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A Large lon Collider Experiment

Outline ALICE

= ALICE and the LHC schedule
= Running conditions after the next LHC Long Shutdown

= ALICE Upgrade:
—motivations
—strategy

= The upgraded detector:

— new Inner Tracking System (ITS)

— new Muon Forward Tracker (MFT)

— Time Projection Chamber (TPC) upgrade

— Online-Offline (Oz)system.
= Expected physics performance - a personal selection.
= (Conclusions
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A L I C E AIC':I'rgn-yIrr?r?er Tracking System ALICE

* TPC - Time Projection Chamber
= ALICE is one of the 4  TOF - Time Of Flight

large experiments at the NN e (‘Strip ) ( Drift ) ( Pixel )

= |t was explicitly designed s N e ——
to study Heavy lon “AN
collisions.

= ALICE goal: reconstruct
and identify charged
particles in a central
rapidity window to low
transverse momentum  EEERETE &
(p1~100 MeV/c for pions) g ﬁ__ Central Badry

,hermetic tracking,

= Central barrel (|n|<1): @ e pip, || <09
tracking (ITS, TPC), PID ' al
(TOF, TRD), calorimeters.

= Muon spectrometer: ~ 2 T eSSl e
_ 4<n<_ 25 v | T ALICE numbers:
, | 1665 members
= Forward detectors: ——— . 159 institutes

triggering, centrality, LTPCI :
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ALICE performance: PID
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TPC efficiency

ITS prolongation efficiency
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ALICE Performance: vertexing & tracking

= [ xcellent tracking capabilities

=|n|<0.9 — full azimuthal coverage

=B=0.5 T (solenoidal)
=Key detectors: ITS and TPC

= (00d pointing resolution down to low p;
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ALICE

LHC Heavy lon Program and ALICE upgrade

RUN 3
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= The LHC heavy-ion program will extend to Run 3 and Run 4

= High interaction rate: from 8kHz to 50 kHz for Pb-Pb (£ =6 x 10°" cm™?s™ ")
= Slight energy increase: from Vsnn=5.02 TeV to Vsnn=5.5 TeV

= ALICE requested Pb-Pb integrated luminosity: >10 nb-' (x100 w.r.t. Run 1)

= A major detector upgrade has been approved for the LS2 to fully exploit
the higher rate and to improve the physics performance
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ALICE Upgrade: physics motivations / 1 ALICE

=The LHC data confirmed the expectations after the RHIC results:

— the hot matter created in nucleus-nucleus collisions at the LHC behaves as a
strongly interacting plasma with a very short mean free path.

— QGP has the properties of an almost ideal liquid: radial and elliptic flow.
— QCD energy loss in the plasma: jet quenching, nuclear modification factor.

=The LHC data brought also unexpected phenomena like collectivity and
strangeness enhancement in p-Pb and high multiplicity pp collisions.

=\Nith the presently available data, several issues have been addressed,
however:

— there are physics channels that cannot be studied with the present detector.
— the available integrated luminosity is a limit for rare signals.

= The higher luminosity after LS2 will provide the needed statistics.

=The purpose of the ALICE upgrade is twofold:
—to exploit the high interaction rate with a MB trigger for low S/B signals.
—to allow for higher precision where needed

INPC 2016 | Sep 12, 2016 | M. Masera
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ALICE Upgrade: physics motivations / 2 ALICE

= The main physics topics will exploit the specific
ALICE potentials.

= ALICE will carry out high precision measurements
of rare signals with main focus on the low pr region:

— Charm and beauty hadrons - spectra and flow:

* Energy loss of HF in the hot and dense medium produced in
AA collisions

* Thermalization and hadronization mechanisms (coalescence
vs fragmentation)

* Study possible thermal production

CERN-LHCC-2012-012 / LHCC-1-022
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ALICE Upgrade: physics motivations / 2 ALICE

= The main physics topics will exploit the specific
ALICE potentials.

= ALICE will carry out high precision measurements
of rare signals with main focus on the low pr region:

— Charm and beauty hadrons - spectra and flow:

* Energy loss of HF in the hot and dense medium produced in
AA collisions

* Thermalization and hadronization mechanisms (coalescence
vs fragmentation)

* Study possible thermal production

— A few examples concerning the Heavy Flavor sector in
the next slides

CERN-LHCC-2012-012 / LHCC-1-022
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Where higher precision/statistics are needed? ALICE

= Open Heavy Flavors are excellent probes for the medium...
= There is evidence that low pt charm quarks participate in the collective expansion

= A more precise measurement and higher statistics will allow for a better
comparison with light flavor hadrons and with the models.
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Where higher precision/statistics are needed? ALICE

m Smaller Ry, of D mesons w.r.t. B mesons (J/y « B) as expected from mass-dependent energy loss.
Results are limited to high pr.

m Rxa (D)= Raa(TT) . The color charge dependency of energy loss is compensated by the softer fragmentation
and pr spectrum of gluons (M. bjordjevic, Phys. Rev. Lett. 112 (2014) 042302)

= Hints for a Ry (Ds*)> Raa (D); if confirmed it would indicate charm hadronization through recombination

in medium
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Where higher precision/statistics are needed? ALICE

Baryon to meson enhancement
= |ncrease from low to high multiplicity collisions in p-Pb and Pb-Pb
= Trend qualitatively similar in in different colliding systems

= The enhancement at intermediate pt can be explained in Pb-Pb by collective flow and/or quark
recombinations

= Charm and Beauty baryons cannot be reconstructed in Pb-Pb with the present detector
= More generally, direct reconstruction of Beauty is not possible with the present detector

Baryon to meson ratios
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ALICE Upgrade: physics motivations / 3 ALICE

= ALICE will carry out high precision measurements of rare signals with
main focus on the low pt region:

— Quarkonia down to p;~0
 wide rapidity range: e.g. J/¢ — eTe” at midrapidity and J/¢ — u* .~ at forward rapidity
» dissociation and recombination mechanisms in a deconfined medium.
* P(2S) measurement will help to disentangle the mechanisms at work

— Low mass dileptons:
« e.m. radiation from the QGP
» temperature, EOS and space-time evolution
« chiral symmetry restoration (modification of the spectral function for p meson —
dileptons).
- Jets:
* quenching and fragmentation
* PID of jet particle content
* Heavy Flavour tagging

— Light nuclei and hypernuclei (e.qg. 4He,s,\,\H)

CERN-LHCC-2012-012 / LHCC-1-022 INPC 2016 | Sep 12, 2016 | M. Masera
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ALICE Upgrade: strategy ALICE

= Boundary conditions and requirements:

— very low signal/background ratio for most of the physics We Wm
signals — no trigger selection possible. | /\ toread out |

—Highrate: £=6x10*"cm ?s ! = R=50kHz everything
—Focus on heavy flavors — improve track resolution and

vertexing.
_ : : =
—large minimum bias samples required: Lin>10 nb . From 1 kHz
= Strategy: to 50 kHz

—New Inner Tracking System at midrapidity.
—Narrower beam pipe: from R=29 mm to R=17.2 mm.
—New Muon Forward Tracker in front of the muon absorber.

—New readout chambers for the TPC. Readout upgrades for
several detectors and the online systems.

—New Forward Interaction Trigger (FIT)

—Integrate Online and Offline (O2 project) — data
reconstruction online

INPC 2016 | Sep 12, 2016 | M. Masera 13
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New glasses for ALICE ALICE

New Inner Tracking System (ITS)

, FoCal project (Forward
! Calorimeter) - Proposal under

New Forward Interaction o e vy,
Trigger (FIT) C

& .
- P

203 Aorime , 12.5 G-pixel camera (10 m?)

7o ) | ‘ oy
- , Y & i FILTER S
-‘-;_ . L - & ‘.Il."_ .'.‘” . ot .l"/'

Both based on
Monolithic Active Pixel

G20 Sensors (MAPS)
Log

Improved readout for TOF, ZDC,
TRD, MUON ARM
+ new Central Trigger Processor

— .
=3
m -

TPC with GEM

based readout -

OUTER PELD
CAGE

v
New Muon Forward Tracker
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CAL PSRN
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New Online+Offline System:¢ o>
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Upgrade of the Inner Tracker ALICE
ITS ITS = Better pointing resolution by a factor of 3(5) in
UPGRADE = ' ¢ (2) at p;=500 MeV/c

Number of 4 7 — innermost layer is closer to the IP:
Ilsye'rds't from 39 mm — 22 mm
C:Vpelr;ge In|<0.9 ml<1.5 — reduced material budget: ~0.3% X, for the 3 inner
Material layers (0.8% X, for the other 4 layers)

aieria 1.1% Xo 0.3-0.8% Xo RN ISR E et
budget/layer reauced pixel size.

: 12 x 100 pm? from 50x425 pm2 — ~(30%30 pm2 )

Spatial 35 x 20 um2 5 x 5 um?
resolution XU Hm H —max silicon thickness: 50 pm

20 x 830 uym?

Max Pb-Pb
readout rate

—ALPIDE (ALice Plxel DEtector) chip — Monolithic
1 kHz 100 kHz Active Pixel Sensors (MAPS) in TowerJazz 0.18 um
— CMOS technology.

—Better tracking efficiency and p; resolution at low p+

— thanks to the higher resolution and to the additional
layer

#= Faster readout

= Accessible for maintenance during winter
shutdowns

INPC 2016 | Sep 12, 2016 | M. Masera 15
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Upgrade of the Inner Tracker

3 ® TS stand-alone
[ - (TS4TPC
o[ Fast Monte Carlo (ITS stand-alone) —
Fast Monte Carlo (ITS+TPC)
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The ITSU building phase will start soon ALICE

Stave

Module assembly machines

2 Middle Layers

2 Outer Layers

Outer Detector
Half Barrel

ITS IB staves

Production:

-n. 31 units produced

Cooling Ducts

IB stave

Space Frame
Mechanical
Connector
Cold Plate

9 Pixel Chips

Flex Printed Circuit
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The Muon spectrometer ALICE

= ALICE muon spectrometer is located in the forward region: -4<n<-2.5 .

= The extrapolation of the muon tracks candidates to the interaction
diamond is affected by the presence of the absorber.

= This has a negative effect on the reconstruction of the kinematics and
on the possibility to separate prompt and displaced muons

Muon spectrometer

)

(

1P
""" ‘M Absorber

Dipole
INPC 2016 | Sep 121, 2016 | M. Masera 18
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The new Muon Forward Tracker (MFT) ALICE

Muon spectrometer

INPC 2016 | Sep 12, 2016 | M. Masera
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The new Muon Forward Tracker (MFT) ALICE

Muon spectrometer

= The extrapolated muon tracks are
matched with tracks reconstructed with the

| MFT
PHYSICS GOALS

=Open Heavy Flavors
—Charm measurement down to p=1 GeV/
c (single u channel)
—Beauty measurement down to p=0 (non
prompt J/y)
=Prompt charmonium production

—prompt/non prompt J/yp separation down
to p:=0
—(2S) in central Pb-Pb collisions down to
pr=0
=|_ow mass dimuons

—improved mass resolution (low mass
resonances)

=Event plane measurement and
azimuthal correlation at forward rapidity

INPC 2016 | Sep 12, 2016 | M. Masera 19
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The new Muon Forward Tracker (MFT) ALICE

ITS Inner Barrel

e X% =1.0%
- X/% = 0.8%
o —- X% = 0.6%
—
.-
-
-
s
e
[ ——

Muon Forward Tracker

CERN-LHCC-2015-001

= 5 planes of MAPS ALPIDE
silicon pixel sensors

—same chip used in the ITS

= Placed in front of the
absorber:

—-/6.8cm<z<-46cm
= -3.6<nN<-245
= X/Xo=0.6%

= |nner radius of the disk
constrained by the beam pipe:

2.5cm+ 3.92

= Quter radius:
9.26 cm + 14.35 cm

= 896 sensors

INPC 2016 | Sep 12, 2016 | M. Masera 20



A Large lon Collider Experiment

Time Projection Chamber: present limitations ALICE

= gating grid of readout MWPCs closed to avoid ion feedback

— Limit space charge to tolerable level
— Effective dead time ~280 ys, maximum readout rate: 3.5 kHz

= alternative: gating grid always open
—lon feedback ~103 x primary ions generated in drift volume
—Large space charge effects (of the order of electrical field)
* Space point distortions (at 50 kHz) of order of 1 m — not

tolerable!!
field
acout
GG open GG closed
(drift time) (ion coll. time in ROCs)
inter. L1a
v y \ '
t0 t0+7.7us Int. + 100us Int. + 280us
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TPC Upgrade ALICE

=Goal
— Operate at 50 kHz preserving the present tracking and PID performance
=Upgrade
—Continuous readout — redesign TPC FE and Readout electronic systems
—No gating — with MWPC this would lead to massive space-charge distortions

—To reduce ion back flow at high rate, MWPCs will be replaced with a readout
based on GEM (Gas Electron Multiplier)

Upgrade of the

Time Projection Chamber

BT = S00xv Signal A = SE2 Stage st T+ 00 Date 30 Sep 2011

— S U S CERN-LHCC-2013-020 :
ALICE-TDR-016
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TPC Upgrade: expected performance ALICE
= Technical baseline choice: Cover electrode
— stack of 4 GEM foils GEM 1 [L‘_‘_'; ] — [E' T2 mm
— lon Back Flovy < 1% at gain 2000 GEM 3 —m—— - '—*f—'jx:
— dE/dx resolution <12% for >°Fe GEM¢ T/ T = P
Padpiane - [

= Preproduction: after summer 2016 Swong back

= Tracking resolution
preserved

= Slight deterioration when
only TPC is used

= Correction for space-charge
effects via ITS-TRD
matching:
—successfully used in Run 2

= Full recovery when tracks
are matched with the ITS

§ s MWPC = § 0.014—@ |
QO 45
g 0.012}— —0— TPC only tracks g 0.012|- —0O— TPConly tracks
S’; =@ TPC constrainad Wracks § = TPC constrained tracks
c'- 0.0 —©°— TPCHITS combined tracks D" 0.01 —0— TPC+ITS combined tracks +
0.008 0.008
G000 o044
- o -
0.006 o PP - N -.-.o-..-ﬂ'.‘ .............. 000 ’.¢- o
. L -o--0-p--0—0--0~0-1r Tl T oo~
= 30 4—.—19-':?--.0-;-0-
0.004 ﬂ.o. yous e .o-,,o,-oro-'o‘
_.d...-."‘.'-.- ‘O‘-o-
| - o 00~
0.002 &= o B8-002 o
-o-'°"°'-°. o0
0O 005 0.1 015 02 025 03 035 04 045 05 00 005 01 015 02 025 03 035 04 045 05
" -1
1/p, (GeVic) ! 1/p, (GeV/c)
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ALICE Upgrade: the O? system

= The expected data rate for Pb-Pb Data rate for Pb-
Average event Pb @ 50 kHz

collisions at 50 kHz is ~1.1 TB/s Detector | ;e (MB) (GBle)
= The TPC alone accounts for 1

TPC 20.7 1012

TB/s TS 0.8 40
= The OZ2 project aims to integrate TRD 0.5 20
in a single infrastructure the 0.2 10
present DAQ, HLT and Offline 0.3 12.2
(for the reconstruction part) Total 22,5 1094,2

systems

* The data volume coming from the detectors must be substantially reduced
before sending the data to the mass storage.

* Online processing is the only option

Upgrade of the
___Online - Offline computing system

»

»

»
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ALICE Upgrade: the O? system  ALICE

7 IS | 10 Gb/s TP 2x10or
_ S 10 Gb/s
= The expected data rate for Pb-Pb |, - o
collisions at 50 kHz is ~1.1 TB/s
—> TRD ——F—> FLP ——>
= The TPC alone accounts for 1 ePN |
— EMC >
TB/S Farm Storage Storage’
. . : N PHO —_— FLP — 5 Network Network
= The OZ2 project aims to integrate PN > Storage
in a single infrastructure the N
present DAQ, HLT and Offline ST —
(for the reconstruction part) R A BPEEN TN
Systems Tri:g j:, I;T\ettc'rors ‘ ~ 250 FLPs Y~ 1500 EPNs
First Level Processors Event Processing nodes

* The data volume coming from the detectors must be substantially reduced
before sending the data to the mass storage.

* Online processing is the only option

 The computing strategy must rely on a heterogeneous architecture to match
Toghadk o tie the interaction rate:

.. Online - Offline computing system

»~250 FLP worker nodes (First Level Processors) equipped with FPGA
»~1500 EPN worker nodes (Event Processing Nodes) equipped with GPU
»yearly amount of data (2020, 2021): 54 PB
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Online data volume reduction ALICE

= The impressive reduction factor that can be obtained for the TPC is based on:
— Zero suppression
— clustering and compression

— removal of clusters non associated to interesting particle tracks (e.g. very
low momentum electrons)

— data format optimization
= | argely based on the present High Level Trigger results

Still uncertainties for the ITS:

» The contribution fror-n flelisy) Detector | Data rate for Pb-Pb |Compressed Data
clusters is unknown: here a @ 50 kHz (GB/s) |data rate (GB/s) |reduction

peSS|m.|§t|c estlrrlsate of a 1012 50 20.2

probability of 10™ per pixel has

oon made 40 26 (8) 1.5 (5)
» If full synchronous 10 5 2

reconstruction will be feasible 12.9 (16.4

a higher reduction factor will be 1082 (83 9 (164)

achieved (noise removal)
INPC 2016 | Sep 12, 2016 | M. Masera 26
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ALICE

E B B mE N s

ALICE

Pb-Pb @ sqrt(s) = 2.76 ATeV

2011-11-12 06:51:12
Fill : 2290

Run : 167693

Event : 0x3d94315a
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DO K1t ALICE

= Basic benchmark for all open charm studies in their hadronic decay channels.
= Run 1 results for R,,: large systematic uncertainties at low p;
=\\ith the upgrade
— comparable efficiency for signal extraction
— background rejection improved by a factor of 4-5 for p; >2 GeV/c and almost by a factor of 10 for
p; <2 GeV/c
—Expected significance for L.
range 0< p; <1 GeVi/c

— important reduction of systematic uncertainties due to the easier signal extraction and to the
direct Beauty feed-down corrections

=10 nb™" larger than 50 for 10% most central Pb-Pb collisions in the

int

Q 103:- S S . § I S [ T ] T ' T I ™ T I TT T  SEB g 3 § 2»_ ' ' g N 5 25 T T I T 11y I 1 LA T 17177 ] T 1 ] T 117 I T
B F om0y i . ALICE - & 18 ALICE Upgrade Pb-Pb,\/S,. = 5.5 TeV-
- D' Knr Pb-Pb,\ S, =55TeV 1.8 10% Pb-Pb. {52276 TeV mD° 1 1.8 pgrade NSy =29-0 1€
. (<] = - r 0 " 1 . 3
10° EE‘_ Centrality 0-10% —-Ez 165 NN D' <05 1'6:_ D'-Kn L., = 10 nb", centrality 0-10% :
L 3 Pm eD" ; & -
10;5— . ——— 1'4< Expected performance _
= 3 1. ::\ Filled markers : pp rescaled reference | ]
- Open markers: pp pT-extrapolated POl OrONCE A —
1 -8 ° 4 eecacthsossonnsassassnsasssnssasassassssessssssassssssesncsssassassasesss R
. ++ B, ® 3 -
i . —0—+ ) =
10 E - E | B
i - « Upgraded ITS : ] 4! R S -
10° ﬁ—o- * CurrentITS L a : Ir —e— :
n + : PERY / BFE S U U SN SN U U U T U U U U AN N A A l_i_;:
'3 A 'S A 1 A L A l A 'S A l A l A A A l A ' ' l A s 'S 1 'S A '
100 2 4 6 8 10 12 14 16 ' FTETE FENTE FETEE FETE N aax i g 10 15 20 2[)5(Ge:\3/(/)C)
P, (GeV/c) 5 10 15 20 25 30 35 40
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A Large lon Collider Experiment

Exclusive beauty reconstruction ALICE

= Access to beauty at low pt will be achieved via

—Inclusive channels:
« displaced J/y
 displaced D mesons
* muons/electrons from B semi-leptonic decays

— exclusive channels:

.+ B’ Jly (—ee)K' Exclusive reconstruction down to pr=0
o FPCT M A I I na) L
- ALICE Upgrade Pb-Pb, \'s,, = 5.5 TeV 8102 - ALICEIUpgrad]e, Pb-PIb, - _ 5.5 TeV :
O L|+nt— 10 nb 0 10/0 '8 __Lim= 10nb-1, 0_100/0
=
k) L S .
0 [d)) ' .
- 10 ¢ ? <
- o
= B = Jy(— ee)+K* v, <08
- B* - Jly(— ee)+K* |y [<0.8
— 0 < pT(Bt) <2 GeV/c ALICE Simulat
- - imuiation -
- ALICE Simulation 1F ]
e a d o el e Lo e bysa g bea g bag oo bag o lygag P—lllllll ;11;11111111111_
48 49 5 51 52 53 54 55 56 5.7 0 5 T 05 20 25

M(eeK)(GeV/c?) p (GeV/c)
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Exclusive beauty reconstruction ALICE

= Access to beauty at low pt will be achieved via

—Inclusive channels:
« displaced J/y
 displaced D mesons
* muons/electrons from B semi-leptonic decays
— exclusive channels:
- B - Do(—>K1T)1T+ Exclusive reconstruction down to pr=2 GeV/c

. 8 TTITTTT‘[T.TY]’YTTT]’TT‘.TITTTYT TT1ITTT.
primary vertex . - ALICE Simulation
- " g3 - Upgrade -
» NE Pb-Pb, |Sy = 5.5 TeV

B flight line ™ . 210°F L, = 10 nb™, centrality 0-10 %

aB* | 4= pointing angle 0,,inting v r . DO . UO . T
o |9 e o3 i } B'-D n* (D —-K'r)
secondary vertex tertiary vertex 4 {‘ } { ' {

This study requires the simulation of a very large 10 #{. :
Pb-Pb sample ~100M events (to have enough : :
background statistics) I

- Driving motivation for the development of

a fast MC tool, that reduces the simulation time L
by factor ~103 075 710 15 20 25 30 35 40
pT(GeV/c)
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Exclusive beauty reconstruction

= Access to beauty at low pt will be achieved via

—Inclusive channels:
« displaced J/y
 displaced D mesons
* muons/electrons from B semi-leptonic decays

— exclusive channels:

- B D°(—>K1-r)1-r+ Exclusive reconstruction down to pr=2 GeV/c

Sensitivity to Beauty Raa and v2 (elliptic flow)

assuming recorded pp reference with \2 higher significance than Pb-Pb

52-5’_.TTTIT.TY]-YT‘[]' TTTTTTT ‘l’r1 ‘l]"ll’.T‘[T.I.-4 >N _T ITIYIT IIYYII LI ITYI]T IYIIIT ]IY!I
c ALICE Simulation 0.15 ALICE Simulation
ﬁ - Upgrade - ) - Upgrade -
2 0 Pb-Pb, ﬁ 55TeV _ Pb-Pb, \(SNN =55TeV
: L, = 10 nb”, centrality 0-10 % 0.10 L., = 10 nb™, centrality 20-40 % —
: B’—)DOTV (DO—)K‘TI) _‘ - B‘—)Doﬂ‘ (Uo—>K’7t)
1.5} ¢ projected statistical uncertainty — 0.05
[ 2.76 TeV, Uphoff et al., Phys.Lett.B 717 | LT
- ll2.76 TeV, He et al., arXiv:1208.0256 . —*,.
1.0 i u 0.00- —
B ] ]
0.5+ O gttt — -0.05 ¢ projected statistical uncertainty
I 1 2.76 TeV, Uphoff et al., Phys.Lett.B 717
i 1 I2 76 TeV He et al ar)(lv 1208 0256
0.05 - - 0100 5 G 5 50 553035 40

p. (GeV/c)

P, (GeV/e)

ALICE
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Heavy flavor baryons - In medium ALICE
hadronization

= Heavy Flavor baryons (A. but also A,) will be accessible in Pb-Pb collisions.
= Hints that charm could recombine in the QGP from LHC Run 1 data

— e.g. reduced suppression of Dy interpreted ad in medium hadronization given the
higher quark s abundance in QGP.

= |[n Run 3: premse measurements of HF mesons and baryons
A —>pK1'r is a very challenging measurement: ct=60 um - B.R. ~5%

— discrimination among different models of hadronization by measuring baryon/
meson ratios

s e < - LS AR RS RARS RARE RALE AR RARE AR RS g 10T T T T T T T
:, r | - m o nt - [ = -—-< a —_
1 8 ALICE Upgrade  Pb-Pb,\[Sy = 5.5 TeV - 1.8 A PKT PO-PbN\sy=55TeVy g Pb-PD\ Sy =55TeV ]
1.6; } L, = 10 nb", centrality 0-10% H 1.6 L., =10 nb", centrality 0-20%_: ifg - L,, = 10 nb™, centrality 0-20% -
; 0 s 3 1.45 E & % —— ALICE A/KK{ param (2.76 TeV) |
14 P"K’? ] . ] &) N Ko et al. (200 GeV)
1‘2; D:— KK'x s 1.2 r < I —— TAMU, Rapp et al. (2.76 TeV) |
________________________________________ | S 1 . /
oaf} E 0.8 H : ' ‘
()(5—{}B 3 0.6f ‘H’ =
04" o, " _g — o —8— 0.4f - 3 [l .
r e —— = 0.2k . . = I U
0'2: . = . sealesalosolonalosalonolonalogalonslysalons
) | TEPEFEP EFEFEPI IR EPEP B B SPTL PPTY PYTY PPTL PITY PRTY PO PRTY PRVY PPOT PP 0 2 4 6 8 10 12 14 16 18 20 22
0 5 10 15 20 25 _ 30 G246 810 12714 16 18 20 22 p. (GeV/c)

p, (GeV/c) p, (GeV/c)
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Charmonium and low mass dileptons in ALICE ALice

Improved discrimination of prompt/displaced dileptons both in the central barrel
(upgraded ITS) and in the forward region (thanks to the MFT)

TN
= |solation of forward prompt J/yp, not
possible without the MFT

=S/B ratio for ¢(2S) in central Pb-Pb

improved by a factor of 6-7

PRESENT
PERFORMANCE

< 1O s eva =28 v —— Pepp Sum
8 L o-vomaser —— Repp In-medium SF
- | lyl<oss +Mw .
T 1 o' >0206evk . x.’::‘“ oo,
s |obep, <20 B Syst. err. B + cockiel
3 .

10 !

107}

107

10 62"

AAAAAAA

2 25
M, (GeVic?)

MUON only 0.0 <p_” < 10.0 GeV/c MUON + MFT §0.0 < p]’ < 10.0 GeV/c
§ 107 § " 7v
3 i :
& ! & - .
i~ g il 8
26 28 3 32 34 36 38 4 26 2.8 3 32 34 386 38 4
Mass [GeV/c?) Mass [GeV/c?]
UPGRADE
e
R R e'e
S5 © POPb @\ s, =55 Tev —— Rapp Sum ) . .
§ i o omzsmewe —imiz== | = dielectron spectrum after subtracting
g e Bnr.. J combinatorial background and
5 1 dielectric from known sources (cocktail
Rl A\ - JJ with, w,® and semileptonic decays of

hadrons, but not the p meson )
=|solation of medium-modified p meson
= thermal radiation from QGP
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Conclusions ALICE

= |n the LHC Long Shutdown 2 (2018-19) ALICE will undergo a major upgrade:

— tracking and vertexing precision will be significantly improved both at mid and
forward rapidities thanks to a new Inner Tracking System and a new Muon
Forward Tracker

— readout rate at 50 kHz in Pb-Pb (50% increase w.r.t. the present value) ,
— the online and offline systems will be unified and deeply reorganized (O project)

= A comprehensive physics program for ALICE in the LHC Run 3 has been
finalized in the last years, during the preparation of the Technical Design
Reports.

=The R&D phase is ending in 2016 and the production/construction will be
carried out in 2017/18

= The purpose of the upgrade is to carry out precision studies of observables
extending the p; reach as close as possible to zero. Main probes:

— Heavy Flavors
— dileptons

= A Forward Calorimeter with focus on saturation physics is presently under
discussion
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ALICE

uarTLor

ALICE

Pb-Pb @ sqrt(s) = 2.76 ATeV

2011-11-12 06:51:12
Fill : 2290

Run : 167693

Event : 0x3d94315a
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LHC expected schedule ALICE

PHASE | Upgrade Heavy lon Luminosity
ALICE, LHCb major upgrade from 1027 to 7 x10%7

ATLAS, CMS ,minor‘ upgrade

2015 2016 2017 w2018 1 2019 2020 =021
a1]az]as[as[a1]az]as[ae]a1 [az[as]ae[ar [az]asae ie]az [as[as]ar a2 [as[as]ar [az]=3]nd]

LHC
Injectors Run 2 LS 2
* PHASE 1 Pb-Pb:
2022 2023 2024 2025 2026 2027 2028 Lint=10 nb-! requested
a1 |a2|a3]|a4|a1 [a2|a3|a4]a1 [a2]a3|a4]al [az]|a3|as]al [az [a3[a4]ar o |02 a4]al [az|a3|as for Run3 and Run 4
HHe Run 3 LS 3 O Run 4
Injectors .
. > +— PHASE 2
2029 2030 2031 4~ 2032 2033 . 2034 2035
01212 [a4|a1 [a2[a3]a¢]a1 [aza3f4 [a1 [az]a3 a4 [a1 [az Tei]w¢|de a2 [as]ae a1 [az]a3 a4
LHC ‘ ‘
Injectors
PHASE Il Upgrade HL-LHC, pp luminosity
ATLAS, CMS major upgrade from 1034 (peak) to 5 x103*(levelled)
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LHC expected schedule ALICE

PHASE | Upgrade Heavy lon Luminosity
ALICE, LHCb major upgrade from 1027 to 7 x10%7

ATLAS, CMS ,minor‘ upgrade

2015 2016 2017 w2018 1 2019 2020 =021
a1]az]as[as[a1]az]as[ae]a1 [az[as]ae[ar [az]asae ie]az [as[as]ar a2 [as[as]ar [az]=3]nd]

LHC
Injectors Run 2
* PHASE 1 Pb-Pb:
- -1
2022 2023 2024 2025 2026 2027 2028 Lint=10 nb*! requested

a1 |a2|a3]|a4|a1 [a2|a3|a4]a1 [a2]a3|a4]al [az]|a3|as]al [az [a3[a4]ar o |02 a4]al [az|a3|as for Run3 and Run 4
Hie Run 3 LS 3 ]
Injectors .

INPC 2016 | Sep 12, 2016 | M. Masera 36



A Large lon Collider Experiment

MAPS: 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)!

Sensing
diode Read-out

NMOS PMOS

ALICE baseline: MAPS using CMOS 0.18 um technology NWeLL S
(TowerJazz) “%rﬁi
e [:J v e

Pixel pitch ~ 30 ym x 30 um

High resistivity epitaxial layer (>1 kQ )
PMOS transistor for readout on top of deep p-well
 PMOS/NMOS in the same pixel cell

« deep p-well junction reflects signal electrons
» signal collected by the sensing diode only

Sensor volume

.....

g
3

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

LTS

‘A::::.:f"
b L SL b

£29 um x 27 um pixel pitch
t Power consumption: 40 mW/cm?

Efficiency > 99% ‘,‘: [TTHTY AELIIARNIN AL A
t Noise probability: < 106 | ® pALPIDE-3
et S NS T o S eI AV A M e R -
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Gluon saturation with forward photons ALICE
<« 1.2 .
S Bt Pk e two scenarios for forward vy
= production in p+A at LHC:
I ——r— 1
0.8 — * normal nuclear effects
- linear evolution, shadowing
0.6 _+_ JETPHOX with EPS09 at NLO, R__ = 0.4
- 6GC (A. Rezaeian) - saturation/CGC
04 running coupling BK evolution
0.2:—
“l’ 5 .;.1..é....é....;....l....é....#o
P, (GeV/c)

strong suppression in directy Apa

- clean signal for isolated photons
signals expected at forward 1, low-intermediate pr
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FoCal ALICE

electromagnetic calorimeter for y
and 7t® measurement

FoCal-H - -
| ISZSAZAISIN
\. FENZINNCE ININY 22, :
': —— T =" preferred scenario:
S o Y oy gy v | "
o s PRESSSPSIIT= - at z = 7m (outside magnet)
3 | 2NN DI :
TN, W N 3 3.3 < n< 5.3
Zaviin | (space to add hadr. calorimeter)
- . -1 1 under internal discussion

- — | possible installation in LS3

- main challenge: separate Y/mt¥ at high energy

- need small Moliére radius, high-granularity read-out
- Si-W calorimeter, granularity ~ 1mm?2
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FoCal: R&D ALICE

- main challenge: separate y/n0 at high energy
- need small Moliére radius,

shower position resolution

high-granularity read-out v %0 B
. . . E |} 0,=30.641.0 um § «f :
- Si-W calorimeter, granularity = 1imm2 3« Eaf
| . | "} secons 2ot
prototype of Si/W calorimeter with 9 344 Gevio g .
. . 36 E
CMOS pixel sensors (synergy with ITS) N S aif
collaborating in CALICE . S s
20 sof o
very small Moliere radius 04 0305010 0102030405 50 100 150 200 250
Ry = 11mm Shower Position Residual (mm) Momentum (GeV/c)
can provide unprecedented
two-shower separation lateral profiles of electron showers
measurement of two showers €‘°° 100GV T iwerd
210 - —T T T T - electrons | _Layers |
L_ - % _ = 3 & § V102 ISR SNSRI S— 1 $
E ] - &z ' ' 8 | | - Layer 12
o TR ' ' ' ' '_l §
i ’ l l I : 8 10
o—_=;sliI|= l - -
it
) - g = s " = 8 ! "
- - = = 2 z -2 8 g 8 o ® 2
10 - T - ! L. : g - - 10°
0 20 40

0 5 10 15 20 25 30 ,
Distance to shower axis (mm)
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