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Hypernuclei

A hypernucleus is a nucleus which contains at least one hyperon (a baryon containing one or more
strange quarks) in addition to nucleons
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1952: first observation of hypernuclear decay
from cosmic rays data

Photographic emulsion M. Danysz and J.Pniewski, Phil. Mag. 44 (1953) 348
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Hypernuclei

A hypernucleus is a nucleus which contains at least one hyperon (a baryon containing one or more
strange quarks) in addition to nucleons

Main goals of hypenuclear physics:
e Extension of nuclear chart

e Understand the baryon-baryon interaction in
strangeness sector S

e Study the structure of multi-strange systems

3D nuclear landscape

http://wwwal.kph.uni-mainz.de/Hyp2006/poster.html
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Hypernuclei production in heavy-ion collisions G

e The study of the production vyield of light (hyper-)nuclei
IS very important:

= Production mechanism is not well understood
» How/when do they form?
« “early” at chemical freeze-out (thermal production)
« or “late” at kinetic freeze-out (coalescence)?
> Do they suffer for the dissociation by rescattering?

Low binding energy (few MeV) and A separation
energy "Snowballs in hell": their formation is very
sensitive to chemical freeze-out conditions and to

the dynamics of the emitting source
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Hypertriton (3H)

° His the lightest known hypernucleus and is formed by (p,n,A).

e Mass =2.991 GeV/c?
. B,=0.130.05MeV (B,=2.2 MeV, B_=8.5MeV, B, _=7.7 MeV)

(*,H) >, H is unstable under weak decay. Possible decay modes:

P H>3He+m  (V25%) *H->3%He+m* (~25%)
PHSH +x° (V13%) PHSH +a®  (V13%)
SH>d+p+a (V41%) *H>d+p+at (~41%)
PH>d+n+m® (~21%) *H>d+n+a® (~21%)

e Branching ratios are not well known
e Only few theoretical calculations[1] available

[1] Kamada et al., Phys. Rev. C57(1998)4
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Motivations for hypertriton (3H) study

e A=3 (anti-)(3He, t, 3,\H), simple systems of 9 valence quarks:
e 3, H/?He and3,H /t (and anti) = A-nucleon correlation (local baryon-strangeness correlation)

e t/°*He (and anti) = local charge-baryon correlation

e« YN & YY interaction (strangeness sector of hadronic EOS, cosmology, physics of neutron stars)
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ALICE Collaboration, Phys. Lett. B 754 (2016) 360—372 ALICE Collaboration, Phys. Lett. B 797 (2019) 134822
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Hypernuclei production in heavy-ion collisions G

e Thermodynamic approach to particle production in
heavy-ion collisions

« Abundances fixed at chemical freeze-out (T _ ):
(hyper)nuclei are very sensitive to T __because of their

large mass (M)
= Exponential dependence of the yield:

d N/dy Oce(' m/Tchem)

LHC

Yield per 10° most central event

Ll Ll
10°

10 10°
A. Andronic et al., Phys. Lett. B 697, 203 (2011) \ Sy (GeV)

e Nuclei are formed by protons and neutrons which are
nearby in space and have similar velocities (after kinetic
freeze-out)

e Produced nuclei can break apart and be created again by

final-state coalescence _
Centrality (%)
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G. Chen et al., Phys. Rev. C 88, 034908 (2013)
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Experimental apparatus




arge lon Collider Experiment

ALICE particle identification capabilities are unique. Almost all known techniques are exploited:
specific energy loss (dE/dx), time of flight, transition radiation, Cherenkov radiation, calorimetry and
decay topology (V°, cascade).

ACORDE

ABSORBER

ALICE Collaboration, Int. J. Mod. Phys. A 29 (2014) 1430044
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arge lon Collider Experiment

ALICE particle identification capabilities are unique. Almost all known techniques are exploited:
specific energy loss (dE/dx), time of flight, transition radiation, Cherenkov radiation, calorimetry and
decay topology (V°, cascade).

Stip) (W) (Phel Inner Tracking System (ITS) :
: = Primary vertex
= Tracking

» Particle identification via dE/dx

ZDC
~116mfromLPp,

[ TRIGGER
CHAMBER
S ZDC
- ?’__ 116m from |.P,
= ' =S
—~

: IMAGNET,
ALICE Collaboration, Int. J. Mod. Phys. A 29 (2014) 1430044
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arge lon Collider Experiment

ALICE particle identification capabilities are unique. Almost all known techniques are exploited:
specific energy loss (dE/dx), time of flight, transition radiation, Cherenkov radiation, calorimetry and
decay topology (V°, cascade).

) (D) (P Inner Tracking System (ITS) :
: = Primary vertex
= Tracking

» Particle identification via dE/dx

Time Projection Chamber (TPC):
= Global tracking
» Particle identification via dE/dx

-
DIPOLE
MAGNET,

ALICE Collaboration, Int. J. Mod. Phys. A 29 (2014) 1430044
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arge lon Collider Experiment

ALICE particle identification capabilities are unique. Almost all known techniques are exploited:
specific energy loss (dE/dx), time of flight, transition radiation, Cherenkov radiation, calorimetry and
decay topology (V°, cascade).

ACORDE

Inner Tracking System (ITS) :
= Primary vertex
= Tracking
» Particle identification via dE/dx

EMCAL

TRD
HMPID

s TRACKING
= CHAMBERS

Time Projection Chamber (TPC):

- VD - S > o - = Global traCking
& == » Particle identification via dE/dx

> s — Y% - Time Of Flight (TOF):

T0 -

o) Jilt | o TRIGGER = Particle identification via velocity

oy CHAMBER!
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ALICE Collaboration, Int. J. Mod. Phys. A 29 (2014) 1430044
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arge lon Collider Experiment

ALICE particle identification capabilities are unique. Almost all known techniques are exploited:
specific energy loss (dE/dx), time of flight, transition radiation, Cherenkov radiation, calorimetry and
decay topology (V°, cascade).

B s Inner Tracking System (ITS) :
: = Primary vertex
= Tracking

» Particle identification via dE/dx

Time Projection Chamber (TPC):
= Global tracking

» Particle identification via dE/dx
Time Of Flight (TOF):
= Particle identification via velocity
measurement

VO (A-C): Trigger, beam-gas event rejection,
centrality, multiplicity classes

AL|CECOI|ab \/ -
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Centrality of the collisions

Participants
before collision after collision
Centrality = degree of overlap of the 2 colliding nuclei Centrality estimated with a Glauber model fit to

the signal amplitude in the VO scintillator arrays

Central collisions: .

) = ALICE Pb-Pbat |sy, =276 TeV .
. 5 -~ + Data
e small impact parameter b 10" F —— NBD.Giauber
. « . . Ell P-KXU Npart+(1-ﬂNm\|] 104
e high number of participant nucleons - high PO | NG
multiplicity & S ]
10° E
Peripheral collisions: @ 0l g | . 3
e large impact parameter b CUEEE R e e e K
0 5000 10000 000 20000

e low number of participant nucleons - low multiplicity VZERO amplitude (arb, units)

ALICE Collaboration, Phys. Rev. Lett. 106, 032301 (2011)

04/03/2020 36th WWND- Ramona Lea 7 /29




> Hidentification




(2H) > H identification

Decay Channels

/3\ H - 3He + 1T % H-> *He+ _— Pb- Pb 2015 run \sNN=5 02 TeV negative particles
s @k k- “’H'e ‘He ALICE performance
f\H > H +7° “H-S> H+mo 'S 900 vy % 20.04.2018 10°
; R S 800F
+p+TC A + p+ s F s
H=>d+p+n AH—> p+ T S ook 10
3 — -
"H>d+n+1° sH>d+n+ 600/ 10°
Q 500 f
= - 10
3 - . - 400
“Hand “H search via two-body decays into charged st I
particles: i
 Particle identification via specific energy loss in the - S, 10
100F g, ey
TPC : Tl
fo
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(2H) > H identification

Decay Channels

3 3 - 310 3 + *He
“H—>" He+m ~H > He+m
3 —_ Secondary /®
f\H%H-I_T[O KH%H-I_HO Vertex
3 ’;@? 0/ Pointing Angle
3 ] 35 o, — . ;8
H=>d+p+n AH=>d+p+ DCA’He s 4 1
3 37 — toPv X 54
H>d+n+m° “H>d+n+n 2
Primary DCA T
Vertex to PV
°H and °>H search via two-body decays into charged Signal Extraction:
; 3
particles: e |dentify *He and

e Evaluate (3He,m) invariant mass
e Apply topological cuts in order to:

> identify secondary decay vertex

> reduce combinatorial background
e Extract signal
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e Two body decay: low combinatorial background
e Charged particles: ALICE acceptance for charged
particles higher than for neutrals




(2H) > H identification

Decay Channels

iH93He+T[’ %H93HE+T[+ - I BERANRRRRN I
- %140 5 ALICE Performance, 28/11/2016 ]
iH > H +m° AH—> H+ m° 3120 ISy = 5.02 TeV 1
3 ) 3 = — . 8 Pb-Pb, 0-80%
H>d+p+m aAH—>d+p+ n 2 100 S
3 _
"H>d+n+1° AH=>d+n+m 80
60
°H and °>H search via two-body decays into charged a0f
particles: - + k
) TWO body decay: |OW Combinatorial background 0_1|||||\ A I R R A R
. 297 298 299 3 3.01 3.02 3.03 304 305
e Charged particles: ALICE acceptance for charged M(*He, & °He, 1) (GeV/c?)

particles higher than for neutrals
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(2H) > H identification

Decay Channels

*H > He+m :H > He+ 1’

*H>H +1 “H-> H+mO

3 - s g g

‘H>d+p+m "H->d+p+

3 3 —

H—>d+n+m “H->d+n+n° Secondary

o DCAp

>Hand ;H search via three-body decays into charged ey
particles: " boad ™

fo PV Primary
Vertex

e Larger combinatorial background
e High B.R. (V41%)
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(3 H) > H identification

Decay Channels

H S 3He + U 3H > *He+ .
A A b 220
3 0 317 o 0 = St ALICE Performance
/\H 2 H+m A H—> H+m 32005_ —Fit Pb-Pb | sy = 2.76 TeV (2011)
3 — — % 180:— ---Background 0-10%, |y| < 0.5
H>d+p+m CH->d+p+ £ 160F
L =
140 |
iH%d+n+n0 %H%H+ﬁ+7’[o 1202
100 F
80 F
T . . 60 |
f\H and ;H search via three-body decays into charged .
particles: 20F
) . 8.96 297 298 299 3 3.01 302 3.03 3.04 305
e larger combinatorial background M. (GeV/c?)

e High B.R. (~41%)
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(2H) > H identification

Decay Channels

;D)\H %3He+n— %H%S_e_l_ T[+ &5120_|| T I| LR i | | S5 S { B S 1 | |||||| { O IIII | S | |I il | I_

2 % [ ¢ Data ALICE Performance i

3 H-=> H + ° KH > H_l_ 10 = o= T S?gnaI+Background Pb-Pb |5, =502TeV _]

4 S s o2 2< ot <4cm, 090% -

T g e

*H> d+p+ AHS>d+p+ 1 <R s i E

A [2] I il

c L =

3 — 3 E :

"H>d+n+m TH>d+n+m 8 ool E

:

iH and %H search via two-body decays has been also 20:_ i E

performed using machine learning: ; | | -';’-l-----"a-T#H 5 W

e BDT (Boosted Decision Tree) method using a 08 TEeT T aee hge 3 s 500 505 304

selection that maximize the significance x BDT M (He + ) (GeV/c?)
efficiency
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A Hlifetime “puzzle”

ALICE Collaboration, Phys. Lett. B 754 (2016) 360-372




3 g 0 7 )7
“H litetime “puzzle

o Verysmall E;, (V130 keV) led to the hypothesis that the 3,H lifetime is slightly below the free A lifetime (263.2

+ 2 ps[1])

e Few theoretical prediction

s available

e first one by Dalitz and Rayet (1966) = T range 239.3- 255.5 ps
e most recent by Congleton (1992) and Kamada (1998) — 232 ps and 256 ps

e Many experiments faced this challenge with different experimental techniques

PR 136 (1964) B1803
PRL 20 (1968) 819
PR 180 (1969) 1307

NPB 16 (1970) 46
PRD 1 (1970) 66
NPB 67 (1973) 269

Science 328 (2010) 58
NPA 913 (2013) 170
PLB 754 (2016) 360

PRC 97 (2018) 054909

PLB 797 (2019) 134905

04/03/2020

Theoretical predictions
== PRC 57 (1998) 1595
— J.Phys. G18 (1992) 339-357

Nuo. Cim. 46 (1966) 786

T U

== PLB791(2019) 48-53
T

T
- —4-1
IR |

'
el = —| 1
1

|
K

—_t
=]

— A lifetime - PDG value _|

World average

RN VY
0 100

MRS B |
200

I W T TN N )
300 400 500

%H lifetime (ps)
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Experimental results

e Emulsion and bubble chamber experiment results tend
to agree with free A value = limited number of events
satisfying the selection criteria = large errors

» Heavy-ion results are systematically below the
expected free A lifetime

[1] C.Patrignani et al. (Particle Data Group), Chin. Phys. C 40 100001 (2016)
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>H lifetime puzzle nears resolution

o < 90,
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B — The lifetime estimate is performed:

using the full data sample of Pb-Pb collisions at
Vs, = 5.02 TeV collected in 2015

selecting both hypertriton and anti-hypertriton
candidates

using “ct distribution”

Signal extraction in four different ct bins- 4-7,
7-10, 10-15, 15-28 cm

ALICE Collaboration, Phys. Lett. B 797 134905
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>H lifetime puzzle nears resolution

. . . cree e 2
Direct decay time measurement is difficult (~ps), & f\\\ ALICE
but the excellent determination of primaryand 38 [ ' Pb-Pb |5, = 5.02 TeV
decay vertex allows measurement of lifetime (ct) i AE: 0-90%, ly| < 0.8
— - * Data
N(t ) o N <0) eXp CT |j Systematic uncertainty
10 [ — Exponential fit | \ |
Where ct = mL/p F \
With m the hypertriton mass, L the decay length - (er=7.257; (stat) £ 0.51 (syst.) (cm)
and p the total momentum i
| | . l |
5 10 15 20 25

ALICE Collaboration, Phys. Lett. B 797 134905
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>H lifetime puzzle nears resolution

Full 2018 Pb-Pb data sample +
Machine Learning for signal extraction

. . . . . - TI_E
Direct decay time measurement is dlfﬁcult (~ps), & 1ok ALICE Preliminary 3
but the excellent determination of primaryand g E :
decay vertex allows measurement of lifetime (ct) & | Pb-Pb {5, =502TeV, 0-90% -
. > i -
via: el g
10° B
N(t)=N(0)exp|—— : :
cT B [ ? ) 7]
Where ct = mL/p 10 = 4
With m the hypertriton mass, L the decay length & 2
and p the total momentum B | | | | | | l:
0 5 10 15 20 25 30 35

L il =il | i | ] B | aE sl sl
I I | | I I
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>H lifetime puzzle resolution

Theoretical predictions

=+= PRC 57 (1998) 1595 Nuo. Cim. 46 (1966) 786
—— J.Phys. G18 (1992) 339-357 = = PLB 791 (2019) 48-53
Gele |....! i e e e ALICE can be used also for hypernuclear
Bo it b e i 8 physics measurements:
PRL 20 (1968) 819 |— —-—+—' - — .
HE > Results from 2018 Pb-Pb data + Machine
it b5 ] | i I i Learning methods represents the best
NED G 9e0 | = | ! . world measurement
PRD 1 (1970) 66 |— E|_:.7 i
NPB 67 (1973) 269 — ' I— = I
bl T > More precision can be reached:
Science 328 (2010) 58 [— AE'EP—'—, - — . . .
e ]| | v lifetime measured in the 3-body decay
B R £ channel
PLB 754 (2016) 360 |— -ElEl-—l : — _
i1k S e In the next future constraints also on the
PRC 97 (2018) 054909 |— == [y | i e oke ) A
0 B.R. determination can also be set
PLB 797 (2019) 134905 |— T.T.%;_ ot averade =
ALICE Preliminary Pb—Pb 5.02 TeV — I I ' |EEI] i I T

0 100 200 300 400 500
3 . :
“H lifetime (ps)
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Hadron Gas N
- onen®

/_\//
/

s ° H produced inside the hadron gas,

or is it produced with all the other
particles at the chemical freeze- out? }/




‘H p_spectra and yields

Transverse momentum spectra:

e Measured in central (0-10%) and semi-central collisions (10-40%)

o s
= .. o< =
= “ sl ol & ,gf.  ALICE Preliminary
o105 | 5 & CE
=k Fe D Yisun ~=0a oy 6F.  Pb-Pb {8 =5.02 Tev
== i
= o ; =
i =t as =t % 194076 conitalily 1.4 10—40% centrality
N % =
o_ E E
Q .
g ==
% - + °H— °He +n- R e e e e R R
= B et 0.8
— L [ = ] =
0 + 2H - °He + * } - I 06—
1."_ -~ Fit 0.41— iH - 3He + 1
02F *H > *He + n*
107 = Uncertainties: stat. (bars), sys. (boxes) % [C  Uncertainties: stat. (bars), sys. (boxes) A s o
_IIII|IIIIIIIIIIIIIIlIIIIlIIII|IIII|I:‘II|IIIII _IIII|IIII|IIIIIIIII|IIIIIIIII|IIII|IIII|IIII|
2 3 4 5 6 i 8 9 O0 1 2 3 4 5 6 7 8 9
P, (GeV/c) P, (GeV/c)

Anti-hypertriton/Hypertriton ratio consistent with unity vs. P,
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‘H p_spectra and yields

Transverse momentum spectra:

e Measured in central (0-10%) and semi-central collisions (10-40%)

- o 0.06
2 ALICE Preliminary P
%J X
G 10° — =
E = Pb-Pb \ SNN =5.02 TeV g 0.05
e St %% 10-40% centrality he
= = ==N
Q
= ==
% . + iH - 3He + T B 0.03
=10 =7
z [ --Fit
= o = Bt ! ] 0.02
- + 2H - °He + * : '
b g 5 0.01
107 = Uncertainties: stat. (bars), sys. (boxes) %
1 | | T [ | I | Y | I 1 N | | N T 1 | | N Y 9 | | |- ) | 1 ;\ el | T T | I O
2 3 4 5 6 7 8 9
P, (GeV/c)

107
C ALICE Preliminary .
L Pb-Pb |5, =5.02 TeV
& + ®H— °He + -
B + %ﬁ—) *He +
=5 $$ Uncertainties: stat. (bars), sys. (boxes)
C Points shifted for visibility
_IIIIIII|III|III|III|III|III|III|IIIIIII|III

200 400 600 800 1000 1200 1400 1600 1800 2000 2200

AN, /97 <05

Production in 3 centrality classes shows increase of production probability with increasing multiplicity
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>H production yield

ALICE Collaboration: PLB 754, 360 (2016)

o

: . Thermal models
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The ® H - °He + mt branching ratio is not

well known, only constrained by the ratio
between all charged channels containing
a pion

The preferred BRis ~ 25 % [1] (=
lifetime similar to free A)

Extracted yield is in good agreement
with equilibrium thermal model
prediction for T___ =156 MeV, such as

GSl-Heidelberg model [2], but not with
non-equlibrium models, like SHARE[3].

Result also in agreement with Hybrid
UrQMD [4]

[1]Kamada et al., Phys. Rev. C57(1998)4

[2] A. Andronic et al. Phys. Lett. B 697, 203 (2011)
[3]M. Pétran et al. Phys. Rev. C 88 (3) (2013) 034907
[4]). Steinheimer et al. Phys. Lett. B 714 (2012) 85-91
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>H production yield

dN/dy x B.R.

ALICE Collaboration: PLB 754, 360 (2016)
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0.35
B.R.

[2] A. Andronic et al. Phys. Lett. B 697, 203 (2011)
[3]M. Pétran et al. Phys. Rev. C 88 (3) (2013) 034907
[4]). Steinheimer et al. Phys. Lett. B 714 (2012) 85-91
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Hypertriton in thermal fit

z mEGK g KGR, BR 4 2 g amowe R R e Particle production yields
g . 10° ? i e e e AR R measured by ALICE in Pb-Pb

gﬁ D 10° b : ALICE Preliminary, Pb-Fb Sy =5.02 TeV, (_)-10%; . . _

S8z i fEor Wt (e B RO e L B e collisions at Vs, =5.02 TeV

g8 e R R o i e (TETIEE R R . .

93 B s e il « Hypertriton and nuclei (d and

g8 (gl B RN R N R R R L RIS R R *He) yields are included in the fit

o R = 5 Not in fit | § § ;BR:ZS%E = . .

Se 07 Fee Twe V@ wor] e csi-==: 1 e dN/dydescribed over a wide
88 s [ |—THERMUS 4 152+2  7832+484  588/11| § & range (10-4 _ 103) assuming
§8;: L - - = GSl-Heidelberg 153+2 7260 £410  41.6/11]: i o
g:g (07 " |-::SHARES 153£3  5211£708  51.7/11]; ?F_ thermal eqU|I|br|um and a
g8 g D e i i e e e chemical freeze-out temperature
g38 5 T, . =152-153 MeV
S » The temperature values are
;1‘ < compatible with the chemical
sk 3 freeze-out temperature ranges
=8 & obtained from the ratios to
w L < .
=83 deuteron and proton yields

K* not included in the fit
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Particle ratios

o ° H/*He ratio

. L

e Ratios for most central collisions in e
agreement with theoretical L 6F
predictions from Hagedorn resonance =
gas (HRG) and thermal models 1.4
1.2

1=

0.8

0.6

0.4

0.2

STAR Au-Au \/sNN =200 GeV
Science 328 (2010) 58

+ ALICE Pb-Pb \s,, = 2.76 TeV
PLB 754 (2016) 360

ALICE Preliminary
+ Pb-Pb \[sNN =5.02 TeV

ﬁ

Uncertainties: stat. (bars), sys. (boxes)

|III|III|III|lII|III|IIIIIIIlIII[IIIlIII

-+ Hagedorn resonance gas
---THERMUS

— GSl-Heidelberg

- - SHARE

(°H + 2H)
A A
(°He + °He)
assuming B.R. = 25%

O I |
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200 400 600 800 1000 1200 1400 1600 1800 2000 2200
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Particle ratios

. 3AH/p and 3AH/d

e *H/pand 3 H/d compared with
THERMUS predictions as a function of

e Ratio to light hadron yields more S i w
sensitive to the chemical freeze-out ot B0 SLICE BSliminary EELEE
temperature T___ = Pb-Pb |5,y =5.02 TeV = Measured 2H/p + 1o
102 0-10% centrality B Measured JH/d £ to

chem ? SHrd
4
e 5T =153-165 MeV el
e Inagreementwith T, =156 MeV 10° = /
obtained from the fit to particle yield o0 il
AH/p
10—7 B 1 | 1 1 1 | 1 1 1 I 1 1 1 l 1 Ik 1 I 1 1 1 | 1
100 120 140 160 180 200
T (MeV)
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Strangeness population factor

Strangeness population factor S, [1,2] is defined as:

strangeness is canceled

assuming B.R. = 25%

. . 1.5
e ALICE results obtained at 5.02 TeV is:

» 3.5
CD B .
3 L E864 Au-Pt 0-10% .-« GSl-Heidelberg
A p L Y PRC 70 (2004) 024902
S 373 X K 3~ 4 STARAu-Au0-80% i ehid LiehP
He C Science 328 (2010) 58 I st AVPT + Cot,
B HypHI °Li-"2C 2 e _
25 PLB 747 (2015) 129 String Melting AMPT + Coal.
I . . . i ALICE Pb-Pb 0-10% =+ DCM model
e Itisindependent on the chemical potential of the particles - PLB754(2016) 360 i
and any additional canonical correction factor for e e M OH

e compatible with the published results at 2.76 TeV and 1
with those at lower energies

IO

0.5

e inagreement with the prediction of the equilibrium
thermal model (GSI-Heidelberg) and of the Hyrbrid SERE NG A

UrQMD model s ppe B o
sy (GeV)

Uncertainties: stat. (bars), sys. (boxes)

e Coalescence predictions available only up to top RHIC

€ nergiesl needed at the LHC ene rgies [1] E864 Collaboration, T. A. Armstrong et al. Phys. Rev. C 70, 024902 (2004)
[2] S. Zhang et al. Phys. Lett. B 684, 224-227 (2010)
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Hypertriton in pp collisision

e First observation of (anti)hyper-nuclei production in pp collisions at the LHC
e Extremely rare : dedicated trigger devised in the ALICE Transition Radiation Detector using the signal fro

the highly ionizing *He

— 30
(R ALICE Performance
st ® Data
= 251 ‘H-%He +
® [ =—Fit
T b pp Vs =13 TeV
g L™RP = 2.0 pb’
= vomul -
S : le"‘“‘=7.7 pb™!
51
0 m | R .|--|-|. L1

e S e
M(°He, ) + M(°Fe, n*) (GeV/c?)
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Hypertriton in pp collisision

e First observation of (anti)hyper-nuclei production in pp collisions at the LHC

e Extremely rare : dedicated trigger devised in the ALICE Transition Radiation Detector using the signal fro
the highly ionizing *He

» Yield measurement in pp will help for a better understanding of the production mechanism

<~ 30
ICHR s ALICE Performance A
n ® Data -
= 251 ‘H—>%He +
8L I i <
T B pp \/E =13 TeV T * Pb+Pb @ 2.76 TeV
~ 20+ © = a7 — — COAL. (d-A)
2 B LTRD 20 b-1 = —— COAL. (n-p-A)
C I — [r—
=) E it = =P 10°F i E
8 15 — VOmult -1 (@)
: L int = 7.7 pb 10° |
B SPDmult 4 Ll
10 — Lint =09 pb
E 10"
5[ d
: T = QU:S:I @12102 gex/(O-BO% centrality)
e @ T TO®1" """~ == Tyvo-bgy conl
0 m: Lo | Wy [h o —— Three-body COAL. (b)
296 2.97 298 2.99 3 3.01 3.02 i03 3.04 3.05 10° = o =
M(°He, ) + M(°He, ©*) (GeV/c?) o, Jd

K. Sun, C.M. Ko, B. Donigus Phys. Lett. B 792 (2019)132
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Outlook — ALICE upgrade

After the LS2 ALICE will be able to collect data with better performance at higher luminosity
 Expected integrated luminosity: ~10 nb™ ( ~ 8x10’ collisions in the 0-10% centrality class)

» New ITS: less material budget and more precise tracking for the identification of hyper-nuclei
e All the physics which is now done for A =2 and A = 3 (hyper-)nuclei will be done for A =4

—d

Expected yield

10%

102
10

107"

— *He
— “He

ALICE Upgrade projection
Pb-Pb, | 5, = 5.5 TeV (0-10%), B=0.5T

-’

l '
1 IIIIIHl 1 \IIIIII‘ L IlIIIII| IIIIIIIl 1 ¢

ALICE Upgrade projection

T y S

aiiE iH —°%He + *
B.R. =25% (*)
1H —*He + w*
B.R. =50% (*)
“He —°He + p + m*
B.R. =32% (*)
(*) theoretical

102

Expected significance

10

il i

16°

Min. bias integrated luminosity (nb™)

04/03/2020

102

107

1

10

Pb-Pb, | 5y = 5.5 TeV (0-10%), B=0.5T

102 10" 1
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summary G

e Measurements of the (anti-)hypertriton production and lifetime have been performed
with the most recent LHC Run2 data exploiting the excellent performance of the ALICE
detector

e Thermal model can successfully describe particular aspects of the (hyper-)nuclei
measurements:

e Integrated yields and ratios are well described by thermal models

e Recent hypertriton lifetime measurement shows an improved precision and a value closer
to the A lifetime with respect to the previous heavy-ion results

e New theoretical calculations for the lifetime are needed as well as more precise
measurements of the value of Eg,

« New and more precise data are expected from the LHC on the presented topics in the
next years. These will provide stricter constraints to the theoretical models
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