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Hypernuclei

e Hypernuclei: Bound-state energy of ordinary nucleons and strange baryons (A, ). Z
o Extending the nuclear chart to strangeness dimension.

e Weakly decay after a few centimeters (ct = 5-7 c¢cm) into two or more daughter

ABe
Li
articles. S =
P iHe AeHe
2 NG AB - RB
e Key observables:

"’ ’Be fBe 3IBe 0B
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o Decay rate (I') = l = [wwp + ['nvwo
= T = |ifetime

o Binding energy (By) : -Baz = M - (Mcore hypernucieus ¥ Mas)
= M depends of the reconstruction method:

e Invariant mass reconstruction: M2, = (E; + Ey)? — |py + s/
’ 3
B
e Lighest known hypernucleus: ;H (hypertriton). AH )
o B,=100 KeV - rgy ~ 10 fm."* ~ =
—_— 4
e Heavier hypernuclei at ALICE* yHe (anti-hyperhelium-4). aHe

o A =4 hypernuclei are more bound and each have an excited state.”
o By=2MeV-r~2fm.

N. Loher, 2014
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Ongoing analyses:

e Searching for the Ann weak-decay signature in heavy-ion collisions.
o Possible existence remains an open question:

= First observation claimed in 2013", no further experimental evidence has been presented

supporting its existence — whereas the state-of-the-art model calculations do not expect it to be

bound?>.
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Previous results on Ann reconstruction ﬂ

e Pb-Pb collisions at Vsyy = 5.36 TeV collected by ALICE during 2023:
o 7.0 x 10° events for tracks from the central barrel requiring hadron PID.
e Topological reconstruction of the possible two-body decay channel: Ann - *H + 1T + charge conjugate (c.c).

S EU[] rrnl LI L L L vl [ LI L | L [ [

e Rare probe: ke i | | l I | | | =
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o Significance scan performed across central and semi-central > N + + L
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= Signal based on 3H yield in Pb-Pb collisons at Vsyy = 5.02 TeV', E _ == Background Parametrization (polQ) _
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Previous results on Ann reconstruction ﬂ ?

e Pb-Pb collisions at Vsyy = 5.36 TeV collected by ALICE during 2023:
o 7.0 x 10° events for tracks from the central barrel requiring hadron PID.
e Topological reconstruction of the possible two-body decay channel: Ann - *H + 1T + charge conjugate (c.c).

_E
ORarepI’Obe: . Siijl?|t:|||I|I|E||4'F_I|I|i||||||||n|||||:||
i . iy
o Significance scan performed across central and semi-central = ~ ALICE Preliminary _i:ﬁgﬂ;ﬁf'mmm 2013)
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centrality classes and over 8 p; bins to find the best centrality (9 ~Run 3 Pb-Pb, {5, =5.36TeV SHM (T = 155 MeV)
. L = 2.9 ”'”' —— H: ALICE Pb-Pb {5, = 5.02 TeV

and p bin to a possible signal: \ n

~0-50%,45< p <8GeVie (stat. + syst. unc.)

N, = 2.86 % 10 . T 95%CLlimit

= Background estimated via linear interpolation in the
sideband region (p = 30).
= Signal based on 3H yield in Pb-Pb collisons at vVsyy = 5.02 TeV'.
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e No statistically significant signal is observed in the region of 1o [ .
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Previous results on Ann reconstruction h ?

e Pb-Pb collisions at Vsyy = 5.36 TeV collected by ALICE during 2023:
o 7.0 x 10° events for tracks from the central barrel requiring hadron PID.
e Topological reconstruction of the possible two-body decay channel: Ann - *H + 1T + charge conjugate (c.c).

e Rare probe:

o Significance scan performed across central and semi-central
centrality classes and over 8 p+r bins to find the best centrality

and pr bin to a possible signal:
= Background estimated via

e No statistically significant signal is observed in the region of

linear

interpolation

transverse momentum p; and centrality with the highest sensitivity
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to a potential Ann signal -corresponding to an expected significance 1
of 4.60.
. S 0.5
e Upper limit of the expected Ann yield:

o In the most conservative scenario, the Ann yield does not agree

with the SHM predictions below the bound state threshold.
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In the absence of a signal, how can we still constrain its existence and formation at freeze-out
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ctT studies

e Goal: Obtain the upper limit yield assuming_different ct hypotheses.

e Step 1:
o Reweighting_the ct,, distributions assuming different ct values:
" CT < CTmean . ACCeptance-rejection sampling

e P(cT) = exp(ct(1/ CTrmean - 1/CT))

" CT > CTnean . Apply a weight factor (w(ct)) derived from the ratio
between the probability density functions of the original and target
distributions, normalized by the number of events in ct = 45 cm.

e W(CT) = (CTmean /CT ) exp(-ct(1/cT -1/CTrean))

Counts
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ct,.n distribution under different ct hyphotesis

1) €T < CTrmean:
e Rejection sampling:
o P(cT) = exp(ct(1/ CTrean - 1/CT))

2) CT > CTmean:

e Weight factor (w(ct)) derived from the ratio between

the target and original PDFs:

o W(CT) = (CTmean /CT ) exp(-Ct(1 /CT - 1/CTmean))
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cT studies

e Goal: Obtain the upper limit yield assuming_different ct hypotheses.

e Step 1:
o Reweighting_the ct,, distributions assuming different ct values:
" CT < CTmean . ACCeptance-rejection sampling —
° = - Q
" CT > CTnean . Apply @ weight factor (w(ct)) derived from the ratio T n Phys. Rev. C 88, 041001 (2013)
'] —0%—-50%, 4.5 < P, < 8.0 GeVi¢
between the probability density functions of the original and target =

_ 3[-Ney = 2.86 x 10°
distributions, normalized by the number of events in ct = 45 cm. > % cr—11.0cm

e W(CT) = (CTyean /€T ) €Xp(-ct(1/CcT -1/CTrnean)) o > 25
| =
&

o Step 2. < 2

o Compute the UL yield as a function of Ms..cc fOr each dataset created by
1.5

Clrw:
» UL computed for topological selection variations (DCA,, DCA,
cosBp,) applied in pr analysis.

2975 298 2985 2.99 2.‘2;95 3 3.005 3 01 3 015 3 02
2
M Hs+rn +cc. (GEVHC )
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cT studies

cm) | UL yield over 2.9937 + 0.0014 GeV/¢*

e Goal: Obtain the upper limit yield assuming different ct hypotheses. et (
1
e Step 1: 3
o Reweighting_the ct,, distributions assuming different ct values: 5
" CT < CTmean . ACCeptance-rejection sampling 7
o P(cT) = exp(ct(1/ CTmean - 1/CT)) 9
" CT > CTnean . Apply a weight factor (w(ct)) derived from the ratio 11
between the probability density functions of the original and target 13
distributions, normalized by the number of events in ct = 45 cm. 15
e W(CT) = (CTmean /CT ) exp(-ct(1/cT -1/CTrean)) g
o Step 2: 21
o Compute the UL yield as a function of M. fOr each dataset created by 23
CTrw. 25
» UL computed for topological selection variations (DCA,, DCA, 27
cosBp,) applied in pr analysis. 2?
e Step 3: 33
. . . 35
o Integrate the UL yield over the mass region where the signal peak were 37
claimed: 39
= Average UL yield over (M % 0)yyphi - A1
= 0 = quadratic sum of syst. and stat. uncertainties. 43

e cT~7.7cm~ULyield= 6.17 x 107
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ct dependence of Ann production

L2
-
©
O

e Very short lifetime (ct = 1 cm):
o Average yield is high, above AH production,

.
< -B‘ -6
Q%J {551{]

indicating a possible very fast decay. =

e Forct ~ CcT,:
o Clear supression is observed! 10~7

e Long lifetime (cT > cT)):
o An increasing slope of Ann production,
after A free decays.

| -

""" T R T 1T 1 1T T 1T T

sissanannnneRRnay

iH: ALICE Pb-Pb ys,,, = 5.02 TeV (stat. + syst. unc.)
CTs, ! ALICE Pb-Pb ys,,, = 5.02 TeV (stat. + syst. unc.)
== m';,: =7.89 cm

Phys. Rev. C 88, 041001 (2013)

Phys. Lett. B 791 48-53 (2019)
s 95% CL limit integrated over (Mto)

HypHI
Run 3 Pb—Pb, hfSNN =536 TeV
0%e—50%:, 4.5 ¢ pT < 8.0 GeV/ic
N,, =2.86x 10°

—]
+
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Ongoing analyses:

* Investigating ;H hypernucleosynthesis in light-ion collisions.
o Studied across several collision systems, from low-multiplicity (pp and p-Pb) to high-multiplicity
heavy-ion collisions (Pb-Pb), testing hadronization models.
o Intermediate system size: Bridge the gap in ;H production between small and large systems.




BDT application for signal extraction

e OO collisions at Vsyy = 5.36 TeV collected by ALICE during 2025:
o 2.4 x 10° events for tracks from the central barrel requiring
hadron PID.
o Topological reconstruction of the mesonic two-body decay
channel: ;H - *He + 1 + charge conjugate (c.c).

e Global model: pr-integrated training and testing locally in each p+-
bin.

o py bins [1.5, 2.5, 3.5, 6] and centrality class 0-90%: analysis
performed for matter + anti-matter together.
o Features training: DCAy, DCAzy., Cc0SBpp and

NTPCClusCrossedRows3He.

Counts (arb. units)

True Positive Rate

=

2
R
i

=

=)
=
1

=

=]
=
i

1071 5

1072 5

B Background pdf Training Set T
Sinal pdf Training Set
¢ Background pdf Test Set
¢ Sinal pdf Test Set |

fMassH3L |

NTPCCrossedRowsHe |

fCosPA |

fDcavoDaug

fDcaHe

Signal

Background

fMassH3L |

CZCrossedRowsHe |

fCosPA |

fDcavoDaug

fDcaHe

0.0 0.2 0.4 0.6 0.8 1.0
BDT output
1.0 N |
Kl
d
-
~
0.8 o
-
e
Va
e
0.6 o
N
e
e
e
0.4 1 '
~
-
Va
0.2 —f
e —— Test -= ROC (AUC = 0.9843)
P ---- Train -> ROC (AUC = 0.9896)

0.0 —-- Luck

T T T T T T

0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate

fDcaHe

fDcavoDaug

fCosPA [

fMassH3L [

fNTPCCrossedRowsHe [

F0.50

F0.25

F0.00

F—0.25

F0.25

- 0.00

r—0.25

F—0.50

I-OTS
—-1.00

maria.paula.palhares@cern.ch

IX Reunido Geral - Projeto Especial FAPESP "Fisica e Instrumentacdo de Altas Energias com o LHC-CERN”

13



BDT cut

BDT threshold score

e Determine the BDT threshold that maximizes the expected significance by significance scan.
o Backgrounds counts: Fit the invariant mass in data using a pol1 in the nominal £5c region.
o Signal counts: Expected signal counts for
o BDTy., = arg max[Expected significance x €gpr(thr)].

1.5<p_<25 BDT threshold =2.06 € gy = 0.93 2.5<p  <3.5 BDT threshold =0.73 € gpr = 0.97 3.5 <p_<6.0 BDT threshold = 0.19 € gpr = 0.98
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Invariant mass spectrum

Fit information:
e Model: Double-sided Crystal Ball (signal) + Pol1 (background)
o Visible peak and considerable suppression of the background.
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pr spectrum

— 1 1 1T 1 L I 1T 11 I | L L | L L I 111 I 1|4
— - -
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e
> i . .
Q - —4 -
O AN i
o .
e Corrected p; spectrum with statistical and systematic uncertainties. - & ]
Z|=10 & E
o Blast-Wave fit: 3H mass fixed; B constrained from 3He parameters e % - ~
peripheral Pb—Pb collisions’. > i _
—i
Z .- -
e Systematics evaluated via multi-trial method: - \{ -
o BDT efficiency varied by +10%, and signal/background fit : | |
functions changed (pol2, exponential, Gaussian). 10 = 3,4 30 —
o Additional contributions: branching ratio (8%) and material - A A -
absorption (~2%). i 2 _
— Blast Wave i

'9||||I||||I||||I|||||||||I||||I||||I|||II
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p. (GeV/c)

2 'Phys.Rev.C 107 (2023).6,.064904
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Integrated yield

Measured yield:
e From the data points in the measured pr region. x10~

Extrapolated yield:
e printegrated yield obtained using a Blast-Wave fit to the measured data.

600

counts

500
Systematics

e Signal Selection & Extraction: 400
o Evaluated using uncorrelated combinations of BDT cuts and fit
functions (Levy-Tsallis and Boltzmann).
o RMS of these distributions taken as the systematic uncertainty.
= Relat. unc. = 6.43%

Levy-Tsallis

300 — Boltzmann

— Blast Wave (Default)
200

o Extrapolation Fit at low p-:
o Standart devation of the BW fit. 100
= Relat. unc. =15.79%

or -
— 1 1 1 1 | L1 1 1 I L1 1 1 | L1 1 1 I L1 1 1 I L1 1 1 | L1 1 1 I L1 1 1™
 Fit Function Choice: 0 1 2 3 A 5 6 7 8
o RMS of extrapolations with different functions (Levy-Tsallis and o (GGV/C)
Boltzmann)
= Relat. unc. =13.97% 4 N
dN B _7 7 —7
— =739 x 107"+ 0.59 x 10™ ' (stat) + 1.69 x 10~ (syst)
e BR and absorption: _ dy )

o Relat. unc. = 8% and 2%, respectively
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https://www.google.com/search?sca_esv=031e7e0cba0603c0&sxsrf=ANbL-n6b_YR59fzsQ4eUV5ftRGT9wstDOg:1775054157570&q=respectively&spell=1&sa=X&ved=2ahUKEwj2mJOE8MyTAxUm8bsIHcJOF2cQkeECKAB6BAgOEAE

Testing (hyper)-nucleossynthesis models: :H / A

Average A + A yields: < - T T T T T T =
e Compute from the cascades analysis in OO collisions’ = ~ ALICE Work in Progress =
n < - p-Pb OO (Preliminary) Pb-Pb ”
. - ——Run 2 (5.02 TeV) ¢+ Run 3 (5.36 TeV) 7 Run 2 (5.02 TeV) -
MLLA: 5 [ ] 2-body coalescence N
« Ratio between the average yield of {H and A with statistical and 10 S — g—gadgrﬂnalﬁg:.sepﬂc% v 1 v -
systematic uncertainties computed by error propagation. - e E“‘”_‘F """""""""""""""""""""" =
Comparison with the theorethical predictions: - 7 q
« Canonical Statistical Model: V¢ = dV/dy? 10— . & El _
« Coalescence®: el " -
o 2-body: /(r24) =10fm - _
o 3-body:y/(r2,,,) = 4.9fm : :
107 — =
: | | | | L1 11 I | | | | L1 11 I | :

10 10° 10°

< d N r.:h/dn }|ﬂ|{ﬂ.5

S 1V0s Analysis in 00 at 5.36 TeV = *Phys.Rev.C 100 (2019) 5,054906 &% °Phys.Lett.B 792 (2019)_132-1373 .
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https://alice-notes.web.cern.ch/system/files/notes/analysis/1736/2026-03-17-V0sAnalysisInOO5_36TeV_v4_0.pdf
https://alice-notes.web.cern.ch/system/files/notes/analysis/1736/2026-03-17-V0sAnalysisInOO5_36TeV_v4_0.pdf

Testing (hyper)-nucleossynthesis models: :H / A

A x107
Average/\ + /\yleldS < :I LI L I | L I L -I I | L I | L I rFrii I | L I LI L I:
e Compute from the cascades analysis in 00 collisions' = - ALICE Work In Progress .
o < — P OO (Preliminary) =
. ~ —#&— Run 2 (5.02 TeV) ¢#— Run 3 (5.36 TeV) -
HAA , _ 3 ] o 3 :_ || 2-body coalescence —:
e Ratio between the average yield of fH and A with statistical and ~ [ 3-body coalescence -
, . : S CSM: T, =155 MeV, V, = 1dVidy ..~ _
systematic uncertainties computed by error propagation. 2 5 ‘ _
Comparison with the theorethical predictions: 21— —
 Canonical Statistical Model: V; = dV/dy ° . -
« Coalescence®: L5 .
o 2-body: 4/(r2z;) =10fm - s _ -
o 3-body:y/(r2,,,) = 4.9fm 1 - ! -
3 . . 0.5 —
AH / A: measurement in OO collisions: - ~
o Lies above the coalescence predictions by about 1.446 (2-body)and £ vt v v T oo b bow o b Laa g o

2.136 (3-body), and deviates from the canonical SM predictionby 10 1o 2025 30 35 40 4> 50
7.860. < dN./dn ZIni<0.5

S 1V0s Analysis in 00 at 5.36 TeV = *Phys.Rev.C 100 (2019) 5,054906 &% °Phys.Lett.B 792 (2019)_132-1373 .
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https://alice-notes.web.cern.ch/system/files/notes/analysis/1736/2026-03-17-V0sAnalysisInOO5_36TeV_v4_0.pdf
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Antimatter-to-matter ratio: BDT for signal extraction

H candidates

m<
e Global model: pr-integrated training and testing locally in
each ps-bin.
o prbins[1.5, 3.0, 6] and centrality class 0-90%:
= Analysis performed separately for matter and

antimatter.

o Features training: DCAy,, DCAsy, €0SBpn and

NTPCClusCrossedRows3He.
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Invariant mass spectra

Fit information:
e Double-sided Crystal Ball (signal) + Pol1 (background)
o Visible peak and considerable suppression of the
background.
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pr spectrum and rH-to-iH balance

e Corrected p; spectrum with statistical and systematic uncertainties.

e Matter-to-antimatter ratio consistent with unity within uncertainties.
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Outlook

Summary:
e Ann weak-decay signature in Pb-Pb collisions at vsyy = 5.36 TeV:

o No statistically significant signal is observed. The first estimate of the yield is set as an upper limit (UL). The region below the mass threshold does not
match with the thermal model expectations.

o The observed trend of the average UL yield as a function of ct hypothesis (high production at very short lifetimes, suppression at intermediate lifetimes,
and gradual increase at longer lifetimes) indicates that there is no stable bound state.

. ,3\H production in OO collisions at vsyy = 5.36 TeV:
o Candidates were selected using a Boosted Decision Tree (BDT) approach, improving signal and background discrimination.

o The transverse-momentum spectrum is well described by a Blast-Wave function, indicating collective expansion consistent with hydrodynamic behavior
of the created system.

o The 3H/A ratio favors coalescence model predictions (1.44c for 2-body and 2.130 for 3-body implementations) and shows a strong deviation from the

canonical statistical model (7.860).

o The antimatter-to-matter ratio is consistent with unity, indicating a balance between matter and antimatter production. .
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	Hypernuclei
	Hypernuclei: Bound-state energy of ordinary nucleons and strange baryons (Λ, Σ).
	Extending the nuclear chart to strangeness dimension.
	Weakly decay after a few centimeters (cτ ≈ 5-7 cm) into two or more daughter particles.
	Key observables:
	Decay rate (Γ) =     = ΓMWD + ΓNMWD
	τ = lifetime
	Binding energy (BΛ) : -BΛ,Σ = M - (Mcore hypernucleus + MΛ,Σ)
	M depends of the reconstruction method:
	Invariant mass reconstruction:
	Lighest known hypernucleus:  3H (hypertriton).
	BΛ ≈ 100 KeV ⟶ rdΛ ~ 10 fm.1,2
	Heavier hypernuclei at ALICE3: 4He (anti-hyperhelium-4).
	A = 4 hypernuclei are more bound and each have an excited state.4
	BΛ ≈ 2 MeV ⟶ r ~ 2 fm.5
	3H
	rdΛ
	maria.paula.palhares@cern.ch
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	Ongoing analyses:
	Searching for the Λnn weak-decay signature in heavy-ion collisions.
	Possible existence remains an open question:
	First observation claimed in 20131, no further experimental evidence has been presented supporting its existence — whereas the state-of-the-art model calculations do not expect it to be bound2,3.
	Investigating 3H hypernucleosynthesis in light-ion collisions.
	Studied across several collision systems, from low-multiplicity (pp and p–Pb) to high-multiplicity heavy-ion collisions (Pb–Pb), testing hadronization models.
	Intermediate system size: Bridge the gap in 3H production between small and large systems.

	Previous results on Λnn reconstruction
	Pb–Pb collisions at √sNN = 5.36 TeV collected by ALICE during 2023:
	7.0 x 109 events for tracks from the central barrel requiring hadron PID.
	Topological reconstruction of the possible two-body decay channel: Λnn ⟶ 3H +  π- + charge conjugate (c.c).
	Rare probe:
	Significance scan performed across central and semi-central centrality classes and over 8  pT bins to find the best centrality and pT bin to a possible signal:
	Background estimated via linear interpolation in the sideband region (μ ± 3σ).
	Signal based on ³H yield in Pb–Pb collisons at √sNN = 5.02 TeV1.
	No statistically significant signal is observed in the region of transverse momentum pT and centrality with the highest sensitivity to a potential Λnn signal -corresponding to an expected significance of 4.6σ.
	Upper limit of the expected Λnn yield:
	In the most conservative scenario, the Λnn yield does not agree with the SHM predictions below the bound state threshold.
	maria.paula.palhares@cern.ch
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	Signal based on ³H yield in Pb–Pb collisons at √sNN = 5.02 TeV1.
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	Pb–Pb collisions at √sNN = 5.36 TeV collected by ALICE during 2023:
	7.0 x 109 events for tracks from the central barrel requiring hadron PID.
	Topological reconstruction of the possible two-body decay channel: Λnn ⟶ 3H +  π- + charge conjugate (c.c).
	Rare probe:
	Significance scan performed across central and semi-central centrality classes and over 8  pT bins to find the best centrality and pT bin to a possible signal:
	Background estimated via linear interpolation in the sideband region (μ ± 3σ).
	Signal based on ³H yield in Pb–Pb collisons at √sNN = 5.02 TeV1.
	No statistically significant signal is observed in the region of transverse momentum pT and centrality with the highest sensitivity to a potential Λnn signal -corresponding to an expected significance of 4.6σ.
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	cτ studies
	Goal: Obtain the upper limit yield assuming different cτ hypotheses.
	Step 1:
	Reweighting the ctgen distributions assuming different cτ values:
	cτ < cτmean : Acceptance-rejection sampling.
	P(cτ) = exp(ct(1/ cτmean - 1/cτ))
	cτ > cτmean : Apply a weight factor (w(cτ)) derived from the ratio between the probability density functions of the original and target distributions, normalized by the number of events in cτ = 45 cm.
	w(cτ) = (cτmean /cτ ) exp(-ct(1/cτ -1/cτmean))
	Step 2:
	Compute the UL yield as a function of M3H+π+cc for each dataset created by cτRW:
	UL computed for topological selection variations (DCAV0, DCAπ, cosθPA) applied in pT analysis.
	Step 3:
	Integrate the UL yield over the mass region where the signal peak were claimed:
	Average UL yield over (M ± σ)HypHI .
	σ = quadratic sum of syst. and stat. uncertainties.
	cτ ~ 7.7 cm ⟶ UL yield =  6.17 x 10-7

	ctgen distribution under different cτ hyphotesis
	1) cτ < cτmean:
	Rejection sampling:
	P(cτ) = exp(ct(1/ cτmean - 1/cτ))

	cτ studies
	Goal: Obtain the upper limit yield assuming different cτ hypotheses.
	Step 1:
	Reweighting the ctgen distributions assuming different cτ values:
	cτ < cτmean : Acceptance-rejection sampling.
	P(cτ) = exp(ct(1/ cτmean - 1/cτ))
	cτ > cτmean : Apply a weight factor (w(cτ)) derived from the ratio between the probability density functions of the original and target distributions, normalized by the number of events in cτ = 45 cm.
	w(cτ) = (cτmean /cτ ) exp(-ct(1/cτ -1/cτmean))
	Step 2:
	Compute the UL yield as a function of M3H+π+cc for each dataset created by cτRW:
	UL computed for topological selection variations (DCAV0, DCAπ, cosθPA) applied in pT analysis.
	Step 3:
	Integrate the UL yield over the mass region where the signal peak were claimed:
	Average UL yield over (M ± σ)HypHI .
	σ = quadratic sum of syst. and stat. uncertainties.
	cτ ~ 7.7 cm ⟶ UL yield =  6.17 x 10-7

	cτ studies
	Goal: Obtain the upper limit yield assuming different cτ hypotheses.
	Step 1:
	Reweighting the ctgen distributions assuming different cτ values:
	cτ < cτmean : Acceptance-rejection sampling.
	P(cτ) = exp(ct(1/ cτmean - 1/cτ))
	cτ > cτmean : Apply a weight factor (w(cτ)) derived from the ratio between the probability density functions of the original and target distributions, normalized by the number of events in cτ = 45 cm.
	w(cτ) = (cτmean /cτ ) exp(-ct(1/cτ -1/cτmean))
	Step 2:
	Compute the UL yield as a function of M3H+π+cc for each dataset created by cτRW:
	UL computed for topological selection variations (DCAV0, DCAπ, cosθPA) applied in pT analysis.
	Step 3:
	Integrate the UL yield over the mass region where the signal peak were claimed:
	Average UL yield over (M ± σ)HypHI .
	σ = quadratic sum of syst. and stat. uncertainties.
	cτ ~ 7.7 cm ⟶ UL yield =  6.17 x 10-7

	cτ dependence of Λnn production
	Very short lifetime (cτ ≈ 1 cm):
	Average yield is high, above 3H production, indicating a possible very fast decay.
	For cτ ~ cτΛ :
	Clear supression is observed!
	Long lifetime (cτ > cτΛ):
	An increasing slope of Λnn production, after Λ free decays.

	Ongoing analyses:
	BDT application for signal extraction
	OO collisions at √sNN = 5.36 TeV collected by ALICE during 2025:
	2.4 x 109 events for tracks from the central barrel requiring hadron PID.
	Topological reconstruction of the mesonic two-body decay channel: 3H ⟶ 3He + π- + charge conjugate (c.c).
	Global model: pT-integrated training and testing locally in each pT-bin.
	pT bins [1.5, 2.5, 3.5, 6] and centrality class 0-90%:  analysis performed for matter + anti-matter together.
	Features training: DCAV0, DCA3He, cosθPA and nTPCClusCrossedRows3He.

	BDT cut
	BDT threshold score
	Determine the BDT threshold that maximizes the expected significance by significance scan.
	Backgrounds counts: Fit the invariant mass in data using a pol1 in the nominal ±5σ region.
	Signal counts: Expected signal counts for hypertriton in peripheral heavy-ion collisions (50-80% centrality class) in Run 3.
	BDTthr = arg max[Expected significance × ϵBDT(thr)].


	Invariant mass spectrum
	Fit information:
	Model: Double-sided Crystal Ball (signal) + Pol1 (background)
	Visible peak and considerable suppression of the background.


	pT spectrum
	Corrected pT spectrum with statistical and systematic uncertainties.
	Blast-Wave fit: ³H mass fixed; β constrained from ³He parameters in  peripheral Pb–Pb collisions1.
	Systematics evaluated via multi-trial method:
	BDT efficiency varied by ±10%, and signal/background fit functions changed (pol2, exponential, Gaussian).
	Additional contributions: branching ratio (8%) and material absorption (~2%).

	Integrated yield
	Measured yield:
	From the data points in the measured pT region.
	Extrapolated yield:
	pT-integrated yield obtained using a Blast-Wave fit to the measured data.
	Systematics
	Signal Selection & Extraction:
	Evaluated using uncorrelated combinations of BDT cuts and fit functions (Levy-Tsallis and Boltzmann).
	RMS of these distributions taken as the systematic uncertainty.
	Relat. unc. = 6.43%
	Extrapolation Fit at low pT:
	Standart devation of the BW fit.
	Relat. unc. = 15.79%
	Fit Function Choice:
	RMS of extrapolations with different functions (Levy-Tsallis and Boltzmann)
	Relat. unc. = 13.97%
	BR and absorption:
	Relat. unc. = 8% and 2%, respectively


	Testing (hyper)-nucleossynthesis models: 3H / Λ
	Average Λ + Λ yields:
	Compute from the cascades analysis in OO collisions1
	3H / Λ:
	Ratio between the average yield of 3H and Λ with statistical and systematic uncertainties computed by error propagation.


	Comparison with the theorethical predictions:
	Canonical Statistical Model: VC = dV/dy 2
	Coalescence3:
	2-body :                        fm
	3-body:                         fm
	3H / Λ: measurement in OO collisions:
	Lies above the coalescence predictions by about 1.44σ (2-body) and 2.13σ (3-body), and deviates from the canonical SM prediction by 7.86σ.
	1V0s Analysis in OO at 5.36 TeV



	Testing (hyper)-nucleossynthesis models: 3H / Λ
	Average Λ + Λ yields:
	Compute from the cascades analysis in OO collisions1
	3H / Λ:
	Ratio between the average yield of 3H and Λ with statistical and systematic uncertainties computed by error propagation.


	Comparison with the theorethical predictions:
	Canonical Statistical Model: VC = dV/dy 2
	Coalescence3:
	2-body :                        fm
	3-body:                         fm
	3H / Λ: measurement in OO collisions:
	Lies above the coalescence predictions by about 1.44σ (2-body) and 2.13σ (3-body), and deviates from the canonical SM prediction by 7.86σ.
	1V0s Analysis in OO at 5.36 TeV



	Antimatter-to-matter ratio: BDT for signal extraction
	3H candidates
	Global model: pT-integrated training and testing locally in each pT-bin.
	pT bins [1.5, 3.0, 6] and centrality class 0-90%:
	Analysis performed separately for matter and antimatter.
	Features training: DCAV0, DCA3He, cosθPA and nTPCClusCrossedRows3He.

	3H candidates

	Invariant mass spectra
	Fit information:
	Double-sided Crystal Ball (signal) + Pol1 (background)
	Visible peak and considerable suppression of the background.


	pT spectrum and 3H-to-3H balance
	Outlook


