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What is an upgrade?
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The Wonderland didn’t change. Itis what we
want to explore since the beginning. But with
2016 movie upgrade we can see it better
probably....
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What in this talk?

] What is an upgrade?

e (),
Observables we would like ;T
to see and current o Y rimead
limitations & 2P, :

to explore since the beginning. But with 2016
movie upgrade we can see it better probably....

Upgrade strategy: where/how to
improve the detector?

Expected performance and
physics outputs
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Where do we need more details to understand QGP?

*  RHIC “picture” of the created hot matter confirmed @ LHC:
“a strongly-coupled plasma with very short mean free path”

* QGP asa near perfect liquid: radial & elliptic flow

* QCD energy loss inthe QGP

* Evidence of collectivity and strangeness enhancement in
high multiplicity events in pp and p-Pb remains a puzzle

‘ Open heavy flavor: good probes of the hot medium but...
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 Heavy quarks take part in collective
expansion
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Where do we need more details to understand QGP?

*  RHIC “picture” of the created hot matter confirmed @ LHC:
“a strongly-coupled plasma with very short mean free path”

* QGP asa near perfect liquid: radial & elliptic flow

* QCD energy loss inthe QGP

* Evidence of collectivity and strangeness enhancement in
high multiplicity events in pp and p-Pb remains a puzzle

‘ Open heavy flavor: good probes of the hot medium but...

 Heavy quarks take part in collective
expansion

» Still challengingto see expected
hierarchyin energy losses
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Where do we need more details to understand QGP?

ALICE
*  RHIC “picture” of the created hot matter confirmed @ LHC:
“a strongly-coupled plasma with very short mean free path”
* QGP asa near perfect liquid: radial & elliptic flow
* QCD energy loss inthe QGP
* Evidence of collectivity and strangeness enhancement in
high multiplicity events in pp and p-Pb remains a puzzle
Open heavy flavor: good probes of the hot medium but...
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Where do we need more details to understand QGP?

ALICE
*  RHIC “picture” of the created hot matter confirmed @ LHC:

“a strongly-coupled plasma with very short mean free path”
* QGP asa near perfect liquid: radial & elliptic flow
* QCD energy loss inthe QGP
* Evidence of collectivity and strangeness enhancement in
high multiplicity events in pp and p-Pb remains a puzzle

‘ Open heavy flavor: good probes of the hot medium but...

PRL 111, 222301(2013)
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= Quarkonia: hadronize or recombine? ™"

)

Higher \/Syy increases heavy quark

J/y suppression QGP “smoking gun”
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Low mass di-leptons

ALICE
* EM radiation is produced at all stages of the collision 2
* |eptons don’t interact 2>
e spectrum retains information of the entire system evolution!
* Temperature dependence encoded in invariant mass spectrum

* Space-time evolution of the system ~ M.. as measurement but...

] insufficient statistics
What can we see with the current detector? * Systematics (comb.subtr. and c subtr.) dominate
* DCA cuts with current resolution don’t help

—
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Design a strategy to better see...

Our starting glasses are ALICE sub-detectors...
how can we improve them?

»  Study the thermalization of partons in the QGP, with focus on | All this cannot be
charm and beauty quarks at low py

selected at trigger level
—> secondary vertices = improve inner tracker

(very large

* Low-momentum charmonia dissociation (and regeneration?) to combinatorial

study deconfinement and medium temperature — background) =

* Production of thermal photons and low-mass dileptons emitted by read out everything!
QGP to study initial temperature and equation of state of the
medium i

-> exploit low p; reach & PID / DCA cuts = againinner tracker

e Precision study of light nuclei and hyper-nuclei —

18 June 2016 - LHCP 2016 P. Antonioli - The ALICE upgrade 0
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When?

Heavy ions facilities up to 2030
SNN~ 5TeV SNN _5'5TeV 2030 T oo T T T L Wl
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EYETS LS2 HC
2025|— u
[FAIR |
n (Sl
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2024 2025 2026 2027 2028 2029 Shutdown/Technical stop > B (Collider) u
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| ] | lons | RHlC |
- RHC .
(BES 1)
2015 L1l L1l IIlll Ll Ll I Ll lIII
1 10 10? 10° 10°

Centre-of-mass energy (GeV)

L« 102/ cm=2st = (goal) 6 10?7 cm2s1 = 50 KHz int. rate
(LHC collimators upgrade)

Besides Pb-Pb, p-Pb and pp at+/s=5.5 TeV

ALICE request: 10 nb'1 at B=0.5T (+ 3 nb! at B=0.2T)

LHC operates at higher energies and at vanishing baryon chemical potential
- best suited for measurement of QGP properties
- abundance of calculable QCD processes (heavy quarks)
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ALICE upgrade: new glasses

ALICE

New Inner Tracking System (ITS)

2 outerwlla)'/?fs. 2 middle layers

-

New Forward Interaction

-
Trigger (FIT) .

€ra (10 m?)

AN

Both based on Monolithic

OUTER FIELD
CAGE

New Muon Forward

READOUT

N CHAMBERS ABSORBER )

. T "__ | " ! ‘ et Active Pixel Sensors
TPC with GEM =w < NN : i A
based readout ' R LSPNTEr  —

Tracker (MFT)

| + improved readout for TOF, ZDC, TRD,
MUON ARM
‘ + new Central Trigger Processor

/ + new DAQ/Offline architecture \‘ 9‘\

P. Antonioli - The ALICE upgrade



# layers
Rapidity coverage

Cmin

Material budget per
layer

Spatial resolution

Max Pb-Pb readout rate

Upgrade the inner tracker

[m[<0.9
3.9cm
1.1% X,

12 x 100 um?
35 x 20 um?
20 x 830 um?

1 kHz

18 June 2016 - LHCP 2016
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ITS Outer Barrel r
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Upgrade the inner tracker
. ms

F 0o
# layers 6 7 5 a
. < 80
Rapidity coverage [m[<0.9 Inl<1.5 -3.6<n<-2.4 @D
o
Friin 39cm 2.3cm / ﬁ 60l ALICE
Material budget 1.1% X 0.3-0.8% X 0.6%X current 19
lal buaget per 17 Ko .2-U.07% Ag .07 Xg Upgraded ITS
layer 40} 1B: X/X,= 0.3%; OB: X/X = 0.8%
Spatial resolution 12 x 100 um? ~5x5 um? ~5x5 um?
35 x 20 um? 20l
20 x 830 um?
Max Pb-Pb readout rate 1 kHz 100 kHz 100 kHz olsetil o il T
10" 1 10
MFT pointing resolution p, (GeV/c)
= 140 -,
5, ] X% = 1.0%
120 X% = 0.8%
o) ]~ X% = 0.6%
100 | ~
80 ﬁ o Betterthan 100 um
1 - for P;>1 GeV/c
60 g
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Monolithic Active Pixel Sensors

ALICE
MAPS attractive technology for ALICE due to:
- Reduction of material budget (sensor&readout integrated) 350 um->50-100 um/layer
- Limited radiation tolerance and moderate readout time: still fitting for ALICE (700 krad
foreseen for innermost layer)!
ALICE baseline: MAPS using CMOS 0.18 um technology (TowerJazz) Zfo”;;”g Read-out
Pixel pitch ~ 30 um x 30 um = m::s-::m/ m.:i::m
High resistivity (>1 k€2) epitaxial layer U (o /A e j
PMOS transistor for readout on top of deep p-well § oI
*  PMOS/NMOS in the same pixel cell E Ny
« deep p-well junction reflects signal electrons % ':‘....'7.e
* signal collected by the sensing diode only e '.ei:a,..i‘f:g.

Final version of MAPS chip (ALPIDE = ALICE Pixel Detector)due July 2016
(after 3 prototype runs) —> start production end of the year

29 um x 27 um pixel pitch

Power consumption: 40 mW/cm?

Efficiency > 99%

Noise probability: < 10®

T AL DIARIIIL A
¥ DALPIDE-3




From plots & drawings to pictures

ALICE
MFT disk # 1: PCB + support Module assembly machines

e o — e e s
. ST — gpepe—— ,
e <
- ——t
. o o
'

UL

Stave
2 Middle Layers

2 Outer Layers

e
----
""""
2
P

Outer Detector
Half Barrel 5

ITS IB staves

Production:
-n. 31 units produced

IB stave

Space Frame

Mechanical

Connector
Cold Plate

9 Pixel Chips

Soldering Balls

Flex Printed Circuit
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Collect large statistics with the TPC

Current MWPC readout limits event readout rateto ~ 3 kHz
(ALICE TPC operated with active ion Gating Grid. Readout time
(100 us) + GG closure time (200 us))

GEM (Gas Electron Multiplier) technology reduces ion backflow

. . . . . v
With GEM TPC continuous readout possible @Pb-Pb interaction rate: 50 kHz, R
. e “
preserving tracking, p resolution and PID capabilities SRR
TCP TDR: CERN-LHCC-2012-012
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5 0.0 —o— TPCHTS combined tracks . Y 0.01f —9— TPCHTS combined tracks - i n pi on
C i 1  soof .
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R&D work (and plctures...) S

ALICE

To effectively reduce IBF a GEM stack is needed C O
= 4 GEM scheme with optimization of holes : :
Cover electrode ~ 5
GEM 1 = = — O -
GEM 2 Lx?_, Ery |_|?_, 2mm ~ ~
GEM 3 [—‘:‘—][-1] . L | j2mm o -
GEM 4 = i L:_I' 2 mm

—— Eing readout anode - — 2mm

Padplanc

Strong back| |

L S R S B S N S S S R S B S B B B S S B

u._.J/J_ . =08 u.. /U =095

N
o

9
\o’ GEM3 ~ GEM4 GEM3 ~ GEM4
18 - ——U,_,,=235V —o—U_, =235V
g 16 [ ——U_,,=255V ——U_ =255V
B _ —=—U_, =285V ——U_ =285V
o ' S-LP-LP-S ¢ Energy resolutlon*
°>D \ : . (';7 . 40 60 80 100 120 140 160
o . : i : b
Q 10 . - SRR S . 8, . )
S ) | |9 Pre-production
T
B S S S S 4 ; . tobe launched
N R 15 after Summer
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The challenges:

Target luminosity implies 1 TB/s
— Data reduction is key

- Online calibration needed

Detectors electronics

Continuous and triggered streams of raw data

The new infrastructure

O2: new facility @ LHC Point 2
100 k CPU cores
60 PB of storage

Readout, split into Sub-Time Frames,
and aggregation

Local data compression
Quality control

Local pattern recognition and calibration

A 4

1TB/s —

Synchronous

Compressed Sub-Time Frames

Data aggregation
Synchronous global reconstruction,

Quality control

calibration and data volume reduction

Compressed Time Frames

Data storage
and archival

| 90GB/s

——Q

A

Compressed Time Frames

Reconstructed events

Asynchronous refined calibration,
reconstruction

Event extraction

Quality control

\ 4

L

Asynchronous |

e Data transfer in continuous mode fashion
or by using minimum bias trigger

* Dedicated time markers used to ‘chop’ data
in Time Frames to be inspected

* Local compression (i.e. for TPC cluster
finding)

* Online calibration & global reconstruction
replace original raw data with compressed
data

The 02 system will perform calibration and
reconstruction concurrently with data
taking

- The ALICE upgrade
19
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Separation between beauty and charm |

Full reconstruction of B decays

Measurements of heavy-flavor baryons
Low mass di-leptons: e*e” (barrel) and uwru (MFT)
Y(2S) - discrimination between models of recombination

and more.... (light nuclei)

Inner Tracking Systen

CERN-LHCC-2013-024

All results with £;+=10 nb!

ALICE upgrade projects

achievable only via the five joint

Muon Forward Tracker

oK

B %
z ,‘;* .

18 June 2016 - LHCP 2016

CERN-LHCC-2015-021
CERN-LHCC-2013-019
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Online - Offline computing system
N

Time Projection Chamber

CERN-LHCC-2012-012

Upgrade of the

CERN-LHCC-2015-006



DO as reference candle for charm
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For £i,:=10 nb* number of events 8 x 10°

o , Background down by factor 5 - 10
- Significance 50for p;< 1GeV (and 1000 at high py)

2> 03—
. . c :DO_, Kt ]
Systematics improvement due to: s :
. . : g 02f Yracking afice E
- Easier signal extraction g Caion <
- "direct” feed-down correction > — Foodcow o ovge 3
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Separation between charm and beauty

—
m
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-
1L

Entries (arb. units)
N
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—
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_ 2<p,<3GeV/c

T I T T T [ T T T I T
Pb-Pb, centrality 0-10%

Prompt D, upgraded ITS

T I T T T I T T
D’ K'r*

o

Prompt D, current ITS
D from B, upgraded ITS
D from B, current ITS

D from B, true shape

o

Pseudoproper decay length resolution (cm)

~ 400

-400  -200 0
D impact parameter do (um)
LI Saand RARAN LAARN LALAN RARAY RAMAY RAAAS RALL [RARRE RARR
- Jhp— e*e - Current ITS .
a—— Upgraded ITS (hybrid MC)
- Upgraded ITS (full MC)
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B.R.(B> DO+

X) ~60%

ALICE

B: ct ~ 460-490 mm —> exploit impact parameter shape

With upgraded ITS resolution improves by factor 3

— Better sepa

ration of the two components

This is also valid for displaced J/1y = opens in the
barrel for the study of B2>J/y (2e*e) + K

Entries/20MeV
N w
(o)) o
O O

N
o
o

150
100

50}
A

P. Antonioli

- ALICE Upgrade Pb-Pb, sy, = 5.5 TeV
=10nb™, 0-10%

Illlll]ll

Clean signal

C B* = Jiy(— ee)+K* ly,.I<0.8

— 0<p( B*) <2 GeV/c

- ALICE Simulatlon

- l pao o by v bev v bysa e boy v by v s

8 49 5 51 52 53 54 55 58 57

M(eeK)(GeV/c?)

- The ALICE upgrade
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non-prompt J/y

From run 1 to run 3-4... beauty looks better

ALICE

a) IITTIIIII |||IIIITTNlllllllllllTTT‘!I|| < 2 [ T T T
S e | ALICE Simulation | S Non prompt J/IP (—' e'e), lyl<0. 9
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Beauty and charm energy loss

ALICE
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Move from “first clear indication of AE.>AE,”
to test quantitative description as a function of p;

Soft gluon irradiation / dead-cone effect Physics Letters B 519 (2001) 199-206
a;Crdw kf_ dki 6o = mmmm)  Heavy-quark colorimetry of QCD matter

n o (k 1t 90) Yu.L. Dokshitzer*, D.E. Kharzeev *°
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Hadrochemistry: in medium hadronization for heavy flavor?

D~ KK (ct 150 um)
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Access to heavy flavor

ALICE Upgrade

N =
S
of
wf
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10 12 14 16 18 20 22

ALICE

baryons

* In QGP higher s abundance = D, enhanced if charm hadrons form predominantly in

* A for the first time accessible in PbPb.

n-medium hadronization

* Discrimination among different models of hadronization (thermal vs coalescence). In-
medium recombination = A./D° increases at intermediate momenta

18 June 2016 - LHCP 2016

P. Antonioli - The ALICE upgrade
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t(2S) / Jhy), , / [w(2S) / Iy,

Charmonium: deconfined charm quarks in the QGP phase?

ALICE
RUN 1 ALICE Upgrade
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Low mass di-leptons

ALICE

ITS and MUON+MFT enable M., and M, studies
ITS reduced thickness reduces conversion
High rate + low B = increase electron acceptance / use PID

ITS/MFT spatial resolution = reject charm decays < "PbPb @\ sy = 55 TOV —— RappSum :
8 " [0- 10%, 2.5E9 events] Rapp In-medium SF -
;10'1 ly | <0.84 Rapp QGP E
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e Statistical error on the slope < 10% for M.,
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Low mass di-leptons

ALICE
ITS and MUON+MFT enable M., and M,,, studies
ITS reduced thickness reduces conversion
High rate + low B = increase electron acceptance / use PID
ITS/MFT spatial resolution = reject charm decays

MUON only : 1.0 < p_" < 10.0 GeV/c MUON + MFT : 1.0 < p_" < 10.0 GeV/c
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ALICE has a comprehensive upgrade programme starting to
move in its implementation phase

LS2 (2019-2020) is a major ALICE upgrade:

Alice in Wonderland [
The Griginal Fin f

Summary

The Wonderland didn’t change. Is what we want
to explore since the beginning. But with 2016
movie upgrade we can see it better probably....

Improved tracking precision (ITS+MFT) at low p; mid/fwd y
Readout at 50 kHz in PbPb via TPC (+ readout upgrade)
New paradigm for Online/Offline operations

2016 2017 2018 2019 2020 2021

l 3 X

Completion of R&D Production and construction Assembily, installation and RUNS3
commissioning

It will extend ALICE life cycle up to 2029. First PbPb physics data in 5 years from now.
The upgrade strategy is oriented to explore low p; observables to study QGP properties
in particular using heavy flavor probes and invariant mass di-leptons

The ALICE upgrade physics programme is unique and complementary” (so... unique
strengths!) with respect to other observables studied by other LHC detectors.

A Forward Calorimeter (to be installed during LS3) with focus on saturation physics also
under discussion

(*) See A. Urastalk @LHCP2016, "Heavy ions at HL-LHC” [parallel Friday 17]




