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Elliptic flow of charged particles %
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Comparison to hydro at low pr.

For intermediate pr:
V2 (Baryons) > v; (Mesons)

+ Vo origin: of the system

+ V2 governed by the QGP evolution
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Why do we

measure

heavy

flavour ?
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Motivations for HF studies

» In the QGP: local equilibrium is maintained until the phase
transition

* hadrons made of light quarks, carry only information on
properties of the plasma close to the phase transition

- not useful to obtain information on the creation and the
early time evolution of the QGP

- Large mass of heavy quarks
+ Longer thermal relaxation time

+ Extract transport coefficients in the medium

HF

+ Estimate the thermalisation degree of heavy quarks

» early production (c ~ 0.1 fm/c vs. QGP ~ 0.3 fm/c)
— experience the full system evolution

*interact with the QGP : sensitive to the medium properties
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Observables %

Nuclear modification factor Raa Elliptic flow v,

Yaa * heavy quarks participate to the

Raa = < collective expansion dynamics

Tan)opp

Quarkonium yield in A-A compared
to the pp one, scaled by the overlap

factor Taa (from Glauber model) vé — <COS[2($0 — Wy R)]>

Y

HF

- If thermalization, recombined states
should inherit their flow

No medium effect : Raa= 1

Raaz 1 : cold nuclear matter

. * relevant observable for quarkonium
+ hot medium effects .

(re)generation study
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HF

Observables
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The ALICE
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ALICE

Quarkonium with ALICE
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Results in

A-A collisions

Run: 244918

Time: 2015-11-25 10:36:18
Colliding system: Po-Pb
Collision energy: 5.02 TeV
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Quarkonium in the QGP
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Quarkonium in the QGP
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Pb-Pb

Quarkonium in the QGP
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HLICE
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Pb-Pb

J/y vy at Vsyn = 5.02TeV
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ALICE

A significant vz is observed for various centrality and prbins
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Pb-Pb

JI v, at Vsan = 5.02TeV ®

ALICE

A significant vz is observed for various centrality and prbins
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Theoretical models %
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p-Pb
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Collective effect for J/y in p-Pb ? %
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IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII 0_10_.PrOmptDo,-1.46<ycm<0.54 |
O 1 2 3 4 S J/16P 7 8 O Kg, -146<y__<0.54 ]
GeV/c ! ]
. . . . 52007 LDed w = -
Sizeable v2 (compatible with Pb-Pb in 5-20%) LS ? " + s " O
I + _
No significant (re)generation contribution is 0.00 = + *************
B offline 7
expected and lesser path-length effect w.r.t Pb-Pb - MBesNyriez0 +
0 1 2 3
. . . KE,/n, (GeV
V2(C) < vz(s) : sign of weaker charm interaction ? Ma )CI\AS-PAS-HIN-18-O1O
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https://arxiv.org/abs/1709.06807
https://cds.cern.ch/record/2318326

SUMMARY

HF Hard probes of HI collisions

Positive v, is observed for D mesons and J/y

Case for charm thermalisation and (re)combination

Pb-Pb  Transport models underestimate J/y v; at intermediate pt
Same transport model for D and J/y ?

(Unexpected) v, for D mesons and J/y

p-Pb J/yv;in p-Pb is not yet understood

Signs of weaker charm interaction in the medium

improved precision +

Upgrade D mesons down to pr=0 + A, v;

8

Quarkonium: prompt/non prompt, y(2S), Y SRR o

New observables: beaut

Thank you for your attention!
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J/y Nuclear Modification factor vs pt, <p7>, raa

ALICE
QO C
< [ —— —— —— —— — =~ ALICE, Inclusive J/ W
m<1 A - ALICE Prelilminary, inclusl,ive Jy — u*lu', Pb-Pb \S,:N =5.02 TeVl, 25<y <44 % 2.5 F NELSIVE SV = Il
E ¢ 0-20% Transport (TM1, Du and Rapp) E O 24F 25<y<4,p <8GeVic
- _A0° 0-20% — -~
12 ¢ 2040% %20-40% ] 2.3 E H E ] [
C ¢ 40-90% [140-90% N Q
1 _—H ------------------------------------------------------------------ B | ~ 22+
0.8 == EI 3 21F = [
Y g E g : E [# -
06 = L E EI E El . 2 E_ El
o = O % [¢ EI o : 1-95' o Pb-Pb, |5, = 5.02 TeV (Preliminary)
- O [ EI Z 18 o Pb-Pb, {5y = 2.76 TeV (arXiv:1506.08804)
02 E — g7 e Ll Ll N P B
- - 0 50 100 150 200 250 300 350 400
E - ! M M ! M L M ! | M | M M M - < Npart >
ggts — — .
L § ﬁ E @ = 2
© g L O R— E . PT)AA
Ot . . . . . —
0 2 4 6 8 70 12 AA 2
p, (GeV/c) pT Dp
< F L LR B LR NLELEL AL BRI BRI LR B
12 ALICE, Inclusive J/y — p*w
- J/y suppression 1s stronger at high p_and 1n central : 25<y <4, p <8GeVic
.. 11 ® Pb-Pb, {s,, = 5.02 TeV (Preliminary)
collisions F o Pb-Pb, {5 = 2.76 TeV (arXiv:1506.08804)
Fif gt P2 T O 00
bt -
. . . 09 F = -
- Iransport model predicts similar trend : ' ]
0.8 F ? ¢ 3
C . L : bt
- Brackets give limits for possible contamination from o7 .
/ h d . [ [ ] Transport [TM1, Du and Rapp] (Ysyn = 5.02 TeV)
— T S AT A A BT B A IR B R
J \II p Oto pro uCtlon 0.6 0 50 100 150 200 250 300 350 400
< Npart >
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DO vl from STAR (QM2018)

Directed flow (v1)

O
—

o

|
©
—

N
LT~

Au+Au \/ syn=200 GeV, 10-80%
P, > 1.5 GeV/c

STAR Preliminary
®D°

* p°

D’ points shifted along x-axis by 0.04

Hydro+EM

Chatterjee, Bozek ~
— — - D_0 x 5 . ~
——D°x5
| | |
-0.5 0 0.5
Rapidity (y)

Expected v from Hydro+EM field

correct slope but wrong magnitude

| ! | ! | ! | ! | ! | ! | ! |
—— charm, t=0.5 fm/c
—— charm, t=t.

— = anti-charm, t=t
f.o.

-0.02
https://arxiv.org/abs/1608.02231 | _
ttps://arxiv.org/abs . i y
i _0.06 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 |
-2 -1.5 -1 -0.5 9 0.5 1 1.5 2
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https://indico.cern.ch/event/656452/contributions/2869974/attachments/1650414/2639345/D0_vn_STAR_QM18_SINGHA.pdf
https://arxiv.org/abs/1608.02231

Number of flavours in the EoS

ALICE

trento+v-USPhydro
008 PbPb5.02TeV ALICE
- 0-10%

New and different approach on charm

w—E0S 2+1 : . .
meceEaS2its] | thermalization:

Impact of the number of flavours in the
. 20-30% | .
£ 1-EF final equation of state of the system:

comparison to ALICE results for charged

Pb-Pb

pa rticles

https://arxiv.org/pdf/1804.10661.pdf

0.5 1.0 15 2.0 25 3.0
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https://arxiv.org/pdf/1804.10661.pdf

In a coalescence icture

(not including independent fragmentation of partons)

ALICE

vo(c) can be unfolded

T T T from M/B measurements

| (a) Mesons (b) Baryons
3,0:12”(1‘1
9 qynax M — V2« + V2,8 ~
20 vy (PL) T+ 255 135 T2,a + 2,5,

QP@)::?&m+Wﬂ+Wn+3w@UMH&7
2 + 1 -+ 2 (’UQ,Q V2,3 + V2, ’02’7 + V2,3 ’02,7)
'l,.‘gm‘l‘ = V2a + V2,8 + V2, ~,
0
0 2 4 6 8 0 2 4 6 8 10 ex: A. and D mesons

vi(p1) =vae (2+7)pL) —v¥ (1+7)pL),
c 1+7r 2+7r
'vz(m)=2'v5( . m)—'ng°( . m)

T = me/myg
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https://arxiv.org/pdf/nucl-th/0304045.pdf

Magnetic field effect on charmonium formation %

ALICE

Motivations: tg ~ 0.1 fm/c vs tf ~ 0.5 fm/c from cc to final charmonium state
—profound effects from B on Charmonium yields and distributions

From Schrodinger eq including a magnetic potential A

. 2 . 2
£ > c C C Aé

9% _ s f_ (Be—gAc)” | (Bt qAo)”

ot 2m.. 2m..

Hamiltonian divided as

Lorentz force

-V,
@

harmonic pot. (negligible)

vacuum
}AI — I‘:TO + }A-[Bf I_:TB =
v
magn. field dep. spin-field int.

Aconserved momentum: P, =P +q(A.— Ag)
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J/y vz at RHIC energies

Acta Phys.Polon.Supp. 5 (2012) 323-328

pT (GeV/c) Phys. Rev. Lett. 111, 052301 (2013)

V2~OatRH|Cenergles ol = ViR RO T 0 o Vsl RN el okl g kgl Mol Sehamil Jun e
L~ s at freeze-out (PLB595,202) @ | o Initially produced J/y (PRL97:232301)
) 02 |— :ﬂ ::an:r:r(r:’ :&“370;&2;515)55-125) == Comovers (Lynnik priv. comm.)
= sssses n fireba -
V2 <O at |OW PT . = « + Initial mix (Zhao, Rapp priv. comm.)
0.1 b —
F Au+Au 200 GeV 0-80 % o Jly o E Y R e bty S AR R I
3 A ¢ g e, :
0.2 E- o charged hadron o[ =
. Ho co0o,ba o} - ® @ PHENIX |y|<o.§5 [20,60%)] (Preliminary) 5
: £ 42%of Run-7 Global Syst. + 3% p.c[0,5] GeVic -
- OO%) - 3 v;=-0.1040.10+0.02
0'1 P~ 04 )3 = | e 1 | & 1 gi g Qg g prign ] iy —gntp —piif iy gt —gelgl uiogiil —gsiiy g L_1
C 0 0.5 1 1.5 2 25 3 3.5 4 45 5
- 0003 * p, (GeV/c)
0 o Wangmei Zha - SOM 2017
N[ : : : : ; ; :
. d : > I z s z z o z
o y maximum non-flow - @ Jlyv,;, AutAu @ 200:GeV 0-80% é
ARG o é z a s s ;
~ 3 ' ' — @ Jlyv,, U+U @ 193 GeV 0-80%
g :{ L
01E initially produced [31] 0: : | T | | :
: coalescence from thermalized c€ [32] - : T
F e initial + coalescence [33] P : : . : : :
[ — . — initial + coalescence [34 [ f N : T
-0.2 — — — hydrodynamic [35] [34] F 1 1 1 [_]Au+Au non-flow estimation
:l B . ) l g . 2 l : ) ) l . l . 1 J 11 1 1 11 1 | 11 1 | 11 1 | 11 1 1 11 1 1 11 1 1
4 - y - it o 1 2 3 4 5 6 7 8

P (GeV/c)
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http://download.springer.com/static/pdf/98/art%253A10.1140%252Fepjc%252Fs10052-017-4781-1.pdf?originUrl=http%3A%2F%2Flink.springer.com%2Farticle%2F10.1140%2Fepjc%2Fs10052-017-4781-1&token2=exp=1493800099~acl=%2Fstatic%2Fpdf%2F98%2Fart%25253A10.1140%25252Fepjc%25252Fs10052-017-4781-1.pdf%3ForiginUrl%3Dhttp%253A%252F%252Flink.springer.com%252Farticle%252F10.1140%252Fepjc%252Fs10052-017-4781-1*~hmac=5a0e4770398bc3991bb48e8ec106aa137fd657bd3ca30d814099058e5dc84ad4
http://iopscience.iop.org/article/10.1088/0954-3899/35/10/104136/meta;jsessionid=36DC53128564919664778FD32B3CDE20.ip-10-40-1-105
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.111.052301

Cold nuclear matter effects on charmonium %

Outside hot matter mechanisms, other effects might affect quarkonium production

- Energy loss

- Initial state: nuclear parton shadowing/CG condensate

- Final state: nuclear absorption

0
o.
[ . . . .
2. CNM investigated in p-A collisions
backward -4.46 <y <-2.96 g 225
o 2.2 C c 2F Inclusive JhAp — u*u, 2.03 <Y, < 3.53
< 2 - Inclusive Jip — u*w, -4.46 < Yore < -2.96 16 u 5 .02 TeV
1.8 6
16F H 1.4
W 5.02TeV 12 e 8
1.2 E E g . H H § 1t E—E = 1l
L L 08f B8 H
P o L
O 8 - R i —7,,,:\.’1 06 Ei E —
T p \ C ® p-Pb |s,, =5.02 TeV (JHEP 02 (2014) 073)
06F e 0.4
04 3 ® p-Pb s, =5.02 TeV (JHEP 02 (2014) 073) . ook ® p-Pb s, =8.16 TeV (preliminary)
N ® p-Pb |sy,=8.16 TeV (preliminary) ‘f"ff"\oz...m..|...|...|...|...|...|...|...|...
0-2:— Pb 0 2 4 6 8 10 12 14 16 18 2
O L1 | 11 | 11 | 11 1 | 11 | 11 | 11 | 11 | 11 1 | 11 p (GeV/C)
0 2 4 6 8 10 12 14 16 18 20 T
P, (GeVio) forward 2.03<y<3.53
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Cold nuclear matter effects on charmonium %

Outside hot matter mechanisms, other effects might affect quarkonium production

- Energy loss

- Initial state: nuclear parton shadowing/CG condensate

- Final state: nuclear absorption

L0
o.
0 . . . . .
2. CNM investigated in p-A collisions
backward -4.46 <y <-2.96 g 22
oF ALICE
o 2.2 C ALICE C Inclusive JAp — u*u’, 2.03 <Y, < 3.53
5 g 1.8F
< 1 : E_ Inclusive Jhp — u*u, -4.46 < Yore < -2.96 16 f— 5 .02 TeV
1.6;— H 1'4;_ 816T€V
14 T 5.OH2TeV "2 . i R
1.2F o [ : E_E &
C AT B E @
0.8 : 8- 16 Te p 8461 —_i ® p-Pb s, =5.02 TeV (JHEP 02 (2014) 073)
3461 : ® p-Pb |'s,, =5.02 TeV (JHEP 02 (2014) 073) > P 0:2 3 ® P-Pb |5y =8.16TeV (preliminary)
E ® p-Pb |s,, =8.16 TeV (preliminary) ’ ‘f"ff"'\oz,,,|,,,|,,,|,,,|,,,|,,,|,,,|,,,|,,,|,,,
0-2:_ Pb 0 2 4 6 8 10 12 14 16 18 2C
) TP AN AN AN I B B IR A p_ (GeVic)
0 2 4 6 8 10 12 14 16 18 20 T
P, (GeVio) forward 2.03<y<3.53
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Pb-Pb

D meson flow at RHIC

o 03 eD° oA STAR Au+Au sy, = 200 GeV
- AE 0K L 10-40%
) - —~
ko) - 0
% 0.2 |- - i‘ 29 v
@ - o —

s c%lfmm D*: o2 _ -
o8 5 [ ¢]
> . So X —
a 0.1 - a $
O g °
© 8
@ : ée@?
- =2
Gl a)
[ | | ] | | |
0 1 2 3 4 5 6
P, (GeV/c)
< oD’ oA  STARAu+Au |'s, = 200 GeV
ZN 0.1 AE 0K i 10-40%
)
2 T B o T ~
: B s T
& 0.05 |- _# $ - -
> B
> I
o ;
Y —— b)
C 5
< | l | | |
0 0.5 1 1.5 2 2.5
(mT -m,) / n, (GeV/c?)

(5

ALICE

- @ STARD'

[ @ STARD'  STARAu*Au |syy = 200 GeV

0-80%

2

> - —— TAMU c-quark diff.

e TAMU no c-quark diff.

9 0.2 Duke-2rTD=7

) SEETET LBT

% | - PHSD

b - — - 3D viscous hydro J_ =

© s _—

o - - )

Q *

o

“ > =~ -~
o - P S -
82

C

<

Clear mass ordering below
2 Gev/c

Scales with NCQ, following
same trend as light hadrons
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CMS measurement of prompt D%v; at 5.02 TeV %

ALICE
CMS PbPD \s,, = 5.02 TeV
0251'"|""|"":)""|""""'|""I""k._'"'l""l""“'"l""l""l""l""l ""|""|'"'I""l""l""l""l'"'|_.
) N -O-Prompt D , |Y| <1.0 I +Charged partiC|e, h’]l <1.0 Calculations for prompt D 1
0.2 - [1/Syst. from nonprompt D° T -.=LBT ---SUBATECH 1
. . [ ]Other syst. ¥ ﬂm $EI\S/IB CUJET 3.0 é
0.15F - .
~ oqb ¥, - :
> 0.1¢ \,ﬂ#-E, T’ :
0.05H \:B& \‘~.-.--._.m_......§_,_,__|ﬂ-i
iy, B =
Olf ................................................................................................................................................................. -
~0.05F .
ETETETE BT ETSE S AP EE AT TS BPET AT AT AU ST SUETEU A SN B SrECEEN SRS P ST S N N U U O U U N U U NN M NN N A O OO O A N O A O A ™ STRC RN | IEE NI NN PR AN F RN EEE NS RN NN
:lllllllllllllllllllllllll |||||||| I||l|Il||Illllllllllllllllllllll|||I-
0.15F 30-50% ]

ot - :
:....|....|....|....|....|....|....|....|EE....I....I....I....l....l....l....l....l TN FRET FRETE FRENE FRER FRET] FRETE FRERE B
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STAR measurement of prompt D%v;, at 200 GeV

ALICE
- 0
® STARD STAR Au+Au \s,, = 200 GeV|
~ -~ --- SUBATECH o
- - TAMU c-quark diff. 0-80%
" - TAMU no c-quark diff.
D 0.2+ — Duke-2rTD=7
Q - - LBT
& _ —- PHSD
© _ — - 3D viscous hydro _|_ -
(O ,* —
all - - )
. 0.1 p *
Q
O
—
O
A2
-
< 0
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Pseudo-rapidity dependency

ALICE
=" 0.09 [ 25-50%: event average Pb-Pb \s,, =2.76 TeV
- p.>0
0.08 wali b 4 ¥
0.07F g vea
07 F o
. " * + . ALICE
0.06 :_ s + + + " PRELIMINARY
- .
0.05F + + + .
: . .
0.04 |- * }
0.03f |
002F % ALICEV,{2} Po-Pb276 TeV .
I 0 CMS v,{EP} Pb-Pb 2.76 TeV arXiv:1204.1409
001, PHOBOS v,{EP} Au-Au 200 GeV PRC 72, 051901
O:‘"“““"""“"“"““"“"‘“"‘“‘l““ >
-4 -3 -2 -1 0 1 2 3 4 5
M
+ depends on particle multiplicity
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JIy vy at Vsyn = 2.76TeV

ALICE
> " ® ALICE (Pb-Pbysy, = 2.76 TeV), centrality 20%-60%, 2.5 < y < 4.0
° ° | —— Y. Liu et al., b thermalized
FI rSt h I nt Of J/\I’ V2 SICEEEER Y. Liu et al., b not thermalized
0.2 . X.Zhao et al., b-diffusion
measured by both :
CMS and ALICE :
= different kinematic -
-0.1 i global syst. =+ 1.4%
1 _IIII|IIII|IIII|IIII|IIII|IIII|IIII|'|_III|IIII|IIII
regions ! RS J J R S
0 p. (GeV/c)
a T
0 CMS PbPb sy, = 2.76 TeV CMS PbPb sy, = 2.76 TeV CMS PbPb sy, = 2.76 TeV
iy 0.2 0.2 0.2 | | | | |
- Prompt J/p Cent. 10-60% 1 | Prompt J/ ] | Prompt J/ ]
I Global uncert. 2.7% ] I 6.5<p_<30GeVic | I 6.5<p_<30GeVic |
015 +16<lyl<24 ulyl<2.4 7 0.15F lyl <2.4 = 0.15- Cent. 10-60% .
- ] - Global uncert. 2.7% 7 i Global uncert. 2.7% i
i ] i ] i EPJC 77 (2017) 252 ]
=" 0.1F 1 S 01 - = 0.1 .
0.05_— 7] 0.05(- — 0.05 —
I ] I 60-30% 30-20% 20-10% i I ]
O_'"'l""l""l'"'l""l""_ O_|||||||||||||||||||||||||||||||||||||||_ O_ | | | | | ]
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http://download.springer.com/static/pdf/98/art%253A10.1140%252Fepjc%252Fs10052-017-4781-1.pdf?originUrl=http%3A%2F%2Flink.springer.com%2Farticle%2F10.1140%2Fepjc%2Fs10052-017-4781-1&token2=exp=1493800099~acl=%2Fstatic%2Fpdf%2F98%2Fart%25253A10.1140%25252Fepjc%25252Fs10052-017-4781-1.pdf%3ForiginUrl%3Dhttp%253A%252F%252Flink.springer.com%252Farticle%252F10.1140%252Fepjc%252Fs10052-017-4781-1*~hmac=5a0e4770398bc3991bb48e8ec106aa137fd657bd3ca30d814099058e5dc84ad4

Pb-Pb

Charmonium in the QGP

< 2:'"'I""l""l""l""l'"I""I""I:
x 1.8 = ALICE inclusive JAy, y(2S), Pb-Pb s, = 5.02 TeV, 2.5<y<4, 0<pT<8 GeV/c —
1.6 - —
1.4 :_ — y(2S) (Preliminary) _
(o i —— Jly (arXiv:1606.08197) -
' i Upper limits include global uncertainties 1
1 ™ L%
OIB;D 0E @ M @ m M M a2
0.6 F 0 o Il
0.4F -
0.2 m =
) TSR SN U S I B S N
0 50 100 150 200 250 300 350 400
N ot
S 2.5 [ T T 1T 1 | T T 1T 1 | T T 1 T | T T T T | T T 1T 1 | T T 1T 1 | T T 1 T
=3 : Jhy, W(2S), Pb-Pb Y5, = 5.02 TeV :
SQ: 2 — ALICE, 3<pT<8 GeV/c, 2.5<y<4.0, Inclusive (Preliminary) ]
C’D/: CMS, 3<pT<30 GeV/c, 1.6<y<2.4, Prompt only (arXiv:1611.01438) | 5ot -
QY I Upper limits include global uncertainties 0-90%
> 1.5 —
=
b3 _
o i
| |
O i | | L1 1 1 |VI 1 1 | | Y | 11 | L1 1 1 | L1 1 1 | 11 1 | | L1 1 1 [Iia:jl_
0 50 100 150 200 250 300 350 400
<Npart>

ALICE

y(2S) is expected to be more easily
dissociated than J/y

w(2S)/]/y should greatly help model
discrimination

Data show a stronger suppression
in semi-central and central
collisions

For low significance : upper limit at
95% CL

More statistics are needed
— upgrades for LHC run 3
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Upgrade programme nuce

Upgrade

201S

2016

2017

2018

2019

2020

T

I

2021

HH:

2022 2023

2024

2025

2026

2027

2028

2029

LT

Hn%

il |

il

Run2 : Lfb S aracan = 10N

Run4 : Lf <

q =70nb?

Higher precision, low signal/background observables, low ptheavy quarks, rarest probes

Global observables...............

Better

Light hadrons........................

Strange hadrons...................
Quarkonia....ccceceeenneeee

signiﬁca nce

New

Open heavy flavours...........
Electromagnetic probes.....
Jets and high pr hadrons....
Hypernuclei.............u........

// observables

[ PbPb 50kH:z
New read-out electronics

< New TPC GEM chambers

New computing system

g Inner tracker (ITS) upgrade

3 New forward tracker (MFT)
\ New forward calo (2024)?

100-fold larger integrated luminosity than run 1 and run 2
Low signal over background: hardware trigger filtering nearly impossible at low pr
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The detector upgrade %ﬁ

Upgrade

Increase of luminosity (50kHz IR) and improve vertexing and tracking at low p;

New RO architecture =~ New MB trigger New Inner
(TPC, Muon Spectrometer, L1 Tracking System
TRD, TOF, PHOS,
EMCAL/DCAL, ZDC) \
New Muon

Forward Tracker

New Be beam-pipe

New TPC GEM-
based chambers

Increase statistics to 10 nb-1
Interaction rate: 8 -> 50 kHz (LHC)
Trigger rate: 1 kHz -> 50 kHz (ALICE O32)
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New silicon sensor

ALICE

CMOS Monolithic Active Sensors (MAPS), TowerJazz 0.18 pm technology

Sensor size: 15mm x 30mm

Pixel size: 29 pm x 27 pm

high resistivity (>1kQ2 cm) epitaxial layer

deep p-well (shields n-well of PMOS transistors)

L PWELL J [ ] L PWELL NWELL
L/ DEEP PWELL

high granularity

Upgrade

Event time resolution < 4us

low material budget

) IOW POWEI" consumption

binary output (in-pixel discri)

fast readout time

Epitaxial Layer P-

i 3 3 1 1 1 1

medium radiation hardness

ll[l

Resolution (um)

llllllllllllll

Detection EMdency (%)

o 5 1O

Fake-Hit Rate/PixelEvent

o
llllllllllll

.............

iy
—
-
-
—
-
=
-
b—
=
-
-
A
-
-
-
(o
10 P
-
—
-

M

Jlllllllllll

Threshold (e) Threshold (g)
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The ITS upgrade %ﬁ

Improving tracking performances at low py

+ Large area (10 m2) tracker made of
monolithic active silicon pixel
sensors

Upgrade

L4
.”.

et ioae
-”.:::-“

+ 7 layers from R=22mm to R=400mm Tt fona
Inner Barrel, Outer Barrel (Middle '
layers & Outer layers)

+ Spatial resolution 0(5 pm)

» First layer closer to IP (smaller beam
pipe radius)

+ 0.3%Xo per layer in the inner most 3
layers (light mechanical structure)
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Upgrade

ITS upgraded performance

ALICE
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Upgrade expectations for open HF

ALICE

Charmed and Beauty baryons |n|<0.9 $ T L Tl e L
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New observables in Pb-Pb: baryon production in the charm and beauty sector! P, (GeVic)

For the moment, only observed in pp and p-Pb collisions: https.//arxiv.org/abs/1712.09581 S 0.25 e L e e e e

) U Pb-Pb,L =10nb" -

i _llllllllllllllIlllIlli|||||||||||||||||||||: g 2:IIII|TIIIIIIIIIIIIIITIIIIIITIII: — Int -

o - A Kn* - s = 4 £, of qo - . 1 . ]

1.8 A= PRI Pb-Pb,\Sy = 5.5 TeV 1.8- D> Km*  Pb-Pb, sy, =5.5 TeV i . . D°. 30-50% centr. -

165 Ly = 10 nb™, centrality 0-20% - 160 L, = 10 nb”, centrality 0-10%] 0.2_— . . D+ 30-50% centr 7]

- ] F ] - . sy IV ° ©

142 E 1.4 s - j " A, 10-40% centr. -

e . ) E : ++ ]

o8¢ H 1 osf : 0.1+ B -

0.2 — - g . 0.05+ —

- ] 0.2 - _ i

T A A | clov o bewa b Lo Loa o Ly 47 i _l _

% 2 4 6 8 10 12 14 16 18 20 22 0_1 ool b b v Lo b e L _I N

p, (GeV/c) 0 5 10 15 20 25 3 & -
pT (GeV/C) 00 L1 é L1 4|. 111 é L1 é L1 |1|0| 1 11 |2| 1 11 14.1 1 1116

P, (GeV/c)

Audrey Francisco JIy elliptic flow QGP France, July 2018 39



Upgrade

The MFT upgrade

ALICE

Tracker Trigger
C )

rontal
Absorber

i z.

Dipole Iron Wall

10 Half-disks — 2 detection planes each
Disk 2

Add precise vertexing

ees _ Disk 4
capabilities to muon Disk 1 is

(z=-76.8 cm)

tracking at forward
rapidity

920 silicon pixel sensors
(0.4m32) on 280 ladders of

2 to 5 sensors each

-3.6 <n<-245
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Upgrade

The MFT upgrade

ALICE

Tracker Trigger
)

LVIFT]

S| |

rontal
Absorber

Dipole Iron Wall

10 Half-disks — 2 detection planes each
Disk 2

Add precise vertexing

ees _ Disk 4
capabilities to muon Disk 1 is

(z=-76.8 cm)

tracking at forward
rapidity

920 silicon pixel sensors
(0.4m32) on 280 ladders of

2 to 5 sensors each

-3.6 <n<-245
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Upgrade

Upgrade expectations for quarkonium

Prompt charmonium

Beauty measurement via displaced J/y

More precise bottomonium and y(2S) measurements, v, ?

ALICE
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