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Hyperons in neutron stars

lZHyperon puzzle

* Hyperons are predicted to exist inside neutron stars at densities exceeding 2-3po
» The inner core of NS is so dense, Pauli blocking prevents hyperons from decaying by
limiting the phase space available to nucleons
» The presence of hyperon reduces the maximum mass of neutron stars ~0.5-1.2Mo
* However, new observation for large mass of NS!

P. Demorest et al.,

» Rijken and Schulze: inclusion
of YY interactions increase
the mass of NS

» Lonardoni et al., repulsive

YNN interactions increase the
mass of NS

[ GW from NS merger, provides new
information on NS EoS, and new
constrains on radius and mass

B.P. Abbott et al., Phys. Rev. Lett. 119, 161101 (2017);
Phys. Rev. Lett. 121, 161101 (2018)

Nature 467 (2010) 1081; Antoniadis et al., Science 340 (2013) 448
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Heavy ion collider as a hyperon factory

Nuclear collisions and the QGP expansion g RHIC, a QCD machine,
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(Hyper-)nuclei production in HIC
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Baryon number

STAR. Science 328, 58 (2010)
Particle type

Ratio
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He /3He
3T 3Ta
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0.49 + 0.18 + 0.07
0.45 + 0.02 + 0.04
0.89 + 0.28 + 0.13
0.82 + 0.16 + 0.12
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4 The production reduction
factor is up to 103 at RHIC

and 300 at LHC, limited to
A<4 system



Focus on the hypertriton lifetime (1)

4 The lifetime measurements are interest especially in view of the short values from early
experiments :

* The 1st measurements is (0.95%0-199 15)*10-10s from helium bubble chamber, by
Block et al., presented in the proceeding of Conference on Hyperfragments at St,
Cergue, 1963, p.62

» Results from AGS nuclear-emulsion experiments: (0.9+22.9 4)*10-10s,
Phys. Rev.136B,1803 (1964),
from Bevatron and AGS: Phys. Rev.139B,401 (1965)
2-body (3 in flight, 4 at rest) (0.8*1.99.3)*10-10s
2-body combined with 3-body (5 in flight, 18 at rest) (3.4%8-2.1 4)*10-10s

* Nuclear-emulsion with maximum likelihood procedure, Nucl. Phys. B16,46 (1970),
(1.28+0-355 26)*10-10s



Focus on the hypertriton lifetime (2)

[ But NEW measurements gave different values:

Helium bubble chamber from Argonne ZGS:
(2.32+045 9 34)*10-10s, Phys. Rev. Lett. 20,819 (1968)
(2.64+0-84_ 5 52)*10-10s, Phys. Rev. D 1,66 (1970)

(2.46%062 4 41)*10-10s, Nucl. Phys. B 67,269 (1973)

Nuclear-emulsion from Bevatron:
2-body is (2.00*1-109 64)*10-10s and 3-body (3.84+240_1 35)*10-10s,
and a combined of (2.74+1.104 72)*10-10s

Phys. Rev. Lett. 20,1383 (1968)

4 Theoretical side, the hypertriton being a loosely-bound nuclear system, its mean lifetime
should not be significantly different from that of Lambda’s

4 The hypertriton lifetime data are not sufficiently accurate to distinguish between model,
more precise measurements are needed



Updates on hypertriton analysis at STAR

[4 Data sets for 2-body and 3-body analysis

TABLEI. Data set for the two-body decay channel analysis, with
*He and 3 H statistics.

TABLE II. Data set for the three-body decay channel analysis,

Energy  Events (x10 M) ‘He *He SH45H  Wwith AH statistics.
7.7 GeV 0.4 6388 + 80 0 52 + 17
115 Gev 1 5330 + 73 0 Mt 16 onerey Events (x10 M) AH
19.6 GeV 3 4941 + 70 0 2+14 57 Gey 5 0+ 16
27 GeV 5 4179 £ 65  19+4 45+ 16
39 GeV 12 252 +72 133+12 s6+21 20V 13 >3 & 13
200 GeV 22 6850 + 83 2213 + 47 85+20 200GeV 52 128 + 30
(DGOOJ‘“\‘“.‘\“l“\“‘d‘_\d“t“\““““W, (D500ﬂ““\‘“.‘\“I“\“a_a“f‘\““““W:
: Ty © [ e signal candidates 1 € ,=at ® signal candidates E
[4 High statistics sample §500 — background 1 5450F __ background E
with good signal to 8 - —— signal+background fit ] 8400; —— signal+background fit 3
background ratio in 400, 4 0 “ E
g ] 300/ E
both channels: ~25% & 200k i oEol. E
~ 0 B F B
15% - ] 200 E
200 = 3 E
r f’\H —%He + ] 150§ 3 . 1
STAR. Phys. Rev. C 97, 100¢ - 4 0 aH—deper E
054909 (2018) Ex A‘\U+A‘U MI?- bla\S da\.ta \ 15 " \ A\U+Al\J Mir\]- bia\S da\ta E
996 2.97 2.98 2.99 3 3.01 3.02 3.03 896 2.97 2.98 2.99 3 3.01 3.02 3.03
Mass, (*He+n) (GeV/c?) Mass, (d+p+7) (GeV/c?)
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Updates on lifetime measurement at STAR
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[4 The lifetime is determined from a combine analysis of 2-body and 3-body decay modes
T = 142777 (stat.)£29 (syst.) ps

STAR. Phys. Rev. C 97, 054909 (2018)



Updates on world data of lifetime
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Updates on lifetime measurement @ALICE
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QM18, HYP18

M ALICE new measurement : 7 = 223 £33 (stat.) = 20(syst.)ps

[ It is 20 higher than the latest STAR published data (in term of the STAR
uncertainty)
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The decay branching ratio is related to Ba
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Table 2: Measurements of variable Rs.
R Technique
0.39 +0.07 helium bubble chamber

0.39% 07

0.41+00% t0 0.461904

0.30 £0.07
0.35 £ 0.04

0.32 £ 0.05

helium bubble chamber
emulsion

emulsion
helium bubble chamber

mean of helium bubble cham-

ber results
time projection chamber

STAR. Phys. Rev. C 97, 054909 (2018)
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*Fig. is from Phys. Rev. D 1,66 (1970) with R; = 0.36+208

**Curve is from Phys. Rev. 113,1604 (1959) with BA=0.25
MeV, spin 1/2 scenario 11



Can we measure Babetter?

4 The early data suffers from large statistical uncertainty!

No. of Events

Byt AB, (MeV) 5 BA (MeV)

Bohm et al.2) This work
AH 0.01 £ 0.07 0.15 + 0.08 0.14  0.11
a) G. Bohm et al., Nucl. Phys. B4, 511 (1968)
b) This work : M. Juric, G. Bohm et al., Nucl. Phys. B52,1 (1973) BA —0.13 + 0.05MeV
P. Achenbach, PoS (Hadron 2017) 207
80 [ : —
- 3 ] M. Juric et al. NP B52 (1973) *H nuclear emulsion A\H decay mode B
E D G. Bohm et al. NP B4 (1968) T+ H+H f P—f’—| M. Juric et al. NP B52 (1973)
60 - Hl H
so F. Il W. Gajewski et al. NP B1 (1967) x+°He Gy ibid.
40 = T+HeH —e—1 [ | [ G. Bohm et al. NP B4 (1968)
% = x+°He i : ibid.
20 ; FWHM =21 MeV » r+H+H ! F : L 4 i W. Gajewski et al. NP B1 (1967)
= - ‘+*He b | ibid.
= \ n+ H T
10 E 74!’ N
0‘_._‘__?1‘1||1'L """""""" R <<% <0 X i i Lo by v v by v by gy
3 25 -2 45 -1 05 0 05 1 15 2 02 0 0.2 04 0.6
-B, (MeV) B, (MeV)

“I| feel that we are far from seeing the end of this road. A good deal of theoretical

work on this 3-body system would still be well justified.” R H. Dalitz Nucl. Phys. A 754, 14 (2005)
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The Heavy Flavor Tracker at STAR (HFT)

R d H1t Resolution
Detector a 1us )/Z Thickness

/ : 30/860 1% Xo
T} 7» : IST 14 170/1800 <1.5% Xo
£ Quter Field C"a‘ge»\_\\_

’ 8 6.2/6.2 0.5% Xo
PXL: PiXelL PXL
IST: Intermediate Silicon Tracker 2.8 6.2/6.2 0.4% Xo

SSD: Silicon Strip Detector

Tc | '™ [ssp | 7™ Ist | 722%™ [pxe | = 2%m

(ZData : ~1.2 billion Au+Au collision events in 2014, and ~3.4 billion Au+Au
collision events in 2016
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The particle identification in STAR
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Invariant mass distr. with energy loss correction
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The Badata

S B T STAR Preliminary _
D - PRD1,66 (1970) STAR (2018)
X NPB1,105 (1967) 2-body (2+3)- body H H
~ 600 — 3-body \V4
m - _ T —
I | —]
® < | TIFR Report, _
No. NE-68-8 (1968) STAR ( 8 STAR 2018
400 —— _ 2- body 3- body H __
B 4 _
— T 0 A NPB52,1 (1973) . —
2-bod 2018
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- il | | T | —
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— ; 3'b0dy ( ) % 3-body i ]
0 1 1 T —
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— O Mean + stat. uncertainty only (NPB 52,1 (1973)) —
— 0.13 = 0.05 (stat. only) MeV —
-200 [— —=fe=— STAR (2018): 0.44 = 0.10(stat.) = 0.15(syst) MeV ]
my +mg — ms
AT aH QM18

4 The difference between STAR measurement and the previous measurement
is 0.311£0.11 (stat. only) MeV



he Badata with re-calibration
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-200
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2-bod STAR (201 82
NPB4,511 (1968 y
2_body( ) > (2+3)-body ' H
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NPB4,511 (1968) NPBS52,1 (1973)
3-body 3-body

STAR Preliminary
PRD1,66 (1970) STAR (2018)
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3-body, | Y m
STAR (2018)  STAR (201 S)L l
3
2-body ‘H  g-pody °H l
A i L l

(]

[ 2-body

NPB1,105 (1967)

1

Historically measured
value with correction

I

NPB 52,1 (1973) average (with correction)
0.23 + 0.08 (stat. only) MeV

—=f=— STAR (2018): 0.44 = 0.10 (stat.) = 0.15 (syst.) MeV

QM18

[ World average on early data with new mass value: 0.18+0.05 (stat.) MeV,
average on 1973 data with new mass value: 0.2310.08 (stat.) MeV.



Compared to LQCD calculations
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Phys. Rev. D 87, 034506 (2013)
M NPLQCD calculations, up: the effective baryon mass plots (EMPs) for 3He and
HT of spin 1/2; bottom: for HT of spin 3/2 being somewhat more bound than the

(ZAFDI\/IC calculations: -1.2 MeV in 2014, 0.23 MeV in 2018.

Phys. Rev. C 89, 014314 (2014), arXiv:1711.07521 18



Mass difference measurement
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Summary

4 An updated hypertriton lifetime using the two- and three-body
decay channels is shorter than the Lambda’s

T = 142 +37 (stat.) £ 29(syst.)ps

[4 Ratio between the 2-body and the 3-body mesonic decay
prefers a spin = 1/2 assignment for hypertriton

R; = 0.32 £ 0.05(stat.) £ 0.08(syst.)

[4] The mass and binding energy of (anti)hypertriton have been
measured
S H :2990.90 £ 0.11(stat.) £ 0.15(syst.)MeV/c?
> H :2990.59 + 0.25(szat.) £ 0.15(syst.)MeV/c?

B) :0.44 £0.10(stat.) £ 0.15(syst.)MeV

[ Mass difference between hypertriton and antihypertriton is

estimated A(m/|z])

( )s = (1.0 £ 0.9(stat.) = 0.7(syst.)) X 10~
mllz| A
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Outlook (1)

[/ STAR BES-II and fixed target at
2019 and 2020

» detector upgrades
* hypernuclei @ high baryon density
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J. Steinheimer et al., Phys. Lett. B 714 (2012) 85
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Outlook (2)

[4 On the lifetime measurements:
* Proposed (11-,K9) reaction on nuclear targets for precise determination

of the lifetime of the hydrogen hyper-isotopes and other neutron-rich

N-hypernuclei at J-PARC
M. Agnello et al., Nucl. Phys. A 954 (2016) 176
A. Feliciello, HYP2018, USA

» New experiment to measure decay-pion time spectrum w/MM tag at
ELPH-Tohoku with tagged gamma

S. Nagao, HYP2018, USA

[ On the mass measurements:
» Decay-pion spectroscopy at MAMI
P. Achenbach, Hadron 2017, Spain

« Plans to measure at JLab with e-beam, 3He target (Lol for JLab
PACA46)
S. Nakamura, HYP2018, USA
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Back-up slides
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The Solenoidal Tracker at RHIC (STAR)

Time Projection Chamber: | Time Of Flight:
Tracking, PID (dE/dx) = PID (1/R)
g
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- 1N

\
\}

TR
\ \\‘\\_\=“‘|\\| =il W)

| | T ‘
Heavy Flavor Tracker (2014-2016):

I * PiXel

¢ Intermediate Silicon Tracker

¢ Silicon Strip Detector

[ STAR: uniform and large acceptance, HFT: precise vertex measurement
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Future direction (2)

M Proposed (11-,K°) reaction on nuclear targets for precise determination of the lifetime
of the hydrogen hyperisotopes and other neutron-rich A-hypernuclei at J-PARK

M. Agnello et al., NPA 954 (2016) 176

K —|—3’4He—> 7T0—|—3\’4H

YV
— | 34 0, 34
7~ +>*He - K° + 3*H
+ —_
— T T
7 =~ (402
& 350
@ a
E F
2 300
T S 1 IR YT T SO
N 250 [ - | l free A lifetime
: 19
200 [30]
] 1] g £ I
2 lm]
150 [
- [22]
100 | 281
N
Fig. 4. Layout of the J-PARC K1.1 beam line and K1.1 experimental area. From [46]. S
1960 1970 1980 1990 2000 2010 2020
year
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Future direction (3
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