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Structureless string
Nambu-Goto action → String Theory
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Infinitely thin string, fully defined by its coordinates

Quantization possible in 26 (10) dimensions (Or else, Liouville field)


SUSY

Problem of quantization is the UV problem. Critical string = world sheet conformal 



Concept: start from 4D Yang-Mills theory (8 supercharges) 
which support non-trivial vortex string with 4 supercharges. 


Study moduli on world sheet (other than translational)


There should be 6 extra moduli  (6+4=10)


Determine sigma model on the world sheet, its target space


Try to find a UV completion of the above sigma model making it 
conformal in the UV


Mission completed?




CP(N-1) N=2 sigma model

classically gapless excitations

2003: Hanany, Tong

Auzzi, Yung, et al.

Yung + M.S.
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4D bulk, N  =2 Yang-Mills

with N flavors & N colors

                        + FI


Vortex strings from flesh and blood



In 4D bulk we have only two discrete free parameters: Nf and  N 

WE WANT CONFORMAL THEORY ON THE STRING. How? 


                   Nf =2×Nc,    Nc =2   


 

In this case the vortex string is semilocal; 
rotational moduli n are supplemented by scale 
moduli ρ           WCP(N,N)
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Verification:


Virasoro central charge (including ghosts) = 0
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Figure 2: 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.

We see that all spin-2 states are massive. This confirms the result in [14]
that no massless 4D graviton appears in our theory. It also matches the fact
that our “boundary” theory, 4D N = 2 QCD, is defined in flat space without
gravity.

The momentum m in the compact Y direction of the vertex operator
(5.13) is related to the baryon charge of a string state [15],

QB = 4m. (5.19)

All states reviewed above are baryons. Their masses as a function of the
baryon charge are shown in Fig. 2.

String states shown in (5.17) and (5.18) are particular representatives
of N = 2 supermultiplets in 4D. Other components can be restored by 4D
supersymmetry. This was done in [16] for low-lying states. The massless
baryon in (5.17) with m = ±1/2 is a hypermultiplet, while the first excited
state with m = ±3/2 is a long N = 2 massive vector supermultiplet. The
lowest state with m = ±1 in (5.18) contains massive spin-2 and vector N =
2 multiplets.

Now we can check that the condition (iii)relaxed in Sec. 2 is fulfilled. We
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Spectra of closed string states

(no massles gravitons, β = βcrit) 




 If N=2, we have two n’s and two ρ’s ➜


8 r.dof - one g.c. - one constrains = 6 real dof


+ 4 translational = 10 dof

   Type IIA

The global symmetry of the bulk & world-sheet models is


                             SU(2)× SU(2)×U(1)

✷ FULL TARGET SPACE = R4 × WCP(N,N)

Noncompact Calabi-Yau




WE WANT NON-CONFORMAL THEORY in IR flowing 

to the previous conformal in UV

Nf =3,    N =2, N =1 ~

in (3.8). This ensures that the associated coupling does not run at scales
above mG.

To preserve N = (2, 2) supersymmetry and the U(1) gauge invariance
while making ⇢H heavy we exploit a procedure similar to that of introducing
a twisted mass for this field [30]. Namely, we gauge the global U(1) symme-
try associated with ⇢H . To this end we introduce an extra gauge multiplet
with bosonic components given by gauge field B↵ and a complex scalar �B

assuming that ⇢H has electric charge +1 with respect to the second gauge
field. Also, in order to avoid a second D-flatness condition in the UV we
take the second gauge coupling e

2
B

finite rather than tending it to infinity
(while e

2 ! 1 in (3.8)). Moreover, to get rid of free field �B in the UV we
introduce a twisted superpotential W tree(�B) which makes the second gauge
multiplet heavy.

Then, the bosonic action takes the following form
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where P = 1, ..., N and K = 1, ..., eN , while

rH

↵
= @↵ � i(N � eN)A↵ , r̃H

↵
= @↵ + i(N � eN)A↵, (4.2)

B↵� is the field strength of the gauge field B↵ and W tree
�B

is the derivative
of the superpotential with respect to �B. We specify the exact form of the
superpotential W tree(�B) later.

The subscript H means “heavy”. The new field ⇢H has an interpretation
of a transverse size of the string core. This field enters in the action (4.1)
on the same footing as the “tail sizes” ⇢

K , namely, all ⇢ fields have negative
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P=1,2;  K=1;             σ=Λ 



Conclusions:


10D string made of “flesh and blood” is a BPS soliton 
in 4D N=2 super-Yang-Mills with U(2) gauge and 
three quark flavors.


It’s UV completion (conformal!) has one extra ρfield 
which is made heavy by design. It describes 
fluctuations of the string core size.


                QCD 10D string from 4D QFT? 


                         




Why this is good?

10D string reincarnation of a BPS soliton

in 4D N=2 super-Yang-Mills with U(2)gauge and 

four quark flavors is great because:


✷ Soliton’s interpretation and its moduli are 

absolutely transparent 


                


✷ Reverse holography 4 ➜ 10 transparent ✷

10D string theory from 4D QFT

✷Details & assumptions in strings⇔ details & 

assumptions in QFT 


