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C Outline

ALICE

¢ Future of the LHC heavy ion programme
¢ ALICE upgrade goals and strategy
¢ Overview of detector upgrades

¢ Selected physics items: present status and prospects with
the upgrade
» Open heavy flavour
» Charmonium

» Low-mass di-leptons
» Light nuclei

¢ Outlook: FoCal project study




ALICE

o (0
INFN
C Heavy lons at the LHC: Run |

year system sy, (TeV)

2010 Pb-Pb 2.76 ~10 ub-
2011 op 276  ~250 nb"
2011 Pb-Pb 2.76 ~ 150 pb-1
2013 0-Pb 502  ~30nb"
2013 op 276 ~ 5 pb-!

¢ 2011 Pb-PDb run already reached nominal
luminosity: 5x102°

¢ First p-Pb run (with all four large exp’s)
¢ Two short pp reference runs at Pb-Pb Vs
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Y Timeline of future HI runs at the LHC

ALICE

2015 2016 2017 2018 2019 2020 2000 | 202 2023 2024 2005 | 20 | 2027 2028
a1 ]2 03704 a1 02703 a4 a1 {02 {03 a4 [a1 {02703 a4 a1 (a2 a3 a4 [a1 T2 a3 a4 a1 (0203 Ta4|a1 [02 (0304 [a1 ]2 [03 (a4 a1 |02 [a3 [a4 [a1 (a2 (a3 a4 |a1 (02 [03[04 |1 (02 |03 a4 [a1 |02 a3 (a4

LHC Run 2 LS 2 l Run 3 1S3 n Run 4

Injectors

Pb-Pb L, ;. R-2~1/nb R-3 ~7/nb R-4 ~7/nb

¢ Run 2: Pb-Pb ~1-2/nb, at Vsyy ~ 5 TeV, 1 p-Pb run (5 or 8 TeV), short pp
reference runs ~5 TeV
¢ LS2 (2018-19): [most likely postponed to 2019-20]
» LHC collimator upgrades: target Pb-Pb L ~ 6x10%7 cm~?s™! (i.e. 50 kHz int. rate)

» Major ALICE upgrade (important upgrades, relevant for HI, also for ATLAS, CMS
and LHCDb)

¢ Runs 3+4 (2020-28):
» Exp’s request: >10/nb Pb-Pb 5.5 TeV (ALICE: 10/nb at 0.5T + 3/nb at 0.2T)
- x100 larger min. bias sample for ALICE wrt Run 2 (~10'" events)
- x10 larger rare trigger sample for ATLAS/CMS wrt Run 2
» + p-Pb high lumi, pp ref. 5.5 TeV, possibly light ions (e.g. Ar-Ar)
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C ALICE detector and Its upgrade

ALICE
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INFN ALICE Upgrade:
— (selected) physics questions & observables ALICE

1. Characterise mechanisms of quark-medium interaction
- Heavy flavour dynamics and hadronisation at low p;

2. Charmonia regeneration as tool to study deconfinement

- Charmonia down to zero p;
3. Chiral symmetry and QGP temperature at LHC

- Vector mesons and virtual thermal photons via di-
leptons

4. Production of light nuclei from the QGP

- Precise measurement of light nuclei and hyper-nuclei
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Heavy flavour: requirements

Tror (p/Klx id)

JT

PQ (tracking, p/K/x id)

400

200

e L s
—2<

1
p,<3 GeV/c

[ Pb-Pb, |5, = 2.76 TeV T4
Centrality: 0-20%

i =1.863+ 0.003 GeV/c? ]
6 =0.017+ 0.003 GeV/c? 1

PEFS EFEPEErS EPETErErS BFErrarel EPErErArE SrArarare Brarare

0 -
D> K rn*
and charge conj. -

S (30) =538+ 84
] 1 1

1.75 18 1.85 19 1.95 2

invariant Mass (Krn) (GeV/c?)

Currently, in Pb-Pb:
DO — Kn

D* — Knn

D* — D%

D, = KK (limited)

HF — e/u +X

B — e/ Jhp +X (limited)
Goals for upgrade:
Precision! p—=>0!

B — DO+X

B— Jhp+X

B— elu+X

A, — pKn

Ay — At Y,

Requirements:

' Vertexing resolution
Preserve particle identification

Large statistics (no dedicated trigger)

S,

ALICE

General features:

Decay at few 100 um
from interaction point

Large combinatorial
background - low
signal/background 2>
no dedicated trigger
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INFN Charmonium: requirements
ALICE

Currently, in Pb-Pb:\

_ Incl. JAp — nu
ITS, TPC (tracking) P — uu (limited)

TPC, TRD, TOF (id) Incl. JAp — ee (limited)
—y B — Jhp — ee (limited)
Goals for upgrade:

General features:

B decay few 100 um
from interaction point

MUON (trackin Precision! : .

o 100 g0 W — ee Large combinatorial
% o e Direct Jy bra]\ckgrc:uendI in ee
R B — JAp+X (unandee) |- CNANNE = IOW
. ) signal/background >
T Jhy— e\ no dedicated trigger

Requirements:

O ssassin « Vertexing resolution
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Preserve particle identification
Large statistics (no dedicated trigger)

Counts per 40 MeV/c2
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INFN | ow-mass di-leptons: requirements

C
General featureg:l'ICE
e .
Currently, in Pb-Pb: . Electrons and muons
_ very small S/B, high- with very low
ITS, TPC (trackln.g) mass region not -
TPC, TRD, TOF (id) accessible
-y Goals for upgrade: > Large background
P~ from heavy flavour
e e L R decays
RPN ji>-Ee
- Tre—g J Large combinatorial
gooq background - low
s signal/background -
| ] no dedicated trigger
06“0_2 0:%{1_4 B B A A M ReqUIrements:
e nneow e Tracking efficiency at low py
"7 |ls Vertexing resolution

Preserve particle identification
Large statistics (no dedicated trigger)




IN{N) %
C  ALICE Upgrade: summary of requirements

ALICE

¢ Tracking efficiency and resolution at low p-
-> increase tracking granularity, reduce material thickness

¢ Large statistics (no dedicated trigger)
—> increase readout rate, reduce data size (online compression)

¢ Preserve particle identification
- consolidate and “speed-up” the PID detectors
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C ALICE Upgrade: strategy

ALICE

ABSORBER

¢ New Inner Tracking System (ITS) =

» Improved resolution, less material, 7 /4
faster readout
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C ALICE Upgrade: strategy

ALICE

. ~ ‘Ti‘h’r‘i‘““ (ABSORBER TRACKING
¢ New Inner Tracking System (ITS) 7 /4

» Improved resolution, less material,
faster readout

¢ New Forward Muon Tracker (MFT)
» HF vertices also at forward rapidity

D/B..(u
............. X O: X
B A< H o e X
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C ALICE Upgrade: strategy

EMCALD
{ -

¢ New Inner Tracking System (ITS)

» Improved resolution, less material, '
faster readout

¢ New Forward Muon Tracker (MFT)

» HF vertices also at forward rapidity

¢ Upgraded read-out for TPC, TOF,
TRD, MUON, ZDC, EMCal, PHOS,
new trigger detector (FIT), integrated
Online-Offline system (O?)

» Record minimum-bias Pb-Pb data at
50 kHz (currently <0.5 kHz)

FIT: Fast Interaction
Trigger

SOM20T5 Dubna 6=1T10715 Andrea Dainese'ALICE
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C Outline

ALICE

¢ Future of the LHC heavy ion programme
¢ ALICE upgrade goals and strategy
¢ Overview of detector upgrades

¢ Selected physics items: present status and prospects with
the upgrade
» Open heavy flavour
» Charmonium
» Low-mass di-leptons
» Light nuclei

¢ Outlook: FoCal project study
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C New all-pixel trackers: ITS and MFT

ALICE
¢ Both trackers fully based on

Monolithic Active Pixel Sensors - Pres. ITS | New ITS

(MAPS)
Acceptance In[<0.9 In|<1.5 -3.6<n<-2.3
Absorber N Layers 6 7 )
EIT Inner radius 3.9cm 2.3cm /
Pipe radius 2.94 cm 1.86 cm /
MFT Layer

! thickness ~1.1% X, 0.3-0.8% X, 0.6% X,

e LT T

. 12x100 ym? ~ _ .| )
S S HGwn 5Gum
20x830 um?
Max. Pb-Pb 1) 100 kHz 100 kHz

readout rate

ITS Outer Barrel | +q. cERN.LHCC-2013-024
ITS Inner Barrel MFT: CERN-LHCC-2015-001
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NN Tracking precision %
L &P ALICE

ITS: pointing resolution x3 MFT: pointing resolution better
better in transverse plane (x6 than 100 um for p; > 1 GeV/c

along beam)

~400——g ™
E F Rz ~ ALICE

Current ITS (data) :

140 -

oy [um]
b
3

120 _: ____________________________ ____________________________ ...... e XIXy = 0:8%

100 |

0]"21|I4||16'H8H|10

10" 1 10
o (GeV/c) p. [GeV/c]

Adapted from CERN-LHCC-2015-001
CERN-LHCC-2013-024
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o TPC with GEM readout chambers

¢ Current MWPC: readout limited by ion backflow
¢ New readout chambers (GEM): readout up to 50 kHz

> preserve momentum resolution for TPC + ITS tracks LSRS08 8 ==
» preserve particle identification via dE/dx

Electron micr
GEM-based ‘
- T T ‘;G AEARNRARRNRARRN REARRN RARRN RARR IRERRERRRE IRABEARERR ] TPC readout
S - - 0.014f— -
S 00141\ 1 S © GEM | !
[ - ] [ i ]
G 0.012|- —o— TPC only tracks ] G o.012]- —o— TPConlytracks ]
& | —=— TPC constrained tracks 1 é: | —=— TPC constrained tracks
b"\' 0.01|- —&— TPCHITS combined tracks ] B 001 —%— TPC+ITS combined tracks _
0.008} ] 0.008} &
I i - R e
0006 _ . o g-o-o-ooot 00T o = 0.006|~
i '.: falWalaV.] i
0.004_ =5 -004 - —
- M ] L .._...Fua--"""z-ﬂ"“"“'
0.002|u-—s—n--=-2F . 0.002[" o
i o | L -0
G_-n-'u' -D-'n'
o_ll“[ll“l”lll““lllnl,,“],l“ll.“[“ll[”“— 0_|||||||||||||||||||||||||||||||||||||||||||||||||-
0 0.05 0.1 0.15 0.2 025 03 035 04 045 05 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 04 045 0.5
1/p, (GeV/c)'

CERN-LHCC-2013-020
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ALICE

¢ Future of the LHC heavy ion programme
¢ ALICE upgrade goals and strategy
¢ Overview of detector upgrades

¢ Selected physics items: present status and prospects with
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» Open heavy flavour
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INFN ALICE Upgrade:
— (selected) physics questions & observables ALICE

1. Characterise mechanisms of quark-medium interaction
- Heavy flavour dynamics and hadronisation at low p;




)
INFN

¢ First indication of mass
dependence of energy loss:

Rus? (CMS)> Rys (ALICE)

<(14 IIIIIIII l]lll]lllll llllllll I IIIIIIII

< | Pb Pb, \ sy =2.76 TeV
1oL A = (ALICE) 8<p <16 GeV/c, |y|<0.8 N
"k m D mesons (ALICE) 8<p_<16 GeV/c, |y|<0.5

- @ Non-prompt J/y (CMS rel'm'nary)
6.5< <p.< <30 GeV/ce, |y|<1.2 cuspasHiN-1

B 014 1
| (ompty) fled '56 ces: (u h’)E&r'rél'aiié}i syst. Lih}ié'ri'

(*) 50-100% for non-prompt J/y

0.8/ H ALICE, arXiv:1506/06604
: CMS, PAS-HIN-12:014

t

: ;
A" fte, '@

o.el

0.2_— 30-40% 20- 30/ [ - ~
10-20% 4
K shlfted by +10in (N n) 0-10% |
| T | I llllllll I 1111 I 1111 I 1111 I 1111

00 50 100 150 200 250 300 350 400
(N o

Limited to high p+ (~10 GeV/c)

and sizeable uncertainties in
centrality dependence

C Heavy flavour R, and v, Run | %

ALICE
¢ Charm hadrons have v,>0

¢ Heavy quark flow? Role of
hadronization”?

S 04T T T4
| ALICE Pb—Pb f_ 276 TeV |

a o Aﬁ;cemrahty 30-50%
f%ﬁf .

= ]

| 0 Charged particles, v,{EP,IAn|>2}
| = Prompt D°,D*, D average, lyl<0.8, v,{EP}
"~ [_] Syst. from data

-0.2—[] Syst. from B feed-down =
[P SRV (U N U R S

1 1 l
0 2 = 6 8 10 12 14 16 18

ALICE, PRL111(2013)102301 P, (GeVic)
Sizeable uncertainties for
charm and no separate

measurement for beauty




non-prompt J/y

1.5 —\ HTL & wio Coll. Diss. - Coll.
L \ - - LatQCD = with Coll. Diss. Coll.+LPM Rad.
\‘\\\ 7/, WHDG HeM. etal.  \ Djordjevic M. et al.
3 [f AdS/ICFT = = Uphoff J. et al.

S S—

- [0 nomalization uncertainty -
: + BYe+X

- Tttt -

L ALICE Preliminary

Pb-Pb, |5, = 2.76 TeV, 0-20% centrality ]

~4-b(—=c)—elyl<08
[ syst. uncertainty ]

4 Iy d

1 2 3 4 5 6 7 8
P, (GeV/c)

Beauty in ALICE: Run | vs. Upgrade

—

Pb-Pb, \sy =

\ Alberico W. M. et al.

276 TeV * 320, CMS (yi<2.4)
-~ 0-50% ALICE (|y|<0.8)

Vitev |. et al. Aichelin J. et al.

pT(GeV/c)

ALICE, arXiv:1504.07151

Significance
o
I\J

SRR ALARMUAMARRA AR AR
B*—>D nt  Pb-Pb, ﬁ 5.5 TeV
F Ly, = 10 nb” centrallty010%

Jﬁ* e

10
B->D%
pT(B)>2 GeVlc
10_"'5”4“"”'" C!‘;4V/6
e
IM<09p ’
n:é 1‘: 'Non prompt J/\u (—>Iee |y|<09 -
1.6 Pb- Pbﬁ 276 TeV 1
1 4_ L,y = 10 nb™, centrality 0- 10%_
1.22— —+—+—+—+ =
L e —
0.8F + =
: —
0.6 —— E
s BOJhp(Dee)¥X -
" Prdp)>1 GeVie -

0 2 4 6 8 10 12
P, (GeVl/c)

dN/dp_ (GeV/c)™

RAA

T

ALICE

—
o
o

—_
o
~
T

ALICE upgrade, Pb-Pb |5, = 5.5 TeV
centrality 0-10%, 2.5¢y<3.6, L =10 nb”
Error estimation for y « beauty

B->u+X
pr(n)>3 GeV/c
L

I Statistical error

I Total systematic uncertainty

0.5 —

25<y<36p GeV/c

l - Non-prompt J/y — pp (3.6<y<4.5)

] . \Syy = 5.5 TeV

U BI(D )X

== Non-prompt D’ - K=" (Jy|<0.9)

ALICE Upgrade
Ly =10nb"

0-10% Pb-Pb

PT(JhP)>0

TTTT

P, [GeV/c]

ALICE, CERN-LHCC-2013-024, CERN-LHCC-2015-001




NN ®
C  Heavy flavour Ry Run | vs. Upgrade

ALICE

Present data at p;~10 GeV/c Upgrade: Charm and beauty Ry, down
to pT~0 using D? and B-decay Jhp

[ LI L l T 1T I LI L L I LI L L I LI I LI I ]

< i

<1-4|IIIIIIII[|III|IIIIIIIIII |||||||||||| -

< - - - =5. —]

o [ PbPb, |5y=276 TeV : 1.8: ALICE Upgrade Pb Pb,\1/sNN 5.5 TeV .

1o A = (ALICE)8<p <16 GeV/c, |y|<0.8 ] 1.6 L. =10 nb", centrality 0-10%

"L m D mesons (ALICE) 8<p_<16 GeV/c, |y|<0.5 . = B

- @ Non-prompt J/y (CMS IT-"reIiminary) . C _ ]

0 BRI 1.4 D% K7t -

L (empty) filled boxes: (un)correlated syst. uncert. - FlLICE -

- (*) 50-100% for non-prompt J/y 1 2; -+-++ Non prompt J/\I”_) e e PERFORMANCE -

B “=r (stat. only) N

0.8 H ALICE, arXiv: 1506 06604 1: ] 2 ”9’20'3 _____ ]

: CMS, PAS-HIN-12:014 :> - ]

0.6~ 9 m . 0. 31} nfass effect .

s 40-50% : 4- g _— g 8

0.2_— 30-40% 20 30% S = - - 'Bg.—e— — g .

10-20% . 0.2 = -

K shlfted by +10in (N W 0-10% | =N ]

|||||||| |||11|||1|111||111||||||||111 I~ n

00 50 100 150 200 250 300 350 400 0_ co o v b v v b v v v b v v by v 1
o 0 5 10 15 20 25 _ 30

P, (GeV/c)
ALICE, CERN-LHCC-2013-024
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C Heavy flavour v,: Run | vs. Upgrade

ALICE

Upgrade: Charm and beauty v, down

Present data on charm v, to p;~0 using prompt and B-decay D°

>N O.4_| T LI I 1T I L I LI [ LI [ LI I T l_
ORI L I IR I LA I I I I B - .
0.6[ ALICE Prompt D° , DO' 0.35F Pb-Pb, V?Ml=55 TeV
i Iy|<08 ] - Pianfl(.)RIM(ENECE 1 o, :
0.4:_ _: 0.35_ 30/10/2013 Centrallty 30’50 /O _f
I : N DO_) K'n.,. Lint =10 nb"! ]
0.2f # . 0.251 =
I *— ] - = prompt i
0:. .................................................. .5 0.2;_ DD DD —o— from B _;
[ Pb-Pb, Ysy,=2.76TeV ] 0150 o a_ E
0.2 Centrality 30-50% ] - o .
PP EPEPEP IPEPEP IPEPIP B I IPEEP EPEPEPS PP 01'_¢ masseﬂeg!:u ]
2 4 6 8 10 12 14 16 18 T o N
pT(GeV/c) - .0...........DDDDDDDDDDDB;
0.05;  ° AT EEFY
ALICE, PRL 111 (2013) 102301 i . ]
_l L1 l 11 I 111 l 111 l 1 1 1 l 1 1 1 [ L1 1 I 1 1 l—

00 2 4 6 8 10 12 14 16

P, (GeV/c)

ALICE, CERN-LHCC-2013-024

Input values from BAMPS model:
C. Greiner et al. arXiv:1205.4945
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C  In-medium heavy-flavour hadronization! N=/

¢ From LHC Run 1 data, some hints that charm could recombine
In the medium:
» Jhp Rya (and v,) at low p;
» D v, (LHC) and D R,, (RHIC) better described with recombination?
» Dg Rppa (central value) larger than D Ry,?

< 2»' LI ] TIrrr l TTrT ll llllllllllllllll l'YYY L
>N :'VllrvvIrrv']vrvlvvl[vvv]rrv]vrv]‘l: m< . ALICEPrellmlnary .
5 14 I Inclusive Jiy — p*y’, Pb-Pb |5, = 2.76 TeV and Au-Au {5, = 0.2 TeV 0 4h = ALICE DO‘D.‘ 0" average Pb'Pb' \SNN =276 TeV_— 1 8:— Pb- Pb \SNN =276 TeV _:
c 10k W ALICE (PLB 734 (2014) 314), 25<y<d, 0<p <8 GeVic global syst.= + 15% D 2ys:. :rom gaftaed 4 Centrality 30-50% ] 1.6 e Average D°, D', D" 0-7.5%, |y|<0.5_]
1 [J PHENIX (PRC 84(2011) 054912), 1.2<ly|<22,p >0 GeVic  global syst.= + 9.2% D ysl. llom & 19 i _: E o with pp pT-extrapolated reference E
1 0,3 ] 145 | + D; 0-7.5%, |y|<0.5 -
(1A R . o ]
il 0.2 o/ 1.2 e
ol Jﬁ‘ | v, 30-50% 1 E
: ll.I 0_1 ¥ g A A e ‘:1 = Co TAMU, PLB 735 (2014) 445 .
0.6 HH W w w TRy 3 A 1131848 d C - - - Non-strange D .
g i 3 3 ;
L £~ WHDG rad-+coll i = =
0.4} @ i [=— EOWQ G .
r ao, Qin, L 4 VML .
02l o B 0.1 S aHALEPOS, CollsRad(LPM) e e K
el o & C - BAMPSel. -- TAMU elastic ] _ﬂ_
. BAMPS el +rad. UrQMD ] —E— -
3 PR B BN BN B EPEPEE PP PR B N ]
0~ 0 2 4 6 8 10 12 14 16 U T TN U P P PR B N
0 50 100 150 200 250 300 350 400 p, (GeVic) TR B )
(Noar? p, (GeV/c)

ALICE, PLB734 (2014) 314 ALICE, PRC90 (2014) 034904
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C  In-medium heavy-flavour hadronization! N=/

¢ From LHC Run 1 data, some hints that charm could recombine
In the medium

-> Precise measurements of HF mesons (non-strange and
strange) and baryons

- Precise measurements of their v, (+ that of JAp, discussed later)

AID A /D and A, /B
A /D c iy T —20
c I T I T T T T | ——  three-quark model T _ —— three-quark model 4
0.2 T g - - — - QGP+Hadronic (Minimum) - | — — diquark model (C) T - — — diquark model (C) i
0.185 Pb-Pb,\[s\ = 2.76 TeV, 0-10% ] 05— — QGP _| - &—® PYTHIA 1 —o—@ PYTHIA —10.0
0.16 E i - — .- QGP+Hadronic (Maximum) | i b 5 : o i
/ﬁ\’d E— 1 [ s=200Gev | LT

5 o et RN ! s

B ol 3 <M I ]

j, 0.08;— —; 02 y 1.0 /’\ 6.0
0.06[~ 3 < 3 ] ]
0.04F 3 0.1 i ; L ]
o02E E [ 1 | L 1 L ]

o 5 ;
p, (GeVic) pr(GeV) L Jd20
Rapp et al., based on Greco et al. PRD90 (2014) $e0000000000000000d
PRL110 (2013) 100 g tlo0
p, (GeV) p; (GeV)

Ko et al. PRC79 (2008)
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HF “hadrochemistry™: Upgrade

B

ALICE

¢ A,~2>pKr and D,2>KKnr (ct=60 and 150 um) will be
measured with good precision for p>2 GeV/c

¢ A2 A (ct=450 um) accessible for p>7 GeV/c

e e L L U L
1.8;—AITICE Upgrade  Pb-Pb,\[s\, =5.5TeV —:
165 T L, = 10 nb™, centrality 0-10%
1.4 D’ Kt =
128 D= KK'* eatony ALICE, 3

e .
osff - 3

=i B
ost, . L :
04 =& e g — 8
02k T =

O:I 11 1 I L1 1 1 I L1 1 1 | 11 1 1 I 1 1 1 ] L1 1 1 l

0 5 10 15 20 25 30

Q.

/(A D),

Pb-Pb

(AJ/D)

A./D “enhancement”

10

ALICE Upgrade Pb-Pb,\[s, = 5.5 TeV
L, = 10 nb™, centrality 0- 20% -

——- ALICE AIKs param (2.76 TeV)
---------- Ko et al. (200 GeV)
—— TAMU, Rapp et al. (2.76 TeV) |

nnnnnnnnnnn

26/09/2013

]
I

o b b b by by by g B
8 10 12 14 16 18 20 22
pT(GeV/c)

Significance

A, significance

T e e e
Pb-Pb,\ Sy = 5.5 TeV
L, = 10 nb™, centrality 0-20% -

SN
T

T A AT

—_ —_
\S]
T

| I

8- | | ‘ —Z
oF | ]
4 | .

2- E

'l N FETE FRTE FETE FEE SRRl SUEl Suey funs i
8 10 12 14 16 18 20 22 24
pT(GeV/c)

ALICE, CERN-LHCC-2013-024




V/’ ALICE Upgrade:
(selected) physics questions & observables ALICE

2. Charmonia regeneration as tool to study deconfinement

- Charmonia down to zero p;
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¢ Low-py charmonium: Run | vs. Upgrade N2/

¢ Is J/y v, consistent with that of D mesons in a regeneration scenario?

¢ JN v, with expected precision better than 0.005 (x10 better than in
Run-1), also for prompt Jhp (more direct comparison with models)

Run 1: hint of v,>0 Upgrade: x10 better precision

~ 0.3 > 008 T
e ALICE (Pb-Pb (5, =276 Te), centralty 20%60%, 2.5 <y < 4.0 %>“‘ oL =1 nb’ ]
S e — Run 1 § °FlaL_=10np" E
0-2__— © X. Zhao et al., b thermalized o) 0. 065— Centrality 20.60%,;
§ : Run1 Ful:25<y<4 :
% 0'055 Open: 3.7 <y < 4:
é’ 0.04} =

0.03[-

-0.1 :— global syst. == 1.4% 0.02

Coovovo b by b by by b I s b By

0 1 2 3 4 5 6 7 8 9 10 0.01F
ALICE, PRL111 (2013) 162301

P, (GeVic)
CERN-LHCC-2012-012
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C  Low-p; charmonium: Run | vs. Upgrade

¢ Low-p; 1’ Ap could allow to discriminate between models of
recombination (transport vs. statistical)

Raa(W )/RpAA(Y)

B

ALICE

Run 1: limited precision, no central coll. Upgrade: p;>0, precision <10%
,_32'5 . ALICE (s =2.76TeV , 2.5<y<4  Transport Model , 2.5<y<4
S [ —4— 0<p<BGeVic — 0<p <3 GeVic ALICE Upgrade
- - —— 3<p <8 GeVic ——— 3<p <BGeV/c
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ALICE, arXiv:1506.08804 ALICE, CERN-LHCC-2013-014




INFN ALICE Upgrade:
— (selected) physics questions & observables ALICE

3. Chiral symmetry and QGP temperature at LHC

- Vector mesons and virtual thermal photons via di-
leptons




NN spectral function and thermal radiation %
L—/ ' (N ) !
via “low-mass’ di-leptons ALICE
Di-lepton signals: > | mm
 Vector mesons (p) = I*I ;f 1010/ e ;
. QGP radiation y/y*>I*I- ® 107\ o, /dn = 1750

| N\ We) = 1625

10-4||||||||||1||11[‘:“|1""||‘I“v|1|1|1 1
0 02 04 06 08 1 12 14

Very large combinatorial M, (GeV/c?)

background: Benefits of the upgrade:

« Conversions in the * |ITS reduced thickness - less conversions
material (for ee) « ITS tracking efficiency - measure conversions

. n/K decays (for uw) * |ITS/MFT resol = reject charm—>e/u and a/K->u

« Charm decays « High rate - statistical significance x10

—> dedicated low-field run for optimal
electron acceptance at low p;
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Di-leptons: Run | vs. Upgrade
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Both ee and uu:
good sensitivity to
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in both channels

ee, IMR:
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thermal radiation
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~10% precision

CERN-LHCC-2012-012
CERN-LHCC-2013-014




INFN ALICE Upgrade:
— (selected) physics questions & observables ALICE

4. Production of light nuclei from the QGP

- Precise measurement of light nuclei and hyper-nuclei




e ®
Example: Hypertriton, Run | vs. Upgrade

ALICE

¢ Production of light nuclei and hyper-nuclei in AA is sensitive
to QGP hadronisation mechanisms: statistical hadronisation
vS. coalescence of nucleons and A’s

Run 1 Upgrade

: ~_ 70000¢
‘;E 9oL --Data § - ALICE Upgrade
2 80t ALICE 10-50% = Background 2 60000
0 - Pb-Pb sy =2.76 TeV — Combined Fit < : Po-PD, Sy =5.5TeV
o 70F ~ 50000 Centrality 0-10 %
= - a - Integrated luminosity : 10 nb™
8 60F *H—He+n S i
2 s @ 40000
c &) ¢
L

300005—

20000}
10: 10000; 2<p_<10GeV/c
25pT<10GeVIc L %H S %He+ 1
A
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ALICE, arXiv:1506.08453 ALICE, CERN-LHCC-2013-024
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C Outline

ALICE

¢ Future of the LHC heavy ion programme
¢ ALICE upgrade goals and strategy
¢ Overview of detector upgrades

¢ Selected physics items: present status and prospects with
the upgrade
» Open heavy flavour
» Charmonium
» Low-mass di-leptons
» Light nuclei

¢ Outlook: FoCal project study

SOM2015, Dubna, 6110715 AndreaDainese "ALICE
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C Study for a forward calorimeter in ALICE

ALICE
¢ FoCal: R&D for a high-granularity

calorimeter at n~3-5 with focus on |
saturation physics studies §M wil - s
> Possible installation during LS3 = |
¢ Benchmark measurement: direct
photons n~4-5 in p-Pb (x~10-) T T T7T s

» Sensitive to Shadowing vs. Saturation
< 1.2

Theoretical predictions . Projected performance
D:Q - Dir:(: T—If;o;:-n\74 o : \‘JSNN =8.8 TeV ALICE simulation :
P ' ;_4.0 <1n<50 FoCal upgrade 1

pPb

Ly 0.8
. . 1 - —— Statistical
F T - -
08 —_—— : : I - Systematic (PYTHIA)
B 0.6~ [ systematic (JETPHOX)

p-Pb, L, =50/nb

0.6— _+_ JETPHOX with EPS09 at NLO, R__ = 0.4 - .
B 0.4 -

— CGC (A. Rezaeian) : .
0.4 X 4
B 0.2} -

0.2

L AL L L I L L s L l s A s s l L s L i
2 3 4 5 6 7 8 9 10 9 5 10 15 20
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C Summary

ALICE

¢ Major ALICE upgrade in 2018-19
» Increase tracking precision at low p; at mid and forward y
» Enable readout rate of 50 kHz in Pb-Pb
» Min-bias sample x100 larger than that foreseen in Run-2

¢ Unique programme extending to the late 2020s

¢ Focus on rare —and high background- probes and their
interaction with the medium (HF, charmonium, di-leptons)

¢ Ongoing study for further upgrade aimed at forward physics




ALICE

Run:225000

Timestamp:2015-06-03 09:21:39(UTC)

Colliding system:p-p

Energy: 13 TeV



ALICE

EXTRA SLIDES

SOM20T5 Dubna 6=1T10715 Andrea Dainese'ALICE
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C HF “hadrochemistry™: Upgrade

ALICE
¢ A.~2>pKr and D,2>KKnr (ct=60 and 150 um) will be
measured with good precision for p>2 GeV/c

¢ A2 A (ct=450 um) accessible for p>7 GeV/c
D% D, A, Vv,

>N _l T 7T ] T 177 I T 1T I T 17T ] T 17 [ T 17T l T 17 I T 7T I_I
0'25: Pb-Pb, L =10nb" -
02 « D% 30-50% centr. ]

' D , 30-50% centr.

e, 10-40% centr. 1

0.15F + + -
0.1+ ’ -
0.05_ -
PR BT A UTEN ATETEN AUTET ATEET BT AT |

O 274 6 8 10 12 14 16

P, (GeV/c)

ALICE, CERN-LHCC-2013-024




INFN ATLAS, CMS, LHCb:
— upgrades most relevant to H ALICE

¢ ATLAS
» Additional pixel layer (LS1), then new tracker (LS3): tracking and b-tag

» Fast tracking trigger (LS2): high-multiplicity tracking
» Calorimeter and muon upgrades (LS2): electron, y, muon triggers

¢ CMS

» Upgrade of trigger and DAQ, L1 calorimeter trigger (LS1): enables L1
rejection at 95%, e.g. (after LS2) from 50 kHz to <3 kHz (HLT input)

» New pixel tracker (YES15-16), then new tracker (LS3): tracking and b-
tag

» Extension of forward muon system (LS2): muon acceptance
» Upgrade forward calorimeter (LS3): forward jets in HI

¢ LHCb (LS2)

» New trackers (pixel, strip, scintillating fiber)
» Readout upgrade: up 40 MHz (pp) = exploit full p-Pb luminosity




