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General property
of charmed baryon
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Known states

(a) Charmed baryons (b) Light strange baryons
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Known states

AN system
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AN system
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Boson Exchange Model
in NN interaction



One Boson Exchange Model
C £ B2(5%5 8 FlR
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One Boson Exchange Model
IC K B2 RETE FR
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One Boson Exchange Model
IC K B2RRETE FlE
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One Boson Exchange Model 16

B B 1G(P) =17(07)
Mass m = 139.57018 = 0.00035 MeV (S
Mean life r = (2.6033 = 0.0005) x 10~ ® s
C1 - 78045 m
Gy PC
- ﬂanapawa(j - P =170
O 2

Mass m = 134.9766 + 0.0006 MeV (S = 1.1)

m_. — m_p = 4.5936 + 0.0005 MeV

Mean life 7 — (8.52 £ 0.18) x 107" s (S = 1.2)
(o 25.5 nm

16(JPCY = ot (0

B B Mass m — 547.862 = 0.017 MeV
Full width I = 1.31 = 0.05 keV

dno) h| IG(_}PC)

Mass m = 775.26 + 0.25 MeV
Full width I' = 149.1 + 0.8 MeV
lee = 7.04 + 0.06 keV

w(782) 1G(JPC)y =0 (1

Mass m = 782.65 + 0.12 MeV (S = 1.9)

K.A. Olive et al. (Particle Data Group), Chin. Phys. C, Full width I = 8.49 + 0.08 MeV

38, 090001 (2014) and 2015 update lee = 0.60 = 0.02 keV

16(PCYy ~ot(0

Mass m = (400-550) MeV
Full width I = (400-700) MeV




One Boson Exchange Model 17

e Fo

Pion exchanged dominant

B B

16(PCYy ~ot(0

Mass m = (400-550) MeV
Full width I = (400-700) MeV

K.A. Olive et al. (Particle Data Group), Chin. Phys. C,
38, 090001 (2014) and 2015 update

Mass m = 139.57018 = 0.00035 MeV (S =
Mean life r = (2.6033 = 0.0005) x 10~ ® s
CT - 78045 m

16(JPCy =17 (0

Mass m — 134.9766 = 0.0006 MeV 1.1)
m_ m_p = 4.5936 £ 0.0005 MeV

Mean life 7 = (8.52 0.18) x107s (S=12)
(o 25.5 nm

160JPC = ot (0

Mass m — 547.862 = 0.017 MeV
Full width I = 1.31 = 0.05 keV

Mass m = 775.26 + 0.25 MeV
Full width I' = 149.1 + 0.8 MeV

Mee = 7.04 £ 0.06 keV
Mass m = 782.65 + 0.12 MeV (S = 1.9)

w(782)
Full width I = 8.49 + 0.08 MeV

[ee = 0.60 = 0.02 keV

ee

16(JPCy =0 (1




One Pion Exchange

Lagrangian density :

- L. e - - 1,. e 1 5 ..
L=9YN(Ed—mN)UN—GNzNUNY TUN - @ — 5(0;10:)(3’10:) T 5’713.—03.—

Where,
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One Pion Exchange

Lagrangian density :

- L. e - - 1,. e 1 5 ..
L=9YN(Ed—mN)UN—GNzNUNY TUN - @ — 5( 10=)(0%0:) + 5’713.—03.—

Where,

Amplitude :




One Pion Exchange

Lagrangian density :

- L. e - - 1,. e 1 5 ..
L=9YN(Ed—mN)UN—GNzNUNY TUN - @ — 5(0;10:)(3’10:) T 5’713.—03.—

Where,




One Pion Exchange

The potential in r-space :
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One Pion Exchange

The potential in r-space :
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One Pion Exchange

The potential in r-space :

(11-712) (01 02+ S12(7)(

3

1
1)) =
(mwr)erm,,r’rJr ))r

e~ M=T

Tenser force

s-wave & d-wave mixing

23



Calculation for “deuteron”

s+ work | lwork |

*, "fragl"
ff=nng
{'v'y 'u'y nbase, ff, nbase, mu, work, lwork, info)
*, "fragz"
dd=hh
{'v'y, 'u', nbase, dd, nbase, energy, work, lwork, info)
*, "frag3"

Numerical Calculati

ml=  939.000000000BBEEA mZ=  939.0000000000000
reduced mass = 469.50000000000060

humber of bases = 48

total number of bases = oA

h space = 1666

bb{1)= 0.100600000006000061 bb{nmax)=  20.0060000000000000
B.E.( 1 )= -2.2825443B86333439

<kinetic energy= ( 1 )= 16.497245555281836
<central potential= ( 1 )= -21.386251328589600
<tensor potential={ 1 )= -115.71413422945001
rms 1 )= 3.95089722468371553

uu{~8)= -5.9142700417922993E-002

wwi{~8)= -1.7897100253732005E-005

prob_S{ 1 )= 0.95212784433943387
prob_D{ 1 )= 4.7872155666566039E-002



Deuteron

JP=1* T=0
B.E. =2.22 MeV

Electric Quadrupole
moment Qq = 0.286 fm?

H=T+V.+Vpr+V;.

- Central force

- Attractive potential pocket
- Repulsive core
- Tensor force

- Spin triplet (S=1) D HF S

- S-wave & D-wave OBE&

- LS force

25



Deuteron 26

JP=1", T=0

Electric Quadrupole ! Omit \

B.E. =2.22 MeV
in this time
moment Qq = 0.286 fm?

- Central force

- Attractive potential pocket
- Repulsive core
- Tensor force

- Spin triplet (S=1) D HF S

- S-wave & D-wave OBE&

- LS force
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Tamagaki Potential (G3RS-1) 28

G3RS: Gaussian soft core potential with three ranges

Central force :

Ve(r) =3_; Ve exp —(r/1c,1)?

| 2000 [MeV]
Tensor force : | | 942 0447 [fm]

Vr(r) = 512 Z, VYQ,?I CXP [—(7‘/77711:)2

675 [MeV]
0447 [fm]

R. Tamagaki, Prog. Theor. Phys. 38,
91 (1968)

V_C [MGV] V_t [MeV]

V_c[MeV] V_T (MeV)




Tamagaki Potential (G3RS-1) 29

G3RS: Gaussian soft core potential with three ranges

Central force :

Ve(r) =3_; Ve exp —(r/1c,1)?

| 2000 [MeV]
Tensor force : | | 942 0447 [fm]

Vr(r) = 512 Z, VYQ,?I CXP [—(7‘/77711:)2

675 [MeV]
0447 [fm]

R. Tamagaki, Prog. Theor. Phys. 38,
91 (1968)

V_C [MGV] V_t [MeV]

V_c[MeV] V_T (MeV)

repulsive core




Tamagaki Potential (G3RS-1) 30

G3RS: Gaussian soft core potential with three ranges

Central force :

Ve(r) =3_; Ve exp —(r/1c,1)?

| 2000 [MeV]
Tensor force : | | 942 0447 [fm]

Vr(r) = 512 Z, VYQ,?I CXP [—(7‘/77711:)2

-i5 =67 675 [MeV]
2}

D 0447 [fm]

R. Tamagaki, Prog. Theor. Phys. 38,

V_C [MGV] 91 (1968)

V_o{ MeV] wide range




Tamagaki Potential (G3RS-1) 3

G3RS: Gaussian soft core potential with three ranges

Central force :

Ve(r) =2, Vc(??: exp [— (/1)

,_ 2000 [MeV]
Tensor force : | | 942 0447 [fm]

Vr(r) = 512 Z, V7Qz CXP [—(7"/7‘7T,fz:)2

675 [MeV]
0447  [fm]

R. Tamagaki, Prog. Theor. Phys. 38,

V_C [MGV] V_t [MeV] 91 (1968)

V_T (MeV)




ml=  939.00000000000000 m2=  939.00000000000000
reduced mass = 469.50000000000000

Result number of bases = 40 32
total number of bases = 30
n space = 1000
bb(1)= 0.10000000000000001 bb(nmax)=  20.000000000000000
B.E.( 1 )= -2.2825443086718691
<kinetic energy> ( 1 )= 16.497245555272343
<central potential> ( 1 )= -7.3037026710165378
<tensor potential>( 1 )= -11.476087192930956
rms( 1 )= 3.9509722468456099

uw(~0)=  8.9142700408849057E-002
wW(~0)=  1.7097100306832829E-005
a9 prob_S( 1 )= 0.95212784433949849
[fm'“] prob_D( 1 )= 4.7872155660503443E-002

deuteron K EIFE

B.E. =2.28 MeV

<T>=16.5 MeV

<V _c> =-7.30 MeV

s-wave : 95.2 % <V t>=-11.5 MeV

d-wave : 4.79 % “N-N” mean distance = 3.95 fm

[fm]




Summary

D

- heavy quark D BHE & light quark DEHE T, /NU A D2EZRDIRDEWNCED
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Back up



QUARKS

The u-, d-, and s-quark masses are estimates of so-called “current-
quark masses,” in a mass-independent subtraction scheme such as
MS at a scale . ~ 2 GeV. The c- and b-quark masses are the
“running” masses in the MS scheme. For the b-quark we also
quote the 1S mass. These can be different from the heavy quark
masses obtained in potential models.

Charm quark

[v]

)
m, = 2.3f8:; MeV Charge = % e [;= +:12'
m,/myg = 0.38-0.58

[4] I(P) = 337)

™Tm -
(TTLu +7'nd ) /2 (G 370 Z:/;:.iflgil\;ev Charge = —é e I, = _%

m= (my+my)/2 = 3.5f8_‘£ MeV

Me 1 [5] I(4P) = 031)
1M s

me =95 £ 5 MeV Charge = —% e Strangeness = —1
mg / ((my, + myg)/2) =275 £ 1.0

[] I(JP) = 0(3 )

m. = 1.275 + 0.025 GeV

Charge = g e Charm = 41

K.A. Olive et al. (Particle Data Group), Chin. Phys. C38, 090001 (2014)



SU(4) multiplets

NZ

CHARMED BARYONS
(C=+1)

—ude, Y7t =uvue, XT =ude, X0 =
C C C

-+ _ — | . 0 _
= usc, =_ dsc, QC SSC

ddc,

4 x4x4=20+4 207 + 205+ 4

36

K.A. Olive et al. (Particle Data Group), Chin. Phys. C38, 090001 (2014)



One p meson Exchange

Lagrangian density :

£ = (i - Yow—gnow B yar o A% —

Amplitude :

37




Amplitudes of One Boson Exchange

- Feynman amplitudes

M, = 'z'g'zu;,'ff.ul!D"""(q., = P17

M, = l'gzusz.-.uzaD"’d'(Qh = P2

P2i = —D1i = PDiy, DP2f = —Di1f =Py

pli=0Y;=p%=p3; =0", p3—p{=¢"=0

383



A. C N bOllIld States Yan-Rui Liu and Makoto Oka 39

Phys. Rev. D85, 014015 (2012)

[ B — -£va1 T £.\' T £inl- —“'lg'a(l-l-’ - D — AB).S'”J

-

F=g1(iv, e ulS,A,8,]

| - = .
Ly, == ulBsliv - D)Bs] + iBgu[Bsv*(I'), — V,)B;]
+ i Bt ‘ST'#U(,(I"' — Va)SH |

+ {gtr] B30 B3] (4)

+ At S, F#*S, ] + €ste[S o S*] (5)

Lin = .’\’41"[‘@‘"\#”.?] + i/\/5#1"""”#II'[S',,/“,\,\.[)’}] + H.c.,
Assumptions

- One boson exchange potential model
- Heavy quark symmetry

- Chiral symmetry for pions

- Hidden symmetry for vector mesons
- Quark model

- Chiral multiplets

- Vector meson dominance
- QCD sum rule




A. C N bOund St ateS Yan-Rui Liu and Makoto Oka 40

= Phys. Rev. D85, 014015 (2012)

TABLE XV. J=0 and J =1 binding energies (MeV) corresponding to the variation of only one coupling constant. The
unchanged coupling constants are the same as in Eq. (31). The units of (Aggy) and hy are GeV~'. The common cutoff A, =

0.9 GeV 1s used.

2, B.E. . B.E.

0.50 13.17, 11.36 6.93, 9.54
—0.55 13.38, 12.38 8.77, 10.67
0.60 13.61, 13.54 10.99, 11.99
—0.65 13.83, 14.84 13.62, 13.51
0.70 14.07, 16.29 _ 16.68, 15.26

2.09, 4.15 3.0 14.75, 14.67
6.24, 9.15 —4.0 14.36, 14.27
12.21, 15.75 5.0 13.98, 13.88
19.75, 23.76 —6.0 13.60, 13.49
28.68, 33.03 7.0 13.22, 13.11

=

N

L

- 00 LI NI
. . SR .
S’

(Asgy) B.E. B.E. . B.E. hy B.E.

13.0 13.03, 13.21 4.04, 4.10 . 13.92, 13.89 5.0 13.48, 13.53
15.0 13.20, 13.29 10.00, 9.96 13.76, 13.69 6.0 13.56, 13.50
17.0 13.39, 13.39 18.08, 17.90 3. 13.60, 13.49 7.0 13.66, 13.48
19.0 13.58, 13.48 27.98, 27.63 13.44, 13.30 8.0 13.77, 13.47
21.0 13.78, 13.59 39.46, 38.93 ( 13.28, 13.10 9.0 13.89, 13.47
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