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Ruben Küspert (MPIK) Obtaining small Kinetic Mixing String Phenomenology 2022 1 / 12



Motivation - What is Kinetic Mixing?

∙ Standard story: non-diagonal kinetic term for multiple
𝑈 (1) gauge bosons [Okun, 1982, Holdom, 1986]
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Constraints on Kinetic Mixing
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[O’Hare, 2020]
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Kinetic Mixing in String Theory

∙ Stringy analog of is an open string running in a loop

∙ Famously dual to closed string, exchanged between the D-branes

∙ Direct computation of in relevant scenarios is very tricky
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[Dienes,March-Russell,1996]

[Abel and Schofield, 2004]



Extracting Kinetic Mixing from EFT
∙ Restrict to 10D EFT and compute closed string exchange diagrams of
mediating fields

⇒

∙ KM term becomes apparent only from 4D perspective

∙ Compactify & integrate out KK modes of mediating fields

⇒

∙

generically: 𝜒𝑎𝑏 ∼ 𝑔𝑎𝑔𝑏
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[Abel et al., 2008]

[Goodsell et al., 2009]
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Bounds on Kinetic Mixing

∙ Need 𝜒 ∼ 10
−16

− 10
−5, depending on hidden photon mass

∙ Easy way out: Arrange for small hidden gauge coupling 𝑔𝑏

∙ Problematic because weak gravity conjecture (WGC) implies:

Λ ≲ 𝑔𝑀Pl , for some Λ [Arkani-Hamed, Motl, Nicolis,Vafa,2006]
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Ruben Küspert (MPIK) Obtaining small Kinetic Mixing String Phenomenology 2022 6 / 12

Problematic because weak gravity conjecture (WGC) implies:

Λ ≲ 𝑔𝑀Pl , for some Λ [Arkani-Hamed, Motl, Nicolis,Vafa,2006]



Bounds on Kinetic Mixing - II

∙ The cutoff for the 4D theory is given by Λ = 𝑀KK ∼ 1/𝑅 and
𝑔
−2

𝑏
∼ vol(Σ𝑝−3) ∼ 𝑅

𝑝−3
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[Benakli et al., 2020, Obied and Parikh, 2021]

[Hannestad and Raffelt, 2003, Sirunyan et al., 2018]



Bounds on Kinetic Mixing - III
∙ In LVS, the mass of volume modulus is bounded to evade fifth forces
constraints [Kapner et al., 2007]

𝑚 ∼

𝑔
2

s𝑊0

3/2
𝑀Pl ≳ 10

−30
𝑀Pl
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Minimal Setup

∙ Remember: need charged states in each sector to observe KM

∙ Charged states ⇔ strings stretched between two different branes

∙ ↷ use two separated brane stacks ⇒ get charged states

∙ ↷ separate branes in each stack to break e.g. 𝑈 (2) → 𝑈 (1) × 𝑈 (1)

∙ ⇒ extra suppression due to symmetry breaking ↷ 𝜒𝑎𝑏

𝑔𝑎𝑔𝑏

∼
(

ΛSB
𝑀s )

2
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String Sequestering

∙ Idea: separate brane stacks as far as possible
↷ sectors should only weakly interact

∙ Get exponential suppression using fibred geometry

∙ For 𝑙𝐹 < 𝑙𝐵 , one can e.g. compactify 10D → 6D → 4D

∙ In 6D we have KK states with 𝑚 ∼ 1/𝑙𝐹

∙ Heavy KK modes propagate over long distance in the base

⇒ 𝜒 ∼ exp
(
−
𝑙𝐵

𝑙𝐹 )
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Setups and Caveats

∙ focus on D3/D7 stacks: D3s ↷ symmetry breaking via separation
D7s ↷ symmetry breaking via gauge flux
[Beasley, Heckman, Vafa, 2008] [Donagi, Wijnholt, 2008]

[Blumenhagen, Grimm, Weigand, 2008]

[Blumenhagen, Conlon, Krippendorf, Moster, Quevedo, 2009]

[Goodsell, Jaeckel, Redondo, Ringwald, 2009]

∙ Mediation due to 𝐵2 & 𝐶2 (D3 / D7) and 𝐶4 (D7)

∙ O3/O7 orientifolding projects out only 𝐵2 & 𝐶2 zero mode
↷ mediation due to 𝐶4 not exponentially suppressed

∙ Mixing between D3 & D3 / D3 & D7 branes favoured

∙ Caveat:
lower dim. SUGRA contains vector or 2-form in graviton multiplet
↷ only powerlaw suppressed KM due to massless mediation
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Summary

∙ Small gauge couplings disfavored

∙ Phenomenologically interesting setups should involve brane stacks

∙ Sequestring provides other ways to generate small KM

∙ Exponential suppression requires SUSY breaking
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Thank you!



Extracting Kinetic Mixing from EFT - Example

Take two D3-branes filling 4D spacetime ↷ points in 6D internal dim.
Mediating fields follow from action:

𝑆
(i)
DBI = − 𝑇3 ∫

1,3

d4𝑥𝑒−Φ
√

− det𝐺
[
1 +

1

4
(
𝐹
(i)
𝜇𝜈 𝐹

𝜇𝜈

(i) + 2𝐹
(i)
𝜇𝜈 𝐵

𝜇𝜈
+ 𝐵𝜇𝜈𝐵

𝜇𝜈

)]

𝑆
(i)
CS = 𝜇3 ∫

1,3

𝐶4 + (
𝐹
(i)
2

+ 𝐵2)
∧ 𝐶2
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2
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To lowest order there are two exchange diagrams:
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