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Motivation for studying Q™ Dibaryons UNIVERSITAT

eNeutron stars: Extreme environments to study ultra-dense

m atte I'. Atmosphere
Outer crust: / Inner crust: .
. . . . nuclei +e ~ nuclei + neutrons + e
oAt >2-3 po: Exotic particles like hyperons or dibaryons may e et

ap p e a r_ Inner core:
: Meson condensates ?
Outer core: Hyperons ?
Uniform nuclear matter 0
Quarks ?

()" dibaryon : Key to understanding hyperon-hyperon ntpretp

Interactions. L] T : = |

~ 0.5 km

eExperimental Challenge & Opportunity: short lifetime and =~ -0 zen| -2x107een”

11 -3
~4x10 gem

specific decay topologies make them challenging but promising

'R
1A

~ 10 km

Vidafia, I. (2018). A short walk through the physics of neutron stars.
arXiv:1805.00837 [nucl-th].

candidates for discovery in heavy-ion collision experiments
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AS UNIVERSITAT
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What are Hyperons and Hypernuclei? "

hyperon: baryon Contalnmg one or maore Strange 1 dd) -1 d 2 i1

uarks 5 — | " E_+’3
q XN/
* Hyperons from Baryon Octet (Spin %2): H—ssd —

2,2 N BT E
Holdsworth, |. (2007). Baryon-octet-small.svg [SVG-Grafik]. Wikimedia
Commons. https://commons.wikimedia.org/wiki/File:Baryon-octet-small.svg

A A° A+ 1 A++

* Hyperons from Baryon Decuplet (Spin 3/2 ): A e 8 e il e Uy
Z*— Z*O Z*+ —k — H*() Q_ \1 | )\1(/
132 dd 1_/2\ ud é& U 32
— baryon mass increases with strangeness (number of s-quarks) 2)</ ; i / > 1
sd —t— U
hypernuclei: nucleus with one or more hyperons =\ / =
3 sss 0O~
SY

Holdsworth, ]. (2007). Baryon-decuplet-small.svg [SVG-Grafik]. Wikimedia
Commons.https://commons.wikimedia.org/wiki/File:Baryon-decuplet-small.svg
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Hyperon decays SR

* Hyperons and Hypernuclei decay mainly
weakly

* conserve baryon number and charge but violate
strangeness, with |AS| = 1.

- 20+ 17 (24.3%)
- > E7 + 1Y (8.55%)

* Examples:E% - A + 77 —P approximate lifetime: t =~ 107 1%s
= > N+
O~ > A+ K™ (67.7%)
-
()
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Dibaryons

* Definition: Exotic, composite

particles made of two baryons
 Composition: Can be

combinations of nucleons (p, n)

and/or hyperons (A, %, £).

* Key Property: carry strangeness.

e Lifetime: order of the weak

UNIVERSITAT

FRANKFURT AM MAIN

—S\Z| -2 -1 0 +1 +2
0 nn np pp
1 > n | An A p > Tp
2 |E X | =n | A\ | =0 | Xt
3 | ==~ | ==A | =O0A | =0+
4 | =—=— | =0=— | =0=0
5 | =Q | =0Q-
6 | Q Q"

decay of a free A hyperon (ct =

8 cm).
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Dibaryon Decay Modes UNIVERSITAT
Dibaryons decay via the weak force :

A. Mesonic Decays

Example: (E°A), > A+ A+ 1

— Branching ratios are similar to those of free hyperons.  x+|} |
N
B. Non-Mesonic Decays ‘-.| ,}
L[
. . . . ]\"0 ““ ',"' EO
These become dominant if the dibaryon is deeply bound. #*; — —

Two-Body Charged Final States (Ideal for TPC detectors):r_ .

|
10 cm

+
*(Z'p),=2p+p
Barnes, V.E. et al. Observation of a Hyperon with Strangeness

—~( Minus Three Phys. Rev. Lett. 12, 204 (1964
*(Ep)p2p+A V o

o(E°A), » A+ A (Particularly interesting for experiments)
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(.~ — Dibaryons

* (Candidates for Dibaryons:

s * () Properties:
Q-=0 » 3 strange quarks (sss)
Q-0- = Spin (J) =3/2

" Strangeness (S) =-3
* ) dibaryon is a unique six-quark state made purely » Electric Charge =-1
of s - quarks.

» predicted by theory (Lattice QCD) to be a
weakly bound state.
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Lattice QCD for N-QQ;. and Q;.-Q, potential in the m&mm
S-wave

1.0 - ] S
D QO(*Sy) A NN(CS;)
S oF 0-8° @ NQCS;)  F NN('So)
s : 0.6 -
=100 k
- g 150————r————7———— 11— 71— o _
3 8 N N N N - : { ta=21]] & 04 & A
=1 ] . — 76 =
34— P SN, PRoonl) | 2 e ; gac2s] < 0o
B | i %S, N-Q,_ (K-conf) 1 — =g 5 | = J: 00
_400:_*. .................... ......................... ......................... .................... _: % ] v
E : E S 0 i -0.2 -
(g [) ......................... e S— e - : :
B Fylipd PR Fee piy Pyl ameg Lyy pol ® . —0.4 -
0 0.5 1 1.5 2 2.5 3 S —50 [ 1'0 1'5 2'0 2'5 3'0
r (fm) i : : : : :
L. Zhang, T. Do, Y. Lyu et al,, HAL ool lefr [fM]
(12(;];) g;gggirglg; é)P hys. Rev. D : (Iritani et al., HAL QCD Collaboration, Phys. Rev. D
’ —150 [ i o 0 g a | pasll & pwes § oowewn o 107, 094502 (2019))

.0 1.5 2.0 2.5 3.0
r[fm]

0.0 0.5 1

Yan Lyu, Hui Tong, et al.
"Dibaryon with highest charm number near unitarity from lattice QCD"
arXiv:2102.00181 [hep-lat] (2021)
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SU(3) model & Pole model for hyperon weak decays i

A) Weak mesonic decay :

Ansatz: Dibaryons decay mesonically like free hyperons

Matrix element of mesonicdecay B - B" + /K :
AQ = Big)) = s, { A g + B  wsqu bty (1)

q,: four — momentum of outgoing /K
ug. & ug_: baryon spinors

Aj; (P), : Parity conserving p — wave amplitude
Bi; (D) : Parity violating d — wave amplitude — phase-space suppressed

(1) (Borasoy & Holstein, arXiv:hep-ph/9905398 (1999))
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SU(3) model & Pole model for hyperon weak decays i

Effective Lagrangian in CHPT :
Leff — Estrong + Lweak (1)

Strong Lagrangian:

ha
Estrong — 9 \/—

with vertex factor involving any spin-1/2 baryon, spin-3/2 baryon or meson :

( adeTabc(uﬂ)ZBg T 6adeEZ (’U/“)gstc) (2)

h
T—-®B A T—®B
N TR @
W‘J
80-="KO

(2) (Mommers & Leupold, arXiv:2208.11931 [hep-ph] (2022))
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SU(3) model & Pole model for hyperon weak decays
Weak Lagrangian in ChPT

LY = heT" [u(h+ Rl T3 + hp tr(B{u(h + h")u', B}) + hp tr(Blu(h + h')u', B))

thoF2tr[u(h + hY)ulu,ub] . (4)

» h+h"—- A¢ Gell — Mann matrices ensures hypercharge violation
* h describes s—d transitions (Al = 1/2 rule )

Parameters: h, = 5.1-1078GeV ,hp = 0.44-1077GeV, hf = —0.5- 1077 GeV
h.= 3.2-10"7,F. ~ 0.0924 GeV

(2) (Mommers & Leupold, arXiv:2208.11931 [hep-ph] (2022))
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Weak decay Amplitudes of Q- Dibaryons SRR

Pole model calculations:

h d—3f h
N . AL — _TA | c — —3.75-10"2 MeV ! 1
Q —)A‘l‘K AK 2\/_F (MA—MEO MQ—ME*> 375 O eV ()
0O - =2V 41 (P) C he ham —10 —1
AX, | L = 8.28 - 1 M 2
=n= = ok, \3(Ma — Mz-) T 2(m, —mz)) ~ 0210 MV (2)
0" -» EZ7 41 (P) C he h m; ~10 1
AT = — | — 5.76 -1 M

Experimental values:
AY) = 4.02 -107°MeV?

A®) = 133 .10 1°MeV-?
AY) =818 -10"1°MeV~?
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Strong and weak vertex decays (mesonic Polemodel)

- =

i
a4
/7
K= .7
7/
7/
/7
/

(2~ , BY

@
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B \weak vertex

® strong vertex

— = == MESON
ground state baryon

decuplet state
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Strong and weak vertex decays (mesonic Polemodel) ORIVEREIE:

A
m //,
2~ = ;0 =0 B \weak vertex
® >
® strong vertex
t —-— = == MNESON
_— 7 —— ground state baryon
V4
V4
V4
decuplet state
K- =
V4
Q- ¢ =0
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Strong and weak vertex decays (mesonic Polemodel) ORIVEREIE:

A
7TO ///
Q- =F ./ = g B \weak vertex
® strong vertex
< —  ground state barvon
7T0 ’ ) slale DdAryorn
V4
V4 ——
’/ —  decuplet state
=0 aecupiet siale
Ko
V4
/7 —
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SU(3) model for nonmesonic decay

B) Non-mesonic decay:
(B1B;) = B; + B,

estrong interaction vertex described through one-boson exchange approach
eweak interaction vertex based on weak hyperon decay

eA deuteron-like wavefunction, as parameterized by Krivoruchenko and
Shchepkin (1982)

eone adjustable parameter: binding energy of the dibaryon states
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Non mesonic decay of (0~

 Possible non mesonic decay channels:
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Non mesonic decay of Q™

Coupling constants:

8a-z-g° = -1.06

Assume gn-qg--0 = 0, Ag-g-r = 0 and
ga-a-k = 0

-> decay channels 2) and 4) not relevant
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Results

o Weak decay of the Q~=~ dibaryon o Weak decay of the Q-=° dibaryons
— Q-T- sz-z- | — (=020
—— Q=" 5=-NK Q- =0-=0AK
—= Q72" >Z"0n" —= Q72052020
—= Q" Z" -5z n° —= 0720-5=0="nO

0.8

Branching ratio
o
(@)]

©
SN
1

0.2 A1

0.0

Binding energy € (MeV) Binding energy € (MeV)

* For small €, mesonic decays dominate — decays like free hyperons
* Forlarge €,non — mesonic decay dominates

— for Q"E7 fore > 2.7 MeV

— for Q"2 fore > 3.8 MeV
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Summary
e Motivation: Understanding hyperon-hyperon interaction and neutron star matter.
e Decay Modes:

eMesonic: similar to free hyperon decays (e.g. Q™ = A + K").

eNon-Mesonic: dominant for bound states -> ideal for experimental detection (e.g,,

eTheoretical Approach: Usage of SU(3) model and Pole Model to calculate weak decay
amplitudes
e Key Result: identifies promising non-mesonic decay channels for (0~ dibaryons.

e OQutlook: Modeling Q™ (0™ decay modes by varying unkown coupling constant

12. November 2025 EMMI Workshop “5t Workshop on Anti-Matter, Hyper-Matter and Exotica Production”

21



