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e Central Barrel: -0.9<n<0.9
* Muon spectrometer: -4.0<n<-2.5

P * Forward detectors: trigger, centrality,

ZDC

ACORDE luminosity, reaction plane

Operation in Run 1.and Run 2

Pb-Pb @ Vs, = 2.76 TeV Pb-Pb @ Vs, = 5.02 TeV

p-Pb @ Vs = 5.02 TeV

Xe-Xe @ Vs = 5.44 TeV * Tracking & PID in large kinematic range

pp @ Vs=0.9,2.76, 7, 8 TeV

p-Pb @ Vs, = 5.02, 8.16 TeV

* High resolution vertex reconstruction

pp @ Vs =5,13 TeV W.H Trzaska S




A few physics highlights httws.//am2018.infn.it

Scaling violations in (dN/dn) in Xe-Xe  Particle chemistry across system size
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(anti-)hyper-triton in Pb-Pb collisions at 5.02 TeV %
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Shutdown/Technical stop

LHC timeline for ALICE e

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
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Run2: L, ., =1.0nb" Run3: L, p, =6.0nbt Run4: L, o, =7.0nbt

ALICE strategy for Run 3 + Run 4:
* 50 kHz Pb-Pb interaction rate (now <10 kHz)

* Experiment upgrades (LS2)
* Collect L, p, =13 nb™?

ALICE physics goals

* Heavy-flavour mesons and baryons (down to very low p;) — mechanism of quark-medium interaction

* Charmonium states — dissociation/regeneration as tool to study de-confinement and medium temperature

* Di-leptons from QGP radiation and low-mass vector mesons — y symmetry restoration, initial temperature and EOS
* High-precision measurement of light and hyper-nuclei — production mechanism and degree of collectivity

* Need MB readout at highest possible rate — no dedicated trigger possible
CIPANP 2018 W.H Trzaska 6



Upgrade Implementation

Un-triggered data sample
- Run 3 + Run 4: increase MB sample x 50-100 wrt. Run 2

Upgrade of the Upgrade of the

- Write all Pb-Pb interactions at 50 kHz ALICE Experiment [l 70! & o9 250

Improve tracking efficiency and resolution at low p;
- Increase tracking granularity

- Reduce material thickness _

Upgrade of the Upgrade of the Muon Forward Tracker
Inner Tracking System Time Projection Chamber

- Minimize the distance to IP

% il

“..% .

Preserve particle identification (PID)
- Consolidate and speed-up main ALICE PID detectors

CIPANP 2018 W.H Trzaska 7



Key ALICE upgrades for Run 3

New Inner Tracking System (ITS)
-CMOS pixel, MAPS technology
-Improved resolution, less material, faster readout

ALICE

New Muon Forward Tracker (MFT)

-CMOS Pixels, MAPS technology
-Vertex tracker at forward rapidity

= New TPC Readout Chambers (ROCs)

-Gas Electron Multiplier (GEM) technology
-New electronics (SAMPA), continuous readout

New Fast Interaction Trigger (FIT) Detector
-Centrality, event plane, luminosity, interaction time

Readout upgrade
-TOF, TRD, MUON, ZDC, Calorimeters Q

Integrated Online-Offline system (0?)

-Record MB Pb-Pb data at 50 kHz
CIPANP 2018 W.H.Trzaska 8



Simulated performance of the
~ Upgraded Central Barrel  ALICE

Plotted: 30 kHz Pb-Pb Collisions

MC events overlaid on cluster level, using realistic bunch crossing structure
Time is scaled linearly onto the z-position.

W.H.T k . .. . . 9
Tracks/Clusteréfrom different collisions are shown in different colofrs.



ALIPIDE is the core of the new ITS & MFT

CMOS Monolithic Active Pixel Sensors
* Towerlazz 180 nm technology

* Primary electron collection efficiency 100%

* Pixel pitch: 29 x 27 pum?

* Low power consumption ~40 mW/cm? 7’ \

Sheot “/ R:". * Input charge Q;,(MIP) =1300 e — V=40 mV
PWELL /i NWELL j

DEEP PWELL

* Input capacitance C,, =5 fF

e Spatial resolution 5 um

e TE * Event time resolution <1 ps

T AL “_ . Radiation hardness:
expected in Run 3 and 4 <300 krad (< 2.0 x 10'*1 MeV n,./cm?)

CIPANP 2018 W.H Trzaska 10




Dry
"~ assembly
and

- _ ALICE
} insertion The new

tests:

outer Inner Tracking System

Barrel

10 m? active silicon area, 12.5x10° pixels

* ClosertoIP:39 mm — 22 mm
- * Thinner (X, for each innermost layer): ~1.14 % — ~0.30 %
— e  Smaller pixels: 50 x 425 pm? — 27 x 29 pm?
e Ad — e Granularity: 20 ch/cm3 — 2000 pixels/cm?3
: * Readout rate: 1 kHz — 100 kHz
\ ' * 130 000 pixels/cm?
* Max. particle rate: ~100 MHz/cm?

Beam pipe
e Spatial resolution: ~5 um

CIPANP 2018” S 2 Z W.H.Trzaska 11



ITS Layout

» 7 layers (inner/middle/outer): 3/2/2 Outer Barrel Staves

from R=22 mmto R =400 mm oL &/

e 192 staves (IL/ML/OL): 48/54/90

e Ultra-lightweight support structure and cooling

* Possible to remove and re-install the detector for
maintenance during the yearly shutdowns

ML

Inner Barrel Staves

e —

Flexible PCB
-
/ |
: e o xS ' 1’/‘,'
— — p—— o .,‘ ¢

Space Frame

IL

W.H Trzaska 12



ALICE

ALICE Time Projection Chamber

Diameter: 5 m, length: 5 m
Gas: Ne-CO,-N,, Ar-CO,
Max. drift time: ~100 ps

Central HV

18 sectors on each side
electrode

Inner and outer readout chambers:
IROC, OROC

i e Current detector (Run 1, Run 2):
— 72 MWPCs
— ~550 000 readout pads

— Wire gating grid (GG) to minimize
lon Back-Flow (IBF)

High precision, low
mass field cage

— Rate limitation: few kHz

Operate TPC at 50 kHz — no gating grid

CIPANP 2018 W.H Trzaska 13




Continuous Readout with GEMs

GEM 1

pad plane
(not to scale)

CIPANP 2018

TPC Upgrade requirements: ALICE
* Nominal gain = 2000 in Ne-CO,-N, (90-10-5)
e IBF<1% (=20
* Energy resolution: o, /E < 12% for >°Fe
e Stable operation under LHC Run 3 conditions
* Unprecedented challenges in terms of loads and performance
20 ———r+—rr-—-r—r—r-rrTrrrrrrrrrrTrrrrrTTr
Baseline solution: 4-GEM stack E:”S:::ZE;ZV EZ‘_“':::::::A?V
3 T Ug,255V —o—U,,, =255V
Combination of standard (S) and 5L R ™ Uoan=285V —o—U =285V |
large pitch (LP) GEM foils = |
Highly optimized HV configuration% |
* Result of intensive R&D or ]
W.H Trzaska 50.0‘ - .0T5‘ - .1f0l - .1T5. - .ZTO‘ 14 .2f5. - .3.0

IBF (%)



Read-Out Chambers (ROCs)

CIPANP 2018

ALICE

Production of 40 IROCs and 40 OROCs until September 2018

ROC assembly: Yale (IROC), GSI (OROC), HPD Bucharest (OROC);
ROC bodies: Heidelberg, Frankfurt, UT Knoxville

Production of 640 GEM foils and

Distribution of ion backflow

20
spares finishes within the next weeks 18f-
16
E1af
GEM QA: CERN, Budapest, Helsinki; 2
GEM framing: Munich, Bonn, GSI, Wayne State 5 °F
O 8|
ep- 4
All chambers thoroughly qualified: of
0'-1
* Gas tightness °
* Gain and ion backflow uniformity 20F =
* Stability (long-term irradiation with X-rays) A:::
[ -
=14
Selected chambers tested at the LHC §
S 10
B
S
af
2f-
W.H Trzaska o
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GEM QA in Helsinki %




Standalone tracking efficiency (%)

o, (GeVi/c)'

Detector Performance in Run 3 and Run 4 £

N — OO ALICE
100__ S "__.______;___< ‘E ! m\ 7 T i ""ALICE' L NEW ITS
- ALICE | = 380N T s =
- | - : urrent ITS (data) . .
80| /7 Cument s § 300} — N1 —Uipgraded TS * Improved tracking efficiency
[ /  Upgraded ITS 3 050k L] . .
60 [t g T g 20| « Improved tracking resolution
[ // o 200} .
sof | 1 i £ 150t £ * Pointing resolution x3 better in transverse
ol | 1 oo plane (x6 along beam)
[ | | ] 50F ]
0'__./.1 R H| Lo i i 0 HEE I B R
10" 1 10 10 1 10
P, (GeVlc) P, (GeV/c)
004 pc o 1 Soden 4 °* New TPC Readout Chambers (GEM):
. m .
T e e O L Mcemeranmstacs * Preserve momentum resolution for TPC +
0.01]- —©— TPCHITS combined tracks o" 0.01 —0— TPC+ITS combined tracks + ITS traCkS
e e oo Tt * Preserve particle identification via
0008, 5-0-0n0-0-0-0-0-0-0 000 oo ocoe” dE/dx (arXiv:1805.03234, submitted to NIM A)
0.004 |- = 0.004 e ﬂﬁ:-;ﬁ
0.002}a- H;_;:&:EM 7 0.002 L._-:::::-D—-D-D-‘D' :
0060501 015 0.2 025 63 035 04 045 05 O 0501 015 02 025 03 035 04 045 0.5
1/p_ (GeV/c)’ 1/p. (GeV/c)'

CIPANP 2018 W.H Trzaska 17


https://arxiv.org/abs/1805.03234

ALICE Upgrade
at Forward
Rapidity

Tracking Chambers Trigger Chambers

CIPANP 2018 W.H Trzaska 18



Impact of the Muon Forward Tracker

—~ 140
i XX = 1.0%
< 120 - e X/%, = 0.8% -
! _,_ [X/%, = 0.6%
100 =~
80 =
60 e
ﬁ: O
40
0 T i T T
0 2 4 10
P, [GeVic]

CERN-LHC-2015-001

CIPANP 2018

Now =

Run3 =

High pointing accuracy gained by matching muon tracks with MFT tracks

HHL

H_/
MFT

%

in the pseudorapidity window of 2.5<n< 3.6

W.H Trzaska




M FT 920 silicon pixel sensors (0.4 m2) on 280 ladders of 2 to 5 sensors each

10 Half-disks — 2 detection planes each
Disk 2
MFT doses -
< 300 krad Disk 1
< 2x10121 MeV neg/cm?

36<n<-245

CIPANP 2018 W.H.Trzaska 20



MFT will provide a robust $(2S) measurement ALIGE
by improving the S/B by a factor 5to 6

107 —

MUON + MFT 0.0 <p_" < 10.0 GeV/c
10° ™
: I

) )
S S
Q Q
= =
o o
N o~
g I g
3 - 3
c - c
S 2
2, 2,
= =
> 10° > 10°
° i T
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Trigger latency < 425 ns .

T, resolution < 45 ps
Online luminosity
Forward multiplicity
* Centrality
* Eventplane

CIPANP 2018

Fast Interaction Trigger (FIT) Atice

W.H.Trzaska



Physics Performance in Run 3 and Run 4 €

ALICE
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C 1_ p;‘>0.2 GeV/c g :::7;::&::9 o cocktz :310-1 2 p;':»o.z Gevie EEE g:sE: elrnre::g e cockt: o, » H M4
§‘ [ et 2 PP sy om o cookan * Initial temperature from EM radiation
B Trot : e Cocktail-subtracted distributions |n| < 0.9
ol ool \ e ) * |Improved uncertainty figures in Run 3 and 4
10‘3; 10“;
1095 e e = 12 14 105020406 08 1 92 ia
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< 2pTTTTTTTTT T T T T ]
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o S I S e O * Measure R,, with percent-level precision
- 3 suce 3
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Summary and
Outlook

Ten-fold increase of Pb-Pb delivered
luminosity in Run 3 and Run 4

Two orders of magnitude more of MB
events at 50 kHz Pb-Pb collisions

Enhanced tracking and vertexing
performance

Continuous readout TPC with GEM ROCs
Installation starts in December 2018

Run3 starts in March 2021 is

1810
z

Addition of FoCal in Run4?

* forward-rapidity photon measurements
CIPANP 2018
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Thank you for
your attention!




