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parity, flavor symmetries. . .

Global or gauged?
QG: Any exact symmetry must be gauged. Banks & Dixon ’88,
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Discrete symmetries from discrete isometries

Discrete gauge symmetries can arise from discrete isometries
after dimensional reduction e.g. M. Berasaluce-González et al. ’12.
Consider pure gravity on M4 × S1 and 5-d metric

gMN = φ−1/3
(

gµν + φAµAν φAµ
φAν φ

)

Fourier modes φn have KK momentum n→ charge n under
Aµ.
A vev for 〈φkp〉, k ∈ N breaks U(1) to Zp.
In 5d this means φ(y) = φ(y + 2π

k )→ discrete isometry.
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In the previous example, the discrete isometry can be
embedded in a continuous one.

What if this is not possible?

x−x
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Supercritical strings: How?

Chamseddine ’92

Critical dimension: Vanishing worldsheet central charge

0 = c = D− Dcrit.

+ 6α′∇µΦ∇µΦ

The price: closed string tachyons
Bosonic string: Usual tachyon.
Heterotic supercritical strings: A new set of tachyons in the
adjoint.
Type 0: A single tachyon from the ground state of NS-NS
sector.
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Tachyon condensation: The idea

Hellerman & Swanson, hep-th/0612051

Pick a light-like tachyon background

T (X) ∼ −µ2
k cos(kX2) exp(βkX+)

At early times T ≈ 0, at late times T → ∞ except at
X2 = 2πn.
It couples to the worldsheet as a potential,

∆L = − 1
2π

: T (X) :

At late times X2 acquires a very large effective mass in the
worldsheet and can be integrated out.

M. Montero Discrete gauge symmetries from supercritical strings



Introduction
Supercritical strings

Summary

Tachyon condensation: The idea
Dynamics
Quenched rotations

Tachyon condensation: Dynamics

As we increase X+. . .

X2

T (X2)

. . . the theory gets confined to the X2 = 0 slice!
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Discrete isometries from quenched rotations

We can embed discrete isometries into continuous ones and
then collapse through tachyon condensation.

Spacetime parity: Add X26 and let T ∼ (Z − Z̄)2eβX+
where

Z = X26 + iX25 = eiθ.

T ∼ (1 + e2iθ + e−2iθ)eβX+
, → Higgsing!

SO(32) Heterotic: Z2 symmetry in which massive spinors
are odd, fields in the adjoint even.
Add two extra dimensions, enhancing the gauge group to
SO(32 + 2)gauge × SO(2)rot..
There is a tachyon T a in the bifundamental, which breaks
the gauge group to SO(32)× SO(2)diag. → SO(32). The
tachyon has charge antidiag charge +2, and the spinors
have charge ±1, so a discrete remnant of the gauge group
is preserved.
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Large discrete isometries can be embedded in continuous
ones via supercritical strings.
The original theory is recovered through tachyon
condensation.
‘Quenched rotations’ can be used to understand several
symmetries, such as spacetime parity or a Z2 in the SO(32)
heterotic.
Don’t miss Ander’s talk!: Discrete Gauge Symmetries,
Tachyon Condensation, and Topology of Extra Dimensions.
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Thank you very much!
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