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Size of neutron stars & hyperon puzzle

For a review, see Chatterjee & Vidana, Eur. Phys. J. A (2016) 52: 29
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A conclusive observation of multiply strange nuclear
systems is absolutely necessary for a better understand-
ing of the role of strangeness in neutron stars. The theories
for the description of strangeness in massive neutron stars
cannot be answered without the improved knowledge of
AA interaction, for which one requires careful high preci-
sion series of investigations of such an interaction.
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There are several new facilities planned or under con-
struction such as in GSI in Germany, JLAB in USA and
J-PARC in Japan. These facilities will hopefully provide
much more precise updates on the properties of hyperon-
nucleon and hyperon-hyperon interactions. Experimental
hypernuclear physics is still an extremely active field of
research.



Sources of A & other hyperons are rare

* Bubble chamber experiments with hyperons from K+target
* Emulsion experiments with K+target 2 K*+X, K*+K*+X, ...

. et
* A few to ~10* events (typical O(100) tagged events) | (b)
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hyperon puzzle & YN interactions: Precision data needed!
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Hang Liu, Liuming Liu, Jin-Xin Tan, We1 Wang,

Haobo Yan, Qian-Teng Zhu, arXiv:2603.05854

A Lattice QCD study of p — A scattering in

continuum and chiral limits
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These can be studied @ hyperon factories: pp (FAIR, HIAF), e*e” (STCF, BEPCII-CW)
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https://arxiv.org/abs/2603.05854
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Formulas from PLB 557 (2003) 192
Numbers & plot from Yuping Guo

o(nb)
0% — BW
BW,ISR
104__ FJ/W=93 keV — BW,ISR,BeamSpread(1MeV)
108
10
aos s 0w 10 310 s(GeV
at J/y peak | Born ISR A=1 MeV
c (nb) 9.1x104 | 4.4x104 3,100

L =0.5nbs! @ BEPCII 6




RFITEE, MASEZTEE, pon “8FI]

proton beam

* LH,, LD,, or solid targets
 VTX&TRKer, TOF, ECAL in a magnet
pp = pK*A, pK%, pKnz, pKK=, pKKKQ

Example: pp 2 pK*A
* pK*totag A
e Reconstruct scattered A2 pm
 With known A momentum & flux, measure

(differential) cross section
Proton flux=10%%/s, 5 cm thick target
=>» Luminosity~200 nb1/s1

In one-month beam time
* 107 observed Ap & Zp interactions
* 10%0bserved =p interactions
» 10*observed Qp interactions

HADES, CBM@FAIR; H-NS, HHaS@HIAF



Hyperon-Nucleon Spectrometer (H-NS)

Mag. Field: 1.5 Tesla

Tracker: MIC6, 30X30 pm?, 0.35%X/X,

LGAD: o, ~ 30 ps, 300X300 pm?
Calorimeter: o ~ 3% @ 1GeV

Polarimeter: nucleon and photon polarization

Baryon Polarimeter

Pixel tracker

Calorimeter

High Energy
Nuclear Physics
Terminal
Hmf“" =A="K0) __ D
‘® - aEd
I/ ) ‘/‘/ ‘\H
[ ®
aathn o @ — P
g ®
4 / ®| JL ®
@ @
ESH ®

AC-LGAD TOF

Pk @ H-NS

» Fix target experiment at
HIAF
> pp, PA, AA of few GeV

Main physics:

» Origin of A/p polarization
« Baryon Spin structure
« QCD phase structure

« Hadron spectroscopy

* Y-N interaction



YN interaction—hyperon beam at H-NS Z2PsE @ H-NS

H-NS detector

target * S %CEE 428%}
p beam: 3-9.3 GeV | A 98 %
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I max =5*10'? ppp
[=10% ppp, 1% target
Event rate : 1 MHz

H-NSHHHEFRIMHz; HF pp>pKA HHI£0.1% = 1 kHz
B_RHSYIZEER cm, KMISAREE.
ANERZRZ MG REEMMEEIER, BE/ESEMALHE, RKIHEZE0.1%-1%
> ApRFEFFEA: 1-10 Hz
3N HIBITHIHD: Nered ~ 107 - 108 3 Nobs ~ 106 - 107 BAE~10%)

HHaS_E 1 /] BUIN A\ BB J5 1T RAUBT 5T 9

opD>pKA | ANDX P
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H E 5 AR Sarov, Russia

CDR
1.5 GeVe-
sct.inp.nsk.su .

2.5 GeVe-

Paol e-

1.5 GeV e+

50 m 100 m

General purpose
detector

RESHE+#ZHi Sarov:
» CM Energy : 2-7 GeV
- Peaking £L: (5~10) x1034cm-2 s 10



Sarov, Russia

Detector concept

lvan Logashenko (BINP)
PhiPsi2022

Muon system and yoke

Superconducting coil

Calorimeter

2 ‘Main tracker

_Inner tracker

PID system

Beam pipe

. C——

0.0 = —
(I.II' 1.0 20 3.0 40 50 6.0

X.m

Momentum resolution o, /p < 0.4% at 1 GeV
Very symmetric and hermetic

Able to detect soft tracks (p; = 50 MeV /c)
- Inner tracker should be able to handle 10* tracks/cm?s

Very good particle identification: e /u/m /K
- /K in the whole energy range, e.g. for DD mixing
- u/mupto 1.5 GeV, e.g. for T — uy search
- dE /dx better than 7%

Able to detect y from 10 MeV to 3.5 GeV, good 7 /y
separation

- Calorimeter energy resolution oz /E < 1.8% at 1 GeV
= Calorimeter time resolution g; < 1 ns

Efficient “soft” trigger
Ability to operate at high luminosity, up to 300 kHz at J /¢

11
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detector

* Super J/y factory
e e*e annihilation @ 3.097 GeV
* 0(10'%) or more J/y events/year

* J/y decays into final states with nucleons or
hyperons and their antiparticles

* Branching Fraction ~ 103
* Tag efficiency ~ (10-50)%

e High quality sources of (anti-)nucleon and
long lived (anti-)hyperons
* 0O(108) tagged source particles per year
* Well known momentum and direction

e Use variety of custom removable targets
* State of the art detector

* No need to share beam time

° NN, NN, YN, VN, hypernuclei,

12



Hyperons at STCF

éﬁ% CT’(.‘-m %;I‘K*ﬁﬂ Bta.,e; j% Sm,e; l% f;va l% f;:*m l% AI;IEirm I(X 1 06) "I:VEBfrm f(x 1 06)

Ihy — AA 64 76 65 370 310

A 7.89 40
Iy — pK*A 100 70 55 240 190
Ihy— 373 52 49 27 150 84

zt 2.40 = 40
Iy — A2 64 38 17 81 36
)) 4.43 Iy — At 64 40 56 35 — —
Jy— B8 64 72 57 110 85

= 8.71 20
[y —EZ7Z 64 66 49 — —
Iy —ZE'E 64 60 40 74 50

= 4.91 20
Iy —E'w'= 64 52 30 — —
w(2S)— Q'O 44 31 11 1.4 0.5

Q 2.46 —— 20
y(28) — Z°K' Q) 64 18 4 — —

102 J/y or w(2S) events per year, target at 1 cm or 2 cm.

13



Proof of concept: study @ BESIII experiment

SC magnet, 1T

Magnet yoke
RPC
BTOF, 70 ps CGEM-IT is
ETOF. 60 0S now placed here

Be beam pipe

|
MDC, 120 um

0.5% at 1 GeV/c Total weight 750 tonnes,

~40,000 readout channels,

Py Data rate: 5 kHz, 50 Mb/s

CsI(TI) calorimeter, 2.5% @ 1 GeV

Has been 1n full operation since 2008,
14

all subdetectors are in very good status!




Proof of concept: study @ BESIII experiment

10 billion J/ data sample has been collected already, the detector material close
to the interaction point in the inner detector serves as an effective target.

Beam pipe support

MDC Inner end plate  Ro central pipe cos6—0.93 “RESH WW\\P‘PQ 1+ MDC inner wal]
/ Cu extension pipe DC inner tube ,/J " E . W 20w Carbon fiber
S e T Cer ke
o ff.___;j:;'fififi‘_;:\_;d;__} {_ —— /////// hne lerrlw“n
/. : , :
g 1000 “
K HRT AR D IR
{
- BRRFRD e xap

BESHIFI AR B FESRAEFTHRFUKREER FZBAE!




Hyperons and anti-hyperons at BESIII (10B J/y)

Baryon c¢7 (cm) decay mode B (X 10_3) Pmax (MeV/c) nBBP (x10%)
A 2.6 x 1013 J/¢p — pr—a 2.12 1174 80 — reference |
A 7.89 J/¢Y — AA 1.89 1074 26

J/p — pKTA 0.87 876 9
> 240 J/¢Yp - 78T 1.50 992 4
J/p — Ar~ET 0.83 950 1
) 4.43 J/¢p — AnTE" — 945 —
=0 8.71 J/¢yp — == 1.17 818 7
J/p — ET =0 — 685 —
= 491 J/yp — =TE" 0.97 807 3
J/p — BE0nTE" — 686 —
Q- 2.46 (28) - QTQ~ 0.05 774 0.05
P(28) - 2 KTQ~ — 606 —

The Q hyperons are produced from 3 billion y(2S) event sample.
All these particles can also be produced in decays of other charmonia. 16



Proof of concept: study @ BESIII

Study of Ap - Ap and Ap — Ap

The center-of-mass energy for the incident A/A and a
static p is about 2.243 GeV/c?.

PRL 132, 231902 (2024) “ 30:- 4 pete Ap = Ap o, O 4 oua Ap — v
% [ — Fitresult % — Fit result
= 20 ... roun = 20 ... Backgroun
oA Taking the hydrogen in the o Background o [ e
cooling oil of the beam pipe as 2 103_ 2 10'_
target material, the information § . o
on the hyperon-proton scattering Wt ] W
can be extracted directly. 20_15 55 ‘505 23 20.15 22 555 2.3
M(Ap) (GeV/c?) M(Ap) (GeV/c?)
4' [
Two-body decay, P,z ~ 1.074 GeV/c — | Apoap — | Apomp
p n p mt &D‘ 3_— -.‘.:'2 10 +
8 i o I
* P & P é 2i_ é -
Beam pipe p’ Beam pipe 117‘ % I I + | % 5l
A T A +
OI_+_\+_LII Ol—,l,xll A.grh_?_l...m
-1 05 O 0.5 1 -1 05 0 0.5 1
cos0, COSO
o.(Ap > Ap) = (14.2+18_,.+1.3..) mb
- B [ h B — — — = ys
J/ U >pKAR iR KEIE8 T o.(Ap — Ap) = (27.4 + 3.2, + 2.5,,) mb



BEPCII crab waist scheme & @ BEPCII

aaSlA Design study supported by IHEP

' Innovation funding since 2025. 1. IR: crab waist collision

2. Inner ring Inj. region:
3. Linac: Compact insert wigglers
BEPCII crab waist damping ring
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BEPCII crab waist performance  F& @ BEPCI

BEPCII-CW Luminosity vs BEPCII-U & BEPCII

* The specifications at each energy are

‘ very preliminary.

i / e | — B « Parameters and lattice design need to
- \ be carefully optimized for each energy.
§ \ * Accelerator design is focusing on 1.89
RN /’\\ / \ GeV firstly.

E I 1.0\E§ev: 1x10%3 \
B \\ * 100 billion J/y events in 1 year
: S 30 billion y(2S) in 1 year
, oo * Lots hyperons can be accumulated!
0.i5 I . I I 1?0 ' I I I 1!5:I I — 2.IO I I — 2?5 . I 3.0
Beam Energy (GeV)
* Luminosity may increase by X 10 below 1.89GeV
» Operation below 1 GeV is enabled
o tasszacerazs * May even reach 0.3 GeV




N/N,

> Vorlax — | -,\-: o0 —— J34
BESIIFRREFMAERNMEEERZIMALH,ZE?
e s Y 10B J/ 100B J/
B &MY NALE (e I ey with L
[=anal RRERE LR R RN LN IR LM LR L
0.9E |cost| < 0.8 ll-— 4 cm — I Process* |N°bs (BESIII) o (mb) Nobs (L H.)
0.8 ' |
- o Pipei oraet Region i — Q A+p—A+p | 60.9+7.8 (12.2+1.6+1.1| ~12,000

A+p—A+p | 72.0+8.5 [27.4+3.2+2.5| ~14,000

AN+p—o2*+X | 795101 [19.3+2.4+1.8| ~8,000

2*+n—A+p | 77.6120.8 45.21+12.1+7.2 ~1,000

2*+n—X%p | 48.6+15.9 |29.84+9.7+6.9, ~600

I

=04+n>="+p | 22.9+55 [22.1+£5.31+4.5| ~550

0 1 2 3 4 5 6 7
Radial Distance r [cm]

oo
(@)
—
o

*hyperons from pair production only

30 billion Y(2S) events = hyperons with broader momentum distribution 20
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Comments on the Y and Y sources

* Ground-state SU(3) octet hyperons (A, 2%, =%-) and their antiparticles
have relatively long lifetimes (with a typical ct of a few centimeters)
and are essential for investigating several important physics questions,
including hyperon-nucleon interaction and the possible role of
hyperons in neutron stars.

* The relevant experimental studies started in the 1960s and have lasted
for more than half a century, using m or K beams shot into bubble
chambers or scintillating fiber (SciFi) targets. The statistics of these
experiments are low, with typically a few tens to a few hundreds of
observed events.

* New ways of high efficiency hyperon production are essential.



Why particle sources are important

» Scattering experiments using many different kinds of beams are the mainstay of
experiments investigating the fundamental interactions and structure of matter at the
subatomic level.

* Beams of long-lived charged particles and of photons are easy to produce, and so many
experiments using charged projectiles have been carried out during the more than 100
years since the trailblazing experiment shooting a particles into gold foil that enabled
Rutherford to infer the existence of the atomic nucleus.

* Since then, e, Y, 1, K, proton, antiproton, photon, and various heavy ion beams have
been produced and have served as enablers of many scientific breakthroughs.

* Beams of some neutral particles, like neutrons and neutrinos, are relatively easy to
produce but difficult to control; i.e., they have a large momentum spread.

* Beams of other neutral particles, such as antineutrons, K° and KO, long-lived hyperons
(A, 2*, =9-) and their antiparticles ( A, 3%, =%*) have great physics potential, but they
are typically much more difficult to produce and control.



PRL paper title:
@ Cornucopia of antineutrons and hyperons

@ from a super J/y factory

® for next-generation nuclear and particle physics

@ high-precision experiments

+ their antiparticles

25




Why J/w decays: big B(J/w->baryons)

decay mode B (X 10_3) Pmax (MeV/c)
J/1p — pr—h 2.12 1174
J/p — AA 1.89 1074
J/p — pKTA 0.87 876
J/p — X~8T 1.50 992
J/p — Ar—2T 0.83 950
J/p — AnTX— — 945
J/p — =0=0 1.17 818
J/p —- =t —=0 — 685
J/p — ZETE~ 0.97 807
J/p — B0 TE" — 686
P (28) — QTQ~ 0.05 774

Y(28) - E'KTQ~ — 606




Why J/v decays: high tag efficiency

Btag Etag
decay mode (%) (%)
J/p — pr—n 100 50
J/p — AA 64 40
J/p — pKTA 100
J/p — X% T 52 40
J/p — Anr—X+ 64
J/p — ArTE~ 64 20
J/yp — E0=0 64 20
J/p — ETa—= 64
J/p — ETE™ 64 20
J/p — Z0ntE— 64
P(28) — QTQ~ 44 20

P(28) - E'KTQ~ 64

27
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