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Motivation, Focus

eIln-medium magnetic moments of , | Decuplet |,

low-lying Charm and low-lying Bottom Baryons
eEstimates by in-medium/vacuum ratios (the QMC model)
eExperiments? influences on observables?

eDensity dependent parametrizations:
Baryon and Meson my; ,, and vector V%" potentials
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Introduction: QMC Model

he QMC model . cuichon, PLB 200, 235 (1988

(For a review, PPNP 58, 1 (2007))

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

q q
m¥*q=mq - goo=mgq- Vo
{ nonlinear in © n
N N (2
- )'0-0

M*N=MN - goo +(d/2) (800 )

. . M*x =M~ -V}
[iY*d -(m-Vd)-YVd ] q= 0

[iva -M* -y VNIN=0 ———
N Ow

Self-consistent !
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Introduction: QMC Model

Bound quark Dirac spinor (1s12)

Quark Dirac spinor in a bound hadron:

as(r) =[ U X
ior L(r)

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

—> Decrease of scalar density =
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Introduction: QMC Model

Mesons in nuclear medium in QMC

(For a review, PPNP 58, 1 (2007))

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

q
m*q=mgq - go6 =mgq- Vo

J nonlinear in 0 )
M*M=Mm - goo + (d"/2) (250 )

[iYd -(m-V3)-YoVw ] q= 0

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

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)

v T ! T
——  Madrid, RDWIA A MAMI

1.1 —— Madrid, RDWIA + QMC O JLab E93-049
Schiavilla OPT + MEC ® Prelim. E03—104
— —  Laget, FSI+MEC+3C _
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Introduction: QMC Model

=—-1“N energy levels (Prog. Theor. Exp. Phys. 2021, 073D02)

=T_l4N 4 WS+ Theoretical
F Present data Coulomb predictions 1
b :{ e N 3
) }: ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, D B
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QMC model 1: Hadron level

L = QZ["Y -0 — m;l(o-) - gww”’)’u]'(/) + ['mesona

my(o) = my—go(0)o =~ my — g5[1 — (an/2)(gs0)]o
8 = 8s(oc=0)
Emeson = E ua’(‘?“a — mg.a'z — Eaﬂw,,(a“w”
1
+ Emiw“w“ ,
2k3
= d3k 0(kg — |k|) = =
pe (27r)3/ (kr — [K]) =
(cr)
= d®k 0(k k il
b = Gy | 4K Olke = IR)
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Introduction: QMC Model

QMC model 2: Quark level

x = (t,7) (|| < bag radius), V9 = gio

. 1 tu(x)

. _ _ q 0 q _ya u =

["Y Ox — (mg — V) F~ <Vw + 2Vp>] < Ya(x) ) 0
) 1 tha(x)

. _ _ q 0 q _ _\y4d d =
|:I'Y 6x (mq Va-):F’Y <Vw 2Vp>:| < qu(x) > 0
[iv - 8x — mg] ¥q(x) (or Pg(x)) =0

n; Q¥ — 4 dm;
m;'; = Z 117*21-, + *TFR;'GB, dmh =0
j—amoa 3 Rh Iri=r;
Q= Q=[x + (Rym})’]'/?, with m; = mq—glo
2 = 2 = b + (Rymo)[/2 (@ =s.c.b)
10 / 52
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QMC model 3: From quarks

w = 8wpPB
= T
s = e ok (ke — R~
= @), )3/d k O(ke lk“\/w
= %CN(O’)pS (8o = go(0 =0)),
_ -1 omy, (o)
CN(O') - gg(O' _ 0) [ 9o :| 9

4 — -,
/A~ = [ Pk O(ke — K/ mi(0) + R
(27)%pB

2 52 2
m,o 8.,PB

2pB 2mf,

— my.
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QMC model 4: Couplings etc.

mg(MeV) | g2/4n g2 /4m  m}, K Zy  B/*(MeV)
5 5.39 530 754.6 279.3 3.295 170
220 6.40 7.57 698.6 320.9 4.327 148
omjy _
omi(2) = —3gg/ d’r Yq(M1q(F)  thelowest bag w.f.
oo J bag
a o
= _3gUSN(U) = _37 lgo(o)a],
—— o
-1 omy, (o)
C = N ,
n(e) 8-(oc =0) [ do ]
— N — q —
8 = g, =3g1Sn(c =0).

(EPAT T E R o (oR VL[ [ DA(VOTIVETE In-medium magnetic moments of the octet 12 / 52



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 g4 5 MeV
mg | 250 MeV
m. | 1270 MeV
myp | 4200 MeV

g5

q

[3)
g,
B,/*

5.69
2.72
9.33

170 MeV
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Results: Quark Meson Coupling (Standard)

(E=/A) - my (MeV)

o 0.5 1‘1‘.5“23‘2‘.5‘3
Pg/P, (P,= 0.15fm™)

220 L L L L |

e Symmetric Nuclear Matter - Binding Energy per Nucleon
e mg =5 MeV, K = 279.3 MeV
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Introduction: QMC Model
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(EPAT T E R o (oR VL[ [ DA(VOTIVETE In-medium magnetic moments of the octet 15 / 52



Introduction: QMC Model

~ I 3
> 100 T
[5) b - ]
g [ ’,—”” ]
N N
= [ ]
8 [ R ]
5 . o ]
*g -100- > . —_—m q(mq=5 MeV):
[ q ]
- r \ T _Va ]
g 200 TN 5
o r == 7
* r T 1
H -300( | | | | | e
0 0.5 1 1.5 2 2.5 3

P&/P, (p0:0.15fm’3)

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 Model

Comparison of Energy/nucleon

(E*/ A)-my [MeV]
=
1

B~/ A)-my (MeV)

I I I
0.5 1 1.5 2 25 0.5 1 1.5 2 2.5 3

PP, Pg/Py (Pg= O.lem’S)

20 ! 1 1 1 I 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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Introduction: QMC Model

1000 1000
2 2
=) 2
*Z L -)i-z
E 600 g
400 03 1 Is 2 25 3 500y 03 I 15 2 . 23 3
PP, Pe/P, (Pg= 0.15fm™)

Nucleon effective mass
oLF pion model (left: my = 220MeV)
eStandard QMC (right: mg = 5MeV)
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LF pion model and Standard QMC: m} (potentials)

potentials (MeV)

~
2 q
- "
< oo q _1001 JR— m*q (mq=5 MeV)
%
S e e N R NG
E E
< 200
-
#
| 1 I 1 | & =300 ! 1 1 I 1
0.5 1 2 25 0.5 1 15 2 2.5 3

Plp 04/, (9,=0.15fm™)

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

Standard QMC, 7, p in LF model parameters
comparison

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

my(MeV) | g2/4n g2 /Am  mj, K Zy  BY%(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 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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Effective Hadron Masses and Potentials (Parametrizations)

QMC: Hadron masses in medium (Remind again!)

x = (t,r) (|f] < bag radius) , V7 = glo

. 1 hu(x)
. _ _ va 0 q _y4a u =
["Y Ox — (mg — V1) F~ <Vw+2vp>] < Ya(x) ) 0
, 1 Ya(x) >
By — (mg — VI) F~° (VI Zva d =0
|:IFY (mq o’) :F’Y < w 2 p>:| < ¢J(x)
[iv - 8x — mg] ¥q(x) (or Pg(x)) =0
n; Q% — z 4 dmy
m; = Z 11711 + 77TR;:3B, My =0
j=9,9,QQ "
Q5 = 3 = [ + (Rgm;)*]V?, with m; = mq—glo
Qp = 95 = [ + (Rimo)?]V2 (@ = s, c,b)
21 / 52

(EPAT T E R o (oR VL[ [ DA(VOTIVETE In-medium magnetic moments of the octet




Effective Hadron Masses and Poter

Baryon Scalar potential [m} — mg]
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Meson Scalar potential [m}, — my]

Kazuo Tsushima

Scalar Potential [m*- m] (MeV)
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Effective Hadron Masses and Potentials (Parametrizations)

T
Scalar potential: my ,, — mgm
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Effective Hadron Masses and Potentials (Parametrizations)

Scalar field o and fit

0 500
571002— — - (o e 400 E
ﬁ E N ——-fN(0=0)0 %
< E N E|
= 200 AN E % 300F B
20 £ N i =
o £ ~ 3 (=)
=] E > E
& -300F s 4 & 200p E
=] £ ~ e
5 S~ 1 z° e gl o=gY(0=0)0
e -400F S~ ] 100F fit El
~3
_500E . | . | . | . | . | .1 0 . | . | . | . | . | .
0 0.5 1 15 2 25 3 0 0.5 1 15 2 25 3
- -3 = 3
Pg/Py (P =0.15fm™) Pg/Py (P = 0.15fm™)

x = (ps/po)
(gVo)(x) = 1.60828 — 23.9107 v/x + 350.631 x — 144.300 x/x

+19.4750 x2 (x > 0,[x > 0.001])
(g70)(x) = 0 (x=0)
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Effective Hadron Masses and Potentials (Parametrizations)

3 . . .
B.M" Parametrizations

12

12

n aB
mg — ?qgc'," [1 - 2(gc’,"a)} o,

n ap

me — | (eho) — 7 (eloY? .
3 2

(B =N,NZ, =, 0,2, =% N, X, =,y Np, T, Eb)-

nM am
m — T g |1 - S alo)| o
M

n aM
= "8 | (gll) - % el

M=uw,p K,K*n,1,D,D* B, B*, with n — 1fornandn’).
q
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Effective Hadron Masses and Potentials (Parametrizations)

Vector Potentials: Parametrizations

X = pB/p() (pg = 0.15 fm_3)

VB(x) = bgx,
Vi(x) = =41.77x
Vi(x) = VI=(ng—ng)VI = (ng— ng) x 41.77x

VK(x) ~ 1.96 x 41.77 x

(baryon octet — Pauli potentials)

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

I3V7(y) =I5 x 84.61y
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Effective Hadron Masses and Potentials (Parametrizations)

Parameters

Table: Effective mass slope parameter ag p;, and bg.
([Imz — ms] + VF ~ 430 MeV at pq.)

x10—% Mev—!

x10—% Mev—T

x10—% Mev—1

x10—% Mev—1

ag ag ap aB
ay 9.15 ap 10.08 — — — —
ap 9.35 — — ap, 9.90 an, 10.78
ay 9.59 ag * 10.15 ay, 10.34 as, 11.22
az 9.52 azx 10.15 as, 9.99 asz, 10.83
bg MeV bg MeV bg MeV bg MeV
by 125.30 bp 125.30 — — — —
bp 92.57 — — bp, 83.54 bp,, 83.54
by 100.12 by 83.54 by, 83.54 by, 83.54
by 152.42
b= 46.29 b=« 41.77 b=, 41.77 b=, 41.77
2 10-7 =1 =7 =1 =7 =1 =7 =1
M X 10 MeV ap X10~" MeV ap xX10 MeV ap X10~" MeV
ag, 8.73 ak 6.66 ap 8.61 ag 9.92
ap 8.70 ayx 8.60 ap* 9.09 agx 10.04
— — an(ng — 1) 7.03 — — — —
’
— — an’ (nd —1) 8.81 — — — —
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Magnetic Moment B(qi, g2, q3)

1
U = 3 (2p1 + 2p2 — p3) (B # A, Nep # decuplet),
B = M3 (B = A, Ac,ba Ec,b)a
pwe = p1+ p2+p3 (B = decuplet)
Hqg = €qTq

B\2 Re 2 2r . B -
€q |:(Nq) /0 drr 310(Xq’/RB)BqJI(Xq"/RB)]

1 1
on| = o+l = lzn,| = —= o — pd|l = —= |euTju — eqia
|esonl |pstpz] = [x,n,l ﬁlu Hdl \/gl |
, min(Rg/,Rg) r
g = (NJ NB)/ drr23

x [,O(er/RB,) BBji(xqr/Re) + BE jr(x,r/Re’) jo(xqr/Rs)
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Baryon Magnetic Moments in Medium

Free-space values: 1

Table: Free-space baryon magnetic moments by various models.

B(q1, a2,93) | Set! Set Il [1.2] 381 [4 I8] [6] [7] 18, 9] [10]
p(uud) 1.535 1.535 2.56 — — — 28132 2.886 23 3.04
n(ddu) -1.023  -1.023  -193 — — — -19154 -1.924 -13 -1.84
A(uds) -0.429 -0.500 055 — — — -0.5512 -0.580 -0.40  -0.70
=+ (uus) 1.557 1.628 2.60 - -  — 27317 2.758 1.9 2.87
50 (uds) 0.499  0.535 -1.48 — — —  0.8222 0834 0.54 0.76
¥~ (dds) -0.560 -0.559 -126 — — — -1.0932 -1.089 -0.87  -1.48
=0(ssu) -0.929 -1.068 -132 — — — -1.3734 -1414 -0.95 -1.37
=~ (ssd) -0.405 -0509 057 — — —  -0.4157 -0452 -041  -0.82
AFF (uuu) 3.341 3.341 5.267 — — @ — — — 4.91 5.24
At (uud) 1.671 1.671 2430 @ — — — — — 2.46 0.97
A (udd) 0 0 -0.408 — — @ — — — 0.00  -0.035
A~ (ddd) -1.671  -1.671  -3.245 — — @ — — — -2.46  -2.98
=*+ (uus) 1.781 1.767 3208 @ — — @— — — 2.55 1.27
*0(uds) 0.102 0.040 0.8 — — — — — 0.27 0.33
=*~ (dds) -1.577 -1.687 -2.105 — @— @ — — — -2.02  -1.88
=*0(ssu) 0.203  0.083 0508 — — @— — — 0.46 0.16
=%~ (ssd) -1.473  -1.686 -1.805 — — @ — — — -1.68  -0.62
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Baryon Magnetic Moments in Medium

Free-space values: 2

Table: Free-space baryon magnetic moments (in nuclear magneton).

B(q1,92,93) | Setl  Setll [1,2] [3] [C] 5] [6] [7] [8.9]1 [10]
AT (udc) 0423  0.423 — — 042 0385 0341 0352 — —
= (uuc) 1.378  1.378 — 24 176 2279 2.44 2.448 — —
=+ (udc) 0.238  0.238 — 05 036 0501 0525  0.524 — —
b (ddc) -0.903  -0.903 — 415 -1.04 -1.015 -1.391  -1.400 — —
=¥ (usc) 0.424  0.426 — 0.8 041 0711 079  0.779 — —
=) (dsc) 0.424  0.426 — -1.2 039 0966 -1.12  -1.145 — —
A} (udb) -0.073  -0.074 — —  -0.06 -0.064 — — — —
=7 (uub) 1.675  1.681 — 2.4 207 2220 2575  2.586 — —
):g(udb) 0.437  0.439 — 06 053 0592  0.659  0.662 — —
= (ddb) -0.801  -0.804 — 413 -1.01  -1.047  -1.256  -1.261 — —
=) (usb) -0.073  -0.074 — 0.7 -0.06 0.766 0.93 0.917 — —
=, (dsb) -0.073  -0.074 — -1.2 -0.06 -0.902 -0.985 -1.006 — —
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Baryon Magnetic Moments in Medium
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Baryon Magnetic Moments in Medium

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)
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Octet Baryons
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Baryon Magnetic Moments in Medium

Decuplet Baryons
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Baryon Magnetic Moments in Medium

Charm Baryons
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Bottom Baryons
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Summary, Perspective

Summary, Perspective

eIn-medium magnetic moments of the Octet, | Decuplet |, low-lying

, Charm, Bottom baryons
(new: effective masses of baryons)

eDensity dependent parametrizations: mj; ,, and V7>
= Easier to use, applications

= Axial-vector coupling constants in medium

=—> Meson cloud effects: CBM-like approach in medium

o How to make connections with Experiments???

oOther interesting applications ??!! Suggestions 77!!
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Thank You Very Much !!!

References:

‘In—medium magnetic moments‘ — Submitted to PTEP
(arXiv article has not yet been revised!!)

(Heavy Baryons):

K. Tsushima

Phys. Rev. D 99, 014026 (2019)

Quarkonia-nuclear bindings (QMC model brief summary):
G. Krein, A. W. Thomas, K. Tsushima
Prog. Part. Nucl. Phys. 100, 161 (2018)

QMC model summary:
K. Saito, K. Tsushima and A. W. Thomas
Prog. Part. Nucl. Phys. 58, 1 (2007)
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(Backup: Low-lying Strange, Charm, Bottom baryons)

In-medium properties of the low-lying

, Charm, Bottom baryons
(backup)

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

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

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

In vacuum (inputs)

B(q1,92,q3) | zB mg Rg X1 X2 X3
N(qqq) 3.295 939.0 0.800 2.052 2.052 2.052
N(uds) 3.131 1115.7 0.806 2.053 2.053 2.402
2> (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
Ac(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 2460.4 0.860 2.053 2.419 2.880
Q(ssc) 1.0567 2695.2 0.876 2.424 2.424 2.884
Np(udb) -0.622 5619.6 0.930 2.054 2.054 3.063
T,(qgb) | -1.554 [5813.4] 0.068 2.054 2.054 3.066
=p(gsb) -0.785 |5793.2| 0.933 2.054 2.441 3.063
Qp(ssb) -1.327 6046.1 0.951 2.446 2.446 3.065
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(Backup: Low-lying Strange, Charm, Bottom baryons)

In medium at py = 0.15 fm?

B(q1,a2,q3) | mpg R xi x5 x3
N(qqq) 754.5 0.786 1.724 1.724 1.724
A(uds) 992.7 0.803 1.716 1.716 2.401
2 (qqs) 1070.4 0.824 1.705 1.705 2.408
=(gss) 1256.7 0.818 1.708 2.406 2.406
Q(sss) — — — — —
Ac(udc) 2164.2 0.851 1.691 1.691 2.878
2 .(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
2 (qqb) 5692.8| 0.966 1.630 1.630 3.066
=p(gsb) 5732.7| 0.931 1.649 2.440 3.063
Qp(ssb) — — — — —
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(Backup: Low-lying Strange, Charm, Bottom baryons)

Effective masses:
(left), Charm (right) baryons
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(Backup: Low-lying Strange, Charm, Bottom baryons)

Effective masses:

(left), |Bottom (right)| baryons
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(Backup: Low-lying Strange, Charm, Bottom baryons)

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

Bag eigenfrequencies:

q

Bag eigenvalue x

o
5

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

Bag radii: ,» Charm, Bottom baryons
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(Backup: Low-lying Strange, Charm, Bottom baryons)

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

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

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

Summary, Perspective (backup)

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

, Charm, Bottom baryons (completed)
effective masses, bag radii, bag eigenfrequencies, (two different)
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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(Backup: Summary, Perspective)

References:

In-medium properties of the low-lying strange, charm, and
bottom baryons in the quark-meson coupling model
(Heavy Baryons):

K. Tsushima

Phys. Rev. D 99, 014026 (2019)

Quarkonia-nuclear bindings (QMC model brief summary):
G. Krein, A. W. Thomas, K. Tsushima
Prog. Part. Nucl. Phys. 100, 161 (2018)

QMC model summary:
K. Saito, K. Tsushima and A. W. Thomas
Prog. Part. Nucl. Phys. 58, 1 (2007)
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