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* Physics motivations: what can we learn?

» Strangeness as QGP signature: from SPS to LHC
* enhancement in small systems and model comparison;
» elliptic flow at RHIC and at the LHC.

* Light (anti-)nuclei production
» pr7spectra and coalescence parameters from ALICE, STAR and HADES;
* model comparison.

* (Anti-)hypernuclei in heavy-ion collisions
 lifetime measurement from STAR and ALICE;

* CPT symmetry test via mass difference measurement.

« Conclusions
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Motivation for strangeness physics
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Pre-Equilibrium
Phase (< ;)

1982 (Rafelski, Muller): Strangeness enhancement
relative to elementary collisions proposed as smoking
gun for QGP formation

e Lower Q-value for ss relative to Hs Hs formation

 Faster equilibration in partonic medium

Statistical Hadronization Model describes well hadron

formation for very different colliding systems and energies
BUT

What is the microscopical underlying mechanism which

brings the system to enhance strangeness?

Can we anyway infer something about the QGP?
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J. Phys. G 37 (2010) 045105

Stefania Bufalino - QM2018 in Venice



)
@ NA57
Q.
k= p-Pb and Pb-Pb at s, = 17.3 GeV
)
=
g 10 m= gﬁ-
Sl
< " @
o
) —
s 2 ¢ * ¢
S
)
Q
o
Z
R -
() .
| | | 1 lllllll 1 llllllll 1 | . |

1 10 102

<Npart>

Yield / (Npa rt) relative to p-Be

—
o
- ""

- TA .
AAl
- — | 1
A Q+Q A
I &
oA

1 1 lllllll 1 llllllll 1 1Ll

10 107

<Npart>

NA57 Collaboration, nucl-ex/0601021 centrality q

J. Phys. G 32 (2006) 427
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Pb-Pb at SPS - vsnn = 8.73 GeV
Pb-Pb at SPS - /syn = 17.3 GeV

Higher enhancement with
increasing centrality and when
baryons contain a higher numbers
of strange valence quark confirmed




= STAR 2 » Pb-Pb at SPS - v/snn = 8.73 GeV
§> Au-Au at |5, = 200 GeV § « Pb-Pb at SPS - VSNN = 17.3 GeV
B B | AQ+Q i . Au- - VSN = 200 GeV
Em o 210' s 1 - Au-Au at RHIC SNN C
- et - — A .
S | *A " " S | °A .t RHIC results confirm the picture:
g § ' * § + . = higher statistics (more precise results)
c . .
Z Y $ ¢* 0 Y and wider centrality range
S 7 ¢ ¢ = BUT: slightly lower enhancement (x15
E ] for the Q w.r.t. a x20 factor measured at
A ’ *l """"""""""""""""""" | sps)
l ol l l
1 10 107 1 10 10
<Npem> < part>

STAR Collaboration, arXiv:0705.2511
Phys. Rev. C 77 (2008) 044908
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§ ALICE §

g Pb-Pb at |s,,, = 2.76 TeV 2 « Pb-Pb at SPS - /—SNN — 8.73 GeV

© ©

2 . 2 19 e Pb-PbatSPS- syn =17.3GeV

=& [ o > + Au-Au at RHIC - v/syn = 200 GeV

> > * Pb-Pb at the LHC- /syn = 2.76 TeV
. s =
- m Sy :
e . e At higher energy confirmed the lower
8 : ¢ enhancement (x6 for the Q) observed at
s 1 ....................................... 1 RHIC
= .
@ |

| | | |

ALICE Collaboration, arXiv:1307.5543
Phys. Lett. B 728 (2014) 216
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ALICE

Pb-Pb at VSNN =276 TeV
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(1)

NAS7 Pb-Pb, p-Pb at 17.3 GeV

STAR Au-Au at 200 GeV

—
o

Pr———Y

Yield /(N ) relative to pp or p-Be

Strangeness enhancement: QGP signature

AQ+Q LA

o ? T

oA éé

ﬂ. foephpeneseenmmeenenneeaeanne
! . NAS7 Pb-Pb, p-Pb at 17.3 GeV

O[J/\ STAR Au-Au at 200 GeV

ALICE Collaboration, arXiv:1307.5543 centrality s

Phys. Lett. B 728 (2014) 216

» Pb-Pb at the LHC- +/snn = 2.76 TeV
* Au-Auat RHIC- +/syn = 200 GeV

* Pb-PbatSPS- /syn =17.3 GeV

* Pb-PbatSPS- /syn = 8.75 GeV

* Hyperon hierarchy predicted
as a signature for QGP confirmed
at different energy regimes

* Lower enhancement when
collision energy increases
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% 10" Hs - » Enhanced production of strange and multi-strange particles
17; $F 0 000D - observed in high-multiplicity pp collisions
% " A+A (x2) » multiplicity dependence of strangeness production is
;_; } strikingly similar in pp and p-Pb and follow the trend of the
9 ] values corresponding to central Pb-Pb
&U -

‘% « MC predictions do not describe satisfactorily the

j’ [H] experimental data

1072 ##) — . . .

- M EHJ A = strong disagreement with PYTHIA8 — Color Reconnection

- Q' (X - : :

- éﬁ‘? ) - among Multiple Parton Interactions does not help

i % i = EPOS LHC — does not match the data straight away

e — pyTHiAg [1] - = better agreement with DIPSY — BUT deviation for Q and

I PR pipsy  [2] t h b d :

S5 cros LHG 3] 00 much stress on baryon production
§ ¢ ALCE
= i® pp Vs=7TeV Nat. Phys. 13 (2017) 535-539
i QO pPb,ysy =502TeV PLB 728 (2014) 25-38
] Preliminary Pb-Pb, \"s—NN =5.02 TeV
1073 — [1] Comput. Phys. Commun. 178 (2008) 852-867
10 1 02 1 03 EZE} JHEP 08 (2011) 103 ( )
3] Phys. Rev. C 92, 034906 (2015
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Strangeness enhancement: LHC vs RHIC e
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* Measurements in small system at RHIC could
§ SR help to understand the experimental hints
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V> measurements with STAR

«  lLargerratio at low pr: mass ordering breakdown

«  comparison with models (0-30%): with increasing
hadronic cascade time, the v2(®)/v2(p) ratio increases
-> more hadronic rescattering for protons?

l Au + Au at \/sNN =200 GeV _
m 0-30% E
e 30-80% -

O

10

+ * 0-80%
Models
. hydro, 0-80%
s - hydro + JAM, 0-80%

Transverse momentum P (GeV/c)  PRL116, 062301 (2016)

» Same v, features observed for strange and non-strange
hadrons
* mass ordering
» baryon/meson splitting

V(0. ()

10 £ (b) " AMPT, Hadron Cascade Time -
- .| 0.6 fm/c(0-30%) i

Considering the cross section Z . 30 fm/c (0-30%)
I UrQMD (0-30%)

—> v, driven by initial spatial anisotropy

Data favours hydro at low prand

coalescence at mid-pr 0.5 Gev/o) 1 1.5
Py PRL 116, 062301 (2016)
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V,{SP,jAn| > 0.9}

LHC Run1

V> measurements with ALICE

- 5-10%

ALICE 04
Pb-Pb | s, = 2.76 TeV o |
0.8 o
i < A 0.3
and |ly| < 0.5 p
<
a 0.2
2
>C\l
0.1
Particle species
© 1t ~K 0
= p+p *0
*A+A FE4E
#* Q4+
- 50-60%

JHEP 06 (2015) 190

Multistrange baryon results from LHC Run2

Centrality: 10-20%

Centrality: 30-40%

ALICE Preliminary

Extended kinematic range of the measurement.

Mass ordering for pt < 2 GeV/c.
Error reduced: better constraint off the theoretical models.
Run 1 trend confirmed.

Data favours hydro at low prand

coalescence at mid-pr

i B e p [h Pb-Pb s, = 5.02 TeV
s ﬁﬁ:;‘%;r, I%#; + [{]. |y|<o.:>
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Matter and hyper-matter in URHIC
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Matter and hyper-matter in URHIC e

Coalescence Model

Thermal Model
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Matter and hyper-matter in URHIC

, Thermal Model '

» Thermodynamic approach to particle production in

~ heavy-ion collisions

» Abundances fixed at chemical freeze-out (Tchem)

* (hyper)nuclei are very sensitive to Tchem because of
their large mass (M)

- Exponential dependence of the yield o e

* The model depends only on T, V and ug, which is

~0 at the LHC

Coalescence Model

— M/Tchem
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Matter and hyper-matter in URHIC

| Thermal Model Coalescence Model

» Thermodynamic approach to particle production in

~ heavy-ion collisions

» Abundances fixed at chemical freeze-out (Tchem)

* (hyper)nuclei are very sensitive to Tchem because of
their large mass (M)

- Exponential dependence of the yield o e

* The model depends only on T, V and ug, which is

~0 at the LHC

— M/Tchem

>
g R \/S,0,=200 GeV >
= | f f 3
10°F i i j 18
I ‘g‘% . : A a.
o e
IR AL R BEy -

10~ O QK) = -
= - =~
C) ! ! o

- . P : ‘-

. - o g
Data -9 -

' o sTAR ' P ERER-

: ' s ol BN - Tad |
o PHENIX ] =
A BRAHMS 2
10 : ‘ <~ : - 'N
F—— Modea?z’/Na:stmz SN 1 8
T=164 MeV, ji_= 24 MeV, V=1950 fn?’ —
T KKpDPAAZTZ Qo dd K I A"l -
—_—

Stefania Bufalino - QM2018 in Venice



Matter and hyper-matter in URHIC

, Thermal Model '

» Thermodynamic approach to particle production in
|
» Abundances fixed at chemical freeze-out (Tchem)

* (hyper)nuclei are very sensitive to Tchem because of
their large mass (M)

- Exponential dependence of the yield o e

* The model depends only on T, V and ug, which is

~0 at the LHC

Coalescence Model

o . lic;  If baryons at freeze-out are close
Savy-ion COTISIonS ~ enough in Phase Space an (anti-)

(hyper-)nucleus can be formed

M/ Tonem * (Hyper-)nuclei are formed by protons
(A\) and neutrons which have similar
velocities after the freeze-out

s
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10°F i i j 18
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Matter and hyper-matter in URHIC

, Thermal Model '

» Thermodynamic approach to particle production in
|
» Abundances fixed at chemical freeze-out (Tchem)

* (hyper)nuclei are very sensitive to Tchem because of
their large mass (M)

- Exponential dependence of the yield o e

* The model depends only on T, V and ug, which is

~0 at the LHC

Coalescence Model

+ If baryons at freeze-out are close

heavy-ion collisions ~ enough in Phase Space an (anti-)

(hyper-)nucleus can be formed

M/ Tonem * (Hyper-)nuclei are formed by protons
(A\) and neutrons which have similar
velocities after the freeze-out
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e Hadrons emitted from the interaction region in statistical equilibrium once the chemical

freeze-out tem
e Production yie

Matter and hyper-matter at the LHC

perature is reached.

ds estimation for central heavy-ion collisions at LHC energies

LR P

10°

10

Yield (dN/dy) for 10° events

Andronic, P. Braun-Munzinger, J. Stachel, H. Stocker. - Phys. Lett. B 697, 203 (2011)

|I||II|| | ||l|l||| | IIIIIIII | ||l|:
3 2
T e -+ . H = > 10
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-5~ "He, *He A‘;H T z 10 Thermal model
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; Y S 107k — =
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A.Andronic et al., Phys. Lett. B 697, 203 (2011)
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3He
SAH

Yield/event

at mid-rapidity and
central collisions



https://journals.aps.org/prc/pdf/10.1103/PhysRevC.21.1301
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INFN
C
New results from LHC- Run2 at 7 TeV and 13 TeV vs multiplicity and
first ever observation of anti-*He in pp collisions from LHC-Run1 data
‘I_ T T | 1T T | | T T I T T | 1T T | T T_]
) I o -
S , ALICE Preliminary
o 10°F Dp@g% E ALICE Preliminary antideuterons, pp, Vs = 13 TeV =
(5 — fmay) . - I I S L N B N Y N B Y [N B B B B NN N & _7_|_""|""l""|'"'|'"'|'"'I""_l""l""l""l""l""l""l"';
— E i oLl i © C 13 - N /s : T ALICEpp \s=7TeV  :
— N mor ] i - - ST e (N /dn_)=26.22 - > “LALICEpp ys=7TeV | el AL
%‘ 3 [ e m@m e i % 107 Uuuun:“us-uz- on” ey = @ e °He, ALICE pp Vs=7TeV | o °He, ALICE pp Vs =7 TeV
o 1073} B, el E S - E@ S S o0l ; __-\\\g%--Tsallis )
o ; . . T T A EY N il = S - - a2 3 {
O L —Q i > %\ 102 @ el Co-ta Bt Q— =) N t I
K © - = | TSl Z =2 I +
C\-Ic 10_4:{'," %btsn Bl e = O AR SEET Ty i - e A o 10°% '#' 3 t 377 3
: . " 5 10°L e - 20 . SH
> o - N g T = = %\I kv - == __ = Q - N e
< e Tl ) = + e - - § 3
= 5_ . - T %%EEBQI\] S _ T ool (& i . ]
107k lken) 4 3 107 = e VoM Multiplicity I = g 5
- VOM Multiplicity Classes @3:?:] E E T IILI| < Sy 256)u l%:uuy(x TZZTS E ZZ :
L [o]1+11 (x16) ] - =~ o |11l (x 64) IV+V(x32) - = “' X
B \‘s ] _5'—_ S~ ’Vl(X16) E]V“(X8) = 10_ ﬂ-|||||||||||||||||||||1||||||||||||I||||||||||||||||||||||1||||||\|\|\1|—F
O] (x8) 10 = o] eVl (x4) [®]IX (x2) =
10_6 = O IV4+V (x4) = C (AN / dn_) =242 ced [®]X (x :() -—-Indii(/idual fit o 1T 2 3 4 S5 6 0 1T 2 3 4 5 (G6V/ )
- : ] B ) . p_(&Gev/ic
a %IVHV” (x2) Fa);tl'\dseutjr-?z\sl S 10—6 0151 L1 !I L1 11151 L1 ?l L1 12|5| L1 :|3 L1 13151 L ALICE CO"_ PRC 97 (201 8) 024615 T
- VII+IX+X (x1) » 19 = - . ' . : R — —
1 0_7 — ----Levy-Tsallis fit lv] < 0.5 - pT (GeVic)
:I L 1| | I | | | I .| | I | | I | | I | | L 1 1 I:
O 05 1 15 2 25 3 35

P, (GeV/c)
- pp spectrum shows no sign of radial flow (spectra hardening is clearly seen in heavy-ion collisions)
- integrated yields reduced of a factor ~1000 when adding a nucleon
m=>- it is ~ 300 and ~ 600 in Pb-Pb and p-Pb collisions, respectively
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Nuclei production in heavy ion collisions e
Au+Au collisions at 1.23 AGeV LJ\'{’QS‘&
Comb. fit q')_' - w$
® 1 (10*x) ® K* (10°%) YR 1072 = “mmafy | V\e
*p(10°%) +d (10 x) § ; pre b——
(D) -3
= 10 t X5-10°
o 1o d x2:10°
Z| T, A x10°
o|lE T 7
S 10°k, ¢ x10
1—E'H - p
10°
- Ka x4-10°
107 K* x10°
10‘8;— _ 1
- 0-10% t X10
= 15 0oL mid-rapidity X210
S 1 éonlly bilg p(l)intel: incllud?d irll fit
0.5} . | | L —
T s 3 4 E & ¢ 0 100 200 300 400 500 600 700 goo
p_ (GeVic) m,-m, [MeV/c?]

The hardening of the spectra at the LHC for

central collisions is qualitatively well described by
the combined BW

Reasonable description of protons, light nuclei,
kaons and pions (at higher m;)
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Coalescence parameters in small systems

The formation probability of composite nuclei can
be quantified through the coalescence parameter Ba

g 3 Y

&*N,
EA 3

B = dp,

A 3 A

&N,

E 3

p dpp

N

C”)-\ — I I LI I L I L I L LI I LI I L | LI I:
(&) - -
- VOM Multiplicity Cl ]
¥ [ ALUCE Preliminary 7
8 10 antideuterons, pp, Vs =13 TeV Elx2)
~ = Il (x 4) =
QJN - OUOUOSE e En e <chh/ dnlab> =242 E!IV j V (x8)
L e VI(c1e)
- EVI(c32) T2
S I:II:II:Igl:Iul:ll:l | 5 VIl (x64) T
- (el ERE R N — [&]1X (x 128)
B B EIX (x256)
E e e e -
- Sl e T L e i .
[ I L e S L R e B E
B (dN_ /dn_)=26.22 -

10—3 1 | 1 | | 1 1 I 11 1 | | l | I | 1 | | 1 | 1 | 1 | | I 1 1 1 I | | |
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
p 1/A (GeV/c)

* No prdependence as suggested
by simple coalescence models
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what about the multiplicity
integrated B, trend?

The formation probability of composite nuclei can
be quantified through the coalescence parameter Ba

PN O Simple Coalescence reproduces the
E A S | ALICE Preliminary i .
A dp 3 8 004__ pp INEL, E=7T9V o experlmental trend
A S - _ — ° o
B, = RV o - ® d,PRC 97 (2018) 024615 + ] — evolution of the primary proton
B d’N, 0.03[~ [ Coalescence - spectra across multiplicity can also
p 3 B . o
dp, i : explain the result
0.02f - .
\—/ - - — no need to introduce hard
001b ] scattering effects
o S I L LA L L B B i i
T L ALICE Preliminary e o - -
Q ok antideuterons, pp, s = 13 TeV Wll(x2) N | L | L T T B
© Tk e 04 06 08 1 12 14 16
N <dN W ) =242 vy (xe) - p /A (GeV/c)
i i - T d what ab
e T o ..and what about B;?
C e e e e el NI : 3
L [m]X (x 256) | . . .
107 | & 10 g First ever measurement in high
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_ DJ WIII[I] - 3 otsHe,AngE:)p Vs=7TeV : otsH_e,AngEpp \(§7=7Tev energy physics
102 e | LN ey Sy — o t, Bevalac p-A E, = 2.1 GeV [ -1, EPOS (LHCy"
E FEE e e e e " = T 102 %o Bevalacp-A E,=21GeV  F - *He, EPOS (LHC)* reproduced Wlth QCD_inSpired
E <chh/ dnlab> =26.22 - S o eehamer .
I A N T D A I B T T oy event generators with a
055""04 06 08 1 12 14 16 18 2 103 .
pJA (GeV/c) T | coalescence-based afterburner
e i - -g_ low pr values compatible with
4 E |
: those obtained in p-C,p-Cu, and
* NO pTdependence das Suggested T T P (T T TS T . PP,
) o o5 e mwes e e p-Pb collisions at Bevalac [Phys.
p eV/c
by simple coalescence models ALICE Coll. PRC 97 (2018) Rev. C 24, 971]
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10~* E o STAR Preliminary Au+Au 7.7 GeV = - o Au+Au 200 GeV -
- o ¥ 40~80% - @ v 40~80% ]

= - E—:- A 20~40% - E':" y ¥ ¢ ! A 20~40%
© D ¢ ¢ Y M 10~20% 1 €107 F o o =
Q . — ! Af ° - ¢ » o B 10~20% -
o~ == ~— — P -
3 2 ® 0~10% - - 2 ® 0~10% .
> 10_5 o = > I :

O - . ~ $ - O
g B - 2 é f | 9 I - mn n g g —
= 0 B Z g A - 7 - M1O_6 = é A A =
= a a8 3 § 1= s 80 5 B :
s A m ®» &8 5 8 o . B - - ~  STAR Preliminary _
10 " s o © - y - I )
i _ 107 . 1 1 I . . | =
1 1.5 0.5 1 1.5
T/A (GeV/c) pT/A (GeV/c)

» Bsof tritons decreases from peripheral to central collisions and
when beam energy increase

* It would be important to extend the pr reach to have a better
feeling about the pr dependence

Triton measurement: quite challenging measurement at the LHC
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Testing the models!

» production in pp and p-Pb: fully inspired-

thermalized source not satisfactory in
small systems

p-Pb, \s, = 5.02 TeV
VOA Multiplicity Classes (Pb-side)
X P+P

O d+d

K Blast-Wave p+p

3 Blast-Wave d+d

[ ] Coalescence d+d

» coalescence model reproduce the results
III|IIII|IIIIIIllI|IIII|IIlllllllllllllllllllll

5 10 15 20 25 30 35 40 45 in small systems
(chh/dn )

lab” |n_ [ < 0.5

/G 2.4—_III|IIII|Illlllllllllll lllllllllllllllllllllll__ .
> Lo @Vj@pgf;asses ALICE Preliminary - hydrodynamic approach (Blast-Wave!') does
T C pP+P _ ° ° °
S S odd e = not describe simultaneously nuclei and
PR "°*] Blast-Wave p+p ————— =
DR S=ldngee protons
1.6 = E
1.4 e - » assumption of a radially expanding
1.2 —

IIIIIIIIIIllllllllllllllllllllllll

Blast-Wave model: PRC 48 (1993) 2462
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What have we understood?

0.002

0.001

O
-
o
W
Frrrprrerrrprerep et rprrr
| | | | |

X

p-Pb, VSNN =5.02 TeV

VOA Multiplicity Classes (Pb-side)

Pb-Pb, \s, = 5.02 TeV
pp, Vs =7 TeV

pp, Vs = 13 TeV

VOM Multiplicity Classes

% -

E

_-—-I- m 1
.’F ]

+|Pb-Pb, s, = 2.76 TeV (PRC 93 (2015) 024917)
pp, Vs =900 GeV, d/p (PRC 97 (2018) 024615)
MHpp, (s = 2.76 TeV, d/p (PRC 97 (2018) 024615)
S pp, Vs =7 TeV, d/ip (PRC 97 (2018) 024615)

ALICE Preliminary
 Latest results in pp at 7 TeV and 13 TeV fit the

trend drawn by other energies/colliding
systems at the LHC

» matching of pp and p-Pb points at similar
multiplicities

e rising with multiplicity explained in
coalescence models as due to an increased
proton and neutron density

. = ]
[ . 1
. o+ ]
[ . 1
i
ol v b b

A

10

102

10°
(chh /dn )

lab |77Iab|<0.5

* In pp (and p-Pb) the results point out that the rise in the number of nucleons
dominates over the increase in the volume size

* No significant centrality dependence in Pb-Pb collisions in agreement with
Thermal-statistical model
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Pb+Pb, 2.75 TeV

) ) ) ) ) ) l
Deuterons from
L phase-space coalescence.
Parameters:

4 rAp__=0.28 GeVic

[
Ar =3.5fm
N . §/’§
Simulations:

-
-
\C—D 3 L —©— Hydro + UrQMD, Pb+Pb I - _
< --8--UrQMD v3.4, p+p
Ia - ALICE Data:
+ ® Pb+Pb
& 2 n p+p -
S :
SIS
1k @ Thermal fit (Florence): T.= 163.8 MeV _
€ \Without Rescattering
{> With Rescattering
O PR N T W T ) ) PR N T W T ) ) PR W T T WA |
3 10 100 1000

dN _ /dn
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Elliptic flow with HADES
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. neWws

-

HADES Preliminary
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- int b Y : ™ 0.1 e Proton . —
01F  Yem'MeEVa: Au+Au 1.23 AGeV - >0 HADES Preliminary -
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- Comparison of p, d, t elliptic flow at mid-rapidity
- Scaling of v, and prwith nuclear mass number A as expected for nucleon coalescence
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Au + Au, \Sxy = 7.7 GeV VSN = 11.5GeV 1 emw = 19.6 GeV
0.4 - -+ - -
I 1 |
2 02l 1 b - )
! 4 9: aQ Y
:Wgﬁ  ed Y
= 00 M —————-- ? T ] . o
Q 0 1 2 3 4 1 2 3 4
3 pr (GeV/c) pr (GeV/c)
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Q & d V °He & d V *He
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=
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6 , VSnN = 624 GeV VSN = 200 GeV [ Pb+ Pb, \5yy = 2760 GeV
< 04

pr (GeV/c)
0-80%
op V¥ *He
@ d O e
wd PHENIX (20-60%)
At L d+d

Advances in High Energy Physics
Volume 2017, Article ID 124856

pr (GeVi/c)
ALICE (30-40%)
OpP+p
*xd+d

» All species shows similar trend vs
P

» v, of light nuclei shows a mass
ordering in particular at low pr
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¢ d $ d $ d PHENIX % d+d can shed light on the nuclei production
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(20-60%) mechanism in heavy-ion collisions
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Elliptic flow measurement: d and 3He

ALICE Preliminary

012k o s o0 40-60% . .
N A 1 Asobserved for deuterons in Pb-Pb
b e CHes T —.—— collisions at lower energy, violation of nq
e m T+ - i —— . .
Foof  + KK i S P scaling for all charged particles

02 03 04 05 06 0.7 01 02 03 04 05 06 07 01 02 03 04 05 06 0.7

V\ﬁw S pT/ n, (GeV/c) p./nq (GeV/c) p./nq (GeV/c)
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Elliptic flow measurement: d and 3He
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As observed for deuterons in Pb-Pb
collisions at lower energy, violation of ngq
scaling for all charged particles




Elliptic flow measurement: d and 3He

- ALICE Preliminary 1
012 Pb-Pb, \ s = 5.02 TeV, 0-20% T

As observed for deuterons in Pb-Pb

soof.  ® e+’ —.—— collisions at lower energy, violation of n,
e LI A ] . e . .
Soof  * KK ¥ S P scaling for all charged particles
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0.8F ALICE Preliminary +

0.7F Pb-Pb, {5, =502 TeV,0-20%

3He v, trend not described by
the Blast-Wave model
prediction based on light
hadrons

_ Data Blast-Wave
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0.35_ o (v2)p X 3, (pT)ID X 3
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Elliptic flow measurement: d and 3He
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The heaviest stable anti-nucleus observed "o

anti-4He track in the STAR detector Baryon number

100 cm a b 107 E l I . l l =
- : 80 ——— e S 2 ’ s
8 N s
Negative particles Positive particles oF p ¢ P =
- ~ e e E
& é_ '.' — —é
60 D L F O -
¢ 10 _ O
T S d
5 <) d o g
> > 104
g g 10 He ¢ = He
<
~ X
20 2 =
o 10°%F 4 9 % 4He
0 : 10710
3 2 1 1 2 3 | | | | |
p/|Z| (GeV/c) -6 -4 -2 0 2 4 6

Baryon number

STAR PID for (anti-nuclei)

The STAR Collaboration published in 2011 (Nature volume 473, pages 353—-356) the first observation of anti-*He,

measured in Au-Au collisions at 200 GeV and 62 GeV per nucleon—nucleon pair.
The measured production yield is consistent with expectations from thermodynamic' and coalescence? models

1. Peter Braun-Munzinger, P. & Stachel, J. Nature 448, 302-309 (2007).
2. Sato, H. & Yazaki, K. Phys. Lett. B 98, 153-157 (1981)
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The exponential decrease in nuclei production rate
predicted by the Thermal model is confirmed
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The heaviest stable anti-nucleus observed

Pb- Pb 2015 run, \/SN =5.02 TeV negative particles

s | *d ?H§4FE ALICE performance
L AN 20 04.2018

*He

Performances for the 4He
measurement using the new Pb-Pb
dataset at 5.02 TeV look promising
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What about adding the strangeness

degree of freedom?
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The puzzle of hypertrition lifetime

Hypertriton

* bound state of p, n and A, is the lightest known
hypernucleus

*mass = 2.99131 + 0.00005 GeV/c?2 [*]
-\ separation energy Eg = 0.13 £ 0.05 MeV [*]

- Very small E; (~130 keV) led to the hypothesis

that,the SH lifetime is slightly below the free A
ifetime (263.2 = 2 ps [~])

 Few theoretical predictions available
- first one by Dalitz and Rayet (1966)

— Trange 239.3 - 255.5 ps

- by Congleton (1992) and Kamada (1998) — 232 ps
and 256 ps

[*1D.H. Davis., Nucl. Phys. A 754 (2005) 3-13
[~] C.Patrignani et al. (Particle Data Group), Chin. Phys. C 40 100001 (2016

Hypertriton lifetime (ps)

|
|
|

300}

200

100}

400}

R. E. Phillips and J. Schneps == Free A (PDG)

PR 180 (1969) 1307
= G. Keyes et al.
PRD 1 (1970) 66

—— °H World Average

STAR Collaboration ALICE Collaboration

Science PLB 754 (2016)360
] 328 (201058  pp pp, y5——2.76 Tev

bombimm, TP S TRSTHRIO (R bimimtim it

g h
I + G. Keyes et al. [ HI

NPB 67(1973)269
HypHI Collaboration

NPA 913(2013)170

O G. Bohm et al.

I NPB 16 (1970) 46
-R. J. Prem and P. H. Steinberg

- PR 136 (1964) B1803

Re-evaluation of world average including ALICE result:
T = (215%1%) ps
ALICE value compatible with the computed average
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http://www.sciencedirect.com/science/article/pii/S0375947405000047
http://pdg.lbl.gov/index.html

Hypertriton search with STAR at RHIC

Invariant mass spectra from both 2- and 3-body decay
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The STAR Collaboration - arXiv:1710.00436 [nucl-ex]
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Hypertriton search with STAR at RHIC

Determination of 3,H lifetime via both 2- and 3-body decay
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The STAR Collaboration - arXiv:1710.00436 [nucl-ex]

Stefania Bufalino - QM2018 in Venice 34



Hypertriton search with STAR at RHIC

Determination of 3,H lifetime via both 2- and 3-body decay
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The STAR Collaboration - arXiv:1710.00436 [nucl-ex]
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World lifetime avarage adding STAR Preliminary
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Hypertriton search with ALICE at the LHC
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e Previous heavy-ion experiment results show a trend well below the free A lifetime

e ALICE result from Pb-Pb at 5.02 TeV is closer to the free A and ~2 0 higher that the latest
STAR result (in terms of ALICE uncertainties)

 More precision, reducing the statistical uncertainties can be reached:

- increasing the statistics
- lifetime measured in the 3-body decay channel
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Hypertriton: news from STAR
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Conclusions

Strangeness enhancement from pp to Pb-Pb collisions
* no energy and colliding system dependence: driven only by multiplicity?
» BES in different colliding system at RHIC would be beneficial
* What we need to change in microscopic models:

(Anti-)nuclei production

» production in small system well reproduced by coalescence models

» thermal model prediction works nicely for heavy-ion results

 evolution of the results vs multiplicity: is there a common mechanism behind the
production in different collisions system ?

(Anti-)hypernuclei production

» |atest hypertriton lifetime from ALICE closer to the model prediction: more precision
is needed to solve the existing puzzle

* hypermatter measurement as a test of CPT symmetry
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Elliptic flow measurement: d and 3He
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Strangeness enhancement: multiplicity dependence
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