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Rely on CFT results and extract clues!



A Distance Conjecture Approach
In flat space: Value of   Nature of the towerα →



A Distance Conjecture Approach
In flat space: Value of   Nature of the towerα →

α =
d − 2 + n
n(d − 2)

Decompactification of 
 extra dimensionsn

α =
1

d − 2
Emergent 
string limit



A Distance Conjecture Approach
In flat space: Value of   Nature of the towerα →

α =
d − 2 + n
n(d − 2)

Decompactification of 
 extra dimensionsn

α =
1

d − 2
Emergent 
string limit

Caveat: Different values found for decompactification to running solution
[Etheredge, Heidenreich, McNamara, Rudelius, Ruiz, Valenzuela ‘23]



A Distance Conjecture Approach
In flat space: Value of   Nature of the towerα →

α =
d − 2 + n
n(d − 2)

Decompactification of 
 extra dimensionsn

α =
1

d − 2
Emergent 
string limit

Caveat: Different values found for decompactification to running solution
[Etheredge, Heidenreich, McNamara, Rudelius, Ruiz, Valenzuela ‘23]

From the CFT: Restrict to zoo of 4d SCFTs with simple gauge group (Lagrangian) admitting large N



A Distance Conjecture Approach
In flat space: Value of   Nature of the towerα →

α =
d − 2 + n
n(d − 2)

Decompactification of 
 extra dimensionsn

α =
1

d − 2
Emergent 
string limit

Caveat: Different values found for decompactification to running solution
[Etheredge, Heidenreich, McNamara, Rudelius, Ruiz, Valenzuela ‘23]

From the CFT: Restrict to zoo of 4d SCFTs with simple gauge group (Lagrangian) admitting large N

Three different values: α = { 2
3

,
7

12
,

1

2 } [Perlmutter, Rastelli, Vafa, Valenzuela ‘20]



A Distance Conjecture Approach
In flat space: Value of   Nature of the towerα →

α =
d − 2 + n
n(d − 2)

Decompactification of 
 extra dimensionsn

α =
1

d − 2
Emergent 
string limit

Caveat: Different values found for decompactification to running solution
[Etheredge, Heidenreich, McNamara, Rudelius, Ruiz, Valenzuela ‘23]

From the CFT: Restrict to zoo of 4d SCFTs with simple gauge group (Lagrangian) admitting large N

Three different values: α = { 2
3

,
7

12
,

1

2 } [Perlmutter, Rastelli, Vafa, Valenzuela ‘20]

Suggests three different strings in AdS!



A Distance Conjecture Approach
In flat space: Value of   Nature of the towerα →

α =
d − 2 + n
n(d − 2)

Decompactification of 
 extra dimensionsn

α =
1

d − 2
Emergent 
string limit

Caveat: Different values found for decompactification to running solution
[Etheredge, Heidenreich, McNamara, Rudelius, Ruiz, Valenzuela ‘23]

From the CFT: Restrict to zoo of 4d SCFTs with simple gauge group (Lagrangian) admitting large N

Three different values: α = { 2
3

,
7

12
,

1

2 } [Perlmutter, Rastelli, Vafa, Valenzuela ‘20]

Suggests three different strings in AdS!
But…  for all of them?α ≠

1

3



A Distance Conjecture Approach
In flat space: Value of   Nature of the towerα →

α =
d − 2 + n
n(d − 2)

Decompactification of 
 extra dimensionsn

α =
1

d − 2
Emergent 
string limit

Caveat: Different values found for decompactification to running solution
[Etheredge, Heidenreich, McNamara, Rudelius, Ruiz, Valenzuela ‘23]

From the CFT: Restrict to zoo of 4d SCFTs with simple gauge group (Lagrangian) admitting large N

Three different values: α = { 2
3

,
7

12
,

1

2 } [Perlmutter, Rastelli, Vafa, Valenzuela ‘20]

Suggests three different strings in AdS!
But…  for all of them?α ≠

1

3

Actually… Match  
 Decompactification to ?

n = {3,4,6}
→ D = {8,9,11}



A Distance Conjecture Approach
In flat space: Value of   Nature of the towerα →

α =
d − 2 + n
n(d − 2)

Decompactification of 
 extra dimensionsn

α =
1

d − 2
Emergent 
string limit

Caveat: Different values found for decompactification to running solution
[Etheredge, Heidenreich, McNamara, Rudelius, Ruiz, Valenzuela ‘23]

From the CFT: Restrict to zoo of 4d SCFTs with simple gauge group (Lagrangian) admitting large N

Three different values: α = { 2
3

,
7

12
,

1

2 } [Perlmutter, Rastelli, Vafa, Valenzuela ‘20]

Suggests three different strings in AdS!
But…  for all of them?α ≠

1

3

Actually… Match  
 Decompactification to ?

n = {3,4,6}
→ D = {8,9,11}

So… What is going on?! 
Irene’s puzzle



A Distance Conjecture Approach
In flat space: Value of   Nature of the towerα →

α =
d − 2 + n
n(d − 2)

Decompactification of 
 extra dimensionsn

α =
1

d − 2
Emergent 
string limit

Caveat: Different values found for decompactification to running solution
[Etheredge, Heidenreich, McNamara, Rudelius, Ruiz, Valenzuela ‘23]

From the CFT: Restrict to zoo of 4d SCFTs with simple gauge group (Lagrangian) admitting large N

Three different values: α = { 2
3

,
7

12
,

1

2 } [Perlmutter, Rastelli, Vafa, Valenzuela ‘20]



A Distance Conjecture Approach
In flat space: Value of   Nature of the towerα →

α =
d − 2 + n
n(d − 2)

Decompactification of 
 extra dimensionsn

α =
1

d − 2
Emergent 
string limit

Caveat: Different values found for decompactification to running solution
[Etheredge, Heidenreich, McNamara, Rudelius, Ruiz, Valenzuela ‘23]

From the CFT: Restrict to zoo of 4d SCFTs with simple gauge group (Lagrangian) admitting large N

Three different values: α = { 2
3

,
7

12
,

1

2 } [Perlmutter, Rastelli, Vafa, Valenzuela ‘20]

E.g.  SCQCD𝒩 = 2



A Distance Conjecture Approach
In flat space: Value of   Nature of the towerα →

α =
d − 2 + n
n(d − 2)

Decompactification of 
 extra dimensionsn

α =
1

d − 2
Emergent 
string limit

Caveat: Different values found for decompactification to running solution
[Etheredge, Heidenreich, McNamara, Rudelius, Ruiz, Valenzuela ‘23]

From the CFT: Restrict to zoo of 4d SCFTs with simple gauge group (Lagrangian) admitting large N

Three different values: α = { 2
3

,
7

12
,

1

2 } [Perlmutter, Rastelli, Vafa, Valenzuela ‘20]

E.g.  SCQCD𝒩 = 2
E.g.  SCQCD𝒩 = 1



A Distance Conjecture Approach
In flat space: Value of   Nature of the towerα →

α =
d − 2 + n
n(d − 2)

Decompactification of 
 extra dimensionsn

α =
1

d − 2
Emergent 
string limit

Caveat: Different values found for decompactification to running solution
[Etheredge, Heidenreich, McNamara, Rudelius, Ruiz, Valenzuela ‘23]

From the CFT: Restrict to zoo of 4d SCFTs with simple gauge group (Lagrangian) admitting large N

Three different values: α = { 2
3

,
7

12
,

1

2 } [Perlmutter, Rastelli, Vafa, Valenzuela ‘20]

E.g.  SCQCD𝒩 = 2
E.g.  SCQCD𝒩 = 1

E.g.  SYM𝒩 = 4



A Distance Conjecture Approach
In flat space: Value of   Nature of the towerα →

α =
d − 2 + n
n(d − 2)

Decompactification of 
 extra dimensionsn

α =
1

d − 2
Emergent 
string limit

Caveat: Different values found for decompactification to running solution
[Etheredge, Heidenreich, McNamara, Rudelius, Ruiz, Valenzuela ‘23]

From the CFT: Restrict to zoo of 4d SCFTs with simple gauge group (Lagrangian) admitting large N

Three different values: α = { 2
3

,
7

12
,

1

2 } [Perlmutter, Rastelli, Vafa, Valenzuela ‘20]

E.g.  SCQCD𝒩 = 2
E.g.  SCQCD𝒩 = 1

E.g.  SYM𝒩 = 4 Type IIB on AdS5 × S5

Goal: Understand this case!
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Notice: 
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α =
1

2

Fits with Type IIB string 
but  corrected  

in highly-curved regime!
Ms/MPl



A Detour: Scale Separation vs Sharpened SDC
MKKRAdS ∼ 𝒪(1)

BPS operators  KK tower↔

ΔBPS ∼ 𝒪(1)
No scale separation from the CFT!



A Detour: Scale Separation vs Sharpened SDC
MKKRAdS ∼ 𝒪(1)

BPS operators  KK tower↔

ΔBPS ∼ 𝒪(1)
No scale separation from the CFT!

Relax condition

MKK ∼ R−2β
AdS



A Detour: Scale Separation vs Sharpened SDC
MKKRAdS ∼ 𝒪(1)

BPS operators  KK tower↔

ΔBPS ∼ 𝒪(1)
No scale separation from the CFT!

Relax condition

MKK ∼ R−2β
AdS

ADC parameter [Lust, Palti, Vafa ’19]



A Detour: Scale Separation vs Sharpened SDC
MKKRAdS ∼ 𝒪(1)

BPS operators  KK tower↔

ΔBPS ∼ 𝒪(1)
No scale separation from the CFT!

Relax condition

MKK ∼ R−2β
AdS

ADC parameter [Lust, Palti, Vafa ’19]

ΔBPS ∼ N
2
3 (1−2β) Weird BPS 

spectrum



A Detour: Scale Separation vs Sharpened SDC
MKKRAdS ∼ 𝒪(1)

BPS operators  KK tower↔

ΔBPS ∼ 𝒪(1)
No scale separation from the CFT!

Relax condition

MKK ∼ R−2β
AdS

ADC parameter [Lust, Palti, Vafa ’19]

ΔBPS ∼ N
2
3 (1−2β) Weird BPS 

spectrum

RS5 ∼ R2β
AdS Weird  stabilizationS5



A Detour: Scale Separation vs Sharpened SDC
MKKRAdS ∼ 𝒪(1)

BPS operators  KK tower↔

ΔBPS ∼ 𝒪(1)
No scale separation from the CFT!

Relax condition

MKK ∼ R−2β
AdS

ADC parameter [Lust, Palti, Vafa ’19]

ΔBPS ∼ N
2
3 (1−2β) Weird BPS 

spectrum

RS5 ∼ R2β
AdS Weird  stabilizationS5

Long story short:
Anti-separation of scales ( )β > 1/2

AdS

CFT

’t Hooft limit  
(fixed )λ

KK

HS



A Detour: Scale Separation vs Sharpened SDC
MKKRAdS ∼ 𝒪(1)

BPS operators  KK tower↔

ΔBPS ∼ 𝒪(1)
No scale separation from the CFT!

Relax condition

MKK ∼ R−2β
AdS

ADC parameter [Lust, Palti, Vafa ’19]

ΔBPS ∼ N
2
3 (1−2β) Weird BPS 

spectrum

RS5 ∼ R2β
AdS Weird  stabilizationS5

Long story short:
Anti-separation of scales ( )β > 1/2

AdS

CFT

’t Hooft limit  
(fixed )λ

KK

HS

Notice: 
Convex hulls for AdS and CFT 
do not glue nicely together!



A Detour: Scale Separation vs Sharpened SDC
MKKRAdS ∼ 𝒪(1)

BPS operators  KK tower↔

ΔBPS ∼ 𝒪(1)
No scale separation from the CFT!

Relax condition

MKK ∼ R−2β
AdS

ADC parameter [Lust, Palti, Vafa ’19]

ΔBPS ∼ N
2
3 (1−2β) Weird BPS 

spectrum

RS5 ∼ R2β
AdS Weird  stabilizationS5

Long story short:
Anti-separation of scales ( )β > 1/2

AdS

CFT

’t Hooft limit  
(fixed )λ

KK

HS

Notice: 
Convex hulls for AdS and CFT 
do not glue nicely together!

Sharpened SDC 
violation in the CFT!



A Detour: Scale Separation vs Sharpened SDC
MKKRAdS ∼ 𝒪(1)

BPS operators  KK tower↔

ΔBPS ∼ 𝒪(1)
No scale separation from the CFT!

Relax condition

MKK ∼ R−2β
AdS

ADC parameter [Lust, Palti, Vafa ’19]

ΔBPS ∼ N
2
3 (1−2β) Weird BPS 

spectrum

RS5 ∼ R2β
AdS Weird  stabilizationS5

Long story short:
Separation of scales ( )β < 1/2

AdS

CFT

’t Hooft limit  
(fixed )λ

KK

String

HS



A Detour: Scale Separation vs Sharpened SDC
MKKRAdS ∼ 𝒪(1)

BPS operators  KK tower↔

ΔBPS ∼ 𝒪(1)
No scale separation from the CFT!

Relax condition

MKK ∼ R−2β
AdS

ADC parameter [Lust, Palti, Vafa ’19]

ΔBPS ∼ N
2
3 (1−2β) Weird BPS 

spectrum

RS5 ∼ R2β
AdS Weird  stabilizationS5

Long story short:
Separation of scales ( )β < 1/2

AdS

CFT

’t Hooft limit  
(fixed )λ

KK

String

HS

Notice: 
Convex hulls for AdS and CFT 
do not glue nicely together!



A Detour: Scale Separation vs Sharpened SDC
MKKRAdS ∼ 𝒪(1)

BPS operators  KK tower↔

ΔBPS ∼ 𝒪(1)
No scale separation from the CFT!

Relax condition

MKK ∼ R−2β
AdS

ADC parameter [Lust, Palti, Vafa ’19]

ΔBPS ∼ N
2
3 (1−2β) Weird BPS 

spectrum

RS5 ∼ R2β
AdS Weird  stabilizationS5

Long story short:
Separation of scales ( )β < 1/2

AdS

CFT

’t Hooft limit  
(fixed )λ

KK

String

HS

Notice: 
Convex hulls for AdS and CFT 
do not glue nicely together!

Sharpened SDC 
violation in the AdS!



A Detour: Scale Separation vs Sharpened SDC
MKKRAdS ∼ 𝒪(1)

BPS operators  KK tower↔

ΔBPS ∼ 𝒪(1)
No scale separation from the CFT!

Relax condition

MKK ∼ R−2β
AdS

ADC parameter [Lust, Palti, Vafa ’19]

ΔBPS ∼ N
2
3 (1−2β) Weird BPS 

spectrum

RS5 ∼ R2β
AdS Weird  stabilizationS5

Long story short:
Separation of scales ( )β < 1/2

AdS

CFT

’t Hooft limit  
(fixed )λ

KK

String

HS

Notice: 
Convex hulls for AdS and CFT 
do not glue nicely together!

Sharpened SDC 
violation in the AdS!

Caveat: 
 

Can we trust quantization 
of the string in this regime?

R−1
AdS ≪ Ms ≪ R−1

S5



A Detour: Scale Separation vs Sharpened SDC
MKKRAdS ∼ 𝒪(1)

BPS operators  KK tower↔

ΔBPS ∼ 𝒪(1)
No scale separation from the CFT!

Relax condition

MKK ∼ R−2β
AdS

ADC parameter [Lust, Palti, Vafa ’19]

ΔBPS ∼ N
2
3 (1−2β) Weird BPS 

spectrum

RS5 ∼ R2β
AdS Weird  stabilizationS5

Long story short:
Separation of scales ( )β < 1/2

AdS

CFT

’t Hooft limit  
(fixed )λ

KK

String

HS

Notice: 
Convex hulls for AdS and CFT 
do not glue nicely together!

Sharpened SDC 
violation in the AdS!

Caveat: 
 

Can we trust quantization 
of the string in this regime?

R−1
AdS ≪ Ms ≪ R−1

S5

Suggests link between 
Sharpened SDC and 
no scale separation
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 (at large N)a ≠ c No weakly-coupled Einstein gravity at low energies
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Anything special with 
these three values ? Food for 

thought!
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Setup:  necklace quiversAdS5 × S5/Zk ↔ 𝒩 = 2

S5

 of orbifold singularitiesS1

A very peculiar limit:
Driven by only axions  Typically finite distance→

But! CFT predicts infinite distance + HS conserved currents [Aharony, Berkooz, Rey ’15]

Stringy origin?
Fundamental string remains tensionful…

D3 wrapping blow-up 2-cycle become tensionless! [Aharony, Berkooz, Rey ’15]

String propagating in !AdS5 × S1 Candidate for new emergent string in AdS? [Baume, JCI ’20]
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Prove rest of CFT Distance Conjecture? New strings in AdS?
CFT side Stringy side

What about d = 2? What makes different strings with different α?
Distance in central charge direction? D3 wrapping blow-ups in AdS?

Thank you for your attention!


