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IR

S =
∫

dτ dσ Tr
[ 1

4π
(Dαxi)2 − (gYMR)2

16π2 [xi, xj ]2 + 1
4(gYMR)2 F 2

αβ

]
, σ ∼ σ + 2π

Low energy, gYMR → ∞: [xi, xj ] = 0

one string
wound 3 times

one string
wound 4 times

0 σ 2π

T-duality: winding K → p+ = K/R−

total p+ = N/R−: DLCQ IIA

Eigenvalues xI(σ) ∈ R8, up to SN :
M = (R8)N /SN

Around the circle:
xI(σ + 2π) = xg(I)(σ)

Each cycle of g = one long string.

IR: free strings on M.

Interactions?
DVV ’97
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RG flow

gY
M

R
→

∞

UV
2D N = (8, 8) SYM
on a circle

IR
free orbifold CFT
(R8)N /SN

N = (8, 8) and SO(8)
at both ends

Near the IR fixed point, add irrelevant operators:

L = Lorb +
∑

a

λa Oa

N = (8, 8) and SO(8) fix the leading one:

λ

gYM

∫
d2z Σ, Σ =

∑
I<J

G− 1
2
G̃− 1

2

(
σS σ̃S̃

)
(IJ)

Gȧ = θaγi
aȧ∂xi acts on Sȧ (one ȧ), σ: xI ↔ xJ

They fix Σ, but not its Wilson coefficient λ.
What is λ ?

DVV ’97
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IR amplitude

Σ Σ N2

N1

r

z1 → z2: the 1/t pole

Second-order conformal perturbation theory in Σ:

A = − π3λ2

4g2
YMR2 KNS

Γ(− s
4) Γ(− t

4) Γ(−u
4 )

Γ(1 + s
4) Γ(1 + t

4) Γ(1 + u
4 )

10D Lorentz invariance from a 2D orbifold, up to λ2.

t → 0 (large r): A → − π3λ2

g2
YMR2

s2

t
=⇒ L ⊃ λ2

16π2
R N1N2

g2
YM

v4

r6

Arutyunov–Frolov ’97; Arutyunov–Frolov–Polishchuk ’98
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Fixing λ

two clusters at large r, zero relative flux: Leff = Lfree + f(r) v4 + . . .

UV: Coulomb branch

Xi =
(

xi
1 1N1 W i

W i† xi
2 1N2

)

f = 2πR N1N2

g2
YM r6

IR

f = λ2

16π2
R N1N2

g2
YM r6

?
generically nothint: D1 probe in the D1 background

We prove non-renormalization in the UV: f is one-loop exact.

λ2 = 32π3

Douglas–Kabat–Pouliot–Shenker ’96; BFSS ’96; Maldacena ’97; Paban–Sethi–Stern ’98 (matrix QM)
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Summary

2D N = (8, 8) SYM → free orbifold; leading irrelevant operator λ

gYM

∫
d2z Σ

Non-renormalization in the UV fixes its Wilson coefficient: λ2 = 32π3

Consistent with matrix string theory: a first-principles check of gA = 1/(
√

2π gYMR)

Questions

Higher irrelevant operators: all zero but DVV? (Dijkgraaf–Motl ’03)
Fixed by protected v6 or multi-body terms?

Electric-flux sectors: states with D0-brane charge? (Koloğlu ’16; Cho–Gabai–Scheinpflug–Yin ’26)

M-momentum transfer: processes beyond perturbative strings? (Keski-Vakkuri–Kraus ’98)
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