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• In this talk, we focus on 5d N=1 supersymmetric gauge 
theories (with 8 supercharges). 
- superconformal at UV fixed point


• 5-brane web diagram in Type IIB string theory has 
provided a powerful tool to study these 5d N=1 gauge 
theories. 

• E.g. Non-perturbative aspects and various dualities could 
be explicitly seen from their 5-brane constructions. 
- also quantitatively: partition function

Seiberg 97

Aharony, Hanany 97
Aharony, Hanany, Kol 97



• A 5-brane web for SU(N)k gauge theories is obtained from 
N parallel D5 branes between 2 NS5 branes. 
- for small Chern-Simons level k


• With the introduction of an orientifold 5-plane (or O7), 
one may realize an Sp(N) or an SO(N) gauge group. 
 
 
 

Brunner, Karch 97, 

Brandhuber, Itzhaki, Sonnenschein, Theisen, Yankielowizc 97

Hanany, Zaffaroni 99

Zafrir 15



• Classification of 6d SCFTs 
- (2,0) ADE classification 
- (1,0) classification via F-theory 

• Possibly, all 5d SCFTs could be obtained from a circle 
compactification with some twist from 6d theories, 
full classification is still not complete 
- dualities 
- symmetries

Heckman,Morrison,Rudelius,Vafa:1502

Witten’95,Strominger’95



• Recently there has been progress on classification of 5d 
SCFTs:


• From the field theory: 
milder constraint on the theory in the Coulomb branch 
with the positivity of the monopole string tension 
—> a classification of 5d SCFTs of a single gauge group.


• geometric construction 
M-theory on local shrinkable Calabi-Yau threefold 
Rank 2 theories are classified (with duality).  

[17 Jefferson- HC Kim-Vafa-Zafrir]

[18 Jefferson-Katz-HC Kim-Vafa]



• In this talk, we propose all the 5-brane webs for rank 2 
SCFTs 
e.g., 
 

• Employ them to test duality between different gauge 
descriptions 
e.g.,

SU(3)9G2 + 6F SU(3)3/2 + 1 Sym

G2  + 2F SU(3)6 + 2F Sp(2)  + 2ASπ

Pure G2 SU(3)7

Sp(2) + 1AS + 8F SU(3)3/2 + 9F



Plan

• Review of 5d N =1 gauge theories


• Type IIB (p,q) 5-brane webs: e.g. rank 1 theories.


• Explicit construction of 5-brane web 
- G2 - SU(3)7 
- G2-SU(3)-Sp(2) sequences 
- SU(3)3/2 + 9F = Sp(2) + 1AS + 8F 
- SU(3) + 1 Sym


• Conclusion



5d N=1 supersymmetric gauge theories with gauge group G: 

5d N = 1 gauge theory

8 Supercharges and  SU(2) R-symmetry 

Vector multiplet:

Hypermultiplet:

Matter content

Coulomb branch is parametrized by vev of vec. mult. scalar

(A=1,2 SU(2)R index)
�

Higgs branch is parametrized by vev of hypermultiplet scalars

Global symmetry

GHypers  x U(1)Instatons  

Instanton solitons with conserved current j= *(F⋀F)

qA, q̄A;  ,  ̄

Aµ,�; �, �̄



A certain class of 5d N=1 theories have non-trivial UV fixed point

5d Superconformal theories (SCFTs)

[96 Seiberg]
[96 Morrison-Seiberg]
[97 Intriligator-Morrison-Seiberg]

with enhanced global symmetry

massless hypers + massless instanton 

An example:             theory with               hypermultiplets in fund. representation SU(2) Nf  7

( flavors )

flavor symmetry Instanton (charged under spinor representation)

SO(2Nf )⇥ U(1)I ⇢ ENf+1

GHypers ⇥ U(1)Instantons ⇢ GGlobal



Prepotential

abelian low energy effective theory which is characterized by prepotential.

• Along the Coulomb branch ( G -> U(1)rank(G) ), the theory is described by 

• Prepotential is at most cubic and 1-loop exact:

Coulomb branch metric:

Magnetic monopole string tension:

Effective coupling:

[96 Morrison-Seiberg]
[97 Intriligator-Morrison-Seiberg]
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An example: SU(2) Prepotential
• With massless hypers

Magnetic monopole string tension:

Effective coupling:

�Di = @iF
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g20
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Notice that Nf > 8,  Coulomb branch is not well defined 
 —> theory is now well defined. 



[Witten’96],[Morrison,Seiberg’96], 

[Douglas,Katz,Vafa’96]

[Katz,Klemm,Vafa’96],

M-theory/String constructions

M- theory on non-compact Calabi-Yau 3 fold (CY3) with some 
compact cycles shrunk to a point

Type IIB brane configuration

BPS configuration with D5 and NS5 branes with their bound states

Two descriptions are equivalent.                                 

[Aharony,Hanany’97]

[Aharony,Hanany,Kol’97], 

[DeWolfe,Hanany,Iqbal,Katz’99]

 [Leung,Vafa’97]

[next slide]

Large class of 5d SCFTs can be engineered by M-theory or string theory.

M2 wrapping compact 2-cycles  <==>  BPS particle mass 

                                                                = vol(2-cycles)
M5 wrapping compact 4-cycles   <==>  monopole string tension

                                                                 = vol(4-cycles) 



Type IIB (p,q) 5-brane 

In 5d, D5 and NS5 make a configuration looks like a web:

(1,1)

(1,-1)

(1,0) 
D5-brane

(0,1)
NS5-brane

5

6

0 1 2 3 4 5 6 7 8 9
NS5 — — — — — —

D5 — — — — — —

(p,q) — — — — — - -

- charge conserving, tension is balanced

e.g., SU(2)  

5d world vol.

(p,q) plane

- (p,q) charges: p D5 charge + q NS5 charge,   
  (p,q) 5-brane has a slope q/p

(p,q) 5-brane web



5d pure SU(2) gauge theory 

F1

D1

2a

1

g2

1

g20

• Coulomb branch : a = <     >/2�
SU(2) W-bosons

SU(2)  Instantons

• Effective couplings
Circumference

2

g20
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• Monopole string tension
Area
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Rank 1 theories

Nf = 5 Nf = 6 Nf = 7

Nf = 1 Nf = 2 Nf = 3 Nf = 4

       SU(2) theory with               flavors Nf  7

[09 Benini-Benvenuti 
-Tachikawa]



Q: What happens  
if we add one more flavor?



New type of 5-brane configuration
When the number of hypermultiplets reach the marginal value, 

• It is known that the theory has the UV fixed point in 6d.

• A new type of (p,q) 5-brane configuration emerges: Tao     diagram

<==> 6d E-string theory on a circlee.g., SU(2) theory with               flavors Nf = 8

[15 SSK - Taki - Yagi]



Explicit construction of 
5-brane webs for  

5d rank 2 theories: 
SU(3), Sp(2)=SO(5), G2



• 5d pure SU(3) gauge theory with κ=0,1,2,3    

κ=0 κ=1

κ=2 κ=3(3,-1)

(2,1)

(3,-1) (3,1)



5d SO(7) gauge theories

Sp(0) instantons=spinors

[Zafrir’15]= O5- + 1/2 D5 + 1/2 D7 cutfO5
�

fO5
+ = O5+ + 1/2 D7 cut

Pure SO(7)

SO(7) + spinor matter

(2,1)

(1,-1)

(0,1)
(1,1)

(2,1)

(2,1)

(1,1)
(0,1)

(1,-1)

 Ms: mass of 
Spinor



G2 = Higgsing of SO(7) with spinor

Generalized flop transitions

Ms -> 0 : Higgs branch

[Hayashi-SSK-Lee-Yagi’17]



G2 = Higgsing of SO(7) with spinor



5d SO(7) with a massless spinor

5d G2 without matter

G2 = Higgsing of SO(7) with spinor



Pure G2 gauge theory

After an SL(2,Z)

This 5-brane web reproduces the correct monopole string tension, 
 consistent with the prepotential  



• A 5-brane web configuration for the 5d pure G2

• G2 +NF Fundamental hyper


• Prepotential


• Monopole tension
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Duality

3 color D5 branes



Or, we can compare the tension of a monopole string 

tension by a derivative of the effective prepotential

One may confirm the Chern-Simons level by computing 

the effective prepotential of the 5d theory

In 5-brane web, the monopole string tension corresponds 
to the area of a face.

We confirmed that this SU(3) gauge theory has     = 7κ



• SU(N)κ +NF Fundamental hyper


• Prepotential


• Monopole tension

SU(3)7 gauge theory
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• Duality between G2 & SU(3)7

A B

C

D

Monopole tension Parameter Map

TSU(3)7
1 = TG2

2 = B + C + 2D

TSU(3)7
2 = TG2

1 = A



• In fact, we can further increase the Chern-Simons 
levels.



• Α 5-brane web diagram for SU(3) with Chern-
Simons level κ=9

�ON
+
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�ON
�

<latexit sha1_base64="9YyGXwsLY89n+4oAZW1OmQWL7Xg=">AAAB/XicdVDJSgNBEO2JW4zbuNy8NAbBi2FG4nYLePGkEcwCmTH09FSSJj0L3T1KHIK/4sWDIl79D2/+jZ1khCj6oODxXhVV9byYM6ks69PIzczOzS/kFwtLyyura+b6Rl1GiaBQoxGPRNMjEjgLoaaY4tCMBZDA49Dw+mcjv3ELQrIovFaDGNyAdEPWYZQoLbXNLeeO+aAY9yF1RIAvL4Y3+22zaJWsMfAUObTs0yMb25lSRBmqbfPD8SOaBBAqyomULduKlZsSoRjlMCw4iYSY0D7pQkvTkAQg3XR8/RDvasXHnUjoChUeq9MTKQmkHASe7gyI6snf3kj8y2slqnPipiyMEwUhnSzqJByrCI+iwD4TQBUfaEKoYPpWTHtEEKp0YAUdwven+H9SPyjZVsm+Khcr5SyOPNpGO2gP2egYVdA5qqIaougePaJn9GI8GE/Gq/E2ac0Z2cwm+gHj/QtIOpUN</latexit><latexit sha1_base64="9YyGXwsLY89n+4oAZW1OmQWL7Xg=">AAAB/XicdVDJSgNBEO2JW4zbuNy8NAbBi2FG4nYLePGkEcwCmTH09FSSJj0L3T1KHIK/4sWDIl79D2/+jZ1khCj6oODxXhVV9byYM6ks69PIzczOzS/kFwtLyyura+b6Rl1GiaBQoxGPRNMjEjgLoaaY4tCMBZDA49Dw+mcjv3ELQrIovFaDGNyAdEPWYZQoLbXNLeeO+aAY9yF1RIAvL4Y3+22zaJWsMfAUObTs0yMb25lSRBmqbfPD8SOaBBAqyomULduKlZsSoRjlMCw4iYSY0D7pQkvTkAQg3XR8/RDvasXHnUjoChUeq9MTKQmkHASe7gyI6snf3kj8y2slqnPipiyMEwUhnSzqJByrCI+iwD4TQBUfaEKoYPpWTHtEEKp0YAUdwven+H9SPyjZVsm+Khcr5SyOPNpGO2gP2egYVdA5qqIaougePaJn9GI8GE/Gq/E2ac0Z2cwm+gHj/QtIOpUN</latexit><latexit sha1_base64="9YyGXwsLY89n+4oAZW1OmQWL7Xg=">AAAB/XicdVDJSgNBEO2JW4zbuNy8NAbBi2FG4nYLePGkEcwCmTH09FSSJj0L3T1KHIK/4sWDIl79D2/+jZ1khCj6oODxXhVV9byYM6ks69PIzczOzS/kFwtLyyura+b6Rl1GiaBQoxGPRNMjEjgLoaaY4tCMBZDA49Dw+mcjv3ELQrIovFaDGNyAdEPWYZQoLbXNLeeO+aAY9yF1RIAvL4Y3+22zaJWsMfAUObTs0yMb25lSRBmqbfPD8SOaBBAqyomULduKlZsSoRjlMCw4iYSY0D7pQkvTkAQg3XR8/RDvasXHnUjoChUeq9MTKQmkHASe7gyI6snf3kj8y2slqnPipiyMEwUhnSzqJByrCI+iwD4TQBUfaEKoYPpWTHtEEKp0YAUdwven+H9SPyjZVsm+Khcr5SyOPNpGO2gP2egYVdA5qqIaougePaJn9GI8GE/Gq/E2ac0Z2cwm+gHj/QtIOpUN</latexit><latexit sha1_base64="9YyGXwsLY89n+4oAZW1OmQWL7Xg=">AAAB/XicdVDJSgNBEO2JW4zbuNy8NAbBi2FG4nYLePGkEcwCmTH09FSSJj0L3T1KHIK/4sWDIl79D2/+jZ1khCj6oODxXhVV9byYM6ks69PIzczOzS/kFwtLyyura+b6Rl1GiaBQoxGPRNMjEjgLoaaY4tCMBZDA49Dw+mcjv3ELQrIovFaDGNyAdEPWYZQoLbXNLeeO+aAY9yF1RIAvL4Y3+22zaJWsMfAUObTs0yMb25lSRBmqbfPD8SOaBBAqyomULduKlZsSoRjlMCw4iYSY0D7pQkvTkAQg3XR8/RDvasXHnUjoChUeq9MTKQmkHASe7gyI6snf3kj8y2slqnPipiyMEwUhnSzqJByrCI+iwD4TQBUfaEKoYPpWTHtEEKp0YAUdwven+H9SPyjZVsm+Khcr5SyOPNpGO2gP2egYVdA5qqIaougePaJn9GI8GE/Gq/E2ac0Z2cwm+gHj/QtIOpUN</latexit>

�ON
�

<latexit sha1_base64="9YyGXwsLY89n+4oAZW1OmQWL7Xg=">AAAB/XicdVDJSgNBEO2JW4zbuNy8NAbBi2FG4nYLePGkEcwCmTH09FSSJj0L3T1KHIK/4sWDIl79D2/+jZ1khCj6oODxXhVV9byYM6ks69PIzczOzS/kFwtLyyura+b6Rl1GiaBQoxGPRNMjEjgLoaaY4tCMBZDA49Dw+mcjv3ELQrIovFaDGNyAdEPWYZQoLbXNLeeO+aAY9yF1RIAvL4Y3+22zaJWsMfAUObTs0yMb25lSRBmqbfPD8SOaBBAqyomULduKlZsSoRjlMCw4iYSY0D7pQkvTkAQg3XR8/RDvasXHnUjoChUeq9MTKQmkHASe7gyI6snf3kj8y2slqnPipiyMEwUhnSzqJByrCI+iwD4TQBUfaEKoYPpWTHtEEKp0YAUdwven+H9SPyjZVsm+Khcr5SyOPNpGO2gP2egYVdA5qqIaougePaJn9GI8GE/Gq/E2ac0Z2cwm+gHj/QtIOpUN</latexit><latexit sha1_base64="9YyGXwsLY89n+4oAZW1OmQWL7Xg=">AAAB/XicdVDJSgNBEO2JW4zbuNy8NAbBi2FG4nYLePGkEcwCmTH09FSSJj0L3T1KHIK/4sWDIl79D2/+jZ1khCj6oODxXhVV9byYM6ks69PIzczOzS/kFwtLyyura+b6Rl1GiaBQoxGPRNMjEjgLoaaY4tCMBZDA49Dw+mcjv3ELQrIovFaDGNyAdEPWYZQoLbXNLeeO+aAY9yF1RIAvL4Y3+22zaJWsMfAUObTs0yMb25lSRBmqbfPD8SOaBBAqyomULduKlZsSoRjlMCw4iYSY0D7pQkvTkAQg3XR8/RDvasXHnUjoChUeq9MTKQmkHASe7gyI6snf3kj8y2slqnPipiyMEwUhnSzqJByrCI+iwD4TQBUfaEKoYPpWTHtEEKp0YAUdwven+H9SPyjZVsm+Khcr5SyOPNpGO2gP2egYVdA5qqIaougePaJn9GI8GE/Gq/E2ac0Z2cwm+gHj/QtIOpUN</latexit><latexit sha1_base64="9YyGXwsLY89n+4oAZW1OmQWL7Xg=">AAAB/XicdVDJSgNBEO2JW4zbuNy8NAbBi2FG4nYLePGkEcwCmTH09FSSJj0L3T1KHIK/4sWDIl79D2/+jZ1khCj6oODxXhVV9byYM6ks69PIzczOzS/kFwtLyyura+b6Rl1GiaBQoxGPRNMjEjgLoaaY4tCMBZDA49Dw+mcjv3ELQrIovFaDGNyAdEPWYZQoLbXNLeeO+aAY9yF1RIAvL4Y3+22zaJWsMfAUObTs0yMb25lSRBmqbfPD8SOaBBAqyomULduKlZsSoRjlMCw4iYSY0D7pQkvTkAQg3XR8/RDvasXHnUjoChUeq9MTKQmkHASe7gyI6snf3kj8y2slqnPipiyMEwUhnSzqJByrCI+iwD4TQBUfaEKoYPpWTHtEEKp0YAUdwven+H9SPyjZVsm+Khcr5SyOPNpGO2gP2egYVdA5qqIaougePaJn9GI8GE/Gq/E2ac0Z2cwm+gHj/QtIOpUN</latexit><latexit sha1_base64="9YyGXwsLY89n+4oAZW1OmQWL7Xg=">AAAB/XicdVDJSgNBEO2JW4zbuNy8NAbBi2FG4nYLePGkEcwCmTH09FSSJj0L3T1KHIK/4sWDIl79D2/+jZ1khCj6oODxXhVV9byYM6ks69PIzczOzS/kFwtLyyura+b6Rl1GiaBQoxGPRNMjEjgLoaaY4tCMBZDA49Dw+mcjv3ELQrIovFaDGNyAdEPWYZQoLbXNLeeO+aAY9yF1RIAvL4Y3+22zaJWsMfAUObTs0yMb25lSRBmqbfPD8SOaBBAqyomULduKlZsSoRjlMCw4iYSY0D7pQkvTkAQg3XR8/RDvasXHnUjoChUeq9MTKQmkHASe7gyI6snf3kj8y2slqnPipiyMEwUhnSzqJByrCI+iwD4TQBUfaEKoYPpWTHtEEKp0YAUdwven+H9SPyjZVsm+Khcr5SyOPNpGO2gP2egYVdA5qqIaougePaJn9GI8GE/Gq/E2ac0Z2cwm+gHj/QtIOpUN</latexit>

�ON
+

<latexit sha1_base64="gOmCSMqLABvH1BejfgC5cpiQFiQ=">AAAB/XicdVDJSgNBEO2JW4zbuNy8NAZBEMKMxO0W8OJJI5gFMmPo6akkTXoWunuUOAR/xYsHRbz6H978GzvJCFH0QcHjvSqq6nkxZ1JZ1qeRm5mdm1/ILxaWlldW18z1jbqMEkGhRiMeiaZHJHAWQk0xxaEZCyCBx6Hh9c9GfuMWhGRReK0GMbgB6YaswyhRWmqbW84d80Ex7kPqiABfXgxv9ttm0SpZY+ApcmjZp0c2tjOliDJU2+aH40c0CSBUlBMpW7YVKzclQjHKYVhwEgkxoX3ShZamIQlAuun4+iHe1YqPO5HQFSo8VqcnUhJIOQg83RkQ1ZO/vZH4l9dKVOfETVkYJwpCOlnUSThWER5FgX0mgCo+0IRQwfStmPaIIFTpwAo6hO9P8f+kflCyrZJ9VS5WylkcebSNdtAestExqqBzVEU1RNE9ekTP6MV4MJ6MV+Nt0pozsplN9APG+xdFMpUL</latexit><latexit sha1_base64="gOmCSMqLABvH1BejfgC5cpiQFiQ=">AAAB/XicdVDJSgNBEO2JW4zbuNy8NAZBEMKMxO0W8OJJI5gFMmPo6akkTXoWunuUOAR/xYsHRbz6H978GzvJCFH0QcHjvSqq6nkxZ1JZ1qeRm5mdm1/ILxaWlldW18z1jbqMEkGhRiMeiaZHJHAWQk0xxaEZCyCBx6Hh9c9GfuMWhGRReK0GMbgB6YaswyhRWmqbW84d80Ex7kPqiABfXgxv9ttm0SpZY+ApcmjZp0c2tjOliDJU2+aH40c0CSBUlBMpW7YVKzclQjHKYVhwEgkxoX3ShZamIQlAuun4+iHe1YqPO5HQFSo8VqcnUhJIOQg83RkQ1ZO/vZH4l9dKVOfETVkYJwpCOlnUSThWER5FgX0mgCo+0IRQwfStmPaIIFTpwAo6hO9P8f+kflCyrZJ9VS5WylkcebSNdtAestExqqBzVEU1RNE9ekTP6MV4MJ6MV+Nt0pozsplN9APG+xdFMpUL</latexit><latexit sha1_base64="gOmCSMqLABvH1BejfgC5cpiQFiQ=">AAAB/XicdVDJSgNBEO2JW4zbuNy8NAZBEMKMxO0W8OJJI5gFMmPo6akkTXoWunuUOAR/xYsHRbz6H978GzvJCFH0QcHjvSqq6nkxZ1JZ1qeRm5mdm1/ILxaWlldW18z1jbqMEkGhRiMeiaZHJHAWQk0xxaEZCyCBx6Hh9c9GfuMWhGRReK0GMbgB6YaswyhRWmqbW84d80Ex7kPqiABfXgxv9ttm0SpZY+ApcmjZp0c2tjOliDJU2+aH40c0CSBUlBMpW7YVKzclQjHKYVhwEgkxoX3ShZamIQlAuun4+iHe1YqPO5HQFSo8VqcnUhJIOQg83RkQ1ZO/vZH4l9dKVOfETVkYJwpCOlnUSThWER5FgX0mgCo+0IRQwfStmPaIIFTpwAo6hO9P8f+kflCyrZJ9VS5WylkcebSNdtAestExqqBzVEU1RNE9ekTP6MV4MJ6MV+Nt0pozsplN9APG+xdFMpUL</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="zZWU3wJ3CNl6IMlLam3bxRsV4co=">AAAB8nicbZBLSwMxFIXv+Ky16iju3ASLIAhlxo0uBTeutIJ9QGcsmcydNjTzIMkodSj+FTcuFPHHuPPfmD4W2nog8HFOwr05QSa40o7zbS0tr6yurZc2ypuVre0de7fSVGkuGTZYKlLZDqhCwRNsaK4FtjOJNA4EtoLB5ThvPaBUPE3u9DBDP6a9hEecUW2srr3vPfIQNRchFp6Myc316P6ka1edmjMRWQR3BlWYqd61v7wwZXmMiWaCKtVxnUz7BZWaM4GjspcrzCgb0B52DCY0RuUXk+1H5Mg4IYlSaU6iycT9/aKgsVLDODA3Y6r7aj4bm/9lnVxH537BkyzXmLDpoCgXRKdkXAUJuUSmxdAAZZKbXQnrU0mZNoWVTQnu/JcXoXlac52ae+tACQ7gEI7BhTO4gCuoQwMYPMELvMG79Wy9Wh/TupasWW978EfW5w/BHpOb</latexit><latexit sha1_base64="D9leQFXuknr6E2lIHwXithFrhpY=">AAAB8nicdZBLSwMxFIXv1FetVUdx5yZYBEEoM4KvneDGlVawD+jUksnctqGZB0lGqUPxr7hxoYg/xp3/xvQhVNEDgcN3Eu7N8RPBlXacTys3N7+wuJRfLqwUV9fW7Y1iTcWpZFhlsYhlw6cKBY+wqrkW2Egk0tAXWPf756O8fodS8Ti60YMEWyHtRrzDGdUGte0t754HqLkIMPNkSK4uh7f7bbvklJ2xyIw5dNzTI5e4U1KCqSpt+8MLYpaGGGkmqFJN10l0K6NScyZwWPBShQllfdrFprERDVG1svH2Q7JrSEA6sTQn0mRMZ19kNFRqEPrmZkh1T/3ORvCvrJnqzkkr41GSaozYZFAnFUTHZFQFCbhEpsXAGMokN7sS1qOSMm0KK5gSvn9K/je1g7LrlN1rB/KwDTuwBy4cwxlcQAWqwOABnuAFXq1H69l6m9SVs6a9bcIPWe9f3zqTsQ==</latexit><latexit sha1_base64="oBKfFjt9hT5ogcm2Cody3N+PuDo=">AAAB/XicdVDJSgNBEO1xjXEbl5uXxiAIQpgR11vAiyeNYBbIjKGnpyZp0rPQ3aPEIfgrXjwo4tX/8Obf2ElGiKIPCh7vVVFVz0s4k8qyPo2p6ZnZufnCQnFxaXll1Vxbr8s4FRRqNOaxaHpEAmcR1BRTHJqJABJ6HBpe72zoN25BSBZH16qfgBuSTsQCRonSUtvcdO6YD4pxHzJHhPjyYnCz1zZLVtkaAU+QQ8s+PbKxnSsllKPaNj8cP6ZpCJGinEjZsq1EuRkRilEOg6KTSkgI7ZEOtDSNSAjSzUbXD/COVnwcxEJXpPBInZzISChlP/R0Z0hUV/72huJfXitVwYmbsShJFUR0vChIOVYxHkaBfSaAKt7XhFDB9K2YdokgVOnAijqE70/x/6S+X7atsn1llSoHeRwFtIW20S6y0TGqoHNURTVE0T16RM/oxXgwnoxX423cOmXkMxvoB4z3L0PylQc=</latexit><latexit sha1_base64="gOmCSMqLABvH1BejfgC5cpiQFiQ=">AAAB/XicdVDJSgNBEO2JW4zbuNy8NAZBEMKMxO0W8OJJI5gFMmPo6akkTXoWunuUOAR/xYsHRbz6H978GzvJCFH0QcHjvSqq6nkxZ1JZ1qeRm5mdm1/ILxaWlldW18z1jbqMEkGhRiMeiaZHJHAWQk0xxaEZCyCBx6Hh9c9GfuMWhGRReK0GMbgB6YaswyhRWmqbW84d80Ex7kPqiABfXgxv9ttm0SpZY+ApcmjZp0c2tjOliDJU2+aH40c0CSBUlBMpW7YVKzclQjHKYVhwEgkxoX3ShZamIQlAuun4+iHe1YqPO5HQFSo8VqcnUhJIOQg83RkQ1ZO/vZH4l9dKVOfETVkYJwpCOlnUSThWER5FgX0mgCo+0IRQwfStmPaIIFTpwAo6hO9P8f+kflCyrZJ9VS5WylkcebSNdtAestExqqBzVEU1RNE9ekTP6MV4MJ6MV+Nt0pozsplN9APG+xdFMpUL</latexit><latexit sha1_base64="gOmCSMqLABvH1BejfgC5cpiQFiQ=">AAAB/XicdVDJSgNBEO2JW4zbuNy8NAZBEMKMxO0W8OJJI5gFMmPo6akkTXoWunuUOAR/xYsHRbz6H978GzvJCFH0QcHjvSqq6nkxZ1JZ1qeRm5mdm1/ILxaWlldW18z1jbqMEkGhRiMeiaZHJHAWQk0xxaEZCyCBx6Hh9c9GfuMWhGRReK0GMbgB6YaswyhRWmqbW84d80Ex7kPqiABfXgxv9ttm0SpZY+ApcmjZp0c2tjOliDJU2+aH40c0CSBUlBMpW7YVKzclQjHKYVhwEgkxoX3ShZamIQlAuun4+iHe1YqPO5HQFSo8VqcnUhJIOQg83RkQ1ZO/vZH4l9dKVOfETVkYJwpCOlnUSThWER5FgX0mgCo+0IRQwfStmPaIIFTpwAo6hO9P8f+kflCyrZJ9VS5WylkcebSNdtAestExqqBzVEU1RNE9ekTP6MV4MJ6MV+Nt0pozsplN9APG+xdFMpUL</latexit><latexit sha1_base64="gOmCSMqLABvH1BejfgC5cpiQFiQ=">AAAB/XicdVDJSgNBEO2JW4zbuNy8NAZBEMKMxO0W8OJJI5gFMmPo6akkTXoWunuUOAR/xYsHRbz6H978GzvJCFH0QcHjvSqq6nkxZ1JZ1qeRm5mdm1/ILxaWlldW18z1jbqMEkGhRiMeiaZHJHAWQk0xxaEZCyCBx6Hh9c9GfuMWhGRReK0GMbgB6YaswyhRWmqbW84d80Ex7kPqiABfXgxv9ttm0SpZY+ApcmjZp0c2tjOliDJU2+aH40c0CSBUlBMpW7YVKzclQjHKYVhwEgkxoX3ShZamIQlAuun4+iHe1YqPO5HQFSo8VqcnUhJIOQg83RkQ1ZO/vZH4l9dKVOfETVkYJwpCOlnUSThWER5FgX0mgCo+0IRQwfStmPaIIFTpwAo6hO9P8f+kflCyrZJ9VS5WylkcebSNdtAestExqqBzVEU1RNE9ekTP6MV4MJ6MV+Nt0pozsplN9APG+xdFMpUL</latexit><latexit sha1_base64="gOmCSMqLABvH1BejfgC5cpiQFiQ=">AAAB/XicdVDJSgNBEO2JW4zbuNy8NAZBEMKMxO0W8OJJI5gFMmPo6akkTXoWunuUOAR/xYsHRbz6H978GzvJCFH0QcHjvSqq6nkxZ1JZ1qeRm5mdm1/ILxaWlldW18z1jbqMEkGhRiMeiaZHJHAWQk0xxaEZCyCBx6Hh9c9GfuMWhGRReK0GMbgB6YaswyhRWmqbW84d80Ex7kPqiABfXgxv9ttm0SpZY+ApcmjZp0c2tjOliDJU2+aH40c0CSBUlBMpW7YVKzclQjHKYVhwEgkxoX3ShZamIQlAuun4+iHe1YqPO5HQFSo8VqcnUhJIOQg83RkQ1ZO/vZH4l9dKVOfETVkYJwpCOlnUSThWER5FgX0mgCo+0IRQwfStmPaIIFTpwAo6hO9P8f+kflCyrZJ9VS5WylkcebSNdtAestExqqBzVEU1RNE9ekTP6MV4MJ6MV+Nt0pozsplN9APG+xdFMpUL</latexit><latexit sha1_base64="gOmCSMqLABvH1BejfgC5cpiQFiQ=">AAAB/XicdVDJSgNBEO2JW4zbuNy8NAZBEMKMxO0W8OJJI5gFMmPo6akkTXoWunuUOAR/xYsHRbz6H978GzvJCFH0QcHjvSqq6nkxZ1JZ1qeRm5mdm1/ILxaWlldW18z1jbqMEkGhRiMeiaZHJHAWQk0xxaEZCyCBx6Hh9c9GfuMWhGRReK0GMbgB6YaswyhRWmqbW84d80Ex7kPqiABfXgxv9ttm0SpZY+ApcmjZp0c2tjOliDJU2+aH40c0CSBUlBMpW7YVKzclQjHKYVhwEgkxoX3ShZamIQlAuun4+iHe1YqPO5HQFSo8VqcnUhJIOQg83RkQ1ZO/vZH4l9dKVOfETVkYJwpCOlnUSThWER5FgX0mgCo+0IRQwfStmPaIIFTpwAo6hO9P8f+kflCyrZJ9VS5WylkcebSNdtAestExqqBzVEU1RNE9ekTP6MV4MJ6MV+Nt0pozsplN9APG+xdFMpUL</latexit><latexit sha1_base64="gOmCSMqLABvH1BejfgC5cpiQFiQ=">AAAB/XicdVDJSgNBEO2JW4zbuNy8NAZBEMKMxO0W8OJJI5gFMmPo6akkTXoWunuUOAR/xYsHRbz6H978GzvJCFH0QcHjvSqq6nkxZ1JZ1qeRm5mdm1/ILxaWlldW18z1jbqMEkGhRiMeiaZHJHAWQk0xxaEZCyCBx6Hh9c9GfuMWhGRReK0GMbgB6YaswyhRWmqbW84d80Ex7kPqiABfXgxv9ttm0SpZY+ApcmjZp0c2tjOliDJU2+aH40c0CSBUlBMpW7YVKzclQjHKYVhwEgkxoX3ShZamIQlAuun4+iHe1YqPO5HQFSo8VqcnUhJIOQg83RkQ1ZO/vZH4l9dKVOfETVkYJwpCOlnUSThWER5FgX0mgCo+0IRQwfStmPaIIFTpwAo6hO9P8f+kflCyrZJ9VS5WylkcebSNdtAestExqqBzVEU1RNE9ekTP6MV4MJ6MV+Nt0pozsplN9APG+xdFMpUL</latexit>

• The SU(3)9 theory has been found and 
constructed from geometry. Jefferson, Kim, Vafa, Zafrir 17 

Jefferson, Katz, Kim, Vafa 18



• Check: compare monopole 
tension from the prepotential 
and the 5-brane webs. 


• Two independent D3 brane 
faces


• A,  B + 2C+ 2D
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G2 -SU(3) -Sp(2) sequences
G2 + 2F, SU(3)+ 2F,  Sp(2)+2AS

G2 + 6F,  SU(3)+ 6F,  Sp(2)+2AS+4F

⋮



• G2 + 2F

• SO(7)+ 3S    → G2+ 2F+ 2 singlets (after Higgsing with a spinor)

Area and the monopole string tension agree. 



• G2 + 2F

• SO(7)+ 3S    → G2+ 2F+ 2 singlets (after Higgsing with a spinor)Again, S-dual diagram has 3 color D5-diagram,  suggesting an SU(3)

Flavors: external D5 (or D7)



SU(3)+ 2F = SU(3) + 2AS
3 3̄

=

Antisymmetric matter of SU(3) = O7- with NS5 



Antisymmetric matter of SU(3) = Higgsing of SU(3) - SU(2)

A new way of obtaining AS of SU(3)



• SU(3)6+ 2F

• SU(2)xSU(3)3xSU(2) Higgsed to SU(3)6+ 2AS

[99 Hanany-Zaffaroni]



SU(3)6 + 2F Deform with flop transitions

Pulling in two 7-branes [1,-1] and [1,1] 7-branes to O7--plane
[96 Sen]



Hence, the 5-brane webs shows the non-trivial duality 
between G2-SU(3)-Sp(2) theories

The duality maps can be read off from the 5-brane webs: 

G2  + 2F SU(3)6 + 2F Sp(2)  + 2ASπ



G2  + 6F SU(3)4 + 6F Sp(2)  + 2AS+ 4F

Adding 4 more Fundamental hypers yields marginal 
theories of G2-SU(3)-Sp(2) sequences



Sp(2)+ 1AS + 8 F 
  

and 

SU(3)3/2 + 9 F



From Sp(2)+ 2AS + 4F, we decouple 1 AS to get

Sp(2)+ 1AS + 4F :



From Sp(2)+ 2AS + 4F, we decouple 1 AS to get

Sp(2)+ 1AS + 4F :

Then resolving O7-plane and moving 7-branes gives 
SU(3)7/2+5F :



Adding 4 more Fundamental hypers gives 


Sp(2)+ 1AS + 8F                                     SU(3)3/2 + 9F       

m1

m2

m3

m4

m8

m7

m6

m5 m5
m4

m3
m2
m1

m9
m8
m7

m6



Sp(2)+ 1AS + 8F                                     SU(3)3/2 + 9F       

These marginal theories have a periodic spiral structure.

In fact, their UV completion is 6d rank 2 E-string theory



SU(3) + 1 Sym



Two marginal theories of SU(3)+1Sym : O7+



In particular, 

O7+

(1,1) (1,-1)(0,1)

(4,-1)(4,1)

O7+

(0,1)

O7 -

(2,1) (2,-1)

(4,1) (4,-1) (4,-1)

Making O7- -plane from two 7-branes:



In particular, 

O7+

(1,1) (1,-1)(0,1)

(4,-1)(4,1)

O7+

(0,1)

O7 -

(2,1) (2,-1)

(4,1) (4,-1) (4,-1)

A new periodic structure appears, and con be generalized to rank N

Making O7- -plane from two 7-branes:

O7+

(3-N,1) (N+1,-1)(N+1,1) (N+1,-1)

O7 -

N-1 D5-branes

(3-N,1)



Conclusion
• Obtained 5-brane webs for rank 2 SCFTs (including G2) 

• Checked various dualities from 5-brane web 

• Read off Duality map between different theories in the 
Coulomb phase.  
——


• Partition functions and duality check? 

• Higher rank SCFTs 

• Higgs branch? 

• Down to 4d theories




