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Realistic Holographic QCD ?

Real QCD: chiral symmetry + quark mass



Chiral Symmetry or/and Quark Mass

2 manners of doing holographic QCDs:

Chiral sym. | Quark mass

B:‘EB% otc. unclear easy

D4-D8/D8
(Sakai-Sugimoto)

clear technical

A route to realistic QCD: SS model + mass

Introducing quark masses by
- worldsheet instantons (D6 used) « | use this.
- tachyon condensation



Flavor Symmetry: Good or Bad

In considering three-flavor (solitonic) baryons...

- If SU(3)tis good: 0 < my, g >~ m
Baryons as the states of SU(3) flavor rotation

- If SUB)tis bad: 0 < m,, g < m
Hyperon = SU(2) baryon + Kaon: bound-state

Skyrme

Sakai-Sugimoto

SU(3) rotation

80s

arXiv:0910.1179

Bound-state

Callan-Klebanov
'85

arXiv:1009.0986
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Sakai-Sugimoto Model

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

247'('2 M-

[u=0,1,2,3]

Confined phase of QCD in just 1 line

- Curved space: h(z) = (1422713, k(z) =1+ 22
- 2 parameters: x = 0.00746, Mxx = 948 [MeV] — 1

- Holographic dual of a large Nc massless QCD



Baryon is instanton-like soliton

1 N
_ 4 L 2 2 c
S = /{/d xdz Tr [2h(z)FW + k(z)FMZ] + 212 Jy,. Ws
: : N
" Soliton solution (Nf=2 [Hata-Sakai-Sugimoto-Yamato]) )
. . 1 1 Jo,
AlnSt — _ aa —1 AlnSt — 1 — 1
o Zf(&)g g » Ao 16m2a\ £2 [ (,02 + 62)2] 2)

— A

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

- D4baryon on D8f|avor: Instanton

- Instanton zeromode = collective coord. of baryon

- Instanton action ~ baryon mass: S, ~ / dt Mparyon
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Baryon Mass Shift by Quark Mass

4 : : :
Mass term given by Wilson line
[Hashimoto-Hirayama-Lin-Yee, Aharony Kutasov]

S hass = c/d4x Pr [Mq (e_iffooo Azdz 13)} + c.c.
\_

J

Instanton action of mass term = baryon mass shift
SGt) = [ dt 6Miuryon

- Classical embedding to SU(3): 4. = (A%St 8)

- Instanton moduli gives baryon states

12 moduli = 4 pesttion + 1 size + 7 SU(3)/U(1) rotation
(P )npt U =GUNGT, G e SU(3)



Result

Leading order in meson-mass series
Cl 2

2 2
Mbaryon = Co + - (aomieo + axmics +azmis) + -

The coefficient C1 is obtained:

octet decuplet
C® =79[GeV ] C% =9.5[GeV ]
y v input: fr = 92.4 MeV
A A
N | P A- A a+ a+ | C.f.) 2-flavor case
- TR M [Hashimoto-Hirayama-Hong]
= A —0 13 ;*— :10 T mN — CO —|_ Clm72'(' —I_ T
0- Cl — 4.1 [GeV_l]




Mass Splittings from Strangeness

A Y A Y
A
N | P A AV AT OATT
) DY Vel VA DYDY
* ® * » 13 ® * . >[3
= A =0 = =*0
v $ $1
AY=1 or Al=1
8 AmA_N Amgo —N AmEO_A AmEO_A Amgo_zo
theory [MeV] 2.4 x 10> 4.8 x10% 24x10° 3.5x10* 1.2x 102
experiment [MeV] | 1.8 x 102 2.5 x 102 77 2.0 x 10* 1.2 x 10?
10 AmE*O_AO AmE*O_E*O AmQ—_E*O
theory [MeV] 1.8 x 10° 1.8 x 107 1.8 x 10°
experiment [MeV] | 1.5 x 102 1.5 x 102 1.4 x 102

iNnputs: m,= = 140 [MeV], mg+ = 494 [MeV], mgo = 498 [MeV]



Mass Splittings from u, d Quarks

Ay
N P A- AV AT OATT
)V DYLEED Jas )R DI ks
° &3 ° > /3 ° ® °
= A EO ok — E*O
< > 0~
!
Alz=1
8 AmN_P Amz— —>0 Amzo >+ Amg_ =0
theory [MeV] 2.1 5.1 5.1
experiment [MeV] 1.3 4.8 £ 0.1 3.3 £ 0.1 6.9 = 0.3
].O AmAbaryonS AmZ*—_Z*O AmE*O_Z*—i— AmE*—_E*O
theory [MeV] 3.1 3.1 3.1 3.1
experiment [MeV] (< 2) 3.5 £ 1.5 09 + 1.4 3.2 + 0.9

inputs: m,+ = 140 [MeV], my=+ = 494 [MeV], mgo = 498 [MeV]
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Review of Skyrme model case

Strategy: Hyperon = SU(2) Skyrmion + kaon
L~Tr(U19,U)° +Tr[U 10,U,U10,U)?

4 )
ansatz: U = U, U\ U,
eiF(r)i'T 0 0 K
T Y v
- J

Quadratic in K is a kaon in a potential V(r):
L~ /dr 2[Rk = ()oK Dk — (m3 + V()R]

K(x") =k(r,t)Y (Q2)



Eq. of motion = bound-state potential problem

- [ 0, (h(r)r,) — V(1) - m%] k= [f(r) B + 20 Ea] k

2
A, 2, 2* case A(1405) case
| B
T\ Vnemee
0.6
04t
0.2} (V(r)+mg2+...)/h(r)
0 1 2 3 4 5 6 7
A 2 2*  |N\(1405)

mass (theory) 1048 1122 1303 | 1281
mass (exp) 1115 1190 | 1385 | 1405

The approach works well.



Holographic bound-state approach

Turn on kaon d; in Sakai-Sugimoto model

4 . N
2-flavor baryon: A'"st, Kaon: a; a. ~ K (z*)¢'% (2)

Ainst 0 ALnst a,
= (o) - %)

\_ J

Quadratic part in K: S = Sinet + Skaon
Skaon = — / d'z [0,KTO"K + KITK

+i (KT, K — KT ,0"K)]

1

1 | R 1 :
/] = All’lSt T =_ Alnst 2
s w/dzk(z) wo w/dzkz(z)( i)



Is It Bound ?

Simply add canonical K mass: Siaon — /d4:13 m2 KTK

Similar to but different from the Skyrme model case

- T%ar (r20,) + V(1) + mi | kn(r) = | B2 + 200 By |k (1)

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

Nobe E ~ 490 MeV
o4 P 0s (Mmk ~ 495 MeV)

' ' : ' -1 ; ' : ' =1
0 1 2 3 4 5 0 1 2 3 4 5

Thanks to practically large Agst



Comment on Mass Term

Recall the mass term:
P c/d4x PTr [Mq (e_iffooo Azdz _ 13)} + c.c.

Study kaon mass in baryon background

Y ALnSt Q.
P exp [—z/_ooAzdz], A, = ( ai O)

4 a, a, )
Insert two a; to ¥ )
- ' > Z
the path-ordering 2 2

. J




Distance-depend Kaon Mass

Skaon mass — ‘/d45[j Mlef(T)KT (xu)K(xﬂ)

dZ / dZ cos(/ 21,292
/ 2 1 Zl 2) ( ( ))
.

r = distance from the baryon

/ dz A;nSt — I(a,b)x T;

V(r)
1.4f

12} Contribution is

1.0F
08) minor in this case.
04l
02F

t : : ’ =T
0 1 2 3 4 5




Summary

Baryons from SU(3) collective coordinates
- Mass splittings of baryons calculated
- Qualitatively good

Bound-state approach to strangeness
- Weakly Bound A(1405)
(Is A(1405) a N-K weak bound-state?)

- Can these two methods be interpolated?
- Three-flavors in other holographic QCD models?
- Meson-baryon system is challenging.



