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• A 5d N=1 supersymmetric gauge theory can have 
a superconformal theory as the consistent ultra-
violet fixed point.


• F4 superconformal symmetry with SU(2)R


• Web-diagrams of 5-branes in type IIB string 
theory have provided a powerful tool to study 
these 5d theories.


• For example, non-perturbative effects and various 
dualities of 5d gauge theories could be seen 
explicitly from their 5-brane webs.

Aharony, Hanany 97  
Aharony, Hanany, Kol 97 

Seiberg 96



• 5-brane web for SU(N)κ with Chern-Simons level κ 
for small κ can be obtained from N parallel D5 
branes between 2 NS5 branes.


• With the introduction of an orientifold 5 plane, we 
can realize a USp(2N) or an SO(N) gauge theories.

Brunner, Karch 97, 

Brandhuber, Itzhaki, Sonnenschein, Theisen, Yankielowizc 97

Hanany, Zaffaroni 99

Zafrir 15



• 6d (2,0) SCFT of ADE types exist on type IIB ADE 
singularity C2/ΓG   [Witten’95,Strominger’95]


• 6d (1,0) SCFTs has been classified.

Heckman,Morrison,Rudelius,Vafa:1502



• How about the classifying the 5d SCFTs?


• 5d SCFTs can be obtained from 5-dim 
compactification of M-theory on local 
“shrinkable” Calabi-Yau 3-fold.  


• All 5d SCFTs may obtained from a circle 
compactification with possible twist from 6d 
theories

Jefferson,Katz,H.C.Kim,Vafa,1801



• Two progress on the 5d SCFTs


• milder constraint on the theory in the Coulomb 
phase with the positivity of monopole tension


• classification of rank 2 5d  SCFTs


• construction of 5d SCFTs with O5-plane, 
including G2 gauge theories

Jefferson,HCKim,Vafa,Zafrir:1705

Jefferson,Katz,H.C.Kim,Vafa,1801



• We employ  the 5-dim brane webs to two 
applications for rank 2 cases: 


• Find all brane webs for rank 2 cases


• employing them for testing duality between 
different gauge descriptions



1. Introduction


2. 5d gauge theories from 5-brane webs


3. G2 -SU(3)7 duality 


4. G2-SU(3)-Sp(2) sequences   


5. SU(3)0+1F+1S  


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


7. Sp(2)+ 3 AS = SO(5)0+3F


8. Conclusion



2. 5d gauge theories from 5-brane webs



• We can construct a 5d supersymmetric field 
theory with eight supercharges as the world 
volume theory on a 5-brane web.


•  5-brane web in type IIB string theory:

5-brane web



• 5d pure SU(2) gauge theory with θ=0,π     


• A (p,q) 5-brane ( p D5 + q NS5 branes) is  a line 
with slop q/p.

D5

NS5

(1,1)(1,-1) D5

NS5

(1,-1)

(1,1) (2,-1)

X5

X6

Aharony, Hanany 97  
Aharony, Hanany, Kol 97 



• The Coulomb phase for the θ=0 case


• One massless vector multiplet + two massive 
vector multiplets  mutually nonlocal. 


• Cubic prepotential F(φ)=Ftree+ FCS+ F1-loop


• 1-loop due to W-boson (not instanton)

D5

NS5

(1,1)(1,-1)

F1

D1
F1=W-boson

D1=Instanton



• 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 pure SU(2N) gauge theory with κ=0, … 2N+1    

κ=0 κ=2N+1

(N,1)

(N,1) (N,-1)

(N,-1)

(2N +1,1) (2N,-1)

(1,0)

(0,2)



• Introduce an orientifold 5-plane:


• N D5-branes on an O5+ or O5+-plane: USp(2N)


• N D5-branes on  O5- -plane: SO(2N)


• N D5-branes on O5- -plane: SO(2N+1)   


• ON-plane + NS5+D5: SO(2N)-type quiver
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• the pure SO(7) gauge theory:    



• Start from 6d SCFTs and do the dimensional 
reduction and flavor decoupling


• 6d SCFT: Sp(N)T-[2N+8] with SO(4N+16)flavor


• D-type matter: Sp(1)T-[10] : 5 D6 brane on O6- 
with a single NS5


• E8 wall: Sp(1)T-[10]

O6-+ 5 D6 O6-+ 5D6O6++ 1 D6

1/2 NS5 1/2 NS5

2 D6

NS5
O8-+8D8



SU(3)0-[10] Sp(2)-[10] [4]-Sp(1)-Sp(1)-[4]

Hayashi,SSKim,KL,Taki,Yagi:1505

Yonekura:1505
Gaiotto,H.C.Kim:1506

• Circle compactification, T-dual and S-dual


• 3 dual 5d theories: SU(3)0-[10], Sp(2)-[10], [4]-
Sp(1)-Sp(1)-[4]



3. G2-SU(3)7  Duality



• We start with the web for the 5d pure SO(7) 
gauge theory with         plane. �O5
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• with spinor matter for the SO(7) gauge theory: 

Zafrir 15



• with spinor matter for the SO(7) gauge theory: 

“USp(0)”

D1-brane=“USp(0) instantons”=the spinor matter 

D1

Zafrir 15



• with spinor matter for the SO(7) gauge theory: 

SU(2)



• with spinor matter for the SO(7) gauge theory: 

[ms→ 0]  ➞ Higgs branch

A Higgsing associated to the global SU(2) yields G2. 



Apply a  ``flop transition”

• Higgsing 5d SO(7) gauge theory with  a spinor: 


• Apply flop transitions: 

Hayashi, Kim, KL, Yagi 17



• Higgsing 5d SO(7) gauge theory with  a spinor: 


• flops, tuning mass parameters, Higgsing



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



• pure G2 ↔ SU(3)7 duality

pure G2

S-dual

SU(3)7



• Confirm the duality between G2 and SU(3)7 by 
comparing the 1-loop corrected pre-potential.


• identical Coulomb parameters φi but mutually 
non-local W-bosons.


• monopole string tensions from the prepotential 
and the web diagram.


• monopole string tension is given by the area 
of the face of the diagram

Hanany, Witten 96  
Aharony, Hanany 97  
Aharony, Hanany, Kol 97 



• SU(N)κ +NF Fundamental hyper


• Prepotential


• Monopole tension

SU(3)7 gauge theory

ℱSU(N ) =
N

∑
i=1

(m
2

a2
i +

κ
6

a3
i ) +

1
6

N

∑
i<j

|ai − aj |
3 −

1
12

NF

∑
F

N

∑
i

|ai − mF |3

a1 ≥ a2 ≥ ⋯ ≥ aN,
N

∑
i=1

ai = 0

a1 = ϕ1, a2 = ϕ2 − ϕ1, a3 = ϕ3 − ϕ4, ⋯, aN = − ϕN−1

Ti = ∂ℱ/∂ϕi, i = 1,2,⋯, N − 1

φ1

φ1-φ2

φ2

ℱSU(3)7
= m0(ϕ2

1 − ϕ1ϕ2 + ϕ2
2) +

4
3

ϕ3
1 + 3ϕ2

1ϕ2 − 4ϕ1ϕ2
2 +

4
3

ϕ3
2



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

• G2 +NF Fundamental hyper


• Prepotential


• Monopole tension

ℱ =
m
2

hijϕiϕj +
1
12 (∑

R

|R ⋅ ϕ |3 − ∑
f

∑
w∈Wf

|w ⋅ ϕ |3 )

a1+a2

a2

a1

2ϕ1 − 3ϕ2 = a2 − a1, − ϕ1 + 2ϕ2 = a1

ℱG2
= m0(ϕ2

1 − 3ϕ1ϕ2 + 3ϕ2
2) +

4
3

ϕ3
1 − 4ϕ2

1ϕ2 + 3ϕ1ϕ2
2 +

4
3

ϕ3
2

T1 = ∂ℱ/∂ϕ1, T2 = ∂ℱ/∂ϕ2



• 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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• 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

�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>
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4.  G2-SU(3)-Sp(2) sequence



• G2 + 2F

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



• G2 + 2F

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

• S-dual

ON

• Monopole ①, ①+②+③+2④ +⑤



• SU(3)6+ 2F

• SU(3)-1xSU(2) Higgsed to SU(3)1/2+ 1AS  = SU(3)1/2 + 1F



• SU(3)6+ 2F

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



• Sp(2)π+ 2AS

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



• Marginal Theories: G2+6F = SU(3)4+6F=Sp(2)+2AS+4F



• Marginal Theories: G2+6F = SU(3)4+6F=Sp(2)+2AS+4F



• Marginal Theories: G2+6F = SU(3)4+6F = 
Sp(2)+2AS+4F = SO(5)+ 2V+ 4S



5. SU(3)0+1F+1S  



• Marginal Theory: SU(3)0+1F+1Sym  SU(N)0+1AS+1Sym

SU(3)-7/2+ 1F



• Marginal Theory: SU(3)0+1F+1Sym  SU(N)0+1AS+1Sym

ℱSU(3)0+1F+1Sym(ϕ1, ϕ2, m0, mF, msym)



6. SU(3)3/2 + 9F, Sp(2)+1A+8F 



• SU(3)5/2+ 7F = SU(2)π x [SU(2)+5F]

!49



• Sp(2)+ 2AS+ 4F & decoupling to Sp(2)+1AS+ 4F

!50



• Sp(2)+1AS+ 4F = SU(3)3/2+5F

!51



• Generalize to Sp(2)+1AS+ 8F = SU(3)3/2+9F

!52



7. Sp(2)+ 3 AS=SO(5)0+3F



• SO(5)0+2F



• SO(5)0+3F



8. Conclusion





• We recovered all the (p,q) 5-brane web for the 
5d rank 2  SCFTs


• We showed the dualities between different 
theories in the Coulomb phase.


• Some progress in exceptional case in higher 
rank theories.



• More challenges remain.


• defects 


• geometry


• classification & duality


• large rank and d.o.f. (N5/2)


• relation to 6 and 4 dim theories


