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Outline

ALICE

e \What comes after what ALICE measured with run 1
data and what is being recorded during run 2?

e Heavy-ion collisions at the LHC in runs 3 and 4
e Upgrades to the experiment

e ALICE physics program

e Summary
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Heavy ions at the LHC: run 1

year system

2010 Pb-Pb 2.76 ~ 10 ub-
2011 pp 2.76 ~ 250 nb-"
2011 Pb-Pb 2.76 ~ 150 ub-1
2013 p-Pb 5.02 ~ 30 nb’
2013 pp 2.76 ~ 5 pb

In 2011, LHC already reached the nominal Pb-Pb luminosity: 5x10%° cm2s-
(interaction rates around 5-6 kHz)

= 5= 1L
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Heavy ions at the LHC: run 2
ALICE

Higher collision energy: Pb-Pb at \/SNN =5.02 TeV
p-Pb at Vs, = 5.02 TeV and 8 TeV

p-p & Pb-
2015 2016 2017 2018 2019
J[FM|A[M[ 3] 3]A[s|o|WID] 3| FM[A[M] 3] [A]S|o[®(D] 3| F[M]AIM[ 3|3 [A[S|O|N|D] 3 [F|M[A[M| 3] 3[AlS|O[W(D] 1 |F[M[AIM]3[3|A[S|[O[N]|D
EYETS LS2
o e John Jowett
Commissioning Chamonix 2016
Ions

Goal of run 2 for ALICE: ~ 1-2 nb™" integrated luminosity (Pb-Pb)
X 10 wrt run 1

Including rare triggers
= 5= 1L
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2015 Pb-Pb run at the LHC
ALICE

o AMAZING PERFORMANCE!

e In 2015, luminosity exceeded the design value:

e First it reached 10 cm?s'(2 x design) using the highest achieved
intensity of ions in the 426 bunches filled from the injectors (PS and SPS)

e Then reached 3 x design having up to 518 bunches in the LHC (thanks to
the reduced rise time of the SPS injection kicker array)

e Many important limits of LHC with heavy ions tested!!

e Machine already running at (safety) limits

e |[uminosity leveling used at ALICE in 2015

Why beyond the planned 1 nb?
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A. Andronic et al.

H

| at the LHC: the precision era
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More statistics is needed: example 1

ALICE
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More statistics is needed: example 2

ALICE

J/@ nuclear modification factor versus centrality, run 1 data
Comparison to statistical hadronization and two transport models
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Charm production cross section needed with good precision!
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More statistics is needed: example 2

ALICE

Discrimination between different charmonium production mechanisms:
e Transport models: in-medium destruction and generation

e Statistical hadronization: generation at phase boundary

will be possible with high statistics @(2S) measurements
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Focus on low transverse momentum
ALICE

. the place where most of the interesting action takes place

R AA
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What do we need next

ALICE

e Significantly higher integrated luminosity
— possibly a factor 100 more than run 2 (n. events)
o Interest focused on soft probes and hard probes down to 0 p_

— only possible with minimum bias data

How can this be achieved?

e Higher interaction rates of heavy ions at the LHC: 50 kHz after LS2
e Minimum bias data

e Adapt detectors and data processing to allow recording of all
interactions (continuous readout, online data reduction, etc)

o Optimize experimental setup for high resolution at low p_

S.Masciocchi@gsi.de ALICE upgrade, November 16, 2016
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LHC heavy-ion beams from 2021 on %‘%

ALICE
e Increase total number of lead nuclei stored in the LHC
e Reducing bunch spacing at the PS
e Decreasing the SPS kicker rise time
e Upgrade of LHC collimators
e Peak luminosity exceeding 6x10%” cm2s™ (— 50 kHz int. rate)
e Foreseen integrated luminosity of 2.85 nb™" per year
?
Pb-Pb p-p +—*Pb-Pb
)20 2021 2022 2023

Shutdown/Technical stop
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LHC heavy-ion beams from 2021 on %
ALICE

RUN 3
?

Pb-Pb P-p *+=—>Pb-Pb
|
) 2021 l 2022 2023

S|O|N|DJ J|F|M|A|M| 1| 1|A|S|O
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Shutdown/Technical stop

Protons physics Pb'Pb p'Pb Pb'Pb

2024 2025 2026 2027 2028 2029 2030 2031 2032

LS3 LS4

RUN 4

Goal for run 3 and 4 (2021 — 2029):
e 4 heavy-ion periods — 10 — 13 nb™' integrated luminosity
e Minimum bias — 8x10° events

e Reference pp and p-Pb runs
= 5= 1L
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Upgrade program: an overview

ALICE

e Full replacement of the Inner Tracking System (ITS) with 7 layers of
monolithic active pixels (MAPS)

— higher resolution in all coordinates, lower material budget, higher
precision in tracking and vertexing

e Replacement of the beam pipe (smaller radius)
— lower material budget, higher precision
e Addition of a Muon Forward Tracker (MFT, pixels as ITS)

— augment the muon spectrometer with vertexing, to strengthen all
aspects of heavy-flavor physics

e Replacement of the TPC MWPC (+ gating grid) with GEM chambers
and new readout electronics

— continuous readout
e Upgrade of readout systems of all detectors
— higher readout speed
e Development of a new online + offline system OZ
— data compression, online processing, allow 50 kHz “minimum bias”

e New trigger detectors
I=5= 1l
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The LS2 ALICE upgrades

New Inner Tracking System (ITS) ALICE
: _ .- Muon Forward Tracker (MFT)
* improved pointing precision

. . * new Sitracker
* |ess material -= thinnest tracker at the LHC o o
* Improved MUON pointing precision

MUON ARM

* continuous
readout
electronics

Time Projection Chamber (TPC)

* new GEM technology for
readout chambers

* continuous readout

* faster readout electronics

New Central
Trigger
Processor

_ "
lul i
£ .- Ar 51. Roasegger

compression New Tr‘igger
* 50kHz PbPb event rate Detectors (FIT)

~ 1~

Data Acquisition (DAQ)/
High Level Trigger (HLT)
* new architecture

* on line tracking & data



TDRs, UCG, RB ...

e 5 Technical Design Reports

e Approved by the LHCC, the Upgrade Cost Group, the Research Board
e 4 of 5 Memorandum of Understandings signed
(GSI: Readout and Trigger, TPC, O? coming soon)

ALL PROJECTS ON THE WAY
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The ALICE Time Projection Chamber

ALICE

Multi-Wire Proportional Chambeﬂr

\, READOUT
\ CHAMBERS |

INMER FIELD
CAGE

e ~90 m?gas volume (Ne-CO_(-N,) — Ar-CO,), equipped with MWPC
e Half a million readout pads

e |ons from the amplification region are prevented from reaching the drift
volume by a gating grid
e Full readout time ~(100+200) ys — maximum readout rate of 3 kHz
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The ALICE Time Projection Chamber
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e ~90 m?gas volume (Ne-CO_(-N,) — Ar-CO,), equipped with MWPC

e Half a million readout pads

e |ons from the amplification region are prevented from reaching the drift
volume by a gating grid

e Full readout time ~(100+200) ys — maximum readout rate of 3 kHz
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TPC upgrade CERN-LHCC-2013-20

ALICE

e Continuous readout to cope with the 50 kHz Pb-Pb interaction
rate and record all minimum bias events

e New readout electronics: FE ASIC SAMPA:

e direct readout mode (continuous, can be triggered)
e Signal processing at CRU — Common Readout Unit:

e Common mode correction, zero suppression, etc

e 5 MHz ADC sampling frequency — 1-3 TBytes/s
e Significant data compression required!
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TPC upgrade CERN-LHCG-2013-20

ALICE
e Continuous readout to cope with the 50 kHz Pb-Pb interaction
rate and record all minimum bias events

— New readout chambers, no gating grid

GEM: Gas Electron Multiplier foils. Offer opportunity to reach
low ion back-flow (IBF) in multiple GEM stacks

Copper coated kapton foils (50 um)
AU=500V — ~ 100kV/cm
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TPC upgrade: GEM chambers

ALICE

e Low IBF (<1%) is achieved combined 4 GEM foil

e Momentum resolution and particle identification performance is
preserved: dE/dx resolution <12%

pad plane

Standard pitch: 140 ym
Large pitch: 280 pm Outer Read-Out Chamber
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TPC upgrade
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TPC upgrade: performance

[

Pad Response Function optimized for MWPC: narrower for GEMs,
help by diffusion — only slightly worse overall resolution (space point)

Slightly worse for TPC only tracks, restored for ITS-TPC tracks
@50 kHz Pb-Pb — on average 5 overlapping events
Track reconstruction efficiency and momentum resolution preserved

Only moderate worsening of dE/dx resolution

Space-charge density from IBF produce distortions: electric field

(Poisson) — space points (Langevin)
Distortions up to dr = 20cm and

drg = 8cm § =of
Fluctuations at the 3% level, 20
dominated by event and 2008
multiplicity fluctuations teof
Online calibration of distortions. s

14[:-:—

Update interval O(5ms)
Strategy in place restores full
performance (2" stage)

120

100

dr (cm) for Ne-CO,-N, (90-10-5), 50 kHz, & = 20

S.Masciocchi@gsi.de ALICE upgrade, Novemt

200 150 100 50

0

50700 150 200 250
z (cm)

25
IEG

15

10

5

0

-5

-10

ALICE

23



New Inner Tracking System

e 7/-layer barrel geometry
based on CMOS sensors:

~10 m?, 12.5 G-pixel
e ALPIDE pixel chip

S

=V Inner Barrel

Beam pipe

e Radius: 23 — 400 mm
(smaller beam pipe radius)

e 3 Inner Barrel layers (IB)
4 Quter Barrel layers (OB)

e |n| < 1.22 for tracks from
90% most luminous region

Ultra-light vertex detector:

e Radiation load: material / layer:

TID: ~ 2.7 Mrad 0.3 % X, (IB)

NIEL: ~1.7x1013 1MeV ngq / cm? 1 % X_ (OB)
= 5= 1L
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ITS upgrade: ALPIDE pixel chip
ALICE

CMOS pixel sensor: Towerdazz 0.18 ym CMOS image processing

NWELL NMQOS PMOS
DIODE TRANSISTOR TRANSISTOR

L PWELL

NWELL

DEEP PWELL

“ ‘r' .v’
Epitaxial Layer P- L .

e High-resistivity (>1 kQ cm) p-type epitaxial layer (18-30 um), on p-type substrate
e Small n-well diode (2 um diameter), ~100 times smaller than pixel — low capacitance
e (moderate) reverse bias to substrate to increase depletion zone around n-well diode

e Deep p-well shields n-well of PMOS transistor to allow for full CMOS circuitry within
active area
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ITS upgrade: details and sources

Monolithic Active Pixel Sensors (MAPS)
e ALPIDE chip: 30 mm x 15 mm

e Pixel matrix: 1024 col x 512 rows

e Pixel pitch: 29 ym x 27 ym

i b e e

e Ultra-low power: ~30 mW/cm? TR e

ITSU Conceptual Design Report: CERN-LHCC-2012-013
ITSU Technical Design Report: CERN-LHCC-2013-024

Disk#4 Disk#2

Muon Forward Tracker (MFT)
5 layers before muon absorber

same pixel sensors (0.4 m?, 5% of ITS)
CERN-LHCC-2015-001

z=-76.8 cm
S.Masciocchi@gsi.de ALICE upgrade, November 16, 2( z=-46.0cm



ITS: projected performance

ALICE

Impact parameter resolution Tracking efficiency (ITS standalone)

Pointing Resolution Tracking efficiency
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ITS ultra-light

ALICE

Cooling Ducts

"

Mechanical
Connector

9 Pixel Chips

Silicon sensor + readout electronics:
Only 20% of the total material budget

Soldering Balls

Flex Printed Circuit

Aluminum (20.2%)
A ] I " — Glue (8.1%)
— Water (11.0%)
ctive cooling —femri
Carban {23.3%:)
Silicon (19.3%)
—— Onther (1.0%)

Mean X/X0 = 0.276%

\\II|I\
- — N

0 0.1 0.2 0.3 0.4
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Physics program

ALICE

e Open heavy flavors
high precision measurements of R,, and v_of charm and beauty, with

exclusive decay reconstruction, to study the dynamics of heavy quarks
in the medium

e Charmonium

understand the production mechanism, infer properties of the phase
transition

e Light nucleil and exotic states

hadronization mechanism, production of heavy and loosely bound
states, search for exotica

e Di-lepton spectrum

thermal radiation, temperature of the medium, chiral symmetry, heavy-
flavor cross section
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Open heavy flavors

—— ==
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Open heavy flavor: current results

Charm

Exclusive reconstruction of hadronic decays of D mesons

D - KTmrt, D*— K1,

Nuclear modification factor R,

ALICE D°, D*, D™ average, |y|<0.5

\ s Pb-Pb, Sy = 2.76 TeV

D*+ N DO Tr+,
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Open heavy flavor: current results
ALICE

Beauty: nuclear modification factor R, ,

Semi-leptonic decays: electrons from beauty hadrons at mid-rapidity
/ and non-prompt J/y from beauty hadron decays

3 [ T 11T T 1T | T TT ‘ T I T I T T I T T ‘ T T | T TT I T ]
— L 0-20% Pb—Pb, \/S_NN =2.76 TeV ALICE -
2 | ] 4 2 A 0-20%
8 25 B b (—>C) > e, |ycms | <0.8 ﬁ Pb-Pb, ﬁ =2.76 TeV X 20-100% CMS (ly|<2.4)
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= * i . M
g 1"__—__ """""""""""""""""""""""""""""""" -' \ % ’//‘{,
O i + + + 1 0.5+ ; \\ 3 RN SSINUISSSNNANANNNNNNN SRS NNNNNNANNNNNNN
-
l - t | b R . e =
Z0.5; ot ; |
: — . d 1 | \ | | | |
NI AN NS INT T  INNAT INNAr INENAr S ANANA S N N 0 5 10 15 20 25 30
0O 2 4 6 8 10 12 14 16 18 20 pT(GeV/C)
[ (GeV/c)
arXiv:1609.03898 JHEP 1507 (2015) 051
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http://arXiv.org/abs/arXiv:1609.03898

Open heavy-flavor: current results
ALICE

Beauty: nuclear modification factor R, ,

Semi-leptonic decays: electrons from beauty hadrons at mid-rapidity
/ and non-prompt J/y from beauty hadron decays
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'8 15 B _ Et ’ . AdS/CFT - — Uphoff J. et al. ‘
= * i . M
R e 8 | 7
o e . \ “y,
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= I ]
a - b : e ——— =
Z0.5; ot ; |
i RS LA )
i ] 1 1 1 1 | 1 1 1 1 ‘ 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1
_|\|‘|\|||\|‘\||||||||||||\|‘|\\|||\|\|\_ 0 5 10 15 20 25 30
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JHEP 1507 (2015) 051
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http://arXiv.org/abs/arXiv:1609.03898

Open heavy-flavor: goals

ALICE

Study:

e Parton mass and color-charge dependence of in-medium energy loss
e p, and centrality dependence of R, for D and B mesons separately

e Thermalization of heavy quarks in the medium
e Azimuthal-flow anisotropy of charm and beauty hadrons
e Determination of the baryon-to-meson ratio for charm and beauty hadrons

Higher precision and statistics make new channels accessible:

e B-D'+X, B —->D%+ 1"
e B Jly(ee,pp) + X
e Boe/luy+X

° /\C—>pK'IT
O /\b—>/\C'IT
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Nuclear modification factor: projections

e |ntegrated luminosity 10 nb" — 8.5 x 10° events
o Projected statistical uncertainty of the measurement of R |

assuming recorded pp reference with V2 higher significance than Pb-Pb

é 2:|||||||||||||||||||||||||||||||_ 12.5_IIII|III\‘\III|III||\I\\||III|II\\‘\III_
T {8CALICE Upgrade Pb-Pb\syy=55Tev 4 & | A oarader™
< 1 6— L = 10 nb™, centrality 0-10% _ ool Pb-Pb, |5, =55TeV
N - ] ] L . =10 nb", centrality 0-10 % |
S 14- D' Kt P - ; Lt et A
o 1 2:_ L+ Non-prompt J/y— e*e” ALICE 1 o , B ,_>_D (0 _>_K ™) .
o i LI (stat. only) eoors 1.5 ¢ projected statistical uncertainty =
RN N E— PR i I 2.76 TeV, Uphoff et al., Phys.Lett.B 717
8 C N ] N | 276 TeV, He et al., arXiv:1208.0256 7
T 0.8 | E 1.0F u
= - ft YL - i \ 1
— 0.6: 8 A . - @;\ )
T 04 5 .- _
(uj AL a-&&_a_ s 8 - 0.5[ S .
0.2 - 1
OO:I 1 1 5| 11 1 I1|OI L1 I1|5I L1 I2|OI L1 I2|5I 11 I3|OI : 0 O:I L | L ‘ L | L | L | L | L ‘ o I:
5 (GeVic) "0 5 10 15 20 25 30 35 40
T P, (GeV/c)
e Reach p.=0, more precision in centrality dependence
e Mass dependence
== 1L
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Elliptic flow: projections

ALICE
e |ntegrated luminosity 10 nb" — 8.5 x 10° events

>NO_4_\II III‘\|||\||||\|‘\|||\\|||||_ >N _|||| T T 1T ||||||||éIS||IIIIII|||I_

N . ] 0.15+ ALICE Simulation —
035:_ E Pb'Pb, m=55 TeV —: I - Upgrade - ] ;
E Soroms Centrality 30-50% 1 i Pb-Pb, {s\,=55TeV - =
< 0.3 1 61010 o 0.10+ L. = 10 nb™, centrality 20-40 % @
S 0 25E D°— Knt % events 3 i B*-D n+ (ﬁ0_>|»(+n') 1 (rl?l
b sy . E I . gy
o - 0o Promet ] 0.05- o P
(\nl 0.21- D —— from B ] B T ] 4
8 ; o o ; : T I : r:||:_|
T 015 ¢ 1 0.00F 4 72
— i R . - [ ] n
5 0.1« DDDD ] L i IB
(Uj 0.05- R R coonemeRta =0.05 ¢ projected statistical uncertainty ] o
U RS 2.76 TeV, Uphoff et al., Phys.Lett.B 717 i S
0_ NI ARSI B AN B AT AT E BN RN S A NS ET A A |: f 2|76 TeY, He e|t al-, a]rX|V12|0802'T'-)6 | : c\*])

0 2 4 6 8 10 12 14 16 _0.100III5Illi10111I1\-r)llII2011112€)IIII30IIll351|I40
p_ (GeV/c)
T P (GeV/c)
e Reach O (low) p, for ¢ (b < new!)
e Hadronization mechanism
I=5= 1L
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Hadronization

ALICE

e Current hints that charm might recombine in-medium:
e Dv,(LHC)and D R,, (RHIC) better described with recombination?

e DR, largerthanDR 7
e J/y production at low p_?

e Can be studied via precise measurements of D_vs D, and baryons vs
mesons

Light flavors — Heavy: theory predictions
L | Po-Pb sy, =276 TeV A/KO PRC86, 014903 (2012)
1.5 Centrality 0-10% ok s T
c | A ‘o | 0.18E Pb-Pb,\(Syy = 2.76 TeV, 0-10%_
% K . 0.16] s
— ; oo -
S . P/m | o o1z E
> | R | A o 3
s | L S o8 E
O R E
' * > p/ox0.1 o ] BtE -
B | A /(D4DY)
RO ALICE _ 0.025 c -
OM....|H..|..‘.|....| ) P N N B I I B
0 1 2 3 4 5 o 2 4 6 8 10 12
GeVic
S.Masciocchi@gs UP T (,GeV/C) , Py )



D_, A, A\ projections

s,

Good precision for
p,>2 GeVic

R

AA
g 2: T T | T T T T | T T T T | T T T T [ T T T T [ T T T T | T :
 1.8-ALICE Upgrade ~ Pb-Pb,\[sy =55 TeV ]
165 hs L, = 10 nb, centrality 0-10% |
1.4;— D°— Kt =
1 2} D;—) K_KJrTC+ (stat. only) EQ,L“I,SE:E ]
e E
o.sf[ : 3
- i E
0.6: 5 L
04F s, T _5 — 8 ——B—
0.2F e 3
0: 1 1 1 1 | 1 | 1 1 1 | 1 1 1 1 \ 1 1 1 1 [ 1 1 1 |
0 5 10 15 20 25 30
P; (GeV/c)

(Ac/D)py py/ (A/D)g,

10—

Good precision for
p,>2 GeVic

A ID

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Pb-Pb,\/syy=55TeV ]

L, = 10 nb’, centrality 0-20% -
ALICE A/Kg param (2.76 TeV)_

Ko et al. (200 GeV)
—— TAMU, Rapp et al. (2.76 TeV) |

—

8 10 12 14 16 18 20 22
pT(GeV/c)

CERN-LHCC-2013-024

Significance

ALICE

Accessible for
p,>7 GeVic

S.Masciocchi@gsi.de
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A, significance

AR R AR RRRN RREN RN ERRN RN RN RN RN RRR RN
140 Ay AT Pb-Pb,\[s\y = 5.5 TeV ]
12/ L, = 10 nb™, centrality 0-20% E
0" | -
87 —

S
6F | -
4 1 .
| ]
2_ —
0:\\.IH.I\|.M.\\..\\.H\.\\Ilulu.\u.\ul\l.\\f
0 2 4 6 8 10 12 14 16 18 20 22 24
pT(GeV/c)
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Charmonium

—— ==
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Charmonium: production mechanism

> < 1.2

Sz L -
o i

’_:*-.

(c{]j .

= « 0 —
> <

Discrimination between o
different charmonium
production 0.8
mechanisms (models)
will be possible with

high statistics p(2S) 0.6 . a
measurements T
0.4 —ALICE upgrade L=10 nb™ \ﬁ_—"“‘"—
" Pb-Pb |sy=5.5TeV, p_>0 GeV/c i
0.2~ m 25<y<4.0 (n*p) statistical model
e 1yl<0.9 (e'e) i
| | 1 | | | | 1 | | | | ] | | | | |

J.Phys. G41 (2014) 087001 0
L HCC.1-022-ADD-1 0 100 200 300 ( A?LOO
EPJ C76 (2016) 3, 107 part
IS II
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Mor REMINDER ple 2 %
] ALICE

Discrimination between different charmonium production mechanisms:
e Transport models: in-medium destruction and generation

e Statistical hadronization: generation at phase boundary

will be possible with high statistics Y(2S) measurements

al2b 0.07
— ALICE \s,,=2.76TeV , 2.5<y<4  Transport Model , 2.5<y<4 :Ft [ ——4—— ALICE \s,=2.76TeV , 2.5<y<4, 0<p <3 GeV/c
‘—3} —4— 0<p_<3 GeV/c = 0<p <8 GeV/c S gogL —— ALICE {5,~276TeV , 25<y<4 , 3<p <8 GeV/e
~ ~ .
2 3<p, <8 GeV/c S 3<p,<8 GeV/c 3 [ 4 NAS0 5= 0.017 TeV, O<y<t , p,>0 GeVie
o, —— B —— — — SHM,p >0GeV/C
95%CL o 0051 T 95%0L
A T
= 0.04[
95%CL B 95%CL
_______________ T 0.03 —H
s\“ 1 ' :
\ & 0.02 -
B 95%(L
L | |
001~ —— —
"|""||“"""llllll‘ll‘llll 0_|\\||||||'||\||\\|\\|||||||| R B
100 150 200 250 300 350 400 50 100 150 200 250 300 350 400
N N
( part> ( part>

limited statistics, no central collisions

JHEP 1605 (2016) 179
=== I
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J/y elliptic flow %
ALICE

e Crucial observable to test the regeneration scenario
e Limited precision,in run 1 — 10 times better precision with upgrade!

o
o
®

III[TTT‘NIIITIllllllll[llllIII

2
o
w
Jhwr
2

= ~  ® ALICE (Pb-Pbys,, = 2.76 TeV), centrality 20%-60%, 2.5 < y < 4.0 > g L Lint =1 Yq o g
| —— Y. Liu et al., b thermalized c 0.07 -1 —
L e Y. Liu et al., b not thermalized S B u Lint = 10 b ) 7]
0.2 . . zhao et al., b-diffusion S 006 Centrality 20-60%
] o T Ful: 25<y<4 ]
2 o0.05 —o— =
T:D - Open: 3.7 <y < 4]
8 0.04 -
< ]
0.03 —o— -
- — -
02=1— —
—0.1  global syst. =+ 1.4% >0 e T e - Run 2
I | | | | | | | | | 0 01:— e =
|||||||||||||||||||||||||||| m a0 R Y UIC —
0 1 2 3 4 5 6 7 8 9 1 E L N ]
p, (GeVig e om0 Upgrade
. Y R R - S-S (
P, (GeV/c)
PRL 111 (2013) 162301 CERN-LHCC-2012-012
I=5= 1l
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(Hyper-)nuclei, exotica

—— ==
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Nuclei: goals and current status

ALICE

e Test production mechanisms, e.g. statistical hadronization versus

coalescence

e |Implications of low binding energy of these extended objects
e Explore QCD and QCD-inspired models predicting multi-baryon states

negative particles

® 0.6 pata  Blast-Wave Pb-Pb, 2011 run, {Sw = 2.76 TeV
OA B 1000 :‘\ T T T ¥ A}
g ~ 900
E © 800 d
%) T 700

Al

>

2 3

- I \l \ ‘ 1 \I 1 1 1 I

[ \ p—

TS ¥ ALICE
A AL PERFORMANCE
bt Vv July 4™, 2012

.'.. \

15225335 4
2
fzﬂz (GeVZ/c*)

W
o
¢ o
SO L AL LALLN LA LR LLERN LLRRN AL L

" ALICE Preliminary 200F
Pb-Pb |'syy = 2.76 TeV 30-40% 100E=;
| | | | | | | | | | | | 1 | | | | 1 O 1
4 5 0 02 0.3
p; (GeV/c)
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Hyper-nuclei: projections

ALICE
o 70000
§ - ALICE Upgrade
Higher statistics and resolution 2 60000}~
. 0 ' Pb-Pb, \s,=5.5TeV
will allow precision < - | .
. ~ 50000 Centrality 0-10 %
measurements for hyper-triton £ - Integrated luminosity 10 0b”
O i
e Lifetime 300001
e Branching ratios 200005—

100003— 2<p_<10GeVic

‘H 5 3He+ m
| | | I 1 |

[T N T S R S N S BT
P96 298 3 302 304 306
Invariant Mass(°He, ') (GeV/c?)

CERN-LHCC-2013-024
=== 1l
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Nuclel: projections

ALICE
The physics we can now do for A=2 and A=3 will become possible for

State dN/dy [82] B.R. (Acc x ) Yield

A=4 SH  1x10% 25%[83] 11% 44000
H 2x 1077 50% [83] 7% 110
THe 2x1077  32% [84] 8 % 130

> 10°E g

D E Pb-Pb \s\=2.76 TeV N =350 3

Z 105 A Thermal model 5
o 1F — T=164 MeV ~ >
iop . T=156 MeV iz
Continue exploration of 102 An — 4 3
. 103E AN ] =
multi-baryon states, - = E RS
] ] . 10'4_5 3 ........ G — o
including exotic, unknown oo AH =

E E :
ones T — 4 8
1077 :g 4 H He = g
W F A 4H S -
108:E AA -
10°F '5— 2
10"k AH = I
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Di-lepton spectrum

—— ==
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Photons and di-leptons

Electromagnetic thermal radiation spectrum of hot QCD matter
Produced at all stages of the collisions

Leave the system without Final State Interactions

hard photons  thermal QGP thermal hadronic

Y

et Y e

Y
Me'.Le'

QGP temperature
Generation of hadron masses, chiral symmetry restoration
Space-time evolution of the system

Heavy-flavor production cross section

hadronic decays

S.Masciocchi@gsi.de

ALICE upgrade, November 16, 2016
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Di-leptons in run 3-4

ALICE

e Significantly reduced material in ITS: fewer conversions and mult. scat.
o Higher resolution and efficiency at low p_

e Plan for 3 nb"' recorded at ALICE B=0.2 T (vs 0.5T)

Much improved
pair acceptance

) ) g L LR L LR UL Bkl T 104
3 14 ! 3 I ALICE Work in progress
Y = R -
gr-1.2 E gr-1. pp ¥s=13TeV 3
: 1 B=02T 10
0.8 10°
E
0.6 i
0.4F 0
C 10
0.2_—
0: PR R T T BT T T | PR | Ly
0 0.2 0.4 0.6 1.2 1.4 1 1.2 1.4
Mee (GEV/C?) me (GeVic?)
O. Vazquez Doce
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Di-leptons in run 3-4

ALICE
e High rate: increase statistical significance by factor 10 (continuous readout)

e Spatial resolution: reject charm via DCA cuts \ \

e Projection: current detectors — upgraded detectors: ITS, TPC
2.5x10" ev 2.5x10°% ev
‘I_; LT Plb\Pb‘ |@ T S\NN =|5.|5 \-revl T I T IRal.plp ISLIIIT; I T T T I T T_] Fl;l E T P|b|Pb é I s|NN =|5.|5 |-rev| I T T |Rép\p |SI.;'TI| T T T T T T T E
@ 1= 0 - 10%. 2.5E7 Rapp in-medium SF E Q _  0-10%. 2.5E9 —— Rapp in-medium SF ]
S ; . (;’84' Rapp QGP = e & ly |<o,a4 Rapp QGP . @
< U. B . ' '
%u1 0k 00<p,, <30 Syst err. c& + cocktall — % - 0.0<p,, <30 =1 Syst. err. cT + cocktail - |Z
2 - 2 ! —
° o0 i 102k - L
2l excess spectrum g excess spectrum 3 8
i i 10°E - oy
9 = 7 w
- E I 1 IN
i i 10%E B
0% { o
Eu T §§§ [ T ..- | ‘ i i ;i . 10—5 cav v v b g | R B 1
0 02 04 06 08 1 1.2 1 4 : 0 02 04 06 0.8 1 1.2 14
M., (GeV/c?) M, (GeV/c?)

I=5= 1L
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Physics program: summary

ALICE

e 50 kHz Pb-Pb collisions at the LHC (= 2021)

e New ITS and GEM TPC — continuous readout, improved spatial
resolution and vertexing, comparable PID

e Faster readout and new Online-Offline system (O?)

will provide 100 times the Pb-Pb statistics of run 2 (10+3 nb-’
integrated luminosity) with we will study properties of the QGP via:

e Heavy flavors
e Charmonium
e Nuclei

e Di-leptons

S.Masciocchi@gsi.de ALICE upgrade, November 16, 2016
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| did not discuss

e Muon forward tracker MFT

e Readout & trigger system
e New trigger detectors FIT
e New, faster readout electronics

e Online-Offline system O?

e FOCAL
e related jet physics program

ALICE

CERN-LHCC-2015-001
CERN-LHCC-2013-019

CERN-LHCC-2015-006

S.Masciocchi@gsi.de ALICE upgrade, November 16, 2016
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Outlook

ALICE

ALICE Collaboration is SUPER BUSY:
e Still publishing from run 1 data

e Full immersion in run 2 (2015-2018): data taking and preparation, analysis
e (Construction of new detectors (Production Readiness Reports, test beams, etc.)

p-Pb
Nov 2016

Vs, = 5.02 TeV

Run:265338

Fantastic potential for current and future
physics program
I=5= 1l

S.Masciocchi@gsi.de ALICE upgrade, November 16, 2016 33




ALICE upgrade, November 16, 2016 S.Masciocchi@gsi.de



Pb-Pb 2015 ALICE

s,

Integrated luminosity, ub™

ALICE Performance, Pb-Pb Vs = 5.02 TeV
2015-12-13 13:11:00
Deliverad: 432.7 ub™

Seen: 362.2 ub™'/ 400 ub™
Dimuon: 236.7 ub™/ 300 ub™

CALO: 126.1 ub™'/ 200 ub™
CUPS8: 138.8 ub™"/ 200 ub™
CUP9: 0.91 ub™/ 1 ub™
MB: 19.3 ub™/ 20 ub™

ALICE

180— ALICE Performance, Pb-Pb Vs =5.02 TeV
C 2015-12-13 13:11:00

160 mB triggers: 157M

-

—

M

=
[TTr[7

L

Recorded triggers, 10°
s
=
r

—

=

=
|
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Pb-Pb 2015 LHC (J. Jowett)

Expect to achieve LHC “first 10-year” N 2015 FY-Fb ATLAS
baseline Pb-Pb luminosity goal of
1 AA nb1=43 NN pb!
in Run 2 (=2015+2018)

Goal of the first p-Pb run was to match
the integrated nucleon-nucleon

luminosity for the preceding Pb-Pb :
runs but it already provided reference —
data at 2015 energy. g

JSiy =5.02 TeV

(6.37Z TeV in Pb-Pb

ity [pb I|

= E, = _
4 Z TeV in p-Pb 2011 Pb—Pb ATLAS/CMS
2011 Pb—Pb ALICE
But annual 1-month runs are getting
shorter and more complicated ... 2015 0B ATRAS/CMS

included p-p reference data and
included LHCb.

Time [weeks in physics]

2012 pilot p-Pb run not shown (1 fill
but major physics output)

J.M. Jowett, LHC Performance Workshop, Chamonix, 28/1/2016
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25.8 pb™ (5.02 TeV pp) + 350.68 pb* (5.02 TeV PbPb)

- CMS

- Preliminary

Result derived in 5 B+ prbins, from 7
to 50 GeV in lyl < 2.4 inclusive 1.2

= B'ly|<24

|||[ll

Taa @nd lumi.
centrality (0~100%) (Luneertainty e
E‘ Centrality 0-100%
- Suppression of B meson production o 8
rate is observed in PbPb collision 0.6/~
0.4
B meson Raa~ 0.3 to 0.6 with no ) 2:
obvious trend observed within T
" ] @ n C ! ! ! ! | L I ! 1
statistical and systematic uncertainty 0 0
P, (GeV/c)
CMS-PAS-HIN-16-011

Ia-Weil Wang (MIT), B meson production in HIi collisions in CMs , Hara Frobe 2016 (VWunan, China) J

AN\ CA\U y \J V \J




Nuclear modification factor \C"’%

CMS-PAS-HIN-12-014

253 I'Jb1 [5“2 TE'H" } 35“6& uh-.‘ [5“2 TEU Pbpb} LU LI} I_ I LI} LI I I T 1T 11 L L
P 2 4 CMS Prahrhmary' ' ' ]
1.4 CM.S : PbPb\s,,, = 2.76 TeV ]
Preliminary 26 |y <24 o 1
1.2 -
Taa and lumi.
g UGNy e 1
Centrality 0-100% - .
F08- .81 Non-prompt J/j)-
0.6} o "~
0.4} EEEE L ok 2 Fo .
02f - Cent. 0-100%—
i - lyl <2.4
0 F L.y l

20 25 30

- B*pr 10~15 GeV — J/Y pr 8~10 GeV

- Results compatible with each other within uncertainty

ja-vvel Wwang (MI 1), B meson production In Hl collisions In Vs , Hard Frobe 2016 (VWuhan, China) J =
L/ N \V

\J L\ « U AN\ CA\U y \J \J



Nuclear modification factor \C"%

CMS-PAS-HIN-12-014
2 5 assuming recorded pp reference with V2 higher significance than Pb-Pb
EEIE pb_1 [51n2 TE'."'I pp}+35ﬂ_ﬁa ub_1 {EIDE TEU Pbpb} g . _I 1T | T 1T ‘ T 1T | T 1T I T I-l T 1T 1 T T TT | T TT I_ —
[ iy L ALICE Simulation 4
14 CMS : - Upgrade - 1
- Preliminary E B* Iyl <2.4 20l Pb-Pb, (s, = 5.5 TeV 47
1.2F . - ' L, = 10 nb™, centrality 0-10 % | 1
:‘ TM an':" |l..ImI. | B+—)ﬁoﬂ:+ (ﬁo—)K-'-T[H) | -_
R AT ARGy T 15} ¢ projected statistical uncertainty 4
- Centrality 0-100% i 2.76 TeV, Uphoff et al., Phys.LettB 717 | -
£0.8- - 12.76 TeV, He etal., arXiv:1208.0256 |
: & . -
0.6+ 1. & 1
- I 1
0.4f===== - el 1 2
: 0.5 —— = vé’ § | ‘_
0.2 . 1]
B 1 L klllllllll‘llll|IIII|IIII|IIII|IIII|IIII7 :
0 00y""5"10 15 20 25 30 35 40 3
P, (GeV/c)

- B+ pr 10~15 GeV = J/Y pT 8~10 GeV

- Results compatible with each other within uncertainty

~MoS , Hard Frobe 2016 (Wuhan, CGhina)




Nuclear modification factor ‘

+ Comparison with the D% meson [1] and
charge hadron [2] Raa

208
o

25.8 pb™' (5.02 TeV pp) + 350.68 ub™ (5.02 TeV PbPb)

1.4

1.2

0.6

0.4

0.2

- CMS
- Preliminary

ks
B B AL BN I
c
=
O
2
)
3
s

Taa @nd lumi.

B'|ly|<2.4
D% ly| < 1.0

charged hadrons |y| < 1.0

.t

=

P, (Gev/c)

[1] CMS-PAS-HIN-16-001
[2] CMS-PAS-HIN-15-015

10°
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