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Lattice QCD: quark—gluon plasma (QGP)

hotQCD Collaboration, PRD 90 (2014) 094503
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* Heating + compression — quark—gluon plasma (QGP): deconfined system of quarks and gluons

* Lattice QCD: transition expected to occur at energy density €~0.5 GeV/fm’ and temperature T~156 MeV
« Conditions achieved in laboratory by colliding heavy ions
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Heavy-ion collisions: quark—gluon plasma (QGP) .

System cools down by (isentropic) expansion

o Freeze-out
Hadronisation @ ...”

QGP formation

Initial state

Time: 0 fm/c ~1015 fm/c
ALICE, arXiv:2211.04384
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Anisotropic flow
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Anisotropic flow

@

high pressure

dN/do

at center Pressure gradients (larger in the x
. direction) push bulk “out” - “flow”
X More particles seen in the x-direction
-2v,

2n
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Anisotropic flow y
igh pressure
at center Pressure gradients (larger in the x
. direction) push bulk “out” - “flow”
X More particles seen in the x-direction
_— 2v,
27
3
ELN="L—N_ (143> 2v cos(n(g—W,))

27 ppoTdy
Anisotropic flow: initial spatial anisotropy — final
momentum anisotropy via collective interactions

d3p
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An|SOtrOp|C ﬂOW high pressure \

at center Pressure gradients (larger in the x
direction) push bulk “out” - “flow”

More particles seen in the x-direction

4

ALICE, arXiv:2211.04384
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Anisotropic flow

3
d°N
E—=

d3p
Anisotropic flow: initial spatial anisotropy — final

momentum anisotropy via collective interactions

Vo quantify the event anisotropy

06/07/24

high pressure
at center

dN/do

10

i=12vycos(n(g—W,))

nls

2n ppoTdy

@

Pressure gradients (larger in the x

direction) push bulk “out” - “flow”

More particles seen in the x-direction

J. Bernhard et al., NP 19 (2019) 1113

Water
PC

Quark—gluon plasma /

Characterize key QGP properties like viscosity

Nearly perfect fluid: 1/41 < n/s < 3/4m
A. Dobrin - LHCP24
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Small collision systems: collectivity

(b) CMS MinBias, 1.DGeWt:<pT<3.UGeWC

CMS, JHEP 1009 (2010) 091

R(An,A¢)

2
away-side jet
(Ap =) Yo 0 -2 g’“ near-side jet
-4 (Ap =0, An=0)

* Minimum bias pp
- Nonflow contributions
* Near-side jet peak (+resonances, HBT effects)
* Recoil jet in away side

ALICE, PLB 719 (2012) 29
ATLAS, PRL 116 (2016) 172301
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Small collision systems: collectivity

(b) CMS MinBias, 1.DGeWt:<pT<3.UGeWC

(d) CMS N= 110, 1.0GeWc<pT<3.OGerc

CMS, JHEP 1009 (2010) 091

z =
g O j: :::":‘“\‘:‘“:n f b
- 1| A2 %
E 4 “ I. - E =21 ‘:‘: ﬁ“ “‘:‘_.\“" i ‘
away-side jet Jy 0 near-side
(A = ) 0 -2 BN\ near-side jet ridge
-4 (Dp =0, An=0) -4

* Minimum bias pp * High multiplicity pp

- Near-side ridge, typical of collective
* Near-side jet peak (+resonances, HBT effects) systems

* Recoil jet in away side .

- Nonflow contributions

Decomposed into Fourier harmonics

ALICE, PLB 719 (2012) 29
ATLAS, PRL 116 (2016) 172301
06/07/24
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Small collision systems: collectivity

(b) CMS MinBias, 1.DGeWt:<pT<3.OGeWC

(d) CMS N= 110, 1.0GeWc<pT<3.OGerc

CMS, JHEP 1009 (2010) 091

s 3
3 A / 4 4
away-side jet <z 0 near-side
(Ag = ) 70 -2 BN\ near-side jet AN ridge
-4 (Dp =0, An=0) -4

* Minimum bias pp * High multiplicity pp

- Near-side ridge, typical of collective
* Near-side jet peak (+resonances, HBT effects) systems

* Recoil jet in away side .

- Nonflow contributions

Decomposed into Fourier harmonics
ATLas, PRL11e oty 172301 VVhat is the origin of these collective effects?
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Collectivity
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Anisotropic flow at forward rapidity

011 ALICE, PLB 850 (2024) 138477
ALICE Pb—Pb /5, =5.02TeV gpg| _  Forward fgi,ﬁ>z.006: &4‘

[e) n=2,m=2 O n=3’m=20.07' ° |An|>20 |AT]|>OO
® n=2 m=4 O n=4’m=20.05'

* Measurements of v», vs, and v;4

----- AMPT —— CLVisc U
0.11 . . , . coefficients are extended at large n
— 0.09¢ 1 - — Hit-based analysis
50.07¢ 1 -
= 0.05 * V. shows strong centrality
2 0.03 1ses dependence
= 0.01 (XK .
vesl * vz and vqs reveal a modest centrality
§0'07_ 9, dependence
Eooal * Models overestimate the measured
> 0.01(6 Vi coefficients
0.11 C e ey ",
~ 0.09! — Constrain initial conditions
< 0.07 ERe
g 0.05¢ AN .
= 0.03 w~1+2n:12vncos(n(cp—\lfn))

> 0.01 (<
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Anisotropic flow at forward rapidity
\ LHCb, PRC 109 (2024) 054908
O3 LHCh PbPb (5q=502Tev T ]

- Centrality 65-75 % (a) T Centrality 75-84 % (b) &4‘

P eoseent
T cuoeg-as20ve]  * Measurements of va(pr) and va(pr)

< ALICE 60-70% | n1<0.8

0 ATLAS60.70% In1<25 ] coefficients at forward rapidity
o ATLAS 70-80% 1 n1<2.5
o AMPT2=7n<49p =2 GeV/c A

T — Similar trends but different magnitudes
- than reported at central rapidity

* Pseudorapidity range, nonflow contributions

HT=st—1—
T 'E@lm.

(@) -

— Constrain models

IIIIIIIIIIIIIIIIII L
2 4 6 8 1 2 4 6 8 1

p. [GeVic] P 1GeViel in - 1 HCP24 14



Longitudinal flow decorrelations

‘><‘ ATLAS, arXiv:2308.16745

- Measure 2-particle correlations between two n regions

L - ATLAS xé+x; 5‘.4‘4‘T‘e\‘lI3 ub™ i
L & F, Non-flow sub. B
F 3 Non-flow sub. . . . . . .
1071 y " -+ Constrain geometry in longitudinal direction
- z""'——rr~§§ a
- ' o=

- Parametrize with ¢.= An(1 + Fan + Sin?)
* F, characterize the linear decorrelation strength

1072

0.3 < p?T‘ < 5.0 GeV
40<n* <49

AMPT initial-state partons
mmfF, mnFj

e gae0" OE

SR e « Comparison with model with no geometric
®> <@ NG? decorrelation
o [ATas Jr ’4,——”" ] - Qualitatively agreement in Xe—Xe but not in pp collsions
107 //’ AMPT inhialstate partons * Evidence for longitudinal fluctuations in pp collisions
- prd ;o4 + 1 possibly from subnucleonic structures
I B4 ]
10°F P ortoraw,
B m F, Non-flow sub. ] ref_ a ref_ -
F gl <25 1
| 8835 S0eey T | ] -4.9<n<-4.0 -2.5<n<2.5 4.0<n<49 n

207 40" 80 80 100 120 140
NGy A. Dobrin - LHCP24 15
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v22-[pr] correlations

~ 0.3 .

o - " ALICE | Prellmmary ]
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0.1 . .
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O g T e Ly =

040 =

- = ] pp, Vs=13 TeV ]

—0.2 [% ] p-Pb, {5 =5.02TeV —

- [ & ] Pb-Pb, {5 =5.02TeV 3

—0.31- IP-Glasma+MUSIC+UrQMD =

0 4:_ B »-Pb -

= B 0-Pb (w/o IMA) -
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Ng, (Il < 0.8,0.2 < p_<3.0 GeV/c)

06/07/24 A. Dobrin - LHCP24

Probe the initial stage
P < 0: geometric response

p > 0: Color Glass Condensate
(CGC)

Decreasing trend with increasing
multiplicity in pp and p—Pb collisions

Not explained by simple geometry
picture

Not described by a CGC-based
hybrid model (w/wo initial momentum
anisotropy)

Cov(vz, [pr])

pr)) = Var(?) s

Vl] ?

Pl
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Ridge yields

ALICE, PRL 132 (2024) 172302 o> <0

32 <Ny <37 ALICE
1 < P71 trigrassoc <2 GeV/c pp Vs =13TeV

(1/Nirig)d2NPaIT/dARdAQ

Ridge yields to study collective effects down to low multiplicities
- Overlap with e*e results from ALEPH at Vs = 91 GeV

06/07/24 A. Dobrin - LHCP24 17



Ridge yields

ALICE, PRL 132 (2024) 172302

32 <N =37
1 < Pr, trigrassoc < 2 GeV/c

ALICE
pp vs =13TeV

o> <9

-1
10 R I DL I I B B

ALICE
[ pp Vs =13TeV il Te ]

WINRE;

1072

S g
o 2 107* ’ 1 < P, wigrassoe < 2GeV/c —
) > 1.4<|An| <18
R 107> |- @ ALICE T oswcL —
‘© O CM52<1An <4 1 67%CL
a -6 scaled, PRL 116, 172302 (2016)
= 107° O CMS2<|An| <4 (7TeV) T 67%CL
o scaled, JHEP 09, 091 (2010}
o yMB

.9 10—7 L L L 1 I L L L L | L L L L | L L L L I L L L L I L L L L | L L L L
245 0 10 20 30 40 50 60 70
: (Nch)

Ridge yields to study collective effects down to low multiplicities
- Overlap with e*e- results from ALEPH at Vs = 91 GeV

Strong multiplicity dependence

- Good agreement with CMS results

06/07/24 A. Dobrin - LHCP24 18



Ridge yields

ALICE, PRL 132 (2024) 172302

32 <N =37
1 < Pr, trigrassoc < 2 GeV/c

(1/Nirig)d2NPaIT/dARdAQ

06/07/24

ALICE
pp vs =13TeV

10_1 T T T T I T T T T | T T T T
Lo-2 |ALICE
pp VS =13TeV
s . ° ® ®
1073 |- o —
Q@ L *
o -4 | - —]
E 10 T ¢ 1 < pr,trigrassoc < 2 GEV/C
14 <|An <18
=5 |- —
10 @ ALICE v 95% CL
ALEPH thrust
1076 — e*e” 91 GeV 95% CL —
M B scaled, PRL 123, 212002 (2019}
10—7|||||||'||||||||||||||||||||||
0 8 16 24 32 40 48

(Nch)

Ridge yields to study collective effects down to low multiplicities
- Overlap with e*e- results from ALEPH at Vs = 91 GeV

Strong multiplicity dependence
- Good agreement with CMS results

- Large differences between pp and e*e results for Ncn < 18

A. Dobrin - LHCP24 19



Ridge yields

Y-C. Chen et al., arXiv: 2312.05084

e*e’— hadrons, (s=183-209 GeV

EI TTT | TTTT | TTTT | TTTT | TTTT | T TTT | TTTT | TT IE
- - LEP2 Data .
2R i |
S 100 = oy E
U>J - diee ]
i ww ]
S 107 g Nz E
IE ; £ Other 4f states ;
S
c 107 =
O -
0 - . :
ﬁ_ﬂf 10 * 2-particle correlations on LEP-Il e*e- data
107
0
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Ridge yields
Y-C. Chen et al., arXiv: 2312.05084 ALEPH e*c™, {5=183-209 GV,

— 'Il'hrluslt ;Iﬂ\xlis

Ny > 50 [ '
e*e’— hadrons, (5=183-209 GeV e - - Niaac 290 16<lani<32

EI TTT | TTTT | TTTT | TTTT | TTTT | ITTT | T TTT | TT IE rust IS | |

- «LEP2Data 7 ‘ 4_ M@ { l
%) i f@ | 3 }—
g 107 3 S 3 g‘_
> - Hiov . ,|§f
L - WW . zZ
© 10°% ¢ =
o - ]
- - i
©
c 107 £
Qo i
3] - : :
ﬁ_cr_s 104 L * 2-particle correlations on LEP-Il e*e data

- * High multiplicity: excess of azimuthal anisotropy

sl signals
0 Long-range near-side structure
ffiine ~ Narrow away-side structure
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Ridge yields 102 e

10 | |BELLE, e'e’ 10.52 GeV

Y-C. Chen et al., arXiv: 2312.05084 1 ALEPH, e'e’ 91.2 GeV
. ALICE, pp 13 TeV

e*e’— hadrons, (s=183-209 GeV 2 107 EMALEPH, e’ 183-209 GeV
EI TTT | TTTT | TTTT | TTTT | TTTT | ITTT | T TTT | TT IE > 10_2
. ~«LEP2Data 7 2 [ ‘ T -
€ 10" g Sy E 2104 .
) - @ + - - o 10 [ [Ti®
> C TT 7 < !
Ll - WW . 10°% v W ' -e- Central value
© 107% ¢ E " > Limit (95% C.L.
o - 18
- - a 7 S0 >99% 98.4% >99% unless noted)
B _3 10 IIIuIlIIIIlIII|IIII|IIII|IIII|IIII
c 107 ¢ 10 20 30 40 50 60 70
_g C trk
Q B . .
ﬁ_cr_s 104 L * 2-particle correlations on LEP-Il e*e- data
- * High multiplicity: excess of azimuthal anisotropy
. signals
0 Long-range near-side structure

:Eine ~ Narrow away-side structure

ete™ — WTW~ = 4f ° Noridge signals in e*e" for New < 40
06/07/24 A. Dobrin - LHCP24 22



V2 W/Wo jets

Pos

|
)

-

ATLAS, PRL 131 (2023) 162301 o> <9

e UL B LA AL A B LN AN SR A B [Frrrpoaas R BRI IR
~ ATLAS 0.5<p2°<4 GeV ] [ ATLAS 40<N°"<150 ]
. pp Vs=13 TeV, 15.8 pb” - 0.3~ pp Vs=13 TeV, 15.8 pb” 0.5<p?<4 GeV ]
027 h e B " h-h e ]
~ h’EhYF: o AllEvents o NodJets AWithJets | 0ol h'"-h"=: o AllEvents  oNoJets AWithJets ]
L UE . J G _ L L UE .J G -
04— h™"-h p; >40 GeV N ~ h™-h p; >40 GeV ]

- — : | Ci‘
m —
B - - o @ i
) e R e s L — L CEI _
L - - et -
| Ol = - = == ol e o2 e e 5 5 e e 5 e _
i | 1 | I 1 I 1 I 1 1 | 1 1 I I— : I I 1 1 I 1 1 | 1 I 1 I 1 L I 1 1 1
0 20 40 60 80 100 120 140 0 1 2 3 4 5 6 7 8
Nrec,corr pb [GeV]

ch

 Check if ridge is associated with jet production

- 2-particle correlations for particles from UE or associated with jets
* No dependence on jets presence for v,

* v»~0 for UE—jet particles correlations
06/07/24 A. Dobrin - LHCP24 23



In-jet v»

CMS, arXiv:2312.17103

* Search for v; in individual jets

06/07/24 A. Dobrin - LHCP24 24



In-jet v» @
CMS, arXiv:2312.17103 o> <9

CMS 138 fb™! (pp 13 TeV)

<N, > =101 _ Anti k;R=0.8
Top 0.0023% highest-N’ch jets pi;:‘t > 550

d2Npair

* Search for vz in individual jets
' ' i 0.3<j <3.0 GeV
* 2-particle correlations in rotated frame <l <o0%e 3

06/07/24 A. Dobrin - LHCP24 25



In-jet v»

CMS, arXiv:2312.17103 o> <9 CMS 138 fb” (pp 13 TeV)
Sl — 0.3< Lr < 3.0 GeV
e o
A
<
., / o *
" .- >' 01 _g_paTA
— PYTHIA :
------ SHERPA
0 | [ \ [ L
0.4 e, 0.5<] <3.0GeV
®
- |
. . X
* Search for v; in individual jets ol ,
. . . < 02F <16
* 2-particle correlations in rotated frame o Izn*;; )
| . = i-k; R=0.
* Nt < 80: good agreement with MC . SZT;;) o
* N/ > 80: upward trend — collectivity in jets? O a e e 160

06/07/24 A. Dobrin - LHCP24 N, 26



V2 of identified particles

"“ O

3 T T T T T = LI LA I A AL B LR R R R R
= ALICE Preliminary Improved template fit o | ALIGE Preliminary et *p{) |
v 02F ppp \Syn = 5-02 TeV _— ] = 0.2 PP, I = 13 TeV =2K" *AR) 4

g VOA, 0-20% = § o[ 2<Ny<S0 .
v J& H il m v - Low Multiplicity Template: N <15 Ks ]
e B E}%E I - _
- N o | ]
& o1 . i/ - % 04F (T n
>cx| B < > B . * -
345/ ALICE Hydro-coal-frag & I . % e & ]
0.05 mM E’,,,;:ﬂf’* [o]n* [ — - ® : - + "
ok / mK: S | [ og ¥ .

+/ (+]p(®) Cp(@) | =

0 [ ] ] 1 ] ] o . vy T
0 1 2 3 4 5 6 0 2 4 6 8
P, (GeV/c) p, (GeVic)

* Low pr: consistent with mass ordering
* Intermediate pr: particle type grouping

* Described by hydrodynamics with coalescence and jet fragmentation

- No jet quenching yet!
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V> of fo(980) »4‘

0.3 CMS pPb, sy = 8.16 TeV (185 < N,, < 250)

0.2 e ]
0.1~ ¢ ;

P, (GeV/c)
e Structure unknown: diquark, tetraquark, KK molecule

Use v2/nq scaling to extract number of quarks

06/07/24 A. Dobrin - LHCP24 28



V> of fo(980)

CMS, arXiv:2312.17092

0.3 CcMS pPb, s\ =8.16 TeV (185 < N, < 250)
0.2 4]

o
0.1-

i

o

O_'\HV

5
P, (GeV/c)

M

sub
vse/n,

10

CMS pr ﬁ 8. 16 TeV (185 = Ntrk < 250)
i 0 0(980) i
0.15- oKy aA g [@] ng=2 hypothesis
R Q" ng = 4 hypothesis
B CMS Collaboration, i
0.1~  Phys. Rev. Lett. 121(2018) 082301 7
: O OEQE oh + £y :
0.05( A —
o T X — Lt
L | | | | i

0 4

e Structure unknown: diquark, tetraquark, KK molecule
- Use v2/nq scaling to extract number of quarks

* nq=4 excluded at 23.10

06/07/24
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pT/ n,\(GeV/c)
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V> of fo(980)

CMS, arXiv:2312.17092

0.3_CMS PPb, s, = 8.16 TeV (185 = N,, < 250)
0.2} ] -
o =

0.1_ [i n A

i >

o-
IC L | | |
0 5 10
P, (GeV/c)

CMS

pPb, \/sN =8.16 TeV (185 < Ny < 250)

o
—
II|IIII|IIII|II

Nsi (L

CEINGY

ng A A
o

p——

— fit

£,(980) ]
(@] ng=2 hypotheS|s—
ng = 4 hypothesis

CMS Collaboration,
Phys. Rev. Lett. 121 (2018) 082301

d'b+.-:}

A

oy Yerth

JAY

“?ve

I|’III|III||I

il i B

>

o

e Structure unknown: diquark, tetraquark, KK molecule
Use v2/nq scaling to extract number of quarks

= 4 excluded at 23.10

* nqg =2 favored

06/07/24
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Particle production
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dNs/dn in Run 3
& ®

800 1 1 1 1 | 1 T 1 Ll
- ALICE Preliminary

0-80% 17
| Pb-Pb, {5, =5.36 TeV ]

dN, /dn

700 —
b esn g 0]
= —¢.—' (N -
- N
600 —
- @ ALICE 7
L O CMS Preliminary [CMS-PAS-HIN-23-007]

1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
-1 -0.5 0 0.5 1

* dN./dn measured at highest energy in Pb—Pb
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dNs/dn in Run 3

®»> <0
ol ALICE Preliminary
i pp, Vs = 13.6 TeV
:— 800 T Ll 1 T | 1 T 1 Ll I 1 I T 1 | T 1 1 1 : INEL>O
8 [ ALICE Preliminary 0-80% |1 & 8 —* ALICE
= [ Pb-Pb, {5y, =5.36TeV 1 & [ —— PYTHIA 8 Monash 2013
© S |
L - e o °
] —.¢"'o.. o.0 0A° | :;':';;
- —¢— : ¢ o0 09 . i
- —¢—+ - 105_
600 - - i
- ® ALICE . I
i 41 £ 1 —
L O CMS Preliminary [CMS-PAS-HIN-23-007] | § ——
- 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 ] ;
— —05 0 0.5 1 0'95:

204 02 0 02 04
n

 dN./dn measured at highest energy in Pb—Pb and pp collisions
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dNs/dn in Run 3

®»> <0
ol ALICE Preliminary
i pp, Vs = 13.6 TeV
:— 800 T Ll 1 T | 1 T 1 Ll I 1 I T 1 | T 1 1 1 : INEL>O
8 [ ALICE Preliminary 0-80% |1 & 8 —* ALICE
= [ Pb-Pb, {5y, =5.36TeV 1 & [ —— PYTHIA 8 Monash 2013
© S |
i T r® e ®
700 — 7j_‘—-L._Q_._._._.—a—l—‘—'_
L e i
| —.¢‘—.....'......_.¢._ ) :.‘.‘IH‘.“.".\ b | I I
600 - - i
- ® ALICE . I
i 41 £ 1 —
L O CMS Preliminary [CMS-PAS-HIN-23-007] | § ——
- 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 ] ;
— —05 0 0.5 1 0'95i

204 02 0 02 04
n

 dN./dn measured at highest energy in Pb—Pb and pp collisions

 Magnitude and shape not fully described by MC calculations
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dNs/dn in Run 3

& -®

800

dN, /dn

700

600

T Ll 1 T | 1 T 1 Ll
ALICE Preliminary
Pb—Pb, Ys\ = 5.36 TeV

_.¢._."000000‘

® ALICE

S o

0-80%

O CMS Preliminary [CMS-PAS-HIN-23-007]

-

-0.5

0.5

—

dN/dn

1.05

Ratio

0.95

o> <9

" ALICE Preliminary
i pp, Vs = 13.6 TeV
INEL>0

. e ALICE
— PYTHIA 8 Monash 2013

204 02 0 02 04
n

Constrain initial conditions
and evolution of AA
collisions

Constrain gluon saturation
effects and nuclear
shadowing

 dN./dn measured at highest energy in Pb—Pb and pp collisions

 Magnitude and shape not fully described by MC calculations
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dNs/dn in Run 3
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« +sw dependence consistent with power
law from lower energies

— Grows faster in AA than in pp collisions
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Speed of sound in QGP
CMS, arXiv: 2401.06896 "4‘
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* ¢s? can be extracted from <pr> and Nq
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Speed of sound in QGP
CMS, arXiv: 2401.06896 "4'.
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* ¢s? can be extracted from <pr> and Nq

* Models predict a rising slope at large Ng
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Speed of sound in QGP
CMS, arXiv: 2401.06896 "4'.
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Speed of sound in QGP

CMS, arXiv: 2401.06896 5% 3%
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Ongoing discussions about any potential bias from centrality selection
A. Dobrin - LHCP24
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<p7> fluctuations
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Strangeness enhancement

ALICE NP 13 (2017) 535
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Strangeness enhancement
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* Strangeness increases with multiplicity

- Hierarchy with strangeness content

* More differential measurements in Run 3 — better constraints

- pQCD-inspired models need extra mechanisms

A. Dobrin - LHCP24
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Strangeness enhancement: charm

Increasin
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« Compare D mesons with and without s quark

* Ratio increases with multiplicity at low pr and backward rapidity — coalescence for charm hadronization

- Strangeness enhancement observed in the charm sector
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Strangeness enhancement: charm

R 3000 —I N L L - 1 TTT TTT TTT 1T TTT TTT TTT TTT TTT TTT TTT TTT
S [ ALICE Preliminary ¢+ Data . F= i S N R L L A A =
2 T pp, V5= 13.6 TeV [ D: signal . T o ALICE Preliminary  D'— on*— KK n* ]
~ 2500 "7 L [ D" signal — 0.9 pp collisions and charge con;. =
5 L DS, D"— o — K K w* —— Combinatorial bkg. C Vg =13.6 TeV BR unc. (not shown);j:;% E
o r and charge conj. D'>m'K 7t bkg. ] 0.8— . s o ly|<05 —
£ 2000 20<p.<25GeV/c — Total fit function — - Ds— on'> KK ]
3 - T ] - and charge con;. .
Q 0.7t —
o C ] - ]
1500 _ — C .
1000 — 0.5F hia %H’% i-*- -
L - C e _H_ ]
- ] 0.4/ # =
500 |- - Cp - # - H =
C 0.3 D'— 'K &t .
., L LV, . - and charge conj. ]
E_' 1500 F- D* meson ' ' ' D;'Imeson ' 3 0.2 BR unc. (not shown): 3.2% I
2 F 1 =(1865.8 + 0.2) MeV/c? o = (1964.1+ 0.1) MeV/c? 7 LHCb, Vs = 13 TeV, JHEP 03 (2016) 159 m
m 1000 F~ o =(8.1+0.2) MeV/c? o =(9.9+0.1) MeV/c®2 H ]
" popE- S-8221:173 S =15810 + 202 3 0.1 |20<y<25 —
% E é C +25<y<3.0 7
O O X s . . . . ju O_I 1 1 | 111 | 111 | 111 | 111 | 111 | 111 | 111 | 111 | 111 I 111 I 1117
1.75 1.8 1.85 1.9 1.95 2 2.05 2.1 0 2 4 6 8 10 12 14 16 18 20 22 24
M(KKn) (GeV/c?) p. (GeVic)
° . .
Compare D mesons with and without s quark
° .
Good agreement with LHCD results
[ J

Investigate the multiplicity dependence
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Summary

* QGP properties and phase diagram understood much better
— Initial conditions
— Equation of state
— Transport coefficients
— Particle production mechanisms

* Collectivity and strangeness enhancement in small systems

— Develop new techniques and more differential measurements
* Pushing the limits to understand the responsible mechanism(s)
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