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Goal: Classify infinite distance limits in
moduli space

1. What towers become light?

2. How quickly?

3. How do various infinite-distance limits
fit together in one moduli space?
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Reminder:

Distance Conjecture (DC): in each infinite distance
limit, an infinite tower of particles becomes light
exponentially quickly:

(qb) 5 e ¢ d(¢,po)  (inPlanck units,

kg = 1)

for some O(1)
constant &

(Ooguri, Vafa ‘06)
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1. What towers become light?

Emergent String Conjecture (ESC): every infinite
distance limit is either

1. A decompactification limit
(in which the lightest tower is a KK tower)
OR
2. An “emergent string limit”
(in which the lightest tower consists of
the oscillator modes of a fundamental string)

(Lee, Lerche, Weigand "19)
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2. How quickly?
Sharpened Distance Conjecture: The DC holds with

1
d—2

a2

(i.e., in every infinite distance limit, the mass of
the lightest tower decreases at least this quickly)

(Etheredge, BH, Kaya, Qiu, Rudelius '22)
04



2. How quickly?
Sharpened Distance Conjecture: The DC holds with

1
d—2

a2

(i.e., in every infinite distance limit, the mass of
the lightest tower decreases at least this quickly)

Related to Emergent String Conjecture, because

typically dose = ——— and axk > ——
ypicailly Qosc = ) an KK ek

(Etheredge, BH, Kaya, Qiu, Rudelius '22)
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3. How do various infinite-distance limits
fit together in one moduli space?

Sharpened Scalar Weak Gravity Conjecture:
For each modulus ¢ there is a particle satisfying
1 Om 1

- m

JCop 06 ~ N2

(Etheredge, BH, Kaya, Qiu, Rudelius ’22,
building on Palti ’17; Calderon-Infante, Uranga, Valenzuela "20) 05



3. How do various infinite-distance limits
fit together in one moduli space?

Sharpened Scalar Weak Gravity Conjecture:
For each modulus ¢ there is a particle satisfying

1 Om S 1
- > m
z\/ G¢¢ aQb iV, d—2 \
mass
T

scala scalar sharpened
coupling charge O(1) factor
(metric on

moduli space)

(Etheredge, BH, Kaya, Qiu, Rudelius ’22,
building on Palti ’17; Calderon-Infante, Uranga, Valenzuela "20) 05



3. How do various infinite-distance limits
fit together in one moduli space?

Sharpened Scalar Weak Gravity Conjecture:
For each modulus ¢ there is a particle satisfying

1 Om 1 \
> \ax 6\
V G¢> a¢ \)(\(G N
P A 6(,\‘0 \I mass
scalrflr ,‘9@ sharpened
coupling o ige 0(1) factor
\0®

(metri e
moduli sg Py
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3. How do various infinite-distance limits
fit together in one moduli space?

Sharpened Scalar Weak Gravity Conjecture:

With n > 1 moduli, same as convex hull condition:

Define:
G = _ Odlogm
ICI17 = GV ¢

C.H.C.

—

C2 .
f A,_par‘tltcle
// ~ species
1
—' ||C|| ﬁ : G

(Etheredge, BH, Kaya, Qiu, Rudelius ’22,
building on Palti ’17; Calderon-Infante, Uranga, Valenzuela "20)
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3. How do various infinite-distance limits
fit together in one moduli space?

Example: Type IIB string theory on S
Cp

Co

F1 wind

‘ D1 wind

07



3. How do various infinite-distance limits
fit together in one moduli space?

Example: Type IIB string theory on S
Cp

Towers appearing
at infinite distance!

F1 wind ‘ D1 wind

07



3. How do various infinite-distance limits
fit together in one moduli space?

Example: Type IIB string theory on S
Cp

Towers appearing
at infinite distance!

F1 wind ‘ D1 wind

Convex hull determines a.(6)!
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3. How do various infinite-distance limits
fit together in one moduli space?

Example: Type IIB string theory on S

S
S
~

~\

Co

F1 wind

‘ D1 wind

Convex hull determines a.(6)!
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3. How do various infinite-distance limits
fit together in one moduli space?

Example: Type IIB string theory on S

Cp
—oT 4— geodesic
Mtower X € distance
\\\\\ _ d¢’b tangent to geodesic
~. 7/;7/ — R
i (IFll=1)
Co
dlogm -
o = — — C T
dr

F1 wind

‘ D1 wind

Convex hull determines a.(6)! 07




3. How do various infinite-distance limits
fit together in one moduli space?

Example: Type IIB string theory on S

—aT 4— geodesic

Miower X € .
distance

. d¢’b tangent to geodesic
T __

i (I7l=1)

dlogm
dr

7’;
Co
=7

o =

D1 wind

F1 wind
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3. How do various infinite-distance limits
fit together in one moduli space?

Example: Type IIB string theory on S

D1 wind

F1 wind

Convex hull determines a.(6)!




3. How do various infinite-distance limits
fit together in one moduli space?

Tower hull related to dualities!

G

F1 wind

‘ D1 wind
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3. How do various infinite-distance limits

fit together in one moduli space?

Tower hull related to dualities!

Type 1IB
decompact.
(9s fixed) 4Kk

Co
Type lIA
decompact.

Dual T A
(gs fixed) ual "ype

decompact.
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3. How do various infinite-distance limits
fit together in one moduli space?

Tower hull related to dualities!

Cp
Emergent Dual emergent
string limit string limit
(i e
R/V ' fixed

D1 wind

F1 wind ¢
M theory ¥ decompact.
(7 fixed) 08



3. How do various infinite-distance limits
fit together in one moduli space?

Tower hull related to dualities!

KK dual
Type lIB

Type lIB

Type lIA dual
Type IIA

1 wind

M-theory
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3. How do various infinite-distance limits
fit together in one moduli space?

In general, assuming that

i. The moduli space M is flat

ii. The tower convex hull is same for all ¢ € M
(the generating towers do not move)

iii. Sharpened SWGC is satisfied by infinite towers
(the “tower SWGC”)

...then the sharpened Distance Conjecture follows.

In such cases, the tower convex hull concisely
summarizes all infinite-distance limits.
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i. The moduli space is flat?
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Xi. The moduli space is flat? =

SL(2,R)

SL(2,Z)xS0(2)

xR
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Xi. The moduli space is flat? M= J220 R

Ignored axions so far. Actual tower hull is:

e
1-BPS Towers

4 dense on cone

v

1
§-BPS Towers
dense on circle

(Etheredge, BH, Kaya,
Cﬁ Qiu, Rudelius '22)

Connecting the (sharpened) SWGC and DC becomes

more subtle, see Etheredge 2307.xxxxx 10



Xi. The moduli space is flat? M= J220 R

We recover previous result upon taking a flat slice:

Flat slice |
(Co = 0),

v

_______________ Cri

Every geodesic (straight line) in slice goes to infinite dist.

and every infinite dist. limit is dual to one in slice
10



Xi. The moduli space is flat? M= J220 R

Different flat slices are related by dualities

10
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