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Motivation: QGP precision studies
High precision measurements of rare probes from low
to high transverse momentum

Requirements:

- Excellent tracking efficiency and resolution atlow p+
- Large statistics

- PID capability (even at high rate)
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e . 0.4 = ALICE D", D" average 30-50%, Pb-Pb
« Significantchanges in many 4 Syst. from data S\ = 2.76 TeV

observables at intermediate py I Sysi. fom S feecdowt
(from soft to hard regions):
interesting regime for heavy-ion vs 0.2
pp comparisons
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* Not as easy to trigger on though... ! | -
- WHDG rad-+coll -
— - POWLANG in-medium had. -
-0.1~ .. MC@sHQ+EPOS ... PHSD -
« Key Observables: -~ Cao, Qin, Bass --- BAMPSel. -
. [ --- -lTAMUI elasti? 1 | BIAMPS] el.+ra|d.j
— charm production 0 2 4 6 8 10 12 14 16
* hydro-dynamics p, (GeVic)

« charm quark energy loss / jet quenching
» J/p suppression
— thermal photons at low and intermediate p+




Motivation: Need to Understand QGP Better

PRC 90034904 (2014) PRL111 102301 (2013)

Open heavy flavor: good probes of the hot

S L I B L IR ILELELE I

medium ... | | > 0. 4“52;;?%2;%;? average 3%‘52';:;& _
 Heavy quarks take part in collective - [2]Syst. from B feed-down :
expansion 03 ‘$7 E
 Still challenging to see expected 02" § %’&F .
hierarchy in energy losses : %a% _ .

« Distinguish between b/c energy 01_"7,,,\“_
losses is limited to high py o NS S

« No access in Pb-Pb to charm (and _01__ ﬁ%‘vggi%*é:%gamm ag. | E
beauty) baryons = baryon/meson - Goo, Gl Bass VS S
ratio for light flavor only 0274 6 8 10 12 14 16

P, (GeV/c)




Motivation: Need to Understand QGP Better

Open heavy flavor: good probes of the hot

medium ... JHEP03(2016)081  JHEP03(2016)082
. . {manns ARRE RARLE RS RS LALEE RAARS LRS!
 Heavy quarks take part in collective 51_8:_ ALICE 0-10% Pb-Pb, Sy = 2.76 TeV. -
expansion 1,65— e Average D°, D', D**, |y|<0.5 ] E
« Still challenging to see expected 145 : gﬁ"”lyfjg?'a'“m“"‘*"’"“ 3
i I - e Charged , Ml<0.8 ]
hierarchy in energy losses 120 Do sirt sl g -

* Distinguish between b/c energy TS .
losses is limited to high pr :

* No access in Pb-Pb to charm (and
beauty) baryons = baryon/meson
ratio for light flavor only
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Motivation: Need to Understand QGP Better

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

 Heavy quarks take part in collective

expansion T
. . empty) filled boxes: (un)correlated syst. uncert.
« Still challenging to see expected L '(""P‘Y‘)'"‘b;;,;ajev';e('e{;;'t.;,;z;t;ie'i;(;;;,;;;;a """ §
. . - - = D mesons -
hierarchy in energy losses

JHEP 11 (2015)205
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12 ® D mesons (ALICE) 8<p. <16 GeV/c, ly|<0.5 )

@ Non-prompt J/yw (CMS Preliminary) -
6.5<p_<30 GeV/c, |y|<1.2CMS-PAS-HIN-12-014 =

IIII

— = Non-prompt J/y

) ] - 0.8 :— M ------ Non-prompt J/w with ¢ quark energy loss—:
» Distinguish between b/c energy : I _
losses is limited to high py o8 W TSRS =SS B
 No access in Pb-Pb to charm (and I \it\\\ ................... T
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Motivation: Need to Understand QGP Better

Open heavy flavor: good probes of the hot

medium ... _ PRL 111, 222301(2013)
« Heavy quarks take part in collective % %% Po-Pb al | 5,=2.76 TeV, y|<0.5
: S 2f \ Snn
expansion Ea N
« Still challenging to see expected 16F n P+
: : 14} M 80-90 %
hierarchy in energy losses ok B ‘Z'”‘?rv' e
o . . . — = (), V, ly|<0.7
Dlstlngylsh between b/c energy i BE mm Spslemato Uncertaity
losses is limited to high pt 08 |
. F L
« No access in Pb-Pb to charm (and gi “; Ty i
beauty) baryons - baryon/meson e * w=, Lo $
ratio for light flavor only )
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Quarkonia: Hadronize or Recombine?

ALICE

oooooooooooooooooo

<14 . .
T [ nclusive Iy o i, PP |8y =276 TeV Reduced suppression with respectto RHIC
1.2 m ALICE, 2.5<y<4,pT<8GeV/c global syst.= + 15% . . . 0
ﬂ - Theoretical models which include ~50% of
@E@ the low-pt J/w via recombination describe
0.8 - e A
: % LHC data
A - theor. uncertainties linked to total o+ +
04F e s CNM effects
o2f (e > binati tributes mainly at |
W eEposote)ire recombination contributes mainly at low pr
% 50 100 150 200 250 300 350 400
(N0
8 T ALICE (5,276 TeV, 25<y<d (arXiv:1506.0804) Statistical hadronization or kinetic
Sk Fraav recombination?
3<p <8 GeV/c =
) 3:_ S, =2 e (] I
QS e oz ¥(2S) can help to disentangle
= 2.5E 4 3<p,<30 GeV/c , 1.6<y|<2.4 ! / mechanlsms at Work
~ 2:_ .
3215;_ =z~ o Double ratio has less dependency on o,
3 T I [ I * CMS/ALICE measurements showed
@ . @ i some tensions
2 05,.1.1 | L - Precision must be improved
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ALICE Upgrade Strategy

Finding our optimal path forward...

» Study the thermalization of partons in the QGP, with focus on
charm and beauty quarks at low p —

- secondary vertices > improve inner tracker All this cannotbe

selected at trigger

* Low-momentum charmonia dissociation (and regeneration?) level (very large
to study deconfinement and medium temperature combinatorial
* Production of thermal photons and low-mass dileptons background) >

emitted by QGP to study initial temperature and equation of read out everything!
state of the medium

-> exploit ALICE low pr reach, PID capabilities, l
improve vertexing and readout rate = improve inner tracker

and readout upgrade of the rest of ALICE _
» Precision study of light nuclei and hyper-nuclei -




LHC Schedule
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* Ly 1027 cm?2s' > (goal) 6 102 cm2s™' > 50 KHz int. rate ~ Centre-ot-mass energy (GeV)
(thanks to LHC team!)

« In addition to Pb-Pb: p-Pb and pp at relevant energies
e ALICE request: 10 nb" Pb-Pb atB=0.5T (+ 3nb'atB=0.2 T)

LHC operates at higher energies and at vanishing baryon chemical potential
- best suited for measurementof QGP properties
- abundance of calculable QCD processes (heavy quarks)




Excellent PID
_—
capal_mlltles,
tracking,
~1 kHz readout

LS1 Upgrades:
EMCal/DCal/PHOS
TRD

"
(PHOS ) (1Ts |




ALICE Upgrade: LS2

The ALICE LS2 upgrade plans:
new, high-resolution, low-material Inner \
Tracking System (ITS)

— upgrade of Time Projection Chamber (TPC)

— new silicon telescope in front of hadron
absorberin the acceptance of the Muon
Spectrometer (Muon Forward Tracker, MFT)

\Kupgrade of the online systems (O?) /

— upgrade of the forward trigger detectors
(FIT)and ZDC

— upgrade of read-out electronics of: TRD,
TOF and Muon Spectrometer

— upgrade of the offline reconstruction
and analysis framework

Muon Forward Tracker

N2

CERN-LHCC-2015-021

Collection of ALICE upgrade TDRs

CERN-LHCC-2013-024

CERN-LHCC-2013-019

CERN-LHCC-2015-006

CERN-LHCC-2012-012




ALICE Upgrade: LS2

New Inner Tracking System (ITS)

2 outer layers

New Forward Interaction =
Trigger (FIT) V~'-K

R

e

L“_ > \31 ; 2 / A =
...... g n Y 12.5 G-plREkeartiera (10 m?)

7 i) !'f',:/"/
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e _ N § »4 Both based on
j =g | < Monolithic Active Pixel
Sensors (MAPS)

’ ) New Muon Forward
Tracker (MFT)

TPC with GEM
based readout

OUTER FIELD
CAGE

+ improved readout for TOF, ZDC,
TRD, MUON ARM

+ new Central Trigger Processor
+ new DAQ/Offline architecture
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ALICE

A JOURNEY OF DISCOVERY
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ALICE

A JOURNEY OF DISCOVERY
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ALICE MFT Upgrade




MFT Concept

Hadron Absorber

« ALICE muon arm: detect

muons in forward range C:"!ision l
_40 < < _25 region
n l /

H_/\

Muon Forward Tracker

* Implementation: silicon
telescope in front of the Muon Spectrometer

hadron absorber Similarities with PHENIX FVTX project

. Absorber

AT AT ATATATATATATATATATATATATAVATATATATATATATATATAYATA|S




Inner Tracker Upgrade

ITS
UPGRADE

# layers
Rapidity coverage
Fmin

Material budget per
layer

Spatial resolution

Max Pb-Pb readout
rate

In[<0.9
3.9cm
1.1% X,

12 x 100 um?
35 x 20 um?
20 x 830 um2

1 kHz

Inf<1.5
2.3cm
0.3-1% X,

~5 x5 um?

100 kHz

-3.6<n<-2.4
/
0.6%X,

~5 x5 um?2

100 kHz

| T ————
>
S gol
s %
°
ﬁ 60_ ALICE
......... cumtns
~——— Upgraded ITS
40 - 1B: X/X,= 0.3%; OB: X/X = 0.8%
20¢
0 Lul 1 sl
10 1 10
ITS pointing resolutron p. (GeVic)
400 e . —
: i ALICE
350} gk}éﬁi"i'Té'"(daié); :

5 disks

ITS Outer Barrel
ITS Inner Barrel

Pointing Resolution (um)

grad ed ITS ------




Inner Barrel

Layer 1

Layer 2 Cooling Ducts
Rmax 34,60 Rmax 42,10
Rmid 31,50 Rmid 39,30
Rmin 30,10 Mechanical
Connector
9 Pixel Chips
Layer 0 e® o° o
Soldering Balls
d 40
Rmin 22,40
Flex Printed Circuit

Inner Barrel Stave

s Flex Printed Circuit (22%)
Glue (5%)
= Carbon Structure (33%)

e \Water(13%)




Monolithic Active Pixel Sensors

MAPS attractive technology for ALICE due to:

- Reduction of material budget (sensor&readout integrated) 350 um -
50-100 um/layer

- Radiation tolerance and moderate read-out time fitting ALICE needs

Sensing
diode Read-out

ALICE baseline: MAPS using CMOS 0.18 um technology: Mwos - pHos
(Towerdazz) I

[f]Lm/l

£
Pixel pitch ~ 30 um x 30 um 3 | ,,U =il
e
Final version of MAPS chip (ALPIDE = ALICE Pixel Detector) due § y b :
July 2016 (after 3 prototype runs) * ol
- start production end of the year Epitaxial Layer P- IS AN )

Power consumption: <100 mW/cm?
Efficiency > 99%
Noise probability: < 106

Non-lonizing Energy Loss: 1.7 X 1013 1 MeV neq /cm2
Total lonizing Dose: 2.7 Mrad for IB, 100 krad for OB

" AR A
pALPIDE -3



Production:
-n. 31 units produced




ALICE TPC Upgrade




TPC Overview

e Read-out Chambers: Total =36 X 2

« Diameter: 5 m, length: 5 m — outer (OROC): 18 X 2

« Acceptance:|n|<0.9,Ad=2xn — inner (IROC): 18 X 2

« Gas:Ne-CO,in Run1, « Pad sizes:4 X 7.5 mm?2, 6 X 10 (15)
Ar-CO, in Run2 mm?2

* Drift field = 400V/cm « Channel number: 557 568

— Diffusion: o= o, = 0.2 mm/Ncm

* In Run1 & Run2: MWPC + gating
— Vgq= 2.7 cm/us, max. drift time: 92 us

grid operation
— Present rate limitation: few kHz

Central drift electrode
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Main objective: Retain physics performance
in high rate operation

— continuous read-out of Pb-Pb events at
50 kHz collision rate

Operation of MWPC without gating grid would
lead to massive space-charge distortionsdue
to back-drifting ions

Instead: Continuous read-out with micro-
pattern gaseous detectors (GEMSs)

Advantages:
— reduced ion backflow (IBF)
— high rate capability
— no long ion tail

Pitch=140um
Hole ¢=70um
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Electron drift
paths
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oooooooooooooooooo

To effectively reduce IBF a GEM stack is needed
- 4 GEM scheme with optimization of holes

Cover electrode
[ — ] Egn C—1
gzz ; |_%|_] Eqy I_I%l_’ "2 mm
GEM 3 ‘_x:i_j_] Erp |_A:f‘1_l 2mm
GEM 4 L‘:_]' Er _.:14' S
| Eing readout anode ~_ L — 2mm

Pad plane [

Strong back| |

N
o

LA SN BN S B RN A N S R B R SN B R B R

u.. /. =08 u../U.. =095

GEM3 ~ GEM4 GEM3 ~ GEM4

-
(0]
!

| —a—U_ =235V —o—U_ =235V T ..,‘ '
o U255V —o— Uy, =255V g gl

_ —=—U__ =285V —D—UGEM2=285 v I % -
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Energy resolution %)

Pre-production
to be launched
after Summer
2016

CERN-LHCC-201 3-020
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Read-out ASIC: SAMPA

* Integrate functionality of presentpreamplifier / shaperand ALTRO chip. To
be used by TPC & Muon Chambers (MCH)

— Pos/ neg. polarity Interest also e.qg. from STAR
— continuous/ triggered read-out ITPC project

« MPW2 testing starting now!




Detectors electronics

Continuous and triggered streams of raw data

- Data reductionis key
- Online calibration needed

Synchronous

Readout, split into Sub-Time Frames,
and aggregation

Local pattern recognition and calibration
Local data compression

Quality control

Compressed Sub-Time Frames

Data aggregation

Synchronous global reconstruction,
calibration and data volume reduction
Quality control

Compressed Time Frames

Data storage
and archival

\ 4

90 GB/s

Q)

N

Compressed Time Frames

Reconstructed events

Asynchronous refined calibration,
reconstruction

Event extraction

Quality control

Asynchronous

Target luminosity implies 1 TB/s 02 new ALICE facility
100 k CPU cores i ’j
60 PB of storage " f} o 4

|

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

Local compression (i.e. for TPC
clusterfinding)

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




Online Systems

« Two reconstruction stages are carried out on the O2 computing farm
— first reconstruction stage (aimed at data reduction) online

— second reconstruction stage (aimed at obtaining final performance)
asynchronous

« Data bandwidth:

Detector Input to Online Peak Output to Local Avg. output to computing

System (GByte/s) Data Storage (GByte/s) center (GByte/s)
TPC 1000 50.0 8.0
TRD 81.5 10.0 1.6
ITS 40 10.0 1.6
Others 25 12.5 2.0
Total 1146.5 82.5 13.2

* LHC luminosity variation during fill and efficiency taken into accountfor
average output to computing center




Reduction of uncertainties for charm
Separation between beauty and charm

Full reconstruction of B decays

Measurements of heavy-flavor baryons

Low mass di-leptons: e*e- (barrel) and p*u- (MFT)

CERN-LHCC-2013-024
CERN-LHCC-2012-012

and more.... (light nuclei)

All results with £;,,=10 nb-1

achievable only via the five
joint ALICE upgrade projects

Muon Forward Tracker

CERN-LHCC-2015-021
CERN-LHCC-2013-019
CERN-LHCC-2015-006




DO as reference candle for charm

Systematics improvement due to:

(5

ALICE

A JOURNEY OF DISCOVERY

Feed down: impact par. method
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- D' Kn* 1

Background down by factor 5 ; ot 5

C ———— Yield extraction 3

For £,,=10 nb"* number of events 8 x 10? 0.2 Tracking eficincy E

. . pe . variation R

-> Significance 50 for pr< 1GeV/c (and 1000 at high pr) MC p, shape ]

PID .

- Easier signal extraction
- “direct” feed-down correction 2>
Compare with current 12% in
JHEP 11(2015) 205!

A 4

Rax relative systematic uncertainty

0-1? ~————— Feed down: FONLL + R?™™® hypothesis
.
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E_rltries (arb. units)
o )
N - —
lIlII L

—
=
w
T

e T e T T2 BUR.(B > DO+ X) ~60%

- D Kt Pb-Pb, centrality 0-10%

| 2<p <3 GeVic - remsowgassarrs | B1 €T ~ 460-490 um - exploit DCA shape

—o— Prompt D, current ITS
=« D from B, upgraded ITS
—o— Dfrom B, current ITS

o= = Upgraded ITS: resolution improves by factor 3
4 —> Better separation of the two components

This is also valid for displaced J/vy, e.g. for the
study of B2>J/yw (2e*e’) + K

Pseudoproper decay length resolution (cm)

” L 1 1 | —
-400  -200 0 200 400 > 300r

0 ) FL =10 nb™, 0- 10%
Q 250 int
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— 4 ___ +
103 e S - ALICE Simulation
E : 0 L1 1l l L1 1 1 I llllllll l llllllllllllllllllll
I N N A N R 48 49 5 51 5.2 53 54 55 56 5.7
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From run 1 to run 3-4: beauty

(5

ALICE

A JOURNEY OF DISCOVERY

® AR NN RN RN R
What can we see?  JHEP 07 (2015) 051 - ALICE Simulaion
O - Upgrade - |
- 2 o0 = Pb-Pb, |5 = 5.5 TeV
S Pb-Pb, (s =276 TeV A 320%.. CMS (yl<2.4) 2102 Lim=10nb'1,@ntrality 0-10% -
E‘ —@- 0-50% ALICE (|y|<0.8) 1 *Dn (D' —K'm) .
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5 1.5+ — HTL & wio Coll. Diss.  — - Coll. i 3 . |
< | - - LatQCD mm with Coll. Diss. Coll.+LPM Rad. — " ’{'% + i i
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iy FHiE AdS/CFT - — Uphoff J. et al. 10 .]. E
050 18 20 25 30 35" 40
P, (GeV/c)
L | IR TR PR TR ST SR S (TSN ST ST TN (ST ST ST U Y 2
0 S 10 (gev /0)20 25 30 mi | &W Non-prompt D” — Kn* (lyl<0.9)
p l - Non-prompt Jhip — un (3.6<y<4.5)
1.5 - ALICE Upgrad
Upgraded ITS |y|<0.9 5T i
| N VS =5.5TeV
_ 0-10% Pb-Pb
* New channel opened (B) + much larger 1----§: ---------------------------------------------------------------
precision on Rua (both via displaced J/wand \
non prompt DO) 0.5 - \ MFT+ITS
* The study of non prompt J/yin u*u- channel A
key tool to measure B down to zero py o Z
0 5 10 15 20 25 30
P, [GeV/c]




Reminder:
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Move from “first clear indication of AE.>AE}”
to test quantitative description as a function of py

Physics Letters B 519 (2001) 199-206
Heavy-quark colorimetry of QCD matter
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Hadrochemistry: heavy flavor
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* In QGP higher s abundance = D, enhanced if charm hadrons form
predominantly in in-medium hadronization (Rafelski et al., Rapp et al.)

« A, for the first time accessible in Pb-Pb.

« Discrimination among different models of hadronization (thermal vs
coalescence). In-medium recombination 2> A./D° increases at
intermediate momenta (Ko et al., Rapp et al., Greco et al.)
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Charmonium: deconfined charm quarks in the QGP phase?
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Low mass di-leptons

Temperature can be extracted via -

d

N« exp
Mee

Statistical error on the slope < 10% for Mg,

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

« ITS/MFT spatial resolution - reject charm decays

Ref. Model: Rapp et al.,NPA 806 333 (2008)
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Low mass di-leptons

* ITS and MUON+MFT enable M, and M,,, studies

* ITS reduced thickness reduces conversion probability

« High rate + low B = increase electron acceptance /use PID
« ITS/MFT spatial resolution - reject charm decays

Ref. Model: Rapp et al.,NPA 806 333 (2008)
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Pb-Pb, 2011 run, s, =2.76 TeV negative particles
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* 10 anti-alpha candidates were detectedin Particle Yield
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Particle yields (including reconstruction
efficiency) for 10'° central Pb-Pb
collisions from ALICE upgrade LOI.




LS3: FoCal?

.......

LHC ;
p+tPb88TeV /

20r

10

saturation

region / .

A — Flagship measurements of
g direct y Rpa (and Raa) at

s e e o2 sa s e forward rapidities n ~ 3-5

Low x (large y): large gluon density New regime at LHC:

Gluon density also increases with Strong fields, particularly at
A, and with beam energy large rapidities

Forward Calorimeter proposal (y, n° measurements) under internal discussion




Summary

ALICE has a comprehensive upgrade programme starting to move
Into its implementation phase

LS2 (2019-2020) is a major ALICE upgrade:
* Improved tracking precision (ITS+MFT) at low pt mid/fwd y
 Readout at 50 kHz in Pb-Pb via TPC (+ readout upgrade)

* New paradigm for Online/Offline operations

2016 2017 2018 2019 2020 2021
L > —
Completion of R&D Production and construction Assembly, installation and RU N3

commissioning

It will extend ALICE life cycle well beyond 2020. First Pb-Pb physics data
in 5 years from now.

« The upgrade strategy is oriented to explore low and intermediate py
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. 3




