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Part A - the basic tool



.1 — Pixel detectors : Monolithic Active vs Hybrid techno.
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l.> — Pixel detectors : ALPIDE chip

Sensor using
TowerJazz 0.18um CMOS Imaging Process

ALPIDE - 3D and 2D views of 2x2 pixels
(Here, in the 50-um-thick version...)
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TDR ITS Upgrade
- CERN-LHCC-2013-024

.3 — Pixel detectors : ALICE upgrade ITS, first figures

Beam pipe : Rupgrade1.72 cm e

upgraded ITS

R ,,(ulTS, Layer 0)

=2.34cm

7 pixel-only layers
12.6 x10” pixels,
« ~10 m* in total
13.6 x10° CHF
(0.18-pm CMOS
technology
by TowerJazz)

« Chip = 1.5 x 3 cm?
« Pixel size = 29x27 pm?
(current SPD : 50 x 425 um?)

Outer Barrel

Beam pipe

SStripD x2
R=38 /43 cm

SQriftD

R=15/24 cm

| - Beam pipe:
R...=29cm Note :
No dE/dx information,

binary pixel readout “0/1”
Unlike current SDD, SSD...

SPixelD x2
R=39/76cm |

R ,o(SPD, Layer 0) -

=3.9cm
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.4 — Pixel detectors :its (expected) facts and figures

Stefania Beole, Vertex 2016
Pixel chip developed

for the ITS Upgrade

Parameter ____llnner Barrel ____|Outer Barrel ALPIDE in-pixel discriminators

Silicon thickness S0um 100pm + in-matrix address encoder
Spatial resolution 5pm 10pm ~ 5um with asynchronous
Chip dimension 15mm x 30mm v sparsified readout...
Power density < 300mW/cm? < 100mW/cm? < 40mW/cm? .
Event-time < 30us ~ 2ps / Note -
resolution a—
Detection efficiency > 99% v upgre;ded ITS
Fake-hit rate * < 10-%/event/pixel <<< 10-%/event/pixel ~x10* faster than SDD
NIEL radiation 1.7x10" 1MeV ng/lcm? 1072 1MeV ne /ecm? v but s(l;\:/e(!)ro’?hisr? SPD
tolerance **
TID radiation 2.7Mrad 100krad so far tested at (0.1 1s/0.3 pis)
tolerance ** 350krad — tracking will rely

* revised numbers w.r.t. TDR on space “+time” info

** including a safety factor of 10, revised numbers w.r.t. TDR

— “triggerless” readout 50 kHz Min Bias Pb-Pb + a few 100 kHz pp collisions
// presently ~1 kHz
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Part B - Where we want to go



Il.: — Run-III (2021-...) physics :ITs perf.

Chapter 7 - « Detector Performance »,

TDR ITS Upgrade - CERN-LHCC-2013-024
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1.2 — Run-IlI (2021-...) thSiCS : example, D meson in Pb-Pb

PhD, Felix Reidt, Heidelberg
CERN-THESIS-2016-033

. . ) %) I L L L L B L B B
i.e. Significance for L =10 nb'=8.10°evts: g o1l D—Kw Pb-Pb\/Syy=55TeV  _
o E < ]
~50 for p <1 GeV/c, ~10° at high p_... \ 5 f Centrality 0-10%
T T 5 L i
(~100 for D**, ~50 for D) g I ]
> B —a——u y
= i S
Z a2l —
. 10 4 e -
%103"0|"_'|"'|"'|"'.|"'|"'|"'§ % K
- D—-Knt Pb-Pb,\ /sy = 5.5 TeV ] £ - 4 ]
= i -10% = = L -
10'2§ Centrality 0-10% = « Upgraded ITS
10‘ ] 10-35‘ * Current ITS -
3 e :
; —— E [T | [ Lo o b by Loy J_
L . N 0 2 4 6 8 10 12 14 16
; o A E P, (GeVic)
T ——
AL —— —— _
10 E—a -~ E
C -~ = Upgraded ITS ] .
102, —o e Current ITS = NGB : better control on systematics
ﬂ i - ease signal extraction (S/B, p. resolution. )
10'3 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 . .
0 2 4 6 8 10 A2 ey - bigger data sample to play with
T . .
Rejection of combinatorial background : - feed-down correction more straightforward

~ 5-10x (= 2x for D.*)
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1l.3 — Run-1Il @2021-..) physics : example, B* in Pb-Pb
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0
CB* — Jiy(— ee)+K*

lv,.|<0.8
13 < p_(B") <5 GeV/e

Hypotheses :
« ITSu+TPC tracking
: « TPC PID for e* / TPC+TOF for K*
C . 9 -1
T NB:Stat uncert. < 810" events, 10nb™
B 49 5 51 52 53 54 55 58 6.7 - 11/28

M(eeK)(GeV/cd) T
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1.2 — Run-lII (2021-...) thSiCS : physics-case summary table

[] Current, 0.1nb™" B Upgrade, 10nb !
PSR y 4TI . JEr g rin . L
(Observable P statistical i statistical D. Run I+Il

GeV/e uncertainty GeV/e) uncertainty .
(GeV/e) y  (GeV/e) ' = 1 nb" MB Pb-Pb delivered

Heavy Flavour )
’ — 0,1 nb ' recorded

D meson R 1 10% 0 0.3%

D, meson Ry, 4 15% < 2 3% B R 1

D meson from B Raa 3 0% 2 1% ~un 17 )

Ji from B Raa 1.5 15 % (pp-int.) 1 5% = 10 nb”" MB Pb-Pb delivered

B* vield not accessible 2 10 % —> 10 nb ' recorded

A- Raa not accessible 2 15 %

Ao /DY ratio not accessible 2 15 %

Ay, vield not accessible 7 20 %

D meson vy (v = 0.2) 1 10% 0 0.2%

Dy meson ve (va = 0.2) not accessible < 2 8%

D from B v (v = 0.05) not accessible 2 &Y%

J/ from B va (12 = 0.05) not accessible 1 60 TDR ITS Upgrade

Ag w2 (vo = (0.15) not accessihle 3 20% - CERN-LHCC-2013-024
Dielectrons Tab 8.6

Temperature (intermediate mass) not accessible 10 %

Elliptic flow (v2 = 0.1) [4] not accessible 10 %

Low-mass spectral function [4] not accessible 0.3 20 %

Hypernuclei

+H yield 2 18% 2 1.7%
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Part C - How we plan to go there...



1.1 — ITS friendly facts : material budget

ITS Runs I+11 ITS upgrade Run Il

détecteur rayons (em) résolution en position (pm) Pixel rayons (cm) résolution en position (ym)
EEID} i};g ;;f:] ‘];' ][,]:3 {1:;::2.} IB (3 couches) 245 / 3.24 / 4.00 5 /5 (rg/z)
. S L 2/ o {M"{Zj OB (4 couches) 196 /245 /344 /393 5 /5 (rg/z)
SsD 38 /43 20 / 830 (re/z) : : -

L L L D L DL L L L L D L D D
X Il Support [[JssD []sPD < Il Support [T] OB(ext) []1B
10 lTPc  [sbD [[]Beam pipe =10 Jtrc  [[]oB(int) ] Beam pipe

107"

1073 2 -1 0 1 2 3 0 g2 -1 0 1 2 3
n n
SPD, SDD, 55D Single technology : CMOS (ALPIDE)
6 layers 7 layers
» X/X, (per layer) > 1.1% « IB, Layer 0,1,2:  x/X (per layer) ~0.3%
— X/X, (ITS) ~ 7.4% - OB, Layer 3,4,5,6 : x/X (per layer) ~0.8%
NB : 50-um thick IB —x/X, (18)~69%

Plots courtesy / 100-um thick OB, 14/ 28

B. Hippolyte not of big impact +0.1%/layer Antonin.MAIRE@cern.ch - IPHC Strasbourg / QGP France



I1l.o - ITS friendly facts : 1] coverage

Inner Bamrel Outer Barrel

Tab 1.1 TDR ITS Upgrade
Inner Layers Middle Layers Outer Layers - CERN-LHCC-2013-024

Layer 0 Laver 1 Layer 2 Layer 3 Layer 4 Layer 5 Layer 6

Radial position
{min.) {mm)

224 3001 378 1044 2430 3423 3018
- n coverage for outer layers
Radial position

(max.) (mm) 26.7 34.6 42.1 Lo7.7 247.0 3454 394.9 larger than current ITS!

Length (sensitive

o 271 271 271 843 843 W™ 14T
area) (mm) To be compared with :
i‘f;ﬂ;ﬁpid“-‘" 25 £23  £20 £15 14 14 13 « SPD, Layer0: |n|<1.95
« SPD, Layer1: | n|<1.4
- SDD+SSD: In|<0.9
« TPC: In|<0.9
15/28
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IV.1 — ITS Challenges : sagging

Inner Barrel Outer Barrel
Tab 1.1
Inner Layers Middle Layers Outer Layers
Layer 0 Layer 1 Layer 2 Layer 3 Layer 4 Layver 5 Layer G
Radial position 29 4 30.1 37 8 1044 2439 3423 3018
(min.} {mm)
Radial position -
26.7 34.6 42.1 197.7 247.0 345.4 394.9
(max.) (mm)
Length (sensitive o112l 27 843 83 | 4T 147
area) (mm} S /
Pseudo-rapidity +25 +23 420 41 +14 / +1.4 413

coverage®

1,5m-long staves for Layers 5+6 «
200g = mass of HIC

+power bus

+coldplate

— Predicted sagitta ~45-80 um
// Cluster precision ~5 pm

— 1% natural frequency >50 Hz

// Vibrations from cooling ...

TDR ITS Upgrade
- CERN-LHCC-2013-024

- 1 coverage for outer layers
larger than current ITS!
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IV - ITS challenges : CPU used for tracking

For single chips in laboratory tests, the noise is not (any more) an issue.
However, it will have to be maintained at a reasonable level for the full scale

real detector as well.
Because, it has an impact on the data volume and reconstruction performance

Number of fake hits: 12+6x109x1[}f=1.26x10‘ (compare: dN/dy ~2000 for central PbPDb)

Total number of pixels  Noise level

Stand-alone track reconstruction (4 threads on 4-core 2.66 GHz CPU):
® Fake hit probability 10=: real time ~20 s/event

® Fake hit probability 10%: real time ~1 slevent
(compare: the interaction rate is 50 kHz)

louri Belikov, Quarks 2016, arXiv:1607.01171 17728

ALICE internal : https://aliceinfo.cern.ch/node/27132
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IV.3 — ITS challenges : pile-up

An event with 35 MC and 29+4 reconstructed vertices (ITSU stand-alone, Pythiaé @ 14 TeV)

@ The ITS stand-alone primary tracks
are easily associated with prim.vertices
separated by > 1 mm.

® The TPC+ITS primary tracks are even
easier: Imm/v_drift ~ 40ns associated
with FIT time-stamp

® The secondary tracks are challenging

louri Belikov, Quarks 2016, arXiv:1607.01171 ' 18/28

ALICE internal : https://aliceinfo.cern.ch/node/27132 P
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IV.4 — ITS challenges :9.4m:..

TDR ITS Upgrade

Tab 1.1 Inner Barrel Outer Barrel - CERN-LHCC-2013-024
Inner Layers Middle Layers Outer Layers

=

Layer 0 Layer 1 Layer 2 Layer3 Layerd Layer5 Layer6

Radial position 929.4 30.1 7.8 1044 2430  M23 3018
{min.) (mm)

Radial position 96T 246 91 1977 247 0 2454 204.9 Where thmgs could gO Wrong .

{max.) (mm)
1/ Produce raw wafers

Length (sensitive . - - . . - -

e A8E 271 271 271 843 843 475 1475
area) (mm) 2/ Do Wafer QA
fgf;’:i;fp"h”’ 425 423 420 415 414 414 +1.3 3/ CMOS manufacturing of the wafers
Active area {cm?) 121 562 702 10483 13104 32105 36601 4/ Thinning
Pixel Chip T 5/ Dicing
dimensions (mm?) o 6/ QA ChipS
[Nr. Pixel Chips 108 144 180 2688 3360 8232 0408 | hi dv to b bled

—>

Nr. Staves 2 16 20 24 30 12 18 chips ready to be assemble

Percentage of the active surface 1/ Pick & place

0.4%/0.6%/0.7% || 11% / 14% / 34% [ 39% 2/ Glue chip on Flexible Printed Circuit
3/ Wire bond 25-um Al wire
4/ QA modules

~9.4 m? of surface to be equipped — modules ready for stave mounting

— “industrial” production
with 73% of active surface for the last 2 layers e
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V.- Chlp performance :irradiated chips / efficiency, fake hits

Full-scale ALPIDE prototype (pALPIDE3, i.e. version (n-1) proto) mounted on a telescope

= Final pixel layout and front-end circuit selected

« Test beam Campaigns :

Stefania Beoleé, Vertex 2016

PS (CERN), BTF (Frascati), DESY (Hamburg), Pohang (Korea), SLRI (Thailand)

— 10+
g g
—] €
c =
E; = 10"
@ =" W
— _ i}
-g — 10 & ..:"\l—:'1I
= ~ = o
— _ @
c O e Efficiency Fake-Hit Rate pALPIDE-3b ] L =
O — Tl'r.D Y P . ) = o
= — —a— —a— MNon-irradiated = o
E 892 — —=— —=— 349 krad TID + 3.71x10'* 1MeV ngfcm® ] s E
[oh) — — — 1.7 13 a = 10 !
0O — P10 1MeV ng,fem = E
90 — N | EL 25um Epitaxial Layer, Vpp=-6V, Large Input Transistor ] . [1+3
L —_ 107 W
g8 — Sensitivity Limit =
=0 - o = B = = '_l 10" I
a6 — 0.015% Pixels masked =
— 1 1 | 1 1 1 1 I 1 1 1 1 1 1 1 | 1 1 1 1 B 1':} 11
50 100 150 200 250
1w (DAC)

— Radiation effects visible

— Large operational margin maintained after NIEL and TID irradiation
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V.2 — Chip performance

. irradiated chips / spatial resol”

Full-scale ALPIDE prototype (pALPIDE3, i.e. version (n-1) proto) mounted on a telescope

= Final pixel layout and front-end circuit selected

Stefania Beole, Vertex 2016

Resolution & Cluster Size vs. ITHR, HBB:E‘U

Resolution (pm)

el Sire  RALFIDE.-38
Hon-iradiabed SSum

Average Cluster Size (Pixel)

- — - 240 hrad TID + 371907 1MV ™ 25 _]
, ‘“‘E::::t_—ﬂ'_._ E__\-E‘——E__E_ e i 1710 1Y n,jem” 28um -
B B D — —j

P~ -_H.Q___;E_____T__I:—\._.;____: _________ e = o e mm e e e — oo ] —2

= e S _—-I-—_____. — -
2 —— o il

— — 1
== =i

= | | 1 M | i i L i
0 50 1080 150 200 25!?

— Spatial

Note :

Ongoing chip response implementation, f(incident angle, incident position, fy)

ITHR (DAC Units)

resolution stay within 5pm, even after irradiation
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V.3 — Chip performance : final ALPIDE, first tests

Full-scale ALPIDE prototype (ALPIDE, i.e. pre-prod final version) mounted on a telescope

First batches of pre-production wafers delivered.

Many tests ongoing (readout, DAQ, irradiation, beam tests ...)

S E W e—=o—u_ - 3
D go9s— ——hﬂ\ 2
o — —a 10 E
= = o
w| oessf— e s 2
5 (ot ¢ &
2 = — O
T F BN
k] — o
T o088 =
o = 107
0.875 — Efficiency Fake-Hit Rate &
= - = W7-R2, 1 Pixel Masked 107 w®
0.97 8~ -3  W7-R8, 9 Pixels Masked N
- 107
0.965 —
= L o]
0.96— x
E = ". - fe = Eh 1{_" 11
0.955 = sensitivity limit g e, Ay el
= = 1= iz
— 1 ] 1 1 | ] 1 1 1 1 _g 1G
0.9 50 100 200 250
Threshold (&)
Note :

“~ 9 pixels masked ..”
out of 1024 x 512 = 524 288 pixels per chip

— ~ 2.10° fraction of (continuously) noisy pixel/chip to mask a priori

Beam test (CERN PS)

16-17 sept 2016

Beware :
only preliminary results !

Stefania Beole, Vertex 2016
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Vo - ITS project : “(half)-stave of modules of chips”

Chip »1.5 x 3 cm?
~65 glue spots
46 double wire bonds

Half-Stawe

| ==

)

Silicon chip

| S 1 module = 2x7 chips

~3cmx21lcm,
Then, up to 7 modules to build half-stave

Chip vacuum chuck \
P VAU N

2

Flexible PCBE

1 module
=9 chips in a raw,
~ 1.5 cm x 27 cm
directly put on stave

b F

Space Frame
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VI.. - ITS project : production organisation

Stefania Beole, Vertex 2016

Pixel Chip Series Test FPC Series Test
Yonsei Uni, Pusan Uni INFN - Trieste

\ /

HIC Assembly and Test

IB: CERN!E); OB: Bari, Liverpool, Pusan-

Inha, Strasbourg, Wuhan
Stave Mechanics Power Bus

CERN . Kharkov
Stave Assembly and Test

IB: CERN; OB: Daresbury, Frascati,
LBNL, NIKHEF, Turin

. 4

Quter Barrel Assembly and
Commissioning

CERN

Fower Bus

2 % 7 sensors

Half-Stave

Half-Stave
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Vl.. - ITS project : placing + bonding

1. Automated Module Assembly MAM-ALICIA (custom-made machine)

2. Electrical interconnection
(wire bonding)

e.g. provider : Delvotec (Germany)
model : G5

Bonds per module
Provider : 1BS (Netherlands) = 2 bonds/pad x 46 pads/chip x 14 chip

Deliverv schedule : = 92 bonds/chip x 14 chips
Fabric Acceptance Test + Site Acceptance Test = 1288 bonds/module
Done for CERN (May 2016) T
+ tbd for 5 more machines before Dec 2016 LA AC
(Bari, Pusan, Strasbourg, Wuhan, Liverpool) Antonin.MAIRE@cern.ch — IPHC Strasbourg / QGP France




VI3 - ITS project : production status and timeline

v Final design

ALPIDE
v LHCC “in-depth” revi
v Engineering I-Cepth TEVIEW
Design Review T
| 2

2015 + + 2014 2017 2018 2019 2020 2021

1[FImaml 1 [a]als|onlofa[Flm{ajml {1 Al s[olnlo] [Flm{alml [ ]a]s[oln|o]a [F]m{alm] {1 {a]s[o]n[p] 1 |FIM{a[m] 1] 1Al s[o{n[p] 1 [FIM[a[m] 2] 1Al s[o[n|D] 1] F|M[a[M] 1] 1]A]s[0[N|D

EYETS LS2

Shutdown/Technical stop [ |
Protons physics

Commissioning v Chip pre-series run (Apr.- July 2016)
ons + validation final chip, ongoing

|<@——— | Module production

[<@— | Stave production
[<@&— | Global stave assembly
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Conclusions and Prospects

o

"
FT Barrel 07._:“\ B
IP w 1355 4215 37 Cage ,\” N W
l ] | M Q,F'f\" .ﬁ‘;"-"a"

ITS_L0, L1, L2 ITS_L3, L4 IT5_LS, L6 g \:"1 N

ARt e
o "Lf’k ————
‘\9'-[: i -_=-'$ ——————

Conclusions :

« ITS renewal e | /
- with specific physics points === ' SN 1 pEM e

- only pixels, over 7 layers

Prospects :

We are about to produce (R !
ITS+MFT... e |

‘1:-2.2 .f*-lz_s.} .'TS u

10 T204
6% 115
12

P E—
5
MFT 0 |1 |2 3 4 FIT IABSORBER
IP i -4B0 -493 5795 E34 .768 799 -800 measure in mm
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A.1 — Pixel detectors : features, expm' by expm'

SLD CMS STAR CBM ALICE Belle-ll ILD CLuc
collision
o AtA AtA - . .
et +e e p+p Ath p+p g'e e's ae'e
résolution
{um) 2 13 < 10 ~5 ~5 <10 <3 =3
Budget matiére
(% X0) 0.4 ~2 ~0.3 ~0,3 ~0.3 ~0.2 0.2 <0.3
densité impacts
(10 s 'em?) Q(20) O(0,1) O(1-10) o) 100 O(0.2) o)
temps
d'intégration 02s 25ns 200 ps =10 ps <30 us ~1 ps O{10]ps
radio-tolérance
{Mrad) i (0.2 o(30) O(0.7) O|20) O(0,1) O 20)
(ngq/cm?) i oo < 10" O[10") < 1013 < 1012 < 10
Puissance diss.
(W/cm?) - 0.1 1-2 ~0.3 ~2 0.1 0.1

Courtesy Jéréme Baudot,
Séminaires IPHC, jan 2015

Antonin.MAIRE@cern.ch — IPHC Strasbourg / QGP France
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B.> — ALICE ulTS : ALPIDE chip design

A Large lon Collider Expenment

ALPIDE - chlp development steps

I
May-2014 || pALPIDE-1 |

May-2015 || pALPIDE-2 |

Full-scale prototype: 1024 x 512
4 sectors with pixels variants
pixel size: 28um x 28um

1 register/pixel, no final interface

512 pixel rows

4 sectors with pixels variants
Optimization of circuits blocks allowing integration into
ITS modules

MO high-speed output link (1.2 Gbit/s replaced by a
40Mbits/s)

ALICE

1024 pixel columns hue GO
L oo oo ooy o Dras o
Of:l00f: pof: Do o
g—*gg :gg_g continuous
| X ] - or
H OO0 C1[H ] external trigger
lDTDD TDDTEI

Gias, Dala Bulfering. Inlerface I

i
Oct-2015 || pALPIDE-3 i
L -

8 sectors with pixel variants, 3 registers / pixel
All final features, including 1.2 Gbit/s HSO

Aug - 2016 [ ALPIDE - Chip Final Version J

In-pixel:

30mm

15mm

periphery

Key Features

« amplification
* discrimination
* multi event buffer
In-matrix zero suppression (priority encoding)
Ultra-low power (entire chip): < 40mW/cm?
triggered acquisition (200 kHz) or continuous
(integration time <10us)
— High speed serial data output (HSO)
» OB: 400 Mbit/s
» |1B: 600 Mbit/s or 1.2 Gbit/s

Stefania Beole, Vertex 2016

Antonin.MAIRE@cern.ch

- IPHC Strasbourg / QGP France



B.:; — ALICE ulTS : material budget, layer per layer

Fig 4.6 -
Outer Barrel

XiX, (%) at n=0

s (Carbon Structure (9.1%)

e Water (14.2%)

m— (C00ling Pipe Walls and Cold Plate (8.0%)
Glue (9.5%)

s Flex Cable (50.1%)

Pixel Chip (9.2%)

Chapter 7 - « Detector Performance »,
TDR ITS Upgrade - CERN-LHCC-2013-024

Fig 4.3 - Mean X/X0 = 0.816%

Inner Barrel

" ¢ frad)

o
N @
T[T

Flex Printed Circuit (22%)
Glue (5%)

Water(13%)

R
messeem Carbon Structure (33%)
I

Cooling pipes wall (2%)
Pixel Chip (26%)

. -t X Lot ] & H ~
% ‘\’ % 02 o4 os  as + Mean X/X0 = 0.282%
o (rad)

ALICE X/ X (%) | ATLAS X/ Xy (%) | CMS X/Xn () - —
Actuel XN/Xp (%) | Nouvean X/ Xn (%)
Beam pipe (.26 Beam pipe (.45 Beam pipe 0.23
Pixel (7.6 cm) 2.8 Pixel (17.2 e 10.8 Pixel (10.2 ¢ 7.3 Beam pipe (2.9 cm) 0.26 Beam pipe (1.92% cm) 0.26
ITS {~ 50 cin) T4 SCT (~ 52 cm) 21 TIB {~ 55 cm) 23 Pixel (7.6 cm) 2.8 IB (4.45 cn) L5
TPC (=~ 2.6 m) 13 THT [~ 1.1 m) 47 TOB (=~ 1.2 m) a6 ITS (~ 50 cm) 7.4 Irs |;:.-\, A6 {:1"'} .0
TasLE 2.4 — Quantité de matiére enmulée pour les expériences an LHC couveant la région de
rapidité centrale (= 0) en longueurs de radiations pouar les rayons des détectenrs impligués CoTToonrrr e
dans la trajectographie interne |33, 36, 40, 46]. 33 / 28

Courtesy B. Hippolyte Antonin.MAIRE@cern.ch — IPHC Strasbourg / QGP France


https://indico.cern.ch/event/452781/contributions/2297487/

B.1 — ALICE ulTS : mechanics aiming at “fast” insertion

Installation of IB half-barrel

A-Side

B
Bollers /

Cage-Rails

Half-barrel utilises rollers fixed to the
Cylindrical Structural Shell to slide along a
rail system supported by the cage

Stefania Beole, Vertex 2016

Antonin.MAIRE@cern.ch — IPHC Strasbourg / QGP France


http://cds.cern.ch/record/1625842

C.1 — Run-lll detectors : TDRs

,ii,l:IC-E Experiment nner Tracking Systen ALII.’:E Experiment
Mucn Fonward T

.

T

CERN-LHCC-2012-012 CERN-LHCC-2012-005 CERM-LHCC-2013-014 CERMN-LHCC-2013-024

CERMN-LHCC-2015-006 CERM-LHCC-2013-019 CERN-LHCC-2013-020 CERMN-LHCC-2015-001

Antonin.MAIRE@cern.ch — IPHC Strasbourg / QGP France


https://indico.cern.ch/event/452781/contributions/2297487/

C.2 — Run-ll] detectors : TPC

Detector gas

Gas volume

Drift voltage

Drrift field

Maximal drift length
Electron drift velocity
Maximum electron drift time
@T{B=03T)

Electron diffusion coefficients

Ne™ drift velocity
Maximum Ne™ drift time

MNe-Cz-Na (B0-10-5)
40 m’

1ok

400 fem

230 cm

238 cmis

97 us

0.32

Dy = 208 pmyem, Dy = 221 pmd/Tm
1.632 cmims

153 ms

Readout chambers
Total number
Readout technology

Gas gain

lon back How
Energy resolution at 5.9 ke
Inner (IROC)
Total number
Active range

Pad size

Pad rows

Total pads {(IROC)
5N

Outer (OROC)
Total number
Active range

Pad size (inner)
Pad rows (inner)
Total pads {inner)
Pad size (outer)
Pad rows (outer)
Total pads {outer)
Total pads (OROC)
5N

2x2x18=T2

4-GEM stack. single mask., standard (140 gm) and
large (2H0 gm) hole pitch

2000

< 1%

12 %

2% 18 =36

B8 - r e 1321 mm
4 7.5mm? (ré = r)
63

5504

20:1

2x18=36

1346 < F < 2461 mm

6 2 10 mm? Lrg oo ) (1346 < r < 2066 mim)
0

6356

6 15 mm? [ ) (2086 < r < 2461 mm)
25

3200

UES6

30:1

ALICE, TPC upgrade
CERN-LHCC-2013-020

Antonin.MAIRE@cern.ch — IPHC Strasbourg / QGP France



C.3 — Run-l11l detectors : TPC distortions

LSS L L L e B B B B
Ne-CO,-N, (90-10-5): 50 kHz
ge=20

-em- g =10

IIIIIIIIIIIIIIIIIIIIIJdIIIIII
IIII-IIIIIIIIIIIIIIIIIIIIIIIIII

T00 120 140 180 180 =00 220 240
ricm)
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B —
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r{cm)

Figure 7.9: Space-point distortions in r (left panel) and rg (right panel) as a function of the radial position r close to the central
clectrode (z == 0cm) for Ne-COz-MNo (90-10-5), Ry = 50kHz, € = 10 and 20.

ALICE, TPC upgrade

dr (cm)
=
T

Py r'4 for 50 kHz

Me-CO ;N _(30-10-5) (¢ = 20)

— —— ArCO, (90-10) {¢ = 10}

Ne-CF, (80-10] (¢ = 20}

--- Me-CF, [B0-20] (¢ = 20}

10f*
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Figure 3.2: Radial and azimuthal distortions for four gas mixtures as a function of F at 2 =0, where the distortions are largest.

CERN-LHCC-2013-020

The parameter € is defined in Eq. (4.2}

Antonin.MAIRE@cern.ch — IPHC Strasbourg / QGP France


https://cds.cern.ch/record/1622286
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