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The hypertriton (°AH) in a nutshell

e Lightest known hypernucleus
o bound state of a neutron, a proton and a A

o discovered in early 50s by M. Danysz and J.
Pniewski

e 3,H approximated as a bound state of a deuteron
and a A with an expected radius of ~ 10 fm 2

(@)

o 3,H lifetime and B, reflect its structure
= Mmost of the theoretical models assume B, = 130 keV

and predict lifetime close to the free A one
s latest models based on EFT34 give lifetime
predictions as a function of the B,
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The hypertriton at the LHC

ALICE

e Unique probe for understanding the A-

A _hypernuclear chart _ _
Proton no. (2) nucleus interaction
o o strong implications for astro-nuclear
12C 13C 14C .
S A physics
(-] (<) .
°B|B|I'B| I’B o hyperons expected to be produced in
P P the inner core of neutron stars !
Z\Be iBe ?\Be }\OBe
e ot Do
6Li p}Lio SALig. “Li| VLi e Strangeness in high density nuclear matter
iH; S He|S He RH:%HC o hadronic phase of a heavy ion collision
1= o” o o o o two classes of models for comparison:
3 4 6
S ) thermal (SHM)? and coalescence?
3R . . - redictions
A Anti-hypernuclei are accessible P

1 Tolos L. et al., Progress in Particle and Nuclear Physics, 112 (2020)
2 W vovchenko, et al., Phys. Lett., B785, 171-174, (2018)
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The hypertriton in ALICE

e o Recent results in heavy ion collisions
[+ JALICE Pb-Pb, 0-10%, {5y = 2.76 TeV suggest that 3,H could be more compact
10° B.R.=0.25+0.02 than expected 1,2
[ o m precise measurements required to
- shed light on the 3,H structure

ALICE

*H/A

ﬁllll

o loosely bound nature of 3,H has strong
implications for its production mechanism
= SHM and coalescence predictions well
separated at low charged-particle
multiplicity density

10°°
~ 3-body coalescence

= 2-body coalescence
—SHM, Vc =dV/dy
----- SHM, Vc =3d V/dy
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ALICE Collaboration (2016). Phys. Lett. B, 754, 360-372. <dNCh/d 77>m|<0_5

LW STAR, Phys. Rev. C 97, 5, 054909 (2018)
2 W STAR, Nature Physics 16, 409-412 (2020)
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The hypertriton in ALICE

ALICE
< T o Recent results in heavy ion collisions
T [+ J ALICE Pb-Pb, 0-10%, {5y = 2.76 TeV suggest that 3,H could be more compact
™ <:10_5:_ B.R.=0.2ii0.(;2h. _— - than expected 1,2
L - an igh-multiplicit _ . .
: pp collsons ! o - = precise measurements required to
. shed light on the 3,H structure
I ] o loosely bound nature of 3,H has strong
, implications for its production mechanism
10 - = SHM and coalescence predictions well
= ~ 3-bod I — .
- :b°dy°°alesce"°e ] separated at low charged-particle
B ~2-body coalescence | T .
I | oMM ve—dviy multiplicity density
A o SHM, Ve =3dV/dy : . :
;/ L A T R o 3,H production in pp and p-Pb is a key
3
10 10° (N /d‘°> measurement to understand the nuclear
ALICECoIIaboration(2016). Phys. Lett. B, 754, 360-372. ch 77 [n]<0.5 pI’OdUCtIOI’l meChan|Sm |n hOt and dense matter

1 W STAR, Phys. Rev. C 97, 5, 054909 (2018)
2 W STAR, Nature Physics 16, 409-412 (2020)
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he hypertriton in large systems

ALICE

e 3,H candidate: 3He + r pairs
(and related charge conjugated states)

e Secondary vertex reconstruction

o matching of 3He +  tracks coming from a
common vertex

e Huge combinatorial background

, tracks/\
enhance the signal significance DCAHe 8]

o machine Learning technique adopted to

Priméry | .“ to PV
Vertex '
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he hypertriton in large systems

ALICE
e 3,H candidate: 3He + m pairs
(and related charge Conjugated states) Corrected ct spectrum fitted with an exponential function
e Secondary vertex reconstruction = L
: . % 10° ALICE Preliminary =
o matching of 3He +  tracks coming froma % [ ;
2 B Pb-Pb |s, =502TeV, 0-90% -
commonhn vertex 2 r -
e Huge combinatorial background 2l

o machine Learning technique adopted to

enhance the signal significance — 33
10— ; L
o Lifetime value from the fit : \
N . _ | | Ll | I N
o Statistical uncertainty ~ 6% 0 5 0 15 20 25 30 35
cm)

ct (
o Systematic uncertainty ~ 7%
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The hypertriton lifetime

Jhbosgr.hgontn SO Most precise measurement of the
e e e lifetime ever done so far
PR136(1964)B1803II;CIIHZII!:;Illlllllllll
PRL20(1968)819_ +— N _ _
PR 180 (1969) 1307 | ' . n - Compatible with latest STAR measurement
B L N . . e
D S _ - Theoretical approach who predict a lifetime
PRD 1 (1970) 66 . Tipi
NPB 67 (1973) 260 | e N close to the free A one are favoured
Science 328 (2010) 58| = ~ o strong hint that hypertriton is weakly
NPA 913 (2013) 170 = =
PLB 754 (2016) 360 B EE—l N bound
— I :|—A lifetime - PDG value — ) i
PRC 97 (2018) 054909 == _ o Byis still needed to solve the puzzle
PLB 797 (2019) 134905 . —di-ALICE
arXiv:2110.09513 (2021) E‘gé STAR N
ALICE Prellm[nary Pb_Pb 5'02 TeV _l 1 1 1 I 1 1 1 :l l I{; ial I 1 1 1 1 l 1 1 1 l_l

0O 100 200 300 400 500
3 . .
“H lifetime (ps)
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The hypertriton mass

ALICE
C<.|\ _I T T l L l T T 17T I T 17T L L T T I_ ] ] ]
S - ALICE Preliminary ot e Same signal extraction technique
O . oton \Sw=o02TeV B and ct bins used for the lifetime
= 2992.5— 0-90% syst.  — .
T [ x*/ndf =11 . e precise mass measurement
= - . needed to obtain B,
2992(- - o Extremely precise measurement
[ . - o 0.0016% stat.
2991.5— — : ;
[ + + ] e Systematic uncertainty of ~100
-t | ; keV
2991_~+ T -
O—I 1 1 I5|I 1 1 I1|OI 11 I1I51 11 I2|0I 1 1 I2|5I 1 1 I3|0I 1 1 I:;5
ct (cm)

ALI-PREL-486366
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The hypertriton B,

ALICE

>'1.2- Theoretical calculations & e B, is derived from the mass measurement
= [ NPB47(1972) — PRC77(2008) -
o 15 — arXiv:1711.07521 [l EPJ56(2020) E By = My + My — Msy

0.8F - e Weakly bound nature of 3 H is confirmed by the

0.61- NPB1(1967) STAR(2019)  — latest ALICE measurement

0.4r + NPB52(1973) l E o Bjcompatible with zero

0.2:;—_—,—_—,:_—_—_—_—_{»_—_—_—_:_—_—_—_:I o in agreement within 1o with Dalitz and yEFT

. based predictions

11 I| L1 |I II|

NPB4(1968) ALICE

o fully consistent with the lifetime measurement
Preliminary

-0.2 - : i nel,2
according to recent theoretical calculations'

-0.4

T ll T |I III

PRD1(1970)

ALI-PREL-486370

1 W Hildenbrand F. et al., Physical Review C, vol. 102, no. 6, Dec. 2020
2l pérez-Obiol A., Physics Letters B, vol. 811, Dec. 2020
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The hypertriton in small systems

ALICE
e pp collisions at /s =13 TeV and p-Pb ‘514;’ """"""""""""""""" _
collisions at +/syy = 5.02 TeV collected 212:_ . ]
during the LHC Run 2 o p-Pb, 0-40%, {5,y = 5.02 TeV' -
o L 0<pT<QGeV/c i
: : L Lo {oSHa A B
e trigger on high multiplicity events + o4 |\, — signal + Background -
topological cuts on triggered events to Q °F — — Background :
select the 3,H S o .
e Machine learning techniques used for the 43; ‘ T LT J |
signal extraction in p-Pb ? T »H i__- J 1 H
|
S R TITN

O

e Significance > 40 both in pp and p-Pb 296 257 298 299 301 3.02 3.03 3.04
proom o M(CHe + ) + I\/I(3He+rc+) (GeV/c?)

| ALICE, arXiv:2107.10627 (2021)
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3SA\H / A\ in pp and p-Pb collisions

L ALICE, arXiv:2107.10627 (2021)

IIII| T T T IIIII T T T TT III| T
. . % | e | ALICE p-Pb, 0-40%, |5, = 5.02 TeV
o large separation between production 35 | - ALCE Prolminary pp. HMtriggeris = 13 Tev
models 107°F [¢ ] ALICE Pb-Pb, 0-10%, {Sy = 2.76 TeV 5
L BR=025£002 . [
o measurements in good agreement [
with 2-body coalescence 2
o SHM ' does not catch the results for ,
small colliding systems: o6l _
] ] ] ] ~ 3-body coalescence -
» configuration with Vc = 3dV/dy is B 5 hody coalescence ]
excluded at level of more than 6o _SHM, Voo dVidy -
-~ SHM, Ve = 3dV/dy |
| | L1 III| | | | 1 1 III| |

10 102 10°

(dN_/dm)

In|<0.5

" W Vovchenko, et al., Phys. Lett., B785, 171-174, (2018)
2l sun. etal, Phys. Lett. B, 792, 132—-137, (2019)
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S; in pp and p-Pb collisions

ALICE
(ep] _IIII T I T T III|| T I T T |I|I| :
2] 0.9 = | * | ALICE p-Pb, 0-40%, |5, = 5.02 TeV E
53 : sStrangeness populatlon factor 0.82 ;%
3 C 3
(\H/*He)/(A/p) o7 F E
0.6 - -
e S;in small systems: 05 E
o agreement with the measurement of E E
the 3,\H / A ratio but with a lower i 1
sens |t|v|ty 0.3 - ~ 3-body coalescence
0.2 f_ < 2-body coalescence _f
o E_ — SHM, Ve = dV/dy _E
E - SHM, Ve = 3dV/dy
O [ | 1 11 IIII| | | 1 IIIII | ]
10 10? 10°
<chh/ d 77>|n|<o.5

" W Vovchenko, et al., Phys. Lett., B785, 171-174, (2018)
2l sun. etal, Phys. Lett. B, 792, 132—-137, (2019)
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S; in pp and p-Pb collisions

S5 : strangeness population factor

(RH/"He)/(A/p)

e S3;in small systems:
o agreement with the measurement of
the 3,H / A ratio but with a lower

sensitivity

o Run 3 data will be crucial to understand
the production mechanism of
hypernuclei and explore the multiplicity
dependence of S;
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" ppV¥s=14TeV, L, =200 pb -
Full canonical SHM ~ Tloexpected "3

—— 2-body coalescence —— 1o expected E

3-body coalescence w10 expected ]
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ALICE Upgrade projection
T L
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Summary and perspectives 5,

ALICE

e In the last decade all the hypertriton measurements come from heavy ion
collisions

o precise measurements of lifetime and B, in Pb-Pb collisions confirm the
weakly bound nature of 3,H

o first measurement of 3,H production in pp and p-Pb collisions thanks to the
ML approach

o Measurement in small colliding systems are interesting to distinguish with
high significance between the two nucleosynthesis mechanisms

Stay tuned for the LHC Run 3!
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