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4d ℂℙ1NLSM

Quadratic fluctuations:
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∂μω∂μω

(1 + |ω |2 )2

ω = ω0 + gδω ω0 = ( λ
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Rotational symmetry HξM(u) = κ2ξM(u)

H = A†A A =
d
du

−
1
u
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2n

u(u2n + 1)

M ∈ ℤ , u = |z | /λ

Spectrum

κ2 ≥ 0



Zero Modes δω = zM
  Normalizable


 Non-Normalizable

M = − 2,.., − 2n

M = − 1
• κ = 0

• κ2 > 0 ξM(u) ≃ An,M(κ)(J|M|(κu) + tan(δn,M(κ))Y|M|(κu))u ≫ 1

Phase shifts
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ωn(z) ≃
λ
z

+ O(z−2)  frozen in infinite volumeλ
[Intrilligator, Seiberg ’13]



Ground state energy

E1(L) =
L
g2 (4π + δT1) + δE1(L)

Charge  string of length n = 1 L

Classical action
String tension correction

Finite size corrections

δT1 =
g2

λ2
α

δE1(L) = −
π

3L [1 + J(L/λ)]
L2δT1
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J(x) ∼
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log(x)
, x ≫ 1

ω0 =
λ
z



String width
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Final Remarks

UV completions:

•  Adjoint QCD with  Weyl fermionsSU(Nc) Nf = 2
SU(2) × ℤ4Nc

ℤ2
→ U(1) ⋊ ℤ2

[Córdova, Dumitrescu ’24]

Large :   for  stringsNc g−1 ∼ NcΛQCD → T ∼ 1/g2 ∼ N2
c Λ2

QCD ℂℙ1

•  QCD with  Weyl fermions in vector irrep.  Same SSB patternSpin(Nc) Nf = 2

Large :   for  stringsNc g−2
SO ∼ NcΛ2

QCD → T ∼ NcΛ2
QCD ℂℙ1

[Witten ’83]

Inconsistent with expected scaling  T ∼ Λ2
QCD

Consistent with expected scaling  T ∼ NcΛ2
QCD



Thank you !


