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 Chiral symmetry in light sector

— Chiral symmetry breaking is important for light sector

- Mass generation mg ~ 5MeV — M, ~ 300 MeV

- Low-energy theorems for nucleons and pions

- The gqq and 999qq picture for nucleon sector from chiral symmetry

4qq picture 494494 picture
‘ i 1,7,k : flavor index E
®e = 1495 |
 AR(L) T 5 4
. T . . T S :_ __________________________________________ ! -
BZR ~ [q 075(]] qu B% ~ [q O’Y5Q] qi (Qiq%) i Detar-Kunihiro, PRD(1989) :
; ; ' g i . Jido-Oka-Hosaka, PTP(2001) 1
By, ~ (4" Cysald; B ~ [d" Crsaldly (@) o Oka-Hosska, PTRCO0D_
naive nucleon for N(939) mirror nucleon for N (1535) e.g. Parity Doublet Model
u

— parity partner structure
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- Exotic picture for nucleon sector
— The inverse mass hierarchy could be solved by the 49999 picture

A
N(1/27) N(1535) o _ 1~
N(1/27) 4 N (1440) ;7 _ 1"
exotic(?) 2
N(939) g.s. withch'mym. N(939) g.s. 7ot dymamical model ||
;_Suzuki et al, PRL(2010) |
' quark model based on 4qq ' experimental data |

— The parity partner structure of naive (¢qq) and mirror (ggqGq) nucleons

1s suggested by lattice QCD 4
| Detar-Kogut, PRL(1987) |

| Aarts etal, JHEP(2017) 1 N(939) > degenerate

-------------------- ——¢» with (gg) — 0
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- Exotic picture for nucleon sector
— The inverse mass hierarchy could be solved by the 49999 picture

t t
4 )

Q: Exotic picture for singly heavy baryons with chiral symmetry?

light system singly heavy system

Q qqqdq T——) (29q9qq ? — Yes!

e.g. N(1535) heavy (This talk)

— The parity partner structure of naive (¢qq) and mirror (¢qqqq)
1s suggested by lattice QCD 4
N (1535)
i- i)-e;e;r-lgc;g-u-t,_lgﬁl:(-léé; )- -: \

| Aarts et al, JHEP(2017) : N(939) —

1
1

degenerate
with (qq) — 0
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- A.baryons from chiral symmetry

— The spectrum of ¥ = 1/2% singly heavy baryons (1 = 0,50 = 1/2)
heavy quark spin-singlet

. : — ' Moon et al. (Belle), PRD(2021) '
(Roper-like) (e;clc__)ltfdlj‘;%f)e AC (2765) e (2970) " Arifi et al, PRD(2020) .

A.(2286)  E.(2467)

— From chiral symmetry point of view, the interpolating field for these
baryons with three-quark picture is T L L P R P e L e EEy

Qag ' (dR)? ~ eijre™(qR)2C(gR); |

B; ~ % {Qa(dR)? _ Qa(dL)?} E (dp)% ~ eijkzeabc(q%)bC(QL)z ;
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- A.baryons from chiral symmetry

— The spectrum of ¥ = 1/2% singly heavy baryons (1 = 0,50 = 1/2)
heavy quark spin-singlet

. : X = ' Moon et al. (Belle), PRD(2021) !
(Roper-like) (e;clc__)ltfdljtzaf)e AC(2765) L_,C(2970) " Arifi et al, PRD(2020) .

A.(2286)  =.(2467)

— From chiral symmetry p few, the interpolating field for these
baryons with three-qua ) '

1 qq ' (dR)] ~ eijne™(ar);C (ar)k |
~ — | Q° a_Q® ¢ : a abe c !
B; \/i [Q (dR)z Q (dL)Z} E (dL)i ~ €jjk€ ’ (QE)QC(QL)kz i
. 1,7,k : flavor index
(

Only A.(2286) and E(2467) is treated || ®bc: colorindex
|$ Need another field for A.(2765) and Z.(2970)

g (— exotic)

_________________________________

J
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- Diquark fields

— We introduce two types of diquark fields

i) conventional diquark

1,7,k : flavorindex
¢ : colorindex

* ~ ejre™(qf)iClqr)

v~ €™ (q1)rC(an)i [(ar)S (ar)f]

— The chiral representation of dr,dr,d,d; are

g~ (1,3), dy ~ (3,1)
dp ~(3,1), dy ~(1,3) <« chiralrep. is flipped like in a mirror
[c.f. mirror nucleon for N(1535)]
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- Heavy baryon fields

— The heavy baryons are simply given by adding a heavy quark
() to the diquarks

Bri~Q“(dr)} , Br:~ Qdr)
By~ Q"(dr)y , Bp,;~Q"(dy)]

__________________________________________________________________________________

Br — Brgly, , Br — Brgl " | gR € SUB3)r !
W1 : :
By, — Bhgl , B — Bjgh gL € SU(3)L, |

______________________
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Heavy baryon Lagrangian

— The effective Lagrangian invariant under SU(3)r x SU(3)r
1s obtained as

Lop = Z { Byiv - 0By — 11 By By + Bliv - 0B — ,LQB;B;}
L,R
— (B B}/-}—B}/BR—I—BLB}%—}—B;{BL)
— gl(_LZ Br + BrX!'By) — g2(BRX*B) + B, Y1 Bg)
3(BRY*Br + BLY*By + BRX' By + By X' By) |

|
Q

______________________

with meson nonet > = S + ¢ P Y QLEQR
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Heavy baryon Lagrangian

— The effective Lagrangian invariant under SU(3)r x SU(3)r
1s obtained as

Log = Z { Biv- 0B, — mB.B, + Bliv- 0B, - 1z BB, }
L.R
— (B B}/—I—B}/BR—I—BLB}%—I-B;{BL)
— gl( B3.Y*Br + BrX! Br) — go(BRrY*B) + By X" Bg)
— g3(BRY¥"Br + BLY" By + Br¥" By + BiY" By) |

______________________

with meson nonet > = S + ¢ P Y — gLEg}f%
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Heavy baryon masses

— The mass eigenvalues are obtained as 7. L

1
M(Bf/ZL) = mB+2{m+z+m+zi\/m+Z m!, ;)? +4m+z}

1 ~
M(BEI{LL) = mp + i{m_z +m’ ;£ \/(m_z —m’_ ;)% +4m? }

______________________________

m+ . = p1 + 9105 ' chiral symmetry breaking !

with m/, . = s F go0; 01 =02=0q E ' :
+,i = H2 F 920 S— . () = diag(aq,0q,05) |

’ﬁli’i = U3 F g3o; E with oq = 93 MeV :

[ mpis a mass parameter used to define heavy baryon effective theoryl

— The corresponding eigenstates are

BL,L- cosfp, . sinfpg, . By ; ) 2m4 o
7o) = i Tk | with tanfp, , = = — satisfied
B Bi,z ’

+.,i — sin eB:t,i COs HB:i:,i m4 ; — My,
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« Parameter determination

— Baryons masses as inputs to fix parameters

A.(2286), A.(2765), Z.(2470), Z.(2967) and A.(2890)

| 1
1+ 1+ 1+ 1+ 1- \ ' T Yoshida, et al, !

3 (g.s.) 5 (excited) 5 (g.s.) 5 (excited) 5 ! PRD (2015)

(quark model prediction)

— Diquark masses without mixing from mirror ones measured by
lattice simulation as inputs

M(d_i_ﬂ:B) — 725 MeV M(d+,i:1,2) — 906 Mev L e

"""""""""""""

M(d_ﬂ'::;) = 1265 MeV M(d—,i:1,2) = 1142 MeVﬂ—i M. Harada, et. al. , PRD (2020) E
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 Results

— We get physically distinct two parameter sets as

p1 [MeV] pus [MeV] p3 [MeV] g1 g2 g3

o4 [MeV] o5 MeV

with mp = 2868 MeV

I) | —247 247 F91.0 1.27 1.94 £0.34  (93) 212
ID| 941  —94.1 4246 1.27 1.94 £0.34  (93) 212
mass [MeV]
4 3529
— The resultant mass spectrum _—
46:4‘7{());53:6‘7;))
mass
Qqq : Qqqqq for (I)
Qqq : Qqqqq for (1) . 2890*
2765 oo o
53.6% : 46.4%

13.3% : 86.7%
15.5% : 84.5%

2286*

—
86.7% : 13.3%
84.5% : 15.5%

( Ratio is Qqq : Qqqaqq )

3302
I
1.0% : 99.0%
39.0% : 61.0%
2967"
I
6.5% : 93.5%
24.8%:752% 2092
I
99.0% : 1.0%
2470* 61.0% : 39.0%
I
93.5% : 6.5%
75.2% : 24.8%

v(3)

a(3)
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 Results

— We get physically distinct two parameter sets as

pr [MeV] pz [MeV] us [MeV] g1 g2 g3 o4 [MeV] o5 MeV

I) | —247 247 791.0 1.27 1.94 £0.34  (93) 212 with mp = 2868 MeV
1| 94.1 —94.1 4246 1.27 1.94 £0.34  (93) 212
mass |MeV .. _
A [MeV] 3590 ( Ratio is Qqq : Qqqqq )
— The resultant mass spectrum s
0.1% : 99.9% 3302
46.4% : 53.6% —
mass 1.0% : 99.0%
39.0% : 61.0%
Qqq : Qqqqq for (I) $ 2067*
Qqq : Qqqgq for (II) 2890" e—

* —— 6.5% : 93.5%
2765 99.9% : 0.1% 24.8% : 75.2% 2732

13.3% : 86.7% 03-0% : 46.4% 99.0% : 1.0%

N 15.5% : 84.5% 2470* 61.0% : 39.0%
. 5 — 5% : 6.5%
Excited A.(2765) is mostly Qqqdq 2286* 750 21.8%

—
86.7% : 13.3%
‘ 84.5% : 15.5%

v(3)

while A.(2286) is mostly Qqq

() =() =()



D.S.,A. Hosaka; 2101.09764
(to appear in PRD)

3. Analysis and Result

15/17

 General relations

Sum rule (mass formula)

i E MeV .
| | mfs[ v 5520 ( Ratio is Qqq : Qqqdq )
| M(B". ..)= M(B"™. : 0.1% : 99.9% 3302
! Z ( p,z—1,2) Z ( Pﬂ—?’) ; 46.4% : 53.6% E—
1 p=En=H,L p=+,n=H,L ! 1.0% : 99.0%
! : 39.0% : 61.0%
. four =, masses = four A, masses ! 2800° 2967"
'_ ________________________________________________ : ] 6.5% : 935%
2765* 99.9% : 0.1% 24.8% : 75.2% 2732
___________________________________________________ 13.3% : 86.7% 93-6% : 46.4% 99.0% : 1.0%
) . 15.5% : 84.5% 2470* 61.0% : 39.0%
Goldberger-Treiman relation e
9986* 03.5% : 6.5%
75.2% : 24.8%
86.7% : 13.3%
Z M(B ;) — Z M(B ;) =2(g1 + g2)0i 84.5% : 15.5%

Mass differences are related to one
pilon, eta, kaon emission decay

1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
] n=H,L n=H,L 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1

v (3)

()

1+
(5 >

= 1=
Ee | 3
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- Suppression of direct decay

: . . | mass [MeV] .. _
- Ac(2765)-A.(2286) -0 coupling disappears | 4 gsgg  ( Ratio is Qg - Qaagy )
E L - : 0.1% : 99.9% 3302
: ) : 46.4% : 53.6% —
' Direct 77 decay of A.(2765)is suppressed ! s
e ' 2967*
H * 2890* 6.5% : 93.5%
X suppressed () survive 2765 e s isan 2732
43.3%:86.7% 05-6% :46.4% 99.0% : 1.0%
Y/ﬂ- a15.5% : 84.5% 2470%  61.0%: 39.0%
o / / = 93.5% : 6.5%
L . 2286* L
A.(2765) A, (2286) AL(2765) B0 A.(2286) 1W—BSOZ AL
84:5% 15:5%

gy (1)

vG) =G) =G)
consistent with experimental data

e - -
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« Summary

— We proposed a new Qqqgq in addition to Qqq state to explain
JP =1/2% spectrum of A.(E.) from chiral symmetry

conv. diquark mairror diquark

— Not only positive-parity but also negative-parity
states were predicted

— A.(2765) [E.(2970)] was mostly Qqqdq while A.(2286) [=.(2467)] was Qqq

— A sum rule (mass formula) and Goldberger-Treiman relation
were derived

— Does mirror diquark ¢qqq play a significant role for N (1440)?



