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Motivation, Focus

Motivation, Focus

eln-medium mass shifts of two non-light quark flavor mesons
(B, B:, B, B, D; and D)
<> not directly with chiral symmetry

eEffects of chiral symm. partial restoration on two-non-light
quark flavor mesons (B, B}, B;, B, D; and D)

o | B., B: mesons|| (B not experimentally confirmed/found)

(eDensity dependent parametrization: (for easy usage)
Baryon and Meson my; ,, and vector V%M potentials )
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QMC model r. Guichon, PLB 200, 235

(For a review, PPNP 58, 1 (2007))
Nuclear Binding:!!

Light (u,d) quarks interact
self-consistently with
mean o and w fields

q q
‘m*q=mq—goo=mq-Vo ‘

J nonlinear in ©

<w>
N N 2
M*N=MN - goo +(d/2) (250 )

q M*N=MNn -V},‘J
| (ivea -(m-vé)-Yvd ] g- NW
1 S
& — Vo= 3ve

[iYd - M* -
N

Self-consistent !

(Applied quark model !) K. Tsushima 6
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S in nuclear medium in

Nuclear Binding !!

Light (u,d) quarks interact
self-consistently with
mean o and w fields

q q
‘m*q=mq-g00=mq-Vc ‘

J nonlinear in 0 )
M*m=Mu - goo + (d"/2) (g60)

[i1:0 - (m-Vd)-YoVa ] = 0

o,w fields: no couplings with s,c,b quarks!!

K. Tsushima 16
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-
R=(p’x /p’z)=(GE/Gm):4He/ "H

S. Malace, M. Paolone and S. Strauch, arXiv:0807.2251 [nucl-ex]
S. Strauch et al., Phys. Rev. Lett. 91, 052301 (2003)

T T T T !
—— Madrid, RDWIA A MAMI
1.1 —— Madrid, RDWIA + QMC O JLab E93—049
Schiavilla OPT + MEC ® Prelim. EO3—104
[ —— Laget, FSHMEC+3C _
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Introduction: QMC Model

=—-14J energy levels (Prog. Theor. Exp. Phys. 2021, 073D02
gy
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E-"N 4 o Present data Coulomb
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QMC model 1: Hadron level

c
mpy(o)

8o

Emeson

PB

Ps

'J’[h -0 — m",{,(a) - gwwy"}’u]'l;b + Emesona
my — ga@” ~ my — go[1 — (an/2)(g-0)]o
g-(oc=0)

1 1
S uodto — m2o? — 5w (¥ — 8¥wh)
—mwhw, ,
23
PPk 0(ke — |k|) = J
ey 25 [ ot — Ky =2

/d3k o (ke — |K)——"n(?)

9
Vi (@) + K

(2m)
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QMC model 2: Quark level

x=(t,7 (|F] < bag radius), VI = glo

[w-ax—(mq—vz)m"(vfﬁl"zﬂ ()

2
() (1)
[ - 0x — mg] ¥q(x) (or Yg(x)) =0

= 2

j=4,9,QQ
Jo(x4,0) = B0 ii(x.0)s By = \/( — Rym3) /(2 + Rymy)
Q; = Q; = [+ (Rym?)’]'/?, with m} = mg—glo
Qp = QF =[x + (Rymg)1Y/? (Q=s,c,b)

Q . -
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QMC model 3: From quarks

_ gi B mjy(o)
o = CN( )(2 )3/d3k0(kF |k|)\/m

= %CN(O')pS (ga = go(o' = 0))3

U—l dm’ (o
Me) = g | D] L) = 55050 75
E°t/A — my= (zﬂ_)3p8/d3k0(k,:—|k|) mi2(o) + K2
mlo? gl ps
2p8 + 2m? -
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QMC model 4: Couplings etc.

mg(MeV) | g2 /4x g2 /4m  mj, K Zy  BY/*(MeV)
5 5.39 530 754.6 279.3 3.295 170
220 6.40 7.57 698.6 320.9 4.327 148
dmj;, _
dmi(a) = —3gg/ Pr Y 4(P)hg(F)  thelowest bag w.f.
dO' J bag
o
= —3gﬂ5N(U) = _67 [gU(U)U] ’
— o
-1 dmy(o)
C = N ,
wie) g-(c=0) [ do }
g8 = g =3giSy(oc =0).
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Introduction: QMC Model

Parameters

Table: Current quark mass values (inputs), quark-meson coupling constants and
the bag constant B, obtained with the inputs: free nucleon bag radius Ry = 0.8
fm, empirical values E***/A — my = —15.7 MeV (my = 939 MeV) at the
saturation density pg = 0.15 fm—3, and the symmetry energy, 35 MeV.

my.d
ms
mc

mp

5 MeV
250 MeV
1270 MeV

4200 MeV

g7
g
g

BY/*

5.69
2.72
9.33

170 MeV

inpc 2025 The 29th Internati
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Results: Quark Meson Coupling Model (Standard)

(E"/A) - my (MeV)

2ol . I . I . I . I . . 1
0 0.5 1 1.5 23 2.5 3
Pg/P, (Py=0.15fm™)

e Symmetric Nuclear Matter - Binding Energy per Nucleon
e mg=>5 MeV, K= 279.3 MeV
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Introduction: QMC Model

1000
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~
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Pa/Py (Py= O.15fm'3)

500,

ool e

¢ Nucleon effective mass: m; = 5 MeV
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Introduction: QMC Model

g F T T T T T ;’;
> 1005 ”/’,,, .
\E/ [ /,/”/’ ]
NN
= L ]
-5 [ Ve ]
[=} r > - b
5} L X @ 4
2 -100f- ™ m"ﬂq (mq:S MeV) |
= L ) q ]
NN — e -V
el [ o ]
g —200j '\,\ i
S3 r T b
¥ - \.\'\ 4
B -3001 | | | | | L
0 0.5 1 1.5 2 2.5 3

Ps/Py (p0:0.15fm'3)

e Effective mass of constituent quarks: mg =5 MeV
oAll the light-quarks in any hadrons feel the same potentials !!

15/42"

inpc 2025 The 29th Internati



Introduction: QMC Model

Standard QMC, 7, p in LF model parameters
comparison

e Motivation: The present model works well (Symmetric Vertex)!

my(MeV) | g2 /47 g2 /4  mj, K Zy  BYV*(Mev)
5 539 530 754.6 2793 3.295 170
220 6.40 7.57 698.6 3209 4.327 148
430 8.73 11.93 565.25 361.4 5.497 69.75

e Refs. LF 7, p in medium: J.P.B.C. de Melo, K. T. et al.,

LF 7 model (mg; = 220 MeV): Phys.Rev. C90 (2014) no.3, 035201;
Phys.Lett. B766 (2017) 125; Few Body Syst. 58 (2017) no.2, 85

LF p model (mg; = 430 MeV): Few Body Syst. 58 (2017) no.2, 82;
Phys. Lett. B 788 (2019) 137

e LF heavy mesons in medium (m, = 220 MeV): Ahmad Jafar Arifi,

Parada T. P. Hutauruk, K. T., | Phys, Rev. D 107, 114010 (2023) |

A LN NEEEE vrc 2025 The 29th Internatic = 77~ =7 16/



Effective Hadron Masses and Potentials (Parametrization)

QMC: Hadron masses in medium (Remind again!)

x= (&7 (|Fl < bag radius) , V7 = gl
1
[i»y.ax—(mq— Vi) F4° <VZ;+2VZ)] ( z;gg ) =0
1
[py.ax—(mq— Vi) F+° (VZ_ QVZ)] ( wg ) =0
[y - 8% — mg] () (or Pg(x)) =0
. nJQJ* — Zp 4 3 dm;
my, = . Z 7R7;’; * EWRZ 5 dRh | R,=r; ’
=9,9,QQ :

Jo(x4,0) = B0 ii(x.0)s By = \/( — Rym3) /(2 + Rymy)
Q; = Q; = [+ (Rym?)’]'/?, with m} = mg—glo

Qp = Q5 =[x + (Rymg)’]'? (@ =s,¢,b)
inpc 2025 The 29th Internati
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Effective Hadron Masses and Potentials (Parametrization)

Baryon Scalar potential [m}; — mg]

o = T o = T T
AN AN
z STl b Nk e
~ -——— - ~ S— -
= -100{~ - = ——— = -100{~ . e ——a
= \_\. - = Se.
o - N ~.
g s.\.N‘ & \‘~.\
— 200 T B — -200(- S~ ]
=] bt < C.
S .- g ~
5 | ---: - —
&£ aof 17 _'/Z\ 1 PRI S—— E
= =
= —N = A
s m =250 MeV s —N m =250 MeV
A _ . | I | . A . | I | |
05 [ 15 2 25 05 T 15 2 25
3 3
Py/Py (Py=0.15fm™) Py/Py (P,=0.15fm™)
s 'Ro=C N
0 NN 3 <~ o
= S = S
< N ——— < N ——
—= 100 - ~——— — 100 - e
g S g S
« TS P Tes
g e, g .
= 200 T 4 = 200 T 4
E T E T
€ - = -
2 ---Z E ---5
Lanfl ._._3 i Lanl ._._3 i
= © = b
k| s A k= N
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D 400 L L L L D 400 L L L L
05 1 15 2 25 05 [ 15 2 25
3 3
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Meson Scalar potential [m}, — my]

~ 0 ~ T T - - -
% % - T
= = e
= 100f = 100f T
=] =] -, o
* «
) )
= 200 = 2001 E
g g
g g o D
£ 300f £ 300f R g* B
= 0 g ———B*
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Effective Hadron Masses and Potentials (Parametrization)

.
Scalar potential: myg ,, — mgum

0
\
\
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Scalar field o and fit

0 500¢
S -100f — - (o 4 a0 E
) X ——-N(0=00 4 > E
= N N %) £
= -200F AN ER E
) N SR
= \\ —~
1 ~ C’
Z -300F ~o E 2001 E
~ e
=
o RN 1 % gy 0 =g)(c=0)0
F 400 S~ 100E fit E
\g E
-500 1 1 1 | 1 E 0: 1 1 1 | 1
0 05 1 15 2, 25 3 0 05 1 15 2, 25 3
Pe/Py (Py=0.15fm~) Pg/Py (P =0.15fm~)
x = (ps/po)

(gg’a')(x) = 1.60828 — 23.9107 v/x + 350.631 x — 144.309 x+/x
+19.4750 X (x > 0, [x > 0.001])
(859)(x) = 0 (x=0)
A L NS nrc 2025 The 29th Internati
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Effective Hadron Masses and Potentials (Parametrization)

M’,'; M Parametrization
9

* n ap
mg ~ mpg— ?qg{," [1 - 2(g{,"0')] o,
n ap
= mo— 2 (&) — Felo)].
(B =N,NE, S0, 2% N, X6, =, Apy Xp, Eb)'
nM a
my, ~ my— ?qg{'v [1 — ;V,(gga')} o,

ng' am 2
= mM—? (gﬂ’o-)—T(g{,"o-) s
(M= w,p, K, K*,n,7', D, D*, B, B*, with n] — 1for nandn’).
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Effective Hadron Masses and Potentials (Parametrization)

Vector Potentials: Parametrization

x = ps/po (po = 0.15 fm~3)

Vg(x) = bpx,
Vi(x) = 41.77x
Ve(x) = VI = (ng— ng)VY = (ng — ng) x 41.77 x

VE(x) ~ 1.96 x 41.77 x

(baryon octet — Pauli potentials)

y = p3/po = (pp — pn)/pPo, isospin-third component of h, I,

BVi(y) =I5 x 84.61y
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Effective Hadron Masses and Potentials (Parametrization)

Parameters

Table: Effective mass slope parameter ag y, and bg.
([m§ — ms] + VE ~ +30 MeV at po.)

ag x10—% Mev 1 ag x10—% Mev ! ag x10—% Mev—1 ag x10—% Mev—1

an 9.15 E7N 10.08 — = — p—

an 9.35 — — an, 9.90 an,, 10.78

ay 9.59 as« 10.15 ay, 10.34 ag, 11.22

az 9.52 azx 10.15 a=, 9.99 az, 10.83

bg MeV bg MeV bg MeV bg MeV

by 125.30 ba 125.30 — — — —

b 92.57 — — bp, 83.54 by, 83.54

by 100.12 by« 83.54 by, 83.54 by, 83.54

by 152.42

b= 46.29 b 4177 bz, 41.77 bz, 41.77

ap | x10—% Mev—T am x10—% Mev—T am x10—% Mev—1 am x10—% Mev—1

N 873 aK 6.66 ap 8.61 aB 9.92

ap 8.70 agen 8.60 ap= 9.09 ag= 10.04

— — an(ng — 1) 7.03 — — — —

— — a (= 1) 8.81 — — — —
Kazuo Tsushima (UNICID) ( inpc 2025 The 29th Internati 24/42"



Two-flavored heavy meson self-energies, mass shift

Two-nonlight flavor meson self-energies:

B* B B
) /R N
B B B \_J & Bt \__J B
p @ - @) D (d)
B* B B
)\ VRN L
N Hs Bs Bs f j
’ \R/“” KK*j(b') ’ kxj (e)B
p* D D
4R\ N
D, \__/ D D Dy pi \__J Dt
K (c) K (c") K (f)

Figure: Self-energies of pseudoscalar mesons B, B; and D, and vector
mesons B}, B} and D} (from top to bottom) in the lowest order.
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Two-flavored heavy meson self-energies, mass shift

B, B*, D, D*, K, K* effective masses

005 115 2 25 3
0,

005 1 15 2 13
(N

900

80
80
70

S m

650

< 0

%550

£ 500
50
0
30
3

TS
o0,

Figure: B and B* (left), D and D* (middle) and K and K* (right) meson
effective Lorentz-scalar masses in symmetric nuclear matter versus baryon

density.
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Two-flavored heavy meson self-energies, mass shift

Effective Lagrangian

o= Te(o.Po0) - 7o ()

F.,. =0,V, —0,V,
P — 8,P— 2[V,, P], Fuo — 3,V — 8V, — B[V, V]

L =Lo+igTr(d"P[P, V,]) — ETr ([P, vu]z)

+igTr (9" V¥ [V, vu])+%rr([v,“ vy]z)

Z. w. Lin and C. M. Ko, Phys. Lett. B 503, 104 (2001)
A L NS nrc 2025 The 29th Internati B
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Two-flavored heavy meson self-energies, mass shift

P, =wt
1 T Pz
P=— |k K
V2 D Dt
B~ B
w0, on e b
Py \/§0+\/6+\/ﬁ+ 20
— - n ne b
Pz_\/2§+\/6+\/ﬁ+ 20
— —4&n Nc Mb
P3—\/36+\/ﬁ+m
— —I7c _Mb_
Ps= "5t /%
P5=—jg'b

inpc 2025 The 29th Internati
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Two-flavored heavy meson self-energies, mass shift

Vi pt
1 P V20
V=— | K~ K
\/5 D*O D*+
B~ B
=2 L ow I T
Vl_x/io+x/6+ 1/2+ 20
——p 4w v, T
V2 = 2+\J//6w+ %t Vo
- 2w  JV T
v3_\éﬁJ/:' % T Vo
— = T
P R
V5=—5

50
D*—
D~

B~

inpc 2025 The 29th Internati
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Two-flavored heavy meson self-energies, mass shift

Effective lagrangian (example): B, B:
igs.8+0[(0,B;)D — B (8,,D)]B* + h.c.

Lp.B*D
Lppp- = igs.p-[(8,BF)B— B} (8,B)]D*" + h.c.
Lp:ep = —ige:epB.™"[B(8,D) — (8,B)D] + h.c.
Bt _ B*+ L L
= = — 0 * = * = *— *0 ) |
B <BO>,B (B B),B (B*[,), B (B B)
= S ) D=(D0 D+)a D = I ) D*=(D*0 D*+)
D D*
5g
—= =~ 13.2
8TBB 10

B.B*D = 8B.BD* = 8B:BD = — = ~ 11.9
g 8 8B:BD 22

inpc 2025 The 29th Internati
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B. self-energ (example): B*D loop (only case)

Vg, = Amg, = mg_— mg, (mp_< mp,, Lorentz scalar),

my = (m},) — 1Za (R = m)).

mgz = (m},) — 1Z5,( = m3),

Zg:D(m"éc) = _Ztg:icm’:)/dlkl|k|2’B*D(|k|)FBcB*D(k2)a
mg; (=1+ k§/mi)

(ko — wp.) (ko — m_+ wp)(ko — mp_ — wp)

( 1+k2/m )
(kO + ‘-"B*)(ko wp) (ko — mg — wp)

I, (k) =

A LN NEEEE vrc 2025 The 29th Internatic = 77~ T 31/42



Total potential V&< (B*D + BD*) loops

W L B B B B I
hoovas s na o s vl e N2 2000MeV
0 --- A= 3000MeY |
3 — /\:4888Mev st Total: B*D + BD* loops |
9 AR | o ,
? S ol — N0V ]} N\
5" g™ b ™
X 2 € N
2ol 1 f g RN
] ® o d |- hmer s
[ - A2 15k — - A=3000MeV QAN
BT - = W] | B A= 4000MeV \\\
Wi o e “+ A= 50000Y Y
BAKBD b | poay 6100 — A= 6000V
Y| P Y I P R | I P DR N B
B T R F T S 005 115 21 153 2000 05 1 15 1 25 3
3 3
By o 0250) By, 0025 00,

Figure: |Xpg,| (left), mp (middle) and Amg, (right)
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Total potential Ve (BD) loop

W= ' ' T e 40— ‘ CTTTTT N
| . 223§§2§:¥ o A:gggg.vlev 5
B, - ==+ A=3000MeV| | QF NN Total: BD looy
A AEEETN = = = K0V N '
N N — = = 5000V S N
- R B — A= 6000V} | ot RN
27 S 4 3 2 SN
kS S i Eu '~._T\\\§4\\'
o £ 6310 g F = A=2000MeV RN
Tl S & | - h=amy
’ Ny
of A= ¢
af 1 iy . TR
Total: BD loop
Y IO M | Y T B R B bt
005 1 13 2 23 3 005 1 13 1 1 3 005 1 13 2 25 3
3 3
By 5 056 ) By, 0015 0o,

Figure: |Xp«| (left), mj,. (middle) and Amg: (right)
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Total potential V;* (B*K + BK*) loops

0,
W)

T T T S 0 —
i _ TET
e 0 A | el —- A= 300MeV| |
BLUE: B*K looy == A=3000MeV| - R
f'mm KB by i 530F _Q:égggmex 1 10 - 2=é888%§¥ ]
BLACK: B*K + BK* — A= 6000MeV] ~ —N\= € Q N A
§ +BK* loaps A= 000NV % ol = BO0OMEV % 550 \\\_( A= 6000MeV| |
Pg-z.oo 2 sm E.,,'m
- e )
= g 5% 5 20
T3 5100 300
3050 0
PR TR I T EE Nt g L L L L L L L
B T T F R B TR L TR R T A TR T TR B TR R TR
1o (620156 3 3
/0y (o= 0.05fm ) 0o, (p, =015 fm') PP, (p,=0.15Mm )

Figure: |Zp| (left), mp, (middle) and Ampg (right)
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Total potential Ve (BK) loop

15— |
- = = A= 2000V
o S - A= 3000MeV)
:-2.07 el a—i.:: LUIED
Pl L A ]
e ] 3 N
‘ T 20F * N ]
X % 0 ‘. NN
‘ #51 S NS
Z-30F 1 g .. g
N ] < p .. g
‘ = = A= 2000 ..
a5k - = A=3000MeV}] 530E . IF L
= A= 4000\eV Total: BK loop . .
Total: BK loop — = A=5000MeV sysk ‘. i _WE Total: BK loop L
— A= 6000V
4~ I N N 70— I T I I N 45— I I N NE Nt
1 S 005 1 15 2 25 3 0 05 1 15 2 25 3

B0, (00150 By, (058

Figure: |Xpx| (left), mg, (middle) and Amp:
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Two-flavored heavy meson self-energies, mass shift

To

tal potential V2 (D*K + DK*) loops

0‘/1
W ——————————— g ———————
« « A= 2000MeV e A= 200NV
- \=3000MeV| ] F e s
=) 1950 = 200NV -50) X -—- A= 4000MeV
R e 0 == A= 5000MeV
2 wf Noe, AT ool N e, A6y
I N0 —\= 1 - A\ 1
¢ 5 e [ A B00EY 2 N
o G TR g s AN
% 2 mf < asf D RS
S " o > T
z : N
i S R g N
|_ BLUE: D*K loop H J
RED: DK loop - [0t 1
-&00\;““1 D*K + DK oops Total: D*K + DK* Total: D*K + DK* loops
L TR T ‘.\ L1 1700L— I NI NV IR Bt 00— I T Y I S
005 1 1./) I 005 1 15 2 25 3 005 1 15 2 25 3
3 3
] g0, 0,015 fm) 0, (0,=015fm')
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Figure: |Xp,| (left), mp_ (middle) and Amp, (right)
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Total potential Ve (DK) loop

00— W— ———— o ——
b | hH0y AN B
) , — = A= 3000V N e

100 f 20F N o f:ﬁfégggﬁey’ W N B
_ N = 5000MeV VNN e | AB000MY,
S — N B 5 A NS
swf T 1 2w T2 N0 e
@c [m=mmal . # ¥ ok \\ AN \1
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Figure: |Xpx| (left), mp,. (middle) and Amp: (right)
inpc 2025 The 29th Internati T 37/42"



Two-flavored heavy meson self-energies, mass shift

Total potentials:
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Figure: Amg, (left), Amg (middle) and Amp, (right)
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Two-flavored heavy meson self-energies, mass shift

Total potentials: Am,,, Amg_,Am,,
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(right)
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Two-flavored heavy meson self-energies, mass shift

Total potentials: Amg., Ampg., Amp:
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Two-flavored heavy meson self-energies, mass shift

Total potentials: Am~y, Amg:, Am,)y
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Summary, Discussion (two-flavored meson mass shift)

Summary, Discussion:

o|Amg | < |Ampg| > |Amp,|
o|Amy,| < |Amg| > |Amy,|

o|AmB;| ~ |Am3;<| < |AmD;|
0|Am'r| ~ |AmB;| ~ |AmJ/w|

eB*-nucleus bond states (}2C done, and more!)

Other studies (include KT below):

eA. W. Thomas, G. Krein, J. J. Cobos-Multinez: J/1- and
nc-nucleus bound states, Prog. Part. Nucle. Phys. 100, 161 (2018)
oG. Zeminiani, J. J. Cobos-Multinez: T- and np-nucleus bound
states, Phys. Rev. C 105, 025204 (2022)

eJ. J. Cobos-Multinez: n- and 1’-nucleus bound states with widths,
Phys. Rev. C 109, 025202 (2024)

eBF-12C bound states! Phys. Rev. C 111, 055202 (2025)
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Summary, Discussion (two-flavored meson mass shift)

Thank You Very Much !!!
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Kazuo

Summary, Discussion (two-flavored meson mass shift)

Bound quark Dirac spinor (1s1.2)

Quark Dirac spinor in a bound hadron:

as(r) =[ U X

ioer L(r)

Lower component is enhanced !
— ga*<ga: ~|U|"™2-(1/3) |L|**2,

—> Decrease of scalar density =

Tsushima (UNICID) ( inpc 2025 The 29th Internati
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Summary, Discussion (two-flavored meson mass shift)

Comparison of Energy/nucleon

(E*/A)-my [MeV]
‘ =
L

B~/ A)-my (MeV)

I I I
2 25 3 0 0.5 1 1.5 2 25 3

1.5
p/p, P&/Py (9,=0.15fm™)

205 O‘S \1 1 | 1 20 ! 1

e Symmetric Nuclear Matter - Binding Energy per Nucleon (scale
I

e LF pion model (left): mg = 220 MeV, K = 320.9 MeV

e Standard QMC (right): mg =5 MeV, K = 279.3, MeV
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Summary, Discussion (two-flavored meson mass shift)

1000— : : : : : 1000

. ! . | . ! L
0 0.5 1 15 2 25 3 0 0.5 1 1.5 2 25 3

PP, PelPy (Pg= 0.15fm)

400, L I L I L I L I L I L 500, E . I L I

Nucleon effective mass
oLF pion model (left: m; = 220MeV)
eStandard QMC (right: mg = 5MeV)
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Summary, Discussion (two-flavored meson mass shift)

LF pion model and Standard QMC: m, (potentials)

300

100

200

potentials (MeV)
=]

<
% q
= . e
< o — _100F N m*q (mq:S MeV)
*
e o N e N vl

g o o

. S 200 1

El
%
! 1 1 1 1 & -300¢ 1 1 1 1 1
0 05 1 15 2 25 3 0 0.5 1 L5 2 25
plp,

Pe/P, (pU:O.15fm'3)

eEffective mass of constituent quarks, up and down
oLF pion model: my; = 220 MeV (left)
eStandard QMC m,; = 5 MeV (right)
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