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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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Motivations

(Large) nuclei, and nuclear matter in terms
of quarks and gluons

(eventually by QCD) ??2?111
NN ,NNN,NNNN... interactions —
Nucleus ? «— shell model, MF model,...

Lattice QCD: still extracting NN, NY and YY
interactions, [Y=hyperons:/\,Z,=

Quark model based description of nucleus
*Hadron properties in a nuclear medium

K. Tsushima 5
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Suggests a different approach : QMIC Model

(Guichon, Saito, Tsushima et al., Rodionov et al.
- see Saito et al., Prog. Part. Nucl .Phys. 58 (2007) 1 and
Prog. Part. Nucl. Phys. 100 (2018) 262-297 for reviews)

« Start with quark model (MIT bag/NJL...) for all hadrons

QCD & hadron

NA,E ®, D,
i structure

* Introduce a relativistic Lagrangian
with o, w and p mesons coupling
to non-strange quarks

-\

Density dependent
e [ o nuclear | @) | effective NN
e matter (andNA,NE ..))
ﬁ forces
£ ‘ = I'

* Hence only 3 parameters (4 if o mass not fixed) =

1

Structure of

— determine by fitting to:
Po  E/A and symmetry energy
— same in dense matter & finite nuclei

. finite nuclei &
@ |hypernuclei

* Must solve self-consistently for the internal structure of
baryons in-medium
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R=(p'x /p’z)=(GE/Gm): *He/ '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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e QMC model r cuichon pLB 200, 235 (19

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

Light (u,d) quarks interact | Nuclear Binding !!
self-consistently with

mean o and w fields /7 <0 >

q q
m*q=mgq - g6 6 =mq- Vo

J nonlinear in O

M*N = MN - 206 + (d/2) (250 )2

[iYd -(m-Vo) + Y, Vi ] g= 0
] Start
[i9 - M* +Y VNN =0

V(II}I = BVS)

Self-consistent !
(Applied quark model !) S -



Bound quark Dirac spinor (1s12)

Quark Dirac spinor in a bound hadron:

qis(r) = U(r) X

ioor L(r)

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

—> Decrease of scalar density =



Decrease in Scalar Density

Scalar density (quark): ~ |JU|**2 - |L|**2,
U

Mn*, N wave function, Nuclear scalar density
etc., are self-consistently modified due to

the N internal structure change !
=2 Novel Saturation mechanism !



At Nucleon Level Response to the Applied
Scalar Field is the Scalar Polarizability

Nucleon response to a chiral invariant scalar field
1s then a nucleon property of great interest. ..

M*(R) = M — goO(R) + (d/2) (go0(R))**2

Non-linear dependence scalar polarizability
0.22 d**%4 R in original QMC (MIT bag)

Indeed, in nuclear matter at mean-field level (e.g. QMC),

this 1s the ONLY place the response of the internal
structure of the nucleon enters.

K. Tsushima 10



QMC model 1: Hadron level
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QMC model 2: Quark level

x = (t,F} {|F] £ bag radius)
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QMC model 3: From quarks

, - Bups
- L,
~ L. my(o)
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= = Cno)n (8o =Bo(o =),
_ -1 dmy (o)
tot 4 L "
Bt /A~ my = = [ K 8(ks - [R)y/mi2 (o) + @
m2o E;.,PB
2p3 2m2 —

Kazio Tsushima ( LFTC, UNICSUL (Uniw L2000 UTOE- 00RO RSN P8 T R T/31 .




Introduction: QMC

QMC model 4: Couplings etc.

mg(MeV) [ g2/4x g2 /4m  m}, K Zy Bl7A(MeV)
5 539 530 754.6 279.3 3.295 170
220 6.40 7.57 698.6 320.9 4.327 148

Omylo) _ 38 / B P, (P1hg(F) thelowest bag w.f.
Oo bag 5
= —3g35n(0) = —5 - [8s(0)e],
B omy (o)
Cule) = g,(rr—ﬁ)[ 7 ],

g = g\ =3g%Sn(c = D).

Kazio Tsushima ( LFTC, UNICSUL (Unhw L300 TR 000 RO RGN0 P8 T R B/31 .



Results: Quark Meson Coupling (Standard)

(OV)
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e Symmetric Nuclear Matter - Binding Energy per Nucleon
e mg =5 MeV, K = 279.3 MeV
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Introduction: QMC

sm ] I 1 ] 1 | I ] 1 ]

0 0.5 1 15 2 35 3
Pe/P, (Pg=0.15 fm )

e Nucleon effective mass: mg = 5 MeV
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0 0.5 1 15 23 25 3

Pp/Py (P=0-15 fm )

o Effective mass of constituent quarks: my; = 5 MeV
sAll the light-guarks in any hadrons feel the same potentials !!

——
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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 g /4x  m} K BI/3(MeV)
5 539 530 7546 2793 3.295
220 640 757 6986 3209 4.327
430 8.73 11.93 56525 361.4 5.497 69.75

e Refs. LF w, p modael:
J.P.B.C. de Melo, KT et al,,

LF 7 model (m; = 220 MeV): Phys.Rev. C30 (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]
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Introduction: QMC

Comparison of Energy/nucleon

c 2
=) =

Z
£ =
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= P
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p/p, /P, (P,=0.15 fm™)

e Symmetric Nuclear Matter - Binding Energy per Nucleon (scale

1)
e LF pion model (left): mg; =220 MeV, K = 320.9 MeV
e Standard QMC (right): my; =5 MeV, K = 279.3, MeV
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Introduction: QMC

10(K] SRR G FR S S AR

my * [MeV]
my* (M=V)

Wo——s 1T 15 2 25 3 e as 1 13 2_ 235 3
PPy PPy (P=0.151m")

Nucleon effective mass
eLF pion model (left: mg = 220MeV)
eStandard QMC (right: my = bMeV)
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LF pion model and Standard QMC: m; (potentials)

T S
R Po/, (=015 fm ™)

sEffective mass of constituent quarks, up and down
oLF pion model: m,; = 220 MeV (left)
eStandard QMC mg = 5 MeV (right)
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Nuclear (Neutron) matter, EIA-mN

Novel saturation 100 T T
mechanism ! S A j
m_=5MeV (Standard) _ (o e
Incompressibility g |
QHD: K = 500 MeV £ j
QMC: K=280 MeV & *|
(Exp. 200 ~ 300 MeV) ok
R
PLB 429, 239 (1998) 00 o|5 B 1lo p;}spo 2lo B 2I5 3.0

K. Tsushima 22



Application to nuclear structure
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lite nuclei (— Pb energy levels

NPA 609, 339 (1996) ] “*Pb si’r}LLgle partgcle energies
C 38’/2 = \_7;/2 Py N 71,3/2
Large mass nuclei op == :
B 797/2 - _ 5/2
Nuclear matter T —
_202_ 7f5/z__:—2p3/2 E
1S, —
Based on quarks ! < op—
5—30:— 7d::: - g
% g 7]37/2 s B
i Py
_40:_ o —— - _
Hadrons :
Hypernucleli ~s0f :
i protons neutrons
. Ezp. QMCH QMC Exp. QMCH QMC

latest QMC, NPA 814, 66 (2008)

K. Tsushima 23



Summary : Scalar Polarizability

* Can always rewrite non-linear coupling as linear coupling
plus non-linear scalar self-coupling — likely physical
origin of non-linear versions of QHD

* In nuclear matter this 1s the only place the internal
structure of the nucleon enters in MFA

* Consequence of polarizability in atomic physics 1s

many-body forces:
V=V, + Vy +V13®

o~
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* QHD shows importance of relativity :

mean o, ® and p fields
* QMC goes far beyond QHD by incorporating effect of
hadron internal structure

* Minimal model couples these mesons to quarks in
relativistic quark model — e.g. MIT bag,
or confining NJL

° g1, g, g, fitted to py , E/A and symmetry energy
* No additional parameters : predict change of structure

and binding in nuclear matter of all hadrons:
e.g. o, p, N, J/y, N, A, X, E — see later!




Linking QMC to Familiar Nuclear Theory

Since early 70’s tremendous amount of work
in nuclear theory 1s based upon effective forces

 Used for everything from nuclear astrophysics to
collective excitations of nucle1

* Skyrme Force: Vautherin and Brink

In Paper : Guichon and Thomas, Phys. Rev. Lett. 93, 132502 (2004)

explicitly obtained effective force, 2- plus 3- body, of Skyrme type

- equivalent to QMC model (required expansion around ¢ = 0)

o~~~ o~ -~ pP—<5" Office of
-
- 7 f?f‘: G C;_fm I Thomas Jefferson National Accelerator Facility LB

Y - - :v

U.5. DEPARTMENT OF ENERGY
Operated by Jefferson Science Association for the U.S. Department of Energy
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Derivation of Density Dependent Effective Force

Physical origin of density dependent forces of Skyrme
type within the quark meson coupling model

P.A.M. Guichon **, H.H. Matevosyan ¢, N. Sandulescu ¢,
A W. Thomas?®

Nuclear Physics A 772 (2006) 1-19

- Start with classical theory of MIT-bag nucleons with
structure modified in medium to give M (o).

* Quantise nucleon motion (non-relativistic),
expand in powers of derivatives

* Derive equivalent, local energy density functional:

ECIAL RESEARCH
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Derivation of EDF (cont.)

[—3G, Ga Gis 3G,
H“+H3:p[32 T |~ 20+ doGy) 8]
B(l+dpGy)”| 2(1+dpGo)

5G G G

i i o €t
+ (00 — £p) +‘ — |,
o= r [ 32 |8(1+dpGs)| 8 }

4 G Gs . G G &
Heff=|:( L ———+—+ ”)pn+(—‘ﬂ+ “)pp}rn

Smﬁz 2mgc 2y 4}%{3\;2 4m% ZMJ%,
+ p < n,
3G 3G, 3G, Gy
H — o i A -
L [(32me Y Ry SMNA)Q”

(—3Gp_ Go . G Go

2
16mo?  2mo?  2mg” B 4MN2)’OF]V (on) + p < 1,

—3G 3G, (—1 4 2p, 3G,(—1+2 ) .
Hyo=V - Jn[( ; — ( 3 el 2 7 M)) n | Spin-orbit
SM n SM N 32M N “force
—Gg Ge(1— 2:@3)) :| i !
+ 1 I p . predicted!
(4MN2 amy? )P -
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Physical Origin of Density Dependent Force of the
Skyrme Type within the QMC model

That 1s, apply new effective force directly to
calculate nuclear properties using Hartree-Fock
(as for usual well known force)

Ep (MeV, exp) | Ep (MeV, QMC) || r. (fm, exp) | r. (fm, QMC)
gy 7.976 7.618 2.73 2.702
“Ca 8.501 f,, 8213 3.485  ,l19, 3415
FCa 8.666 N 8.343 3434 qumup 3.468
<08 pp 7.807 {:a1b 3.0 5.42

* Where analytic form of (e.g. H, + H;) piece of energy
functional derived from QMC is:

Ho+ Ha = 22 3G, Gy G, 5 3G,
O t ’r 32 1+@ac. ) 201+@pG.) 3
highlights , r
scalar polarizability (P, — ,ﬂpjﬂ [5 (r 4 g/ - ),
32 8(1+dpG,) 8
_.:—:'2) 7ol g’};“ W% Office of

Thomas Jefferson National Accelerator Facility
i T

.. U.5. DEPARTMENT OF ENERGY
Operated by Jefferson Science Association for the U.S. Department of Energy
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Explicit Demonstration of Origin of 3-Body Force

Since early 70’s tremendous amount of work
in nuclear theory is based upon effective forces
» Used for everything from nuclear astrophysics to
collective excitations of nuclei
« Skyrme Force: Vautherin and Brink

g VV: . G .
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Spin-orbit splitting

Element States Exp QMC SV-bas
[keV] [keV] [keV]
016 proton 1p;y,,-1p3); 6.3 (1.3)a) 5.8 5.0
neutron |1p,,-1p;, 6.1 (1.2)a) 5.7 5.1
Ca40 proton 1d;/,- 1d; ), 7.2b) 6.3 5.7
neutron |1d;,-1d;, 6.3 P 6.3 5.8
Ca48 proton 1d;/,- 1d;,, 4.3 b) 6.3 5.2
neutron | 1d;,-1d;,; 5.3 5.2
Sn132 proton 2Py /2~ 2p3); 1.35(27) 1.32 1.22
neutron |2p,,-2p;/, 1.65(13)% 1.47 1.63
neutron |2d;,- 2d;,, 2.71 2.11
Pb208 proton 2py,2- 2p3); 0.91 0.93
neutron |3p,,-3p;/, 0.90(18) 1.11 0.89
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Systematic approach to finite nuclei

J.R. Stone, P.A.M. Guichon, P. G. Reinhard & A.W. Thomas:
( Phys Rev Lett, 116 (2016) 092501 )

» Constrain 3 basic quark-meson couplings (g9,9, 9,% 9,%) so
that nuclear matter properties are reproduced within errors

17 <EIA < -15 MeV
0.14 < p, < 0.18 fm-3
28 < S, < 34 MeV
L > 20 MeV
250 < K, < 350 MeV

* Fix at overall best description of finite nuclei
with 5 parameters ( 3 for the EDF +2 pairing pars)

 Benchmark comparison: SV-min 16 parameters (11+5 pairing)
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Overview of 106 Nuclei Studied — Across Periodic Table

W3 ADE

.
2]
L/

UNIVERSITY
AUSTRALIA

Element Z N Element Z N
C 6 6-16 Pb 82 116-132
o 8 4-20 Pu 94 134 - 154
Ca 20 16 - 32 Fm 100 148 - 156
Ni 28 24 -50 No 102 152 -154
Sr 38 36 - 64 Rf 104 152 - 154
Zr 40 44 -64 Sg 106 154 - 156
Sn 50 50 - 86 Hs 108 156 - 158
Sm 62 74 - 98 Ds 110 160
Gd 64 74 -100
N Z N Z
20 10 - 24 64 36-58
28 12 - 32 82 46 -72
40 22-40 126 76 - 92
50 28 -50

IUE

SUBATEMIC
i.e. We look at most challenging cases of p- or n-rich nuclei o

Not
- fit
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Overview

data, rms error %
QOMC SV-min

fit nuclei;
binding energies 0.36 0.24

diffraction radi 1.62 091
surface thickness 10.9 2.4
rms radi _ 0,71 0.52
pairing gap (n) 576  17.6
pairing gap (p) 953 A8k

ls sphtting: proton 15.8 185
ls sphtting: neutron 20.5  16.3

superheavy nuclei: 0.1 0.3

N=Z nuclel 1.17 075

mirror nuclel 1.50  1.00

DthEI‘ 0 P 3 5 U - 2 6 SPECIAL BESEARCH
e ADELAIDE SUBAT(E)MIC
S N VERSITY Stone et al., PRL 116 (2016) 092501 %




Superheavy Binding : 0.1% accuracy
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Shape evolution of Zr (Z=40) Isotopes
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« Shape co-existence sets in at N=60 — Sotty et al.,PRL115 (2015)172501

* Usually difficult to describe
— e.g. Mei et al., PRC85, 034321 (2012)

Stone et al., PRL 116 (2016) 092501
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Quadrupole deformation in Superheavies
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Figure 2. (Color online). Quadrupole deformation calculated in
QMCr for isotopes with proton number 100 < Z < 128.
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Drip line predictions

Table 1. Neutron numbers corresponding to proton and neutron
drip lines, derived from the Fermi energy for isotopes of
elements 96 < Z <136

Z N(p) Nm | Z N@p) N
96 132 224 | 118 174 278
98 134 226 | 120 180 286
100 138 230 | 122 184 290
102 138 236 | 124 188 296
104 146 240 | 126 192 298
106 146 242 | 128 196 302
108 154 246 | 130 202 306
110 158 250 | 1532 208 310
112 164 256 | 134 214 314
114 168 260 | 136 218 314
116 170 268

SPECIAL RESEARCH
EEEEEEEEEEEE

SUBAT@QMIC
) s Stone et al., E P J Web of Conferences 163 (2017) 00057 *




Martinez, Konieczka, Baszyk et al. - HFODD Implementation

Sn chain  (Z=50)

== experiment ==#== QMCpiO (HFODD) QMCpil (HFODD) === QMCpi2 (SKYAX)
8550
8500
8450
8400
<
s 8350
4]
8300
8250
8200
8150
95 100 105 110 115 120 125 130 135
'ﬁ
J0: \
I g ADELAIDE . - - =
*—% unveesv - Publication in preparation....
COEPP
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Summary: Finite Nuclei

* The effective force was derived at the quark level based
upon the changing structure of a bound nucleon

- Has many less parameters but reproduces nuclear
properties at a level comparable with the best
phenomenological Skyrme forces

 Looks like standard nuclear force

 BUT underlying theory also predicts modified internal
structure and hence modified
— DIS structure functions
— elastic form factors......

ADELAIDE

UNIVERSITY
AAAAAAA




liesons in nuclear medium in QM'

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

Light (u,d) quarks mnteract | Nuclear Binding !!
self-consistently with

mean o and w fields /7 <0 >

q q
m*q=mgq - g6 6 =mq - Vo

<Ww?>

{4, nonlinear in O .
M*M=Mw - 266 + (d /2) (850)

[ 179 -(m-Vo)+ YV ] q= 0

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

K. Tsushima 28



QMC model 2: Quark level

x = (t,F} {|F] £ bag radius)

| bt

:i’T'ax_ (mq — V3) F1° (v" +—vg)' ( ﬁ;fg j =0

a5 (- 20)] (142 -
[iv - 8 — mq] 1!-’::(!) (or ¥g(x)) =0

m, = Z

j=l:|lﬁ1Qﬁ
Q= Qf = [ + (Rrm?)?]Y/2, with m? = mq—glo
@ = Q= [ + (Ryma)’1/? (@ =s,¢,b)

sk

H

llei" -2z, 4 om;
| —rR*B
R? 3™ R,

— i

Kazio Tsushima ( LFTC, UNICSUL (Uniw L300 TR 00RO RGN0 0 T R /31



Hadron masses (ratios) in medium

B s 1 s e 25 3 ¥y 05 1 15 2 25 3
Pa ! Py Paf Py

Kazio Tsushima ( LFTC, UNICSUL (Unhe@ L300 TTOR- 00 ROR SR T8 17 31 |



Scalar potentials in QMC respects
SU(3) (light quark # !)

50 |
~100 f
~150 f
—200 f

—250 |

scalar potential = [m* - m] (MeV)

—300 -

350

Ps/ Po Pe/ Po Ps/ Po
K. Tsushima 31



Hypernuclel
(Introduction)



What are Hypernuclei ?

Hypernuclei are nuclear systems where at least one nucleon
is replaced by a hyperon (e.g. A).

AZ is a bound state of Z protons (A-Z-1) neutrons and a A hyperon

Hypernuclei are a laboratory to study the hyperon-nucleon,
Hyperon-hyperon interactions.



Production processes (e.g.) for reactions leading to S=-1 hypernuclei

Target emission A ( p,K"') AB Projectile emission

T --- --- K

A (x*,K*),B* A (1,K*),B’

N " (1650), N(1710), N°(1720) baryonic resonances.



S =-2, E-Hypernuclei at J-PARC, JAPAN
by (K-, K¥) reaction, the first evidence.
(KISO Event, = - - 14 N system)

Double Hypermucle - ; :
= Hy,mﬁau.s Three-Dimensional Nuclear Chart

5=-2
7))
5-0)
= ®
P .&;‘ o - _‘_‘__.-"'"..r F
£ Fo / l,_ff
»n {'r A - J,..-'f. F
ol e~ -
L. ' . ;

,i
".k |
'-.

'-.
.-L""'-\.,x
My
N

q
e
ot

f? ¥ P AP |

ﬁelﬁron Numgér N

. S

5=0 %






A hyperon can stay in contact with nucleons inside a Nucleus

hypernucleus hypernucleus
Tee /A aesay mesonic decay non-mesonic decay

pa~ 100 MeV/c
N s
A

A —n+7'+41 MeV (36%) suppr'essed by A+n—on+n+176 MeV
A —p+a +38 MeV (64%) Pauli blocking A+p—n+p+176 MeV
T, = 263 ps




Why are Hypernuclei interesting!

New type of nuclear matter, new symmetries, New selection rules.

First kind of flavored nuclei.

Hyperons are free from
Pauli principle restrictions

Can occupy quantum states
already filled up with
nucleons

This makes a hyperon embedded
in the nucleus a unique tool for
exploring the nuclear structure.

Good probe for deeply
bound single particle states.

16 |

= — —
oo — ) F'S
T T 3, ;

O, 4o (Ub/sr/0.25 MeV)
<

<
r

S
()

(=)
T LA

H. Hotchl, et al, Phys Rev C 64 (2001) 044302

- il . :
0 v Py Mg ) s
,.:"O > .“ 3 o, ,‘ “ '
‘LLQ“‘J‘LDIJ'."|“s111llllj

20 -15  -10 -5

-B, (MeV)

0 5

10



Study of S = -1 hypernuclei (A or X)

The nuclear structure and the many body nuclear dynamics is
extended to new non conventional symmetries, due to the inclusion
of an S# 0 degree of freedom in the nucleus, YN interaction

annnnnsss—— T he Skyrme type AN interaction
| i from the known BE of A hypernuclei.
- I Neelam Guleria, S.K. Dhiman and R. Shyam, Nucl.
> i 1 Phys. A 886, 71 (2012)
2 15} -
< The role played by quark degrees of
M 10} \ - . )
_ . freedom in nuclear phenomena:
5[ f L sl Quark-Meson coupling model,
gl K3 2NN i < xtended for hypernuclei
0 0.05 0.1 0.15 0.2 0.25

A%? Guichon, KT, Saito, Thomas

The study of four fermion, strangeness changing, baryon-baryon weak
interaction YN—NN, which can occur only inside hypernuclei



== New Physics items Neutron star composition

* Formation of compact stars depends

* For a detailed understanding of the
On the nature of the YY interaction.

quark aspect of the baryon-baryon
forces in the SU(3) space, information
on the YY channel is essential.

théark—h}rbr'td traditional neutron star
star

* Are there S=-2 deeply yperon
bound multi K states??

neutron star with
pion condensate

* Search for H particle

~ | Fe

six-quark system uuddss Ciange quark matior 10° gem ®
{u,d,s quarks) | 1 5

238 ert Tl
& 2 o g

0o B
LoFp CFL-K,

CFL-TC -=___ Hydrogen/He

afmosphere

Conjectured
composition of a neutron
star R~ 10 km

Juergen Schaffner-Bielich, Nucl. Phys. A804 (2008)
309

strange star
nucleon star




Experiments
No! Z-Hypernuclei
Naive SU(3) based model
yield Z-Hypernuclei!
— QMC?



A, 2 & Self-consistent OGE
color hyperfine interaction

/. and  hypernuclei are more o
similar (channel couplings) ~ 11111 ] deA"=3

= potential: weake A 2

all spin-orbit splittings
A & SU(6) quark model



Bag mass and color mag. HF
int. contribution (OGE)

T. DeGrand et al., PRD 12, 2060 (1975)
= [NgQq + NsQs]/R — Zo/R + 47BR3 /3

+ (FS)'AEm(f)  (F=N,AAZZ=..))
AEM =-30Lc Z }\,1 A GO c-0 I\/I(m| mJ,R)
AEM(A)—-3OLC I\/I(mq,mq,R) (g=u,d)

AEM(Z)=acM(mg,mq,R)
-4o.cM(mgqg,ms,R)




Latest QMC: Includes Medium Modification of
Color Hyperfine Interaction

N - A and X - A splitting arise from one-gluon-exchange
in MIT Bag Model : as “ ¢ ” so does this splitting...

Difference of Sigma and Lambda effective mass

200

180 |- = © 4
2 - A splitting
> 160 —
- o Y-hypernuclei
% unbound!!
100
80
1 | 1 | 1 | 1 | 1
0 0.2 0.4 0.6 08 1
pifm ™)
Guichon, Thomas, Tsushima, Nucl. Phys. A841 (2008) 66
o (oo = PP =5 Office of
J aéé%i” g”f; I Thomas Jefferson National Accelerator Facility B Science

U.S. DEPARTMENT OF ENERGY
Operated by Jefferson Science Association for the U.S. Department of Enerey



ZO potentials
(1s12)

Repulsion

In center
Attraction

In surface

No 2. nuclear
bound state!

HF couplings for
hyperons <»
successful for high
density neutron star

(NPA 792, 341 (2007))
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Hvpernuclei spectra 1

NPA 814, 66 (2008)
16 (1)3xp. 170 15700 49 C%Xp. " Ca goCa ' Ca 4390 Ca
1si2 |-12.4 -ﬁ -53 | -18.7 g -5.5 | 219 | 94
1p3r2 -6.4 138 | G | <154 | 52
lpi2| -1.85 | -6.4 -13.9 | -1.9 | -154 | -5.6
1ds,2 5.5 7.4
281/2 -1.0 3.1
1d3.2 2 2




Hyvpernuclel spectra 2

NPA 814, 66 (2008)
8/\9Y]:])3Xp. %\1 Zr 2 Zr 208 PbEXp. 29\9Pb 2%90 Pb
1sip -23.1 -24.0 -9.9 -26.3 g -15.0
1p3n -19.4 | -7.0 -24.0 | -12.6
Ipir -16.5 -19.4 -7.2 -21.9 ;24_0 -12.7
1ds» 9.1 -13.4 -3.1 -16.8 -20.1 -9.6
28172 -9.1 — -17.1 -8.2
1ds2 | (:9.1) | -134 | -34 | (-16.8) | -20.1 | -9.8




Summary: hypernucléel

* The latest version of QMC (OGE color
hyperfine interaction included self-
consistently in matter) =

* A single-particle energy 1s1/2in Pb is -26.9 MeV
(Exp. -26.3 MeV) €= no extra parameter!

- Small spin-orbit splittings for the A

« No 2. nuclear bound state !!

* = is expected to form nuclear bound state



ﬂ

Neutron Stars
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LETTER  (2010)

A two-solar-mass neutron star measured using

doi: 10. 1038/ mature19 466

L]
Shapiro delay —— -
P. B. Demorest', T. Pennuoci®, 5. M. Ransom', M. 5. E. Roberts™ & 1. W. T. Hessels®™ fs l'f—a .ii;'.
s
o

10t l ;
—20F e r/"' e =S E
-a.n-i_ '-\:D> - —d—
40 : - ; : : : : :

Reports a very accurate pulsar
mass much larger than seen
before : 1.97 * 0.04 solar mass

Claim: it rules out hyperon
occurrence
- ignored our work published
three years before!

EEEEEEEEEEEE

P ADELAIDE SUBAT@EIMIC
RVERBITY J1614-2230
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Consequences of QMC for Neutron Star

M [solar mass]
0

E -

Population

—e F-OQMC700
+—a F-OMCrd
—— N-QMC700
—— N-QMCr4

10 12
R [km}

Rikovska-Stone et al., NP A792 (2007) 341

—— 2 Solar mass stars predicted
with hyperons present:

Predicted HNN forces crucial!

Later work: Saito et al., Whittenbury et al.....



Population

0-”% 0 1D

Stone et al., Nucl. Phys. A792 (2007) 341

[ C Th Jeff Nati 1 Accel tor Facilit ] o Of-
— omas Jelterson National Accelerator Facili =
X ,\ ,\ / \ / B y 4 Science

astern Universities Research Association for the U.S. Department of Energy



ecent issue: no A in N.

* The latest version of QMC (OGE color
hyperfine interaction included self-
consistently in matter) =

* A single-particle energy 1s12in Pb is -26.9 MeV
(Exp. -26.3 MeV) €= no extra parameter!

e No 2. nuclear bound state !
. Same interaction of OGE for N and A~

—No A" in neutron star. arXiv:1906.0549
(T.F. Motta, AW. Thomas, P.A.M. Guichon)




Low-hymg Strange, Chatm, Bottom baryons

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

oEffective masses (X, =, !!)
eIn-medium bag radii

ein-medium bag eigenfrequencies

eScalar and vector (plus Pauli) potentials

eExcitation (total) energies (X, =p !!)

Kazio Tsushima ( LFTC, UNICSUL (Uniw L300 NOF- 000 RO R LENL P8 T R 18 /31



Low-hymg Strange, Chatm, Bottom baryons

In vacuum (inputs)

B(qh g2, q3) Zg mg Re X1 X3 X3
N{qqaq) 3.205 939.0 0.800 2.052 2.052 2.052
A(uds) | 3.131 11157 0.806 2.053 2.053 2.402
Z(qgs) 2810 1193.1 0.827 2.053 2.053 2.409
=(qss) | 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 22865 0.854 2.053 2.053 2.879
¥.(qqc) | 0.003 24535 0.802 2.054 2.054 2.889
=c{qgsc) 1.445 24694 0.860 2.053 2.419 2.880
Q.(ssc) | 1.057 26952 0.876 2.424 2.424 2.884
Ap(udb) -0.622 5619.6 0.930 2.054 2.054 3.063
Zp{qqb) | -1.554 |5813.4| 0.968 2.054 2.054 3.066
=b(qsb) -0.785 |5793.2| 0.933 2.054 2.441 3.063
Qu(ssb) |-1.327 6046.1 0.051 2.446 2.446 3.065

Kazuo Tsushima ( LFTC, UNICSUL {Unhwi Lo - TTOE. D00 RGBT D8

r——

20 /31



In medium at pg = 0.15 fm*

e

B(ai,92,q3) | mg Re  x] X3 %3
N{aqaq) 7545 0.786 1.724 1.724 1.724
A(uds) 992.7 0.803 1.716 1.716 2.401
Z(qqs) 1070.4 0.824 1.705 1.705 2.408
=(qss) 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(qgsc) 2408.3 0.859 1.687 2.418 2.880
$2.(ssc) — — —_ — —_
Ap(udb) 5498.5 0.927 1.651 1.651 3.063
Zyp(qqb) | [5692.B| 0.966 1.630 1.630 3.066
=b{qsb) 5732.7| 0.931 1.64% 2.440 3.063
Qp(ssb) — — — — —

Kazuo Tsushima ( LFTC, UNICSUL {U In-medium properties of the low-lylng «tron

21731



Low-hymg Strange, Chatm, Bottom baryons

Effective masses:
Strange (left), Charm (right) baryons

s 1 15 2 15 3

o 05 1 15 2z 15 3
PP, (p=0.15 fra) PP, (P=0.15 fm )

Kazuo Tsushima ( LFTC, UNICSUL (Unhe@ L300 TTOR- (00 ROR LR T8 22 /31



Low-lymg Strange, Chatm, Bottom baryons

Effective masses:
Strange (left), |Bottom (right)| baryons

1 I | i
it -.
_________ 4
""l-.‘__-. -
_________ ]
- Eb
_____ I‘h .

=

1 1 1 1 '] 1 '] 1 1 I ] I ] I
] s 1 1.5 2 i5 3 0 0.3 1 1.5 2 25 3
pyp, (=015 ) PyfP, (g=0.15 )
Kazuo Tsushima ( LFTC, UNICSUL (Unhe@ L300 TTOR- (00 ROR LR T8

23 /31 |



Low-hymg Strange, Charm, Bottom baryons

Bag eigenfrequencies:
Strange (left), Charm (right) baryons

o 05 1 13 2z iz ¢ o5 1 15 2z 25 3
PPy (Py=015 fm PPy (015 fa™)

Kazuo Tsushima ( LFTC, UNICSUL (Unh L300 OTR GG DR R TERE TR T IR 24 /31




Low-hymg Strangs, Charm, Bottom baryons

Bag eigenfrequencies:
Strange (left), Bottom (right) baryons

Y PRI ISP FUSS SIS S -

%y

B
™
"'-u.l-ﬂ‘
——— 1, ®)
X
----- - (Eb) n 't"-t'- t'..!'-
"
E RN Rl.h{Eb) ‘n‘tr.‘_
Wy
1 L 1 L 1 i i 1 L | M 1 L 1 L | L
0 05 1 1.5 2 ix : 1] 05 1 1.5 2 5 3
PP, (p,=0.15 i

PefPy (py=0.15 fm's]

Kazuo Tsushima { LFTC, UNICSUL {(Unhwgi L3 TR 000 R R DL P8 T SR 25 /31



Bag radii: Strange, Charm, Bottom baryons

3

Bag radius R (fim)

: | ] 1 | 1 | X |
0.7 03 i 15 2 23 3

3
Pp'Py (Py=0.151fm )

Kazuo Tsushima { LFTC, UNICSUL (Unhwg L3 U1OR- 005 BB LR D8 T R 26 /31



Low-hymg Strangs, Charm, Bottom baryons

Scalar and (Vector+Pauli) potentials:
Strange (left), Charm (right) baryons

5 2 13 3

M~y T 1F 2z 23 3 1
P/, (=015 fm Pyfy (P=0.15 )

Kazuo Tsushima { LFTC, UNICSUL (Unhwg L3 U1OR- 005 BB LR D8 T R 21 /31



Low-hymg Strangs, Charm, Bottom baryons

Scalar and (Vector+Pauli) potentials:
Strange (left), Bottom (right) baryons

A ' | 7 BT N T

1
P/, (=015 fm Pyfy (P=0.15 )

Kazuo Tsushima { LFTC, UNICSUL (Unhwg L3 U1OR- 005 BB LR D8 T R 28 f 31



Low-hymg Strange, Chatm, Bottom baryons

Excitation energies (scalar + vector pots.): ¥, =,
Vector + “Pauli” (left), Vector (right)

m L 1 1 | | 1 - m | 1 1 1 | -
o F :
S‘sasut #______.--" = i 5850 -
éjﬂ'ﬂ]-"* _________ _:-l"“..' SBOGE == o, -"".'..:.:.‘l.'-:
oy :"&‘:.. . SR 'E ' Lt L Sm— L e NI
e STEOF  Sarea, 4 adsmef  Simee =
: '..""u ........ a:. "",... hhhhhhh
& sTof 2 T .. T - *E ¥700 ""u,_.. ______________ 3
'gsﬁsn'——— f\,'im‘““""} i ™9 kI p— E,{m*+v"3:..d .. :
¥ @V e E VR (Vo) e
g 5600¢ - —-—- o 4 600 ._._..Ehm*} ----- ;
L ‘_..-_.Irh':l.n‘}l x 1 x 1 x 1 x 5 E Zanr _.__.z!{m*j 1 x 1 x 1 x :
I:Il'.l 0s 1 1.5 2 25 3 | 0.5 1 15 2 L5 3
PPy (p,=0.15 fui’) PP, (015 )

Kazuo Tsushima ( LFTC, UNICSUL (Unhe@ L300 TTOR- (00 ROR LR T8 28 /31 |



Summary, Porspoctive

Summary, Perspective

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

, Charm, Bottom baryons (completed)
Effectwe masses, bag radii, bag eigenfrequencies, (two different)
vectar potentials, excitation (total) energies

= || Zp. = | baryon | effective masses!! | excitation energies !!!

::}“"l‘ EM FFs., Weak-interaction FFs. | for heavy baryons in medium
=—>ein the near future !!

==1‘ Heavy ion collisions | involving heavy baryons!!!

——-e0ther interesting applications ?7!! Your Suggestions !!!

eI TR T T R S Sy a0 T B R R T [n-medium properties of the low-lying <iran 30 £ 31




A-Hypernuclei
phtoproduction



Photoproduction of A hypernuclei

R. Shyam, KT, A.W. Thomas, PLB 676, 51 (2009)

A and K are produced K A K AB
via s-channel ,3: R ,{\{ |
N* excitation (dominant) "“ p;
S11(1650), P11(1710) '\ ¢
P13(1720) N N’
u -~ -
Energy region of interests, § §
hypernuclei production N N

i o ca— S 3
(~ 10 % ambiguity due to y p Y 2

the other background =»)
(a) (b)




Effective Lagrangian model for y p — K A reaction

w == N*(1710)

« ==« N*{1650)
« N*(1720)

m— Total

do/dQ (ub/sr)

0.6F 1100 < E, <1150

1'150<E'r<1'200

-0.9 1.0 1.1 1.2 1.3
E, (GeV)

l-ol.alolAl cl) lof4lofsl lol.al-ol.zll (l) l074l078l 1-5.814;.41 (l) lof4lofsl
Thomas, Phys. Lett. B676 (2009) 51 COS(6) COS(6) COS(6)

R. Shyam, K. Tsushima, A.W,.




B hypernucleus (MeV)

State Exp. QMC Vv Vs
(W.S) (W.S)
12Bis1z 11.37 14.93 171.78 | -212.69
12B1ps 1.73 3.62 204.16 | -252.28
12Bipio 1.13 3.62 227.83 | -280.86
(plpsn) -1| 1596 | (=OK) | 382.60 | -472.34
12

C

Sep. energy




Differential cross sections: “c(y,K )»B

PLB 676, 51 (2009) Eun~ 695 MeV
do/dQ at % Tewk)BH) a0
Kaon angle 6 =10°  £,f ,~~=]«}
: A | 1 f
17, 2- =(1p3k1s1i2) — % _| “
CRa! 20

(wave functions!) =

2* 3* = (1paiz 1pai2)

(potentials!) = 5 300
g

Diracp =~ ==--~-- ,g, 20
(phenomenological) T

© 100
QMC ©

ql=[1.4, 1.7] fm -1



1. First attempt to study photoproduction of
A hypernuclel (IZC(y:rK )IKB reaction)
via quark-based model (QMC)
2. do/dO at Kaon angle 6 = 10° shows
distinguishable difference!
3. Back ground inclusion (higher energies)

4. Heavier A hypernuclei



Discussions

1. Study of = hypernuclei

l) = A(K ,K") =B reaction
2. Elementary K’ N -Z K reaction —»>
3. Heavier A hypernuclei photoproduction
4. Electroproduction of A hypernuclel

5. Ac and Ab hypernuclei ??221!!
(KT, F.C. Khanna, Phys. Rev. C 67, 015211 (2003))
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KINEMATICS
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Production process of Cascade (S=-2) hypernuclei

S-channel and u-channel
diagrams for elementary
reaction

Cascade Hypernuclear
production in s-channel

(b)

A(1116), 2(1189), A(1405), A(1670), A(1180),
A(1890), A(1520), £(1750), %(1385), £(1670)



Covarient Description of 4 (hy,K") ;B reaction,

Effective Lagrangian model

<+ Effective Lagrangians at Meson-baryon-Resonance vertices

Coupling constants, form-factors (from the description of elementary reaction)

<+ Propagators for resonances (spin-1/2, spin-3/2)
“* Bound state nucleon (hole) and hyperon (particle) spinors
< Initial and final state interactions (distorted waves).

% Medium effects of Resonances

All calculations in momentum space, so nonlocalities are included.

(b)



A typical amplitude

g YNN7 T
M2b(N1/2):Cizsl;( )(ng/zNw)(gN* AK+W(}72)’}’5WQM

QmN 1/2

X P(p1) De(g)0(pa )15 D (D s

1/2

x O\ (phe, )T (1), i),




Effective Lagrangian model for the p (K-, K**) E-(E%)

A(1116), A(1180), A(1405), A(1520), A(1670), A(1890), =(1189), =(1385), =(1670),
(1750)

The information about the coupling constants is very scanty

From SU(3) model, old experimental determinations

R. Shyam, Olaf Scholten and A.W. Thomas, Phys. Rev. C84 (2011) 042201(R)

— 5 —— Total
QO 200F — = g-channel
= : + u-channel = L o et
— 150 1 05 0 05
- : COS(0)
t._5.‘5’.100.' %‘60(')'""":';":'
a \C p(K,K)Z
E Q |
50 B S . g = i 2.1 GeV/c |
L """ o G
0 el I (U ST N SRR | o
081216 2 2428 e

EK' (GeV) (kinetic energy) -1 0.5 CO%(G) 0.5 1



Elementary reactions for =- production, Role of resonances
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Bound state spinors

A mean field approach, Phenomenological, or QMC

Momentum space Dirac Eq.

p(p) = mna(p) + F(p),

F(p) = 0 — B) | [ @0Vi(—p) (o + )

— Yo / p'Vy (—p v (p +p')]-

v = o —B)( 7 ('(“,1)%;2{32(1”(;)),
= C(k)g/l 2j (P)



Cascade bound states

Phenomenological and QMC model

k(fm™) BE=3.0 MeV k (fm”) BE=9.0 MeV



Cross section for Z-hypernuclear production

S 10 ('a)' . 'l12' I '-l '+I1'2l T 10 71 17 T T 717
N C(K,K")_ B 10°
o . 1
= 10 " \\\ qmc — 102
3 Phen. —SX\J 1 8 10 [ r(1385) .. A(1405)
© 10 R S -3lw v
E ‘ ~ o°10 v"vv
— -4 v
. 8. ,1,- 1+ 28 c 10 A B
5 Si(K,KY-Mg 13 . 5f ., — ~- - -
2 10 R an X - [y ATl Ll
S -8 BF Lane » 2o A(1810) T
o 0 - 10 x y! > o x o
S 10 7b s -
O 10 12 - o012 . o
§ 10_1 i - 10-8 (b) C(K K )H—Be(-‘ )
-9
-2 1 10
10 08 1 1 2 1 4 1 6 1 8
0.8 1 12141618
p, (GeV/c)

p,- (GeV/c)

R. Shyam, K. Tsushima and A.W. Thomas, Nucl. Phys. A 881, 255 (2012)



Cross section for E-hypernuclear production
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Difference between Old and our New results
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SUMMARY AND OUTLOOK

We developed a new description of the = hypernuclear
production via (K-, K) reaction that is based on the

mechanism of hyperon resonance excitation and decay.
New calculations differ significantly from the older one.

A covariant description of the reaction
is desirable and is possible.

Bound state spinors from the QMC model
(quark-based) and phenomenological model

New Measurements are needed for some key

quantities to resolve the differences between the
old calculations. J-PARC facility should be ideal
for this purpose. (E.g., elementary cross section.)



Neutrino Reactions, MFP

(v, v asymmetry)
M.K. Cheoun, K.S. Choi, K.S. Kim,

K. Saito, T. Kajino, T. Maruyama, KT,
P.T.P. Hutauruk, Y. Oh

Phys. Lett. B 723, 464 (2013)

Phys. Rev. C 87, 065502 (2013)

arXiv: 1802.01749 [nucl-th]

Medium effect on CC weak form factors
(Octet baryon EM ffs.

G. Ramalho, KT, J.Phys. G 40, 015102 (2013))



R=(p’x /p’z)=(GE/GW): “He/'H
(reminder)

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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W"= F1(Q%y "+ iF2(Q*)o*Vq, /2MN
+ FA(QY)y "y #+FP(Q%) g"y5/2MN

FA(Q)=GA(Q)=-ga/ (1+Q/ Ma Y’
Fi=Fi-Fi (i=1.2)

GE = F1- Q* F2/4MN
Gm=F1+F2
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Neutrino Mean Free Path

Cross Sections
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- = Medium FFs

- = Vacuum FFs
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Conclusions, Interests

Effects of density dependent FFs.

V, and V, cross section asymmetry

Asymm. enhanced by the in-medium FFs.

Neutrino MFP increases 10 — 40 %
— Neutron Star Cooling Enahnced !!

K. Tsushima 95



Pion, N, EMFFs and D.A. in medium

J.P.B.C. de Melo et al,

Phys.Rev. C90 (2014) no.3, 035201
Phys.Lett. B766 (2017) 125

Nucl.Phys. A970 (2018) 325 (W.R.B. Araujo et al)

Medium effect on pion and N EMFFs
and pion Distribution Amplitude
with the Light Front Constituent Quark Model



Pion, N, properties in medium
Light-Front Coordinates

Four-Vector = x* =(x% x1,x%,x3) = (xT,x",%.)

xt=t+z xt=xP+x* = Time
X" =t—z x =x—x> = Position
Metric Tensor and Scalar product

_ xty=+x"yt
X y=xty, =xTy; +xy_ +xty +xPyn = 5 - X7

pr=p"+p*, p~=p"-p%, BL=(p"p%)

e pemreny 87 | P Yo 141011 - Fllin-Medium Pian (-mason, Nucleon) Propa 5/ 74



- e 1 T p
(a) = Valence Component of the Electromagnetic Current
(b) = Non-Valence Component of the Electromagnetic Current

Ref.: de Melo and Frederico, PRC (1987) , de Melo, Naus,
Frederico and Saver, PRC(1999)

mer ey & | F1 75 1401 - Fllin-Medium Pion {p-meson, Nucleon) Props B/ 74



Elccrromagnetic Current: General

¢ Motivation: The present model works well {Symmetric Vertex}!

Observables: Decay constant and charge radius

fo- (MeV) | rp- my (n7) | mg (x%) | mg (KT) | ms (KT)
Pion | 93.12 0.736 | 220 220
101.85 0.670 | 250 250
Kaon | 101.81 0.754 220 440
113.74 0.687 250 440
mg = 600 MeV, (all masses in MeV and radius in fm )

Ex.(Pion): f, = 92.4 + 0,021 MeV, r, = 0.672 + 0.08 fm (PDG)
Ex.(Kaon): i+ = 110.38 & 0.1413 MeV, r+ = 0.560 + 0.031 (PDG)

s Ref.: de Melo, Frederico, Pace and Salme, NPA707, 399 (2002);
ibid., Braz. 1. Phys. 33, 301 {2003)
sYabusaki, Ahmed, Paracha, de Melo, El-Bennich, PRD92 (2015) 034017.

Kazuo Tsushima

EIAELESR - Medium Pfﬂll.[p-;l‘lli‘:ﬁﬂt.'l, MNucleon) Prope

13 / 74



Introduction: QMC

Comparison of Energy/nucleon

c 2
=) =

Z
£ =
2 <
= P
g Sa)
=} -

W s s s s % 05 1 15 2 235 3
p/p, /P, (P,=0.15 fm™)

e Symmetric Nuclear Matter - Binding Energy per Nucleon (scale

1)
e LF pion model (left): mg; =220 MeV, K = 320.9 MeV
e Standard QMC (right): my; =5 MeV, K = 279.3, MeV

Kazuo Tsushima ( LFTC, UNICSUL (UniveRigRiatsls [[TTo1 I sTqeTsT=Tgu =Ce] W o1 Iow-lying| bott 12 / 31




-
Standard QMC and Pion: m; (potentials)

g

=
=

=
T T

Potentials (MeV)
g

2

R S ﬁa'zl.s'-a
PPy (p,=015fm")

eEffective mass of constituent quarks, up and down
oPion, Nucleon: m, = 220 MeV (left)
eStandard QMC mg = 5 MeV (right)

e ey o3 | F 10 514111 & Fllin-Medium Pion {g-meson, Nucleon) Props 21/ 74



Valence Light-front wave function in Medium
(Symm. Nuclear Matter)

P'l- N*
m2 — M3 (1 — x){(me2 — M2(m22, m}))
+ .
x(m#2 — M2(m2, m:?))

O*(kt,k ; PT,PL) =

e x=kT/Pt, with 0<x<1, m}~m,
2 ix2
o M2(m2,m})="itm | (P-Ki+m oo

@ Free Square Mass operador: Mg = Mz(mf, m;z).

Ty ey o7v| |17 214 1{ - Al in-Medium Pion { p-meson, Nucleon) Prope 2% /74



Pion properties in medium. " is the probability of the valence
component in the pion. (pg = 0.15 fm™3)

p/po | m: [MeV] | £2 [MeV] | < 22 V2 [fm] | 7°

0.00 | 220 03.1 0.73 0.782
0.25 179.9 80.6 0.84 0.812
0.50 | 143.2 68.0 1.00 0.843
0.75 | 109.8 55.1 1.26 0.878
1.00 | 79.5 40.2 1.96 0.930

Kazuo Tsushima LG porations: |-I1—Mvet|ium Pl‘un.[p-;ne-:sm.n Mucleon) Prope 30 /74




Homn et al. (Ex )I
Tadevosyan et al. (Exp.)

& Frascati (Exp
0.80 = Volmer Ettﬂl JFE n
— m_ = 220 Me T u]

VR mq=1?‘9.!§l MeV[p= ﬂlipn ] &

— mq="143.2MeV[p= U.ﬁﬂpﬂ]
0.60 ——  m,=109.8 MeV [p= 0.75p; ] =

e m, =79.50 MeV [p=100p, ]
= .

'

L 040 7
0.20 —
0.00 =

1 1 1 | [] | [l | [} | [ I 1 1 1 1 [ I | [ [ [] | I 1 1 [ 1 1 I [] | [] [ []

0 2 4 b 8 10 12
Q’= -qE[Gew::f

e Exp. Data (in Vacuum!!
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e Pion Electromagnetic Radius
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e Pion Decay Constant

ey ey o3 | F1075 1415 (1 Fllin-Medium Pion (a-meson, Nucleon) Propa /78



Distribution Amplitude (normalized with £,

Def.: DAs
Ppoa(x) = (lﬁﬂs)wﬂl(-"ikl)
1 d2k, = f,
dx W(x, k) = ——
fu f 16,3 Tl kL) = o

Def.: NDA (normalized to unity)

2v6 [ d’ky .
o) = 7 / o8y Ve FL)

e Pion Asymptotic
o (x, #?) x 6x(1 - x)

e ey o | £ 75 141511 - Fllin-Medium Pion {p-mason, Nucleon) Props

1)

%/ 14



NDAs vacuum
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Pion (Valence) W. Func.: Vacuum (left) pg (right)
£*/2+/6 normalization
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In-mediom Dstribution Amplitude

In-Medium NDA

18

L6

13-

$*(x)

i |;|-p‘ =1.00

= FPI =|:|-'|j
-- PRy =050

| m Fp‘u =|:|25

— ppy =000

e e o | BT 1A - Hllin-Medium Plon {g-mason, Nucleon) Props

> (x)

18

=+ PPy =1.04
= P'p' ={|F-_T"
/ D50

45 / 14



In-Medium Nucleon EMFFs In
LF spin-coupling model

 W.R.B. de Araujo et al.,
Nucl. Phys. A970 (2018) 325
Eur.Phys.J. A29 (2006) 227
Phys.Lett. B478 (2000) 86



Nucleon EM form factors

o ®
. {
I
(12) (1b)
N I
(1c) (1d)

LU BT E LA CAllin-Medium Pion (p-meson, Nucleon) Propa 63/ 74



Nuclaon EM form factors in medium

N wave function, EM form factors
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Proton EM form factors in medium

» Holher (1976
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Proton EM form factor ratio in medium
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Neutron EM form factors in medium
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Nuckeon EM form factors in medium

JLab data: double ratio (in medium)
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Neutron EMFFs double ratio
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Bound Nucleon GPDs and
Incoherent DVCS

V. Guzey, AW. Thomas, KT
Phys. Lett. B 673, 9 (2009)
Phys. Rev. C 79, 055205 (2009)

Medium effect on Generalized Parton Distributions
and Deeply Virtual Compton Scattering
on a 4He nucleus



Introduction

*(()2
aply Virtual Compton TS ﬁg\ﬁ
ittering (DVCS) is the cleanest -

mple of hard exclusive process.

A/ \Y:A,A*,(A—l)N,...

The QCD factorization theorem for hard exclusive reactions (DVCS,
slectroproduction of mesons) allows to interpret the measurements in terms
of universal generalized parton distributions (GPDs) of the target.

The GPDs generalize and interpolate between form factors and structure functions

and encode information on 3D distributions of quarks and gluons in the target.




S on nuclear targets is more complex and versatile than DVCS on the free
n since:

any more final states can be excited
le reaction mechanism is more complex

fferent spin and isospin of the target are available.
AN

v N N

g s

N \ N'ﬂ' N N’N*aNT‘-7

A
A—1, ( ) 24 1 a— L (A ZA—lN



Important roles of nuclear DVCS:

luclear DVCS gives the information on the nucleon GPDs complimentary to DVCS
n the free proton:

» theoretical description of nuclear GPDs requires GPDs of the (bound) proton and
neutron as input
VG and Strikman '03, VG '08;S. Scopetta '04; S. Liuti and S.K. Taneja '05

» incoherent DVCS on deuteron accesses almost-on-shell neutron GPDs
M. Mazouz et al. (Hall A), Phys. Rev. Lett. 99, 242501 (2007)

» DVCS on polarized *He will probe GPDs of the neutron

» electroduction of pseudoscalar mesons on deuteron is sensitive to non-pole
contribution to the GPD_E.
F. Cano and B. Pire, Eur. Phys. J. A 19, 423 (2004)
I rarardil
» electroproduction of pseudoscalar mesons on °He at small ¢ probes GPDs of the
neutron (v +°He— m’+3He) or proton (v +°He— 7 +°H)
L. Frankfurt et al., Phys. Rev. D 60, 014010 (1999)



ear DVCS is interesting in its own right:

light access novel nuclear effects not present in DIS and elastic scattering on
iclear targets:

contribution of non-nucleon (meson) degrees of freedom to the real part of the
DVCS amplitude

M.V. Polyakov, Phys. Lett. B 555, 57 (2003); VG and M. Siddikov, J. Phys. G 32, 251 (2006)

unexpected pattern of nuclear shadowing for the real part of the DVCS
amplitude at high-energies
A. Freund and M. Strikman, Phys. Rev. C 69, 015203 (2004)

" Inegent constaints on_theoretical models of the nucles h
variant description is more important than for nuclear DIS and nuclear form
ctors

t high energies, nuclear DVCS is more sensitive to the physics of high parton
ansities and the parton saturation than inclusive scattering
V.T. Machado, arXiv:0810.3665 [hep-ph]



Adncoherent and coherent nuclear DVCS

eoretical analysis of nuclear DVCS, the analysis is simplest when the final state
nple: elastic or complete set of final nuclear states.

KPR

v N\ Z N

A X-complete
.oherent nuclear DVCS: Incoherent nuclear DVCS:
~dominates at small ¢ — dominates at large ¢

A x AF4(t) —Ax Fn(t)

n the final nuclear state is not detected (summed over), both coherent and
1erent contributions are present.




S amplitude: 7,4, .. = U(k/)’yuu(k)ng H* e,

onic tensor: H" = — [d*ze” "q“’(XlT{J“( )JY(0)}HA) = (X|O(q)|A)
S amplitude squared:

asl? o< (A]0T(q)| X)(X|O(q)|A) = (A|OT(q)O(q)|A)
—Z A|N;)(N;|O'(q)O(q)|N;){N,| A)

= Z| (A|N;)[>(N;|OT(q)O(q) | N3) ‘|‘Z(A|Ni><Ni|OT(Q)O(Q)|Nj><Nj|A>

i .

= AT osl? +ALA = V)F3(t = AJ(A— 1)t)|Tgyesm-em|?

inkfurt, G.A. Miller and M.Strikman, Phys. Rev. D 65, 094015 (2002)
O'(q) Olq O'(q) O(q

- 5 D,

-




' the difference between the coherent-enriched and purely coherent contributions

) O'(qg) O(q)
§q1 gqr § g a1
: B ER

A(A - 1)F3(¢) A2F2(t)




ral important comments:

he assumption of the completeness of final nuclear states (closure approximation)
justified at sufficiently large ¢ so that many final states are possible.

oth incoherent and coherent nuclear DVCS take place on medium-modified,

f-shell nucleons that are subject to Fermi motion.
or incoherent nuclear DVCS:

N 2 ' da N 2
A|TDVCS| — —PA( )| VCS( (04)|

Amin

' my numerical results shown below, these effects are neglected. | only distinguish
stween protons and neutrons:

AlTpvesl” = Z|Thyesl” + N Tves|
N/A

ATﬁélvcé)él = FA(t')(ZT5yes + NTpyes) = AFA(Y) Toves



S cross section at the photon level (keeping only the GPD H):

2 .2
do Mo, Tp

a "~ Q*

A(A=1D)FA(t)Huyal” + Z1Hp|" + N[ Hal']

S beam-spin asymmetry Ay (¢):

A,0() c—7 (A—1)ZF3(t')AZn/a +ZAT, + NAL,
o Z(Z — V)FE()| Ty 4 + ZITPH2 + N|T2H]2 + ...
e-Heitler process " Counting” for coherent-enriched

interference

Jim (@) O(q)

="

Z(A-1)Fit)




Nedium modifications and incoherent nuclear DVCS

new Jefferson Lab (CLAS collaboration) experiment on DVCS on “He will
sure
siyan, F.-X. Girod, K. Hafidi, S. Liuti, E. Voutier et al., Jefferson Lab Experiment E08-024

)

urely coherent DVCS on %He (the final nucleus will be detected using BoNuS
stector)

coherent DVCS on the bound proton (the final proton is detected)
4He/ \4He P \p (measured)
X

1He




ictions for A¢,;/A" . for coherent DVCS on *He (¢ = 90°)
izey, Phys. Rev. C 78, 025211 (2008)

24 | Colherenlt 4Hel -
122 F 5 5 -
<\’: xB=0.15, Q°=1.5 GeV
< 2 -
D
-
<< 18}

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
-t [GeV]

ictions for the incoherent DVCS on bound proton in *He

AP
LY =1 However !l =
ALU

> Fermi motion, off-shellness and medium-modification effects are not taken into

unt.



ncluded the effect of medium-modifications of the bound nucleon assuming that
edium nucleon GPDs are modified in proportion to the bound nucleon elastic

factors.
\\W. Thomas and K. Tsushima, arXiv:0806.3288

Model, assumption ! S —

08 | .
1 1 1 1 1

0 0.5 1 18 2 2.9 3

K. Saito, K. Tsushima and A.W. Thomas, Prog. Part. Nucl.

Phys. 58, 1 (2007)

medium-modified elastic form factors are taken from the Quark-Meson Coupling
el whose predictions are consistent with the polarization transfer measurement
&,e'p)°H (Hall A JLab): 5 Malace, S. Strauch, arXiv:0807.2252 (Actually, MM+ FM+FSI).




ictions for the ratio of the bound to free proton DVCS beam-spin asymmetries,

/Aﬂ,, for incoherent DVCS on *He
\\W. Thomas and K. Tsushima, arXiv:0806.3288.

& T T T T T T T 1.15 T T T T T 5 3
RpU.C — t=-0.2 GeV* mm—m—
5 1 E - 6 GeV XB=0.3 lllllll _ o ‘ E - 6 GeV t=‘0.4 Gev2 .......
2 2 XB=0'4 NN ™ - 1.1 F 2 2 =
Q%=2 GeV?, p=n/2 & Q%=2 GeV?, o=m/2
1+ 4 =
)

2
||||||||||||||||| —
'5 B L ILL llIl-|.|I|I|llIIl-l:;l.l-l-l-l-l --------------- unl <

0.95 | :
g 1 1 1 1 1 1 1 09 1 1 1 1 1 1
0.1 0.2 0.3 0.4 0.5 0.6 0.7 20.8 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
-t [GeV“] XB

he deviation of Ap;m/A]”m from unity is as large as 6%

ur predictions are much smaller in size and different in shape (x-dependence)
om the predictions of S. Liuti and S.K. Taneja, Phys. Rev. C 72, 032201 (2005); C 72,
14902 (2005)



-onclusions and Discussion

sing the completeness of the final nuclear states, one can derive an expression
r nuclear DVCS that interpolates between the coherent-enriched and incoherent

iclear DVCS

or the coherent-enriched and purely coherent nuclear DVCS, we predict the
-ombinatoric” enhancement at small ¢, A%, /A? , = 1.65 — 2.

or the incoherent nuclear DVCS at large ¢, AfU/AZEU < 1 due to the neutron
yntribution.

he effect of medium-modifications of the bound nucleon GPDs are modelled

sing_results of the Quark-Meson coupling model; the deviation of A7, /A, is
. most 6%.

the above results, we neglected the effects of the Fermi motion and the final
ate interactions.

iture work (personal plans): final state interactions for incoherent DVCS on
suteron; DVCS on polarized *He.



Speculations !l (bound proton spin)
Jg+Jo=(Ag+Lq)+Je=1/2

* A" < ga=AQT < AQ

* F1* =F1 (F1*(0) = F1(0) =1), F2* > F2

e Ho" = Hq, Eq* > Eq (up* > pp)

Jg© =% - Je* = (Ag*+Lqg")

= dx X(Hq*+Eq*) = V2 dx X(Hq+Eq)

= (Ag+Lq) =% - Je=Jqg

0‘ Jg® > Jq (Je* < JGorlg* > Lg )‘




D meson scalar potential

E m,=5 MeV, mm_=7300 MeV
F Ry=0.8 fm




D and D* potentials in nuclear matter
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"D (cd) total potential in Pb
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D (cd) bound state wave functions in Pb
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D bound state energy in Pb

unbound

2s 7.7 -30.0 -6.6 unbound -19.7 -88.5



J/W in nuclei (historical)

S. J. Brodsky, I. Schmidt, Guy F. de Téeramond:
QCD van der Waals potential

A=9, n. binding energy ~ 400 [MeV] !
PRL 64, 1011 (1990)

‘

Corrected by folding nuclear density dist.
D. A. Wasson:

at most ~ 30 [MeV] Il PRL 67, 2237 (1991)

K. Tsushima 141



JIW pot. at po (color octet)
aw/2 <N| Ea-Ea IN>

M.B. Voloshin: chromo-polarizability
at Po, V< -21 (0w/2 Gev™ ) [MeV],

Prog. Part. Nucl. Phys. 61, 455 (2008)
S.H. Lee, C.M. Ko: QCD Stark effect

V =-8 + 3 (D-loop) [MeV], prc 67, 038202 (2003)
M. Luke, A.V. Manohar, M.J. Savage: EFT
V =-11~ -8 [MeV], pLB 288, 355 (1992)

K. Tsushima 142



QCD sum rules

Klingl et. al, PRL 82, 3396 (1999), Err-ibid 83, 4224 (1999).
A. Hayashigaki, Prog. Theor. Phys. 101, 923 (1999).
S. Kim and S. H. Lee, NPA 679, 517 (2001).

(mass shift)
=-4~-7[MeV]

K. Tsushima 143



Recent A=2,3 few-body calculations
V.B. Belyaev et. al, NPA 780, 100 (2006)

n.-dandn, - SHe (local Yukawa type pot.)
Ey = a few ~ ten [MeV]

Lattice (quenched)
T. Kawanai, S. Sasaki, PRD 82, 09151 (2010)

Equal-time BS amplitudes — potential
Ne - N and J/W¥ - N potentials: attraction !

V =-30~-40[MeV]at r~0.2fm

K. Tsushima
144



JIW (Y,®d) mass in medium (loop!)

J/W bound in large nuclei ?

D, B, K (also vector mesons in medium!)

Color singlet!

J/W(Y,9)

D, B, K (also vector mesons in medium!)

K. Tsushima 145



Lagrangian
(updated! only D,D included)

Lypp = igypp " |D (9,D) — (8,D) D]

Lyppx = gﬁf* Eapuv (0°YP) [(BMD*V) D+ D (5'“17*”)]

Lypp+ = tgypp<p {Y* [(8,D*) D} — D* (8, D;)|
+ [(0u”) D} — ¥ (0,D;)] D™ + D™ [4* (0.D3) — (8u¥") Dyl }

K. Tsushima 146



D and D* masses in matter

p/P, (p,=0.15fm")




UD,D*(

) = A pps+ M™% g
- X ;
A? ppx T 4w 2D,D*(q %)

K. Tsushima 148



D-D loop: J/W potential in matter

0 ~ | ¥ I
.\THH
\; h"h
-10f " “'--.._,___
""\ "-n...‘-
. ""'--..._,___
-201 i o
""\. -"'"--.__
H‘
h'x
= [ A_=2000 Mcev g
" |- - - A,=4000 MeV '”'*--...
-40f-|-=-= A= 6000 MeV R
m— | i !
0 0.5 1 1.5 2 2.5

3
Pr/Py (Pp=0.151m ")



J/WY binding in finite nuclei

Potentials and single-particle
energies in *He and 22Pb

K. Tsushima 150



S0 meson in vacuum

J /W potentials in *He and %*®Pb

1
| |
Wi ml’h 7
i RPY:
-5k Ca
i = b i
-.E _1|:|_ ,.n"‘|ll.|"--'f
:_:" & -"‘r - W% T 5 ______ # Jr‘_r
& sk -” SF [ Ap= 200 MeV| . ppa i .
|} il fr" - S "o A= 3000 Mev| | = -15F e i Ap T 2000 Me
e " A (= pupwouemperl ol LR | B o e i r
QN S— ——— A= 4000 McV| _ ... g fes A~ 3000 MeV| -
i 'l —— A= 3000 MeV]| | = '~D_'_,_ ......... — == A, 74000 MeV .
B S i “*‘u: &000 MeV| - sl - AT SO00 Moy
: l I 1 4 i SFAEE f'h”— GOO0 MoV |
D J. 2 3 ':I' _1[] | 1
[ {Im) S 5 s 10
ri{tm

Kazuo Tsushima - o 37 /40



Proca (Klein-Gordon) equation

Lorentz condition = T and L modes similar
[|72 + E? — u?
—2u(m(r)" — m)] d(r)=0

U = mMa /(m+Ma)
m: J/¥Y mass, MA: nucleus mass



Possible width

[pz—m2 +iml‘] '=[p2—m2—£]

r— Im(X)

=(p/E) (0.5p ) O
~ 1.1 MeV (p=3 GeV)

I' : F. Riek et al., PRC 82, 015202 (2010)
O . A. Sibirtsev et al., PRC 63, 044906 (2001)




Kazua Tsushima

S0 meson in vacuum

J /W Bound state energies: Schrodinger (KG) Eq.

Bound state energies

Ap = 2000 | Ap = 3000 | Ap = 4000 | Ap = 5000 | Ap — 6000

JuHe s h h .70 -2.70 -5.51
e s 0.52 1.98 4.47 7.67 11.26
1p n 3 n -1.38 -3.84

SeQ s -1.03 -2.87 -5.72 -9.24 -13.08
1p n n -0.94 -3.48 -6.60

Tl s 273 -5.44 9.14 -13.50 -18.12
lp 0.38 2.32 5.43 5,232 13.56

1d n n -1.52 -4.74 -B.49

25 n n 12l -4.09 -7.60

TuCa  1s -2.96 -5.62 -9.28 -13.55 -18.08
lp -0.73 -2.83 -6.03 -8.65 -14.18

Ld n n 2.4 5,87 -5.73

2 n -0.07 -1.90 -5.00 -B.65

- TwEr s -3.64 -6.40 -10.12 -14.41 -18.52
1p -1.93 -4.42 -7.92 -12.03 -16.40

1d -0.03 -2.13 -5.31 -0.18 -13.37

2s -0.02 -1.56 -4.51 -B.26 -12.37

2p n n -1.52 -4.71 -B.45

- TRPb Is -4.25 7.08 -10.82 -15.11 -19.60
1p -3.16 -5.86 -9.52 -13.74 -18.18

1d -1.84 -4.38 -7.90 -12.01 -16.37

s -1.41 -3.81 7.25 -11.30 -15.61

2p 0.07 1.85 5.10 B.07 13.14

ollaborations: ™ hi.ndings.ﬂf. b and /0 mesans

38 /7 40



J/W-nuclear bound states
Summary, outlook

» JI¥Y potential in nuclear matter
Color octet, QCD Stark — attraction!
Color singlet, DD loop
— all give attraction! (nongauged J/¥)
« J/¥ will be bound in (large mass) nuclei
(nearly stopped production of J/WP)
* Widths of D and D* ?!
e @ (next) and Y in future ?!

K. Tsushima 155



d-meson nuclear bound states

e J.~J.~Cobos-Martinez, et al.

. Phys.Lett. B771 (2017) 113-118

. Phys.Rev. C96 (2017) 035201

. J.Phys.Conf.Ser. 912 (2017) 012009
. PoS Hadron2017 (2018) 209
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d-meson nuclear bound states

- MCE0N in modiom

o-meson: at normal nucl. matt. density pg

Ak = 1000 Ag = 2000 Ay = 3000 Ax = 4000
m’ 1009.3 1000.9 994.9 990.5
r 37.7 34.8 32.8 31.3

Form Factor at o KK vertex

2
AN 4+ m?
UK(EfZ _—( = ¢ )

25 7 40



my and width in symm. nucl. matter (non-gauged)

oy prey o3 | F1 T 1Al Muciear bindings of ¢ and J /% mesons

_[[— Ag=2000 MeV s
P~ A=3000 MeV ]
60—+~ A= 4000 MeV 2
o I s 5 3 1 5 5 5 0 5 5 5 0 5 5 3 1 5 3 3
0 1 15 3 25 3
pE."IPn {Pn= 0.15 fm-l}

rt{f"ula:"v'}

g0

60

40

—— A= 2000 MeV
—— A=3000 MeV

. == A= 4000 MeV] |
ﬂ y o b s 3 s b s s g 3 0 3 s a B ;1 31 3
0 0.5 1 13 2 23 3
Po/Py (=015 fn”)
- 26 / 40



Complex Potential and KG equation

Vsa(r) Am.;b(PB(r)) — (i/2)T 4(ps(r)),

Uy(r) — §W¢(f )

(=V2+ 1 +2uV(P) 6(7) = E%¢(F)
p = mgma/(mgy + ma)

I{LH Mucesr bindings of ¢ and J/¥ mesore 28 / 40




m”* and width:

¢

wa-meson in mediom

2[}pr

1 1
ok
T s

-5t
< -0k
3 I
€ st
T 20F

e

R S

n 2 4

Kazuo Tsushima

7 [— A, =2000 MeV] |
! o oo AL=13000 MeV
T = A= 4000 MeV| ]

porations:

6 % 12

rilm)

: M-ul:le; b'l.nding‘s of o an;l /W m-gsﬂn; i

W) iMel)

40

M

N

A, =000 Mev] |
—— A= 3000 MeV
(e A= 000 MeV

rAfrm}

12 14
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tx-meson in mediom

Bound state energies

Ay = 2000 A = 3000 Ap = 4

E T1/2 E 172 E T1/2

:r:H': 1s n {-0.8) n n {-1.4} n -1.0 {-3.2) 83
o C Is 21{-42) 106 64 (-77) 1141 08 (-10.7) 112
o s 40 (55) 12.3 B.S{ 10.0) 125 | 126(13.4) 124
1p n {n} n r{n) n n (-1.5) n

Vea s o7 (11.1) 165 | 153(167) 162 | 205(213) 158
1p -1.0 {-3.5) 12.9 -6.3 [-7.8) 13.3 | -10.4 {-11.4) 13.3

1d n {n} n n {n) n n {-1.4) n

Toa 15 | 105 (116) 165 | -165(17.2) 160 | -21.1 (216} 156
1p 25 (-4.6] 136 7.9{-92) 137 | -120{-12.8) 13.6

1d n {n) n n [ 0.8) n 2.1 { 3.8) 11.1

EEEr 1s | -12.8 (-13.4) 17.1 | -19.0 {-19.5) 16.4 | -23.6 (-24.0) 15.8
1p -7.1 (-5.4) 15.5 | -12.8 {-13.6) 15.2 | -17.2 {-17.8) 14.8

1d -0.2 [-2.5) 13.4 5.6 (-6.9) 13.5 -0.7 {-10.8) 13.4

2% n (-1.4) n 34 (51) 125 7.4 (-85) 127

2p n {nj n n {n) n n(-1.1) n

Db 1s | -15.0 (155) 174 | -211(-214) 166 | -25.8 (-26.0)  16.0
Ip | -11.4 {-12.1) 167 | -17.4 {-17.8) 16.0 | -21.9 {-22.2) 15.5

1d -b.9 {-8.1) 15.7 -12.7 (-13.4) 15.2 -17.1 {-17.6) 14.8

25 52 {-686) 151 | -108{-11.7) 148 | -152 (-158) 145

2p n [-1.9] h 4.8 (-6.1) 135 -39 (-9.8) 134

24 n [h} n n [-0.7) n -2.2 [-3.7) 11.9

Kazua Tsushima

i N-m:le; bi.ndings of o an;I J/W m-gson; i
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Summary and Future Plans

1. QMC model: Quark-based in-medium hadron
properties and nuclear model (phenomenological)

2. Hypernuclei, A- and Z-hypernuclei (A e A\ b )

3. Heavy Baryons in nuclear medium

4. Neutrino reactions and in-medium form factors, MFP

5. Pion, N, EMFFs, pion D.A., bound Nucleon GPDs
and Incoherent DVCS
6. D meson in nuclear medium and J/%W(®-)-nuclear bound states

7. Plans: In-medium gA and weak-transitions, heavy baryons



