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Hyperons in neutron stars
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(Pauli exclusion
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The existence of
hyperons will
reduce the
neutron star
density.
Inconsistent with
observation!

Hyperon
Puzzle

Nucl.Phys.News 31 (2021) 3, 17-21
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The Hyperon Puzzle in Neutron Stars

Ignazio Bomsaci+23

Nucl.Phys.News 31 (2021) 3, 17-21 I

Clearly, one should try to trace back the origin of this problem to the underlying YN and YY
two-body interactions or to conceivable hyperonic three-body interactions (YTBIs) of the type YNN,
YYN and YYY. Unfortunately, these two- and three-body strangeness §' # ( baryonic interactions are
rather uncertain and poorly known. Basically this is due to the scarce amount of experimental data and
to the considerable difficulties in their theoretical analysis. This situation is in sharp contrast to the
case of the NN interaction, which is satisfactorily well known mostly due to the large number of NN
scattering data and to the huge amount of measured properties of stable and unstable nuclei. The study

The vast majority of
experiments came from
fixed-target experiments
before the 1980s.

More studies of hyperon-
hyperon (Y-Y) and hyperon-
nucleon (Y-N) interactions
are needed.

n
)

1ddd 12
s

S
—@

& (mb)

—-= Nijmegen Potential

—-=Julich Potential

o [mb]

ol

<
T 4 \ | ’
D B
v I:’/\lliigev/l:]l.6 . 0

So5 0 %00 0 B 7o
Pias (MeVic)

—
50 50

p>5n

& (mb)

£ 7o
Play (MeV/c)

Ip->Ep

a T
Pus (MeVic)

£p->5p

T

o (mb)

o Engemem etat

R
P (MeVic)

o (mb)

o (mb)

]
D (MeV/c)

50
G

T
Py, (MeVi 5




o (mb)

o (mb)

300

250 I
200 I
150 I
100 I

50

300

250 .
200 -
150 .
100 .

50

Phys. Rev. C 105, 035203 (2022)

Ap—>Z'n Ap - Z'p
20 T T T 10 e
15+ ] & ]
6 .
10 -
4L
L o Al
|
|
ans . ] 0 1 1 1! 1 0 1 1 il 1
200 400 600 800 0 200 400 600 800 0 200 400 600 800
Z'n— Ap Z'n—>Z'n Tn->ZIp
— T T 300 ————7——1— 100 ————7——1——
=4 250 - 1 ok |
4 200 1
60 -
=4 150 1
40
100 1
50 il 20
1 1 1 1 0 I 1 L 1 1 0 1 1 1 1
200 400 600 800 0 200 400 600 800 0 200 400 600 800

o (mb)

400

LO : H. Polinder, J.H., U.-G. MeiBB3ner, PLB 653 (2007) 29
NLO16: J.H., U.-G. Mei3ner, S. Petschauer, NPA 954 (2016) 273
NLO19: J.H., U.-G. MeiB3ner, EPJA 55 (2019) 23

3501

3001

T T 70 T T T

(a) AA -> AA

— L0 so0f ® Ann (2006)

= NLO

(c)Ep-> AA |

200

o (mb)

400 600
Py (MeVic) ~

\Y)




Hyperons are obtained by bombarding hydrogen bubble chamber or scintillating

fiber target with

Low statistics and high background
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%+ Recent Measurement

PHYSICAL REVIEW LETTERS 127, 272303 (2021)

(CLAS Collaboration)

Improved Ap Elastic Scattering Cross Sections between 0.9 and 2.0 GeV/¢

as a Main Ingredient of the Neutron Star Equation of State

e
Phys.Rev.Lett. 127 (2021) 27, 272303 I 5
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This is the first data on this reaction since the 1970s.




J-PARC E40 Collaboration

KURAMA |

Spectrometer PhyS ReV Lett. 128, 072501 (2022)
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PRL 127, 012003 (2021) Beam MDC Inner
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Double Tag Events:

Nor =Ly -o(YA— Y'A') - B(Y') - ésig Signal Side i

Effective Luminosity of beam:
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Ly = Nsr - NMQ Z Z

- density of the  layer

- molar mass of the  layer

et o,
M3 g

Inner Wall of MDC
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- path length of the  eventin the layer (will be O if the

incident hyperon does not reach the layer)
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Reaction chain :

1 NN =N ST = N A nucletus =22t
Signal side
\E+ Beam Pipe
0 = %
T oil \
e N
A
/
/ -
—
- !
Y SR

Single tag side

anything , >* - 0, 0

Two-body decay, 5= 1.074GeV/ ,

Very small horizontal crossing angle
of 11 mrad for * and ~ beams

i

Very small range of 0.017 GeV/
above and below 1.074 GeV/ for ,.
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at A =1.074 GeV/ . The first
attempt to investigate A-nucleus interaction atan * ~ collider.
. Taking the effective number of reaction protons in °Be nucleus as 1.93, the
cross section of A - Z* for single proton is

Aens s S tice ot s e
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10 billion / data
Two-body decay, -o =0.818 GeV/

20
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0 +°Be - E- + p+®Be) =

NJ/WBJ/!//
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- 0=+ %Be ="+ + %Be = 221+53,,+45,, mbat -o=0.818 GeV/ .
- Taking the effective number of reaction neutrons in °Be nucleus as 3, =°

= = 74x18.,+15, mb, consistent with theoretical predictions.
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This work is the first study of hyperon-nucleon interaction o 12007

NLO16: J.H., U.-G. MeiBner, S. Petschauer, NPA 954 (2016) 273

in electron-positron collisions, and opens up a new NLO19: J.H., U-G. MeiBner, EPJA 55 (2019) 23

direction for such research.

No significant H-dibaryon signals are
seen



Reactiorl chain : B
J/Y = AA, Ap - Ap, A - pn~, A - prct.

p /4

Two-body decay, 5 =1.074GeV/ ,

Very small horizontal crossing angle
of 11 mrad for * and ~ beams

Very small range of 0.017 GeV/
above and below 1.074 GeV/ for .
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The center-of-mass energies for the incident A/A and a static
are all 2.243 GeV/ 2 within a range of +0.005 GeV/ 2

Clear enhancements are seen around 2.243 GeV/ 2,
- N A\, respectively

corresponding to the reactions A A
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First measurement of antihyperon-nucleon scattering!

122165, 14 mbando At S At = 1/5%21 . =*
16,5 mb at A =1.074 GeV/ within —09 < A<009.

« The differential cross sections of the two reactions are measured within —0.9 <

A < 0.9, while there is a slight tendency of forward scattering forA - A,

and a strong forward peak forA - A
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More results will come out soon !!!
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First measurement of the interaction between

measurements thanks to the gaint statistics

quarks, spin-3/2)

Measurements of the

Search for potential hypernucleus

(three strange

Hyperon | et decay mode Baecay [65] P ngp (x10° | Biag (%) |Ly /Nt (102!-| Estimated
(cm) (x107%) | (MeV/e) | for BESIII cm™2) signal yield
or x108 for (x103 for
STCF) STCF)

A 7.89 J/b — AA 1.89 4+ 0.09 1074 26 64 23.59 5290

yt 2.40 J/ — S o 1.07 +0.04 992 4 h2 4.83 537

=0 8.71 J/p — E0=0 1.17 4+ 0.04 818 v 64 15.81 2368

= 4.91 J/ — =—5+ 0.97 £ 0.08 807 3 64 7.44 924

. 2.46 | 1(3686) — Q- Q1 0.056 +0.003 774 0.05 43 2.61 :




Potential measurement of the differential cross sections with respect to the

polarization of the incident hyperons

Phys.Rev.Lett. 129 (2022) 13, 131801 | Nature 606 (2022) 7912, 64-69
0_2 - : 0.50 1 Py
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_'y Summary ®

The cross section of =° - == s firstly measured with =° beam from the decay / - =°=°
based on 10 billion / dataatBESllitobeo =+ %Be - ==+ + %Be = 221+53,, .+
454 mb. The first study of hyperon-nucleon interaction in electron-positron collisions,
opening a new direction for such research.

The cross section of A+ °Be - I* + s studied with Afrom / - AAtobeo A+ °Be -

2T+ = 373+ 474,+35, mb. The first attempt to investigate A-nucleus interaction at
an * ~ collider.
With more statistics in future STCF, the momentum-dependent cross section and

differential cross sections can also be studied.
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