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Probing the emergence of the universe at the LHC ALICE

HISTORY OF THF | INIVERSF
As far as we know...

« Universe was created in a
,Big Bang”

* An expansion of time and space
started

 |n the beginning, Quarks and
Gluons were deconfined in a

« While freezing out, hadrons were
formed which built nuclei
and later the galaxies, stars and
planets that we know (or not).

Particle Data Group, LBNL © 2015 Supported by DOE
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Probing the emergence of the universe at the LHC

As far as we know...
« Universe was created in a
,Big Bang”
* An expansion of time and space
started
 |n the beginning, Quarks and
Gluons were deconfined in a

« While freezing out, hadrons were
formed which built nuclei
and later the galaxies, stars and
planets that we know (or not).

15.12.2021

Relativistic Heavy-Ion Collisions

Kinetic
freeze-out

Hadronization
Initial energy
density

collision ¥
overlap zone

hadronic

cascade

collision evolution
t~10 fm/c

viscous hydro )
free streaming

t~0fm/c T~1fm/c T ~ 101° fm/c
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Probing the emergence of the universe at the LHC

At the LHC...

 After a pre-equilibrium state a
hot, dense environment is
created in Pb-PDb collisions.

« QGP (Quark-Gluon-Plasma):
deconfined, thermalized state of
quarks and gluons

 QGP ,freezes-out” in two stages:

» chemical freeze-out:

number of produced

particles is stable E>| |<j
 kinetic freeze-out:

hadrons stop scattering

15.12.2021 Hypertriton - JD — THEIA-STRONG2020 4
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Hyperons and Hypernuclel ALICE

P,
D..
From a ,soup” of quarks and gluons to baryons to bound (hyper-)nuclei
understanding the understanding the formation of
hot and dense QGP (hyper-)nuclei

15.12.2021 Hypertriton - JD — THEIA-STRONG2020 5
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Hyperons and Hypernuclel ALICE

¢ o
u

fermi pressure

A
v

» &
» <

gravitational pressure

Neutron Stars:

« Hot, dense objects

« Small radii but huge masses
 Stabilized through fermi pressure

15.12.2021 Hypertriton - JD — THEIA-STRONG2020 6
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: ALICE
Hyperons and Hypernuclei
e
e @
@ 5 P
fermi pressure
' ?? * > < >

gravitational pressure

Neutron Stars:
« Hot, dense objects
« Small radii but huge masses

 Stabilized through fermi pressure
« Putting hyperons (or even hypernuclei) in it > Opens up a new potential for strange matter

15.12.2021 Hypertriton - JD — THEIA-STRONG2020 7
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Hyperons and Hypernuclei

ALICE

2.5
« Formation of (hyper-)nuclei
(in the early universe, in HIC) 2
« Hyperons/Hypernuclei i ~
in neutron stars? 2 LT T
« Equation of State? § I )
| ——- NSC97e
[ = NSC97a+NNA1
 Improve the understanding iy =5 D
of Y-Y and Y-N interaction - ——- NSC97a
o T — i PR R VT

D. Logoteta, I. Vidana, |. Bombaci, Eur. Phys. J. A (2019) 55: 207
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Hyperons and Hypernuclei

ALICE

Many (anti-)hypernuclei with different masses and properties...

15.12.2021 Hypertriton - JD — THEIA-STRONG2020 9



N
-0

GOETHE @
UNIVERSITAT

FRANKFURT AM MAIN

Hyperons and Hypernuclei

ALICE

The (anti-)hypertriton is the most prominent one.

15.12.2021 Hypertriton - JD — THEIA-STRONG2020 10
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Hyperons and Hypernuclei

ALICE

6
/\/\e

12 1S 14

H BE |
H ’ 9F 10 11 12
A A N A

7/ 8 9
r ~Bel/ Bel/ Bel/iBe

7| i 8] i 9l i 10]
III' Al AL AL L

6 7 8
~HelfoHe/ ke /oHe

pelll
A

We are currently exploring the A=4 mass region.
This is ongoing work...
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Hypertriton ALICE

* N\, p, n bound state

Lightest known hypernucleus ‘
and very loosely bound

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

. . 3He
Recent calculations predict a J
large radius for the hypertriton /\

wave function. [F. Hildenbrand, H.-W. Hammer, Phys. Rev. C 100, 034002]

-
« Decay modes: "

3\ H— 3He + S\ H—-d+p+1r

S\H — He + 1 S\ H—d+p+m0

15.12.2021 Hypertriton - JD — THEIA-STRONG2020 12
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ALICE detector

* One of the four major LHC experiments

ALICE

« Specialized in tracking and
particle identification from low 7
to high momenta using .
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

T //l/// NS 'l
Y B [

ITS (Inner Tracking System)

* Reconstruction of primary and
decay vertices

« Track reconstruction

 Particle identification for low
momentum particles

15.12.2021 Hypertriton - JD — THEIA-STRONG2020 14
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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

B

TPC (Time Projection Chamber)

* Tracking

« Particle identification via dE/dx
measurement

ti
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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

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

15.12.2021 Hypertriton - JD — THEIA-STRONG2020 16
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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

V0 detectors

« Centrality / multiplicity
determination

« Trigger

ti

15.12.2021 Hypertriton - JD — THEIA-STRONG2020 17
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Hypertriton reconstruction

« Step 1: find and identify the daughter
particle tracks

» Using the TPC PID via the specific
energy loss

« Excellent separation of different
particle species

ALICE

\

syn=2-02 TeV negative particles

Pb-Pb, 2015 run,
00— o

1 s, v '
w r ®He “He  ALICE performance
g 900 :_ L 20.04.2018 1 06
S 800
S F 10°
— 700
«© K
S 600/ .
@) il
6 500 m "
— - 10
400—
300 f— 10°
2001
= 10
S e N N
b 2x10°" 1 2 3 456
£ (Gevic)
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Hypertriton reconstruction

ALICE

« Step 1: find and identify the daughter
particle tracks

- Step 2: reconstruct the decay vertex *He

of the hypertriton DCA
Secondary vertex-V0 /' o < r
DCA *He .’ S/

The identified daughters are assumed T —

to come from a common vertex. W |
» Their tracks are matched by algorithms - : DCA z
to find the best possible decay vertex. Frimary LY

Problem: huge combinatorial background
Solution: topological and kinematical cuts or machine learning approach

15.12.2021 Hypertriton - JD — THEIA-STRONG2020 19
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Hypertriton reconstruction

ALICE

« Step 1: find and identify the daughter
particle tracks

« Step 2: reconstruct the decay vertex *He

of the hypertriton DCA
. . Secondary vertex -VO0 /' r
« Step 3: applying corrections
DCA3*He .’/

/¥ Pointing angle

to PV
 Tracking efficiency and detector acceptance .
' DCA x
« Assuming a branching ratio of 25% e R
Vertex

15.12.2021 Hypertriton - JD — THEIA-STRONG2020 20
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Hypertriton production

« Hypertriton production in 10° ¢

heavy-ion collisions
since LHC Run 1 10

* Integrated yield well described 10°
by the Statistical Hadronization 102
Model (SHM) ol

« SHM assumes hadron 107
abundances from statistical
equilibrium at the common
chemical freeze-out temperature
T, = 156 MeV.

How hypernuclei can survive in
this environment is not clear.

dN/dy
2

(mod.-data)/cdata (mod.-data)/mod.

ALICE

3 37T
AH+ 3 H 3 i—

= TE 4
) > A > > > He He He

2
ar ¢ 0 0

el i ALICE, 0-10% Pb-Pb, \s,, =i2.76 TeV

U el

qp Not in fit
¢ Extrapolated

Model T(MeV)  V (fmd) Z2INDF | P g g
— THERMUS 2.3 155+2 5924 +543  24.8/11 |} {BR = 25% '
- =+ GSl-Heidelberg 156+2  5330+505  19.6/11 |} § § : ;
= +1 SHARE 3 156+3 4476 +696  15.1/11 [: | Y | T

b

- e Ny A RS AP

s¢¢¢'§

e e T B S e S =
D e B e IO L v B T B e i —
- — v i -
EL T O TEE L SRl L O A - = S oo
— LI L] - - - - v 0

- - el L, : :
i .....................................a...........‘...........-..—.-..*ﬁ* S K. SR

ALICE Collaboration, S. Acharya et al., “Production of “He and “He in Pb-Pb collisions at
\syy = 2.76 TeV at the LHC”, Nucl. Phys. A 971 (2018) 1-20, arXiv:1710.07531 [nucl-ex]
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Hypertriton production

« 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

15.12.2021 Hypertriton - JD — THEIA-STRONG2020 22
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Hypertriton production ALICE

<
« 2,H / Aratio vs. multiplicity N [+ ALICE Pb-Pb, 0-10%, {5y = 2.76 TeV
10° B.R.=0.25+0.02

« Extremely sensitive to the nuclei
production mechanism:

* |n statistical hadronization models
(SHM) the object size is not taken
into account.

. —6
- In a coalescence picture large 18
suppression of the production
in small systems expected.

i %—body coalescence

NN 21-body coalescence

IIIIIII

—[S%-|M Ve =dV/dy

[SE-IM Ve =3dV/idy |

10 102 103
(dN_/

>|77I<0 5
15.12.2021 Hypertriton - JD — THEIA-STRONG2020
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Hypertriton production
« S,=(°,H /3 He) / (N p) vs. multiplicity

« Strangeness population factor
for the measurement of baryon-
strangeness correlations

« Extremely sensitive to the nuclei
production mechanism:
* |n statistical hadronization models

(SHM) the object size is not taken
into account.

* In a coalescence picture large
suppression of the production
in small systems expected.

15.12.2021
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. 83=(iH/3He)/(A/p)//
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| ¢ | ALICE Pb-Pb, 0-10%, {5, = 2.76 TeV
B.R. =0.25+ 0.02

||IIII|| T II|I|I||

b D
BN AR ™
[ o |

S ?1—]body coalescence
== 2-body coalescence

—[SZI]-lM Ve =dV/dy
=== SHM, V¢ = 3dV/dy
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Hypertriton measurement in p-Pb

IIIIIIIIIIIIIIIIIIIIIlIIIIII

ALICE Performance
p—Pb 0-40%, m =5.02 TeV

« First measurement of the hypertriton
In Run 2 p-Pb collisions at 5.02 TeV

—h
N

[|III|III|III|III|I|I|I

—_
N

 Signal extraction by using a {SHLCH
machine learning approach | —— Signal + Background
— — Background

« Using a boosted decision tree
(BDT) and hyper parameter
optimisation

oo

Entries / (2.35 MeV/c?)

N

o R

e
T
|
C T T 1T T 1 |

—— -

| | I+I‘ L1011 ‘ ‘ ‘Il 11 II_
59 é 3|o1 3.02 3|03 3.04
M(He + ) (GeV/c?)
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Hypertriton measurement in pp

IIIIIIIIIIIIIIII|IIII|IIII|IIII|IIII

« First measurement of the hypertriton

. . g18:— ALICE Performance E
In Run 2 pp collisions at 13 TeV > 160 o5 (5 2 13 TeV E
« Topological and kinematical cuts = High multiplicity trigger g
. . wn 140 b SH4+3H i
applied to optimize the L n AH+3 1
signal-to-background ratio and —tep — Signal + Background
improve the significance in a TS | Background =
traditional analysis. E 0 E
W f .
6 + -
4 -

2 4 \

| 11 I | | Lo I"|-I-I I| 1 | 1 | [ | L l‘ | |I L1 | L | | | L1

297298299 3 3.013.023.033.04 3.053.06
M(He + =) (GeV/c?)
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3\H/A ratio
T T T """*Hamk
e Measurements in pp and p-Pb: |_e | ALICE p-Pb, 0-40%, |/s,, = 5.02 TeV

TwWO new points at different mUIt|pI|C|t|eS 105 = | ALICE Preliminary pp, HM trigger,is = 13 TeV

SH/A

[ ¢ ] ALICE Pb-Pb, 0-10%, \[s,, = 2.76 TeV

 Points slightly favour the E BR=025£002 o i -
two-body coalescence I ;

 But do not exclude
three-body coalescence

10°°
i ﬁibody coalescence
NN 21-body coalescence

—[%]HM, Vc =dV/dy
----[%HM, Ve =3dV/dy |

IlIIIllI | lIllIIII |

Illl[

10 10? 10°
Xiv:2107.10627
wiid <chh/ d 77>|n|<o.5
27
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 Measurements in pp and p-Pb:
Two new points at different multiplicities

 Points slightly favour the
two-body coalescence

« But do not exclude
three-body coalescence

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

ALICE

T TTT T IIIIIIII T T T TTTT

| » | ALICE p-Pb, 0-40%, |5, = 5.02 TeV
= | ALICE Preliminary pp, HM trigger,/s = 13 TeV
[ ¢ ] ALICE Pb-Pb, 0~10%, VS = 2.76 TeV
B.R. =0.25+ 0.02

S;=(3H/°He)/(A/p)

= ﬁjbody coalescence

T [TTTTTTTTTTTTTTT T TTTTTTTI T TTTT T T T T[T I
I I I | I | I |

IllIIIlIllIlIIIIIIllIIIIIIII|IIIIIIIIIIII

NN [21-]body coalescence
— SHM, Vc = dV/dy
[é]HM Ve = 3dV/dy
L] - 1
10 102 10°
arXiv:2107.10627 <chh/dn>|n|<0.5
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optimisation

* Here: Hypertriton mass in a *

specific ct range

: o ALICE

Hypertriton lifetime
« Recent measurement in Run 2 HLowzo- T

Pb-Pb collisions at 5.02 TeV s [ * Dam ALICE Periormancs

_ _ _ = o0 T Signal + Background Pb—Pb |5, = 5.02 TeV

 Signal extraction by using a & T Signal .

machine learning approach N e Bac:ground ) |
* Using a boosted decision tree ‘%

(BDT) and hyper parameter S 60

20

II|III|III|III|III|III|

..........

I|I I|I ’I |I e I|I
296 297 298 299 3 3.00 3.02 303 304
M (*He + m) (GeV/c?)
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St

: cr o ALICE
Hypertriton lifetime
 Preliminary result for QM2019 = SrrrTrTTrTERT TR e
« Corrected hypertriton yield = F ALICE Preliminary E
for ct intervals g - @ Pb-Pb |5, =502TeV, 0-90% 1
« Lifetime obtained from fit ° b -
10?

 Recent studies show a
better constraint and smaller

¢ i
statistical uncertainties \ .

(will be published soon). 10

| |II|II||
| IIIIIII|

/

o
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—
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ALICE

Hypertriton lifetime

 Latest published ALICE result
has larger statistical uncertainties.

* |s compatible with the free
A lifetime and world average 556
within its uncertainties

A
a
o

———— Statistical uncertainties
[ ] Systematical uncertainties
-------- Average hypertriton lifetime
40— =2 @ | | e H. Kamada et al., Phys. Rev. C 57 (1998) 1595
«=1== J. G. Congleton, J. Phys. G 18 (1992) 339
....... M. Rayet, R.H. Dalitz, Nuo. Cim. 46 (1966) 786

=== A. Gal, H. Garcilazo, Phys. Lett. B 791 (2019) 48

A. Pérez-Obiol et al., Phys. Lett. B 811 (2020) 135916

------- F. Hildenbrand et al., Phys. Rev. C 102 (2020) 064002

PRD 1 (1970) 66

W
(o)
o
PR 136 (1964) B1803

Lifetime (ps

PRL 20 (1968) 819

statistical uncertainties 50
(will be published soon).

IIII|IIII|IIII|IIIIIHIIIIIIIIIIII'IIIIIIIII
NPB 16 (1970) 46 ——@——

{I:};.

P

¥

/AR

v

A

PLB 754 (2016) 360 ~——@F——4
&

&

i

¥

v

& .

¥ !

7

A

A

Y7 .

v

&

&

&

&

¥ i

Science 328 (2010) 58

‘ e PDGvaIue'-'tr'e'e':IT:h::e?:e" - R
* New preliminary result 250 . SRR $ ------------- 8 -------
a little up. )
150 - ° H g 2 3
2 2 . e & 3
* Recent studies show a 100 o : ¢ 3 : § 0§ &
better constraint and smaller ; = g 2 5 % 8
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Hypertriton binding energy

* Preliminary result for SQM2021

* The value obtained by this fit is
B, =55 £ 62 keV

 Recent studies show a
better constraint and smaller
statistical uncertainties
(will be published soon).

MeV/c?)

N

<

M

2992.5

2992

2991.5

2991

15.12.2021 Hypertriton - JD — THEIA-STRONG2020

_IIII|IIIIIIIII|III

- ALICE Preliminary

_ Pb-Pb |5, =5.02TeV
- 0-90%

- x?/ndf. =11

I [ I I I | I I I I | I I I
_._
—.—
—._
—o—




-

GOETHE @4
UNIVERSITAT

FRANKFURT AM MAIN

: .- ALICE

Hypertriton binding energy

2 1.2~ Theoretical calculations -

* Preliminary Result for SQM2021 = [ - NPB47(1972)  — PRC77(2008)

. < 10 — arxivi1711.07521 10 EPJ56(2020)

* This measurement has a value of m F .

about 55 £ 62 keV for B,. 0.8 E

» Is compatible within the theoretical 0.6~ NPB1(1967) STAR(2019)

predictions 04l + NPE52(1973) + -

* Recent studies show a e ¢

better constraint and smaller OF  NPB4(1968) E

statistical uncertainties 0ok . AIUCE E

(will be published soon). or ¢ Skt

04E PRD1(1970) E
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Outlook

» Studies of the hypertriton production
in different multiplicities are the key
to explore the formation mechanism:

« We are currently performing studies
on a different triggered dataset,
which will allow us to set another point.

» There is another p-Pb dataset
available which could also
give an additional point.

ALICE

F T TTT T T T T T T1TTT I T T T TTT7T |
0ob | » | ALICE p-Pb, 0-40%, |[s,,, = 5.02 TeV
T = | ALICE Preliminary pp, HM trigger,(s = 13 TeV 3
08k [ ¢ | ALICE Pb-Pb, 0-10%, |[s, = 2.76 TeV 3
- \_B.R. = 0.25+ 0.02 .
0.7 —
- S;=(CH/°He)/(A/p) .
06  Tttvee e —
0.5 — —
0.4 —
0.3 = o= ﬁjbody coalescence -
0.2 f_ ] NN [21-]body coalescence _f
- —SHM, Ve =dV/dy 7
0.1 (2] —
- -SHM, Vc = 3dv/dy -
0 L 111 | I I I | | | I[2]I 1111 I | T
10 102 10°
arXiv:2107.10627 dN /d
< ch 77>|n|<0.5
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Outlook

« Studies of the hypertriton production
in different multiplicities are the key
to explore the formation mechanism.

* The upcoming Run 3 of the LHC
will add significantly more statistics
also for small systems:
* Expecting higher statistics, by running
at 50kHz collision rate

» Upgrade of important detector parts
especially ITS and TPC

« ITS2 will allow to better distinguish
between signal and background.

« Aplanned ITS upgrade for Run 4 will
once more increase the resolution and
help to reduce the background.

15.12.2021 Hypertriton - JD — THEIA-STRONG2020
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Outlook

ALICE

« Studies of the hypertriton production

. . . . agn -'3 = Thisvyork.
in different multiplicities are the key ¢ 3999 1TS1 (Run 2), expected ITS1, PoPb, 5002 56 ToV, 05 T
to explore the formation mechanism. % N Hypertritons égn;:#;?hmums »
- ignal width = (1.99 + 0.0048) MeV/c*
* The Upcoming Run 3 Of the LHC g o (. §:ckground,20107900unts
will add significantly more statistics §200002_ 8= 023400005 o
also for small systems: 2
 Expecting higher statistics, by running 150001 wn——
at 50kHz collision rate -
» Upgrade of important detector parts —_y
especially ITS and TPC -
« ITS2 will allow to better distinguish 5000/
between signal and background. -
« Aplanned ITS upgrade for Run 4 will 996 ' ho7 ' oes e 3 a0t h02 308 504
once more increase the resolution and M(*He, ) + M(He, 1) (GeV/c?)

help to reduce the background.
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Outlook

ALICE

« Studies of the hypertriton production

. . " " e g E s VYOVK tion anchored 2018
pafeentmuliplcies are iekey  Fow TS2(Rund) expected e
. g na Run 3 of the LHC ' 218000 Hypertritons | i SO,
¢ e UpComlng Un O e é 16000:— e 00 e S‘ajﬁground.1954900ums
wI|II afdd S|gn“‘|cantly more statistics 2 14000E- NS 18- (9080 1427
also for small systems: - ik
. . . g ) 12000 — |
 Expecting higher statistics, by running - i
at 50kHz collision rate 100901
- Upgrade of important detector parts P00
especially ITS and TPC SH001==
* ITS2 will allow to better distinguish SHES
between signal and background. 2000/=
« Aplanned ITS upgrade for Run 4 will 996 2. . . Y TR~ B T TR Y
once more increase the resolution and M(°He, n) + M(°He, ") (GeV/c?)

help to reduce the background.
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Outlook

ALICE

« Studies of the hypertriton production

in different multiplicities are the ke § 20000 N Siaionancrrod 201
plictll ey 5 wooor. 1TS3 (Run 4), expected 7S5, AP, 5, - 55 TeV, 05T
to explore the formation mechanism. 2 " Lvpertrit e N
. b __ ype rl O nS Signal width = (1.49 + 3.74e-03) MeV/c?
» The upcoming Run 3 of the LHC s E - Backgrund, Gont 56063
will add significantly more statistics 3 a0 SBodet00)
also for small systems: 12000 — I
 Expecting higher statistics, by running {0006 4
at 50kHz collision rate 80005
» Upgrade of important detector parts 60002_
especially ITS and TPC =
. T . 4000 —
« ITS2 will allow to better distinguish =
between signal and background. e |
. _IIIIIII o ] I I N I IIII|IIIIIIIIIIII
« Aplanned ITS upgrade for Run 4 will 996 297 298 299 3 501 3oz h0s o
once more increase the resolution and M(°He, ) + M(°He, 1) (GeVic?)

help to reduce the background.
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Outlook

« Studies of the hypertriton production
in different multiplicities are the key
to explore the formation mechanism.

* The upcoming Run 3 of the LHC
will add significantly more statistics
also for small systems.

« The charged particle tracks are bend
by a magnetic field:
» The strength of this field

effects the measurement of particles
with low momenta.

* For us: Impact especially on pions

« Lower magnetic field enhances the
reconstruction of soft pions

15.12.2021 Hypertriton - JD — THEIA-STRONG2020
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ALICE
Summary
* ALICE is the perfect apparatus to study
the production and properties of
light (anti-)(hyper-)nuclei.
* The latest (preliminary) results show
small uncertainties and a good agreement 'Tdsiszplea";”t
with the theoretical predictions. of first
* The upcoming Run 3 and Run 4 will add testbeam
large statistics for the measurement of those 03'4'72'8';? In

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.

15.12.2021 Hypertriton - JD — THEIA-STRONG2020 40



ALICE

Thanks For Your Attention!

STRENG




GOETHE
UNIVERSITAT

FRANKFURT AM MAIN

References

« [QGP] QGP Picture:

*  https://i.ytimg.com/viluLWwag5xXUDo/maxresdefault.jpg

NPB47(1972):

* R.H. Dalitz, R.C. Herndon, Y.C. Tang, ,Phenomenological study of s-shell hypernuclei with AN and ANN potentials®, Nuclear Physics B, Volume 47, Issue 1,
1972, Pages 109-137

arXiv:1711.07521:

* Lonardoni, Diego and Pederiva, Francesco, "Medium-mass hypernuclei and the nucleon-isospin dependence of the three-body hyperon-nucleon-nucleon
force”, arXiv:1711.07521 [nucl-th]

PRC77(2008):

* Fujiwara, Y. and Suzuki, Y. and Kohno, M. and Miyagawa, K., ,Addendum to triton and hypertriton binding energies calculated from SUg quark-model
baryon-baryon interactions®, Phys. Rev. C 77, 027001

EPJ56(2020):

* F. Hildenbrand and H.-W. Hammer, , Three-body hypernuclei in pionless effective field theory®, Phys. Rev. C 100, 034002

[1] Coalescence calculations:

*  K.-J. Sun, C.-M. Ko and B. Dénigus, “Suppression of light nuclei production in collisions of small systems at the Large Hadron Collider,” Phys. Lett. B 792
(2019)132—-137, arXiv:1812.05175 [nucl-th]

[2] Statistical Hadronization Model calculations:

* V. Vovchenko, B. Dénigus and H. Stoecker, “Multiplicity dependence of light nuclei production at LHC energies in the canonical statistical model,” Phys.
Lett. B 785 (2018)171—174, arXiv:1808.05245 [hep-ph]v

ALICE

15.12.2021 Hypertriton - JD — THEIA-STRONG2020 42


https://i.ytimg.com/vi/uLWwq5xXUDo/maxresdefault.jpg

N
-0

GOETHE @4
UNIVERSITAT

FRANKFURT AM MAIN

15.12.2021

Backup

Hypertriton - JD — THEIA-STRONG2020

ALICE

43



GOETHE @4
UNIVERSITAT
FRANKFURT AM MAIN

Upgrade of the Inner Tracking System (ITS2)

« ITS2

« 7 Layers split in Inner Barrel (IB) and Outer Barrel (OB)
OB Layer 3-6 from 194.4mm to 391.8mm
IB Layer 0-2 from 22.4mm to 37.8mm

« Beam pipe diameter: 18.2mm
« Significant reduction of the material budget
All pixel detector

Layer-1

15.12.2021

ALICE
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Upgrade of the Inner Tracking System (ITS3)

ALICE

 ITS3
« |TS2 Outer Barrel
* New Inner Barrel (LO ~18mm, L1 ~24mm, L3 ~30mm)
« Beam pipe diameter: 16.5mm

 New Sensors ,Wafer-scale chips” manufactured by using a new technology
called stitching, allow larger sizes of a single chip

—> Strong reduction of material budget (essentially no material!)

Iy
L

g

WL gyg g ||II
L pinami

Wafer-scale chip
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ALICE

Boosted decision tree score for signal and background

* Increase signal to background ratio 102
by using a machine learning approach. 2 | : : W Signal pdf Training Set
y _ J _ _ _ J ?p g 101t ALICE Simulation B Background pdf Training Set
« Machine is ,trained“ by using signal = - Pb-Pb Vsyy =5.02TeV 4 signal pdf Test Set
and background distributions from 8 100l ¢ Background pdf Test Set
v
MC and data. i
« Using a test sample and comparing G107
to the training samples, the boosted ,
decision tree works nicely. e
* Visible for example on the next slide 1073
for a defined p; range.
1074
=5
10215 -10 -5 0 5 10
BDT output
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g : : : ALICE
Significance scan using machine learning

a 7 : T 25
. - ) < <
EJ ALICE Simulation : > Signifi?anci}Eve?wtieY/g 5-10~7
2 6F  Pb-Pb /Syy = 5.02 TeV ' 2 — o
= NN-= =2« : 2 20F —— Background fit
—— Expected significance I © [ ] .
X - [ 1 ——— Gaussian model
o 5F =--- cutscoreb5.77 ™M [ | 4 Dita
|®) | !
mm tlo = 15 s ||
= u { ! ¢ Pseudodata
= o
e 4 ]
c =
2 “ 10
N3
5 ]
1 1 ‘ 1 1 1 l‘ e a lI a + + TF. a
-2 0 2 4 6 8 10 9.97 298 299 3.00 3.01 3.02 3.03 3.04 3.05
BDT Score M 3pe o~ (GeV/c?)
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Deuteron blast wave spectra

ALICE

 Blast-wave fit to deuteron spectra

1;\ I | T I T I | I T I T I T I T I T T I T I T T I. T ] I I I ?
for different centrality classes S s iiitesteiyi s WG ALICE Preliminary -
q) PO o SO SRRy e WVI<05 -
* Centrality means the overlap of R st i e,
the colliding nuclei T b \ R
(maximum overlap at 0%). T Tt :
L E 1072 5_%% tta‘jro:m‘tj S =
» The more central the collision, © F %%mm::w%w T =
the more hardens the SpeCtrum' Zm 0 EF%% e d::?e:rons, Pb-Pb \ s, =5.02 TeV _g
. . . = 10_4; qu.g% Tt e ?6502/?) C(’/><51$)2 o :-10%; (xzsi) _;I
. The_ hardening is a sign for _5 %@%m iipriog sl oot oo -
radial flow. 10tE D oante e ety S
. R d I ﬂ . t . bI . 10_6_ ---- Individual fit " o I.ppt'INEL :ts.T'1235;;aV_
a Ia OW IS nO VISI e In pp. E | | | | | | | | | | | | | | | | 1 | | Inolrmallsallonulncelame. .I ola

1 2 S 4 5] 6
P, (GeV/c)
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Combined blast-wave spectra
« Simultaneous blast-wave fit to = ALIGE PreNiminary [oarasB.02 ToV. O10%
m, K, p, d, t, 3He and %He > . o2 e d
I - S| Q) § \ e °He o t
in central Pb-Pb collisions % o’ Lag o Fe .. Combined BasiWave i
* Extracted blast-wave parameters 5 E e,
quite similar to the ones resulting s E ooy R e e i
from a fit only to 1, K, p. = e
. . 310° - I
* All spectra can be nicely described Z mf
~— E I N
by the blast-wave model. ook I :
 All particles flow with a common 0o / ,
mean velocity < B . 107 b e S e
° Mean momentum ScaleS With maSS. 10—8_|(|) 1 ‘|| L1 |2| L1 |3| L1 |i| L1 |5| Ll |6|| I B R

7 8
P, (GeV/c)

15.12.2021 Hypertriton - JD — THEIA-STRONG2020 49



N
-0

GOETHE @4
UNIVERSITAT

FRANKFURT AM MAIN

Hypertriton spectrum

ALICE

» Can be described by the S10° | Pb-Pb |5y = 5.02 TeV
blast-wave model © F : .
. . i = — 10-40% centrality
* Hypertriton has radial flow, = L -
like the other particles. s r/ | %
Y 2 34 He + 1
« More statistics needed to sl e
investigate this further. =, [ el |
: + %ﬁ—) *He + n* i ‘\‘ T }
£ secaFil
7 Uncertainties: stat. (bars), sys. (boxes) 1
10—_IIII|II1I|IIII|yIIII|IIll||lII|IIII|I;‘\IIIIIII[
0 1 2 3 4 5 6 F 8 9
pT (GeV/e)
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