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Heavy flavors & QGP

4 Quark-Gluon plasma (QGP): state of matter in which quarks and gluons are no more confined into hadrons

LHC

Temperature (T) ~160 MeV

Critical Point

l’ Crossover
| transition / Quark-Gluon Plasma
. Deconfinement &
First—order . "
phase lransition—/ /chlral transition
Colour
Hadron gas superconductor
Nuclei
) Neutron stars

Baryon Chemical Potential (Lg)

> From Lattice QCD calculations:

o & ~ 0.5 GeV/fm3
o T.~ 150 MeV

> Very rapid space/time evolution

Togp ~ 10 fm/c
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Heavy flavors & QGP

d Quark-Gluon plasma (QGP): state of matter in which quarks and gluons are no more confined into hadrons

> From Lattice QCD calculations:

o & ~ 0.5 GeV/fm3
o T, ~ 150 MeV

> Very rapid space/time evolution

Togp ~ 10 fm/c

d Heavy quarks produced in the first phases of the collision
Taq ~ 0.05—0.1fm/c

! Open HF and quarkonia ideal probes to study QGP
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Heavy flavors & QGP

d Quark-Gluon plasma (QGP): state of matter in which quarks and gluons are no more confined into hadrons

d Open heavy-flavor hadrons and quarkonia
experience the evolution of the QGP

O Open Heavy Flavors (HF)

> Partonic energy loss characterization in QGP

> (Coalescense vs Fragmentation

O Quarkonia

> Quarkonium suppression

> Regeneration of heavy quarkonia in QGP
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CERn) Collision systems and observables

~7_“

Two different systems are under study

4 _Pb ) " Pb—Pb

o) ‘

\
L DN

Cold Nuclear Matter effects 1 Hot Nuclear Matter effects

A

\_ (CNM) Y. \_ (QGP)
Key observable: Production

Rax(pry) = 1 d*Npa/dprdy ‘ Q‘ $
‘ AAPT,)Y) = (N_p;) d? Ny, /dprdy Central Peripheral

collision collision

4 Nuclear Modification Factor : quantifies the effect due to the formation of cold/hot nuclear matter

O Ryp =1 = Nomedium effect
O Rap#1 = Medium effect (?)

MPI at LHC Introduction Luca Micheletti



Collision systems and observables

p—Pb

> (@

\ (CNM)

\

Cold Nuclear Matter effects

A

— X
do

Two different systems are under study

!

Key observable: Collectivity

/

\

Pb—Pb )

H(@&

Hot Nuclear Matter effects

(QGP) Y.

142 Z v, - cos[n(@ — Wrp)] v, = (cos[n(e — Wrp)]) ‘
n=1

d Anisotropic flow: quantifies the anisotropy in the azimuthal distribution w.r.t. the reaction plane (rp)

O Atlow pg: investigate collective motion and thermalization

O At high pr: investigate path-lenght dependence of the energy loss
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The LHC experiments

N
1 2 3 4
| | | | | >
© 10 ) 110
> >
D
9
- 17
575 5
5 15
Ao}
W
> 5 | ALICE ALICE 1o5
L | | | | ~
0 1 2 3 4 rapidity, Yy

! Complementarity of all the LHC experiments

>
>

vyv

vV

vV

Forward & midrapidity coverage
HF and quarkonia down to zero pt

Midrapidity coverage
Wide (high) pt coverage

Large forward rapidity coverage
HF and quarkonia down to zero pt

Midrapidity coverage
Wide (high) pt coverage
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Quarkonia in p-Pb collisions @

14— } P o 4 & — %E ALICE and LHCb measured the J /s Rpa in the forward
Q:%l P-Pb s =8.16 TeV and in the backward rapidity regions
1.2 ® ALICE inclusive J/y

o LHCb prompt J/y (PLB 774 (2017) 159 ) > Stronger ]/ suppression at forward rapidity

> (Good agreement with models including
shadowing!!23], CGCl*°], energy loss!®],

in
i

1', : - transport models!”! and interaction with
[ ] EPS09NLO + CEM (R. Vogt) + comovers!8!

08F
06F
L [ |nCTEQ15 (J. Lansberg et al.)
- [ ] EPPS16 (J. Lansberg et al.) _ o
0.4 CGC + NRQCD (R. Venugopalan et al ) € [1]arxiv:1707.09973 & [5]arxiv:1605.05680
B CGC + CEM (B. Ducloue et al.)
0.2 L [ Energy loss (F. Arieo et al) S [2]arxiv:1712.07024 & [6] arxiv:1407.5054
T — Transport (P. Zhuang et al.)
[ === Comovers (E. Ferreiro) | | | | | & [3]arxiv:1712.07024 & [7]arxiv:1607.07927
0IIII|IIII|IIII|IIIIIIIIIIIIIIIIIIIIIIIIIIII
-5 4 -3 -2 -1 O 1 2 3 4 5 S [4] arxiv:1707.07266 & [8] arxiv:1411.0549
meS
& [HEP 07 (2018) 160 & PLB774(2017)
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https://arxiv.org/abs/1411.0549
https://arxiv.org/abs/1605.05680
https://arxiv.org/abs/1407.5054
https://arxiv.org/abs/1707.07266
https://arxiv.org/abs/1707.09973
https://arxiv.org/abs/1712.07024
https://arxiv.org/abs/1607.07927
https://arxiv.org/abs/1712.07024
https://link.springer.com/article/10.1007/JHEP07(2018)160
https://www.sciencedirect.com/science/article/pii/S0370269317307700?via%3Dihub

Quarkonia in p-Pb collisions @

%E ALICE and LHCb measured the {(25) Rpa in the

- 14
2T p-Pb |syy =8.16 TeV | forward and in the backward rapidity regions
= 2 L L > Similar suppression as a function of y

> 18 —@— LHCD, prompt y(25)
’ LHCb —H— LHCb, prompt J/

> Models including shadowing!!%3], energy

: EPS09 LO
1 af 77777 EPS09 NLO loss!*>] do not describe this larger Y(2S)
R3 nbse LO suppression at backward rapidit
1.2}% —— E. loss pp p y

- E. loss + EPS09 NLO

& [3] arxiv:1301.3395

S [2] arxiv:1402.1747 S [4] arxiv:1212.0434
& [5] arxiv:1212.0434

ES
-
H,..
'''''
------
uuuuuuuu
------

"2E p <14 GeVie
0 '] I 1 '] '] I '] 1 1 I '] '] | 1 I 1 | 1 '] I
-4 2 0 2 4
& [HEP 1603 (2016) 133 Y

8
MPI at LHC p—Pb collisions Luca Micheletti Q


https://arxiv.org/abs/1707.09973
https://arxiv.org/abs/1305.4569
https://arxiv.org/abs/1712.07024
https://arxiv.org/abs/1402.1747
https://arxiv.org/abs/1712.07024
https://arxiv.org/abs/1301.3395
https://arxiv.org/abs/1712.07024
https://arxiv.org/abs/1212.0434
https://arxiv.org/abs/1712.07024
https://arxiv.org/abs/1212.0434
https://link.springer.com/article/10.1007%2FJHEP03%282016%29133

Quarkonia in p-Pb collisions

%E ALICE and LHCb measured the y/(2S) Ry in the

- 14
f ’ .8L o-Pb Vs =8 16 Tev | forward and in the backward rapidity regions
- - ALICE, Inclusive w(2S), Jiy — u'u- o _ _
1.6 p-Pb \5,,=8.16 TeV, p_<12GeVic > Similar suppression as a function of y
14 o CGC+ICEM (Y.Ma et al, PRC 97 (2018) 014909)
g v(28) Jy > Models including shadowing!!%3], energy
1.2¢ C°q'::g;’rs (& 'lzj";eim’ PLB 745 (2013) 99) loss*°! do not describe this larger y(25)
1E-- STy suppression at backward rapidity
0.8F & [3] arxiv:1301.3395
0.6 __% """"" e &S [2] arxiv:1402.1747 &S [4] arxiv:1212.0434
0_43_ """" & [5] arxiv:1212.0434
- e y(2S)
0.2 ¢ J/y (JHEP 07 (2018) 160)
0:,.1.|H..|1...|H..|1...111..11...1.1.,11...1...1 > P(2S) is better described by models including
5 4 -3 -2 -1 0 1 2 3 4 5 final state effects as Comovers!!! and CGC+ICEM!]
& [HEP 07 (2020) 237 Y ems

Y & [1] arxiv:1411.0549 & [2] arxiv:1707.07266
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https://arxiv.org/abs/1707.09973
https://arxiv.org/abs/1305.4569
https://arxiv.org/abs/1712.07024
https://arxiv.org/abs/1402.1747
https://arxiv.org/abs/1712.07024
https://arxiv.org/abs/1301.3395
https://arxiv.org/abs/1712.07024
https://arxiv.org/abs/1212.0434
https://arxiv.org/abs/1712.07024
https://arxiv.org/abs/1212.0434
https://arxiv.org/abs/1707.09973
https://arxiv.org/abs/1411.0549
https://arxiv.org/abs/1712.07024
https://arxiv.org/abs/1707.07266
https://link.springer.com/article/10.1007%2FJHEP07%282020%29237

Quarkonia in p-Pb collisions @

&€ LHCb measured the x., and x.; cross section

/_‘\'_‘ T T I T T T l T T T ] T T T I T T | T T . . ..
2 | _ ratio in p-Pb collisions at \/syy = 8.16 TeV
{_)5 3—4— Converted LHCb p NN
i . . \/ Phys. Rev. C 103, 064905 (2021
\’:@ - —4— Calorimetric PPb sy =8.16 TeV | S Phys.Rev (2021)
2 _ i
5 ] pp Vs =7 TeV ] AE(J/¢) > AE(x) > AE(Y(2S))
2 0 - Converted y Calorimetric y
i | & [ +Data LHCb [ +Data LHCb
i 1 % 50__ — Total fit pPb m =8.16 TeV % 300_ — Total fit pPb m 8.16 TeV
s --- Background C b - ---Background Calorimetric photons
onverted photons
L - = |:]x 51gnal i 250_ ]:]x 51gnal 1.5<y*<4.0
) N | O | HE— n - 40~ x ' signal 1.5<y*<4.0 = F x 51gnal
- i z I :
5 30[ S
| I PN
O | 1 I | | | | | | | | | | I I | | | | | | 10_ } ?
T T
........ LA
See Cesar Luis da Silva presentation y* 00 300 400 500 600 700 800 ?50 300 350 400 450 500 550 600 650

AM [MeV/c?) AM [MeV/c?]

> First measurement of x., and x.; production in nuclear collisions
> 0(Xc2)/0(Xc1) is consistent with unity for backward and forward rapidity
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https://arxiv.org/abs/2103.07349

5]

Quarkonia in p-Pb collisions ¢

_ 1.2 o 2T
2 ' 2 18k +LHch 4
= . ATLAS ] = 5 °p LHCb 5
~ u - g s1.6F | Jcomovers
2 e L] bbb ~ S S14F -
- Q B 7
Q - _
0.8F | ? % -
0.6~ .¢.A"I’_LAS, p, <40 TeV ] 0.4F p<25 GeVic _
| pp,Vs=5.02TeV, L=25pb”, |y|<20 _ o E
| p+Pb, |5, =502TeV, L=28nb", 20<y* <15 4 0'(2)51 L WTSMT?V
0.4_— ] —4 -2 0 2 4
<-CMS %
. pp,(s=276TeV, L=5.4pb", |y|<1.93 | y
0.21— p+Pb, |5, =5.02TeV, L =31nb", |y*| <193 ] - & e T A B
- | | - = 21.8F LHCb + LHCb :
— =—Comover Interaction (E.G. Ferreiro, Phys. Lett. B 731(2014)57) m = 2 r 3
B | ] @ 51.6:— Dcomovers E
0 T(2S)(1S) T(3S)Y(19) S S1A4F E
12f € IHEP11(2018)194
13 -
ATLAS, CMS and LHCb studied Y (nS) production 0.8
S EPJC78(2018)171 & JHEP04(2014)103 0'65 ;
0-4: pT<25 GeV/c T
. . ‘2'_ _ _'
> Results are in agreement with the comover model 0 by VB IOTeV
> Indication of larger of Y(2S) and Y(3S) suppression w.r.t. Y(1S) -4 -2 0 2 4

y*
)
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https://link.springer.com/article/10.1140/epjc/s10052-018-5624-4
https://link.springer.com/article/10.1007%2FJHEP11%282018%29194
https://link.springer.com/article/10.1007/JHEP04(2014)103
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D-mesons in Pb-Pb collisions @

27.4 pb™ (5.02 TeV pp) + 530 ub” (5.02 TeV PbPb) a CMS measured the D and B-mesons nuclear
- 0, o modification factor at midrapidity in a wide pt range
1.6- CMS R
- e charged hadrons S PLB 782 (2018) 474
1 ab (¢ 1B lyl<24 < PRL119 (2017) 152301
T nonprompt J/y
- + 18<|y|<24 | -
1'2: Taa andl lumi. * |y|<24 « DO (Cl:l) - Kfnt
B eIy e « B*(ub/tb) - J/P K=E
> ++
oC 0 8;_ + +—+——¢'¢
0 6__ + .
C oo%%%_ | ok
0.4 * _t
0.0 yl <1
" Cent. 0-100%
O_I | | | | | I | | | | | I I | | | |
1 10 10°
P, (GeV/c)
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https://arxiv.org/abs/1705.04727
https://arxiv.org/abs/1708.04962

D-mesons in Pb-Pb collisions @

27.4 pb1(5.02 TeV pp) + 530 ub” (5.02 TeV PbPb) "™\ CMS measured the D and B-mesons nuclear
CMS | W] D0+ D modification factor at midrapidity in a wide pt range
1 6:_ { & charged hadrons < PLB 782 (2018) 474
14l i e B lyl<24 & PRL119 (2017) 152301
L {  nonprompt J/y
o I & 18<ly|<24 -
1 '2: Tan and_ lumi. i * ly|<24 « DO (Cl:l) - Kfm*t
1;..‘!.09?@@'!]?)’. ............... S s - Bf(ub/ub) - J/P K=*
= 1 i
0C o.8F + ;
0.6 ﬁ"' i > Differet trend for pr < 20 GeV/c for different
0 4: P e P " hadron species
0 2:_ ! yl <1 > For pr > 20 GeV/c universal trend for all the
T i Cent. 0-100% hadron species (dominated by energy loss?)
_I 1 | 1 | | I | | : | | L1 1 111 I | |
0 2
1 10 10

P, (GeV/c)

12
MPI at LHC Pb—Pb collisions Luca Micheletti O


https://arxiv.org/abs/1705.04727
https://arxiv.org/abs/1708.04962

D-mesons in Pb-Pb collisions @

<2_4_llllll| T T T T 1TTT] T T T ] -
< - o . o -
5 of ALICE Preliminary E \* ALICE measured D-mesons Ry, down to zero pt
"F 0-10% Pb-Pb, \s, =5.02 TeV - _
2 — e D%(ct) - K*nm™"
—  |y|<0.5 ] U L
1 8“_ ] ® D+(Cd) — KiT[-I_T[+
s D%, D*, D** average D: ] e D**(c3) » Dt - Kt
1.6 e data + data — LS 4 b
- -=s: PHSD :PHSD 7 * Dg (Cd) - ¢n" - K'K™n
1 -4:_ ....................... 77 TAMU []TAMU
e — Catania e Catania ]| _ _ _
1 -2: N : > Measurements in fair agreement with
[ R “ ------------------- e a— models including energy loss +quark
i 7 pp reference 7 . .
Py /! Filled markers: measured recombination
5; Ope” IETERS. I, BRtEpaleg ~ & & Phys. Rev. €92, 014910 (2015)
gl "" = & < Phys. Lett. B 807 (2020)
e — Phys. Lett. B 807 (2020)
K”;‘; n //////// ///// // : g ]
'4'=;i§1.2-.; - — '
aalL S I . Q. Hint of a smaller suppression for the DY for
e . pr < 10 GeV/c attributed to strangeness rich
10 GeV/ environment of the QGP + hadronization via
ALI-PREL-320222 _ P, (Ge C) recombination
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https://arxiv.org/abs/1503.03039
https://arxiv.org/abs/1911.00456
https://arxiv.org/abs/1911.00456

D-mesons in Pb-Pb collisions @

<25|III [N [N T [ IR Tl T [ [ ALICEmeasurednon-promptD;-RAAincentral
< | ! | | | | | collisions (0-10%) for the first time

@ [ ALICE Preliminary
" 0-10% Pb—Pb, sy, = 5.02 TeV
2.0+<0.5

« DO(ci) » K*nm™t

m Prompt D’ . D;’(Cc_l) - ¢t » KTK™nt

e Non-prompt D;

1.5
AMU . > TAMU model qualitatively describes the
Prompt D_ ) difference in the Rp,, overestimating the
10 - — Non-promptD_ 17 absolute values

0.5

T T 1 I T T 1
L1 111 | I I |

\
) R
¢ I
4 U] ‘ ‘ T m

() () 111 II 11 III 1 | ll 1 11 Il 11 Ill 1 111 Ill 11 |l 1 11 II 11 lll 1 |
"0 5 10 15 20 25 30 35 40 45 50

[N (GeV/c)
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D-mesons in Pb-Pb collisions

<r£2_zll T T TTTT I I T T TTTT I I T ]
5.0

nuce ALICE measured non-prompt D} Raa in central
collisions (0-10%) for the first time

- ALICE Preliminary
0-10% Pb-Pb, |5, = 5.02 TeV

absolute values

[ IIIIII |l|||| IIII‘I Illlll II|III I|III

OF |y| <05 * D (ct) - K*m*
- o data « D¥(cd) » ot - KKt
< 3.00 TAMU
Ay :
—~ 2.5 > TAMU model qualitatively describes the
e 5 OE difference in the Ry, overestimating the

> ~ 50% of non-prompt D from BY

non-prom
(? (@)
|
|
|
| —$—
=
—
|
|

III | |||

\-:: 053— open markers: pp extrapolated reference Q Hint of non-prompt RAA(D;_)/RAA(DO) >1
o - | | | | E: possibly due to enhanced production of BY
0 5 10 15 20 o5 from beauty hadronization via coalescence

p. (GeV/c))

ALI-PREL-486723 j
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B-mesons in Pb-Pb collisions

CMS PbPb 5.02 TeV (1.7 nb') ™ CMS performed the first significant
. 0 . _ . .
60 Bg + Data observation (>50) of B¢ in Pb l-3b collisions

o n & arXiv.org:2109.01908
&) - .

3 50:— — it | -

S wb Signal * BJ(sb) > J/¥+ ¢ - purum + K¥K”
o r » B*(ub) - J/¥ + K*

.3 30 - - == Background

o T

- —

q) -

> n

LLI —

S

o

15
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https://arxiv.org/abs/2109.01908

B-mesons in Pb-Pb collisions

cmfﬂ/
\
~7_~
- _
0 9 ClMls L T T T T | T IPIbIPIbI I5|.0II2 I-Il_el\lll (I1|.|7]r|]? I) g CMS performed the flrSt Slgnlflcant
E Centrality 0-90% . observation (>50) of B? in Pb-Pb collisions
0.8;— 6 15<ly| <2.4 - $ arXiv.org:2109.01908
O7f . . Iyl < 24 é 0 1 +. - +17—
'% 0.6_—\ —PbPb: Langevin (Centrality 0-80%) » B*(ub) - J/¥ + K*
= 050 ><< epp: LHCb 7 TeV _
5. 0.4 5 \ l_ E Q Hint of enhancement in Pb-Pb collisions
m F N | : w.r.t. pp collisions
C‘E-‘SUJ 0 3:_ | \.|\\“+—-—\ — :
" hees | | | | . > Results compatible with the predictions of
0.2 ¢ = the transport model (TAMU) and hydro
E . (Langevin) which include energy loss and
0.1 global uncertainty: + 8.0% recombination contribution to the B?
0 :I L1 1 | || | 1111 | L 111 | L 111 | 1111 | | | L 111 | L1 1 I: Phys. Lett. B 735 (2014)
) 1 0 1 5 20 25 30 35 40 45 50 & Phys. Lett. B 807 (2020)

P, (GeV/c)
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https://arxiv.org/abs/2109.01908
https://arxiv.org/abs/1401.3817
https://arxiv.org/abs/1911.00456

Charmonia in Pb-Pb collisions

) ALICE measured ] /{ Ry down to zero pr in the

ALICE

forward and midrapidity regions

> Larger suppression at forward w.r.t. mid rapidity

in the low pt region

> Statistical Hadronization Model (SHM)
describes data for pt < 5 GeV/c

& Phys Lett B797 (2019)

> Transport model agrees in the full py range
& Nucl. Phys. A943 (2015)

<
<
c

ALICE Preliminary
Pb-Pb |5, = 5.02 TeV

Inclusive J/y yl<09  25<y<4
® Data 0-10% ® Data 0-20%
ITAMU  TAMU

ALI-DER-346483

MPI at LHC

Pb—Pb collisions

Luca Micheletti


arXiv:1504.00670
arXiv:1901.09200

Charmonia in Pb-Pb collisions @

nuce ALICE measured J/y Ry5 down to zero pr in the <10
forward and midrapidity regions = '

ATLAS Centrality 0-20%

> Larger suppression at forward w.r.t. mid rapidity i
in the low PT region — mmm Color screening [Phys. Lett. B778 (2018) 384] —

08__ -«=« Color screening [Phys. Rev. C91 (2015) 024911] | -

— mm Energy loss [Phys. Lett. B767 (2017) 10]

Energy loss [Phys. Rev. Lett. 119 (2017) 062302]

> Statistical Hadronization Model (SHM)
describes data for pt < 5 GeV/c

& Phys Lett B797 (2019) 0.6:— 0, =206 GeV 1 -
> Transport model agrees in the full p; range 0 4: I o ]
& Nucl. Phys. A943 (2015) ' :T —ﬁ— 1
A@l ATLAS measured J/{ Rya up to pt < 40 GeV/cin 0.2 7] =
central collisions at mid-rapidity - 1 L
_I I 11 1 1 | L1 1 1 I I | I 111 1 | | I | I 1L 1 1 1 | | | 20
.Phys. ]. C 78 (2018)

& Eur. Phys. ]. C 78 (2018) 762 | 0 10 15 20 95 30 35 40 ,C)

> (Color screening and energy loss agrees with p. [GeV]

some tensions with data

16
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arXiv:1504.00670
arXiv:1901.09200
https://arxiv.org/abs/1805.04077

Charmonia in Pb-Pb collisions @

™ CMS measured prompt ]/ production in jets in %1073 PbPb 1.6 nb”, pp 302 pb™ (5.02 TeV)
Pb-Pb collisions o |
© arXiv:2106.13235 . 06 CMS
o8 [ PromptJ/y
S [ p. >6.5GeV
. T (J/ 0.5 Tov
Jetactivity = z = M |_§ - 30< Pr e < 40 GeV
pr (Jet) s F m <2 -
_'Z 04f Cent. 0-90% PP
‘_lg S T - PbPb
> ]/ more suppressed in Pb-Pb than pp in all zbins 0ab "
0.2 —
0,1i— . ° —
- e
OI\I’I\Ill\llllllllll\lll\l\I|IIII|IIII
03 04 05 06 07 08 09 1
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arXiv:2106.13235

Charmonia in Pb-Pb collisions

5 CMS measured prompt J/{ production in jets in - e
Pb-Pb collisions PbPb 1.6 nb!, pp 302 pb™' (5.02 TeV)

& arXiv:2106.13235 < 1.6
< 1or
= CMS
. L Prompt J/
Jetactivity = z = % C D >%_5 G\'év ‘
e - T.J/ ‘
Pr 2 30<p_ <40GeV
1 m, /<2
: : : _ Cent. 0-90%
> ]/ more suppressed in Pb-Pb than pp in all zbins i
0.8—
> [solated ]/ less suppressed than ] /{ with large [
jet activity 06 ¢
* J/y with lower zare produced later in the i
. . . — @
parton shower interacting more with the QGP 0'4_
~ @
0.2
Q Results in agreement with the scenario of jet —o
i i _Illllll\lll\I|IIII|III\|IIII‘IIII|I\II
quenchlng as relevant mechanism for J /{s Y R S YR oY, oy Ty
suppression .
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Bottomonia in Pb-Pb collisions

< i
C 1.4 ATLAS Preliminary

- pp, s=5.02 TeV, L =0.26 fb
1.2~ Pb+Pb, \[s, =5.02 TeV,L =1.38 nb"

s ATLAS measured Y(nS) nuclear modification
factor in Pb-Pb collisions

> Results in agreement with model including
hydro + in-medium dissociation

1‘_____51'—_/“_\5 ____________ Krouppa, Strickland - & arXiv:1605.03561
P <30 GeV, |y|<1.5 pT<4O GeV, |y|<2.4
N e-x(1s) - Y(1S) 4nn/s=1

) — Y(1S) 4n/s=2 :
0.8f N TE ;422;:3 N
B Pl el S

. —_— mn/s= |
06: ----- ( )4EH/S=3 :
0.4F W PSR .
0.2 | ERtach
_l 1 11 | 1111 I L 111 IlIllIIlllIIlIIIlII --_-I-.-_l.f—l:
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Bottomonia in Pb-Pb collisions

of rapidity in therange 0 < y < 4
0.6

< B e &) ATLAS measured Y(nS) nuclear modification
< . e
c 1.4 ATLAS Preliminary i factor in Pb-Pb collisions
m‘«c‘12—_'""""""""" LA > Results in agreement with model including
S CMS (0-100%) ALICE (0-90%) . hydro + in-medium dissociation
B e Y(1S) = Y(2S) e T(1S) = Y(29) ]
SIS = & arXiv:1605.03561
- Pb-Pb |5, =5.02TeV  Hydrodynamics -
0.8 AT 7/ = 3 —| | 28% ALICE and CMS measured the Y(nS) Ra, as a function
B N 7]/3 =2 ]

L
po-

0.4¢F

0.2

0||||

4
ALI-PUB-483070 yF

(N__

part

18
MPI at LHC Pb—Pb collisions Luca Micheletti Q


https://arxiv.org/abs/1605.03561

Bottomonia in Pb-Pb collisions

< B e &) ATLAS measured Y(nS) nuclear modification
< : g
c 1.4 ATLAS Preliminary i factor in Pb-Pb collisions
mfz‘12—_'""""""""" BRI > Results in agreement with model including
T CMS (0-100%) ALICE (0-90%) . hydro + in-medium dissociation
B e T(1S) = Y(29) e T(1S) = Y(29) ]
g o & arXiv:1605.03561
- Pb-Pb |5, =5.02TeV  Hydrodynamics -
0.8 - j“ n/s =3 —| | 28% ALICE and CMS measured the Y(nS) Ra, as a function
i zldnn/s=2 . C yee
- — 47 n/s = 1 7 of rapidity in therange 0 < y < 4
0.6 ]
L e C > Results at forward rapidity goes in the
04 —‘___‘ S i s B % """ + . “““ . B OppOS]te di]‘ection W.r.t. HYdrO mOdel
021
0 _I 11 1 | 1 1 1 | L1 1 1 | L1 1 1 * L1 1 1 { L1 1 1 I L1 1 1 I 11 1 1

0 0.5 1 1.5 2 2.5 3 3.5

4
ALI-PUB-483070 yF
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Bottomonia in Pb-Pb collisions

< L B L L LB O £ ATLAS measured Y(nS) nuclear modification
< e . . .
C 1.4~ ATLAS Preliminary i factor in Pb-Pb collisions

§ _""I""I""I"""'-.'I""I""IIIII
T2 CMS (0-100%) ALICE (0-90%)
- e Y(1S) = Y(2S)  « Y(1S) = Y(29)

> Results in agreement with model including
hydro + in-medium dissociation

e = © arXiv:1605.03561
- Pb—Pb |5, =5.02 TeV 1
0.8~ Coupled Boltzmann equations - & ALICE. apd CMS measured the Y(nS) Ry, as a function
- EY(1S) =71(29) : of rapidity in therange 0 <y < 4
0.6 — —

> Results at forward rapidity goes in the

0.4 opposite direction w.r.t. Hydro model

> Coupled Boltzman equations provide an
improved agreement even if qualitatively
the trend seems still different

& [HEP 01 (2021) 046

0.2

0: L1 11

ALI-PUB—-483075

? Missing mechanism in the predictions?
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Muons from heavy quarks in Pb-Pb collisions | @

<1 5 \T ‘ I | L | 1T T | T T ‘ L | §1 5 T ‘ I | L | 1T T | T T ‘ L |
o V[ ATLAS oo 1 Y[ ATLAS o i
Pb+Pb, 5.02 TeV, 246 b’ I>b—>i , . Pb+Pb, 5.02 TeV, 246 ub’’ j::b—j , A@g ATLAS measured the Ry, for muons
| PP, 5.02TeV, 1.17 pb’ j PP, 5.02TeV, 1.17 pb’ j from charm and bottom hadrons
0-10%
1 Lo ... ]
[ & arXiv:2109.00411
0.5 = 5[ > Muons from charm more suppressed
I sl | ; ﬁ I Z than muons from bottom hadrons
_l J | 11 1 | 11 | | I | 11 1 J 1 11 1 | _l J | 11 1 | I - | I | 11 1 J 1 11 1 |-
e L > Models including energy loss and
8x | Amas 0-10% Bs | ATAs 4060% | heavy quarks diffusion in the QGP
o - Pb+Pb, 5.02 TeV, 246 pb™ o - Pb+Pb, 5.02 TeV, 246 ub’" : . . .
=gl ppS02TV, 117’ ] =l PRS02TeV, 1175’ : are in fair agreement with data
R FE | | € arXiv:1805.04786
L L ] 4
PRI PR TS & e B NS SR O - & arXiv:1906.10768
f
05074 (c-m)/ (b-u) ﬁ 051 ¢ (com)/ (b-u) )
I DREENA-B (c—D"— )/ (b—B"—u) 1 I DREENA-B (c—D"—u)/ (b—B’—>pu)
—DAB-MOD (c— D)/ (b—B—p) —DAB-MOD (c—D%—p)/ (b—B—p)
0 —\ I L1 1 | I 11 1 1 I 1 1 1 { 11 1 | | 11 1 1 ‘— ’ O _\ I I I I L1 1 1 I 1 1 1 ‘ 11 | | | 11 1 1 ‘_
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@ peov | G p, [GeV]
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Muons from heavy quarks in Pb-Pb collisions | @

<1 5! ‘ I | L | 1T T | T T ‘ L |_ §1 5_\ ‘ I | L | 1T T | T T ‘ L |_
o '*°[ ATLAS s | o' ATLAS o _
Pb+Pb, 5.02 TeV, 246 b’ I>b—>i , . Pb+Pb, 5.02 TeV, 246 ub’’ j::b—j , A@g ATLAS measured the Ry, for muons
[ P, S.02TeV. 117 pb” j PP, 5.02TeV, 1.17 pb’ j from charm and bottom hadrons
1 L. Mol A O . _
[ & arXiv:2109.00411
0.5 = 5[ > Muons from charm more suppressed
I sl | ; ﬁ I Z than muons from bottom hadrons
_l J | 11 1 | 11 | | I | 11 1 J 1 11 1 | _l J | 11 1 | I - | I | 11 1 J 1 11 1 |-
e L > Models including energy loss and
< | Amas 0-10% < | AmLas 4060% | heavy quarks diffusion in the QGP
o - Pb+Pb, 5.02 TeV, 246 pb™ o - Pb+Pb, 5.02 TeV, 246 ub’" | . . .
=gl ppS02TV, 117’ ] =l PRS02TeV, 1175’ : are in fair agreement with data
ER el € arXiv:1805.04786
o o | 1 arXiv: ,
AR AR R N S arXiv:1906.10768
Ty
0.5 6 ﬁ 0508 4 (o (o) ! Q, Access to the initial QGP geometry
I DREENA-B (Hoa‘?—w)/ (b—>BDG—>u) 1o I DREENA-B (c—nDo”—),u)/ (b—)BaO—w) 1 and heavy quarks diffusion via the
—DAB-MOD (c—D"—u)/ (b—B"—pu) I - —DAB-MOD (c—D"—u)/ (b—B"—u) 1 ! . . .
NI ol v simultaneous description of v, /v
5 10 15 20 25 30 5 10 15 20 25 30 and the muons RAA
& peov | G p, [GeV] O
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HF and quarkonia elliptic flow @

mcs ALICE measured D-mesons v, in Pb-Pb collisions S R R
N o o 0.30 ALICE 30-50% Pb-Pb, |s,, = 5.02 TeV
> Positive v, indicates charm quark participation - .
to QGP collective motion 0.25F data TAMU 1
S o ¢ i
> v,(strange) ~ v,(non — strange) 0.20% R Prompt D . ]
> o L R I I RN I R . E & mﬁ}@} |nC|USiVGJ/l|I ¢ — E
< 06 ALICE Preliminary ly|<0.8 - 0 15__ o E b —e o N\ B
= o5k 30-50% P})—Pb,\/s—w=§.02+Tei E 1SFs Y(1S) 5-60% = I :
o 045— Png;zs Tro:a?;[;r;(i-jzgosmm = o @ :
= © poTAMU EETAMU 0-10f§ # % 4}’% .
> 0.3 —_PHSD ----PHSD E - %: .
- 0.05— —
0.00% %—— — —
0. E— [_] Syst. from data —E E E
0215 B 5. o e 5 R T T T H A T P D
I S TR T a - e 2 4 6 8 10 12 14 16 18
I p; (GeVic) p. (GeVic)

ALI-DER-486560

< & PLB735445-450 (2014) & < PRC 92014910 (2015)
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HF and quarkonia elliptic flow @

PR
——— +—— ————

™, CMS measured D-mesons v, in Pb-Pb collisions S e R R R R R RS
| 0.30~ ALICE 30-50% Pb-Pb, |5, = 5.02 TeV

> v, increases from most central to 30-40%, - ’
then decreases to peripheral collisions 0.25 data TAMU ]

C o ot o ]

CMS Preliminary PoPb 0.58 nb™ (5.02 TeV) — G gp _
_|"'3"\‘"'Gl'_'U"\“"l""l‘s“‘l"_ 020_ dh PrOmptD ® —
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) HF and quarkonia elliptic flow @

@-;/’E ALICE, ATLAS and CMS measured ]/l_'] vz ln Pb-Pb >'Z\l :l T | T l T 1T | [ | T | T I T 1T | T I T | T |:
% collisions in different centrality and y ranges 0-30:_ ALICE 30-50% Pb-Pb, |'Syy = 5.02 TeV 7
> Positive v, in semicentral collisions 0_25:_ data TAMU -
SN * @ i
> (Compatible with the scenario of 0.20 & ﬂiﬁ} Prompt D ° ]
kinetic equilibration of charm quark - @ m @} Inclusive J/y| « =—— :
inside the QGP 0.15= 7 E b—>e e .
L hy Y(1S)5-60% = [ -
T 0% aras ; 0.101% || 4= @ %@* % :
T @ ATLAS, Prompt J/y, 5.02 TeV, |y| <2, 0 - 60% i | ]
0.2~ % ALICE, Inclusive Jiy, 5.02 TeV, 2.5 < y < 4, 20 - 40% — B &’ 7
T A CMS, Prompt J/y,2.76 TeV, 1.6 <|y| < 2.4, 10 - 60% i 0.05_— : ]
0.15[= Y OMS. Prompt Jiy, 276 TeV. |y| <24, 10- 60% ] - .
: 0.00 [t == e
0.1 # $ - C | .
- ® $ $ - 5 E
0.05:— * _: 0.05_|||||||||||||||||\||||||||||||\||||||||_

L $ : 2 4 6 8 10 12 14 16 18
R S T/ R |- S, R - ) s P (GeV/c)

& Eur. Phys.]. C 78 (2018) 784 p, [GeV]
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HF and quarkonia elliptic flow

@ﬁﬁ ALICE, ATLAS measured lepton from b v, in Pb-Pb N RN L R L L R R
~ collisions in semicentral collisions 0-30:_ ALICE 30-50% Pb-Pb, \/SNN =5.02 TeV E
> Positive v, in semicentral collisions but scenario 0_25; data TAMU
of beauty quark full thermalization disfavoured Y Tt > .
. Prompt D o .
0.20 =

- @ m @}@} Inclusive J/y « = .
> 02__I5.l02lTelvlF=b;Plb4lo-elso=!/oI | IA';"L)!IS] - _ 0-15:_;} E b - e ° i — _:
- C 03-19nb" |7 <2 ¢ charm muon ] i Y(‘IS) o—60% = ﬂ]ﬂﬂ]ﬂ[ﬂﬂﬂ[ﬂﬂﬂ 7
¢ bottom muon i [ <h 5
0.15 DREENA-B DAB-MOD  _| 0-10:5 %gd} -
[\t — i 3 | ? :
o N u . 0.05F g % 0 -
H i + | - — = \ .
y i N7 S m————— m
0.05 Jﬁ% 0.00 === — """
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- S T R |- R— 2 4 6 8 10 12 14 16 18
& Phys.LettB 807 (2020) 135595 P, [GeV] e p, (GeVic)
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Gt HF and quarkonia elliptic flow

(* "ALICE, CMS measured the Y(nS) v, in Pb-Pb collisions S e R R R R R RS
0.30~ ALICE 30-50% Pb-Pb, |5, = 5.02 TeV
> v, compatible with zero : ’
_ _ _ 0.25F data TAMU -
> In agreement with models with and without C g, Pl ” ]
bottomonia regeneration 0_20:_ N qﬁ} Prompt D o -
0.2 _ PbPb 1.7 nb™(5.02 TeV) - @ m @} Inclusive J/ly + =— 1
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Exotica O

1.7 b (PbPb 5.02 TeV) ™ coMS performed the first significant measurement

@4005_ CMS 15<p_<50GeV/c 33 of the X(3872) in Pb-Pb collisions

F  Inclusive ly| <1.6 & arXiv:2102.13048
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70

™| CMS performed the first significant measurement
of the X(3872) in Pb-Pb collisions

& arXiv:2102.13048

DO

@ W
C

? Tetraquark or D° — D*® molecule?

Q. The ratio X(3872) / {(2S) is compatible with 1
within the uncertainties

> C(Crucial input for theoretical predictions

MPI at LHC

26
Pb—Pb collisions Luca Micheletti O


https://arxiv.org/abs/2102.13048

Outline

General introduction

LHC results in p—Pb collisions

LHC results in Pb—PDb collisions
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Summary

> { @ p—Pb collisions

@ J/V suppression in agreement with models including CNM effects
f . @ P(2S) and Y(2S/3S) larger suppression consistent with final state effects (comovers,...)

® o6(x.2)/0(Xc1) compatible with unity and with the results in pp collisions

@ )» (@& Pb-—Pbcollisions

O HF and quarkonia significantly suppressed in central Pb-Pb collisions

@ . Hint for enhanced strange hadron production at low pt

‘ :  Missing mechanism in the description of bottomonia at forward rapidity?

O Positive v, for D-mesons and J/{s and B-hadrons

e e o c and b quarks participate to QGP collective motion

‘.’ X(3872): exotic states as new tools in the study of the QGP
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B-mesons in Pb-Pb collisions

PbPb (1.61 nb™) + pp (302 pb™), 5.02 TeV

PbPb (1.61 nb™) + pp (302 pb ™), 5.02 TeV

: sj—g""f , B; = (Jly = p-uuty, N 3}2“"7‘? , B; = (Jlw = p prury,
" Preliminar 0 ano " Preliminar
i Y Gentralty 0-90% i Y 6 <p™ <11 GeV & 1.3 < |y <23
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