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Introduction

Chiral Symmetry is important in hadron physics.

- lts dynamical breaking gives rich physics in low energy

e.g. Low energy theorem,
Numbu-Goldstone bosons,

perturbative expansion.... etc.

- symmetry for quark fields in QCD
- nontrivial for hadron fields

Non-linear representation
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- most general Lagrangian in the chirally broken phase
- NG bosons : special degrees of freedom

- perturbative expansion in terms of meson momenta

- dynamics of mesons and baryons

Linear representation
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 -at the chiral symmetric limit, hadrons can be classified into )

representations of chiral group
- group theoretical approach "
- embody mechanism of spontaneous breaking

o

y

In this talk, we discuss baryon properties in the linear
representations. '



Chiral symmetry for Baryons in the linear realization
N, — RN, N, = LN,
- Mass term breaks chiral symmetry
myNN = my (NN, + N Ni)

mcazmvh X mdmzmvw

SUNf), €L,  SUN)r€R

Generation of the baryon mass by scalar meson Introduction of chiral partners
_ _ o N & N*
myNN — oNN — N(o +iys7 - @)N _ _ _
: 3@222'¢3@0A22+2*2J
Nj : positive parity Ny : negative parity N = m«mA N, +vN,) N*= wsm Ny — Np)
, positive parity positive parity
| N, — RN, Ny—LNy | Ny — RNy, Ny — LNy
negative parity : negative parity
2@. Ilv.m:/ﬂwq. 2& — N\zws qu. — N\qu. 2§ — mZMN
\ Vi . . -

chiral invariant mass term

SoAZwQWZH — %5,“.2&

Chiral symmetry cannot mix N7 and [N.
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the naive case PTPlo6 - &3 (2e01)
Nir — RNy, Ny, — LNy
Ns, — RNy, Ng; — LNy

Linear ¢ model N0 Wagr o ot Fost

Enai = Nli@Nl + NZ@-@NZ
+aN1(o +ivs7 - ) N1 + bN2(o + iysT - ) No
+c{Ny(y50 + i7 - )Ny — Ny (50 + 17 - @) No} + Ly

mass matrix  coupling matrix

a —s5C a —vs¢ \ . -
M ~ ~ LT
o2 ( vee b ) C ( ve b ) V5T T

Masses of N+ and N- | ‘

—— 4 2
Ny \ 1 /2 yse9/? N1
N_ ) ™ VZcoshe \ 1se™? —? Ny mass
mixing angle : & | N-
. _ (a+b) e
sinhd = 5 _ /______,, <
T coupling e
0 o
MocC = :
g __mpn, g _ mp_ %&-1 )
TN Ny — mN_N_ —
A Ix Ix &t velktow
This 6 model is just the sum of two omodeis for two independent nucleons.
Lrai = NpipNy —my, Ny Ny + gang vy NytysT - TN,

—IP-N__.?',&N__ - mN_N_N,_ -+ gﬂN_N_N_T:")%’?' TN
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symmetry SU(2)y is an unbroken symmetry in the NG
phase. Aps and Ny, are obtained by the following isospin
decomposition:

3 1

S Tarbur+ Y Fens ()

| =1
M=-3 m=—z

¢A,a —

where the isospin projection matrix Téﬁz and Tf},z are
defined through the Clebsh-Gordon coefficients:

4. _ 1.3 rA
(T5)2)em = m;_l(l?”ga“z"M)U ()
101
@hdam = 3, (rgelzmU™ ®)
r=1,0,—1

and U is an unitary matrix tra,ﬁsposing from A = (1,2,3)
basis to r = (41,0, —1) basis for the triplet index:
Uré = R

-1 — 0
«/5(2 0‘{5)

In order to take into account of the chiral partners of
A and N*, we introduce two field, Pp® and Pi® which
belong to (1, %) @ (L, 1) multiplet. Now in the 91 and 4
we have four particles Ay, A_, N} and NZ, where the
subscripts on A and N* denote their parity. We take the
mirror assignment for ¢1 and ¥, that is, ¥ r and Par
belong to (1, 1) and %11 and ¢ag do to (%,1). The corre-

(4)

sponding infinitesimal transformations are generated by -

the chiral charges @4 and Q4 of the SU(2)r x SU(2)z
group with (A = 1,2, 3):

(52)
(O bl =~ D)
[QEAE,L!"I)ZB}!‘SZL 21—%("'}1 ab':bzﬂﬁt:u, ) (5¢c)
[Qf,Ra'ﬁbgﬁsz =2"EIABC¢SJ:2G,2L ) (5d)

Y2 where ™ (A = 1,2,3) is Pauli matrix. The particles

we are going to descrive here as a mixture of %y and 2
) J = $ resonances, Ay (Pss), A_(Da3), N}(P13) and
N*(D13). However, the same argument holds also to
other multiplets with different spin.

The meson field M = o + i7 - 7 belongs to the (3, H
multiplet. Then the transformation rules are given by

i
CEPLEST U
[Q'ﬁ'[,, 7B = _% [:FJAB + %EABC']TC] (6)

%};W The chiral transforma-
tions and (6] as well as parity and time-reversal in-
variance makes severe constraints on the structure of the
Lagrangian written by the fields i1, e and M:

£ = (Kinetic Terms) + mo($ ¥§ + 93 97)
taphe? (o — i - Pys) AP

+b1,5§q'rB(cr 4T F’yg)TAl,bg + L

(7)

where a, b and my are free parameters independent of chi-
ral symmetry. L5 is an invariant Lagrangian for mesons
and its explicit form is irrelevant in the present argument
as far as it causes the spontaneous breaking of chiral sym-
metry.

kxkkk® More should be discussed here on the derivation
of this lagrangian. What kind of conditions were used etc
P

This Lagrangian is an extension of the parity-doublet
model for the nucleons proposed by DeTar and Kuni-
hiro [7] to the (1,3) & (3,1) fields. The higher terms do
not contribute to the tree level masses [12] and we will
first study the phenomenological consequence of the tree
masses. Also, at-this stage, we assume that P and Y2
have the same parity (we change it later??7).

#¥k¥% Gince we change parity later, why not change it
from the beginning@8? *X¥xE*

In general, there are infinite numbers of invariant terms
with many M’s and derivatives.

With the invariant Lagrangian (7), we shall next con-
sider the masses of As and N*s. A finite condensation
of sigma with a certain condition on Lm breaks spon-
taneously the SU(2)g x SU(2)r chiral symmetry to the
isospin SU(2)y symmetry. Redefining the sigma field as
¢ = {¢) + &, we obtain the mass terms for As and N*s:

mp A]_

2beo Mg

i m (oo e V(O ®)
1:4%2 mo —bO’o N; +

where oo = (7). Since the mass terms for As and N*s

have off-diagonal components, we have to diagonalize

these mass matrices to get the physical basis. Then the
masses of As and N*s are given by the eigenvalues of the

Lo = (A1, A) ( 2a00

p

" mass matrices, which are —og(a+b) £1/(a — b)%0d +mg

for As and L(a +5) x 3/(a— b)2ad + 4mg for N*s.
These eigenvalues could be negative, for example, +mo
with g = 0. However, at the restoration limit of chi-
ral symmetry, i.e. o9 = 0, the chiral partners should be
degenerate with the same mass and one of the partners
should have odd parity. Therefore the negative masses
are interpreted as positive masses for the particles with
odd parity. Then we redefine the fields correspond to the
lower eigenvalue to fields with the odd parity multiplying
~s. Finally the physical basis (A4, A_) and (Ni,NZ)
are given by

6_512- _36/2

AL\ 1 Ay
A_ ) T JTcoshE \ —vsefl? —vysemt/2 A

e~ N2 —eh/2

NI Y _ 1 N}
W) = e \ el e ) 1



DeTar and Kunihiro PRD39, 2805 (1989)

the mirror case
Ny — RNy, Ny — LNy

Noy — L Noy Nojy — RNQZ

Linear o model { DeBr - Koo D
Lok = N1i@Ni + N2idNa + mo(Nays N1 — N1ysNa)
+alNy (o + 1957 - T)N1 + bNy(o —ivs7 - F) Ny + Ly

mass matrix 7 coupling matrix

aocg  —Y5Mo a 0\, - -
M ( vemo  bog ) C ( 0 b )27571' T.
Masses of N+ and N-

b)2 -
mi:\/(az 2oz @0

(3 ) = vmmms (e o) (3
N- Feosho \ yse~? —eb/? N,

mixing angle : 6

P i et

sinhd = — (e ;ﬂf)ao
0
7 coupling ; :
mn
grNy Ny — + f t tanh
™
myN_
grN_N_ = — f tanh
Kis

Ni- &= NQSB&) 11 ’!;_”'- L . efoq ~ oM

My, = Gdo Mell , WM.z 1£38 N-Q vV, Suunt =0.7

Mo « 270 MeV



A m&é case)

\
positive parity
Definition | Nir — RNy, Nu — LNy
negative parity
qu. |v.m2w,... 2& — N\Zwﬁ
\ _J
Mass term Generated by scalar meson
Mass in - massless
Wigner phase
Role of 0p . mass generation
. N +—— v N
Chiral partner
Sign of pN*N* ”
coupling positive
« :
ﬁZZ moﬁEEm suppressed
in medium

AMirror case )

positive parity .
Ny — RNy, Ny — LNy

negative parity

Ny — LNy, Ny — RNy

_/

Introduced with chiral partner

Masses — Mirror

A == Naive
massive
mass splitting P P
84 N=N"
N «—— N* TNNLY
) .Ilp‘..lllv
\.\\\bn P
»” N
‘.
negative
A g g
enhanced \I




Observation of sign of tN*N* coupling

N*
7tiN —> nyuN

N* S,, N(1535) 1=1/2 JP = 1/2°

N* —> aN ~50%
N ~50%

--1) meson as a probe of N(1535)

- see just above the threshold

(1)
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do/dip, 28] (ub/(MeV/c))

Cross section do/dcos® (ub)
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- recoilless (d,3He) reaction

% o

- proton pick-up process

- small momentum tranéfer‘
qn™ 0MeV/c at T;=3.5GeV

'Special features of the 7 mesic nuclei

1Y The 1 -N system dominantly couples to
~ N(1535) at the threshold region.
2) The isoscalar particle, n, filters out
- contaminations of the isospin-3/2 excitations. |
3) There is no threshold suppression like
- the p-wave coupling, as a result of the s-wave
nature of the n NN* coupling,

N(1535)

The n optical potential may be sensitive
to the medium modification of the N* mass.

N+ 7 j48MeV

Therefore,

N(1535) plays an important role in the 7 mesic nuclei.

=3 Medium effects to the N(1535)



Optical potential of 7 in nucleus

N* dominance

s-wave coupling for 7 NN*
gg~2.0 <= Cyeogy =75 MeV

9 p(r)

THEREEHE E R

Vo(w) =

weakly bound : w~m,

 2pw+my(p) — M (p) + T (550)/2

Ompy = 024 ¥ 0.3 0

Fima

r » [ ] &
- no medium maodification
for the masses of N and N*

Vo~ pTyn
mn+mN—mN* <0

W Attractive

N(1535)

48 MeV
N+ n

‘\

- reduction of the mass
difference of N and N*

my + my(p) — my.(p) >0

Repulsive

N+ n

| \N(1535)

"

repulsive

e attractive

r

¥



—O_u:om_ vo»m::m_ of nin ::o_mcm_

C: strength of chiral _d.mﬂo_.mmo:/

in nucleus
(o) = ®(p){o)o
&(p)=1—-Cp/ps (C=01~03)

Local density mv,vﬂoxmgmzo:
Fermi a,mi_ucmo: of nuclear density

Po
plr) = 1 + exp[(r — R)/a]

R =1184Y3 — 048 fm, a=05m

‘pocket vo»o::m_.
energy dependence

40

repulsive
core

attractive

8 10




' flnvestlgate baryon properties:in: the aspect afs
'3ch|ral symmetry s

fTwo ways: of-chiral assig nment (Nawe?arad thrreer

| | - different consequences: - - oD
mass at sym. limit, ot zess

sign of aN*N* coupling, etc.” < -

Observatlﬂnapf the8|gnO{f'ﬁnN;"fN#couphnng‘)} it
7N (or yN) — mpN

sageneral conclusmn, eernag) b
a sufficient:reduction of the . mass dlfterence of: :

N-.and N* makes:the p@;temotflag turn.to;herrepuilsive:| |
& ‘Pocket g:poigntial

Spectra of the recoilless (d, He) reactionsare. 1)
useful to investigate the medium. effect of NI!i/i 52




