 = extraction efficiency
* M= gas multiplication factor

coll

extr

« G=¢g %X Mx ¢, = effective gain
*  n,,,, = number of produced e-ions pairs
*  Dionback = Number of ions drifting back into

the drift volume

Eoll  Mejin M Me—ion  Eextr  Mejout G [ Pion,back fraction of A fraction of
total IBF (sim.) | total IBF (meas.)
GEM1 (S) 1 1 14 13 0.65 9.1 9.1 3.6 (28%) 40% 31%
GEM2 (LP) 0.2 1.8 8 127 0.55 8 0.88 3.3 (26%) 37% 34%
GEM3 (LP) 0.25 2 53 104 0.12 127 1.6 1.3 (1.3%) 14% 11%
GEM4 (S) 1 12.7 240 3053 06 1830 144 | 0.84 (0.03%) 9% 24%
Total 3183 1830 1830 9 (0.28%)

13th Pisa Meeting on Advanced Detectors

La Biodola, Isola d'Elba (Italy)

May 24 - 30, 2015 19



OBF optimized configuration (7)

* Electron transport properties for IBF
optimized voltage settings

« gy = collection efficiency
. €

* M= gas multiplication factor

coll
= extraction efficiency

extr

« G=¢g %X Mx ¢, = effective gain
*  n,,,, = number of produced e-ions pairs
*  Dionback = NUmber of ions drifting back into

the drift volume

Eooll Mein M Mesion Exx Meow G monpack [ fractionof ) fractionof |
total IBF (sim.) J | total IBF (meas.)
GEM1 (S) 1 1 14 13 0.65 9.1 9.1 3.6 (28%) 40% 31%
GEM2 (LP) 0.2 1.8 8 12.7 0.55 8 0.88 3.3 (26%) 37% 34%
GEM3 (LP) 0.25 2 53 104 0.12 12.7 1.6 1.3 (1.3%) 14% 11%
GEM4 (S) 1 12.7 240 3053 0.6 1830 144 0.84 (0.03%) 9% 24%
Total 3183 1830 1830 9 (0.28%)
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% Prototype beam tests: PID

» 4GEM IROC prototype tests: dE/dx
resolution measurements at CERN PS

T T I I | T I I I | I T T I | I T I I I I I T I

1200 - —e mean=101.55, 6=9.22, c/mean=9.08% ]
| —— 7n: mean= 66.10, ¢=6.89, c/mean=10.42% _
1000 .
- ﬂ 4-GEM IROC A
800 .
600 -
a00 :
- dE/dx spectra -
B with 4 GEM 7
200 N prototype ]
- Eff. gain 2000 .
i L 1 1 1 1 | 1 L 1 l L 1 1 1 l 1 L 1 1 ]

% 50 100 150 200 250
dE/dX g0

— Excellent dE/d x resolution: ~10%
(IROC only)

— Performance equal to existing
MWPC IROCs
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%Prototype beam tests: Stability

« Discharge tests at CERN SPS

4GEM IROC

Fe absorber

« Discharge probability: (6.4+3.7)x10-12

per hadron e =
« Additional lab measurements with & and B particles
*  Performance similar to standard triple GEMs
« Odd voltage settings compensated by addition of 4th GEM foil

« Expected number of discharges in full TPC per typical yearly heavy-ion run at 50 kHz
— 4.5 discharges per GEM stack, 650 discharges for the whole TPC
— Not expected to create any damage to the GEM detectors
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» 2015: First OROC prototype built, all
institutes that will be involved in the
ROC mass production took part

+ Largest GEM detector built so far!
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Space charge distortions

See poster by M. Ljunggren (Performance simulation studies for the ALICE TPC GEM Upgrade)

Even with required IBF = 1% there will still be considerable space charge!
— For 50kHz Pb-Pb collisions ion pile-up from on average 8000 events (t,,,=160ms)

Expect distortions on the cm level
Corrections to few 103 to achieve final resolution (o (r¢) = 200 pm)
2 stage calibration and reconstruction scheme

dr(cm) dre(cm)

- 25 -~ r W

- § 240f —— 4
c 20 — £

— 220~

L C -2
— '® 200~

T - =0
-_ -~10 180~

: : -2
; F =4
= -4 140

= 120 -5
- -5 :

. 100 8
r -10 -

250 -200 -150 -100 -50 O 50 100 150 200 250

z (cm)
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Expected performance (1)

« See poster by M. Ljunggren (Performance simulation studies for the ALICE TPC GEM Upgrade)

* Influence of space charge distortions: Track matching efficiency and transverse
momentum resolution are retained up to twice the design IBF (2%; £=40)

5 1_ L rrrT | L | rrrT L rrr L L _ ‘;\ 0.035 TTTT I TTTT | TTTT I TTTT I TTTT | TTTT l TTTT l TTTT | TTTT | TTTT
c @) B ]
o] B y S - .
2 ;!gi:ﬂcif’ii‘&ﬁiié*‘itt:i ] E T TPC +ITS, after 2" stage of reconstruction ]
© 0.95 ;;'_:‘..,I" —an -I-!“t- - ] < 0.03— |
o YU £ 2 25 e = 2 s TR o - .
£ B . gy o.\- C 1
S i Track matching - B ®  no space-charge .
[\ - . o _ A 2 — —]
E o9+ eff|<:|ency ] 0.025 C ®  space-charge, €20 ]
('2 : o h i L " space-charge, €25 7
=< no space-charge - .
& § . spacz-charge ge_-20 § 0.021~ Inverse space-charge, &30 B
F 0.85( ’ — C momentum ®  space-charge, €=40 ]
i = space-charge, &25 - B resolution -
i space-charge, €=30 ] 0.015[— ]
B ®  gpace-charge, &40 y - _
0.8— _ : ]
B A 0.01— J—
- - | — o
B i - j = 3 :._ i
0.75 - - R et o2 s o=t
oL i 0.005/— PRt e 2 -
- After 2" stage of reconstruction ] - ﬂff;f‘f"" 1
O 7 i 1111 | | . I L 111 | L 111 | L 111 | .| | L 111 | I ] 0 ’l’:-lrl-l | L1l I 1111 I L1l I L1l | L1l I L1l I L1l | L1111 | 111 1_
0 0.5 1 1.5 2 25 3 3.5 ﬁl 0O 01 02 03 04 05 06 07 08 0.9 1
1/p_(GeV/cy 1/p_(GeVic 1 (MC)

13t Pisa Meeting on Advanced Detectors

La Biodola, Isola d'Elba (Italy)
May 24 - 30, 2015



TPC-ITS matching efficiency

Expected performance (2)

Influence of track density: Track matching efficiency and transverse momentum
resolution deteriorate only for interaction rates >100 kHz (design 50 kHz)

1 | T 1T T T T T 1T T T TT T TT T 1T T 1T T TT ] ';\ 0.01 6 TTTT I TTTT I TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT

- | Q [~ —
- . > T ™ centraleventat20kHz ® central event at 30 kHz 7]
0.98— —] o B B
B i 9 0.014 [ ™ central event at 40 kHz central event at 50 kHz ]

- - 'ﬁm; - -
0.96— ﬁ?}!ﬁ*‘iJ;‘*“' T e e — g [ = centraleventat60kHz = centraleventat70 kHz ]|
C ol [ FEgain® A o T 0 N N
0.945 fﬂ*”.’ﬂ* = s < 0.012 L central event at 100 kHz central eventat 150 kHz |
—7 E | |
D ,#* 1 C central event at 200 kHz ]
0.92l% Track matching 7 0.01~ .
efficiency ] - | Inverse momentum ~
of - 0.008 resolution i
o9 ] i S
0.88F - - = -
Ur . 0.006— =& ggﬁgiﬁt ]
0.86— = centraleventat20 kHz = central event at 30 kHz ] - ﬁii ]
B = centraleventat40 kHz = central event at 50 kHz ] 0'004__ g -
0.84— central eventat 60 kHz =  central event at 70 kHz ~_| B g&* 7
N central event at 100 kHz central event at 150 kHz | 0.002— =¥ TPC +1TS |
0.821— central event at 200 kHz - = ]
0 8 C I 111 | | I | [ | | l - | I | I | I | | ] 0 1111 | 1111 | 1111 | 1111 | 1111 | L1l | L1l | L1l | L1l | 111 I—
0 0.5 1 1.5 2 25 3 3.5 ﬁl 0O 01 02 03 04 05 06 0.7 0.8 O_.19 1
1/pT (GeV/cy 1/pT (GeV/c)' (MC)
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Front-end Electronics

ESD protection

SAMPA AsIC
GBTx ASIC

* New FE ASIC: SAMPA
— Continuous or triggered read-out
— Positive or negative input
— Programmable conversion gains and
peaking times

GBT readout links: data
and monitoring (unidir.)

Trigger, timing and
clock distribution (TTS)

« Digital filters for baseline correction
(common mode effect in GEM ROCs)

« Aim for a system noise

of 670 e as currently W\\\ | SAMPA .
achieved I . — e
/pad /-1-7-*, 32 fhannels o— Bias [
T =
* Use CERN-developed = 5 ot |
. . foad 44— pe
GBT and Versatile Link all e oo |!
“1Cd If y
components for read- = _:____ ~ Shaper 10b| PBuffer £ Elink<—>[:|:
out (radiation hard) T ADC | | DSP |puter i Blnki iy
A 1 ., + /_\ omsps || Pt Buffer Elink<‘—>[]:
-0 T T csA Comrol & Tizzer yBufer H Elink|~>{[11
* Average data output for | 1= !
50 kHz Pb_Pb COIIiSionS: :FEC Shaping time comrol* mfmol Veer: Veer 10s :
__________________________________________ -
1 Tbyte/s
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Summary and outlook

Major upgrade of the ALICE experiment for
installation in 2018/19

Continuous TPC read-out to inspect 50 kHz Pb-Pb
collisions

New read-out chambers based on 4 GEM stacks

Required ion backflow, energy resolution and
stability achieved

New electronics for continuous read-out

2-stage reconstruction scheme able to retain
physics performance

Technical Design Report endorsed

Successfully tested ROC prototypes

GEM foil production starts in August
ROC assembly starts next year

13" Pisa Meeting on Advanced Detectors

La Biodola, Isola d'Elba (Italy)
May 24 - 30, 2015



More slides
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% TPC upgrade R&D program

 Extensive studies started in 2012

1. characterization of 3 or 4-GEM configurations and of other
MPGD technologies

2. technology choice

3. optimisation of operational voltages
and IBF suppression

4. gain stability
5. discharge probability

6. large-size prototypes, single mask
technology

7. electronics R&D
8. Garfield++ simulations

9. physics and performance
simulations: Remaining drift-field
distortions must be calibrated

 Collaboration with RD51 at CERN
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TPC: Garfield Simulations

« Garfield++/Magboltz simulations for different 4GEM setups (S-LP-LP-S)
— Field calculation by ANSYS

— IBF quantitatively well 0.050 . : . : . : .
described by simulations L : ]
using Garfie)l,d++ = 0.045F —*—Meas S-S-LP-S |

X —o0— Sim1 S-S-LP-S :

“\& 0.040 F —o0— Sim2 S-S-LP-S | 4
\ \ . —0— Sim3 S-S-LP-S ]
\ 0.035 | E
0.025 F 3

—a— Meas S-LP-LP-S
0.020 r | —o—Sim1 S-LP-LP-S
0 01 5 . —o— Sim2 S-LP-LP-S
) —o— Sim3 S-LP-LP-S

0.010 F :
GEM3 (LP) 0.005 g’ﬁﬂ% :
0.000 -t L
0 1 2 3 4
GEMA4 (S) B = (kviem)
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Alignment (1)

The IBF is
related to hole
alignment and
thus optical
transparency

Effect of slight T
rotation of foils '

Randomization
of the relative
hole positions '
after rotation .
of one foil by "
90° 2
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== Alignment (2)

- Eff. gain

102

—@— offset in y at x=0 Et=4kV/cm 102 —%o— offset in y at x=0 Et=4kV/cm ; ().
101l —©— offsetiny at x=0 Et=2kV/em : : : —C3— offsetin y at x=0 Et=2kV/cm ; L
—5— offset in y at x=0 Et=1kV/cm —E— offset in y at x=0 Et=1kV/cm
—4)— offset in x at y=0 Et=4kV/cm —4)— offset in x at y=0 Et=4kV/cm

T TTTTTT

T T TTTIT0

—4@— offset in x at y=0 Et=2kV/cm | | —@— offsetin x at y=0 Et=2kV/cm
—4— offset in x at y=0 Et=1kV/cm —4— offset in x at y=0 Et=1kV/cm
1IIII|IIII]IIII[IIII]IIIl[lllllllllllllllllll 10-3IIII[IIII]IIIl[llII|IIII]IIII|IIII|IIIIIIIII
10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
distance between holes [um] distance between holes [um]

« Garfield++ simulation: Gas gain (left) and ion backflow (right) in a
double GEM system vs GEM hole offset between the two layer

} Need random misalignment between holes - turn foils by 90°
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. TPC: IBF - Rate Dependence

Poisson equation:

Ar/CO, (70/30) Ap(r) = — pr)
B O I o -y - - A EEN

Padah
)

010" Frr l iR

For homogenous space charge density
and parallel plate boundary conditions:

2L d

10 E(z) = Equist — —— + v

- ion backflgw vs.p_ x d (fClem?)

LI

" —@— ¢=3mm, Ar-CO (70-30)

—6— ¢=80mm, Ar-C02(70-30)

10—3 i i biiii R
A 107 10°

X-ray
Prop X d (fC/ET) Ed”ﬁ¢
ion GEM1

Expected after LS2: 500(1)3tflC/<:m2
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% Run3 reconstruction scheme

Reconstruction Stage 1

TPC » I dina/ Tacki 5 Reconstruction and
e wmmEEEEEEEEER t 1 H I 2 o IR . . R
electronics seierrneing g = - calibration flow for
T i TPC data
T - Dead channel map - Scaledaverage space-charge distortion map :
- Drift velocity
- Pedestals - Pad-by-pad gain equalization
= TEITEEH i i Update interval O(15min)

gain equalization (HV)

-
-
=
=
=-
=
=-
=-
-
-
=

siusnnnnunnnnnnnunnnnnnns Parmanent Storage = rrsssssssssssses

=

=-

=-

=-

—— —— e ———————— ——— ——— — —— — —— — ——— ——— — — -

Reconstruction Stage 2

- High-resolution space-charge distortion map
- ITS-TRD external track reference
Update interval O(5 ms)

Data taking Online Systems Data analysis

« Two stage reconstruction scheme

1. Cluster finding and cluster-to-track association in the TPC
» data compression by factor 20 : 1 TB/s > 50 GB/s
» use scaled average space-charge distortion map
2. Full tracking with matching to inner and outer detectors (ITS and TRD)

» full Space- Chaég‘el’lsa e'(; ion C vance% etectors
 use high reso utlogagﬂaﬁ?aq&ﬁ;g%lmﬁp ime interval ~5 ms) 35

May 24 - 30, 2015



Front-end Electronics

FE parameters for current ALICE TPC FEE and for SAMPA (upgrade)

RUN 1 RUN3
(measured) (requirement)

Signal polarity Pos Neg
Detector capacitance (range) (93] 12-33.5 12—-33.5
S:N ratio for MIPs (IROC) 14:1 20:1

(OROC 6x10mm? pads) 20:1 30:1

(OROC 6x15mm? pads) 28:1 30:1
MIP signal (fC) 1.5-314 24-32
System noise (at 18.5 pF, incl. ADC) 670¢€ 670e
PASA conversion gain (at 18 pF) (mV/£C) 12.74 20 (30)
PASA return to baseline (ns) <550 <500
PASA average baseline value (mV) 100 100
PASA channel-to-channel baseline variation (o) (mV) 18 18
PASA shaping order 4 4
PASA peaking time (ns) 160 160 (80)
PASA crosstalk <0.1%" <02%
PASA integrated non-linearity 0.2 % <1%
ENC (PASA only, at 12 pF) 385e 385e
ADC voltage range (differential) V) 2 2
ADC linear range (differential) (fC) 160 100 (67)
ADC number of bits 10 10
ADC sampling rate (MHz) 10 (2.5, 5, 20) 10 (20)
Power consumption (analog & digital) (mW/ch) | 35 <35
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