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Elliptically fibered Calabi-Yau fourfold 𝑿𝟒 + G-flux 𝑮𝟒  



FLUXES & THEIR EFFECTIVE 4D PHYSICS 

• Fluxes 𝐺4 are naturally constructed on resolved fourfold 𝑋 4. 

• Fluxes of the form 𝐺4 = 𝑚𝐼𝐽𝜔𝐼 ∧ 𝜔𝐽 (for 𝜔𝐼 (1,1)-forms on 𝑋 4) 
determine 4D chirality 𝜒 𝑹  in dual 3D M-theory compactification. 

Chirality generating fluxes 

• Analytic calculation of flux-induced warp-factor in local models. 

• Warping induces essential corrections to 4D effective couplings. 

Backreaction of fluxes: warping in F-theory 
Grimm,DK,Poretschkin ’12 
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• Derivation of  4D chirality 𝜒 𝑹  on Coulomb branch of 3D N=2 effective theory : 

 
 

 

 

Comparison of two dual 3D effective actions: 

1) M-theory side: Chern-Simons terms 𝜽𝑰𝑱𝑨
𝑰 ∧ 𝑭𝑱 are classical 

 
 

2) F-theory side: CS-terms classically absent, from integrating out massive matter R 

 

 

 Matching of CS-terms at 1-loop 

CHIRALITY FROM 3D 

 

 
 

  Θ𝐼𝐽
𝑓𝑙𝑢𝑥

=  𝐺4 ∧ 𝜔𝐼 ∧ 𝜔𝐽
𝑋 𝟒

, 𝜔𝐼 ∈ 𝐻1,1(𝑋 4) 

 

 
 

 Θ𝐼𝐽
𝑙𝑜𝑜𝑝

∼ 𝜒 𝑹     4D chiral index 

= 

 

 
 

 Θ𝐼𝐽
𝑓𝑙𝑢𝑥

≡ Θ𝐼𝐽
𝑙𝑜𝑜𝑝

:   𝜒 𝑹 = 𝐶𝑹
𝐼𝐽
 𝐺4 ∧ 𝜔𝐼 ∧ 𝜔𝐽
𝑋 4
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F-theory on 𝑿𝟒 × 𝑺𝟏 =  3D M-theory on 𝑿 𝟒 

𝑁 = 2 gauge theory  on Coulomb branch 
    Massive matter       No matter 

4D F-theory on 𝑿𝟒 

𝑁 = 1 gauge theory 

    Chiral matter in rep 𝑹  



CS-TERMS & ANOMALIES 

• Algorithmic computation of chiralities 𝜒(𝑅) from CS-terms in toric examples. 
 

1) flux integrals Θ𝐼𝐽
𝑓𝑙𝑢𝑥

                                   exceptional divisors on 𝑋 4 

2) loop-formula Θ𝐼𝐽
𝑙𝑜𝑜𝑝

                                    effective curves on 𝑋 4 

 

• Relations between different 3D CS-terms required by 4D anomaly cancellation 

 4D Green-Schwarz mechanism in F-theory:  

• CS-terms encoding 4D chiralities 𝜒 𝑅 . 
 

 

• CS-terms encoding gaugings of 4D axions. 

• Interpretation of these relations in 3D? 
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• Construct a local model of 𝑋4 for a stack of k 7-branes as follows 

 

 

 

 

 

 

 

 

 

• Metric on periodic Taub-NUT specified by harmonic functions on ℝ2 × 𝑆1 

 

LOCAL GEOMETRY OF 7-BRANES 

𝑆1 

𝑡 

𝑧 

𝑥 

periodic 𝑥1 𝑥2 

𝑥𝐽:  TN-centers/ 

D6-positions 

Ooguri,Vafa ‘96 

                                                                 

                                                                

 

k 7-brane stack  

on divisor 𝑆 

k 6-brane stack  

on divisor 𝑆 
Periodic multi-center 

Taub-NUT over S 

 

T-duality 

      
M- theory 

ℝ3 

 𝑉𝐼 = log 𝑧 −  𝐾0 2𝜋 𝑧 𝑛

𝑛>0

cos (2𝜋𝑛 𝑥 − 𝑥𝐼 ) 

𝑆𝑡
1 𝑆𝑥

1 



• Explicit solution of warp-factor eq. 

 

 

 

 

 

• M-theory reduction on this warped geometry to 3D/4D:  

• flux 𝛼′- corrections to D7-brane gauge coupling in F-theory 

• Warp-factor dependence on auxiliary torus direction 𝑥 is essential. 

• Extension to other 4D couplings + inclusion of more sources to warp-factor eq? 

 

 

 

 

THE WARP-FACTOR ON TAUB-NUT 

Δ𝑋4𝑒
3𝐴/2 =∗𝑋4 (𝐺4 ∧ 𝐺4) 

Warp-factor on periodic Taub-NUT analytically determined 
 
  𝑒3𝐴/2 = 1 −

𝑛𝐼

𝑣𝑜𝑙 𝑆

𝑉𝐼
2

𝑉
− 𝑉𝐼  

𝑛𝐼 brane-flux   

number on S 

Becker,Becker ‘96 
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