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Review of  
Seiberg-Witten curves
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Seiberg-Witten Theory [’94 Seiberg, Witten]
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Various approaches for Seiberg-Witten curve

・Original field theoretic approach 
       [’94 Seiberg, Witten], …


・Spectral curve of the integrable system 
        ['95 Gorsky, Krichever, Marshakov, Mironov, Morozov], ['95 Martinec, Warner], ….


・Geometric engineering (Calabi-Yau compactification) 
        [’96 Katz, Klemm, Vafa], …


・Brane setup (Hanany-Witten type, 5-brane web) 
        [’97 Witten], … 


・6d N=(2,0) on Riemman surface (class S)  
        ['09 Gaiotto], ….


…
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[’97 Witten]Seiberg-Witten Curve from brane setup

M-theory uplift

SW curve
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Hanany-Witten type brane setup for 4d N=2 SU(N) gauge theory
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Generalization

4d N=2 SO/Sp  
gauge theory  

NS5+D4+O4/O6

4d N=2 SU 
gauge theory 
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(NS5+D5)

5d N=1 SO/Sp  
gauge theory  

5-brane web+O5/O7 
(NS5+D5+O5/O7)

include  
orientifold

Uplift  
to 5d
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5d N=1 gauge theory on S1

Coulomb phase 
(VEV for vector multiplet)

RG flow

4d N=2 Abelian gauge theory

All the Kaluza-Klein modes 
are integrated out

Also in this case, the effective prepotential is given

 in terms of Seiberg-Witten curve

Seiberg-Witten Curve for 5d N=1 gauge theory
[’96 Nekrasov]

cf [’96 Seiberg]
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5D N=1 SU(2) SYM

NS5

D5 + NS5 
= (1,1) 5-brane
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[Aharony, Hanany ’97] 
[Aharony, Hanany, Kol ’97]

5d N=1 gauge theory from (p,q) 5-brane web
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Seiberg-Witten Curve from 5-brane web

Type IIB: 5-brane web

[’97 Brandhuber, Itzhaki, Sonnenschein, Theisen, Yankielowicz]

Type IIA: NS5-D4

M-theory: M5-brane

NS5-brane
D4-brane

0 1 2 5 7 83 4 6 9

SW curve for 5d N=1 gauge theory
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(p,q) 5-braneT-duality along 
direction 4

Uplift
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Seiberg-Witten Curve from 5-brane web
[’97 Aharony, Hanany, Kol]

“Dual graph” of the 5-brane web
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Various approaches for Seiberg-Witten curve

・Original field theoretic approach 
       [’94 Seiberg, Witten], …


・Spectral curve of the integrable system 
        ['95 Gorsky, Krichever, Marshakov, Mironov, Morozov], ['95 Martinec, Warner], ….


・Geometric engineering (Calabi-Yau compactification) 
        [’96 Katz, Klemm, Vafa], …


・Brane setup (Hanany-Witten type, 5-brane web) 
        [’97 Witten], … 


・6d N=(2,0) on Riemman surface (class S)  
        ['09 Gaiotto], ….


…
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4d N=2 gauge theory is realized by IIA on (local) CY3

Original discussion for geometric 
engineering approach

IIB on (local) CY3

Seiberg Witten curve (geometry)  
for 4d N=2 gauge theory 

Local mirror symmetry

“Field theory limit”(?)

 [’96 Katz, Klemm, Vafa],
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5d N=1 gauge theory on S1 is realized 
by IIA on (local) CY3 = M on S1 x (local) CY3 

Current understanding for 
geometric engineering approach

IIB on (local) CY3 
= Seiberg Witten curve (geometry)  

for 5d N=1 gauge theory on S1 

Seiberg Witten curve (geometry) 
for 4d N=2 gauge theory 

Local mirror symmetry

“Field theory limit”(?) 
“4d limit”

 cf [’00 Eguchi, Kanno]
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(Local) Calabi-Yau 3-fold “describes” 
5d N=1 gauge theory on S1

Local mirror dual gives SW curve (geometry) for 5d N=1 
gauge theory on S1 

Topological string partition function reproduces Nekrasov 
partition function for 5d N=1 gauge theory on S1

16



Relation between 5-brane web and toric diagram

D5-brane

NS5-brane

(1,1) 5-brane(1,-1) 5-brane

D5-brane

NS5-brane

(1,1) 5-brane (1,-1) 5-brane

5-brane web (Dual graph of) toric diagram 
for toric Calabi-Yau 3-fold

They are “equivalent” ['97 Leung-Vafa]

and actually connected by the chain of string theory duality ['98 Karch, Lust, Smith]
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Find the corresponding M5-brane configuration for 
given 5-brane web diagram

Find local mirror of given toric Calabi-Yau 3-fold

Equivalent problem
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Find the corresponding M5-brane configuration for 
given 5-brane web diagram with orientifold plane

Find local mirror of given non-toric Calabi-Yau 3-fold 
(“Generalization” of the resolution of D-type singularity?)

Equivalent problem ?

Unlike the toric case, the correspondence is not established enough

although there are various examples to support it.

19



Generalization

4d N=2 SO/Sp  
gauge theory  

NS5+D4+O4/O6

4d N=2 SU 
gauge theory 

NS5+D4

5d N=1 SU 
gauge theory 

5-brane web 
(NS5+D5)

5d N=1 SO/Sp  
gauge theory  

5-brane web+O5/O7 
(NS5+D5+O5/O7)

include  
orientifold

Uplift  
to 5d
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Brane setup for 4d N=2 SO(2N)

or

N D4
NS5 NS5

O4-O4+ O4+

N D4
NS5 NS5

O6+

NS5-brane
D4-brane

0 1 2 5 7 83 4 6 9

O4-plane
O6-plane

4,5

6
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SW curve for 4d N=2 SO(2N)
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<latexit sha1_base64="eX5/yMLlTQRsnbcFgplfhByBWbE=">AAACKXicbVDLSsNAFJ34Nr6qLt0MFsGFlER8LQtuXCrYVmhKmUxv6uBkEmZuxBDyO278FTcKirr1R5y2Wfi6MMPh3HvuzDlhKoVBz3t3pqZnZufmFxbdpeWV1bXa+kbbJJnm0OKJTPRVyAxIoaCFAiVcpRpYHErohDeno37nFrQRibrEPIVezIZKRIIztFS/1gxCGApVMK1ZXhaydG9pgAn17A13WFBmaElxwu3RQKgIczcANagk/Vrda3jjon+BX4E6qeq8X3sOBgnPYlDIJTOm63sp9uw2FFxC6QaZgZTxGzaEroWKxWB6xdhpSXcsM6BRou1RSMfsd0XBYmPyOLSTMcNr87s3Iv/rdTOMTnqFUGmGoPjkoSiT1NoexUYHQgNHmVvAuBb2r5RfM8042nBdG4L/2/Jf0N5v+EeNw4uDevOgimOBbJFtskt8ckya5Iyckxbh5J48khfy6jw4T86b8zEZnXIqzSb5Uc7nF8AUpkg=</latexit>

v ! 0 as t ! 0,1 <latexit sha1_base64="S1bNpSunmweldrPb/7+NaRXEB20=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr4tQ8OKxgmkLbSib7aRdutmE3U2hlP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53C2vrG5lZxu7Szu7d/UD48augkUwx9lohEtUKqUXCJvuFGYCtVSONQYDMc3s/85giV5ol8MuMUg5j2JY84o8ZK/ojcEbdbrrhVdw6ySrycVCBHvVv+6vQSlsUoDRNU67bnpiaYUGU4EzgtdTKNKWVD2se2pZLGqIPJ/NgpObNKj0SJsiUNmau/JyY01noch7Yzpmagl72Z+J/Xzkx0G0y4TDODki0WRZkgJiGzz0mPK2RGjC2hTHF7K2EDqigzNp+SDcFbfnmVNC6q3nX16vGyUrvM4yjCCZzCOXhwAzV4gDr4wIDDM7zCmyOdF+fd+Vi0Fpx85hj+wPn8AX77jcs=</latexit>

v = 0

Invariant under or①

②

<latexit sha1_base64="w3mnQVoogEaRKmxXagICJprI1ck="></latexit>

v = x5 + ix4, t = e�
x6+ix11

RM

We need to impose the following constraints:

O4 O6

Polynomial of v2
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['97 Brandhuber, Sonnenschein, Theisen, Yankielowicz] ['97 Landsteiner, Lopez, Lowe]

VS
<latexit sha1_base64="G1V51XIErmOi0NdrNq419HogD1w=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahIpSZUh8boeDGZQX7gHYsmTRtQzOZIblTKEPBjb/ixoUibv0Jd/6NaTsLrR7I5eSce0nu8SPBNTjOl5VZWl5ZXcuu5zY2t7Z37N29ug5jRVmNhiJUTZ9oJrhkNeAgWDNSjAS+YA1/eD31GyOmNA/lHYwj5gWkL3mPUwJG6tgHcF/Cp3hkalQw9QSDubr4CjsdO+8UnRnwX+KmJI9SVDv2Z7sb0jhgEqggWrdcJwIvIQo4FWySa8eaRYQOSZ+1DJUkYNpLZjtM8LFRurgXKnMk4Jn6cyIhgdbjwDedAYGBXvSm4n9eK4bepZdwGcXAJJ0/1IsFhhBPA8FdrhgFMTaEUMXNXzEdEEUomNhyJgR3ceW/pF4quufFs9tyvlJO48iiQ3SECshFF6iCblAV1RBFD+gJvaBX69F6tt6s93lrxkpn9tEvWB/fCj6T5A==</latexit>

t2 + v2p(v2)t+ 1 = 0

N D4
NS5 NS5

O4+O4- O4-

SW curve for 4d N=2 Sp(N)

There was a confusion

<latexit sha1_base64="NwAfEgLSZ7jRatqDPWR3CF055iU=">AAACCXicbVDLSgMxFM34rPU16tJNsAgtQpkp9bERCm5cVrAPaMeSSTNtaOZBcqdQhm7d+CtuXCji1j9w59+YaWehrReSe3LOvdzc40aCK7Csb2NldW19YzO3ld/e2d3bNw8OmyqMJWUNGopQtl2imOABawAHwdqRZMR3BWu5o5tUb42ZVDwM7mESMccng4B7nBLQVM/E8FDBZ7g41ilK75J+VXAJdLLxNbZ6ZsEqW7PAy8DOQAFlUe+ZX91+SGOfBUAFUapjWxE4CZHAqWDTfDdWLCJ0RAaso2FAfKacZLbJFJ9qpo+9UOoTAJ6xvzsS4is18V1d6RMYqkUtJf/TOjF4V07CgygGFtD5IC8WGEKc2oL7XDIKYqIBoZLrv2I6JJJQ0ObltQn24srLoFkp2xfl87tqoVbN7MihY3SCishGl6iGblEdNRBFj+gZvaI348l4Md6Nj3npipH1HKE/YXz+AHa5lQ4=</latexit>

t2 + (v2p(v2) + 2)t+ 1 = 0

( cf ['97 Marshakov, Mironov, Morozov] ) ( cf [’95 Martinec, Warner] , ['96 Argyres, Shapere])

<latexit sha1_base64="yEKaNRBlk7R4SxIlPFXR9KRV+Pc=">AAACC3icbVC7SgNBFJ31bXytWtoMCYKNYVfioxRs7IxgNJDEMDu5SQZnZ5aZu8GwpLfxV2wsFLH1B+z8GyePQqMHBg7n3Mudc6JECotB8OXNzM7NLywuLedWVtfWN/zNrWurU8OhwrXUphoxC1IoqKBACdXEAIsjCTfR3dnQv+mBsUKrK+wn0IhZR4m24Ayd1PTzvdsDWke4x4xybQzYRKuWUB2Kmg7oRel2v+kXgmIwAv1LwgkpkAnKTf+z3tI8jUEhl8zaWhgk2MiYQcElDHL11ELC+B3rQM1RxWKwjWyUZUB3ndKibW3cU0hH6s+NjMXW9uPITcYMu3baG4r/ebUU2yeNTKgkRVB8fKidymHOYTG0JQxwlH1HGDfC/ZXyLjOMo6sv50oIpyP/JdcHxfCoeHhZKpyWJnUskR2SJ3skJMfklJyTMqkQTh7IE3khr96j9+y9ee/j0RlvsrNNfsH7+Aa2Ipoo</latexit>

v
2 corresponding to O4�

<latexit sha1_base64="chkkTEfMrxzKL3H/PYn6ejdn1aM=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAbBKuxKfDRCQAvLCOYByRJmJ7PJkNmdZeZuMCxpbPwVGwtFbP0HO//GSbKFJh4YOJxzD3fu8WPBNTjOt5VbWl5ZXcuvFzY2t7Z37N29upaJoqxGpZCq6RPNBI9YDTgI1owVI6EvWMMfXE/8xpApzWV0D6OYeSHpRTzglICROvZhG9gDpPhGJiaClZSACeAxHl45uGMXnZIzBV4kbkaKKEO1Y3+1u5ImIYuACqJ1y3Vi8FKigFPBxoV2ollM6ID0WMvQiIRMe+n0ijE+NkoXB1KZFwGeqr8TKQm1HoW+mQwJ9PW8NxH/81oJBJdeyqM4ARbR2aIgERgknlSCu1wxCmJkCKGKm79i2ieKUDDFFUwJ7vzJi6R+WnLPS2d35WKlnNWRRwfoCJ0gF12gCrpFVVRDFD2iZ/SK3qwn68V6tz5mozkry+yjP7A+fwDNmZdv</latexit>

Double root at v = 0
<latexit sha1_base64="kuZ0906ZMMhgfvwwQCKqtQZVlFk=">AAAB+3icbVDLSgMxFM34rPU11qWbYBEqQpkp9bERCm5cVrAPaMeSSTNtaCYzJHfEMvRX3LhQxK0/4s6/MW1noa0H7uVwzr3k5vix4Boc59taWV1b39jMbeW3d3b39u2DQlNHiaKsQSMRqbZPNBNcsgZwEKwdK0ZCX7CWP7qZ+q1HpjSP5D2MY+aFZCB5wCkBI/XsQgkeKvgMV8A0F19j57RnF52yMwNeJm5GiihDvWd/dfsRTUImgQqidcd1YvBSooBTwSb5bqJZTOiIDFjHUElCpr10dvsEnxilj4NImZKAZ+rvjZSEWo9D30yGBIZ60ZuK/3mdBIIrL+UyToBJOn8oSASGCE+DwH2uGAUxNoRQxc2tmA6JIhRMXHkTgrv45WXSrJTdi/L5XbVYq2Zx5NAROkYl5KJLVEO3qI4aiKIn9Ixe0Zs1sV6sd+tjPrpiZTuH6A+szx/UGJEK</latexit>

(t2 + 2t+ 1 = 0)
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['97 Brandhuber, Sonnenschein, Theisen, Yankielowicz] ['97 Landsteiner, Lopez, Lowe]

VS
<latexit sha1_base64="G1V51XIErmOi0NdrNq419HogD1w=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahIpSZUh8boeDGZQX7gHYsmTRtQzOZIblTKEPBjb/ixoUibv0Jd/6NaTsLrR7I5eSce0nu8SPBNTjOl5VZWl5ZXcuu5zY2t7Z37N29ug5jRVmNhiJUTZ9oJrhkNeAgWDNSjAS+YA1/eD31GyOmNA/lHYwj5gWkL3mPUwJG6tgHcF/Cp3hkalQw9QSDubr4CjsdO+8UnRnwX+KmJI9SVDv2Z7sb0jhgEqggWrdcJwIvIQo4FWySa8eaRYQOSZ+1DJUkYNpLZjtM8LFRurgXKnMk4Jn6cyIhgdbjwDedAYGBXvSm4n9eK4bepZdwGcXAJJ0/1IsFhhBPA8FdrhgFMTaEUMXNXzEdEEUomNhyJgR3ceW/pF4quufFs9tyvlJO48iiQ3SECshFF6iCblAV1RBFD+gJvaBX69F6tt6s93lrxkpn9tEvWB/fCj6T5A==</latexit>

t2 + v2p(v2)t+ 1 = 0

N D4
NS5 NS5

O4+O4- O4-

SW curve for 4d N=2 Sp(N)

There was a confusion

<latexit sha1_base64="NwAfEgLSZ7jRatqDPWR3CF055iU=">AAACCXicbVDLSgMxFM34rPU16tJNsAgtQpkp9bERCm5cVrAPaMeSSTNtaOZBcqdQhm7d+CtuXCji1j9w59+YaWehrReSe3LOvdzc40aCK7Csb2NldW19YzO3ld/e2d3bNw8OmyqMJWUNGopQtl2imOABawAHwdqRZMR3BWu5o5tUb42ZVDwM7mESMccng4B7nBLQVM/E8FDBZ7g41ilK75J+VXAJdLLxNbZ6ZsEqW7PAy8DOQAFlUe+ZX91+SGOfBUAFUapjWxE4CZHAqWDTfDdWLCJ0RAaso2FAfKacZLbJFJ9qpo+9UOoTAJ6xvzsS4is18V1d6RMYqkUtJf/TOjF4V07CgygGFtD5IC8WGEKc2oL7XDIKYqIBoZLrv2I6JJJQ0ObltQn24srLoFkp2xfl87tqoVbN7MihY3SCishGl6iGblEdNRBFj+gZvaI348l4Md6Nj3npipH1HKE/YXz+AHa5lQ4=</latexit>

t2 + (v2p(v2) + 2)t+ 1 = 0

( cf ['97 Marshakov, Mironov, Morozov] ) ( cf [’95 Martinec, Warner] , ['96 Argyres, Shapere])

<latexit sha1_base64="yEKaNRBlk7R4SxIlPFXR9KRV+Pc=">AAACC3icbVC7SgNBFJ31bXytWtoMCYKNYVfioxRs7IxgNJDEMDu5SQZnZ5aZu8GwpLfxV2wsFLH1B+z8GyePQqMHBg7n3Mudc6JECotB8OXNzM7NLywuLedWVtfWN/zNrWurU8OhwrXUphoxC1IoqKBACdXEAIsjCTfR3dnQv+mBsUKrK+wn0IhZR4m24Ayd1PTzvdsDWke4x4xybQzYRKuWUB2Kmg7oRel2v+kXgmIwAv1LwgkpkAnKTf+z3tI8jUEhl8zaWhgk2MiYQcElDHL11ELC+B3rQM1RxWKwjWyUZUB3ndKibW3cU0hH6s+NjMXW9uPITcYMu3baG4r/ebUU2yeNTKgkRVB8fKidymHOYTG0JQxwlH1HGDfC/ZXyLjOMo6sv50oIpyP/JdcHxfCoeHhZKpyWJnUskR2SJ3skJMfklJyTMqkQTh7IE3khr96j9+y9ee/j0RlvsrNNfsH7+Aa2Ipoo</latexit>

v
2 corresponding to O4�

<latexit sha1_base64="chkkTEfMrxzKL3H/PYn6ejdn1aM=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAbBKuxKfDRCQAvLCOYByRJmJ7PJkNmdZeZuMCxpbPwVGwtFbP0HO//GSbKFJh4YOJxzD3fu8WPBNTjOt5VbWl5ZXcuvFzY2t7Z37N29upaJoqxGpZCq6RPNBI9YDTgI1owVI6EvWMMfXE/8xpApzWV0D6OYeSHpRTzglICROvZhG9gDpPhGJiaClZSACeAxHl45uGMXnZIzBV4kbkaKKEO1Y3+1u5ImIYuACqJ1y3Vi8FKigFPBxoV2ollM6ID0WMvQiIRMe+n0ijE+NkoXB1KZFwGeqr8TKQm1HoW+mQwJ9PW8NxH/81oJBJdeyqM4ARbR2aIgERgknlSCu1wxCmJkCKGKm79i2ieKUDDFFUwJ7vzJi6R+WnLPS2d35WKlnNWRRwfoCJ0gF12gCrpFVVRDFD2iZ/SK3qwn68V6tz5mozkry+yjP7A+fwDNmZdv</latexit>

Double root at v = 0
<latexit sha1_base64="kuZ0906ZMMhgfvwwQCKqtQZVlFk=">AAAB+3icbVDLSgMxFM34rPU11qWbYBEqQpkp9bERCm5cVrAPaMeSSTNtaCYzJHfEMvRX3LhQxK0/4s6/MW1noa0H7uVwzr3k5vix4Boc59taWV1b39jMbeW3d3b39u2DQlNHiaKsQSMRqbZPNBNcsgZwEKwdK0ZCX7CWP7qZ+q1HpjSP5D2MY+aFZCB5wCkBI/XsQgkeKvgMV8A0F19j57RnF52yMwNeJm5GiihDvWd/dfsRTUImgQqidcd1YvBSooBTwSb5bqJZTOiIDFjHUElCpr10dvsEnxilj4NImZKAZ+rvjZSEWo9D30yGBIZ60ZuK/3mdBIIrL+UyToBJOn8oSASGCE+DwH2uGAUxNoRQxc2tmA6JIhRMXHkTgrv45WXSrJTdi/L5XbVYq2Zx5NAROkYl5KJLVEO3qI4aiKIn9Ixe0Zs1sV6sd+tjPrpiZTuH6A+szx/UGJEK</latexit>

(t2 + 2t+ 1 = 0)
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Boundary condition at OM5-plane

The curve has a double root at OM5-plane cf [Hori ’96]

[Landsteiner, Lopez, Lowe 97’ ]

O4+O4� O4�

NS5 NS5

OM5

M5 M5

<latexit sha1_base64="chkkTEfMrxzKL3H/PYn6ejdn1aM=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAbBKuxKfDRCQAvLCOYByRJmJ7PJkNmdZeZuMCxpbPwVGwtFbP0HO//GSbKFJh4YOJxzD3fu8WPBNTjOt5VbWl5ZXcuvFzY2t7Z37N29upaJoqxGpZCq6RPNBI9YDTgI1owVI6EvWMMfXE/8xpApzWV0D6OYeSHpRTzglICROvZhG9gDpPhGJiaClZSACeAxHl45uGMXnZIzBV4kbkaKKEO1Y3+1u5ImIYuACqJ1y3Vi8FKigFPBxoV2ollM6ID0WMvQiIRMe+n0ijE+NkoXB1KZFwGeqr8TKQm1HoW+mQwJ9PW8NxH/81oJBJdeyqM4ARbR2aIgERgknlSCu1wxCmJkCKGKm79i2ieKUDDFFUwJ7vzJi6R+WnLPS2d35WKlnNWRRwfoCJ0gF12gCrpFVVRDFD2iZ/SK3qwn68V6tz5mozkry+yjP7A+fwDNmZdv</latexit>

Double root at v = 0

M-theory  
uplift
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['97 Landsteiner, Lopez, Lowe]

or

N D4
NS5 NS5

O6-

N D4
NS5 NS5

O4+O4- O4-

SW curve for 4d N=2 Sp(N)

['97 Landsteiner, Lopez]

<latexit sha1_base64="NwAfEgLSZ7jRatqDPWR3CF055iU=">AAACCXicbVDLSgMxFM34rPU16tJNsAgtQpkp9bERCm5cVrAPaMeSSTNtaOZBcqdQhm7d+CtuXCji1j9w59+YaWehrReSe3LOvdzc40aCK7Csb2NldW19YzO3ld/e2d3bNw8OmyqMJWUNGopQtl2imOABawAHwdqRZMR3BWu5o5tUb42ZVDwM7mESMccng4B7nBLQVM/E8FDBZ7g41ilK75J+VXAJdLLxNbZ6ZsEqW7PAy8DOQAFlUe+ZX91+SGOfBUAFUapjWxE4CZHAqWDTfDdWLCJ0RAaso2FAfKacZLbJFJ9qpo+9UOoTAJ6xvzsS4is18V1d6RMYqkUtJf/TOjF4V07CgygGFtD5IC8WGEKc2oL7XDIKYqIBoZLrv2I6JJJQ0ObltQn24srLoFkp2xfl87tqoVbN7MihY3SCishGl6iGblEdNRBFj+gZvaI348l4Md6Nj3npipH1HKE/YXz+AHa5lQ4=</latexit>

t2 + (v2p(v2) + 2)t+ 1 = 0
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Seiberg-Witten curves  
from  

5-brane webs with orientifold planes 
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Generalization

4d N=2 SO/Sp  
gauge theory  

NS5+D4+O4/O6

4d N=2 SU 
gauge theory 

NS5+D4

5d N=1 SU 
gauge theory 

5-brane web 
(NS5+D5)

5d N=1 SO/Sp  
gauge theory  

5-brane web+O5/O7 
(NS5+D5+O5/O7)

include  
orientifold

Uplift  
to 5d
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SW curve for 5d N=1 SO(2N) on S1

or<latexit sha1_base64="P14GN6nvpu+h1VdMeNXbYCbFz2M=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBHcWGakVZcFN+6sYB/QjiWTZtrQJDMmmUIZ+h1uXCji1o9x59+YabvQ1gOBwzn3ck9OEHOmjet+Oyura+sbm7mt/PbO7t5+4eCwoaNEEVonEY9UK8CaciZp3TDDaStWFIuA02YwvMn85ogqzSL5YMYx9QXuSxYygo2V/I7AZqBEeleZPJ53C0W35E6Blok3J0WYo9YtfHV6EUkElYZwrHXbc2Pjp1gZRjid5DuJpjEmQ9ynbUslFlT76TT0BJ1apYfCSNknDZqqvzdSLLQei8BOZiH1opeJ/3ntxITXfspknBgqyexQmHBkIpQ1gHpMUWL42BJMFLNZERlghYmxPeVtCd7il5dJ46LkXZYq9+VitTyvIwfHcAJn4MEVVOEWalAHAk/wDK/w5oycF+fd+ZiNrjjznSP4A+fzB4AxkeQ=</latexit>

O5
�<latexit sha1_base64="GyhoY0spSlBZF/pNDWeNPXEFID0=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBEEocxIqy4LbtxZwT6gHUsmzbShSWZMMoUy9DvcuFDErR/jzr8x03ahrQcCh3Pu5Z6cIOZMG9f9dlZW19Y3NnNb+e2d3b39wsFhQ0eJIrROIh6pVoA15UzSumGG01asKBYBp81geJP5zRFVmkXywYxj6gvclyxkBBsr+R2BzUCJ9K4yeTzvFopuyZ0CLRNvToowR61b+Or0IpIIKg3hWOu258bGT7EyjHA6yXcSTWNMhrhP25ZKLKj202noCTq1Sg+FkbJPGjRVf2+kWGg9FoGdzELqRS8T//PaiQmv/ZTJODFUktmhMOHIRChrAPWYosTwsSWYKGazIjLAChNje8rbErzFLy+TxkXJuyxV7svFanleRw6O4QTOwIMrqMIt1KAOBJ7gGV7hzRk5L8678zEbXXHmO0fwB87nD30pkeI=</latexit>

O5
+

<latexit sha1_base64="GyhoY0spSlBZF/pNDWeNPXEFID0=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBEEocxIqy4LbtxZwT6gHUsmzbShSWZMMoUy9DvcuFDErR/jzr8x03ahrQcCh3Pu5Z6cIOZMG9f9dlZW19Y3NnNb+e2d3b39wsFhQ0eJIrROIh6pVoA15UzSumGG01asKBYBp81geJP5zRFVmkXywYxj6gvclyxkBBsr+R2BzUCJ9K4yeTzvFopuyZ0CLRNvToowR61b+Or0IpIIKg3hWOu258bGT7EyjHA6yXcSTWNMhrhP25ZKLKj202noCTq1Sg+FkbJPGjRVf2+kWGg9FoGdzELqRS8T//PaiQmv/ZTJODFUktmhMOHIRChrAPWYosTwsSWYKGazIjLAChNje8rbErzFLy+TxkXJuyxV7svFanleRw6O4QTOwIMrqMIt1KAOBJ7gGV7hzRk5L8678zEbXXHmO0fwB87nD30pkeI=</latexit>

O5
+

Invariant under①
<latexit sha1_base64="ZCxtIzt7b9AC2tWoo0f3xccpZPU=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARKmiZkfpYFty4rGAf0I4lk2ba0MyDJGMpQ8FfceNCEbd+hzv/xkw7C209EDg5517uvceNOJPKsr6N3NLyyupafr2wsbm1vWPu7jVkGAtC6yTkoWi5WFLOAlpXTHHaigTFvstp0x3epH7zkQrJwuBejSPq+LgfMI8RrLTUNQ9Ko1N1gjoqRKXRQ3JmT9Jv1yxaZWsKtEjsjBQhQ61rfnV6IYl9GijCsZRt24qUk2ChGOF0UujEkkaYDHGftjUNsE+lk0zXn6BjrfSQFwr9AoWm6u+OBPtSjn1XV/pYDeS8l4r/ee1YeddOwoIoVjQgs0FezJE+Ns0C9ZigRPGxJpgIpndFZIAFJkonVtAh2PMnL5LGedm+LF/cVYrVShZHHg7hCEpgwxVU4RZqUAcCCTzDK7wZT8aL8W58zEpzRtazD39gfP4AFzaTnA==</latexit>

(w, t) ! (w�1, t)
<latexit sha1_base64="sdF6/VqWa7a/RfVMj/0v9fllehc=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahhVpmpD6WBTcuK9gHtGPJpGkNzTxI7ljKUHDjr7hxoYhbf8Kdf2M6nYW2Hgg5nHMvyTluKLgCy/o2MkvLK6tr2fXcxubW9o65u9dQQSQpq9NABLLlEsUE91kdOAjWCiUjnitY0x1eTf3mA5OKB/4tjEPmeGTg8z6nBLTUNQ8KoxIUcQcCXBjdxSf2pATJVcRdM2+VrQR4kdgpyaMUta751ekFNPKYD1QQpdq2FYITEwmcCjbJdSLFQkKHZMDamvrEY8qJkwwTfKyVHu4HUh8fcKL+3oiJp9TYc/WkR+BezXtT8T+vHUH/0om5H0bAfDp7qB8JrBNPC8E9LhkFMdaEUMn1XzG9J5JQ0LXldAn2fORF0jgt2+fls5tKvlpJ68iiQ3SECshGF6iKrlEN1RFFj+gZvaI348l4Md6Nj9loxkh39tEfGJ8/ijyVgg==</latexit>

(w, t) ! (w�1, t�1)or

<latexit sha1_base64="xPubzOK1KVuQakqRwtya5xpOGOs=">AAACInicbZDLSsNAFIYn9VbrLerSzWARXJVE6m1XcOOygr1AU8pkMmmHTiZh5kQtoc/ixldx40JRV4IP4/RC0dYfBn6+cw5nzu8ngmtwnC8rt7S8srqWXy9sbG5t79i7e3Udp4qyGo1FrJo+0UxwyWrAQbBmohiJfMEafv9qVG/cMaV5LG9hkLB2RLqSh5wSMKhjX95jD2LsJRF2jWMPkGGi8RDDmDszJoMZ9LgMYdCxi07JGQsvGndqimiqasf+8IKYphGTQAXRuuU6CbQzooBTwYYFL9UsIbRPuqxlrCQR0+1sfOIQHxkS4DBW5knAY/p7IiOR1oPIN50RgZ6er43gf7VWCuFFO+MySYFJOlkUpgKbO0d54YArRkEMjCFUcfNXTHtEEQom1YIJwZ0/edHUT0ruWen0plyslKdx5NEBOkTHyEXnqIKuURXVEEWP6Bm9ojfryXqx3q3PSWvOms7soz+yvn8AKhqiNg==</latexit>

w ! ±1 as t ! 0 and t ! 1②
<latexit sha1_base64="9P4qaOGDlu+nYpZGUsY0+w/1y8I=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQF2VGWnUjFNy4a4W+oDOUTJq2oZkHyR1rGeYf3Pgrblwo4taNO//G9LHQ1gOBk3PuJTnHiwRXYFnfRmZldW19I7uZ29re2d0z9w8aKowlZXUailC2PKKY4AGrAwfBWpFkxPcEa3rDm4nfvGdS8TCowThirk/6Ae9xSkBLHfPMAfYASSUtYQdCPLvVRiGuFBUmgFM8wtfYiXxsd8y8VbCmwMvEnpM8mqPaMb+cbkhjnwVABVGqbVsRuAmRwKlgac6JFYsIHZI+a2saEJ8pN5lmSvGJVrq4F0p9AsBT9fdGQnylxr6nJ30CA7XoTcT/vHYMvSs34UEUAwvo7KFeLLBOPykId7lkFMRYE0Il13/FdEAkoaBrzOkS7MXIy6RxXrAvCqW7Yr5cnNeRRUfoGJ0iG12iMrpFVVRHFD2iZ/SK3own48V4Nz5moxljvnOI/sD4/AFiZZyD</latexit>

O5 ! Two O4s at w = ±1
<latexit sha1_base64="LIus4H9mJBOJzOJ5z6uQ9kmGV/o=">AAACHHicbVDJSgNBEO2JW4xb1KOXwiAkEMKMxuUiBLx4i4LRQCaEnk5Hm/QsdNcYw5AP8eKvePGgiBcPgn9jZzlo4oOC1+9V0VXPi6TQaNvfVmpufmFxKb2cWVldW9/Ibm5d6zBWjNdYKENV96jmUgS8hgIlr0eKU9+T/Mbrng39m3uutAiDK+xHvOnT20B0BKNopFb2wEX+gEl1cAwuhjB+XfVCqB5poAgDyPeKWIBTyLuRD04RsNDK5uySPQLMEmdCcmSCi1b2022HLPZ5gExSrRuOHWEzoQoFk3yQcWPNI8q69JY3DA2oz3UzGR03gD2jtKETKlMBwkj9PZFQX+u+75lOn+KdnvaG4n9eI8bOSTMRQRQjD9j4o04swcQwTAraQnGGsm8IZUqYXYHdUUUZmjwzJgRn+uRZcr1fco5Kh5flXKU8iSNNdsguyROHHJMKOScXpEYYeSTP5JW8WU/Wi/VufYxbU9ZkZpv8gfX1A0q3nuM=</latexit>

O7 ! Two O6s at (w, t) = (±1, t)（ ),

[’97 Brandhuber, Itzhaki, Sonnenschein, 

Theisen, Yankielowicz]

['23 Hayashi, Kim, Lee, Yagi] Dual graph

<latexit sha1_base64="W6eGK8K3XbNeNTrGwE9pehKSwBQ=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBEEocxItS4LbtxZwT6gHUsmzbShSWZMMoUy9DvcuFDErR/jzr8x03ahrQcCh3Pu5Z6cIOZMG9f9dlZW19Y3NnNb+e2d3b39wsFhQ0eJIrROIh6pVoA15UzSumGG01asKBYBp81geJP5zRFVmkXywYxj6gvclyxkBBsr+R2BzUCJ9K4yeTzvFopuyZ0CLRNvToowR61b+Or0IpIIKg3hWOu258bGT7EyjHA6yXcSTWNMhrhP25ZKLKj202noCTq1Sg+FkbJPGjRVf2+kWGg9FoGdzELqRS8T//PaiQmv/ZTJODFUktmhMOHIRChrAPWYosTwsSWYKGazIjLAChNje8rbErzFLy+TxkXJuypd3peL1fK8jhwcwwmcgQcVqMIt1KAOBJ7gGV7hzRk5L8678zEbXXHmO0fwB87nD4A3keQ=</latexit>

O7
+

Polynomial of w+w-1

<latexit sha1_base64="b7/4aIO+zGmQu4h7BzBc7WlP5Oc=">AAACH3icbZDLTgIxFIY7XhFvoy7dNBITDIHMEEQ3JiRuXGIilwQG0ikFGjqdSduRkAlv4sZXceNCY4w73sYyzELAkzT5+v/npD2/GzAqlWXNjI3Nre2d3dReev/g8OjYPDmtSz8UmNSwz3zRdJEkjHJSU1Qx0gwEQZ7LSMMd3c/9xjMRkvr8SU0C4nhowGmfYqS01DXL2XF+3Iny9vSqU4QK5mCQHecSRd+W7ZjgHbS6ZsYqWHHBdbATyICkql3zp93zcegRrjBDUrZsK1BOhISimJFpuh1KEiA8QgPS0siRR6QTxftN4aVWerDvC324grH6dyJCnpQTz9WdHlJDuerNxf+8Vqj6t05EeRAqwvHioX7IoPLhPCzYo4JgxSYaEBZU/xXiIRIIKx1pWodgr668DvViwS4Xrh9LmUopiSMFzsEFyAIb3IAKeABVUAMYvIA38AE+jVfj3fgyvhetG0YycwaWypj9Aip5nhA=</latexit>

(w � w�1)2t+ p(w + w�1) + (w � w�1)2t�1 = 0
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['97 Brandhuber, Sonnenschein, Theisen, Yankielowicz] ['97 Landsteiner, Lopez, Lowe]

VS
<latexit sha1_base64="G1V51XIErmOi0NdrNq419HogD1w=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahIpSZUh8boeDGZQX7gHYsmTRtQzOZIblTKEPBjb/ixoUibv0Jd/6NaTsLrR7I5eSce0nu8SPBNTjOl5VZWl5ZXcuu5zY2t7Z37N29ug5jRVmNhiJUTZ9oJrhkNeAgWDNSjAS+YA1/eD31GyOmNA/lHYwj5gWkL3mPUwJG6tgHcF/Cp3hkalQw9QSDubr4CjsdO+8UnRnwX+KmJI9SVDv2Z7sb0jhgEqggWrdcJwIvIQo4FWySa8eaRYQOSZ+1DJUkYNpLZjtM8LFRurgXKnMk4Jn6cyIhgdbjwDedAYGBXvSm4n9eK4bepZdwGcXAJJ0/1IsFhhBPA8FdrhgFMTaEUMXNXzEdEEUomNhyJgR3ceW/pF4quufFs9tyvlJO48iiQ3SECshFF6iCblAV1RBFD+gJvaBX69F6tt6s93lrxkpn9tEvWB/fCj6T5A==</latexit>

t2 + v2p(v2)t+ 1 = 0
<latexit sha1_base64="NwAfEgLSZ7jRatqDPWR3CF055iU=">AAACCXicbVDLSgMxFM34rPU16tJNsAgtQpkp9bERCm5cVrAPaMeSSTNtaOZBcqdQhm7d+CtuXCji1j9w59+YaWehrReSe3LOvdzc40aCK7Csb2NldW19YzO3ld/e2d3bNw8OmyqMJWUNGopQtl2imOABawAHwdqRZMR3BWu5o5tUb42ZVDwM7mESMccng4B7nBLQVM/E8FDBZ7g41ilK75J+VXAJdLLxNbZ6ZsEqW7PAy8DOQAFlUe+ZX91+SGOfBUAFUapjWxE4CZHAqWDTfDdWLCJ0RAaso2FAfKacZLbJFJ9qpo+9UOoTAJ6xvzsS4is18V1d6RMYqkUtJf/TOjF4V07CgygGFtD5IC8WGEKc2oL7XDIKYqIBoZLrv2I6JJJQ0ObltQn24srLoFkp2xfl87tqoVbN7MihY3SCishGl6iGblEdNRBFj+gZvaI348l4Md6Nj3npipH1HKE/YXz+AHa5lQ4=</latexit>

t2 + (v2p(v2) + 2)t+ 1 = 0

( cf ['97 Marshakov, Mironov, Morozov] ) ( cf [’95 Martinec, Warner] , ['96 Argyres, Shapere])

SW curve for 5d N=1 Sp(N) on S1

[’97 Brandhuber, Itzhaki, Sonnenschein, 

Theisen, Yankielowicz]

4d N=2

5d N=1

5d uplift

?
<latexit sha1_base64="9aOKJ9DOUJKDrAKnJ/8e0YolaX0=">AAACEXicbVC7TgJBFJ31ifhatbSZSEwwBLJL8NGYkNhYYiKPBBYyOwwwYfaRmbsSsuEXbPwVGwuNsbWz828cYAsFTzLJuefcmzv3uKHgCizr21hZXVvf2Extpbd3dvf2zYPDmgoiSVmVBiKQDZcoJrjPqsBBsEYoGfFcweru8Gbq1x+YVDzw72EcMscjfZ/3OCWgpY6ZhXYR53B2lB+147w9OdNlmB3lkgqDNm18ja2OmbEK1gx4mdgJyaAElY751eoGNPKYD1QQpZq2FYITEwmcCjZJtyLFQkKHpM+amvrEY8qJZxdN8KlWurgXSP18wDP190RMPKXGnqs7PQIDtehNxf+8ZgS9KyfmfhgB8+l8US8SGAI8jQd3uWQUxFgTQiXXf8V0QCShoENM6xDsxZOXSa1YsC8K53elTLmUxJFCx+gEZZGNLlEZ3aIKqiKKHtEzekVvxpPxYrwbH/PWFSOZOUJ/YHz+AFb3mOE=</latexit>

t2 + (w � w�1)2p(w + w�1)t+ 1 = 0
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['97 Brandhuber, Sonnenschein, Theisen, Yankielowicz] ['97 Landsteiner, Lopez, Lowe]

VS
<latexit sha1_base64="G1V51XIErmOi0NdrNq419HogD1w=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahIpSZUh8boeDGZQX7gHYsmTRtQzOZIblTKEPBjb/ixoUibv0Jd/6NaTsLrR7I5eSce0nu8SPBNTjOl5VZWl5ZXcuu5zY2t7Z37N29ug5jRVmNhiJUTZ9oJrhkNeAgWDNSjAS+YA1/eD31GyOmNA/lHYwj5gWkL3mPUwJG6tgHcF/Cp3hkalQw9QSDubr4CjsdO+8UnRnwX+KmJI9SVDv2Z7sb0jhgEqggWrdcJwIvIQo4FWySa8eaRYQOSZ+1DJUkYNpLZjtM8LFRurgXKnMk4Jn6cyIhgdbjwDedAYGBXvSm4n9eK4bepZdwGcXAJJ0/1IsFhhBPA8FdrhgFMTaEUMXNXzEdEEUomNhyJgR3ceW/pF4quufFs9tyvlJO48iiQ3SECshFF6iCblAV1RBFD+gJvaBX69F6tt6s93lrxkpn9tEvWB/fCj6T5A==</latexit>

t2 + v2p(v2)t+ 1 = 0
<latexit sha1_base64="NwAfEgLSZ7jRatqDPWR3CF055iU=">AAACCXicbVDLSgMxFM34rPU16tJNsAgtQpkp9bERCm5cVrAPaMeSSTNtaOZBcqdQhm7d+CtuXCji1j9w59+YaWehrReSe3LOvdzc40aCK7Csb2NldW19YzO3ld/e2d3bNw8OmyqMJWUNGopQtl2imOABawAHwdqRZMR3BWu5o5tUb42ZVDwM7mESMccng4B7nBLQVM/E8FDBZ7g41ilK75J+VXAJdLLxNbZ6ZsEqW7PAy8DOQAFlUe+ZX91+SGOfBUAFUapjWxE4CZHAqWDTfDdWLCJ0RAaso2FAfKacZLbJFJ9qpo+9UOoTAJ6xvzsS4is18V1d6RMYqkUtJf/TOjF4V07CgygGFtD5IC8WGEKc2oL7XDIKYqIBoZLrv2I6JJJQ0ObltQn24srLoFkp2xfl87tqoVbN7MihY3SCishGl6iGblEdNRBFj+gZvaI348l4Md6Nj3npipH1HKE/YXz+AHa5lQ4=</latexit>

t2 + (v2p(v2) + 2)t+ 1 = 0

( cf ['97 Marshakov, Mironov, Morozov] ) ( cf [’95 Martinec, Warner] , ['96 Argyres, Shapere])

SW curve for 5d N=1 Sp(N) on S1

[’97 Brandhuber, Itzhaki, Sonnenschein, 

Theisen, Yankielowicz]

4d N=2

5d N=1

5d uplift

[’17 H.Hayashi, S-S. Kim, K. Lee, F.Y.] (Sp(1) from O5)


[’21 X.Li, F.Y.] (Sp(N) from O5)


[’23 H.Hayashi, S-S. Kim, K. Lee, F.Y.] (Sp(N) from O7)

<latexit sha1_base64="9aOKJ9DOUJKDrAKnJ/8e0YolaX0=">AAACEXicbVC7TgJBFJ31ifhatbSZSEwwBLJL8NGYkNhYYiKPBBYyOwwwYfaRmbsSsuEXbPwVGwuNsbWz828cYAsFTzLJuefcmzv3uKHgCizr21hZXVvf2Extpbd3dvf2zYPDmgoiSVmVBiKQDZcoJrjPqsBBsEYoGfFcweru8Gbq1x+YVDzw72EcMscjfZ/3OCWgpY6ZhXYR53B2lB+147w9OdNlmB3lkgqDNm18ja2OmbEK1gx4mdgJyaAElY751eoGNPKYD1QQpZq2FYITEwmcCjZJtyLFQkKHpM+amvrEY8qJZxdN8KlWurgXSP18wDP190RMPKXGnqs7PQIDtehNxf+8ZgS9KyfmfhgB8+l8US8SGAI8jQd3uWQUxFgTQiXXf8V0QCShoENM6xDsxZOXSa1YsC8K53elTLmUxJFCx+gEZZGNLlEZ3aIKqiKKHtEzekVvxpPxYrwbH/PWFSOZOUJ/YHz+AFb3mOE=</latexit>

t2 + (w � w�1)2p(w + w�1)t+ 1 = 0
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['97 Brandhuber, Sonnenschein, Theisen, Yankielowicz] ['97 Landsteiner, Lopez, Lowe]

VS
<latexit sha1_base64="G1V51XIErmOi0NdrNq419HogD1w=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahIpSZUh8boeDGZQX7gHYsmTRtQzOZIblTKEPBjb/ixoUibv0Jd/6NaTsLrR7I5eSce0nu8SPBNTjOl5VZWl5ZXcuu5zY2t7Z37N29ug5jRVmNhiJUTZ9oJrhkNeAgWDNSjAS+YA1/eD31GyOmNA/lHYwj5gWkL3mPUwJG6tgHcF/Cp3hkalQw9QSDubr4CjsdO+8UnRnwX+KmJI9SVDv2Z7sb0jhgEqggWrdcJwIvIQo4FWySa8eaRYQOSZ+1DJUkYNpLZjtM8LFRurgXKnMk4Jn6cyIhgdbjwDedAYGBXvSm4n9eK4bepZdwGcXAJJ0/1IsFhhBPA8FdrhgFMTaEUMXNXzEdEEUomNhyJgR3ceW/pF4quufFs9tyvlJO48iiQ3SECshFF6iCblAV1RBFD+gJvaBX69F6tt6s93lrxkpn9tEvWB/fCj6T5A==</latexit>

t2 + v2p(v2)t+ 1 = 0
<latexit sha1_base64="NwAfEgLSZ7jRatqDPWR3CF055iU=">AAACCXicbVDLSgMxFM34rPU16tJNsAgtQpkp9bERCm5cVrAPaMeSSTNtaOZBcqdQhm7d+CtuXCji1j9w59+YaWehrReSe3LOvdzc40aCK7Csb2NldW19YzO3ld/e2d3bNw8OmyqMJWUNGopQtl2imOABawAHwdqRZMR3BWu5o5tUb42ZVDwM7mESMccng4B7nBLQVM/E8FDBZ7g41ilK75J+VXAJdLLxNbZ6ZsEqW7PAy8DOQAFlUe+ZX91+SGOfBUAFUapjWxE4CZHAqWDTfDdWLCJ0RAaso2FAfKacZLbJFJ9qpo+9UOoTAJ6xvzsS4is18V1d6RMYqkUtJf/TOjF4V07CgygGFtD5IC8WGEKc2oL7XDIKYqIBoZLrv2I6JJJQ0ObltQn24srLoFkp2xfl87tqoVbN7MihY3SCishGl6iGblEdNRBFj+gZvaI348l4Md6Nj3npipH1HKE/YXz+AHa5lQ4=</latexit>

t2 + (v2p(v2) + 2)t+ 1 = 0

( cf ['97 Marshakov, Mironov, Morozov] ) ( cf [’95 Martinec, Warner] , ['96 Argyres, Shapere])

SW curve for 5d N=1 Sp(N) on S1

[’97 Brandhuber, Itzhaki, Sonnenschein, 

Theisen, Yankielowicz]

4d N=2

5d N=1

5d uplift

[’17 H.Hayashi, S-S. Kim, K. Lee, F.Y.] (Sp(1) from O5)


[’21 X.Li, F.Y.] (Sp(N) from O5)


[’23 H.Hayashi, S-S. Kim, K. Lee, F.Y.] (Sp(N) from O7)

Inconsistent/Consistent with Nekrasov partition function  
obtained by blow up formula. ['21 Brini-Osuga]

<latexit sha1_base64="9aOKJ9DOUJKDrAKnJ/8e0YolaX0=">AAACEXicbVC7TgJBFJ31ifhatbSZSEwwBLJL8NGYkNhYYiKPBBYyOwwwYfaRmbsSsuEXbPwVGwuNsbWz828cYAsFTzLJuefcmzv3uKHgCizr21hZXVvf2Extpbd3dvf2zYPDmgoiSVmVBiKQDZcoJrjPqsBBsEYoGfFcweru8Gbq1x+YVDzw72EcMscjfZ/3OCWgpY6ZhXYR53B2lB+147w9OdNlmB3lkgqDNm18ja2OmbEK1gx4mdgJyaAElY751eoGNPKYD1QQpZq2FYITEwmcCjZJtyLFQkKHpM+amvrEY8qJZxdN8KlWurgXSP18wDP190RMPKXGnqs7PQIDtehNxf+8ZgS9KyfmfhgB8+l8US8SGAI8jQd3uWQUxFgTQiXXf8V0QCShoENM6xDsxZOXSa1YsC8K53elTLmUxJFCx+gEZZGNLlEZ3aIKqiKKHtEzekVvxpPxYrwbH/PWFSOZOUJ/YHz+AFb3mOE=</latexit>

t2 + (w � w�1)2p(w + w�1)t+ 1 = 0
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['97 Brandhuber, Sonnenschein, Theisen, Yankielowicz] ['97 Landsteiner, Lopez, Lowe]

VS
<latexit sha1_base64="G1V51XIErmOi0NdrNq419HogD1w=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahIpSZUh8boeDGZQX7gHYsmTRtQzOZIblTKEPBjb/ixoUibv0Jd/6NaTsLrR7I5eSce0nu8SPBNTjOl5VZWl5ZXcuu5zY2t7Z37N29ug5jRVmNhiJUTZ9oJrhkNeAgWDNSjAS+YA1/eD31GyOmNA/lHYwj5gWkL3mPUwJG6tgHcF/Cp3hkalQw9QSDubr4CjsdO+8UnRnwX+KmJI9SVDv2Z7sb0jhgEqggWrdcJwIvIQo4FWySa8eaRYQOSZ+1DJUkYNpLZjtM8LFRurgXKnMk4Jn6cyIhgdbjwDedAYGBXvSm4n9eK4bepZdwGcXAJJ0/1IsFhhBPA8FdrhgFMTaEUMXNXzEdEEUomNhyJgR3ceW/pF4quufFs9tyvlJO48iiQ3SECshFF6iCblAV1RBFD+gJvaBX69F6tt6s93lrxkpn9tEvWB/fCj6T5A==</latexit>

t2 + v2p(v2)t+ 1 = 0
<latexit sha1_base64="NwAfEgLSZ7jRatqDPWR3CF055iU=">AAACCXicbVDLSgMxFM34rPU16tJNsAgtQpkp9bERCm5cVrAPaMeSSTNtaOZBcqdQhm7d+CtuXCji1j9w59+YaWehrReSe3LOvdzc40aCK7Csb2NldW19YzO3ld/e2d3bNw8OmyqMJWUNGopQtl2imOABawAHwdqRZMR3BWu5o5tUb42ZVDwM7mESMccng4B7nBLQVM/E8FDBZ7g41ilK75J+VXAJdLLxNbZ6ZsEqW7PAy8DOQAFlUe+ZX91+SGOfBUAFUapjWxE4CZHAqWDTfDdWLCJ0RAaso2FAfKacZLbJFJ9qpo+9UOoTAJ6xvzsS4is18V1d6RMYqkUtJf/TOjF4V07CgygGFtD5IC8WGEKc2oL7XDIKYqIBoZLrv2I6JJJQ0ObltQn24srLoFkp2xfl87tqoVbN7MihY3SCishGl6iGblEdNRBFj+gZvaI348l4Md6Nj3npipH1HKE/YXz+AHa5lQ4=</latexit>

t2 + (v2p(v2) + 2)t+ 1 = 0

( cf ['97 Marshakov, Mironov, Morozov] ) ( cf [’95 Martinec, Warner] , ['96 Argyres, Shapere])

SW curve for 5d N=1 Sp(N) on S1

[’97 Brandhuber, Itzhaki, Sonnenschein, 

Theisen, Yankielowicz]

4d N=2

5d N=1

5d uplift

[’17 H.Hayashi, S-S. Kim, K. Lee, F.Y.] (Sp(1) from O5)


[’21 X.Li, F.Y.] (Sp(N) from O5)


[’23 H.Hayashi, S-S. Kim, K. Lee, F.Y.] (Sp(N) from O7)

Inconsistent/Consistent with Nekrasov partition function  
obtained by blow up formula. ['21 Brini-Osuga]

<latexit sha1_base64="9aOKJ9DOUJKDrAKnJ/8e0YolaX0=">AAACEXicbVC7TgJBFJ31ifhatbSZSEwwBLJL8NGYkNhYYiKPBBYyOwwwYfaRmbsSsuEXbPwVGwuNsbWz828cYAsFTzLJuefcmzv3uKHgCizr21hZXVvf2Extpbd3dvf2zYPDmgoiSVmVBiKQDZcoJrjPqsBBsEYoGfFcweru8Gbq1x+YVDzw72EcMscjfZ/3OCWgpY6ZhXYR53B2lB+147w9OdNlmB3lkgqDNm18ja2OmbEK1gx4mdgJyaAElY751eoGNPKYD1QQpZq2FYITEwmcCjZJtyLFQkKHpM+amvrEY8qJZxdN8KlWurgXSP18wDP190RMPKXGnqs7PQIDtehNxf+8ZgS9KyfmfhgB8+l8US8SGAI8jQd3uWQUxFgTQiXXf8V0QCShoENM6xDsxZOXSa1YsC8K53elTLmUxJFCx+gEZZGNLlEZ3aIKqiKKHtEzekVvxpPxYrwbH/PWFSOZOUJ/YHz+AFb3mOE=</latexit>

t2 + (w � w�1)2p(w + w�1)t+ 1 = 0
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SW curve for 5d N=1 Sp(N) on S1 from O5 

<latexit sha1_base64="P14GN6nvpu+h1VdMeNXbYCbFz2M=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBHcWGakVZcFN+6sYB/QjiWTZtrQJDMmmUIZ+h1uXCji1o9x59+YabvQ1gOBwzn3ck9OEHOmjet+Oyura+sbm7mt/PbO7t5+4eCwoaNEEVonEY9UK8CaciZp3TDDaStWFIuA02YwvMn85ogqzSL5YMYx9QXuSxYygo2V/I7AZqBEeleZPJ53C0W35E6Blok3J0WYo9YtfHV6EUkElYZwrHXbc2Pjp1gZRjid5DuJpjEmQ9ynbUslFlT76TT0BJ1apYfCSNknDZqqvzdSLLQei8BOZiH1opeJ/3ntxITXfspknBgqyexQmHBkIpQ1gHpMUWL42BJMFLNZERlghYmxPeVtCd7il5dJ46LkXZYq9+VitTyvIwfHcAJn4MEVVOEWalAHAk/wDK/w5oycF+fd+ZiNrjjznSP4A+fzB4AxkeQ=</latexit>

O5
� <latexit sha1_base64="P14GN6nvpu+h1VdMeNXbYCbFz2M=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBHcWGakVZcFN+6sYB/QjiWTZtrQJDMmmUIZ+h1uXCji1o9x59+YabvQ1gOBwzn3ck9OEHOmjet+Oyura+sbm7mt/PbO7t5+4eCwoaNEEVonEY9UK8CaciZp3TDDaStWFIuA02YwvMn85ogqzSL5YMYx9QXuSxYygo2V/I7AZqBEeleZPJ53C0W35E6Blok3J0WYo9YtfHV6EUkElYZwrHXbc2Pjp1gZRjid5DuJpjEmQ9ynbUslFlT76TT0BJ1apYfCSNknDZqqvzdSLLQei8BOZiH1opeJ/3ntxITXfspknBgqyexQmHBkIpQ1gHpMUWL42BJMFLNZERlghYmxPeVtCd7il5dJ46LkXZYq9+VitTyvIwfHcAJn4MEVVOEWalAHAk/wDK/w5oycF+fd+ZiNrjjznSP4A+fzB4AxkeQ=</latexit>

O5
�<latexit sha1_base64="GyhoY0spSlBZF/pNDWeNPXEFID0=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBEEocxIqy4LbtxZwT6gHUsmzbShSWZMMoUy9DvcuFDErR/jzr8x03ahrQcCh3Pu5Z6cIOZMG9f9dlZW19Y3NnNb+e2d3b39wsFhQ0eJIrROIh6pVoA15UzSumGG01asKBYBp81geJP5zRFVmkXywYxj6gvclyxkBBsr+R2BzUCJ9K4yeTzvFopuyZ0CLRNvToowR61b+Or0IpIIKg3hWOu258bGT7EyjHA6yXcSTWNMhrhP25ZKLKj202noCTq1Sg+FkbJPGjRVf2+kWGg9FoGdzELqRS8T//PaiQmv/ZTJODFUktmhMOHIRChrAPWYosTwsSWYKGazIjLAChNje8rbErzFLy+TxkXJuyxV7svFanleRw6O4QTOwIMrqMIt1KAOBJ7gGV7hzRk5L8678zEbXXHmO0fwB87nD30pkeI=</latexit>

O5
+

Invariant under①
<latexit sha1_base64="ZCxtIzt7b9AC2tWoo0f3xccpZPU=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARKmiZkfpYFty4rGAf0I4lk2ba0MyDJGMpQ8FfceNCEbd+hzv/xkw7C209EDg5517uvceNOJPKsr6N3NLyyupafr2wsbm1vWPu7jVkGAtC6yTkoWi5WFLOAlpXTHHaigTFvstp0x3epH7zkQrJwuBejSPq+LgfMI8RrLTUNQ9Ko1N1gjoqRKXRQ3JmT9Jv1yxaZWsKtEjsjBQhQ61rfnV6IYl9GijCsZRt24qUk2ChGOF0UujEkkaYDHGftjUNsE+lk0zXn6BjrfSQFwr9AoWm6u+OBPtSjn1XV/pYDeS8l4r/ee1YeddOwoIoVjQgs0FezJE+Ns0C9ZigRPGxJpgIpndFZIAFJkonVtAh2PMnL5LGedm+LF/cVYrVShZHHg7hCEpgwxVU4RZqUAcCCTzDK7wZT8aL8W58zEpzRtazD39gfP4AFzaTnA==</latexit>

(w, t) ! (w�1, t)

Double root at ② <latexit sha1_base64="/bd/xgnzU9xwb8FihoHxe7S7Iqg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKfFyEgBePEcxDkiXMTmaTITOzy8ysEpZ8hRcPinj1c7z5N042e9DEgoaiqpvuriDmTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKWjRBHaJBGPVCfAmnImadMww2knVhSLgNN2ML6Z+e1HqjSL5L2ZxNQXeChZyAg2Vnp4QteoFwvk9csVt+pmQMvEy0kFcjT65a/eICKJoNIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupxIJqP80OnqITqwxQGClb0qBM/T2RYqH1RAS2U2Az0oveTPzP6yYmvPJTJuPEUEnmi8KEIxOh2fdowBQlhk8swUQxeysiI6wwMTajkg3BW3x5mbTOqt5F9fyuVqnX8jiKcATHcAoeXEIdbqEBTSAg4Ble4c1Rzovz7nzMWwtOPnMIf+B8/gAoXo9O</latexit>

w = ±1

<latexit sha1_base64="eqQzokM3h2XgiX+2A62JkxkRioM=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiRSHxuh4MZlBfuAJpTJdNIOnUnCzI1aQldu/BU3LhRx6ze482+cPhbaeuDC4Zx7ufeeIBFcg+N8WwuLS8srq7m1/PrG5ta2vbNb13GqKKvRWMSqGRDNBI9YDTgI1kwUIzIQrBH0r0Z+444pzePoFgYJ8yXpRjzklICR2vZBEQO+xC72gD1AhgngIb7HXiKNdty2C07JGQPPE3dKCmiKatv+8joxTSWLgAqidct1EvAzooBTwYZ5L9UsIbRPuqxlaEQk0342fmOIj4zSwWGsTEWAx+rviYxIrQcyMJ2SQE/PeiPxP6+VQnjhZzxKUmARnSwKU4EhxqNMcIcrRkEMDCFUcXMrpj2iCAWTXN6E4M6+PE/qJyX3rHR6Uy5UytM4cmgfHaIictE5qqBrVEU1RNEjekav6M16sl6sd+tj0rpgTWf20B9Ynz+sI5YL</latexit>

(t = 1 at w ± 1)

<latexit sha1_base64="dDwn+YHCjktlli5Lnw82p8498AE=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIFbTMSL0sFApuXFawF+iUkslk2tDMxeSMWoa+jBtfxY0LiwiufBUzbRfaeiDw8/3ncHJ+JxJcgWl+GZmFxaXllexqbm19Y3Mrv71TV2EsKavRUISy6RDFBA9YDTgI1owkI74jWMPpX6d+44FJxcPgDgYRa/ukG3CPUwIadfKXRQz4ClvYBvYECSaAh/gxJUfYvo+JO7aP532NDjv5glkyx4XnhTUVBTStaic/st2Qxj4LgAqiVMsyI2gnRAKngg1zdqxYRGifdFlLy4D4TLWT8ZVDfKCJi71Q6hcAHtPfEwnxlRr4ju70CfTUrJfC/7xWDN5FO+FBFAML6GSRFwsMIU4jwy6XjIIYaEGo5PqvmPaIJBR0sDkdgjV78ryon5Sss9LpbblQKU/jyKI9tI+KyELnqIJuUBXVEEXP6BW9o5HxYrwZH8bnpDVjTGd20Z8yvn8AofKfxw==</latexit>

(t = 1 at w = 1, t = �1 at w = �1)

<latexit sha1_base64="ltn/4X7WKIj4RKZdvxHtqR9E7Fk="></latexit>

t2 �
�
2 + (w � w�1)2p(w + w�1)

�
t+ 1 = 0

<latexit sha1_base64="OJu4ukGPc3Y+umFAntOWrkF+g8Y="></latexit>

t2 �
�
w + w�1 + (w � w�1)2p(w + w�1)

�
t+ 1 = 0

<latexit sha1_base64="yHT5WCBAoDJb/30B7sUDopopNio=">AAACDXicbVC7SgNBFJ2Nrxhfq5Y2g1GwCrsSH1gFbCwjmAckIcxObpIhs7PLzF0xLPkBG3/FxkIRW3s7/8bJo9DEAwOHc+7lzjlBLIVBz/t2MkvLK6tr2fXcxubW9o67u1c1UaI5VHgkI10PmAEpFFRQoIR6rIGFgYRaMLge+7V70EZE6g6HMbRC1lOiKzhDK7Xdoyb2ARltIjxgekU7wnANCHQqM9UDOWq7ea/gTUAXiT8jeTJDue1+NTsRT0JQyCUzpuF7MbZSplFwCaNcMzEQMz5gPWhYqlgIppVO0ozosVU6tBtp+xTSifp7I2WhMcMwsJMhw76Z98bif14jwe5lKxUqThAUnx7qJpJiRMfV2OwaOMqhJYxrYf9KeZ9pxtEWmLMl+PORF0n1tOCfF85ui/lScVZHlhyQQ3JCfHJBSuSGlEmFcPJInskreXOenBfn3fmYjmac2c4++QPn8wdwK5vE</latexit>

✓: discrete theta angel

<latexit sha1_base64="UWOfkfvs8rUSw2LUAGY+3ExZDv8=">AAACGXicbZBNSwMxEIazftb6VfXoJViEFkrZlfpxEQQvnkTBaqFbSjY7tcFsdklmi2Xp3/DiX/HiQRGPevLfmNYKWn0h8PLMDJN5g0QKg6774UxNz8zOzecW8otLyyurhbX1SxOnmkOdxzLWjYAZkEJBHQVKaCQaWBRIuApujof1qx5oI2J1gf0EWhG7VqIjOEOL2gW3dFrxsQvIyvSQlnyEW8ziMBxUqFuufAPogbLET0S5XSi6VXck+td4Y1MkY521C29+GPM0AoVcMmOanptgK2MaBZcwyPupgYTxG3YNTWsVi8C0stFlA7ptSUg7sbZPIR3RnxMZi4zpR4HtjBh2zWRtCP+rNVPsHLQyoZIUQfGvRZ1UUozpMCYaCg0cZd8axrWwf6W8yzTjaMPM2xC8yZP/msudqrdX3T2vFY9q4zhyZJNskRLxyD45IifkjNQJJ3fkgTyRZ+feeXRenNev1ilnPLNBfsl5/wS8H55D</latexit>

(N, ✓) = (odd, 0), (even,⇡)

<latexit sha1_base64="6sCnAKay5GSujjsyzy5QeFTK3Ac=">AAACGXicbZBNSwMxEIazftb6VfXoJViEFkrZlfpxEQQvnkTBaqFbSjY7tcFsdklmi2Xp3/DiX/HiQRGPevLfmNYKWn0h8PLMDJN5g0QKg6774UxNz8zOzecW8otLyyurhbX1SxOnmkOdxzLWjYAZkEJBHQVKaCQaWBRIuApujof1qx5oI2J1gf0EWhG7VqIjOEOL2gW3dFrxsQvIyvSQlnyEW8ygB2pQoW658k3iMLTAT0S5XSi6VXck+td4Y1MkY521C29+GPM0AoVcMmOanptgK2MaBZcwyPupgYTxG3YNTWsVi8C0stFlA7ptSUg7sbZPIR3RnxMZi4zpR4HtjBh2zWRtCP+rNVPsHLQyoZIUQfGvRZ1UUozpMCYaCg0cZd8axrWwf6W8yzTjaMPM2xC8yZP/msudqrdX3T2vFY9q4zhyZJNskRLxyD45IifkjNQJJ3fkgTyRZ+feeXRenNev1ilnPLNBfsl5/wS+nZ5D</latexit>

(N, ✓) = (even, 0), (odd,⇡)
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SW curve for 5d N=1 Sp(N) on S1 from O7 

Invariant under①
<latexit sha1_base64="sdF6/VqWa7a/RfVMj/0v9fllehc=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahhVpmpD6WBTcuK9gHtGPJpGkNzTxI7ljKUHDjr7hxoYhbf8Kdf2M6nYW2Hgg5nHMvyTluKLgCy/o2MkvLK6tr2fXcxubW9o65u9dQQSQpq9NABLLlEsUE91kdOAjWCiUjnitY0x1eTf3mA5OKB/4tjEPmeGTg8z6nBLTUNQ8KoxIUcQcCXBjdxSf2pATJVcRdM2+VrQR4kdgpyaMUta751ekFNPKYD1QQpdq2FYITEwmcCjbJdSLFQkKHZMDamvrEY8qJkwwTfKyVHu4HUh8fcKL+3oiJp9TYc/WkR+BezXtT8T+vHUH/0om5H0bAfDp7qB8JrBNPC8E9LhkFMdaEUMn1XzG9J5JQ0LXldAn2fORF0jgt2+fls5tKvlpJ68iiQ3SECshGF6iKrlEN1RFFj+gZvaI348l4Md6Nj9loxkh39tEfGJ8/ijyVgg==</latexit>

(w, t) ! (w�1, t�1)

<latexit sha1_base64="wAVv4PRWiZD/+dnwKp7cSbrREFU=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBHcWGakWpcFN+6sYB/QjiWTZtrQJDMmmUIZ+h1uXCji1o9x59+YabvQ1gOBwzn3ck9OEHOmjet+Oyura+sbm7mt/PbO7t5+4eCwoaNEEVonEY9UK8CaciZp3TDDaStWFIuA02YwvMn85ogqzSL5YMYx9QXuSxYygo2V/I7AZqBEeleZPJ53C0W35E6Blok3J0WYo9YtfHV6EUkElYZwrHXbc2Pjp1gZRjid5DuJpjEmQ9ynbUslFlT76TT0BJ1apYfCSNknDZqqvzdSLLQei8BOZiH1opeJ/3ntxITXfspknBgqyexQmHBkIpQ1gHpMUWL42BJMFLNZERlghYmxPeVtCd7il5dJ46LkXZUu78vFanleRw6O4QTOwIMKVOEWalAHAk/wDK/w5oycF+fd+ZiNrjjznSP4A+fzB4M/keY=</latexit>

O7
�

Double root ②
<latexit sha1_base64="tePYApgmIN7TSYSbDjeaa3W2G/M=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkflyEghePFUxbaEPZbDft0s0m7E6EUvobvHhQxKs/yJv/xm2bg7Y+GHi8N8PMvDCVwqDrfjuFtfWNza3idmlnd2//oHx41DRJphn3WSIT3Q6p4VIo7qNAydup5jQOJW+Fo7uZ33ri2ohEPeI45UFMB0pEglG0ko/klni9csWtunOQVeLlpAI5Gr3yV7efsCzmCpmkxnQ8N8VgQjUKJvm01M0MTykb0QHvWKpozE0wmR87JWdW6ZMo0bYUkrn6e2JCY2PGcWg7Y4pDs+zNxP+8TobRTTARKs2QK7ZYFGWSYEJmn5O+0JyhHFtCmRb2VsKGVFOGNp+SDcFbfnmVNC+q3lX18qFWqdfyOIpwAqdwDh5cQx3uoQE+MBDwDK/w5ijnxXl3PhatBSefOYY/cD5/AH1vjco=</latexit>

t = 1
<latexit sha1_base64="LIus4H9mJBOJzOJ5z6uQ9kmGV/o=">AAACHHicbVDJSgNBEO2JW4xb1KOXwiAkEMKMxuUiBLx4i4LRQCaEnk5Hm/QsdNcYw5AP8eKvePGgiBcPgn9jZzlo4oOC1+9V0VXPi6TQaNvfVmpufmFxKb2cWVldW9/Ibm5d6zBWjNdYKENV96jmUgS8hgIlr0eKU9+T/Mbrng39m3uutAiDK+xHvOnT20B0BKNopFb2wEX+gEl1cAwuhjB+XfVCqB5poAgDyPeKWIBTyLuRD04RsNDK5uySPQLMEmdCcmSCi1b2022HLPZ5gExSrRuOHWEzoQoFk3yQcWPNI8q69JY3DA2oz3UzGR03gD2jtKETKlMBwkj9PZFQX+u+75lOn+KdnvaG4n9eI8bOSTMRQRQjD9j4o04swcQwTAraQnGGsm8IZUqYXYHdUUUZmjwzJgRn+uRZcr1fco5Kh5flXKU8iSNNdsguyROHHJMKOScXpEYYeSTP5JW8WU/Wi/VufYxbU9ZkZpv8gfX1A0q3nuM=</latexit>

O7 ! Two O6s at (w, t) = (±1, t)at  
<latexit sha1_base64="/bd/xgnzU9xwb8FihoHxe7S7Iqg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKfFyEgBePEcxDkiXMTmaTITOzy8ysEpZ8hRcPinj1c7z5N042e9DEgoaiqpvuriDmTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKWjRBHaJBGPVCfAmnImadMww2knVhSLgNN2ML6Z+e1HqjSL5L2ZxNQXeChZyAg2Vnp4QteoFwvk9csVt+pmQMvEy0kFcjT65a/eICKJoNIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupxIJqP80OnqITqwxQGClb0qBM/T2RYqH1RAS2U2Az0oveTPzP6yYmvPJTJuPEUEnmi8KEIxOh2fdowBQlhk8swUQxeysiI6wwMTajkg3BW3x5mbTOqt5F9fyuVqnX8jiKcATHcAoeXEIdbqEBTSAg4Ble4c1Rzovz7nzMWwtOPnMIf+B8/gAoXo9O</latexit>

w = ±1 ( )
<latexit sha1_base64="1dZ8U4VvhDDvQyTNOT3AOm0f0bY="></latexit>

w2nt�
�
2 + (w � w�1)2p(w)

�
+ w�2nt�1 = 0

<latexit sha1_base64="/l0oL9W/0sWPmpDBgDMG4RE9Q8w="></latexit>

w2n�1t�
�
w + w�1 + (w � w�1)2p(w + w�1)

�
+ w�2n+1t�1 = 0

Agree with the previous results by 
<latexit sha1_base64="ejNkVDMggAirHoRSYHORipADxLk=">AAACE3icbVDLTgIxFO3gC/GFunTTSEyMDzJD8LEkceMSE3kkDJJOKdDQ6YztHQ2Z8A9u/BU3LjTGrRt3/o0FZoHgSZqcnHNvbs/xQsE12PaPlVpYXFpeSa9m1tY3Nrey2ztVHUSKsgoNRKDqHtFMcMkqwEGweqgY8T3Bal7/auTXHpjSPJC3MAhZ0yddyTucEjBSK3sE2IUAP97FpwU5xHCC3fuItPG0fOyMjVY2Z+ftMfA8cRKSQwnKrey32w5o5DMJVBCtG44dQjMmCjgVbJhxI81CQvukyxqGSuIz3YzHmYb4wCht3AmUeRLwWJ3eiImv9cD3zKRPoKdnvZH4n9eIoHPZjLkMI2CSTg51IoFN3FFBuM0VoyAGhhCquPkrpj2iCAVTY8aU4MxGnifVQt45z5/dFHOlYlJHGu2hfXSIHHSBSugalVEFUfSEXtAbereerVfrw/qcjKasZGcX/YH19Qv5Spuo</latexit>

t ! w�2nt, t ! w�2n+1t,

<latexit sha1_base64="UWOfkfvs8rUSw2LUAGY+3ExZDv8=">AAACGXicbZBNSwMxEIazftb6VfXoJViEFkrZlfpxEQQvnkTBaqFbSjY7tcFsdklmi2Xp3/DiX/HiQRGPevLfmNYKWn0h8PLMDJN5g0QKg6774UxNz8zOzecW8otLyyurhbX1SxOnmkOdxzLWjYAZkEJBHQVKaCQaWBRIuApujof1qx5oI2J1gf0EWhG7VqIjOEOL2gW3dFrxsQvIyvSQlnyEW8ziMBxUqFuufAPogbLET0S5XSi6VXck+td4Y1MkY521C29+GPM0AoVcMmOanptgK2MaBZcwyPupgYTxG3YNTWsVi8C0stFlA7ptSUg7sbZPIR3RnxMZi4zpR4HtjBh2zWRtCP+rNVPsHLQyoZIUQfGvRZ1UUozpMCYaCg0cZd8axrWwf6W8yzTjaMPM2xC8yZP/msudqrdX3T2vFY9q4zhyZJNskRLxyD45IifkjNQJJ3fkgTyRZ+feeXRenNev1ilnPLNBfsl5/wS8H55D</latexit>

(N, ✓) = (odd, 0), (even,⇡)

<latexit sha1_base64="6sCnAKay5GSujjsyzy5QeFTK3Ac=">AAACGXicbZBNSwMxEIazftb6VfXoJViEFkrZlfpxEQQvnkTBaqFbSjY7tcFsdklmi2Xp3/DiX/HiQRGPevLfmNYKWn0h8PLMDJN5g0QKg6774UxNz8zOzecW8otLyyurhbX1SxOnmkOdxzLWjYAZkEJBHQVKaCQaWBRIuApujof1qx5oI2J1gf0EWhG7VqIjOEOL2gW3dFrxsQvIyvSQlnyEW8ygB2pQoW658k3iMLTAT0S5XSi6VXck+td4Y1MkY521C29+GPM0AoVcMmOanptgK2MaBZcwyPupgYTxG3YNTWsVi8C0stFlA7ptSUg7sbZPIR3RnxMZi4zpR4HtjBh2zWRtCP+rNVPsHLQyoZIUQfGvRZ1UUozpMCYaCg0cZd8axrWwf6W8yzTjaMPM2xC8yZP/msudqrdX3T2vFY9q4zhyZJNskRLxyD45IifkjNQJJ3fkgTyRZ+feeXRenNev1ilnPLNBfsl5/wS+nZ5D</latexit>

(N, ✓) = (even, 0), (odd,⇡)
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Adding flavor to 5d N=1 Sp(N) on S1 from O7 

<latexit sha1_base64="nnYP6/bVLd5eLb3TyCJWsPL5B/Y="></latexit>

p(w)t+

✓
�p(1)(w + 1)2

2w
+

p(�1)(w � 1)2

2w
+ (w � w�1)2p̂(w)

◆
+ p(w�1)t�1 = 0

<latexit sha1_base64="ppGcbh8HJaTp4sUJLf8A9RHgDxg="></latexit>

p(w) = w�
Nf
2 �

NfY

i=1

(w �Mi), Mi = e��mi
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SW curve for 5d N=1 SU(N)+1Sym+Nf F from O7+ 

Invariant under①
<latexit sha1_base64="sdF6/VqWa7a/RfVMj/0v9fllehc=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahhVpmpD6WBTcuK9gHtGPJpGkNzTxI7ljKUHDjr7hxoYhbf8Kdf2M6nYW2Hgg5nHMvyTluKLgCy/o2MkvLK6tr2fXcxubW9o65u9dQQSQpq9NABLLlEsUE91kdOAjWCiUjnitY0x1eTf3mA5OKB/4tjEPmeGTg8z6nBLTUNQ8KoxIUcQcCXBjdxSf2pATJVcRdM2+VrQR4kdgpyaMUta751ekFNPKYD1QQpdq2FYITEwmcCjbJdSLFQkKHZMDamvrEY8qJkwwTfKyVHu4HUh8fcKL+3oiJp9TYc/WkR+BezXtT8T+vHUH/0om5H0bAfDp7qB8JrBNPC8E9LhkFMdaEUMn1XzG9J5JQ0LXldAn2fORF0jgt2+fls5tKvlpJ68iiQ3SECshGF6iKrlEN1RFFj+gZvaI348l4Md6Nj9loxkh39tEfGJ8/ijyVgg==</latexit>

(w, t) ! (w�1, t�1)

<latexit sha1_base64="xPubzOK1KVuQakqRwtya5xpOGOs=">AAACInicbZDLSsNAFIYn9VbrLerSzWARXJVE6m1XcOOygr1AU8pkMmmHTiZh5kQtoc/ixldx40JRV4IP4/RC0dYfBn6+cw5nzu8ngmtwnC8rt7S8srqWXy9sbG5t79i7e3Udp4qyGo1FrJo+0UxwyWrAQbBmohiJfMEafv9qVG/cMaV5LG9hkLB2RLqSh5wSMKhjX95jD2LsJRF2jWMPkGGi8RDDmDszJoMZ9LgMYdCxi07JGQsvGndqimiqasf+8IKYphGTQAXRuuU6CbQzooBTwYYFL9UsIbRPuqxlrCQR0+1sfOIQHxkS4DBW5knAY/p7IiOR1oPIN50RgZ6er43gf7VWCuFFO+MySYFJOlkUpgKbO0d54YArRkEMjCFUcfNXTHtEEQom1YIJwZ0/edHUT0ruWen0plyslKdx5NEBOkTHyEXnqIKuURXVEEWP6Bm9ojfryXqx3q3PSWvOms7soz+yvn8AKhqiNg==</latexit>

w ! ±1 as t ! 0 and t ! 1②
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SW curve for 5d N=1 SU(N)+1AS+Nf F from O7- 

Invariant under①
<latexit sha1_base64="sdF6/VqWa7a/RfVMj/0v9fllehc=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahhVpmpD6WBTcuK9gHtGPJpGkNzTxI7ljKUHDjr7hxoYhbf8Kdf2M6nYW2Hgg5nHMvyTluKLgCy/o2MkvLK6tr2fXcxubW9o65u9dQQSQpq9NABLLlEsUE91kdOAjWCiUjnitY0x1eTf3mA5OKB/4tjEPmeGTg8z6nBLTUNQ8KoxIUcQcCXBjdxSf2pATJVcRdM2+VrQR4kdgpyaMUta751ekFNPKYD1QQpdq2FYITEwmcCjbJdSLFQkKHZMDamvrEY8qJkwwTfKyVHu4HUh8fcKL+3oiJp9TYc/WkR+BezXtT8T+vHUH/0om5H0bAfDp7qB8JrBNPC8E9LhkFMdaEUMn1XzG9J5JQ0LXldAn2fORF0jgt2+fls5tKvlpJ68iiQ3SECshGF6iKrlEN1RFFj+gZvaI348l4Md6Nj9loxkh39tEfGJ8/ijyVgg==</latexit>

(w, t) ! (w�1, t�1)

Triple root ②
<latexit sha1_base64="tePYApgmIN7TSYSbDjeaa3W2G/M=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkflyEghePFUxbaEPZbDft0s0m7E6EUvobvHhQxKs/yJv/xm2bg7Y+GHi8N8PMvDCVwqDrfjuFtfWNza3idmlnd2//oHx41DRJphn3WSIT3Q6p4VIo7qNAydup5jQOJW+Fo7uZ33ri2ohEPeI45UFMB0pEglG0ko/klni9csWtunOQVeLlpAI5Gr3yV7efsCzmCpmkxnQ8N8VgQjUKJvm01M0MTykb0QHvWKpozE0wmR87JWdW6ZMo0bYUkrn6e2JCY2PGcWg7Y4pDs+zNxP+8TobRTTARKs2QK7ZYFGWSYEJmn5O+0JyhHFtCmRb2VsKGVFOGNp+SDcFbfnmVNC+q3lX18qFWqdfyOIpwAqdwDh5cQx3uoQE+MBDwDK/w5ijnxXl3PhatBSefOYY/cD5/AH1vjco=</latexit>

t = 1 at  
<latexit sha1_base64="/bd/xgnzU9xwb8FihoHxe7S7Iqg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKfFyEgBePEcxDkiXMTmaTITOzy8ysEpZ8hRcPinj1c7z5N042e9DEgoaiqpvuriDmTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKWjRBHaJBGPVCfAmnImadMww2knVhSLgNN2ML6Z+e1HqjSL5L2ZxNQXeChZyAg2Vnp4QteoFwvk9csVt+pmQMvEy0kFcjT65a/eICKJoNIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupxIJqP80OnqITqwxQGClb0qBM/T2RYqH1RAS2U2Az0oveTPzP6yYmvPJTJuPEUEnmi8KEIxOh2fdowBQlhk8swUQxeysiI6wwMTajkg3BW3x5mbTOqt5F9fyuVqnX8jiKcATHcAoeXEIdbqEBTSAg4Ble4c1Rzovz7nzMWwtOPnMIf+B8/gAoXo9O</latexit>

w = ±1

③
<latexit sha1_base64="WWmjrz3YPeWdRU+Rt3q8YCOahkM="></latexit>����
@t

@w
(w = ±1)

���� < 1
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Observation 

SW curve for 5d N=1 Sp(N) + 8F SW curve for 5d N=1 SO(2N)
<latexit sha1_base64="jxB1Bi0oeaCLTCQaocp3QfhoU8U=">AAACFnicbVDLSgMxFM3UV62vUZdugkVx0ZZJ7WtTKLhxU6hgH9AZhkyatqGZB0lGKKVf4cZfceNCEbfizr8xfSy09cCBk3Pv5eYeL+JMKsv6NhIbm1vbO8nd1N7+weGReXzSkmEsCG2SkIei42FJOQtoUzHFaScSFPsep21vdDOrtx+okCwM7tU4oo6PBwHrM4KVtlwze1l3UbXu5jWvNQtVlIG2ndJ2UT9LmmXNShVmIcq4ZtrKWXPAdYGWIg2WaLjml90LSezTQBGOpewiK1LOBAvFCKfTlB1LGmEywgPa1TLAPpXOZH7WFF5opwf7odAMFJy7vycm2Jdy7Hu608dqKFdrM/O/WjdW/YozYUEUKxqQxaJ+zKEK4Swj2GOCEsXHWmAimP4rJEMsMFE6yZQOAa2evC5a+Rwq5Yp3hXStsIwjCc7AObgCCJRBDdyCBmgCAh7BM3gFb8aT8WK8Gx+L1oSxnDkFf2B8/gAZlJmq</latexit>

M1 = M2 = M3 = M4 = 1,

M5 = M6 = M7 = M8 = �1,

Interpretation: “O7+ = O7- + 8 D7”

SW curve for 5d N=1 
SU(N) + 1AS + 8F

SW curve for 5d N=1 
SU(N) + 1Sym

<latexit sha1_base64="jxB1Bi0oeaCLTCQaocp3QfhoU8U=">AAACFnicbVDLSgMxFM3UV62vUZdugkVx0ZZJ7WtTKLhxU6hgH9AZhkyatqGZB0lGKKVf4cZfceNCEbfizr8xfSy09cCBk3Pv5eYeL+JMKsv6NhIbm1vbO8nd1N7+weGReXzSkmEsCG2SkIei42FJOQtoUzHFaScSFPsep21vdDOrtx+okCwM7tU4oo6PBwHrM4KVtlwze1l3UbXu5jWvNQtVlIG2ndJ2UT9LmmXNShVmIcq4ZtrKWXPAdYGWIg2WaLjml90LSezTQBGOpewiK1LOBAvFCKfTlB1LGmEywgPa1TLAPpXOZH7WFF5opwf7odAMFJy7vycm2Jdy7Hu608dqKFdrM/O/WjdW/YozYUEUKxqQxaJ+zKEK4Swj2GOCEsXHWmAimP4rJEMsMFE6yZQOAa2evC5a+Rwq5Yp3hXStsIwjCc7AObgCCJRBDdyCBmgCAh7BM3gFb8aT8WK8Gx+L1oSxnDkFf2B8/gAZlJmq</latexit>

M1 = M2 = M3 = M4 = 1,

M5 = M6 = M7 = M8 = �1,
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Non-Lagrangian theory realized by 5-brane web with O7

Local P2 theory 
(decoupling limit of 

SU(2)π SYM)

Local P2 theory 
+ “adjoint”

HW move 
+ 

SL(2,Z)
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SW curve for local P2 theory + “adjoint”

<latexit sha1_base64="EfI2d1n/pY6D45qbKIUN8MCz5Uk=">AAAB+HicbVDLSgMxFM34rPXRUZdugkWoC8uM1sey4MaNUME+oB1LJs20oZkkJBmhDv0SNy4UceunuPNvTNtZaOuBC4dz7uXee0LJqDae9+0sLa+srq3nNvKbW9s7BXd3r6FFojCpY8GEaoVIE0Y5qRtqGGlJRVAcMtIMh9cTv/lIlKaC35uRJEGM+pxGFCNjpa5b6EglpBGwZE5ujx/Oum7RK3tTwEXiZ6QIMtS67lenJ3ASE24wQ1q3fU+aIEXKUMzION9JNJEID1GftC3lKCY6SKeHj+GRVXowEsoWN3Cq/p5IUaz1KA5tZ4zMQM97E/E/r52Y6CpIKZeJIRzPFkUJg/bRSQqwRxXBho0sQVhReyvEA6QQNjarvA3Bn395kTROy/5F+fyuUqxWsjhy4AAcghLwwSWoghtQA3WAQQKewSt4c56cF+fd+Zi1LjnZzD74A+fzB0+8ki0=</latexit>

/ (t�M)3

<latexit sha1_base64="jeYDJSDDwauG67qSXmdLeN53vko=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQLiwzpT6WBTduhAr2Ae0wZNK0Dc1kQpIRytCVG3/FjQtF3PoN7vwbM+0stPVCcg/n3EtyTiAYVdpxvq3cyura+kZ+s7C1vbO7Z+8ftFQUS0yaOGKR7ARIEUY5aWqqGekISVAYMNIOxtep3n4gUtGI3+uJIF6IhpwOKEbaUL593BMyEjqCJX12W05v7LtZr5Z9u+hUnFnBZeBmoAiyavj2V68f4TgkXGOGlOq6jtBegqSmmJFpoRcrIhAeoyHpGshRSJSXzGxM4alh+nAQSXO4hjP290aCQqUmYWAmQ6RHalFLyf+0bqwHV15CuYg14Xj+0CBm0NhOM4F9KgnWbGIAwpKav0I8QhJhbZIrmBDcRcvLoFWtuBeV87tasV7L4siDI3ACSsAFl6AObkADNAEGj+AZvII368l6sd6tj/lozsp2DsGfsj5/APgyljM=</latexit>

/ (t�M)(t� c1)(t� c2)

<latexit sha1_base64="yC58MM9PjpUe1+X/gAPYWmET2l0=">AAACAHicbVBLSwMxGMzWV62vVQ8evCwWoT1Ydkt9HAtevAgV7APadcmmaRuaTUKSFcrSi3/FiwdFvPozvPlvzLZ70NaBkGHm+0hmQkGJ0q77beVWVtfWN/Kbha3tnd09e/+gpXgsEW4iTrnshFBhShhuaqIp7giJYRRS3A7H16nffsRSEc7u9URgP4JDRgYEQW2kwD7qCcmF5k5Jn92WH6rpjQK3HNhFt+LO4CwTLyNFkKER2F+9PkdxhJlGFCrV9Vyh/QRKTRDF00IvVlhANIZD3DWUwQgrP5kFmDqnRuk7Ay7NYdqZqb83EhgpNYlCMxlBPVKLXir+53VjPbjyE8JErDFD84cGMXVM4LQNp08kRppODIFIEvNXB42ghEibzgqmBG8x8jJpVSveReX8rlas17I68uAYnIAS8MAlqIMb0ABNgMAUPINX8GY9WS/Wu/UxH81Z2c4h+APr8we0C5SA</latexit>

/ (t�M)2(t� c0)

Invariant under①
<latexit sha1_base64="sdF6/VqWa7a/RfVMj/0v9fllehc=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahhVpmpD6WBTcuK9gHtGPJpGkNzTxI7ljKUHDjr7hxoYhbf8Kdf2M6nYW2Hgg5nHMvyTluKLgCy/o2MkvLK6tr2fXcxubW9o65u9dQQSQpq9NABLLlEsUE91kdOAjWCiUjnitY0x1eTf3mA5OKB/4tjEPmeGTg8z6nBLTUNQ8KoxIUcQcCXBjdxSf2pATJVcRdM2+VrQR4kdgpyaMUta751ekFNPKYD1QQpdq2FYITEwmcCjbJdSLFQkKHZMDamvrEY8qJkwwTfKyVHu4HUh8fcKL+3oiJp9TYc/WkR+BezXtT8T+vHUH/0om5H0bAfDp7qB8JrBNPC8E9LhkFMdaEUMn1XzG9J5JQ0LXldAn2fORF0jgt2+fls5tKvlpJ68iiQ3SECshGF6iKrlEN1RFFj+gZvaI348l4Md6Nj9loxkh39tEfGJ8/ijyVgg==</latexit>

(w, t) ! (w�1, t�1)

<latexit sha1_base64="xPubzOK1KVuQakqRwtya5xpOGOs=">AAACInicbZDLSsNAFIYn9VbrLerSzWARXJVE6m1XcOOygr1AU8pkMmmHTiZh5kQtoc/ixldx40JRV4IP4/RC0dYfBn6+cw5nzu8ngmtwnC8rt7S8srqWXy9sbG5t79i7e3Udp4qyGo1FrJo+0UxwyWrAQbBmohiJfMEafv9qVG/cMaV5LG9hkLB2RLqSh5wSMKhjX95jD2LsJRF2jWMPkGGi8RDDmDszJoMZ9LgMYdCxi07JGQsvGndqimiqasf+8IKYphGTQAXRuuU6CbQzooBTwYYFL9UsIbRPuqxlrCQR0+1sfOIQHxkS4DBW5knAY/p7IiOR1oPIN50RgZ6er43gf7VWCuFFO+MySYFJOlkUpgKbO0d54YArRkEMjCFUcfNXTHtEEQom1YIJwZ0/edHUT0ruWen0plyslKdx5NEBOkTHyEXnqIKuURXVEEWP6Bm9ojfryXqx3q3PSWvOms7soz+yvn8AKhqiNg==</latexit>

w ! ±1 as t ! 0 and t ! 1②

③
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Observation 
Double discriminant of SW curve for local P2 theory + “adjoint”

Double discriminant of SW curve for 5d Sp(1) + 7F with tuned masses

<latexit sha1_base64="KkGbQz/eoyoG3pydCL73dKRe/RA=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0Woh5ZE2upFKHjxIlQwbaENYbPdtEs3H+xuxFL6V7x4UMSrf8Sb/8Ztm4O2Phh4vDfDzDw/4Uwqy/o21tY3Nre2czv53b39g0PzqNCScSoIdUjMY9HxsaScRdRRTHHaSQTFoc9p2x/dzPz2IxWSxdGDGifUDfEgYgEjWGnJMwsOukZ3pbRcq5d7ZMg8+9wzi1bFmgOtEjsjRcjQ9MyvXj8maUgjRTiWsmtbiXInWChGOJ3me6mkCSYjPKBdTSMcUulO5rdP0ZlW+iiIha5Iobn6e2KCQynHoa87Q6yGctmbif953VQFV+6ERUmqaEQWi4KUIxWjWRCozwQlio81wUQwfSsiQywwUTquvA7BXn55lbQuKna9UruvFhvVLI4cnMAplMCGS2jALTTBAQJP8Ayv8GZMjRfj3fhYtK4Z2cwx/IHx+QOEmpIl</latexit>

U = M(u� 56� �1)
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Conclusion

For 5-brane webs with O-planes,  
the SW curve is obtained by imposing  
Z2 invariance + further constraint 

Non-trivial relation between two SW curves is 
obtained by “O7+ ⇔ O7- + 8D8” 

This technique is applicable for non-Lagrangian 
theory like local P2 theory + “adjoint”
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