oo b %K\é
FRANKFURT AM MAIN

ALICE

Measurement of the hypertriton
properties and production with ALICE

BOLOGNA ICHEP 2022 6
XLI 13 07 2022

International Conference

on High Energy Physics
Bologna (Italy)

Janik Ditzel
on behalf of the ALICE Collaboration



UNIVERSITAT

FRANKFURT AM MAIN

ALICE

Hypertriton

* A\, p, n bound state

Lightest known hypernucleus ‘
and very loosely bound

Mass = 2.991 GeV/c?
N\ separation energy = 130 keV

Recent calculations predict a

SHe
large radius for the hypertriton )A
wave function r, 4= 10.79 *3:2¢ fm /\

F. Hildenbrand, H.-W. Hammer, Phys. Rev. C 100, 034002 m
3/\|_|
« Decay modes:
S\H — 3He + S\ H—-d+p+1
3\ H— 3He + 119 S H—>d+p+T0°
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ALICE detector

* One of the four major LHC experiments

« Specialized in tracking and
particle identification from low 7 as:
to high momenta using i
different detector technologies —

—

e
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ALICE detector

* One of the four major LHC experiments

« Specialized in tracking and
particle identification from low
to high momenta using
different detector technologies

e

ITS (Inner Tracking System)

* Reconstruction of primary and
decay vertices

« Track reconstruction

 Particle identification for low
momentum particles
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ALICE detector

* One of the four major LHC experiments

« Specialized in tracking and
particle identification from low
to high momenta using
different detector technologies

[T}
- N
T

TPC (Time Projection Chamber)
» Tracking

 Particle identification via dE/dx
measurement
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ALICE detector

* One of the four major LHC experiments

« Specialized in tracking and
particle identification from low
to high momenta using
different detector technologies

e

TOF detector (Time Of Flight)
« Particle identification with time-
of-flight measurement
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ALICE detector

* One of the four major LHC experiments

« Specialized in tracking and
particle identification from low ~ e
to high momenta using B v

e

different detector technologies

ALICE

VO detectors

« Centrality / multiplicity
determination

« Trigger
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Hypertriton reconstruction ALICE

Pb- Pb 2015 run, \SNN_5 02 TeV negative particles

* Step 1:find and identify the daughter E1000E » meme AUIEE performancs
particle tracks E 9001 L 20.04.2018 ot
S 8001
: : . L = 10°
« Using TPC PID via the specific E 700F"
energy loss 2600 158
Excellent separation of different O 5001
particle species ™ 400 "
300?— i 10°
200 i
- /. 10
1003 Serti
P xioT T 55 456 |

ALI-PERF-152025
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Hypertriton reconstruction

« Step 1: find and identify the daughter
particle tracks

« Step 2: reconstruct the decay vertex
of the hypertriton

The identified daughters are assumed Secondary vertex - VO
to come from a common vertex

Thelir tracks are matched by algorithms
to find the best possible decay vertex

Problem: huge combinatorial background

Solution: topological and kinematical cuts
or machine learning approach
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ALICE

Hypertriton reconstruction

« Step 1: find and identify the daughter \
particle tracks

« Step 2: reconstruct the decay vertex
of the hypertriton

« Step 3: applying corrections

3He

Secondary vertex - VO

’

» Tracking efficiency and detector acceptance io /]
DCA3He &/ N
: : : ,*<¢/ /Y Pointing angle

 Assuming a branching ratio of 25% WY o /Y '
i </ . :

Q H . DCA «
' >

Primary ' to PV
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Hypertriton production

« Hypertriton production in
heavy-ion collisions
since LHC Run 1

* Integrated yield well described
by the Statistical Hadronization
Model (SHM)

« SHM assumes hadron
abundances from statistical
equilibrium at the common
chemical freeze-out temperature
T, =156 MeV
How hypernuclei can survive in
this environment is not clear

09.07.2022
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Nucl. Phys. A 971 (2018) 1-20, arXiv:1710.07531 [nucl-ex]
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Hypertriton production ALICE

3/\H

« Hypertriton production in
heavy-ion collisions Beam
since LHC Run 1

» Coalescence Model:
Nucleons that are close in phase
space at the freeze-out can form
a nucleus via coalescence.
The key concept is the overlap

between the nuclear wave functions
and the phase space of the nucleons

Beam \
3. H

K.-J. Sun, C.-M. Ko and B. Dénigus, Phys. Lett. B 792 (2019)132-137, arXiv:1812.05175 [nucl-th]
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Hypertriton in small systems ALICE

< T T TT | T I T TTT I| I I T T TTT |
« 2. H/ Aratio vs. multiplicity T [+ | ALICE Pb-Pb, 0-10%, {5y, = 2.76 TeV
® <405 BR.=025:002 —
« Extremely sensitive to the nuclei L e
production mechanism: I
 For statistical hadronization models
(SHM) the object size is not relevant I
* |n a coalescence picture large .
suppression of the production in 10 2 3.body coalescence
small systems expected due to the 5 :
. . = 2-body coalescence
object size W .
—[Sé%-HVI Ve =dV/dy
= SHM, Ve = 3dV/dy i
| I T | I| | | I I | \| |
10 10? 10°
1 ovamnio . s Sy, LB o BT kv son D e ot AN Jdm), o
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3\H /A ratio ALICE

< IIII| T T III]II[ T Tlllllll T
 Measurements in pp and p-Pb: T | ALICE p-Pb, 0-40%, Sy, = 5.02 TeV
t . t t dﬂ: t It I t ™ <10_5 B = ALICE Preliminary pp, HM trigger,{s = 13 TeV N
WO new points at different multiplicities  [5] ALIGE Pb-Pb, 0-10%, (5., = 2.76 TeV .
* Points slightly favour the T BR=02580.02 e ﬂ -
two-body coalescence .
- But do not exclude i
three-body coalescence -
107° =
—aibody coalescence .
—ﬁibody coalescence |
—SHM. Ve=dvidy
----SzHM, Ve = 3dV/idy |
IIIII 1 lllJlI[ 1 tlllllll 1
10 102 10°
o v 5 Domats i Soeekr Py Lo 3 108 (GO o174 0 508 55 e o arXiv:2107.10627 AN jdm) . o
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ALICE

S3

(ap] TTTT T TITIIII[ T TIT]T]II

© S,= (4 %He) [ (A p) vs. multiplicity osf  SAUCERFR O sty
« Strangeness population factor 08 fx_ L*JALICE Pb-Pb, 0-10%, {5, =2.76 TeV f
for the measurement of baryon- oo b N T E
strangeness correlations 062‘ g
« Measurements in pp and p-Pb: - .
two new points at different multiplicities O E E
 Points slightly favour the 04 - .
two-body coalescence 03 - ~ 3body coalescence
« But do not exclude 02 i 2-pody coalescence —
three-body coalescence 01E T ve=dvidy S
& ==SHM, Ve = 3dV/dy -
o B il R o]

10 10 10°
e e e o arxiv:2107.10627 AN /am) . o
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Hypertriton in Pb-Pb collisions
» Recent measurement in Run 2 RFIEEEELEEL
Pb-Pb collisions at 5.02 TeV © [ ¢+ Dam ALICE Performance
_ _ _ = 00 —— Signal + Background Pb-Pb |[s, = 5.02 TeV
* Signal extraction by using a & ¢ v Signal D<ot <4 om 0.90%
machine learning approach = b Background ] ’
« Using a boosted decision tree ‘%
(BDT) and hyper parameter S 60

optimisation

I
o

N
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| | |
296 29 3.02 3.03 3.04

M (*He + 1) (GeV/c?)

ALI-PERF-335127
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Current world average
P.A. Zyla et al. (PDG), PTEP 083C01 (2020)

HLICE
Free A lifetime
N ' | | |
« Recent measurement in Run 2 275_— —
Pb-Pb collisions at 5.02 TeV - 4ECH — STAR .
« New, extremely precise g 270 - -
measurement of the free o L ]
A lifetime as reference for E 265 ‘
the hypertriton lifetime =
* This measurement is ~3 more S 260 OULARD .
precise than the PDG value E ! CLAYTON Preliminary
255 —

250
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Theoretical predictions
- - Nuo. Cim. 46 (1966) 786 -+ Nuo. Cim. 51 (1979) 180-186 ﬂ L I C E
- - - —— J.Phys. G18 (1992) 339-357 -~ PRC 57 (1998) 1595
Hypertrlto n I |f€t| me PRC 102 (2020) 064002 PLB 811 (2020) 135916

PR 136 (1964) B1803| —@ — . | i: T
« Recent measurement in Run 2 PRL 20 (1968) 819| g )
Pb-Pb collisions at 5.02 TeV PR 180 (1969) 1307| L, -
i : B . N
* |s compatible with the free \PEIG (970 46| —e—i |
A lifetime within its uncertainties PRD 1(1970) 66| B o ~
o ) NPB 67 (1973) 269 : o
* New preliminary result will - ; 4’ .
. . Science 328 (2010) 58 —EE—L— Lt 3
push the world average lifetime - N -
a little up NPA 913 (2013) 170| IEE-! |: : |
PLB 754 (2016) 360 $——T: : o
PRG 97 (2018) 054909— : IE E_A lifetime - PDG value
PLB 797 (2019) 134905 B ! ' ' N
arXiv:2110.09513(2021)_ ' ' E B
ALICE Preliminary Pb-Pb 5.02 TeV B : I II%E*] |

300 400 500
°H lifetime (ps)
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Hypertriton binding energy

e Recent measurement in Run 2
Pb-Pb collisions at 5.02 TeV

* |s compatible with the latest
theoretical predictions

1.2

1

B, (MeV)

0.8
0.6
0.4
0.2
0
-0.2
-0.4

[NPB47(1972)] R.H. Dalitz, R.C. Herndon, Y.C. Tang, Nuclear Physics B, Volume 47, Issue 1, 1972, Pages 109-137

[arXiv:1711.07521] Lonardoni, Diego and Pederiva, Francesco, arXiv:1711.07521 [nucl-th]
[PRC77(2008)] Fujiwara, Y. and Suzuki, Y. and Kohno, M. and Miyagawa, K., Phys. Rev. C 77, 027001
[EPJ56(2020)] F. Hildenbrand and H.-W. Hammer, Phys. Rev. C 100, 034002
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ALICE

Theoretical calculations
----- NPB47(1972) — PRC77(2008)
— arXiv:1711.07521 8 EPJ56(2020)

NPB1(1967)
+ NPB52(1973) I

STAR(2019)

NPB4(1968) ALICE

® Preliminary

PRD1(1970)

ALI-PREL-486370

Hypertriton — Janik Ditzel — ICHEP2022

19



GOETHE
UNIVERSITAT
FRANKFURT AM MAIN

ALICE Prellmlnary _’ ﬂ L I C E
Hypertriton production ; i Po-PD {5 =502 TeV
- Recent measurement in Run 2 C - 1 [ o0-5%
Pb-Pb collisions at 5.02 TeV 5 t :
» Determination of the baryochemical e
. . . . _ 5-10% _
potential including the hypertriton e ]
In different centrality bins [ ]
R - L e = R 1 o100
« Using antiparticle to particle ratios T : | | 2-10%
as input o5 | -
s E
h/h o exp [—2 (B + §) ' — 213 'UI‘D’] Z _ [+] B
3) T T LA [T] —— 30-50%
ct (cm)
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Hypertriton production

» Recent measurement in Run 2
Pb-Pb collisions at 5.02 TeV

 Fit to the data provides a value
of Yg close to zero in the most
central collisions

 Antiparticle to particle ratio
compared to SHM predictions
at T,,= 155 + 2 MeV and using
the obtained g

* Very precise result even with large
uncertainties for the hypertriton
and a small overestimation for the
SHe

09.07.2022

Ratio

fit
data

data

1.05
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0.95
0.90
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ALICE

Outlook
™ rrrT L roT T T

. . . - __* | ALICE p-Pb, 0-40%, |'s,,, = 5.02 TeV
_Stuqles Of hypert“ton prOdUCtlon 0.9 =  ALICE Preliminary pp, HM trigger,/s = 13 TeV
In different multiplicities are the key [+ ] ALICE Pb-Pb, 0-10%, {5, = 2.76 TeV
to explore the formation mechanism:

« We are currently performing studies
on a different triggered dataset, 0.6

0.8

2\

B.R.=0.25+0.02

0.7

III|IIII|I\II‘IIII|I\\I‘IIII|III,'I|IIII IIII|I\I

which will allow us to set another point 0s E
 There is another p-Pb dataset i
available which could also 0.4 E
give an additional point 03 % 1.bocy doscancs
(1] ]
0.2 AN S—]body coalescence —
—SHM, Ve =dV/idy
= SHM, Ve = 3dV/idy ~
0 L 111 L1 1111 [ I J[2]I 1 1111 I | n

10 10° 10°
e e e o arxiv:2107.10627 AN /am) . o
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ALICE

Outlook

(ap] F T TTT T T T T T TTT [ T T T T T T1TTT I T :
N 09 - [* |ALICE p-Pb, 0-40%, /s, = 5.02 TeV E
Y r = ALICE Preliminary pp, HM trigger,/s = 13 TeV ]
08k [ ¢ | ALICE Pb-Pb, 0-10%, |5, = 2.76 TeV ' /
- \_B.R. = 0.25% 0.02 /2
. 0.7 |- =
« The upcoming Run 3 of the LHC : .
will add significantly more statistics o =
and high precision data also 0.5 =
for small systems: oa b E
» Expecting higher statistics, by running - .
at 50 kHz collision rate SE -+ Zbody coalescence -
» Upgrade of important detector parts, 0.2 |- M 2-body coalescence
especially ITS and TPC 01E oM Vo=dvidy - 3
& ==SHM, Ve = 3dV/dy -
0 L 111 [ I I | [ | J[2]I 1 1111 I | 7
10 10 10°
e e e o arxiv:2107.10627 AN /am) . o
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Summary

« ALICE is the perfect apparatus to study
the production and properties of
light (anti-)(hyper-)nuclei

* The latest results show small
uncertainties and a good agreement
with the theoretical predictions

* The upcoming Run 3 and Run 4 will add
large statistics for the measurement of those
particles and provide high precision data

* This may also give the possibility of a
more conclusive answer to the question
of the correct production model
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ALICE

Backup
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Hypertriton measurement in p-Pb
» First measurement of the hypertriton S ALARRRR AR AR RS
in Run 2 p-Ph collisions at 5.02 TeV S . PbA(EfOE/PZ?maS”;Z ry
Q L — o, \Syn = - _
- Signal extraction by using a = | SH+ oA B
machine learning approach & 100 | —— Signal + Background _
« Using a boosted decision tree % B — — Background .
(BDT) and hyper parameter o F 1 B
optimisation 2 o -
E L

N
T
y

- 1 K 1 1
2 - - —_— o -
I I
111 | 1 11 1 | I 111 | 1111 | 1 | J | ‘ ‘ ‘

296 297 298 299 3 301 302 303 3.04
M(He + 7t) (GeV/c?)
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. . ALICE
Hypertriton measurement in pp

* First measurement of the hypertriton Gl T IAll_ICE|Pf|||_
in Run 2 pp collisions at 13 TeV % oF o @jrg?;’;ce :
 Topological and kinematical cuts = f High muliplicity trigger -
applied to optimize the N tAH+A ]
signal-to-background ratio and —ler T~ Signal +Background
improve the significance in a S| | Background =
traditional analysis 5 gb B
- i ]
LL] 5 ]
6 t -
TR

) * ‘ ﬂ-‘ | | 4»-|
peennsEnAR N ..'|'..T.T|.|..|.|.l..‘||.&H

297298299 3 3.013.023.033.04 3.05 3.06
e snea M(He + 7) (GeV/c?)
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Hypertriton production

* Antiparticle to particle ratios compared to SHM predictions at T, = 155 + 2 MeV
and using the obtained p for different centrality bins

- )

ALICE

1.1 0-5% 1 510% 1 30-50%
1.0 [~ ——pe T —— o T —— -
_— . — e
o ; L ]
g 0.9 * — -+ . =

- ALICE Preliminary
0.8 Pb-Pb ys,,, = 5.02 TeV T ® T N
[ — fit i i i
o[ NDF =172 1 #NDF-=3772 1 #NDF =262 E
I S B .+ .
"l- © 8 | e R T T TR A . ................................ A -
Eb-g O_...... ............ ’ ............. .. .................. e el A e . ,............... .................. —
g _1_ ............................................. '.....__.................................. ............ b ..... e ......._
B R R R R TR TE e - - e e m e e f e ee e e e e e e e e e e ale e e e e R T —
m/m  B/p A/°H *Fe/°He ™/ B/p  3A/3H °Ae/°He T/™  B/p  IA/3H °Fe/°He
09.07.2022 Hypertriton — Janik Ditzel — ICHEP2022 28



UNIVERSITAT

FRANKFURT AM MAIN

Hypertriton production

&

ALICE

o<

o Baryochemical potential %\ SEI [ | L | [ L | L LI L | L | I I< .
compared to SHM predictions = 4 ALICE Preliminary \ —
at T,,= 155+ 2 MeV and using 5 ,F Pb-Pb sy =502TeV E
the obtained g for different E \ :
centrality bins, shown here 2 \ =
as function of <N, £ \ E

oé— kx\ —§
S \ s
_2;_ ® |Uncorr. uncert. Corr. uncert. \ _;
3 X\ SHM fit, Nature 561, 321-330 (2018) N =

0 ~""50 700 750 200 550 500 G50 400 450
<Npart>
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