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Chiral Symmetry or Quark Mass

Chiral sym. Quark mass
BﬁBg otc. unclear easy
DA4-D8/D8 clear technical

(Sakai-Sugimoto)

Real QCD
knows chiral sym.

but quark mass #0

:} SS model + mass



Bound-State Approach
in Holographic QCD

c.f.) Bound-state approach to strangeness in the Skyrme model
[Callan-Klebanov ’85]



Baryon with Massive Strangeness

0 < My.q << Mg

SUKSJx

‘ Hyperon = SU(2) baryon + K meson ‘

Bound-state

Skyrme

Sakai-Sugimoto

SU(3) rotation
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Plan

1. Skyrme model [review]

2. Sakai-Sugimoto model

Simplest case
K meson
Improvements
Quark mass term
Vector mesons



Skyrmion + Kaon
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Bound-state Potential
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A 2 2*  |N\(1405)

mass (theory) | 1048 | 1122 | 1303 | 1281

mass (exp) 1115 1190 | 1385 | 1405



Sakai-Sugimoto Model

5 dim U(N¢) YM-CS theory [Sakai-Sugimoto]

1 N,
4 2 2
[S — —,{/d xdz Tr [§h(z).FW + k(2)F, ] SV w5]

[u=0,1,2,3]
Curved space: h(z) = (1+ 22)7Y3, k(z) =1+ 22

2 parameters: k = 0.00746, Mkk = 948 [MeV| — 1

Baryon is soliton (Nt=2 [Hata-Sakai-Sugimoto-Yamato] )

: IR 27T 1 p* ~
Acl — _ N 1 Acl 1 — Acl — Acl — 0
o Zf(£>ga g 0 )\ 62 [ (,02 + 62)2] ) 0 o

SU(2) U(1) [a=1,2,3,Z]



Pion and Vector Mesons

Kaluza-Klein modes are mesons

o e vector mesons
=D B (@)yn(2)

" T Higgsing

Z o™ ()b (2) + o (@) o ()

pion

1
Sym = — / 'z Tr [2<%B,§n> — 0,B{)? + X (B — 0,0™)?
nzl vector-meson mass
— / d*z Tr(9,p?)? 4 (interactions)



Skyrme from Sakai-Sugimoto

A-=0 gauge

Ay(z,2) = U (2)0,U(x +Y B{M(x)

n>1

Tr[U~'0,U, U—la,,UP)



Holographic Bound-state Approach

N / .
g o
X1, Xo.Xa "

Consider reduction to 4 dim



K meson fluctuation: a.

Yang-Mills part

1
Ssu(3) = —m/d4xdz Tr [§h(z)F3V + k(z)FiZ]

2-flavor baryon: Atnst

Kaon: d-
Aionst O A;nst O B A;nst a.
AO_(O 0) Ai_(o o) Az_(a}; 0
inst 1 el ~ K H 1
AT =54 a= ~ KT



(inst) . pinst
DM CLNzaMCLN—I—ZAM an

SYM — Sinst + Sﬂuc Dg\i;St)a}LV = 8MCL;[V — Z'CL}LVAi]\r}St

Sfiue = — 2K / d*zdz k(z)DgnSt)aiDSnSt)az

1 1 o
_ T Qu T pinst pginst
: /dzk(z) [%K MK + KTAP AT K

+i (OFKTAP'K — KTATS'OMK) }

Canonical kinetic term

Simply add standard K mass: m2% KK



[— %2(% (7“2({%) + V(r) + m%(} kn(r) =

1 r . 1
U, = — d Alnst =
0 W/ZM@O =

vo N, Z, 2* channel
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vo N(1405) channel

ol <€ E ~ 490 MeV

éié’; c.f) mk ~ 495 MeV

oo Thanks to (too) large Ao
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Slightly bound in A(1405) channel (surprising)
but not in normal A, 2, 2* channel

Not similar to Skyrme case

Repulsive potential

Considering only a; might be naive

Improvements
1. Quark/meson mass in holographic QCD
2. Vector mesons



1. Quark/meson Mass Term

Mass term by Wilson line [Hashimoto-Hirayama-Lin-Yee]

Sinnss = c/d4x PTr [Mq (e_iffooo Azdz _ 13)} + c.c.

Study Kaon mass in baryon background

. o0 Aiant a.
P exp [—z/_ooAzdz], Az:< ol O)

4 ; N
Inserting two a to dz z
the path-ordering * * > -
Z1 Zo

. J




r-dependent Kaon Mass

Skaon mass — /d4 / dZQ/ lea Zl az(z2)

2,2
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f 12} Potential:
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2. Vector Mesons: q,

K meson: az, Vector mesons(K*): a,

A%)nst ag Ai(;ast Qg
v 0) ()

c.f.) [Scoccola-Min-Nadeau-Rho,’89] Hidden Local Symmetry case

Stuc = — 2k / d*xzdz Tr {h(z)(Dgns%,thnst)a,, — Dlnstigl plinstq, — j qfr plins) )
+k(2) (ijnst)alDSnst)az _ Dgnst)angnst)aM _ Bginst)aLDgnst)az

4+ Dginst)aLDginst)au 4+ i(aiF;Siant)au o aLFLELnSt)az))}

- Without baryon, (3:a,)? gives vector-meson mass term



Approx. to Study Vector Mesons

Vector-meson mass term
/dz k(z)@zaL 0.a, = /dz h(2) Z ARBL”>TB/Sm)¢n¢m — Z )‘HB;SH)TB;(F)

Using this,
azaL aza,u, + i(aTF(inst)a'u _ aLFéiZnst)az)

zZT uz

n 2 — ins
=h(2)" > Al B{n — —h(2) T a.

. LKKh<Z)_4alFl§iant)F£LnSt)az

kazz)\i

| ApProx. a,, = iLuch(z) *F(**"a,
c.f.) [Scoccola-Min-Nadeau-Rho,’89]




Lkk: An Undetermined Parameter

(A trial choice: LKK=3)

1
Ly = zn: )\—n
n 1 2 3 4 ) 6 7/
An 067 16 | 29 | 46 | 6.6 | 9.0 12
An12Mkx[MeV] | [776] | 1187 | 1607 | 2021 | 2434 | 2845 | 3256
7 1 30 1
May converge ﬂ; o =30 > =35




Toward Noncanonical Kinetic Term

Approx. a, =iLh(z) *F{"™Ya,

(L2h(e) (EEY2 0,0 0. — 00l FEV F00,0.))

Stuc = — 2k / d*xzdz Tr [h(z)(DSnSt)aiDSnSt)a,/ — DN i pinstlq,, — j i F(inst) gv)

i k(z) (DSnSt)alDSnSt)az _ D'l(jnst)alDSnst)au _ D(inSt)aLD/(jnSt)az

z

+ DYl DIt g, 4 j(al F(Pq,, — aLFéiant)az))}

zZT uz

Recall that Skyrme-term comes from Fy/FHv



Noncanonical as Skyrme, But...

Liyaon = {f(r)ka — h(r)&nkT@rk — (m%( + V(r))ka 4+ .. }

L (inst) 2
Flr) =1 4 KK / 0z k(z) /3| FEm9?)

Tr

L2 2 ins ins
(r) = 1+ “5 [ dz ()2 (S1FE0?) - [FE?))

3 c.f.) Skyrme




Foz Reduces h(r)

Skyrme vs SS: U'0,U « F{rs"

inst
[A() ”

1
A

—J should be small, but large




Still Slightly Bound

A, 2, 2*: unclear o
What potential? - Skyrme
Vector mesons matter ist non-repulsive

A(1405): weakly bound?

V() 12} Skyrme

141 osl

2b \V(r)+mk2 ol

ol (V(r)+mk2)/h(r) i AVmesanme
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Toward Holographic Bound-State
Approach to Strangeness

Kaon only: E~490 MeV
r-depend kaon mass
Vector mesons may important

Ao could be too large: GOOD or BAD

Not Strongly Bound A(1405)
Is A(1405) a N-K weak bound-state?



