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Motivation: Distance Conjecture
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Decoupling mechanisms in field theory

There are two main schemes to decouple two field subsectors A and B:

- Mass decoupling

One generates a hierarchy of masses m, > mg, and sets m, as a cut-off.
The fields in A can be replaced by their vevs, which appear as parameters for
the EFT(B). The larger the hierarchy m,/my, the better the approximation.

- Interaction decoupling

One suppresses all kind of mixing terms and interactions between A and B
(kinetic mixing, mass mixing, Yukawas...), so that the equations of motion of
the fields in A can be solved ignoring the fields in B. One then replaces them
by their vevs and these again appear as parameters in EFT(B).
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Gravity decoupling in string theory

A standard mechanism to decouple gravity in string theory is to exploit the
localisation properties associated to gauge d.o.f., as opposed to gravity
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Fbeani-Famed, Dimopolons, Dualc 98
F-theory Donagi & Wejnholt OF

Beasley, Fecbman, Vaja OF

Extensively used for particle
physics model-building

necently neviewed in 7. M., Sthin, Weigand 24



Gravity decoupling in string theory

Geometric engineering: exploits localisation properties of Calabi-Yau manifolds to
decouple rigid theories from gravity. Rats, lewen, Vafa 96

Type Il on a CY: implemented via infinite-distance vector multiplet limits.
One recovers different classes of 4d N=2 rigid theories:
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re Seiberg-Witten (dim. red.)
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A tower theories 5d SCFTs
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Lee, Lenctre, Weigand 19 Bastian, Grimm, van de Heisteeg 2l
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(dim. red.) Little String
6d SCFTs Theories
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Combining two frameworks

Type Il on a CY: implemented via infinite-distance vector multiplet limits.
One recovers different classes of 4d N=2 rigid theories:

(Special Kahler geometry\
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Good notion of supergravity

\ vs. rigid couplings J

dee ¢.g. Stomingen 90 Audnianopole et al 96
Freed 97  Bills et al 98 Guuwana et al I3

(Asymptotic Hodge theory\
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Tailored to describe axionic
shift symmetries

\ Extends to 4d N=1 J

Corudlacn, Grimm, Li, Paltc, Valensuela 1§
Bacstian, Grimm, van de Heisteeg ZI
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LESSON #1

GRAVITY IS NOT ALONE



—xtremal objects in asymptotic limits

Ju
Two kinds of BPS objects interms of y = Q/T: €—____ w0

+ BPS and extremal: y ~ O(1) — gravitational mutual coupling

+ BPS and non-extremal y — oo — rigid mutual coupling

Axionic strings = metric
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—xtremal objects in asymptotic limits

Two kinds of BPS objects in terms of y = Q/T:

+ BPS and extremal: y ~ O(1) — gravitational mutual coupling

+ BPS and non-extremal y — oo — rigid mutual coupling

Mp 4
speoies At infinite-distance limits:
X:: - Leading direction — axionic BPS extr. string
see EFT strings: Lawga, Z. 7. Marntucec, Valewsuela ' 20-21
e i - SDC tower(s) = extremal BPS particles

> Gendler & Valensuela 20  Bastian, Grimm, van de Heisteey 20

The graviphoton couples to more than one vector multiplet



The EFT structure of gravity decoupling

Two kinds of BPS objects in terms of y = Q/T:

+ BPS and extremal: y ~ O(1) — gravitational mutual coupling

+ BPS and non-extremal y — oo — rigid mutual coupling

To achieve gravity decoupling one must decouple a rigid VM sector from
the whole set of gravitational U(1)’s, not only the graviphoton.

(Extremal )
Rigid

VM's — non-decoupled

Rigid

\ decoupled)

Sectors: Gravitational Extended RFT  Core RFT

Non-effective Shrinkable

10d picture (type lIA, LV): Nef divisor+pt. growing divisors divisor



LESSON #2

THERE IS A FAVOURITE K



The Kahler form and gravity decoupling
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Q3
[To (weakly) couple gravity to an RFT, one needs]

an exact Kihler form in field space

Qs Q,

Romargodele & Sedberg 10
Adame et al, 1l

d(P,Q3) - ©

exact K taken from Paltc 19



The Kahler form and gravity decoupling

04 Q1

To (weakly) couple gravity to an RFT, one needs
an exact Kihler form in field space

Q> Q
Romargodele & Sedberg 10 2 ’
Adams et al, Il 400 -0
% \ /' Q
3
How do we see this in asymptotic limits?
' exact K taken from Paltc 19
Period vector in the Nilpotent Orbit Theorem Sctmid 75
( ) Kéahler transformation:
II = eTJPJ' a -+ 2 arlmrNezﬂiroJ Pj nilpotent Qoe'Q K-> K+F+F
\ ’j ) only compatible if F const.

Q = I1s, o, basis of integer 3-forms — VK fixed!



K and axionic shift symmetries

/P, 2nir T/ | _
Kpol _ lOg (aloland) — [I=e"" aO + 2 arl...rN e - 1—Ipol + Hexp

g

only depends on # = Im7’ Nap = JGA A op

There is a number of axionic shift symmetries associated to K, ,

broken by I,
— extremal and rigid BPS axionic strings (If 0. i0;K .0 is degenerate, further rigid axionic strings

may arise or not, depending on essential instantons)

Their mass of these strings is computed as & /M2 0 K — VK fixed
Langa et al. '20-21



K and the Distance Conjecture

_ TP 2nir T/ | _
[I=e"" aO+Zar1...rNe / _Hpol+Hexp
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Another consequence is that the lightest extremal particle has a mass of the form
_ K2 N
ms — € [ MP a: € [R>O =i VKflxed

up to exponential corrections.

M A
This is nothing but the SDC i
scale, and also coincides with
the RFT reference scale myo gy
ASp
Castellans, 7. Webott: see
Paoloni, Wiesnor '23-26 Perr .




LESSON #3

KINETIC MIXING AS CHARGE VECTORS




Charge-to-mass vectors

242
No-force condition O,Mp ’ my, My
) =y2=1+2g%3.log | — ) 9.log | —
between BPS particles m2 4 T80 o8 Mp) o8 Mp

o \

Ceresole, D Hunia, Femarna 95 Paltc 17 Charge rep. Gravity att. Moduli exch. att. = Fiop = Fyy

charge-to-mass vectors — tool to : m

analyse asymptotic limits q J M,

Lee, Lencte, Weigand 19 Calderon- Tujante, Thanga, Valewsuela 20  Etheredge et al. '22-24



Charge-to-mass vectors

242
No-force condition O,Mp ’ my, My
. =y, =14+2g"0.1 — ] 0.1 —
between BPS particles m2 4 §70I08 Mp) o8 Mp

o \

Ceresole, D Hunia, Femarna 95 Paltc 17 Charge rep. Gravity att. Moduli exch. att. = Fiop = Fyy

charge-to-mass vectors — tool to - . my,
s = —gY0.log —

analyse asymptotic limits q J My
- ||E || ~ O(1) for extremal BPS part.
r2=1+2)1,| ’

IIEQII > 1 for non-extremal BPS part.

For extremal particles like SDC towers also
¢, &, ~ O(1), satisfying precise rules Etheredge et ol '24

In the presence of axionic BPS strings one can EFT string case

also considergj = — Vlog(?fj/MP) Grices, Ruiy, Valensuela 5



Charge vectors and axionic shift symmetries

With the choice of 11, the charge . 1 _, _
vector for the SDC leading tower is (o = — 5 VK IC<]| = O(1)
For a BPS axionic string with E _ i
charge 7, = e'J ; we have ‘g,
A straightforward computation gives [E* . ge =1 j

In this setup, for the leading direction I /% ~ ASp — species scale 2. Welotri 22

e

- -

- - 1
s €,=1 = {pc- Csp = 5 pattern observed in  (Gastellane, Rucz, Valewsuela 25

In this context, the pattern is a consequence of the axionic shift symmetry



Charge vectors and rigid limits

Another useful application of this result is > o
the relation with extremal and rigid strings s Ge=1
Extremal string ||Ee|| = O(1) Rigid string ||§e|| > 1

This illustrates the

— VK expansion of the Kahler
potential in rigid fields.
0, Field directions that

- almost do not change K

Se
cosf, ~ 0
K=- M}% log <‘%ext - ‘%/rigid>
0 — g* ’ ée — (1 ) o)
cosl, = ———— = 0(1) = — Mplog F o + miF jgig + .-
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Charge vectors and kinetic mixing

_ extremal sector
Together with further bounds one

arrives at the following picture: — ‘ £
Coxt ext

I . extended
Si* &) _ | K| CerrT  RFT
Zunzun  K2K12
ST Ki“Kj; core RFT Y __ _

Kinetic mixing CeRFT CeRFT

- - _)e

2 . >
Cp:Cq AT O . SCRFT YeRFT > VeRFT
= cRFT

HENEN  CopQag

gauge kinetic mixing Orthogonal sectors in tangent moduli space
decouple from each other at the kinetic level




LESSON #4

FULL DECOUPLING AND
THE MODULI SPACE CURVATURE




Mixing at the level of interactions

Two conditions must be met for interaction decoupling:

- No significant kinetic mixing (‘ég

In our case involves plain kinetic mixing and gauge kinetic mixing.

- No mixing at the level of interactions

The interactions that mix different sectors must be suppressed compared to
the sector that one wants to decouple.

In our setup,” such interactions are Pauli couplings:

Jr Exception: 4d

2 1J ki 016 2K kI
“P“A -J ng nPI]kPJmn - |X | € gljg gan, jln N=4 rigid sectors

ikm

gauge kinetic term



The Moduli Space Curvature

Using Szeminger '90 One can write the curvature as a sum of Pauli couplings

R = —ny(ny + 1) + ||Pllg + IPllger, + I1PIzer, + 1P e

In general ||P 2~ (O(1) and one needs to require that || P||3r > ||P||?
Ext RFT; mixed
Either negligible or we
cannot integrate out

Geometric intuition:
2 . .
M / fields with M # u
MN _ rigid
RWW 5P MWP Nﬂﬂj M2 RWW +1IP ”mlxed
In all cases, this leads to a curvature divergence:
Ml% 2 R G/,tl/GpGGT}’] 9 .
Ry = WRrigid < Max Ve rigid — D1l R — o0 = RFT Ilimit
%k
Curvature Criterion



LESSON #5

DECOUPLING AT THE LEVEL OF
MONODROMIES




The Core RFT

Not all RFT sectors can achieve full decoupling. To source a curvature
divergence, a necessary condition must be satisfied by the monodromy group

— core RFT definition

M. 0 Block diagonal
k'P, _ Ext+RFT; / structure, involving

e | — . g
0 M electro-magnetic pairs
cRFT

Conseqguences:

- The decoupling also occurs at the level of the theta angles.

- All core RFT interactions with Planckian vevs are exponentially suppressed

- The core RFT hosts the largest y divergences.



LESSON #6

DECOUPLING AND
EFFECTIVE CYCLES




—ffective cycles and RFT towers

In all examples where the core RFT decouples, there is some
effective cycle in the local geometry that describes it.

At some scale A, there is some tower of states |
with unbound charges under the core RFT ZW. Melotti. Weeoner 24

— rigid UV completion scale

Examples: SW dyon tower, 5d SCFT tower,
LST tower, hyper + 6d KK bound states, ...



—ffective cycles and RFT towers

In all examples where the core RFT decouples, there is some
effective cycle in the local geometry that describes it.

At some scale A, there is some tower of states

with unbound charges under the core RFT P, Welotti, Weeoner 24
—> rigid UV completion scale 1 1
1 Mp 1 MP
. Awgc e
Examples: SW dyon tower, 5d SCFT tower, T AZiixg=mmon
LST tower, hyper + 6d KK bound states, ... T Ae=m T Ap=m
SW case 1 am, T mw
full decoupling <= dyon SW tower 1 Ay,
—1 Asw

decouples from species scale
D) 1))

Rigid UV scale << gravity UV scale



Quotients of scales

Cls this a general lesson? Yes and No ) @

A A
R — 00 &= Ayl — 077
T- Mp T Mp
Exception: emergent string limits 4 Ay 1 oA
whose core RFT is the dimensional -1 Zfzc/\g = Myon
reduction of an LST. In this case, the T Ap=m T A ="
standard field theory mechanism of
decoupling do not need to be at play. i
—+ My = 47rAg v
Using quotients of scales to measure 1 :\nw
gravity decoupling is only partially " Ay,

successful. The only general criterion
seems to be the curvature divergence. D) 1)



Conclusions

e Swampland criteria have proven to be particularly powerful in asymptotic regions of
field space. Here we have focused on gravity-decoupling rigid limits. These must be
understood as a decoupling at the level of interactions.

* An important ingredient for such a decoupling is the lack of kinetic mixing.
We have encoded this information at the level of charge vectors for particles and
strings, which have a very different behaviour when their charge to mass ratio
diverges. This allows to distinguish between extremal/gravitational and rigid sectors.

e A key ingredient of this analysis is the presence of axionic shift symmetries, related
to monodromies, which provide a particular frame for the Kahler potential, as well as
several relations between charge vectors.

» Besides lack of mixing, one needs to impose decoupling at the level of Pauli
interactions. This results in a divergence in the moduli space scalar curvature.

* We have mostly analysed the 4d N=2 CY VM moduli spaces, which have been
recently classified in light of the SDC. However, the lessons extend to 4d N=1
settings. One simply needs to replace particles by membranes.






