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Hypertriton (°,H)

e Lightest known hypernucleus ALICE
o bound state of a neutron, a proton and a A
o discovered in early 50s by Polish physicists

m M. Danysz and J. Pniewski ' oA
e ° Happroximated as a bound state of a deuteron and -"""..‘..‘.Rd_A
a \ with an expected radius of ~ 10 fm 2 ng .
o two-body halo nucleus ‘.p

: : "deuteron” core
e Unique probe for understanding the A-nucleus

interaction
o strong implications for astro-nuclear physics

o hyperons expected to be produced in the

inner core of neutron stars 3

" M. Danysz, J. Pniewski, Philos. Mag. 44, 348, (1953)
2@ Hildenbrand F. et al., Phys. Rev. C, 100(3), 034002 (2019)
3@ Tolos L. et al., Progress in Particle and Nuclear Physics, 112 (2020)
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3 Hin ALICE

o 3 Hlifetime and B, reflect its structure
m  Most of the theoretical models
assume B, = 130 keV and
predict lifetime close to the free
N\ one
m |atest models based on EFT
give lifetime predictions as a
function of the B,
O recent results suggest that *,H could
be more compact than expected ' 2
m precise measurements required
to shed light on the ° H
structure

"|@ STAR, Phys. Rev. C 97, 5, 054909 (2018)
2 @ STAR, Nature Physics 16, 409-412 (2020)
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ALICE

|& Hildenbrand F. et
al., Physical Review
C, vol. 102, no. 6
(2020)

|& Pérez-Obiol A.,
Physics Letters B,
vol. 811 (2020)




3 Hin ALICE

|& ALICE Collaboration (2016). Phys. Lett. B, 754, 360-372.
o loosely bound nature of * H has strong B L e e A B
implications for its production mechanism T [+ JALICE Pb-Pb, 0-10%, {Eyy = 276 TeV
2 ® <405 BR.=025:002

m thermal (SHM)" and coalescence
predictions well separated at low
charged-particle multiplicity density -

e coalescence relies on the radius
of the particle while SHM don't

I~ p-Pb and high- mu|t|p||(:|ty
| pp collisions R

10°®

o H production in pp and p-Pb is a key to - SESHodyeodlescanie -
understand the nuclear production B M c-hody coslescencs ]
. . = —SHM, Ve =dV/ T
mechanism in hot and dense matter I oo aviey
“““ SHM, Ve =3dV/dy
11 |li 1 1 Y [ | |l| 1 1 | Y | ||| |
2 3
" @ Vovchenko, et al., Phys. Lett., B785, 171-174, (2018) % 10 1
2| Sun. etal., Phys. Lett. B, 792, 132137, (2019) <chh/dn>InI<0 5
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Hypertriton in large systems

Precision measurements of lifetime and B/\ in Pb-Pb collisions



The ALICE detector

ALICE

e We can identify
the hypertriton
daughter particles
(*He and 1) Jid &'
exploiting the o
excellent particle
identification (PID)
capabilities of the
ALICE apparatus
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The ALICE detector

ALICE

e We can identify
the hypertriton
daughter particles iz oy
(3He and ].[—) H--& o L ] g0t
exploiting the -
excellent particle
identification (PID)
capabilities of the
ALICE apparatus

Inner Tracking System

e Track reconstruction

e Reconstruction of
primary and decay =
vertices

e PID of low momentum

particles

7

\,

Sy %
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The ALICE detector

ALICE

e We can identify
the hypertriton
daughter particles
(*He and 1) it 4
exploiting the g —
excellent particle
identification (PID)
capabilities of the
ALICE apparatus

Time Projection Chamber
e Tracking
e PID via specific energy
loss
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The ALICE detector

ALICE

PEERE AW Y CRYL

e We can identify
the hypertriton
daughter particles
(*He and 1)
exploiting the
excellent particle
identification (PID)
capabilities of the
ALICE apparatus

[/}
/m-/// I
[T

Time Of Flight detector
e Particle identification
with time-of-flight
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The ALICE detector

ALICE

e We can identify
the hypertriton
daughter particles
(*He and 1) it 4
exploiting the g —
excellent particle
identification (PID)
capabilities of the
ALICE apparatus

VO detectors

e Trigger

e  Centrality/multiplicity
determination
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° Hin large systems

ALICE

e Analysed data sample:
o Pb-Pb collisions at /s, = 5.02 TeV
collected by ALICE in 2018

e ° Hcandidate: *He + m pairs *He
(and related charge conjugated states)

DCA

Secondary vertex-V0 /' o _ o

e Secondary vertex reconstruction DCA 3He
o matching of He + m tracks coming from a to PV
common vertex

) ) Priméry t o PV
e Huge combinatorial background Vertex :
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3 o . o .
AH selection: machine learning approach

ALICE

102
:(5 . . mm Signal pdf Training Set
. g 10t} ALICE Simulation B Background pdf Training Set
e BDT output (independent e Pb-Pb /Su = 5.02TeV 4 signal paf Test Set
trainings for each bin) : & 100} b Beckoroumdpartestse
o Score related to the 2 101
ol ®)
probability of the Lo
candidate to be signal or
background =
10~
1073

-15 -10 =5 0 5 10
BDT output
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3 o . o .
AH selection: machine learning approach

ALICE

BDT threshold
102 I
:(5 . . mm Signal pdf Training Set
g 101t PbAFI’-tI)C\/EjTuE:aOtéo': " mmm Background pdf Training Set
e Selection applied on the g oSN = 5EE ST & Signel pf Test Sex
8 100l ¢ Background pdf Test Set
BDT score ﬂ I
. . . c
o maximisation of the g 107 :
expectgd significance . :
(assuming thermal

production)

=5
10215 ~10 -5 0 5 10

BDT output
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Signal extraction

ALICE

III|IIII|IIIIII|IIII]|IIII|IIII|IIII

% 1201 4
> i ¢ Data ALICE Performance i
_ . . u§) 100l — Signal + Background Pb-Pb |5, =5.02TeV ]
e Signal extracted with a fit to & g'gnka' ; P2 o = dem GGoE o
i : & [ == ackgroun = , ° ]
the invariant mass spectrum of < gL -
: o °F i
the selected candidates s -
e . S 6o -
e high significance over a wide i ]
range 40— -
o 9 ctbinsfrom 1to 35cm ool N
“;’ L. | 1 1 1 1 I I | |—.—| 1 1 +‘-l I_.I' 1

1 1 | 1 1 I 1 1 I 1
2.96 2.97 2.98 2.99 3 3.01 3.02 3.03 3.04
M (*He + ) (GeV/c?)
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3 . .
AH Lifetime

ALICE
e Corrected ct spectrum fitted with an o

. ) L 103 ALICE Preliminary =

exponential function 2 F -

T f Pb-Pb (5,=5.02TeV, 0-90% 1

e Lifetime value from the fit 2 I Vo i
o Statistical uncertainty ~ 6% 1021 ~

o Systematic uncertainty ~ 7% - -

e Most precise measurement of the I ; .
lifetime ever done so far 0F \_

:I | | 11 1 1 I 1 11 1 | | I | | A - I IS R - | ] | I |:

0 5 10 15 20 25 30 35

ct (cm)
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3 . .
AH Lifetime

Theoretical predictions

-- Nuo. Cim. 46 (1966) 786 --- Nuo. Cim. 51 (1979) 180-186

PRC 57 (1998) 1595

ALICE

— - J.Phys. G18 (1992) 339-357

() Most preC|Se measurement PRC 102 (2020) 064002 PLB 811 (2020) 135916
PR136 (1964)B1803| e~ | LT "1 T E T
e Compatible with latest STAR PRL 20 (1968) 818 | _?4_ B
measurement PR 180 (1969) 1307 | g o ]
NPB 16 (1970) 46 | —o—! I N
e Models predicting a lifetime close PRD1 (1970)66| e S— o
to the free A\ one are favoured NPBET (19731269 T -
Science 328 (2010) 58 ==
o strong hint that hypertriton is NPA913 (2013) 170 | =y o
. . — L A —
weakly bound, but B, is still FLE754.(2016):560 | ==l B
PRC 97 (2018) 054909 i |E E_A lifetime - PDG value
needed to solve the puzzle = . -
ALICE | PLB 797 (2019) 134905 R
STAR [arXiv:2110.09513 (2021) B E.a{a
2 2020 models: assuming B, = 70 keV ALIGE Prominary Po-PoS02ToV] |\, (¥, Ly,
< 2020 models: assuming B, = 130 keV 0 100 200 300 400 500
SH lifetime (ps)

Francesco Mazzaschi

Quark Matter 2022, Krakéw, 07/04/2022




3
/\H Mass

.2

New @ QM ALICE
CG\ _I T T | L | L L | L LI L | L I_
S - ALICE Preliminary i
e Same signal extraction technique 2 - gbg_(l;? V'Sun = 5-02 TeV stat. ]
and ct bins used for the lifetime: \-/12992'5__ X2/n_a_f_ ~ 11 syst. ]
precise mass measurement needed EM i ]
to obtain B, .. 7
e Extremely precise measurement - :
i . |
o 0.0016% stat. 2991_5__ + + ‘ N
e Systematic uncertainty of ~100 keV mh— | .
(0.003%) j f + T I :
2991 =
_I 11 1 I L 111 | | N I | | L1 1 1 | 11 1 1 | L1 1 1 | 11 1 I_
o 5 10 15 20 25 30 35
ct (cm)
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B,

New @ QM
® From the mass measurement to B/\ - ALICE

>"1.2|~ Theoretical calculations -

— () - 4

O By =M+ Mg — Msy S [ oNPBAT(972)  — PRCT7(008)
_ _ < 1o — arXiv:1711.07521 EEEPJ56(2020)

e Weakly bound nature of ° H is confirmed @ ;
by the latest ALICE measurement 081 E
: : 0.6 — NPB1(1967 STAR(2019 -

o B, compatible with zero - (1967 e
0.4 + NPB52(1973) I =

o in agreement within 10 with Dalitz N #_______;
02 — T T T T =

and yEFT based predictions

0

o fully consistent with the lifetime - NPB4(1968) AUCE -
measurement according to recent 0.2~ Preliminary ]
theoretical calculations 2 0 4:_ ]

“E PRD1(1970) :

" |& Hildenbrand F. et al., Physical Review C, vol. 102, no. 6, Dec. 2020
2 |& Pérez-Obiol A., Physics Letters B, vol. 811, Dec. 2020 ALI-PREL-486370
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Hypertriton in small systems

First measurements of 3AH production in pp and p-Pb collisions

19



3 o . o o
AH selection in pp and p-Pb collisions %

) @ ALICE, arXiv:2107.10627 (2021) ﬂ LIC E
. Data Samples- &'\ _I TTT | T TT | T TT I TTTT | TTTT | TTTT T TT rTT I_
o ppatys=13TeV and p-Pb at O 14 -
\/sNN = 5.02 TeV collisions o & ALIGE .
collected during Run 2 = 12 p-Pb, 0-40%, {5 = 5.02 TeV
IEYO) i 0<pT<9GeV/c i
3 L : : o8 10 I .
e ° Hselection in pp: trigger on high gl I
multiplicity events using VO detectors f 8- onely BRSNS
4 ’ = [ — — Background ]
+ topological cuts on triggered events E & E
e ° H selection in p-Pb: 40% most pai I i
central collisions + BDT Classifier 1+ |+ | + + 1
. T T
. Slgnlflcance > 40 bOth In pp and p-Pb | ||2| 1 1 | L 111 || 11 || 1 | I‘ | 1111 ‘ I‘ I‘I | | 111 I_

|I |
296 297 298 299 3 3.01 3.02 3.03 3.04

New @ QM s MCHe + ) + M(*He + 1¥) (GeV/c?d)

©
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3 H/ N in pp and p-Pb collisions

A
TTTT] T T T T T T T T T
% | | ALICE p-Pb, 0-40%, |5, = 5.02 TeV N @ HLICE

» < | = | ALICE Preliminary pp, HM trigger,/s = 13 TeV

10°1 [+ ] ALICE Pb-Pb, 0-10%, {5y, = 2.76 TeV Bl 3/\H / N\ in small systems:
T . o large separation between production
s models
i o measurements in good agreement
I with 2-body coalescence ?
o tension with SHM ' at low
(0 i charged-particle multiplicity density

m configuration with V. = 3dV/dyis

—— 3-body coalescence E
i excluded at level of more than 6o

= 2-body coalescence
—SHM, Ve =dV/dy A
== SHM, Ve = 3dV/dy

Illllll | IIIIIIIl |

10 10° 10°

(dN /d 77) ' | Vovchenko, et al., Phys. Lett., B785, 171-174, (2018)
ch |7|<0.5 2@ Sun. etal., Phys. Lett. B, 792, 132—137, (2019)

|& ALICE, arXiv:2107.10627 (2021)
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S, in pp and p-Pb collisions
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a — T — T
| e | ALICE p-Pb, 0-40°/|°, [Sun = 5.02 TeV |

| = | ALICE Preliminary pp, HM trigger,(s = 13 TeV
[ ¢ ] ALICE Pb-Pb, 0-10%, |5 = 2.76 TeV

B.R. = 0.25+0.02

A\

[III|]III|IIII|IIII|IIII|III|IIII|III]I|I|IIII

= 3-body coalescence
= 2-body coalescence
— SHM, Vc =dV/dy
=== SHM, Ve = 3dV/dy

IIlllIII|IIIIIIIII|IIII|IIIIIIII,'I|IIII IIIIIIII

1 111 | IIIIII| IIIIIIII |

10 102 10°

<chh/d 77>|77|<0.5

ALICE

® 53: strangeness population factor
(RH/"He)/(A/p)

e S, insmall systems:
o same conclusions as for 3/\H / N\
but with a lower sensitivity
o Run 3 will be crucial to finally
distinguish between SHM ' and
coalescence 2 and explore the

multiplicity dependence of §,!

|& ALICE, arXiv:2107.10627 (2021)

" @ Vovchenko, et al., Phys. Lett., B785, 171-174, (2018)
2@ Sun. et al., Phys. Lett. B, 792, 132-137, (2019)

Quark Matter 2022, Krakéw, 07/04/2022 22




Summary and perspectives %

ALICE

e 3 Hin large systems:
o precise measurements of lifetime and B, in Pb-Pb collisions
m  weakly bound nature of ° H conﬂrmed

e ° Hinsmall systems:
® first measurement of * \H production in pp and p-Pb collisions
o concrete possibility to dlstlngwsh with high significance between the two
nucleosynthesis mechanisms
m it will be possible in Run 3!

Thanks for your attention!
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Expected S, performance for Run 3

ALICE Upgrade projection ALICE
(D(V') E 1 I ‘l | 53 &5 % | I 1 ] ] | = B A I T 7l ] I | I — L:-q
E - o 1
101 > =
- — =
3 ] ALICE Run 3 pp
i op V5 = 14 TeV, L, = 200 pb" N program public note
102 Full canonical SHM ~— Tloexpected 3
E —— 2-body coalescence ~—— 1o expected E
i 3-body coalescence w10 expected I
10° E
- +— ALICE Pb-Pb |5, =2.76 TeV 3
B 1 1 L1 1 1.1 I 1 1 1 L1 1 11 I 1 1 L L1 1 1.1 I r

10 10 10°
<chh/d n>|n|<0.5
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https://cds.cern.ch/record/2724925/files/ALICE_HEpp_PublNote.pdf
https://cds.cern.ch/record/2724925/files/ALICE_HEpp_PublNote.pdf

