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Introduction

Parity doubling structure

D. Jido, M. Oka and A. Hosaka,

There are many hadrons.
Prog. Theor. Phys. 106, 873 (2001)
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Parity doublet model

C. Dater & T. Kunihiro, PRD 39, 2805 (1989)

Our purpose
Extend to three-flavor case

£ H. X. Chen, V. Dmitrasinovic and A. Hosaka,
Cl. " Phys. Rev. D83, 014015 (2011)
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Three-flavor Parity doublet model



Parity doublet Model

Representations of the chiral sym.
Quarks belong to

qr, ~ (37 1)—1 dqr ~ (17 3)—|—1

SU@3)Lr U(1)4 charge

Baryon
Rep. of 3q baryon \ 4 Y

qr, @ qr ® qr ~(3,
3

qr, ® qr, @ qr, ~(3,1)_1 ® (3,1) 1 ®(3,1) 4
N(]-a 1)—3 D 2(87 1)—3 5% (107 1)—3

>  These rep. yield octet-baryons.




Parity doublet Model

Introduce fields

6 baryon fields and one meson field are introduced as

Chirality
Uy~ (3,3) 41
™~ (37 3)—1
i ~ (3,6)11
Baryon
~ (67 3)—1
X1l ~ (87 1)—3
~(1,8)_4
Meson M~ (3,3)_

In the following we focus
the study on the spin 1/2 baryon.



Parity doublet Model

Allowed operators

Contract the indices corresponding to the chiral sym.

£.8. = a b (c,a3) :
€ )} M ’ a, b, c:SU3),
abc ( 11“)& ( )5 (nll) @8 :SU@3);
U),: +1 —2 +1 =0
Requiring
N\ U(3)L XU(?’)R , R and C.
Lagrangian

Kinetic term

Chiral inv. mass

0 4
[ = Z Kck) 4 Z gkw(k) Yukawa interaction
k=1 k=1

6

+ 3y (0 + O("")T) + 23: m (Q) + Q(k)f)

k=1 k=1
+ Lineson 19 operators



Parity doublet Model

Decomposition to irreducible rep.

(M) = 0'1 :,t O : Chiral Sym. I:> Flavor sym.
SSB

In the chiral braking phase, the chiral rep. are decomposed
to irreducible rep. of the flavor symmetry.

1
mpi:BglwﬁAgﬂl, B(l)
k
s = AL+ g (000 +eheop) (BID, ). B(2)

k
ﬁﬁz’?) = Ai‘fi%l -+ % (e*@cdh + oy (Bﬁ?zl)c

xi = B> . ‘ B(B)

They are assigned as Octet-baryon
Bl B} BY\ [wEtd X p
By =|B? B} B | = ¥ \_/—1520 + \/LEA n
B} B3 Bj == =0 =2



Parity doublet Model

F- and D-term

They are obtained from the kinetic terms as
Anti-commutation Commutation
Tr [B’YS’Y” (D)ﬁxﬁ {Am B}] + Ir [B’YS’Y’H (F)6><6 [Ap:a B]]

Trace works in flavor space Axial vector of the external gauge field

2 2
where (F )6><6 = diag (0 3 —1, 0, ~3 1)

( )6><6 _dlag( 1) 1) 0) 17 _]-a 0) )

T 1 2 3 1 2 3
B" = (B B B® B BY B



Parity doublet Model

Mass matrix
Mass term for the nucleons is obtained as —/V ,M ],V N /

N'TE<N’§1) N/g2) N/g3) N’gl) N/g2) N/g?’))

/ g1 fﬂ 3y1 fﬁ _ Y2 fﬂ m((jl) 0 0 \
3y1 fw 93 f7r 3y5 fn 0 m(()Q) 0
Where M, fﬂ- 3y5 fﬂ- 0 0 O m(()?))
N — (1) 2 3 4
m O O _g?fﬂ’ =5 fﬂ' 42 fﬂ'
0 om0 mp s 3% v g
\ 0 0 m® g 3y6 L fr o )

The physical states are defined as

T _ [N(939) N(1440) N(1710)
phyS N(1535) N(1650) NSth phyS

A candidate is N (1895)
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Extended Goldberger-Treiman relation



FExtended GT relation

Extended Goldberger-Treiman relation

Interaction term is written as  N'C! \ n 957N

(—% —3% % 0 0 0
5
. % B W 0 0 o
Coupling constant | % &% o o 0o 0
in the matrix form ™" 0 0 0 % & —u
0 0 0 Y3 _ 592 _ Ye_
26 12 2v6
\ 0 0 0 —%& - 0 )
1 cf.
! / :
aNN — (F + D)ﬁxﬁ ,MN} GT-relation
2fx —_
grNN = —(—gA

Extended Goldberger-Treiman relation

T



FExtended GT relation

Upper bound - Derivation

The GT relation gives us an upper bound of the decay width

Eigenvector of

‘:TNN _ % (F 4 D)6><6 ,M;\r} the mass matrix My
-

sandwich in u Eigenvalue

ﬁ g;TNZ'Nj E’U,;TF . 7,TNN " Uy
)\Nz' —I—)\Nj T
— [“z ‘(F‘|‘D)6x6'uj]

2fx
~ Using completeness: zj:u;—’“ oy =

1

f? / 2 1 T 2
ooy b, ) = [o - (P D] < 55
J t J

« Decay width for any :



FExtended GT relation

Upper bound - Estimate

fx / 2_ 25
The upper bound is rewritten as EJ: (Aw, + Ay,)° (g”Nz’Nj) = 36
1 25
+ E (N
1(94)° = 36
. _167m - £
where I (N*) :Tﬁ [\/’ﬁ\ +miy ijN] (e £ )

x '(N* - N + )
Input experimental data

! g% =0.4026 + 0.0004 We set

4 i (N'Gth) — 0

[P (N (1535)) =0.047 + 0.013 3
f‘eXP (N (1650)) —0.042 + 0.015 $ F (N(]_440)) S 020 Zl: 002

[P (N (1710)) =0.0046 + 0.0071

PDG + T. Yamanishi, PRD 76, 014006 (2007)



FExtended GT relation

Allowed area

The upper bound is obtain from the extended GT relation

~

I' (N (1440)) < 0.20 £ 0.02

T(N(1440) — N(939) + 7) [MeV]

N0 e S R P S A S W VR
200 |

0.22

(N QAL&OW =
i :

e
150 E | Allowed areal |
40Ny .- - - -

1420 1430 1440 1450

M N (1140) [MeV]

N(1440) » Nm

Exp. (PDG)
210 + 70 MeV
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Summary

@® We constructed a parity doublet model
with the U(3) x U(3) chiral symmetry

@® We found the extended Goldberger-Treiman relation

@ This gives us an upper bound of the decay width

Future work

O Hyperons sector
O Finite density & temperature

Thank you for your attentions.
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Back up

T(N(1440) — N(939) + =) [MeV]

Test of the model

When the experimental data are improved

~

I (N(1440)) < 0.20 + 0.02

2l0MeN e 2 e a0

200 r
22
H(V (440 - 20
2 0

150 F Allowed area

pido0NMeN.... . - .

1420 1430 1440

my 1410y [MeV]

1450

If it appear out of the allowed area

We have to take account of
a molecular state.

This could be a test whether
N(1440) is a molecular state or not.
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Redefinition

For convenience, we redefine the baryon field as

V1 =1, Yy = Y510

After this, we can regard these as positive parity fields.

Corresponding to this.

M > M
One with a prime does not

include Dirac matrices Vs
c M)y c
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Explicit form K=Ki+Kn, W=Wp+Ws
: O=0L+0r, Q=91 +%r -
Lists of the allowed operators ’
k O(k Oik) k _IC‘(L-‘L‘) K:‘(;J
1 leaso (F10)5 (MT)y (mr) | €ave (W1r)7 (M)} ()7 L T [Tuipy] Tr [0, ]
2 T [ M) Te [W1 M x1 2| Tr[PxiPPx] | Tr[ToriPly]
= = : (a3} | rs . (ab,a)
3 || eabe (T2)? (M) (020)' 9% |€apo (¥2r)" (MT) (rpar) ) 41 (11) (4,0 P (1111) (le} (ab,a) P (1)
o] 3| (1a0) oy 1220 | e 0 0y P 720)
4 Tr [QEI—EH-TXZ:-] Tr [‘I’ D5 ﬂf-x;i] "2t [W-"uiri . n 2r) (a0 8) I
5 Tp (ﬁlf)(a o) (.-Lf-}a (Xl‘")ﬁ Eacd (ﬁl?‘)(ub . (H- ) (Xli}{g 5 Tl‘[)fl{s'ﬁ)(ﬂ] 'I\I‘[ﬁ_Clri'E)Xlr]
oop = 6 Tr [XEWJ!DXﬂ] Tr [Xz-;-?-DXQw]
6 (7}'2!)(@ &) (W ) (X%)d € (??2f‘)(a,usj (-W),; {Xﬂ)#
k Wi wi P o o
1 Eﬂbcf”‘fﬁ"d(‘y”) (A ) (‘I']‘"lg iii‘-‘f (‘P”) (“'{r);?(qui) g 1 Tr [P Po —Tr [¥1, o]
: abef (%a), (jﬂﬁ {iirggr e (F), (M ) ((‘ff;) 2 || (1) (g ) (m2r) 7 | = (1) (.o (721) 1)
3 (nu)(ﬂ,&ﬁ) UH’T]& (:':‘lr) . {n”}(ﬂb,al (ﬂf)ﬂ ( ) 3 ITI' [il!x2r] —fI‘T [ier?!]
4| 20 gy MG (020) | (ie) g0y (M) (m2) P
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Properties for Pand C

Properties of fields

P P
Viiir — Y0 wlr,ll ) Vo120 — —Y0 Var21

¢1l,1r £> C ("Zlfr’,ll)T ) 77b2!,2r £> —C (/‘;21‘,2J)T
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Experimental data

PDG
Baryon N(939)  N(1440) N(1535) N(1650) N(1710)
Mass (MeV) 939.0 £ 1.3 1430770 1535410 1655F15 17107150
Partial width (MeV) I'y+_ nx 21070 70+19 100+£35 13729

o T. Yamanishi,
ga = 1.269 £ 0.006 Phys. Rev. D 76, 014006 (2007)

J" Octets [P (N (1440)) =0.24 + 0.09
1/2% | N(939) A(1116) £(1193) Z(1318)

1/2% |N(1440) A(1600) £(1660) Z(1690)

1/27 |N(1535) A(1670) 2(1620) Z(?)

1/27 |N(1650) A(1800) %(1750) Z=(?)

1/2% |N(1710) A(1810) £(1880) Z(?)




U(1)4 symmetry

This symmetry is broken by the anomaly and spontaneous symmetry breaking.

In the linear sigma model

G (Indet M — Indet M)

this term reproduces the U(1)4 anomaly,
which 1s 1n the meson sector.

For the baryon sector we require the U(1), symmetry.




