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Motivations, and Introduction of QMC model

eComplete and update the in-medium properties of the
low-lying , charm, bottom baryons
(in the QMC model)

eDetailed comparison of the , charm, and bottom
sectors

eTo get idea, opinions, and suggestions from audiences

eHighlight: Effective masses of

> ,(qgb) and =;(gsb),
my, > mz, — mg < mZ |reverses in medium !!!

— but issue of the repulsive vector potentials
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QMC model 1: Hadron level

L = "Z’[h’ -0 — mX/(a') - gw‘*’“'Yu]"# + Lymesons

my(o) = my—gys(o)o ~my —gs[1 — (an/2)(gr0)]o
8 = ga'(a' = 0)
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CEPAT N SR T ER N 2 R V[ (@I (VIT: In-medium properties of the low-lying | boti 5/31



QMC model 2: Quark level

x = (t,7) (|1 < bag radius), VI = glc

. 1 Pu(x)

. _ _ q 0 q _Vva u =

["Y Ox — (mg — V])F~ <Vw+2vp>] < Pa(x) > 0
) 1 pa(x)

. _ _ w4 0 9 _ _yia d =
[17 Ox — (mg — V]) F~ <Vw 2Vp>] < Pz(x) > 0
[iv - 8x — mg] ¥q(x) (or ¥g(x)) =0

n; Q¥ — z 4 om;
mp= ). "+ 3™ R B a';h =0
j=4,4,0Q h P IR=R;
Q= Qf = [x2 + (Rym})]"/?, with m} = mg—glo
Q= Q5 = [x5 + (Rpmg)*1'? (Q =s,c,b)
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QMC model 3: From quarks

w = 8wuPB
= mf} s
e 3 m (o)
= mg-CN( )(2 )3/d ke(kF |H)\/W
= %CN(U)ps (ga = ga(o' = 0))’
B -1 omy (o)
Cnlo) = ga(a=0)[ 9o ]

4 - =
E°Y/A — my = m /dsk O(kr — |k|) m;lz(o-) + k2

2 2 2
mg-a- gwa

2pB 2mg

— my.
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QMC model 4: Couplings etc.

mg(MeV) | g2/4r g2/4nm  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
omj, _
9miy(v) = —3gg/ d3r Y 4(F)1q(F) thelowest bag w.f.
oo J bag
a o
= _3g0-SN(U) = _a_ [ga(U)U] ’
— o
-1 omy (o
CN(O’) — |: N( ):|,
g-(oc =0) do
— N — q —
8 = g, =3gSn(c =0).
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Results: Quark Meson Coupling (Standard)

(E°/A) -my (MeV)

o 0.5 1‘1‘.5‘53‘2‘.5‘3
Pg/P, (Py= 0.15fm™)

220 L L | L |

e Symmetric Nuclear Matter - Biding Energy per Nucleon
e mg =5 MeV, K = 279.3 MeV
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Introduction: QMC
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o Effective mass of constituent quarks: mg; = 5 MeV
oAll the light-quarks in any hadrons feel the same potentials !!
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Introduction: QMC

Comparison of Energy/nucleon
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e Symmetric Nuclear Matter - Biding Energy per Nucleon (scale !!)
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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Introduction: QMC
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Nucleon effective mass
oLF pion model (left: mg = 220MeV)
eStandard QMC (right: mg = 5MeV)
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LF pion model and Standard QMC: m} (potentials)
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' " I P‘/Bo Pe/P, (p0:0.15fm'3)
eEffective mass of constituent quarks, up and down
oLF pion model: mg = 220 MeV (left)

eStandard QMC m, = 5 MeV (right)
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Introduction: QMC

Standard QMC, 7, p in LF model parameters

comparison

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

my(MeV) | g2/4n g2 /4w my, Zn Bl/3(MeV)
5 5.39 5.30 754.6 3.295 170
220 6.40 7.57 698.6 4.327 148
430 8.73 11.93 565.25 5.497 69.75

e Refs. LF 7, p model:
J.P.B.C. de Melo, KT 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;

arXiv:1802.06096 [hep-ph],

Phys. Lett. B 788 (2019) 137|
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Introduction: QMC

QMC: Hadron masses in medium

x = (£,7) (7] < bag radius) , VI = glo

e tm - (3] (1)

o e () (3

[iv - 8x — mql¥a(x) (or Yg(x)) =0

0

anJ* — Zp 4 3 Bmz
m* = — 4+ —7wR/’B,
S A WL T
j=49,9,QQ
Q= Qf = [x2 + (Rym})]"/?, with m} = mg—glo

Q= Q5 = [x§ + (Rpmo)’'? (Q =s,¢,b)

=0

Rh=R}
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Introduction: QMC

Hadron masses (ratios) in medium

0.9

m*/m
o
©

0.7

0.6

CEPAT N SR T ER N 2 R V[ (@I (VIT: In-medium properties of the low-lying | boti

0.9

0.7

0.5

0.6

D*
D
o
w
9
N
2 25

17 / 31



Introduction: QMC

Scalar potentials: m; — my, (in medium)
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Low-lying Strange, Charm, Bottom baryons

In-medium properties of the low-lying
, Charm, Bottom baryons

eEffective masses (X, =p !!)
eln-medium bag radii

eln-medium bag eigenfrequencies
eScalar and vector (plus Pauli) potentials

eExcitation (total) energies (X, =, !!)
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Low-lying Strange, Charm, Bottom baryons

In vacuum (inputs)

B(q1,92,q93) | zB mp Rg X1 X2 X3
N(qqq) 3.295 939.0 0.800 2.052 2.052 2.052
A(uds) | 3.131 11157 0.806 2.053 2.053 2.402
> (qqs) 2.810 1193.1 0.827 2.053 2.053 2.409
=(gss) | 2.860 1318.1 0.820 2.053 2.406 2.406
Q(sss) 1.930 1672.5 0.869 2.422 2.422 2.422
A (udc) 1.642 2286.5 0.854 2.053 2.053 2.879
> (qqc) 0.903 2453.5 0.892 2.054 2.054 2.889
=.(gsc) | 1.445 2469.4 0.860 2.053 2.419 2.880
Q(ssc) 1.057 2695.2 0.876 2.424 2.424 2.884
Ap(udb) -0.622 5619.6 0.930 2.054 2.054 3.063
3> ,(qqb) -1.554 |5813.4| 0.968 2.054 2.054 3.066
=p(gsb) -0.785 |[5793.2| 0.933 2.054 2.441 3.063
Qy(ssb) -1.327 6046.1 0.951 2.446 2.446 3.065
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In medium at py = 0.15 fm?

B(q1, 92, q3) mg Rg x; x5 X3
N(aqq) 754.5 0.786 1.724 1.724 1.724
A(uds) 992.7 0.803 1.716 1.716 2.401
>(qqs) 1070.4 0.824 1.705 1.705 2.408
=(gss) 1256.7 0.818 1.708 2.406 2.406
Q(sss) — — — — —
A (udc) 2164.2 0.851 1.691 1.691 2.878
¥ .(qqc) 2331.8 0.889 1.671 1.671 2.888
=c(gsc) 2408.3 0.859 1.687 2.418 2.880
Q(ssc) — — — — —
Ap(udb) 5498.5 0.927 1.651 1.651 3.063
>, (qqb) 5692.8| 0.966 1.630 1.630 3.066
=,(gsb) | [5732.7] 0.931 1.649 2.440 3.063
Q,(ssb) — — — — —

CEPAT N SR T ER N 2 R V[ (@I (VIT: In-medium properties of the low-lying | boti

21 /31



Low-lying Strar Charm, Bottom baryons

Effective masses:
(left), Charm (right) baryons
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Low-lying Strar

Charm, Bottom baryons

Effective masses:

1400

1200

m*B (MeV)
>
S

o
=
S

600

5
(left), |Bottom (right)| baryons
T T T T T T T T T T T T T T T T T T T T
5800 ]
sl
S
__s700F Tl T b
> Tl
() ~~_.
S se0b 0 Trmeeel_l ]
) No =
eEE ~o - 3
5500 ~~._. == Z,
RO
5400(- T~
1 1 " 1 " 1 " 1 " " 1 " 1 " 1 " 1 " 1 "
05 1 15 2 25 05 1 15 2 25

PPy (9,=0.15 fm™)

PPy (9,=0.15 fm™)

CEPAT N SR T ER N 2 R V[ (@I (VIT: In-medium properties of the low-lying | boti

23 /31



Low-lying Strange, Charm, Bottom baryons

Bag eigenfrequencies:
(left), Charm (right) baryons
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Low-lying Strange, Charm, Bottom baryons

Bag eigenfrequencies:
(left), Bottom (right) baryons
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Low-lying Strange, Charm, Bottom baryons

Bag radii: , Charm, Bottom baryons
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Low-lying Stra Charm, Bottom baryons

Scalar and (Vector+Pauli) potentials:
(left), Charm (right) baryons
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Low-lying Stra Charm, Bottom baryons

Scalar and (Vector+Pauli) potentials:
(left), Bottom (right) baryons
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Low-lying Strange, Charm, Bottom baryons

Excitation energies (scalar 4+ vector pots.): X, =,
Vector + “Pauli” (left), Vector (right)
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Summary, Perspective

Summary, Perspective

oQMC model: In-medium properties of the low-lying

effective masses, bag radii, bag eigenfrequencies, (two different)

, Charm, Bottom baryons (completed)

vector potentials, excitation (total) energies

— |

baryon ‘effective masses!! ‘ excitation energies !!!

———>o‘ EM FFs., Weak-interaction FFs. ‘ for heavy baryons in medium
=—ein the near future !!

———>o‘ Heavy ion collisions | involving heavy baryons!!!

—>e0ther interesting applications ??!! Your Suggestions !!!
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Thank You Very Much !!!
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