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2018/3 - Ph.D. at Nagoya U. (Japan) under Prof. Masayasu Harada

= D mesons in medium, parity doublet model in medium,
Molecule picture for Pc, Skyrmion crystal, ...

2018/5 - Visitor at Frankfurt U. (Germany)

C> + Linear sigma model with (axial) vectors in medium, ... = “ A

2018/9 - Postdoc at Central China Normal U. (China)

:> + Massive gluon model in dense QCD, Casimir effects 3
for D mesons, QCD Kondo effects in NJL-type model, g
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2020/5 - Postdoc at RCNP, Osaka U. (Japan)

= + Chiral model for heavy baryons, quark model with
relativistic corrections, ...

2022/4 - Postdoc at RIKEN (Japan)

> + Chiral model in two-color dense QCD for lattice QCD,
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Polyakov loop effective model in finite-volume system, "‘.""L_

/Mv research interest and strateqgy

- To understand quark-gluon dynamics and hadron properties from
(field-theoretical) effective models focused on symmetry

\ e.g., chiral symmetry, heavy quark symmetry, Zy. symmetry, ...
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- "Symmetry” of light quarks

- QCD Lagrangian for light quarks has chiral symmetry (whenm, ~ 0)

% % QQD right-handed . Noether theorem
% e e - separately conserved | g, =0 |
left-handed at classical level i o
© © ) ( ) i @JL _ 0

quarks T |
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- ’Symmetry” of light quarks

- QCD Lagrangian for light quarks has chiral symmetry (whenm, ~ 0)

3 % QO) right-handed . Noether theorem
,8 e e - separately conserved | g, =0 |
left-handed at classical level i o
0 0 ) ( ) i 8u]L _ 0

quarks ﬁ in reality

- Vacuum breaks chiral symmetry (spontaneous symmetry breaking: SSB)

)

empty 4 QCD vacuum )

3S 7 \79)
(false vacuum) —E %%% 7 /.)\

- The vacuum is occupied by chiral condensates (Gq) 7

——————————————————————————————

[> [Mass generation my ~ 5MeV — M, ~ 300 MeV] S B
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- Chiral models |
- Chiral symmetry breaking is useful to understand light hadrons -
B Low-energy theorems for [N and 7 | exibook by Cheng Li | '
(Goldberger-Treiman relation, sum rules, Gell-Mann-Oakes-Renner relation, etc.)
- Chiral perturbation theory (ChPT) — systematics for NG bosons
71 ! Callan-Coleman-Wess-Zumino (1969), Weinberg (1979), r— _ﬁTr[ 9,U'9"U] 4 -~ (nonlinear rep.)

i Gasser-Leutwyler (1984, 1985), Ecker (1995)

__________________________________________________________

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

__________________________________________________________
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- Chiral models
- Chiral symmetry breaking is useful to understand light hadrons _ \ / %

g
- Low-energy theorems for N and textbook by Cheng-Li ! '
(Goldberger-Treiman relation, sum rules, Gell-Mann-Oakes-Renner relation, etc.)
- Chiral perturbation theory (ChPT) — systematlcs for NG bosons
"é;h;}{E&ie}i{a}{%)v"és's"zlitiﬁhg'{iéé'gi"v'v;;ﬂ;‘e}'g'{fg'%é;'"5 - E I v, Ut 9"U] + -~ (nonlinear rep.)

Gasser-Leutwyler (1984, 1985), Ecker (1995)

__________________________________________________________

————————————————————————————

____________________________

- Predictions of hadrons at finite temperature/density

with chiral symmetry restoration | .. nasuda-Kuniniro (199)
(inearrep.) -~

0 100 200 300

[> [ Many model-independent relations, systematics, and predictions! ]
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- Symmetry of heavy hadrons
- Heavy-quark spin symmetry (HQSS) emerges

[> spin of a heavy quark is conserved (cf, NR quantum mechanics)
- For example, spin decomposition for D mesons % reads
26] ® 2. = |1D S> 3D*.

dege'nerate «— HQSS (suppression of magnetic int.)

____________________________________________________________________________________________________________________________

- When focusingon,eg D* — D 7
™ @

D* D

@ / 49

© ©

>
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- Symmetry of heavy hadrons
- Heavy-quark spin symmetry (HQSS) emerges

[> spin of a heavy quark is conserved (cf, NR quantum mechanics)
- For example, spin decomposition for D mesons % reads
26] ® 2. = |1D S> 3D*.

dege'nerate «— HQSS (suppression of magnetic int.)

____________________________________________________________________________________________________________________________

- When focusing on, eg D™ — D extbook by Manohar-Wise
:> Dynamics is governed the light sector
with chiral symmetry

AP

> C quark serves as a spectator with HQSS

------------------------------------------
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Heavy hadrons in chiral models so far

- Chiral model for heavy-light mesons with chiral partner structure

________________________________________________

________________________________________________ D(0"), D(17)
lﬂ'
AM = M(0T) = M(07) = M(1T) — M(17) = gufr 1 Jitas
(extended GT relation) Avl o 97 \
[ Relation between masses and decay widths ] v D(07), D(1")

— Predictions at finite temperature/density/volume with chiral symmetry restoration

________________________________________________________________________________________

Sasak1 (2014), Suenaga-Yasui-Harada (2017), Ishikawa-Nakayama-Suenaga-Suzuki (2019) i 2300b56;-(6;-)"m‘""5 ----- @ -.)
"""""""""""""""""""""""""""""""""""""""""""""""""""" S 2200} :
" * N 2 2100; tends to degenerate—+
AM* =grfr =0 (fzr —0) £ 2000 &
chiral restoration 1900-D_f9:_) _____ .0 ® & ©

000 002 004 0.06 0.08 010

pslfm™]
meson in medium
$ information on chlraI}

i for other approaches:

i Skyrmion crystal: Suenaga-He-Ma-Harada (2015)

' Sum rule: Buchheim-Hilger-Kampfer-Leupold (2018)

i BS approach: Montafia-Ramos-Tol6s-Torres-Rincon (2020)

restoratlon there
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- Heavy hadrons in chiral models so far
- Chiral model for singly heavy baryons (—later in detail) @

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

Kawakann Harada (2018, 2019), Harada-Liu-Oka-Suzuki (2020), Dmitrasinovic-Chen (2020),
Kawakann Harada-Oka-Suzuki (2020), Suenaga-Hosaka (2021,2022)

___________________________________________________________________________________________

@

- Chiral model for doubly heavy baryons Bardeen-Eichten-Hill (2003), Ma-Harada (2015, 2016, 2017)

g0 o G [mumEmm.,

— prediction of mass spectrum, decay widths, etc.

Analog of heavy-light mesons
when focusing on chiral symmetry

(Both have one q)

- Useful information for molecule picture of exotic hadrons

contributions to pentaquark
(hadronic molecule)
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- Singly heavy baryons (SHBs)

- Diquarks (gq) from chiral symmetry viewpoint are less understood compared

———————————————————————————————

to mesons((jq) @ \ eg, Hong-Sohn-Zahed (2004)

- SHBs are useful to understand chiral symmetry for diquarks

=HBs i coupling with pions
diquark 44 —_ Ping P

“ - their change in medium

g — with chiral restoration

: <L
from chiral symmet

heavy quark @ y Y| -indication of diquark condensate
= spectator

- ~ ?
- ~
— - ~ H
o ~
-7 RN
-7 ~
- ~
- ~
& ~
~
~

__________________________________________________________________

- Diquark condensate is the
Cooper pair of two quarks

— color superconductivity
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[I]

(2815);

=.(2790)1

-
(HQS-doublet)

A.(2625)3
-
Acg2595)5

(HQS-doublet)

A 4

mess E.(2970) 1
A (2765) : ;
N EC§2645)§
».(2520); Ze
. 1+ ﬁ (HQS- doublet)
Ac(g.s. ) = * (Has- doublet)
flavor- 3 3 6 )
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« SHB in chiral models

- Mass spectrum of SHB in charmed sector

mass N
=,(2970) !

a

_I_

3
. =.(2645)2 Acg2625)§ (
> g252) 2.1 AL(2595)5
o 1t !245 HQS doublet)

(HQS doublet)

flavor- 3 3 § 6 3

- Previous works on SHB in chiral models have been mostly devoted
to rather lower states (and their chiral partners)

i Kawakami-Harada (2018, 2019), Harada-Liu-Oka-Suzuki (2020)
+ Dmitrasinovic-Chen (2020), Kawakami-Harada-Oka-Suzuki (2020) i

___________________________________________________________________

A 4
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i Kawakami-Harada (2018, 2019), Harada-Liu-Oka-Suzuki (2020)

¢ P reVi O u S WO rks i Dmitrasinovic-Chen (2020), Kawakami-Harada-Oka-Suzuki (2020) E
mass N =
A =, (2970)" :_(Zil)g;

3
. =.(2645)3 Ac(2625)g
' g2520) 2.1 Al(2595)5
§245 HQS doublet) (HQS-d

do hlp’r\

v

6 6 3 3
| I Y J
B-l—,i Sz'j
B“'(; ? ) _,)Q( (Td))c - Sy~ Q@Y = QU+ |
with (dr)i ~ €ijre™ (qr);C(ar)k abe i
’ " b ﬁ Z ’ with (d)zj ~ e (qL)jC’Y (qR)Z- i,7,k : flavorindex !
(dL)fL-l ~ Eijk;ea C(QL)jC(QL)i (3 3) i a,b,c : colorindex '
(1,3) and (3,1) ’

[> - Inverse mass hierarchy of diquarks, mass spectrum, predictions of
EM decays, predictions on chiral partners, etc.
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Kawakami-Harada (2018, 2019), Harada-Liu-Oka-Suzuki (2020) E
Dmitrasinovic-Chen (2020), Kawakami-Harada-Oka-Suzuki (2020)

* Previous works

3 —
=.(2645)3 Acg%%)% (HQS-doublet
3t = + _
' g2520) 2.1 Al(2595)]
§245 "(HQS-doublet)  (HQS-d

ala hlp’r\
6 6 3 3
I \ Y )
By ; Sij
B“'(; f it ‘bQ( f)g)é( ) Sy~ QUAN = QU+ Q@ |
with (dr)i ~ €ijre”“(qr);C(qr)% e N . i
’ . g Z g with (d)m’ ~ € (qL)jC’y (qr)S | i,J,k : flavorindex
(dL)g ~ Eijkea c(QL)jC(QL)i (3 3) L a, b,c : colorindex !
(1,3) and (3,1) ’

[> - Inverse mass hierarchy of diquarks, mass spectrum, predictions of
EM decays, predictions on chiral partners, etc
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Roper-like SHBs in quark models
- A.(2765) and Z.(2970) are called the Roper-like SHBs

Roper resonance
mass =.(2970)! 1+ Mass 4 ‘/1+
A,(2765) N(1440)!

+

1
Ac(g-s.) 5 analogy N(gs.) 2

o
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* Roper-like SHBs in quark models
- A.(2765) and =.(2970) are called the Roper-like SHBs

Roper resonance
mass =.(2970) mass, <~
A.(2765) N(1440)%

+

»

1
Ac(g-S-) 5 analogy N(gs.);

. »
> »

- Their masses seem to be reproduced rather well by a NR quark model

_________________________________________________________________________________

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

______________________________________________

N e W
- The decay widths are found to be too small in a NR quark model
(with harmonic oscillator potential) Au(2765) — )
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- Decay of Roper-like SHBs

- The NR interaction up to O(1/m)reads Hnr =g [G -q+ ;)—;z (0-q—20 'Pi)]

(from chiral Lag.)

D Hnpg /g/»QW ‘
q @ ® @ ¢
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Decay of Roper-like SHBs

- The NR interaction up to O(1/m)reads Hnr =g [G g+ ;u—;l (0-q—20 'Pz-)]

(ny : radial excitation) q—: ’0 T (from chiral Lag.)

pz NR. -~
+(2765) [ '7‘ e, X
n>\ = 1 (n>\ = 0)

- Hy g is of O(¢?) which is very small in the low-energy limit

M ~ (¥, —o|¥,,=1) — 0 : forbidden process | cf. photoexcitation of N'(1440)
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- Decay of Roper-like SHBs

- The NR interaction up to O(1/m)reads Hnr =g [G g+ ;)—7;; (0-q—20 'Pi)]

(ny : radial excitation) q—: 'Q T (from chiral Lag.)

pz NR' -~
-(2765) [ ‘7‘ e, X
TL}\ = 1 (n>\ = 0)

- Hy g is of O(¢?) which is very small in the low-energy limit

M ~ (¥, —o|¥,,=1) — 0 : forbidden process | cf. photoexcitation of N'(1440)

B gy W

- The relativistic corrections of O(1/m~)can improve the shortcomings

" Aifi-Suenaga-Hosaka (2021), Arifi-Suenaga-Hosaka-Oh (2022) | (becomes O(q") )
=

[_

Understanding from chiral symmetry (= symmetry of relativistic theory)
with field-theoretical method may be suitable for the Roper-like SHBs
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3. Decays of SHBs
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 Diguark fields

- We introduce two types of diquarks toward understanding both
the Roper-like and ground-state SHBs simultaneously

_____________________________

a abc b c i I
(dr)§ ~ e€ijre (qlg)jC(QR)k 1,7,k : flavorindex
(dp) ~ eijke“bc(qf)gC(QL)i 'a,b,c : colorindex

______________________________

i) conventional diquark

:> (dp)f ~ eme™ (ar)iClar)i[(qL) (ar)f]
(dL,)i ]

'~ e (q1)hClan)i[(ar)i (qr)f)

- The chiral representation of dg, dy, d,, d} are
dR e (173) ) dL R (371)

dn ~(3,1), dy ~(1,3) <« chiral rep. is flipped like in a mirror
R L
[c.f. mirror nucleon for N (1535)]
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- Heavy baryon fields
- The heavy baryons are simply given by adding a heavy () to the diquarks

Br,i~ Q"(dr); By~ Q(dR){ R :

Bri~Q%d)? B, ~Q"dy)"  Br— Brgk By — Big) |
0. B, — Brg; B;, — B g, '
@@ ---------------------------------------------

- The SU(3), x SU(3)g chiral symmetric Lagrangian is

Lo = Z {Bsiv OBs — u1 BsBs + Bliv - 0B, — ,ungB;}
s=L,R
— /,Lg(BRB}J + B/LBR + BLB% + B&BL)
— q1(BLY*Br + BRYXTBr) — g2(BRX*B} + B:. X" Bg)
— g3(BRX*Bgr+ BLX*B; + BRX" By + B} ' By1) ,

__________________________

with meson nonet . = S + ZP Y = g2yl

(o, ao, ) (?7, )
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- Heavy baryon fields
- The heavy baryons are simply given by adding a heavy () to the diquarks

Br,i~ Q"(dr); By~ Q(dR){ R |

Bri~Q%d)? B, ~Q"dy)"  Br— Brgk By — Big) |
0. B, — Brg; B;, — B g,
@@ ---------------------------------------------

Leg = Z {Bsiv - OBy — 1 BsB + Bliv - OB,

— usz(BrB} + B} Bgr + Br By + BLB;)
— q1(BLY*Br + BRYXTBr) — g2(BRrE*B} H\_ Y,
— g3(BRY*Bgr+ BLYX*B} + BrXT B, + B, YT B;)

__________________________

with meson nonet Y — §+ sz IS Wl

(O’,ao,---) (7%77,"')
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- Heavy baryon masses

____________________________________________________________

- The mass eigenvalues are obtained as

1 N
M(Bf/ZL) = mp+ §{m+,i +ml ;£ \/(m+,i —m! ;)% + 4mi’i } = JP = 1/2%

i
M(BEIE) = mp+S{m_i+ml 4 /(m_i—m_ )2 +4m2 , | &= jP —1/9-

M+, = K1+ 910; e =0 f7777TTTTIIIIIIITsmmmoossttoooes :

with  m,; = p2 F gooy 1 2= "q ' H/L < Higher/Lower |
- o3 =0g  TTmTmmmmmmmmmmmmmmmmmmmmmmmmmmeedd
M+,i = K3 + 930

[ mpis a mass parameter used to define heavy baryon effective theory]

- The corresponding eigenstates are

)

" o 6@}
( B:E)Z ) — ( CO.S oB:t,i S HBi,i ) ( Bitaz ) i B:(é) _ L(B%) :FB/(;I)) i
B ; —sinfp, , costp, , %% | V2 |
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« Parameter determination

- The following Baryons masses are inputs to fix parameters

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

———————————————————

1—1_ ( S) 1+ (excited) 1+ ( S) 1+ (excited) 1 \ T. Yoshida, et al,i
2 &5 2 2 &-5- 2 2 | PRD (2015) i

___________________

(quark model prediction)

- Diquark masses without mixing from mirror ones measured by
lattice simulation are also inputs

M(d_hi:g) = 725 MeV M(d—l—,izl,Z) = 906 MeV

M(d_ ;_3) = 1265 MeV M(d_;—1.2) = 1142 MeV conventional

diquark

___________________________________________

' Y. Bi, et al, Chin. Phys. C (2016)
. with M. Harada, et. al. , PRD (2020)
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Mass spectrum

* Results

- We get physically distinct two parameter sets as

1 [MeV] p2 [MeV] ps [MeV] ¢

g2 gs

oq [MeV] o5 MeV

1) | —247 247 F91.0 1.27 1.94 £0.34  (93) 219 with mp = 2868 MeV
1) 94.1 —94.1 4246 1.27 1.94 +0.34  (93) 212
. e ( Ratio is Qqq : Qqqqq )
- The resultant mass spectrum 3529
0.1% : 99.9% 3302
_____________________________ 46.4% : 53.6% WOW
1.0% : 99.0%
11MasSsS 39.0% : 61.0%
Qqq : Qqaqq for (I) |:> 2800° 2967"
Qqq : Qqqqq for (II) | % = 6.5% : 93.5%
27& 99.9%:0.1%  24.8%:75.2% ﬂ
13.3% : 86.7% 95-6% 1 46.4% 99.0% : 1.0%
15.5% : 84.5% 2470* 61.0% : 39.0%
% 93.5% : 6.5%
2286 75.2% : 24.8%
86.7% : 13.3%
84.5% : 15.5%

v (3)

v (3 )
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Mass spectrum

* Results

- We get physically distinct two parameter sets as

1 [MeV] pe [MeV] ps [MeV] g1 g2 g3 o4 [MeV] 05 MeV

1) | —247 247 F91.0 1.27 1.94 £0.34  (93) 219 with mp = 2868 MeV
)| 941  —941 4246 1.27 1.94 +0.34  (93) 212
mass [MeV .. _
A [MeV] ( Ratio is Qqq : Qqqqq )
- The resultant mass spectrum 3529
0.1% : 99.9% 3302
----------------------------- 46.4% : 53.6% 1(7—990(7
0% :99.0%
mass 39.0% : 61.0%
Qqq : Qqqqq for () :> oy 2
Qqq : Qqqqq for (II) | * — 6.5% : 93.5%
27& 99.9% :0.1%  24.8% :75.2% ﬂ
13.3% : 86.7% 03-6% 1 46.4% 99.0% : 1.0%

Excited A.(2765) is mostly Qqqgq
while A.(2286) is mostly Qqq

86.7% :
84.5% : 15.5%

15.5% : 84.5%

2286"

E—
13.3%

24707

—
93.5% : 6.5%
75.2% : 24.8%

61.0% : 39.0%

v (3)

v (3 )
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 General relations

_________________________________________________________________

Mass formula

. mass [MeV] ( .. _
: Ratio is Qqq : Qqqqq )
S MBL)= Y, M@BLey) 1 3029
p=+,n=H,L p=+,n=H,L | 0.1% : 99.9% 3302
! 46.4% : 53.6% —
: 1.0% : 99.0%
four =.masses — four A.masses | 39.0%: 61.0%
_________________________________________________________________ ' 2967*
* w 6.5% : 93.5%
E_ ___________________________________________________________________ E 2765 99.9% :0.1%  24.8% : 75.2% 2732
_ ' i 13.3% : 86.7% ©03:6%:46:4% 99.0% : 1.0%
| extended Goldberger-Treiman relation | e oATOF e
> M@Br,)- > MBY,;)=2(g+g)oi 2286 75.2% : 24.8%
n=H,L n=H,L ] 86.7% : 13.3%
! 84.5% : 15.5%
Mass differences are related to g R (1+) R (1—) ) (1+> ) (1_)
NG boson emission decay ' \2 "\2 A2 A2

_____________________________________________________________________

<::,1> Distinct from quark models
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- Decays of the Roper-like SHBs

- We evaluate decays of the Roper-like SHBs by the following diagrams

7T/ _ R/ 7-‘-/
pwﬂ/,’ pKf/,’ pw’/,’
r, S X 5 S 04 S §
Ao(2765) () =.(2967) » () =.(2967) = [2.(2645)]

- Our model reads suppression of direct decays of e.g. A.(2765) — A.(g.s.)n7

/[ ;
$ Consistent with experimental data x PLn

>
on
(¢}
(]
@
)
=,
e
oo}
o
=
(¢}
@
Qo
E
o
]
=
o
.
o
=
N
o)
=
C
)
[\ @)
S
)
g
N

A.(2765) Ac(g.s.)

Heavy quark spin-doublet SHBs are denoted by

~

St~ Q(d)" with a vector diquark ()5} ~ €*°(q}):Cv"(qr); | 4~ (3,3) i

SH — QH 1+ GH ot _ —I=1/2 \ M
16 T A // %(2520) X(2455)
_ 1 I= [=— 1 :/I:—l 2 _
- So=| BE 0 B 55 > 7 E.(2645) E,
______________ flavor symmetric oid=12 1 gia=-1/2 Y g

1 1 o =—iC el C
' Harada-Liu-Oka-Suzuki PRD(2020) | V2 Lz
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- Lagrangian for the decays

- The chiral invariant Lagrangian reads ) )
(BR')ij = €ijx(BRr" )k

Lint = \/?QA Tr [BRE?METST“ + B9, 28" + h.c.] with " "
\/50, By )ij = €iju(Br )k
+ ngTr[B’La,LETST“ + B9, E8" + h.c,]
0 1

- Surprisingly this concise Lagrangian describes all of the following decays

+H +L
9a ,1=3 i L’ 9aA 1=3 T
Jfo it Jfo e —_ a1 7
\‘/ and \ & and (=, siblings)
A,(2765) Y, 5k Yoy X Ac

________________________________________________________________________________________________________________

The mixing angles appear reflecting the Roper-like and
ground-state baryons described by mixings of B ; and Bﬁrﬂ
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9A,i=3 Tr

- Decay widths of Roper-like SHBs AN

¢
- By using decay widths of HQS-doublet as inputs, we find

e, BF Ae
ght_ s =gkt , ~0.512 (mostly flavor independent)

- Decays of Roper-like A.(2765) and =.(2970) are examined simultaneously
with the following one parameter: R* = g% + g% = (91%)* + (¢47)?

R dependence of the widths

80
sol =.(2970)* |
> e oo L
= A(2765) (PDG)
= 40} -
S
=
20f === e T -
=,(2970)* (PDG)

0 N N N N N
050 052 054 056 058 0.60 0.62
R
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- Decay widths of Roper-like SHBs ~ °¢ gAfZS\‘,,?
Ye, X7 A

- By using decay widths of HQS-doublet as inputs, we find

gj{];:g ~ gj?zl , ~ 0.512 (mostly flavor independent)

- Decays of Roper-like A.(2765) and =.(2970) are examined simultaneously
with the following one parameter: R* = g% + g% = (91%)* + (¢47)?

R dependence of the widths The widths for R = 0.53 — 0.57

Decaying baryon Channel Width  PDG value
A:(2765)T  £.(2455)m 12.7-41.6
=¢(2970)" | £.(2520)r 10.2 - 33.4
_________________ Sum  23.0-75.0  (50)
N\c(2765) (PDG) | 2.(2970)T  £.(2455)K 0.704 - 2.30
2w 6.83-22.3
Z.(2645) 7.03 - 22.9
= (2970)* (PDG) Sum _ 14.6 - 47.6 (20.9133)
Z.(2970)°  %.(2455)K 0.577 - 1.88
. . . . . Zr 6.78-22.1
052 054 056 058 060 0.62 Z.(2645) 6.97 - 22.7

R Sum 14.3 - 46.7

[ We found R = 0.53 — 0.57 ]

80
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« Results for bottom sector

- By using decay widths of HQS-doublet as inputs, for bottom sector we find

gl_ﬁ:g ~ gjﬁzm ~ 0.532 (again mostly flavor independent)

- Decays of Roper-like A;(6070)and =,(7) are examined simultaneously

R dependence of the widths =5 (?7)mass dependence

100

100—
_80F  A(6070) (PDG) / L _ %% 6255 MeV —,
g sol g 60|
= =, (6255)" S ol
S 40 =
20| -
20} 7 R =0.612
054 056 058 060 062 064 066 10 615 620 625 630 635 640
R Mass of Roper-like =, [GeV]
We employ 6255 MeV for = (7 ) mass L . —_
________ P yb() Our prediction for the width of = (7)
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- We presented the chiral model describing mass spectrum and decays
of the Roper-like SHBs

- We proposed that the Roper-like SHBs are mostly pentaquark states

- Properties of the negative-parity HQS-singlet SHBs (“chiral partners”)
were also presented

- The large decay width of the Roper-like SHBs (~ 50 MeV) was naturally

explained in our chiral model { x NR quark model

© our chiral model

/ Future prospect \

- In order to further confirm the pentaquark nature of the Roper-like SHBs,
we are exploring their decays with U(1), viewpoint (with Prof. M. Harada, M. Oka)

- Quark model computation for pentaquark picture for the Roper-like SHBs

! Modifications in medium (— Any hints of diquark condensate?) /




