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The Species Scale

. the UV cutoff scale beyond which no EFT is reliable Mpl
anymore Asp — 1
. . . . N d—2
« the species scale is parametrically smaller than Mp; if

there are towers of many light degrees of freedom

[Aoufia, Basile, Bedroya, Castellano, Calderon-Infante, Cribiori, Dvali, Gomez, Herraez, Ibanez, Leone,
Last, Montella, Montero, Valenzuela, van de Heisteeg, Vafa, Wiesner, Wu and many others]




Species scale and moduli

« moduli space is undersfood as a space of possible Mpl

vacuum configurations determined by vacuum ASp — 1
expectation values of massless scalar fields (=moduli)

How does the species scale depend on moduli in string
compactifications? Are there universal patterns we can exploit to
study conjectures & the moduli space?




The CRV pattern

« empirical pattern in moduli space which links the (logarithmic gradients of
the) mass gaps of light fowers to the (logarithmic gradients of the) species
scale in infinite distance limits

e is it universal? can one study the interior of moduli space...?

th . VAsp \ 1

TN Asp d— 2

[Castellano, Ruiz, Valenzuela 23 x2] 5
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Corrections to the pattern

th VASp . 1
01 setup: isotropic torus T6/(Z X 7.) my Ay  d—2

K = —~log[—i(T — T
Fy = —~log[(—i(T = T))"In(T)|"

[Basile, GS 25] .
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Corrections to the pattern

th VASp . 1
01 setup: isotropic torus T6/(Z X 7.) my Ay  d—2

K = —qlog[—i(T — T

Fy = —ylog[(—i(T — T))"|n(T)|*]
1
—i(T —T)]> Basile, GS 25]

[van de Heisteeg, Vafa, Wiesner, Wu ‘23] ! Ve

T —




Corrections to the pattern

th VASp . 1

02 compute the corrections to the pattern m; As, “d—9
1 3 —2TY ( 2Tix —2T1T

o if 8 = 1, one approaches the pattern from above
o if 8 = 0, one approaches the pattern from above or below

e is there another scale that is the same at the boundary?
[Basile, GS ‘25]




The black hole scale

« consider BHin D = d + p dimensions, which correspond to
black branes wrapped around compactified dimensions in the A S Asp S Mpy
higher dimensional theory

« when the horizon radius becomes comparable to the radius of
compactified dimensions, the BH decomposes into higher
dimensional BH's in the extra dimensions

 transition to class of new BH solutions

o this class is missed by lower dimensional EFT, thus ifs

description is incomplete [Gregory, Laflamme ‘93]

[Bedroya, Vafa, Wu 24]
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The black hole scale

« Black hole scale is the fransition scale between higher and ABH 5 Asp 5 M p
ower dimensional BHs

« this scale agrees with m; in weak coupling limits as well as in

arge volume decompactification limits

o thus a similar pattern might hold in the interior of moduli space

1
d— 2

VlogApp - VlogAg, ~

[Gregory, Laflamme ‘93]
[Bedroya, Vafa, Wu 24]
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The black hole scale

« Black hole scale is the fransition scale between higher and ABH 5 Asp S MPZ
ower dimensional BHs

« this scale agrees with m; in weak coupling limits as well as in

arge volume decompactification limits

o thus a similar pattern might hold in the interior of moduli space

1
p—d 9

ViogAgy - VlogA,

[Gregory, Laflamme ‘93]

[Bedroya, Vafa, Wu 24] |,
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Corrections to the BH scale

VlogAgg - VlogA

(e

equate entropies including Gauss-Bonnet correction (¢ of
higher and lower dimensional black holes to define a scale

" M\ [ 2(d—2)(d—3)a
s =(am) (0

CD v 2(d —2)(d —3) [ ¢4 7 oa
Rpg ~ 2 1 - _
B ™ =t (Cd> i ( 272 Cp R?

[Basile, GS ‘25]
[Bedroya, Vafa, Wu ‘24]
[Clunan, Ross, Smith ‘04]
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Corrections to the BH scale

VlogAgg - ViogA

(e
01 equate entropies including Gauss-Bonnet correction (v of
higher and lower dimensional black holes to define a scale
2
CAREFUL: this correction is not small for v = 1 (emergent string limift)
[Basile, GS ‘25]
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Corrections to the BH scale

VlogAgg - VlogA

<
T d—-2

02 compute corrections to the black hole scale

1 , | VFL |7

VlogApy - VlogAg, ~ (1 4 € 2Fym* —m )
d— 2 Fi
e €:.terms calculated before in the isofropic torus case
e other terms proportional o %
[Basile, GS ‘25]
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Corrections to the BH scale

VlogAgg - ViogA

S o
03 look at the asymptotics

1 , |V F |2

VlogApy - VlogAg, ~ (14 €+ 2F,m? — m )
d— 2 Fi
o €= 1(1 5 (1 log(Qy))—12e Y (2T 4 e
e Other ’rerms proporhonol To -
« 8 = l:theredterms prevoul the pattern is violated
[Basile, GS ‘25]
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Corrections to the BH scale

VlogAgg - ViogA

S o
03 look at the asymptotics

1 , |V F |2

VlogApy - VlogAg, ~ (14 €+ 2F,m? — m )
d— 2 Fi
€= (1= B (1—log(2y) — 12 V(e 4 )
oTher ’rerms proporhonol To -
« B =0:redfermis subleddlng
[Basile, GS ‘25]
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Corrections to the BH scale

VlogAgg - ViogA

sp S o
03 look at the asymptotics

2|VF1\2

2Fym? —
111 T Fl

~ m*F; (2 72 ) ~ —(1— =)

« 8 = 0:redtermis subleading
« the correction is always positive

[Basile, GS ‘25]
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Summary
th VASp \ 1
TH ¢ Asp / d— 2
B=0 g=1
does the pattern hold? / /
< - i : ? not always ><

[Basile, GS ‘25]
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Summary

02 ViogAgppy - Vlogh,, ~

< ?
d— 2

does the pattern hold? /

[Basile, GS ‘25]
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Conclusion & Outlook

» the species scale provides a rich playground for investigating swampland conjectures &
the moduli space

« can the pattern be continued within moduli space by another scale?

« what about desert points of the species scale?




Thank you!




