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Fundamental (“classical”) string theory

Nambu-Goto action — String Theory

Perpendicular plane

(brane)

Infinitely thin string, fully defined by its coordinates

Quantization possible in 10 dimensions
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2003: Hanany, Tong
Auzzi, Yung, et al.

CP(N-1) “1'=2 sigma model
Yung + M.S.
4D bulk, /=2 Yang-Mills

with N flavors & N colors
+ FI

Non-Abelian internal d.o.f




Non-Abelian vortex strings are supported in 4D Yang-Mills theories
with matter with N=2,1, and O supersymmetry.

In QCD they are supported at hight density (chemical potential);

In condensed matter physics

B phase HB3 = SO(3)s4irL.

Low energy dynamics of U(1) vortices in systems with
cholesteric vacuum structure

ALe = —negijkXi0 Xk
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% Kinks are confined in 4D (attached to strings).
% % Kinks are confined in 2D:

%only kink-antikink in the spectrum
if SUSY is unbroken (explained by Witten)

4D « 2D correspondence

Kink = Confined Monopole
Why?
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Ten-dimensional critical string as a soliton in four-
dimensional super-Yang-Mills theory

With A. YUNG

4D bulk, N=2 Yang-Mills

with N¢ flavors and N colors;

U(N) gauge group

For long time

8 supercharges; N¢=N

supports 1/2 BPS —==| = AF CP(N-1)
“non-Abelian” vortices

UV incomplete
H.D.

If Ne= 2N, then
bulk theory CONFORMAL (mod &)
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World-sheet theory WCP(2,2): Verification:

Virasoro central charge (including ghosts) = O
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i& ghost
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1672 /g%, ¢*>>1

8 = 0 in the self dual point;
Target space develops conical singularity!



Massless 4D baryon as a deformation of the
conifold complex structure (Supergravity approx.)

Strong coupling: B> O (selfdual point, g =4m)
0G5 = ¢a(x) 0g:5(y)

4D 6D

Must be normalizable

deformations of complex structure lead to one 4D massless scalar hyper



There are two 4D moadular paramerters In the case ar
hand:

(a) complex structure (determined by H{2,1});

(b) Kahler form (determined by H{l,1}).

(a) deformed conifold , H{2,1} (Hodge numbers) implies 1
normalizable mode
(b) Resolved manifold, Hil,1}, (Hodge numbers) non-

normalizable modes in 6D &

One massless scalar hypermultiplet of string states in

4D at strong coupling (g2 — 4m)



e U(1)s in the bulk is unconventional
Take U(l) from U(Z)gauge;
® Define U()Aavor as a U(1) rotation of fl
and f2 in one direction & f3 and f4 in
opposite;

O U(l)gauge X U(l)ﬂavor - U(l)diag = U(l)B

5

Unbroken by <fl>, <f2>

On the world sheet

Deformed conifold par.
n 0 /
U(1)g -1/2 172 w~nxp; wW2~b; Qg(b)= 2

U()s 12 1/2
L}(l)diaa 0, 1




Massive excitations

@® Unlike M=0 case, supergravity approximation cannot be used

® Non-critical ¢ = 1 string (with Liowville, e.g.
Kutasov et al.)
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Spin-2 states
(M%)3, = 8nT (12 : i)
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Figure 1: Spectrum of spin-0 and spin-2 states as a function of the baryonic
charge. Closed and open circles denote spin-0 and spin-2 states, respectively.
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Figure 2: Examples of the monopole “necklace” baryons: a) Massless b-baryon
with Qp = 2; b) Spin-2 baryon with Qg = 4. Open circles denote monopoles.



Conclusion:

10D critical string IS reincarnation of a BPS soliton
in 4D N=2 super-Yang-Mills with U(2) gauge and
four quark flavors!

Reverse Holography!




