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Most precise data to map the QCD phase diagram

I < VVSNN < 200 GeV; 750 < Up < 25 MeV

Au+Au Collisions at RHIC
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iTPC: eTOF:

» Improves dE/dx » Forward rapidity coverage

» Extends n coverage from 1.0 to 1.5 » PIDatn=09to 1.5 B 30 20 -10
» Lowers pr cut-in from 125 to 60 MeV/c » Borrowed from CBM-FAIR

» Ready in 2019 » Ready in 2019

STAR Express Analysis:
» pileup control

\ » PV and STAR tomography
» Heavy Fragment trigger

» Hypernuclei Express reconstruction
» Ready in 2018
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STAR, arXiv:2110.09513 (accepted by PRL)
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Heup

— M = 4840.0 MeV/c? Good mid rapidity coverage at 3 GeV

o=15MeV/c? S=190.3

S/B=244 S/IS+B=116 Hypernuclei are reconstructed with KFParticle Finder

iHe%“Hepﬂ;- in following decay channels:

STAR Preliminary /3\ H > SHe+n 2{ H >“%He+n

Express Stream Production

AH > d+p+nr rHe—o3He+p+

*Hepr'} [GeV/c?] IS\He —>‘He+p+m
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HYPERNUCLEI LIFETIMES

Dalitz et al (1966)
Congleton (1992)
Kamada et al (1998)
Gal et al (2019)
Hildenbrand et al (2020)

HADES preliminary
ALICE (2022)

STAR (2022)

ALICE (2019)

STAR (2018)

ALICE (2016)

HypHI (2013)

STAR (2010)

G. Keyes et al (1973)
G. Keyes et al (1970)
G. Bohm et al (1970)
Phillips, Schneps (1969)
G. Keyes et al (1968)
Prem, Steinberg (1964)
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13\ H, f\ H lifetimes shorter than

T, (with 1.80, 3.00 respectively)
Consistent with theoretical calculations

including pion FSI

A. Gal et al, PLB791(2019)48

T *H

—we A= 0,85 + 0.07,
Tavg AHe

consistent with theoretical

estimation: 0.74 + 0.04
A. Gal (2021), arXiv:2108.10179

ALICE H3L lifetime (2022) arXiv:2209.07360
HADES H3L, H4L lifetime (preliminary) S. Spies (HADES), QM2022
JPARC HAL lifetime (2022) arXiv:2302.07443

tw(\H) = 221%15(stat) +19(syst) [ps]
t©(aH) =218% 6(stat) + 13(syst) [ps]
r([‘{He) =229 23(stat) = 20(syst) [ps]
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> First measurement of dN/dy of hypernuclei in Hl collisions

3 4 - - .
A H, A H yields obtained as a function of > New challenges for the models
py, rapidity and centrality

STAR, Phys. Rev. Lett. 128(2022)20, 202301
Y. Nara et al, (1999) PRC 61(1999)024901 (JAM)
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3 4
2 H, § H PRODUCTION AT 3 GEV 4

G ° imiu g—jlg";o (gﬁg) | KH yield at mid-rapidity increases
+ ® Aut+Au 0-10% imi
Aut+Au 19.6 GeV N Pg,,PE 0-10% EAUCEfre minary) about factor of 102 from 2.76 TeV to

S BB 3 GeV

-
o
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1

o
5

Thermal model (GSI-Heidelberg)
reproduces the trend, but does not
quantitatively describe the yields

of \Hand A H

T

STAR preliminary

® 3H,|y|<0.5, 0-10%
© JH. 1y1<05, 10-40% Central Au+Au

- my-exp. fit S — Coalesc. (JAM) PHQMD reproduce X H yield, but
—— Coalesc. (UrQMD)

—_
o
4

B.R./2np_ d°N/dydp_[c/GeV]

: Coalesc. (UrQMD-hybrid) |[e) 21 2=5 i yleh 1o /?’\H
0O 05 1 15 2 25 3 35 4 AN - Thermal-FIST

# Thermal (GSI)
GeV/c /
P, : ¢ —-PHQMD New data provide first constraints for

Assuming B.R.(1"H

/3\H mid-rapidity yields obtained \ UTeearll|l hypernuclei production models in the
high-baryon-density region

as a function of p; and centrality at
19.6 and 27 GeV
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HYPERNU | AT 3 GEV

Au+Au 3 GeV, |y|<0.5 Thermal model
® 0-10% === With f\H* feed-down
O 10-40% ---No {H* feed-down

Au+Au 3 GeV, 0-10%

STAR preliminary
STAR preliminary

A/p “H/'He

Assuming B.R.( \‘4]

3(4)

Ha3(4)He+ﬂ')=25%(50%) Assuming B.R.(
A

H_.);?{4;H6+.n-)=25%(50%)

2 3
Mass number A

Yield ratio of hypernuclei to light nuclei
=

Thermal /coalescence models predict approximately EEREEIS chavior in light-to

exponential dependence of yields/(2J+1) vs A IO A observed

) 4 Data support creation of excited A=4
factor 6 above fit for , H i , o

hypernuclei from heavy-ion collisions
AH*0* = 1) — JHU* = 0) +¢
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H EV

[ [
AutAu Collisions at RHIC

Energy: |so =3 GeV & - Au+Au 3 GeV
< - 0-10% collisions

Centrality: 5-40%

—
o

— STAR preliminary

T

Data Model
mm— UrQMD

- > 1AM

o
&)

O Light nuclei, y=(-0.1,0)

® A, y=(-0.1,0)

B Hypernuclei, y=(-0.25,0)
Linear fit for light nuclei

3 4
Mass [GeV/c?]

Hyper-nuclei

Mid-rapidity (p_) [GeV/c]

Light-nuclei O

3
Particle Mass (GeV/c?)

» First observation of hypernuclei collectivity v, in HI collisions
» v, slope follows mass number scaling in 5-40% 3 GeV Au+Au
collisions, similar to light nuclei

Phys. Rev. Lett. 130, 212301 (2023)

Dominance of collective radial motion
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HYPERNUCLEI IN STAR WITH EXPRESS ANALYSIS
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Detectors .

-

| » - DB: Job and file Status
Event Builders t
< )
: Production Controller:
L 3

",
()]
wy
—+

dE/dX [keV/cm]

Il + submit jobs

- ) track job status

xCal, xProd, xPhys

HLT Good Events

Read: 2GB/s .

Write: 1GB/s (Q) Dg:gg‘-ggd C?Patcityc; St'gT)B
extendable

(extendable) ceph

-
---------------------------------------------------------------------------

Full chain of express production and analysis has been running since 2019

Save HLT good events to a local disk directly
PicoDst files produced in hours (collisions) or days (FXT) after data taking

I.VASSILIEV HADRON 2023, GENOVA, 08.06.23

k.
=
=

Express Production

(selection) jobs on HLT farm

(300-500 job slots)

Trigger on He has been

infroduced to enhance
hypernuclei.

AuAu HLT triggered events at 3 GeV

June 2021 (mb+He tr)

STAR Preliminary
Express Stream Production

107

10°




437M HLT

x10°
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Express Stream Production

30
m. {*Her’} [GeV/c?]

mv

— M =3921.9 MeV/c?

c=12MeVic? S=215
S/B=4.12 S/{S+B=4.16

w Entries

H—tpn

STAR Preliminary
Express Stream Production

.%Mﬂmwﬂﬂﬂ |

4 a1
m__{tpr’} [GeV/c?]

mv

— M =2991.0 MeV/c?
c=14MeV/c° S=46.6
S/B=0.66 S/YS+B=4.30

SH—dpr

STAR Preliminary
Express Stream Production

ﬂ’h\”ﬂ"xnnﬂnﬂn T T T T

31
m.__{dpr’} [GeV/c’]

my

-

— M = 3921.8 MeV/c?

c=15MeV/c® S =521.1
S/B=1.86 S/YS+B=18.4

“He— Hepr

STAR Preliminary
Express Stream Production

il
m, {*Hepr'} [GeV/c?]

mv

AT 3 GEV

x10°

— M = 3922.4 MeV/c?
o=1.8MeV/c* S=17067.2
S/B=0.25 S/YS+B =58.0

TH—*Her

STAR Preliminary
press Stream Production
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— M = 4839.9 MeV/c?

.
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STAR Preliminary
Express Stream Production

m,_ {*Hepm} [GeV/c?]

- With increased beam collision intensity in the Fixed Target mode HLT farm had not enough capacities

to process all collected data online.
- Therefore a trigger on He has been introduced to enhance hypernuclei.

The collected statistics is enough to measure yields, lifetimes and spectra of these hypernuclei

[.VASSILIEV
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2018-2020, 2021X F

— M =23921.8 MeV/c?
o=1.5MeV/c> S=977.8
S/B=2.19 S/NS+B =250

“He—Hepr

STAR Preliminary
Express Stream Production

4 4.1
m, {’Hep} [GeV/cH]

The background was estimated with the

side band method and subtracted under
theypeak.

* /The background is smooth and no structures
is observed.

* /A-complex structure in the signal can be
explained as a possible spin effect.
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STAR Preliminary
Express Stream Production
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2Q]18-2020, 2021X FXT AND 2021X COLLIDER AT 7.7 GEY.”

— M =3921.8 MeV/c? Signal (978) STAR PrelminaY ction
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COLLIDER AT 7.7 GEV.”

— M = 4840.0 MeV/c? Signal (190) E voross Stteam broducton
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Express Stream Production

I T I T N T 1
169 17 K 4,69 47
1y, [GeVic’] / Mg, [GeVic']

Left side (-6, -3c) Right side (3o, 60)

-
=
[

=
b

Mg [€ eVt
M [GeV/ed]

49 5
m, ‘Hepr'} [GeV/c?]

=
|

With ? He we observe similar - T

39 3 39 39
My, [GeVic'] Ly, [GeVie'] iy, [GeVic"]

structures to ji He case

The background is smooth and no
structures are observed.
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2Q]18-2020, 2021X FXT AND 2021X COLLIDER AT 7.7 GEY.”

2 i reliminal
— M= 48400 MeV/C Slgnal (1 90) E;(I—S’SSZ Sltreamr;roduction
o=1.5 MGV/C2 S=190.3 Left side (-a, -30) ) Under the peak (-3c, 3a) ) Right side (3o, 6a)

S/B=2.44 S/S+B=11.6
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STAR Preliminary
Express Stream Production

Left side (6o, -30) Under the peak (-3a, 30) Right side (3o, 6c)
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Hint of 2-body decay
SLi (JP = 3/27)

M = 4,665 GeV My, [GeVieT] iy, [GeV/ic']
and 5Li* (7.5 MeV) ) Left side (-6o, -3c) ) Under the peak (3o, 30) ! Fight side (30, 60)

STAR Preliminary [ [
Express Stream Production C I Signal

Background
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