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1. Introduction

- Symmetry of QCD in medium

@D SU(3)r, x SU(3)r chiral symmetry restoration in medium

______________________________________________

ﬂN\e\’\
2 Effective enhancement/restoration of U(1)4 anomaly [ e Gros-pisarsi-Yaffe (1981), Fejos-Hosaka(2015) |
R .
? \fl\(t — Clues to understand QCD topological effect to hadrons
R instanton™~ -

- Examination with these symmetry aspects are inevitable to pursue systematic/comprehensive
understandings of hadrons from the underlying theory: QCD




1. Introduction

———————————————————————————————

- Diquarks with QCD symmetries | cg, Hong-Sohn-Zahed (2004) |

_______________________________

. diquarks
mass B
| laaly 1%

i) Chiral partner structure

aalt I sl IAM «— induced by chiral symmetry breaking
9410 Sal0h

mass (1), anomaly
[T
i) Inverse mass hierarchy L _ ') NVErted oo
[QQ]O e S [SQ]O i Harada-Liu-Oka-Suzuki (2020), !
— — | Suenaga-Oka (2023)

[- Those properties strongly affect fate of diquark masses at high T with, eg, chiral restoration ]




1. Introduction

- Singly heavy baryons
- Diquark chiral dynamics (in our world) is reflected by singly heavy baryons (SHBs)

SHB
A., Y., - observable!

heavy quark () = spectator

- This work Study masses of spin-1 diquarks and corresponding SHBs with chiral restoration,
particularly focusing on >, — A_m decay at high temperature

- cf, lattice studies

-~ e “Numerical experiments” in N, =2 QCD
l// ‘Q.)'-,\ ( .:'
| eg RCNP (Ishii-san’s) group ! \ Py ¢ 1 _ _
““““““““““““““““ el diquark baryon (well-defined)

Q — qq potential (HAL)  static quark \

(color source) mass spectrum, diquark-diquark potential, etc.



 NJL model

- We start with the 3-flavor NJL model including meson and diquark channels
Lnyn = w(zﬁ — M + quﬂyo)w + £(4) 4 (anom.

o ) meson/diquark fields ‘
. 0F meson: ¢i; = (¥r)%(vr)!
Ly = 8Gtr[¢'¢] + 2H, (nfynr + njnr) — 8Hytr[i7#] 0% meson: @y = W)y (we)
oy = —8K (deto" + detg) + K’ (nf ¢ng +npo'n;)

0% diauark: (L) = eiwe® (WL)5C (PL)5,
e (nr)§ = €ire®(VR)IC(WR)S |
1% diquark: ()5 = ¢ (RO ()

J

with M = diag(m,.mg.ms)

R

- Interactions respect SU(3); x SU(3)g chiral symmetry
- ?él)om' 1s responsible for the U(1)4 anomaly effects

- With mean field approximation, dynamical quark masses read

(¢) = diag((qq), (7q), (35))
(u, d quark) My =mq — 4G{qq) + 2K(qq)(5s) Anomalous K term generates
(s quark) M, = m, — 4G{3s) + 2K (Gq)*

s (¢) contributions to M, (M,)




* One loop approximation

- Chiral condensates, diquark masses, etc. are evaluated at quark one loops

diquark fluc.
T !

K J T

____________________________

- The loop function J of, eg, [ud]; diquark at g = Oreads i (ﬁ) N o d
- .. - . . ) : I = EWP)
i ' @p R o 24D 9 # 8& R @+ 249 % # o5& P P 1l—lq
al —q;la q q I -
J[ud]3 (%) = 8! (2")3 P! Z%q) 1! 2f¢ #I&D ! % +2#§q) 1t 2 #"‘ : frle) es/T +1
_Ixl |x]
proper-time regulator with UV and IR cutoffs: R(X)=e Tw | € ir
e _ ™
R ! Z!Eq) m ! "7 : oot 2069 ' | 2!§,q)|:b ) ) )
@, et e T te ww—  — 0 (imaginary parts vanish!)
q) H p I — SRR
$ o 1 L 1 i Ebert-Feldmann-Reinhardt (1996) i
— No ambiguity from imaginary part to define diquark mass  AVFOB®m@)
- IR cutoff is suggested by, eg, gluon mass | Tissicr-Wschebor (2010). 4V F O B4#o (2019)




2. Model o

- Intuitive picture of vanishing imaginary parts

[ diquark is affected by matter but does not discriminate single quark in medium J

0 @=<"

o
0, £

Forbidden!

NOTE: deconfinement is crossover

=

SHB structure would survive at T

convenient for SHB study in medium

[!"#$ omoes' stable s+ " /-$1g-+




3. Results

Hs,Hy, K,K ) gy, MIR

——————————————————————————————————————————————————————————

mgq = 0.00258 Ge\ | fi =0.092 GeV

ms =0.0761Ge\ |, =1.6GeV | ® fk =0.110 GeV

 Gs=1.15GeV? g =0.45GeV | m, =0.138 Ge\

_ I 5 : o) _
K =10.3GeV | My = 0.496 Ge\ (Hq = 0)

I"HEYHE (Y&

1"l - - . : '
i M IMg #1910 1M&
*opo

- Fix Hs and H, for a given K ' as follows

| | vacC " vacC — vdC n "Vi:lC —
additional ' my | m[su]8 m[ud]g M ME" = 0.183 GeV (« exp. value)
Inputs L mg ! miS s T migse = My MISE = 0.215Ge (« exp. value with spin average taken)
1 0

simple assumption
" a %= @ @

(cf, HQET) E Y



3. Results

- Determined diquark masses

positive party diquarks

in units of GeV

K'[GeV™®] || Hy [GeV™?]  H, [GeV™?] | m, g+ My i+ Mg+ Migyr Mgt | Ami Amy
-5 2.3 3.06 0.119 0.302 0.333 0.418 0.472 | 0.184 0.215
0 2.2 3.0 0.187 0.374 0.387 0.463 0.514 | 0.187 0.200
) 2.08 2.86 0.277  0.461 0.495 0.560 0.606 | 0.183 0.218
10 1.95 2.75 0.360 0.547 0.577 0.629 0.671 | 0.187 0.216
15 1.77 2.6 0.490 0.674 0.703 0.726 0.757 | 0.184 0.213
negative party diquarks
K' [GeV~S] | H, [GeV~2] H, [GeV~? Mig= Mz Mugs Misulo
-5 2.3 3.06 0.134 0.421 0.581 0.700
2.2 3.0 0.421 0.570 0.618 0.732
5) 2.08 2.86 0.617 0.715 0.705 0.808
10 1.95 2.75 0.817  0.868 0.776 0.871
15 1.77 2.6 1.10 1.09 0.88 0.961

- For smallerK ', all the diquark masses become small

-WhenK'! 0, [ud]; mass becomes negative at T — unstable (excluded)



3. Results

- Determined diquark masses

positive party diquarks

in units of GeV

K, [Gev_5] HS [GeV_Z] H’U [GeV_2] m[ud](-:- m[su]: m{ud};i- m{su};}- m{ss};l- Am]_ AmQ
-5 2.3 3.06 0.119 0302 0.333  0.418 0472 | 0.184 0.215
0 2.2 3.0 0.187 0374 0.387  0.463 0514 | 0.187 0.200
5 2.08 2.86 0.277 0461  0.495  0.560  0.606 | 0.183 0.218 4—
10 1.95 2.75 0.360 0.547  0.577  0.629  0.671 | 0.187 0.216
15 1.77 2.6 0490  0.674 0703 0726  0.757 | 0.184 0.213 <
neqgative party diquarks
K' [GeV~S] | H, [GeV~2] H, [GeV~? Mig= Mz Mugs Misulo
_5 2.3 3.06 0.134 0.421 0581  0.700 4 _
2.2 3.0 0421 0570 0.618 0.732 Let me show results with
5 2.08 2.86 0.617  0.715  0.705  0.808 < K!'=5GeV °
10 1.95 2.75 0.817 0.868 0.776  0.871 0
: ; = . . K'=15GeV °
15 77 6 10 1.09 088  0.96] < L

- For smallerK ', all the diquark masses become small

-WhenK'! 0, [ud]; mass becomes negative at T — unstable (excluded)

~N




3. Results

* Results of spln -0 diquarks (kq =0)

chiral condensates at T
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- Chiral-partner mass degeneracies are not well realized for [ud] sector
- Weak inverse mass hierarchy M >M g, for larger anomaly effect (K' = 15GeV' °)




3. Results

« Results of spin-1 diquarks (kg =0)
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- Chiral-partner mass degeneracies are well realized for all sectors
- The mass hierarchy seems to be reasonable




3. Results

- Mass spectrum of SHBs NOTE
{!c(2595),! ¢(2625)} is HQS-doublet

&" : : : : : &"

in-0 di : e K'=15GeV'S
spin-0 diquark K'=5GeV ° pommmmm====aaa
SR S N L) e o g, e (U0, = unobserved SHBs
p %"t Fe(+) w <0 /
1 2* | /m/ %% o) !
: MU TSI TSE 0% [ '8! MU T TS TSE ol 196 '8 )
HQS-singlet e el i assumption:

1%$&

I"HHSH
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~

Mshg = Mg + Mgiguark
&"! e &
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3. Results

- Decay width of ! ¢: M

Decay width =>

threshold information
Mo ! M. "M, B
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- Mass inversion of M,
— one distinguishing phenomena by chiral restoration at T on SHBs

C

and M, _ does not occur, but the width is closed!




4. Conclusions

- We investigated spin-0 and spin-1 diquark masses at T with NJL model

$ delineation from chiral restoration and U(1), anomaly effects

- U(1), anomaly effect on spin-0 diquark would be sizable (K * is finite)

<:(> otherwise tachyonic mode appeared

£

IHSY68()F +* -

e ™\
- The decay widthof I .| " .l isclosedat T ! 0.2GeV ’ !
= distinguishing phenomena with chiral restoration T (!.';ff e T
$ "#$$%&' (&) (**+%),-.),+/+.%)012)%34%.(5%&/*6)%/! 7
needs more phenomenological investigation
\_ J

_ “Numerical experiment” with Nc=2
HAL (Q:a%) "z, statio quark g P
_ " 1 ] ' // ., ' ]
Lattice studies are also welcome! ( th/ 1 diquark baryon

-
SRR



