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Superconformal index

Independent of continuous parameters
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Only BPS ground states contributes

calculable for strong coupling useful for check of dualities, holography,

Finite number at each order in
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symmetry enhancement, ...



General structure in holographic theories - 1

Theories on N D3-branes

"    M2-branes

"    M5-branes

Large N limit exists:

asfor all finite n saturate to finite values 

= superconformal index of graviton multiplet in
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[Kinney,Maldacena,Minwalla,Raju,'05][Bhattacharya,Bhattacharyya,Minwalla,Raju,'08]
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Coefficients of in               deviates from those in

c.f. trace constraint on

General structure in holographic theories - 2

Deviation at finite N is due to "overcounting" of gauge invariant operators

...
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Gravity interpretation

fluctuation modes 
around wrapped brane

Can also be interpreted as wrapped branes

D3 on

M5 on

M2 on

fluctuation modes 
around 2 wrapped branes

Finite N "giant gravitons" with bounded sizefinite

energy

[McGreevy,Susskind,Toumbas,'00]
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AdS5 ⇥ S5

<latexit sha1_base64="/yiho+87BKrqPIywj1uqTxy+g4Y=">AAAB/3icbVDLSgNBEJz1GeNrVfDiZTAInsKuhMRj1IvHSMwDkhhmZ2eTIbOzy0yvGNYc/BUvHhTx6m9482+cPA6aWNBQVHXT3eXFgmtwnG9raXlldW09s5Hd3Nre2bX39us6ShRlNRqJSDU9opngktWAg2DNWDESeoI1vMHV2G/cM6V5JG9hGLNOSHqSB5wSMFLXPmwDe4D0wq+OuoU28JBpXL0rde2ck3cmwIvEnZEcmqHStb/afkSTkEmggmjdcp0YOilRwKlgo2w70SwmdEB6rGWoJGZRJ53cP8InRvFxEClTEvBE/T2RklDrYeiZzpBAX897Y/E/r5VAcN5JuYwTYJJOFwWJwBDhcRjY54pREENDCFXc3IppnyhCwUSWNSG48y8vkvpZ3i3mizeFXPlyFkcGHaFjdIpcVEJldI0qqIYoekTP6BW9WU/Wi/VufUxbl6zZzAH6A+vzB3BBlbw=</latexit>

AdS4 ⇥ S7

<latexit sha1_base64="hLS1ijiHrTAjt4ETCWGlgScP5HU=">AAAB/3icbVDLSgNBEJz1GeNrVfDiZTAInsKuhMRj1IvHSMwDkhhmZ2eTIbOzy0yvGNYc/BUvHhTx6m9482+cPA6aWNBQVHXT3eXFgmtwnG9raXlldW09s5Hd3Nre2bX39us6ShRlNRqJSDU9opngktWAg2DNWDESeoI1vMHV2G/cM6V5JG9hGLNOSHqSB5wSMFLXPmwDe4D0wq+OuqU28JBpXL0rdO2ck3cmwIvEnZEcmqHStb/afkSTkEmggmjdcp0YOilRwKlgo2w70SwmdEB6rGWoJGZRJ53cP8InRvFxEClTEvBE/T2RklDrYeiZzpBAX897Y/E/r5VAcN5JuYwTYJJOFwWJwBDhcRjY54pREENDCFXc3IppnyhCwUSWNSG48y8vkvpZ3i3mizeFXPlyFkcGHaFjdIpcVEJldI0qqIYoekTP6BW9WU/Wi/VufUxbl6zZzAH6A+vzB3Bflbw=</latexit>

AdS7 ⇥ S4

<latexit sha1_base64="y8TcLgk+sKARTTjoCBXbpYb482Q="></latexit>

IN
I1

= 1 + c1(q)q
N + c2(q)q

2N + · · ·

<latexit sha1_base64="llAALPG8qMg1zLiwpsTnL6tPUWU=">AAACCnicbVC7TsNAEDzzDOEVoKQ5iJCoIhshoOTRUAaFPKTYROfLBk6cz9bdGhFZqWn4FRoKEKLlC+j4Gy6JCwiMtNJoZle7O2EihUHX/XKmpmdm5+YLC8XFpeWV1dLaesPEqeZQ57GMdStkBqRQUEeBElqJBhaFEprh7dnQb96BNiJWl9hPIIjYtRI9wRlaqVPaql0p36ShAaQ+wj1mJ93aoBP5KCIw1LqdUtmtuCPQv8TLSZnkqHZKn3435mkECrlkxrQ9N8EgYxoFlzAo+qmBhPFbdg1tSxWzi4Js9MqA7lilS3uxtqWQjtSfExmLjOlHoe2MGN6YSW8o/ue1U+wdBZlQSYqg+HhRL5UUYzrMhXaFBo6ybwnjWthbKb9hmnG06RVtCN7ky39JY6/iHVQOLvbLx6d5HAWySbbJLvHIITkm56RK6oSTB/JEXsir8+g8O2/O+7h1yslnNsgvOB/fgjOayw==</latexit>

Sn ⇢ AdSm ⇥ Sn

<latexit sha1_base64="rPDZl0wlvZi8lQEYfhwjlJc4g4E=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahIpREpLosunEl9dEHtGmYTKft0MkkzEyEEgJu/BU3LhRx60+482+cpllo64ELh3Pu5d57vJBRqSzr28gtLC4tr+RXC2vrG5tb5vZOQwaRwKSOAxaIlockYZSTuqKKkVYoCPI9Rpre6HLiNx+IkDTg92ocEsdHA077FCOlJdfc60jqw9KtG991eXLUjcNjO0m1a9csWmUrBZwndkaKIEPNNb86vQBHPuEKMyRl27ZC5cRIKIoZSQqdSJIQ4REakLamHPlEOnH6QwIPtdKD/UDo4gqm6u+JGPlSjn1Pd/pIDeWsNxH/89qR6p87MeVhpAjH00X9iEEVwEkgsEcFwYqNNUFYUH0rxEMkEFY6toIOwZ59eZ40Tsp2pVy5OS1WL7I48mAfHIASsMEZqIIrUAN1gMEjeAav4M14Ml6Md+Nj2pozspld8AfG5w992JbN</latexit>

⇠ (RSn)p+1 ⇠ N

: "giant graviton expansion"
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[Mikhailov,'00]



Self-similarity structure

Fluctuation modes = superconformal index on wrapped branes

<latexit sha1_base64="7BtwBnnUkc5NcR5r4SmuGAV0g2Y="></latexit>

IN M5(q)

I1M5
(q) = 1 +

1X

m=1

qmNImM2(q
0)

<latexit sha1_base64="yTTW1e3fU7x8iwLdfDctA0miDug="></latexit>

IN D3(q)

I1D3(q)
= 1 +

1X

m=1

qmNImD3(q
0)

<latexit sha1_base64="8/7XyF1TvvU/+W0xqNEdmCrsSuA="></latexit>

IN M2(q)

I1M2
(q) = 1 +

1X

m=1

qmNImM5(q
0)

Q. Can we see these relations analytically?

→ difficult... Determine all giant graviton coefficients

Obtain              in closed form for general N
<latexit sha1_base64="QpU01x3XaG1YxjVSKN425PG+BEc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9KIXqWA/oF1KNs22sdlkTbJCWfofvHhQxKv/x5v/xrTdg1YfDDzem2FmXhBzpo3rfjm5peWV1bX8emFjc2t7p7i719QyUYQ2iORStQOsKWeCNgwznLZjRXEUcNoKRpdTv/VIlWZS3JlxTP0IDwQLGcHGSs3r3k354bhXLLkVdwb0l3gZKUGGeq/42e1LkkRUGMKx1h3PjY2fYmUY4XRS6CaaxpiM8IB2LBU4otpPZ9dO0JFV+iiUypYwaKb+nEhxpPU4CmxnhM1QL3pT8T+vk5jw3E+ZiBNDBZkvChOOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG4K3+PJf0jypeNVK9fa0VLvI4sjDARxCGTw4gxpcQR0aQOAenuAFXh3pPDtvzvu8NedkM/vwC87HN4wUjnk=</latexit>

IN (q)
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Solution: simplified indices

Simplified indices preserving more SUSY can be solved exactly

4d              SYM in Schur limit (= 1/4 BPS)
can be calculated exactly by Fermi gas formalism

Detailed analysis of giant graviton expansion

[Bourdier,Drukker,Felix,'15][Hatsuda,Okazaki,'22]

This talk: Same analysis can be done for M2 indices in Coulomb limit

<latexit sha1_base64="QpU01x3XaG1YxjVSKN425PG+BEc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9KIXqWA/oF1KNs22sdlkTbJCWfofvHhQxKv/x5v/xrTdg1YfDDzem2FmXhBzpo3rfjm5peWV1bX8emFjc2t7p7i719QyUYQ2iORStQOsKWeCNgwznLZjRXEUcNoKRpdTv/VIlWZS3JlxTP0IDwQLGcHGSs3r3k354bhXLLkVdwb0l3gZKUGGeq/42e1LkkRUGMKx1h3PjY2fYmUY4XRS6CaaxpiM8IB2LBU4otpPZ9dO0JFV+iiUypYwaKb+nEhxpPU4CmxnhM1QL3pT8T+vk5jw3E+ZiBNDBZkvChOOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG4K3+PJf0jypeNVK9fa0VLvI4sjDARxCGTw4gxpcQR0aQOAenuAFXh3pPDtvzvu8NedkM/vwC87HN4wUjnk=</latexit>

IN (q)

<latexit sha1_base64="TYbYrAw30/AoyMCWaVy9EsYc8vc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IsniWAemCyhdzJJhszOLjOzQljyF148KOLVv/Hm3zhJ9qCJBQ1FVTfdXUEsuDau++3kVlbX1jfym4Wt7Z3dveL+QUNHiaKsTiMRqVaAmgkuWd1wI1grVgzDQLBmMLqZ+s0npjSP5IMZx8wPcSB5n1M0VnpMOxQFuZtcnXeLJbfszkCWiZeREmSodYtfnV5Ek5BJQwVq3fbc2PgpKsOpYJNCJ9EsRjrCAWtbKjFk2k9nF0/IiVV6pB8pW9KQmfp7IsVQ63EY2M4QzVAvelPxP6+dmP6ln3IZJ4ZJOl/UTwQxEZm+T3pcMWrE2BKkittbCR2iQmpsSAUbgrf48jJpnJW9Srlyf16qXmdx5OEIjuEUPLiAKtxCDepAQcIzvMKbo50X5935mLfmnGzmEP7A+fwBs4iQTA==</latexit>

N = 4

- Multi-D3 giant from gravity side
- Different expansions & analytic continuations

- With Wilson lines

- Other gauge groups

...
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[Arai,Imamura,19][Gaiotto,Lee,'21][Imamura,'22]...

[Eleftheriou,Murthy,Rossello,'23][Deddo,Liu,Pando Zayas,Saskowski,'24]...

[Fujiwara,Imamura,Mori,Murayama,Yokoyama,'23][Du,Huang,Wang,'23]...

[Imamura,'24][Beccaria,'24]



Plan of talk

1.  3d U(N) ADHM theory

2.  Coulomb limit and giant graviton expansion

3.  M5-interpretation (                  )
<latexit sha1_base64="XX0043KMLvSuLvJQ2yZLlX+Fl3U=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgQcquSPUiFL14rGA/sF1KNs22oUl2SWaFZem/8OJBEa/+G2/+G9N2D9r6YODx3gwz84JYcAOu++0UVlbX1jeKm6Wt7Z3dvfL+QctEiaasSSMR6U5ADBNcsSZwEKwTa0ZkIFg7GN9O/fYT04ZH6gHSmPmSDBUPOSVgpUd57Z31uAoh7ZcrbtWdAS8TLycVlKPRL3/1BhFNJFNABTGm67kx+BnRwKlgk1IvMSwmdEyGrGupIpIZP5tdPMEnVhngMNK2FOCZ+nsiI9KYVAa2UxIYmUVvKv7ndRMIr/yMqzgBpuh8UZgIDBGevo8HXDMKIrWEUM3trZiOiCYUbEglG4K3+PIyaZ1XvVq1dn9Rqd/kcRTRETpGp8hDl6iO7lADNRFFCj2jV/TmGOfFeXc+5q0FJ585RH/gfP4A8FuQdg==</latexit>

m = 1,1

4.  M5-interpretation (general m)



Superconformal index of 3d 
<latexit sha1_base64="TYbYrAw30/AoyMCWaVy9EsYc8vc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IsniWAemCyhdzJJhszOLjOzQljyF148KOLVv/Hm3zhJ9qCJBQ1FVTfdXUEsuDau++3kVlbX1jfym4Wt7Z3dveL+QUNHiaKsTiMRqVaAmgkuWd1wI1grVgzDQLBmMLqZ+s0npjSP5IMZx8wPcSB5n1M0VnpMOxQFuZtcnXeLJbfszkCWiZeREmSodYtfnV5Ek5BJQwVq3fbc2PgpKsOpYJNCJ9EsRjrCAWtbKjFk2k9nF0/IiVV6pB8pW9KQmfp7IsVQ63EY2M4QzVAvelPxP6+dmP6ln3IZJ4ZJOl/UTwQxEZm+T3pcMWrE2BKkittbCR2iQmpsSAUbgrf48jJpnJW9Srlyf16qXmdx5OEIjuEUPLiAKtxCDepAQcIzvMKbo50X5935mLfmnGzmEP7A+fwBs4iQTA==</latexit>

N = 4

R-symmetry:

super(conformal):

spacetime:

<latexit sha1_base64="vuE1rubcDQ+tjEgwCsxWEKF6GK0=">AAACBHicbVDLTgIxFO34RHyNumTTSExgQ2YIQTcmRDbsxOAACUwmnVKgodOZtB0TMmHhxl9x40Jj3PoR7vwbC8xCwZM0Ofece3N7jx8xKpVlfRsbm1vbO7uZvez+weHRsXly2pZhLDBxcMhC0fWRJIxy4iiqGOlGgqDAZ6TjT+pzv/NAhKQhv1fTiLgBGnE6pBgpLXlmrnVbqBSvW06hXPQafUUDIuGyqntm3ipZC8B1YqckD1I0PfOrPwhxHBCuMENS9mwrUm6ChKKYkVm2H0sSITxBI9LTlCO9zE0WR8zghVYGcBgK/biCC/X3RIICKaeBrzsDpMZy1ZuL/3m9WA2v3ITyKFaE4+WiYcygCuE8ETiggmDFppogLKj+K8RjJBBWOresDsFePXmdtMslu1qq3lXytZs0jgzIgXNQADa4BDXQAE3gAAwewTN4BW/Gk/FivBsfy9YNI505A39gfP4AYDiVZQ==</latexit>

SO(4) = SU(2)H ⇥ SU(2)C

<latexit sha1_base64="aQiwdDNp3kYUO+nZ2kXHPBkRfKM=">AAACB3icbVDLSgMxFM34rPU16lKQYBFclDIjUl0W3bisYB/QGYZMmmljk8yQZIQydOfGX3HjQhG3/oI7/8ZMOwttPXDh5Jx7ubknTBhV2nG+raXlldW19dJGeXNre2fX3ttvqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOOrnO/80CkorG40+OE+BwNBI0oRtpIgX2UBB5Pq171PsgM8UQ6MY+hqVFuBHbFqTlTwEXiFqQCCjQD+8vrxzjlRGjMkFI910m0nyGpKWZkUvZSRRKER2hAeoYKxInys+kdE3hilD6MYmlKaDhVf09kiCs15qHp5EgP1byXi/95vVRHl35GRZJqIvBsUZQyqGOYhwL7VBKs2dgQhCU1f4V4iCTC2kRXNiG48ycvkvZZza3X6rfnlcZVEUcJHIJjcApccAEa4AY0QQtg8AiewSt4s56sF+vd+pi1LlnFzAH4A+vzB+zimLk=</latexit>

pµ, jµ⌫ , h, kµ
<latexit sha1_base64="ihVC7sSBpCl+u0FKsdNqxfZ1Qxg=">AAACDnicbZC7SgNBFIZnvcZ4W7W0GQwBixB2RaJl0Ea7BM0FsutydjJJhsxemJkVwpInsPFVbCwUsbW2822cJAtq4g8DP985hzPn92POpLKsL2NpeWV1bT23kd/c2t7ZNff2mzJKBKENEvFItH2QlLOQNhRTnLZjQSHwOW35w8tJvXVPhWRReKtGMXUD6IesxwgojTyzmDoEOK6PPQd4PIC765JTmrGbH+aZBatsTYUXjZ2ZAspU88xPpxuRJKChIhyk7NhWrNwUhGKE03HeSSSNgQyhTzvahhBQ6abTc8a4qEkX9yKhX6jwlP6eSCGQchT4ujMANZDztQn8r9ZJVO/cTVkYJ4qGZLaol3CsIjzJBneZoETxkTZABNN/xWQAAojSCeZ1CPb8yYumeVK2K+VK/bRQvcjiyKFDdISOkY3OUBVdoRpqIIIe0BN6Qa/Go/FsvBnvs9YlI5s5QH9kfHwDNVubmA==</latexit>

QI
↵, SI

↵

Choose one

<latexit sha1_base64="RK1fQiaLfbgmcPUsCAfBq00F5uw=">AAAB/HicbVBNS8NAEN34WetXtUcvwSJ4MSQi1WPRi8cK9gOaUDbbabt0swm7EzGE+le8eFDEqz/Em//G7cdBWx8MPN6bYWZemAiu0XW/rZXVtfWNzcJWcXtnd2+/dHDY1HGqGDRYLGLVDqkGwSU0kKOAdqKARqGAVji6mfitB1Cax/IeswSCiA4k73NG0UjdUtkPAamP8Ij5GZc9SJxxt1RxHXcKe5l4c1Ihc9S7pS+/F7M0AolMUK07nptgkFOFnAkYF/1UQ0LZiA6gY6ikEeggnx4/tk+M0rP7sTIl0Z6qvydyGmmdRaHpjCgO9aI3Ef/zOin2r4KcyyRFkGy2qJ8KG2N7koTd4woYiswQyhQ3t9psSBVlaPIqmhC8xZeXSfPc8apO9e6iUruex1EgR+SYnBKPXJIauSV10iCMZOSZvJI368l6sd6tj1nrijWfKZM/sD5/AOIvlPA=</latexit>

�-indep.

<latexit sha1_base64="qMjuKjXAi+zIbjPIjJbNPvFCACI="></latexit>

h j12 H C fC fH

Q 1
2 � 1

2 1 1 0 0

<latexit sha1_base64="yzezydm61Ts64Dfbild9prEzWSA="></latexit>

I = Tr[(�1)F e��{Q,Q†}qj12+
H+C

4 tH�CzfCxfH ]
<latexit sha1_base64="+VVVeeSeTd8xFRMruGGw1pJzeAQ=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgQkoiUt0IRTcuW7APSEKZTKbt0MlMmJmIJeRX3LhQxK0/4s6/cdpmoa0HLhzOuZd77wkTRpV2nG+rtLa+sblV3q7s7O7tH9iH1a4SqcSkgwUTsh8iRRjlpKOpZqSfSILikJFeOLmb+b1HIhUV/EFPExLEaMTpkGKkjTSwq56PI6HPMx8jBtt5cOMM7JpTd+aAq8QtSA0UaA3sLz8SOI0J15ghpTzXSXSQIakpZiSv+KkiCcITNCKeoRzFRAXZ/PYcnholgkMhTXEN5+rviQzFSk3j0HTGSI/VsjcT//O8VA+vg4zyJNWE48WiYcqgFnAWBIyoJFizqSEIS2puhXiMJMLaxFUxIbjLL6+S7kXdbdQb7cta87aIowyOwQk4Ay64Ak1wD1qgAzB4As/gFbxZufVivVsfi9aSVcwcgT+wPn8A5L+Ttg==</latexit>

[·,Q] = 0

<latexit sha1_base64="5Yo7Muhwhukry8/OYyeK/VDV4iI=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVBKR6rHoRW8t2A9oY5hsN+3SzSbsbpQS+1O8eFDEq7/Em//GbZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Ngtbxe2d3b19u3TQUnEqCW2SmMeyE4CinAna1Exz2kkkhSjgtB2Mrqd++4FKxWJxp8cJ9SIYCBYyAtpIvl3KegQ4bkz8HvBkCPe3vl12Ks4MeJm4OSmjHHXf/ur1Y5JGVGjCQamu6yTay0BqRjidFHupogmQEQxo11ABEVVeNjt9gk+M0sdhLE0JjWfq74kMIqXGUWA6I9BDtehNxf+8bqrDSy9jIkk1FWS+KEw51jGe5oD7TFKi+dgQIJKZWzEZggSiTVpFE4K7+PIyaZ1V3Gql2jgv167yOAroCB2jU+SiC1RDN6iOmoigR/SMXtGb9WS9WO/Wx7x1xcpnDtEfWJ8/1BaTvQ==</latexit>

QI
↵
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<latexit sha1_base64="OyrARBZ7bDs9v/tf6465svDqAY0="></latexit>⇣
{Q,Q†} = h� j12 �

C +H

2

⌘



M2 theories in IIB brane construction

D3
NS5
D5

0 1 2 3(S ) 4 5 6 7 8 9
-  -  -   -
-  -  -
-  -  -

-  -  -
-  -  -

IIB 1

NS5

T-dual (    ) + M-uplif

N M2 on 

D5 x

<latexit sha1_base64="8ZTPrPfKchAK5gctMLgcZ+HsVfA=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbVoEeiF48Y5ZHAhswOA0yYnd3M9BrJhk/w4kFjvPpF3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRjNdZJCPdCqjhUiheR4GSt2LNaRhI3gxGN1O/+ci1EZF6wHHM/ZAOlOgLRtFK90/d826x5JbdGcgy8TJSggy1bvGr04tYEnKFTFJj2p4bo59SjYJJPil0EsNjykZ0wNuWKhpy46ezUyfkxCo90o+0LYVkpv6eSGlozDgMbGdIcWgWvan4n9dOsH/lp0LFCXLF5ov6iSQYkenfpCc0ZyjHllCmhb2VsCHVlKFNp2BD8BZfXiaNs7JXKVfuLkrV6yyOPBzBMZyCB5dQhVuoQR0YDOAZXuHNkc6L8+58zFtzTjZzCH/gfP4AEkqNrQ==</latexit>x3

<latexit sha1_base64="2kv/x6rAjQwpldu7A7IBc1sYd5w=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgupCZFqstiNy4r2Ac2MUymk3boZBJmJkIJ/Qk3/oobF4q4Fdz5N07aCLX1wMCZc+7l3nv8mFGpLOvbWFpeWV1bL2wUN7e2d3bNvf2WjBKBSRNHLBIdH0nCKCdNRRUjnVgQFPqMtP1hPfPbD0RIGvFbNYqJG6I+pwHFSGnJM0+dEKmB76f18X3l7PdzN/aYo2hIJJz1PbNkla0J4CKxc1ICORqe+eX0IpyEhCvMkJRd24qVmyKhKGZkXHQSSWKEh6hPuppypCe66eSqMTzWSg8GkdCPKzhRZztSFEo5Cn1dme0o571M/M/rJiq4dFPK40QRjqeDgoRBFcEsItijgmDFRpogLKjeFeIBEggrHWRRh2DPn7xIWpWyXS1Xb85Ltas8jgI4BEfgBNjgAtTANWiAJsDgETyDV/BmPBkvxrvxMS1dMvKeA/AHxucP56qfTA==</latexit>

C2/Zl ⇥ C2<latexit sha1_base64="WkymHLV8UwleWDvxU9JB+3rxrwU=">AAAB8nicbVBNSwMxEM36WetX1aOXYBHqpeyKVI9FL56kgtsWtkvJpmkbmk2WZFYsS3+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyWCG3Ddb2dldW19Y7OwVdze2d3bLx0cNo1KNWU+VULpdkQME1wyHzgI1k40I3EkWCsa3Uz91iPThiv5AOOEhTEZSN7nlICVgg6wJ8j8SeXurFsqu1V3BrxMvJyUUY5Gt/TV6SmaxkwCFcSYwHMTCDOigVPBJsVOalhC6IgMWGCpJDEzYTY7eYJPrdLDfaVtScAz9fdERmJjxnFkO2MCQ7PoTcX/vCCF/lWYcZmkwCSdL+qnAoPC0/9xj2tGQYwtIVRzeyumQ6IJBZtS0YbgLb68TJrnVa9Wrd1flOvXeRwFdIxOUAV56BLV0S1qIB9RpNAzekVvDjgvzrvzMW9dcfKZI/QHzucP3+6RAA==</latexit>

U(N)
<latexit sha1_base64="86+SY2XxY1REIli2Kf3txxlQQXk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqiH6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A15uM+w==</latexit>

l

<latexit sha1_base64="K5QEe0wrS4NCrbDINChkxOovUrg=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRKR6rLoxmUF+4A2lMnkth06eTBzIy0hv+LGhSJu/RF3/o3TNAttPXDhcM69c+ceLxZcoW1/G6WNza3tnfJuZW//4PDIPK52VJRIBm0WiUj2PKpA8BDayFFAL5ZAA09A15veLfzuE0jFo/AR5zG4AR2HfMQZRS0NzeoAYYb5O6kEP0tFNjRrdt3OYa0TpyA1UqA1NL8GfsSSAEJkgirVd+wY3ZRK5ExAVhkkCmLKpnQMfU1DGoBy03xnZp1rxbdGkdQVopWrvydSGig1DzzdGVCcqFVvIf7n9RMc3bgpD+MEIWTLRaNEWBhZiyAsn0tgKOaaUCa5/qvFJlRShjquig7BWT15nXQu606j3ni4qjVvizjK5JSckQvikGvSJPekRdqEkRl5Jq/kzciMF+Pd+Fi2loxi5oT8gfH5A0QslUE=</latexit>

l

This theory is called "ADHM model"

N D3

adj. hyp
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[de Boer,Hori,Ooguri,Oz,'96][Benini,Closset,Cremonesi,'09]



Superconformal index of ADHM model

single particle index multi-particle uplif gauge singlet

Superconformal index of gauge theory is constructed by

: monopole flux on

<latexit sha1_base64="WkymHLV8UwleWDvxU9JB+3rxrwU=">AAAB8nicbVBNSwMxEM36WetX1aOXYBHqpeyKVI9FL56kgtsWtkvJpmkbmk2WZFYsS3+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyWCG3Ddb2dldW19Y7OwVdze2d3bLx0cNo1KNWU+VULpdkQME1wyHzgI1k40I3EkWCsa3Uz91iPThiv5AOOEhTEZSN7nlICVgg6wJ8j8SeXurFsqu1V3BrxMvJyUUY5Gt/TV6SmaxkwCFcSYwHMTCDOigVPBJsVOalhC6IgMWGCpJDEzYTY7eYJPrdLDfaVtScAz9fdERmJjxnFkO2MCQ7PoTcX/vCCF/lWYcZmkwCSdL+qnAoPC0/9xj2tGQYwtIVRzeyumQ6IJBZtS0YbgLb68TJrnVa9Wrd1flOvXeRwFdIxOUAV56BLV0S1qIB9RpNAzekVvDjgvzrvzMW9dcfKZI/QHzucP3+6RAA==</latexit>

U(N)
<latexit sha1_base64="86+SY2XxY1REIli2Kf3txxlQQXk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqiH6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A15uM+w==</latexit>

l

How to calculate in small q expansion:
truncate expand in q keep only

<latexit sha1_base64="2vChsucNxrCGCeEa1MGpDU+4xpQ="></latexit>⇣
q⌫ ! at most |mi| 

4⌫

l

⌘

[Kim,'09]

<latexit sha1_base64="q8TXHeRXDSLKdQ9ODktDzKRH5Fg="></latexit>⇣X

n

anx
n !

Y

n

1

(1� xn)an

⌘

<latexit sha1_base64="dKgc5dPx0p4tTaqFEX8VN9gqYCw=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw8kV1i0CPRi0cM8khgJbNDL0yYnd3MzJoQwid48aAxXv0ib/6NA+xBwUo6qVR1p7srSATXxnW/nbX1jc2t7dxOfndv/+CwcHTc1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3nlBpHssHM07Qj+hA8pAzaqxUrz+We4WiW3LnIKvEy0gRMtR6ha9uP2ZphNIwQbXueG5i/AlVhjOB03w31ZhQNqID7FgqaYTan8xPnZJzq/RJGCtb0pC5+ntiQiOtx1FgOyNqhnrZm4n/eZ3UhNf+hMskNSjZYlGYCmJiMvub9LlCZsTYEsoUt7cSNqSKMmPTydsQvOWXV0mzXPIqpcr9ZbF6k8WRg1M4gwvw4AqqcAc1aACDATzDK7w5wnlx3p2PReuak82cwB84nz/W1I2G</latexit>

S2<latexit sha1_base64="tE8D28AYhuUKxOrtV3HV9xeFrtY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmgckS5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LRThIaCjyULGYEWyc9iD7rlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNj91is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4OsyYTFJLJVksilOOrEKzv9GAaUosnziCiWbuVkRGWGNiXTolF0Kw/PIqaV1Ug1q1dn9Zqd/kcRThBE7hHAK4gjrcQQOaQGAIz/AKbx73Xrx372PRWvDymWP4A+/zB1Ngjdg=</latexit>mi

<latexit sha1_base64="hdN+yNU3wY27NS7TSpyfECJpuqY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae2IWy2m3bp7ibsboQS+i+8eFDEq//Gm//GbZqDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ373SeqNIvlg5km1Bd4JFnECDZWehzoVASZCNgsqNbcupsDrRKvIDUo0AqqX4NhTFJBpSEca9333MT4GVaGEU5nlUGqaYLJBI9o31KJBdV+ll88Q2dWGaIoVrakQbn6eyLDQuupCG2nwGasl725+J/XT0107WdMJqmhkiwWRSlHJkbz99GQKUoMn1qCiWL2VkTGWGFibEgVG4K3/PIq6VzUvUa9cX9Za94UcZThBE7hHDy4gibcQQvaQEDCM7zCm6OdF+fd+Vi0lpxi5hj+wPn8Af/ekSY=</latexit>X

mi

<latexit sha1_base64="4wtRlCtd1x/TgI+Owk4mRw0ZAOA=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVJkeqy6MaVVLAPaNMwmUzaoZNJmJkIJXbhr7hxoYhbf8Odf+O0zUJbD1w4nHMv997jJ5wpjdC3VVhZXVvfKG6WtrZ3dvfs/YOWilNJaJPEPJYdHyvKmaBNzTSnnURSHPmctv3R9dRvP1CpWCzu9TihboQHgoWMYG0kzz5SntNHyqv2UY8EsVZQebd95NllVEEzwGXi5KQMcjQ8+6sXxCSNqNCEY6W6Dkq0m2GpGeF0UuqliiaYjPCAdg0VOKLKzWb3T+CpUQIYxtKU0HCm/p7IcKTUOPJNZ4T1UC16U/E/r5vq8NLNmEhSTQWZLwpTDnUMp2HAgElKNB8bgolk5lZIhlhiok1kJROCs/jyMmlVK06tUrs7L9ev8jiK4BicgDPggAtQBzegAZqAgEfwDF7Bm/VkvVjv1se8tWDlM4fgD6zPH0BWlPw=</latexit>

s01s
0
2 · · · s0N

<latexit sha1_base64="nQS5CDYKA0IxCWMT/W6Nw4zFM28="></latexit>

IN =
1

N !

X

mi2Z

Z
dsi
2⇡isi

Y

i 6=j

⇣
1� q

|mi�mj |
2

si
sj

⌘Y

i,j

(q
1
2+

|mi�mj |
2 t2 si

sj
; q)1

(q
1
2+

|mi�mj |
2 t�2 si

sj
; q)1

Y

i,j

Y

±

(q
3
4+

|mi�mj |
2 t�1x±1 si

sj
; q)1

(q
1
4+

|mi�mj |
2 tx±1 si

sj
; q)1

⇥
Y

i

lY

↵=1

Y

±

(q
3
4+

|mi|
2 t�1(siy↵)±1; q)1

(q
1
4+

|mi|
2 t(siy↵)±1; q)1

zl
P

i miq
l
4

P
i |mi|t�l

P
i |mi|

<latexit sha1_base64="sAgnE2NszhlQk9iMVlIRjLbEaNI="></latexit>⇣ 1

(x; q)1
=

1Y

n=0

1

1� xqn
= PE[x+ qx+ q2x+ · · · ]

⌘

<latexit sha1_base64="Y+zwif5j8BCUzNLzWgTRhF48ot8=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QLiWbzrah2eyaZIWy9E948aCIV/+ON/+NabsHbX0QeLw3M5l5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFSp5dQZTgV/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfjabxgROS71UY0LZmA6xa6mkEWo/m+87JWdWGZAwVvZJQ+bq746MRlpPosBWRtSM9LI3E//zuqkJr/2MyyQ1KNniozAVxMRkdjwZcIXMiIkllCludyVsRBVlxkZUsiF4yyevktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQwEPMMrvDmPzovz7nwsSgtO3nMMf+B8/gA8r5Ae</latexit>

@
<latexit sha1_base64="Iv1uC9RehOwPO6Lh/byYwnsUrVU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqswUqS6LblxWsA9sx5JJM21oJhmSjFCG/oUbF4q49W/c+Tdm2llo64HA4Zx7b+49QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3GR+54kqzaS4N9OY+hEeCRYygo2VHvoxVoZh/lgblCtu1Z0DrRIvJxXI0RyUv/pDSZKICkM41rrnubHx02we4XRW6ieaxphM8Ij2LBU4otpP5xvP0JlVhiiUyj5h0Fz93ZHiSOtpFNjKCJuxXvYy8T+vl5jwyk+ZiBNDBVl8FCYcGYmy89GQKUoMn1qCiWJ2V0TGWGFibEglG4K3fPIqadeqXr1av7uoNK7zOIpwAqdwDh5cQgNuoQktICDgGV7hzdHOi/PufCxKC07ecwx/4Hz+AGfUkMI=</latexit>

@2
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Examples

Increasingly difficult for larger N (practically           5 or 6) & higher order in q<latexit sha1_base64="3C7RddF7QEwkhrIcDc1yH6pMcYs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF09SwbSFNpTNdtMu3d2E3Y1QQn+DFw+KePUHefPfuGlz0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyW3ud56o0iyWj2aa0EDgkWQRI9hYyb/vayYG1Zpbd+dAq8QrSA0KtAbVr/4wJqmg0hCOte55bmKCDCvDCKezSj/VNMFkgke0Z6nEguogmx87Q2dWGaIoVrakQXP190SGhdZTEdpOgc1YL3u5+J/XS010HWRMJqmhkiwWRSlHJkb552jIFCWGTy3BRDF7KyJjrDAxNp+KDcFbfnmVtC/qXqPeeLisNW+KOMpwAqdwDh5cQRPuoAU+EGDwDK/w5kjnxXl3PhatJaeYOYY/cD5/AL+bjqo=</latexit>

N ⇠

<latexit sha1_base64="WkymHLV8UwleWDvxU9JB+3rxrwU=">AAAB8nicbVBNSwMxEM36WetX1aOXYBHqpeyKVI9FL56kgtsWtkvJpmkbmk2WZFYsS3+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyWCG3Ddb2dldW19Y7OwVdze2d3bLx0cNo1KNWU+VULpdkQME1wyHzgI1k40I3EkWCsa3Uz91iPThiv5AOOEhTEZSN7nlICVgg6wJ8j8SeXurFsqu1V3BrxMvJyUUY5Gt/TV6SmaxkwCFcSYwHMTCDOigVPBJsVOalhC6IgMWGCpJDEzYTY7eYJPrdLDfaVtScAz9fdERmJjxnFkO2MCQ7PoTcX/vCCF/lWYcZmkwCSdL+qnAoPC0/9xj2tGQYwtIVRzeyumQ6IJBZtS0YbgLb68TJrnVa9Wrd1flOvXeRwFdIxOUAV56BLV0S1qIB9RpNAzekVvDjgvzrvzMW9dcfKZI/QHzucP3+6RAA==</latexit>

U(N)
<latexit sha1_base64="86+SY2XxY1REIli2Kf3txxlQQXk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqiH6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A15uM+w==</latexit>

l
<latexit sha1_base64="BMwG5F/D9JnLkA7FsqwO7bhIW30=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8SNgViR6DXtRTRPOAZAmzk0kyZHZ2mekVwpJP8OJBEa9+kTf/xkmyB00saCiquunuCmIpDLrut7O0vLK6tp7byG9ube/sFvb26yZKNOM1FslINwNquBSK11Cg5M1YcxoGkjeC4fXEbzxxbUSkHnEUcz+kfSV6glG00sPt6V2nUHRL7hRkkXgZKUKGaqfw1e5GLAm5QiapMS3PjdFPqUbBJB/n24nhMWVD2uctSxUNufHT6aljcmyVLulF2pZCMlV/T6Q0NGYUBrYzpDgw895E/M9rJdi79FOh4gS5YrNFvUQSjMjkb9IVmjOUI0so08LeStiAasrQppO3IXjzLy+S+lnJK5fK9+fFylUWRw4O4QhOwIMLqMANVKEGDPrwDK/w5kjnxXl3PmatS042cwB/4Hz+AJ/+jWI=</latexit>

I, J<latexit sha1_base64="JbbV4CLzAhTOrmADUs0leah7svs=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI9FLx4r2A9ol5JNs21oNhuSbKEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZeqAQ31vO+UWFjc2t7p7hb2ts/ODwqH5+0TJJqypo0EYnuhMQwwSVrWm4F6yjNSBwK1g7H93O/PWHa8EQ+2aliQUyGkkecEuukdm9CtBrxfrniVb0F8Drxc1KBHI1++as3SGgaM2mpIMZ0fU/ZICPacirYrNRLDVOEjsmQdR2VJGYmyBbnzvCFUwY4SrQrafFC/T2RkdiYaRy6zpjYkVn15uJ/Xje10W2QcalSyyRdLopSgW2C57/jAdeMWjF1hFDN3a2Yjogm1LqESi4Ef/XlddK6qvq1au3xulK/y+MowhmcwyX4cAN1eIAGNIHCGJ7hFd6QQi/oHX0sWwsonzmFP0CfP37cj7E=</latexit>'

<latexit sha1_base64="i4s0eVl0uVc7vfuL782y/w9tn2k=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxonlIsoTZySQZMju7zPQKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbEUBl3328mtrK6tb+Q3C1vbO7t7xf2DhokSzXidRTLSrYAaLoXidRQoeSvWnIaB5M1gdDP1m09cGxGpBxzH3A/pQIm+YBStdN86e+wWS27ZnYEsEy8jJchQ6xa/Or2IJSFXyCQ1pu25Mfop1SiY5JNCJzE8pmxEB7xtqaIhN346O3VCTqzSI/1I21JIZurviZSGxozDwHaGFIdm0ZuK/3ntBPtXfipUnCBXbL6on0iCEZn+TXpCc4ZybAllWthbCRtSTRnadAo2BG/x5WXSOC97lXLl7qJUvc7iyMMRHMMpeHAJVbiFGtSBwQCe4RXeHOm8OO/Ox7w152Qzh/AHzucPzZSNgA==</latexit>

X,Y

[Hayashi,TN,Okazaki,'22]

<latexit sha1_base64="7N0J48ubWOtJRkIVd0rkVX6OrOc="></latexit>

IU(2)ADHM-[1] = 1 +

"
( x|{z}
TrX

+ x�1

|{z}
TrY

)t+ ( z|{z}
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+ z�1

|{z}
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q1/2 + · · ·
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<latexit sha1_base64="NfcUSCPR68VtOsHesSHi5Iqw/rI=">AAAGInicdVRLb9NAEHa </latexit>

IU(1)ADHM-[1] = 1 +
h
( x|{z}

X

+ x�1
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Y

)t+ ( z|{z}
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Plan of talk

1.  3d U(N) ADHM theory

2.  Coulomb limit and giant graviton expansion

3.  M5-interpretation (                  )
<latexit sha1_base64="XX0043KMLvSuLvJQ2yZLlX+Fl3U=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgQcquSPUiFL14rGA/sF1KNs22oUl2SWaFZem/8OJBEa/+G2/+G9N2D9r6YODx3gwz84JYcAOu++0UVlbX1jeKm6Wt7Z3dvfL+QctEiaasSSMR6U5ADBNcsSZwEKwTa0ZkIFg7GN9O/fYT04ZH6gHSmPmSDBUPOSVgpUd57Z31uAoh7ZcrbtWdAS8TLycVlKPRL3/1BhFNJFNABTGm67kx+BnRwKlgk1IvMSwmdEyGrGupIpIZP5tdPMEnVhngMNK2FOCZ+nsiI9KYVAa2UxIYmUVvKv7ndRMIr/yMqzgBpuh8UZgIDBGevo8HXDMKIrWEUM3trZiOiCYUbEglG4K3+PIyaZ1XvVq1dn9Rqd/kcRTRETpGp8hDl6iO7lADNRFFCj2jV/TmGOfFeXc+5q0FJ585RH/gfP4A8FuQdg==</latexit>

m = 1,1

4.  M5-interpretation (general m)

<latexit sha1_base64="E+OAe0BCd6eYIKyg4UcliBQK/jY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPbUDbbSbt0dxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0nGqKDZpzGPVCYlGziQ2DTMcO4lCIkKO7XB8O/PbT6g0i+WDmSQYCDKULGKUGCs99ugI6VgQNe6XK17Vm8NdJX5OKpCj0S9/9QYxTQVKQznRuut7iQkyogyjHKelXqoxIXRMhti1VBKBOsjmF0/dM6sM3ChWtqRx5+rviYwIrScitJ2CmJFe9mbif143NdF1kDGZpAYlXSyKUu6a2J297w6YQmr4xBJCFbO3unREFKHGhlSyIfjLL6+S1kXVr1Vr95eV+k0eRxFO4BTOwYcrqMMdNKAJFCQ8wyu8Odp5cd6dj0VrwclnjuEPnM8fqdSQ7g==</latexit>X



Coulomb limit

factorize in pieces

<latexit sha1_base64="df4rS0xPULiyD4cbQij8ckgDncA="></latexit>

q, t ! 0, t = q
1
4 t�1

It is useful to label monopole charges          by
<latexit sha1_base64="Sppj9gCkn3l9aPDRVxu6QgGvgXQ=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QXUo2zbahSTYkWaEs/RFePCji1d/jzX9j2u5Bqw8GHu/NMDMvVpwZ6/tfXmltfWNzq7xd2dnd2z+oHh51TJppQtsk5anuxdhQziRtW2Y57SlNsYg57caT27nffaTasFQ+2KmikcAjyRJGsHVSN8zFgIWzQbXm1/0F0F8SFKQGBVqD6mc4TEkmqLSEY2P6ga9slGNtGeF0VgkzQxUmEzyifUclFtRE+eLcGTpzyhAlqXYlLVqoPydyLIyZith1CmzHZtWbi/95/cwm11HOpMoslWS5KMk4sima/46GTFNi+dQRTDRztyIyxhoT6xKquBCC1Zf/ks5FPWjUG/eXteZNEUcZTuAUziGAK2jCHbSgDQQm8AQv8Oop79l7896XrSWvmDmGX/A+vgF9To+w</latexit>

{mi}

q,t-dependence of each term is keep only extreme operators

<latexit sha1_base64="WfpPYf58qPmqiqFjjAT5rzmDO90=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJBcFFKIlLdFIpuXFawD2hCmEwn7dCZSZiZCCVm46+4caGIWz/DnX/jtM1CWw9cOJxzL/feEyaUSOU430ZpZXVtfaO8Wdna3tndM/cPOjJOBcJtFNNY9EIoMSUctxVRFPcSgSELKe6G45up333AQpKY36tJgn0Gh5xEBEGlpcA88ngasIZnexnxqo9elQWkwbw8MG2n5sxgLRO3IDYo0ArML28Qo5RhrhCFUvZdJ1F+BoUiiOK84qUSJxCN4RD3NeWQYelnswdy61QrAyuKhS6urJn6eyKDTMoJC3Ung2okF72p+J/XT1V05WeEJ6nCHM0XRSm1VGxN07AGRGCk6EQTiATRt1poBAVESmdW0SG4iy8vk855za3X6ncXdvO6iKMMjsEJOAMuuARNcAtaoA0QyMEzeAVvxpPxYrwbH/PWklHMHII/MD5/AMeGlec=</latexit>

⌫m = #{i |mi = m}
<latexit sha1_base64="e2P08meGxlwFBbkjtCjfXTSetj8="></latexit>

IN ! I(C)
N =

X

⌫m�0
(
P

m ⌫m=N)

✓ 1Y

m=�1

1

⌫m!

Z
d⌫m�(· · · )

◆

<latexit sha1_base64="pbV3jSVaVDuCKa+J9vRwy/cFLt4=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFN66kgn1IO5ZMJtOGJpkhyQhl6Fe4caGIWz/HnX9j2s5CWw8EDufcS849QcKZNq777RRWVtfWN4qbpa3tnd298v5BS8epIrRJYh6rToA15UzSpmGG006iKBYBp+1gdD31209UaRbLezNOqC/wQLKIEWys9NBj0qDw8Vb3yxW36s6AlomXkwrkaPTLX70wJqmg0hCOte56bmL8DCvDCKeTUi/VNMFkhAe0a6nEgmo/mwWeoBOrhCiKlX02wEz9vZFhofVYBHZSYDPUi95U/M/rpia69DMmk9RQSeYfRSlHJkbT61HIFCWGjy3BRDGbFZEhVpgY21HJluAtnrxMWmdVr1at3Z1X6ld5HUU4gmM4BQ8uoA430IAmEBDwDK/w5ijnxXl3PuajBSffOYQ/cD5/AGUSkCk=</latexit>Z
dNs

<latexit sha1_base64="8MRSQ//NmHElj8S9ucgOtciz0rw="></latexit>

!
(
1� (t2) sisj (mi = mj)

1 (otherwise)

<latexit sha1_base64="nQS5CDYKA0IxCWMT/W6Nw4zFM28="></latexit>

IN =
1

N !

X

mi2Z

Z
dsi
2⇡isi

Y

i 6=j

⇣
1� q

|mi�mj |
2

si
sj

⌘Y

i,j

(q
1
2+

|mi�mj |
2 t2 si

sj
; q)1

(q
1
2+

|mi�mj |
2 t�2 si

sj
; q)1

Y

i,j

Y

±

(q
3
4+

|mi�mj |
2 t�1x±1 si

sj
; q)1

(q
1
4+

|mi�mj |
2 tx±1 si

sj
; q)1

⇥
Y

i

lY

↵=1

Y

±

(q
3
4+

|mi|
2 t�1(siy↵)±1; q)1

(q
1
4+

|mi|
2 t(siy↵)±1; q)1

zl
P

i miq
l
4

P
i |mi|t�l

P
i |mi|

<latexit sha1_base64="w9oMyH7wJdeL5dpZcOaNP/VMTbM=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJBYqBJUFcYKFsYi0YfUpJXjOq1Vxwm2g1RZGVj4FRYGEGLlI9j4G9w2A7Qc6UpH59yre+8JEkalcpxva2V1bX1js7BV3N7Z3du3Dw5bMk4FJk0cs1h0AiQJo5w0FVWMdBJBUBQw0g7G11O//UCEpDG/U5OE+BEachpSjJSR+nbpvqe9UCCseaarWaZ6+ox7kkaQZ3277FScGeAycXNSBjkaffvLG8Q4jQhXmCEpu66TKF8joShmJCt6qSQJwmM0JF1DOYqI9PXsiQyeGGUAw1iY4grO1N8TGkVSTqLAdEZIjeSiNxX/87qpCi99TXmSKsLxfFGYMqhiOE0EDqggWLGJIQgLam6FeIRMJMrkVjQhuIsvL5PWecWtVWq31XL9Ko+jAErgGJwCF1yAOrgBDdAEGDyCZ/AK3qwn68V6tz7mrStWPnME/sD6/AGKD5it</latexit>

q
n
4 t�n⇠n

<latexit sha1_base64="oVSqY4EEf6/BE8TR2tdUfLZnfC8=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJlgEN5ZESnVZdOOygn1AX0ymk3boZBJnJkIZAv6KGxeKuPU73Pk3TtsstPXAhcM593LvPX7MqFSu+23lVlbX1jfym4Wt7Z3dPXv/oCGjRGBSxxGLRMtHkjDKSV1RxUgrFgSFPiNNf3wz9ZuPREga8Xs1iUk3RENOA4qRMlLfPnro6U4gENY81eU0VT19ztO+XXRL7gzOMvEyUoQMtb791RlEOAkJV5ghKdueG6uuRkJRzEha6CSSxAiP0ZC0DeUoJLKrZ+enzqlRBk4QCVNcOTP194RGoZST0DedIVIjuehNxf+8dqKCq66mPE4U4Xi+KEiYoyJnmoUzoIJgxSaGICyoudXBI2TCUCaxggnBW3x5mTQuSl6lVLkrF6vXWRx5OIYTOAMPLqEKt1CDOmDQ8Ayv8GY9WS/Wu/Uxb81Z2cwh/IH1+QMcEZY+</latexit>

q
n
4 t�n

<latexit sha1_base64="vIgi+QVWcKM9XISK25IKoXNEltA="></latexit> 
example: mi = (1, 0,�3, 2, 1) ! ⌫m =

8
><

>:

1 (m = �3, 0, 2)

2 (m = 1)

0 (otherwise)

!
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Coulomb limit as Fermi gas

ν-particle free Fermions on

can be calculated in momentum basis as

<latexit sha1_base64="Nat83+cBgWCoRomd0wR0ojfnCjA="></latexit>

⌅̃() =
1X

⌫=0

⌫ t
�⌫(⌫�1)

⌫!

Z
d�i

2⇡i�i
det
i,j


1

�i
�j

� t2

�

<latexit sha1_base64="UrOrGrUQSUczq8TCNHYCTuplsN8=">AAACGHicbVC7TsMwFHXKq5RXgZHFokIqS0kQKowVLIxFog+pqaob120MjhPZDlKV9jNY+BUWBhBi7cbf4KYZoOVIlo7OOVfX93gRZ0rb9reVW1ldW9/Ibxa2tnd294r7B00VxpLQBgl5KNseKMqZoA3NNKftSFIIPE5b3uPNzG89UalYKO71KKLdAIaCDRgBbaRe8czlIIacYhd45EOPjV3ph+XE9UHjaHI6zvQHV6a5XrFkV+wUeJk4GSmhDPVecer2QxIHVGjCQamOY0e6m4DUjHA6KbixohGQRxjSjqECAqq6SXrYBJ8YpY8HoTRPaJyqvycSCJQaBZ5JBqB9tejNxP+8TqwHV92EiSjWVJD5okHMsQ7xrCXcZ5ISzUeGAJHM/BUTHyQQbbosmBKcxZOXSfO84lQr1buLUu06qyOPjtAxKiMHXaIaukV11EAEPaNX9I4+rBfrzfq0vubRnJXNHKI/sKY/fS2gtA==</latexit>

h↵i|⇢(p̂)|↵ji

<latexit sha1_base64="8FdSEB8kC3Tv+4sEXZF9KSqkXDA=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSFKlehKIXjxXsBzSxTLbbdulmE3Y3Qgm5+Fe8eFDEqz/Dm//GbZuDtj4YeLw3w8y8IOZMacf5tgorq2vrG8XN0tb2zu6evX/QUlEiCW2SiEeyE4CinAna1Exz2oklhTDgtB2Mb6Z++5FKxSJxrycx9UMYCjZgBLSRevaRp9gwhCv6kFa9mGHmAY9HkPXsslNxZsDLxM1JGeVo9Owvrx+RJKRCEw5KdV0n1n4KUjPCaVbyEkVjIGMY0q6hAkKq/HT2QIZPjdLHg0iaEhrP1N8TKYRKTcLAdIagR2rRm4r/ed1EDy79lIk40VSQ+aJBwrGO8DQN3GeSEs0nhgCRzNyKyQgkEG0yK5kQ3MWXl0mrWnFrldrdebl+ncdRRMfoBJ0hF12gOrpFDdREBGXoGb2iN+vJerHerY95a8HKZw7RH1ifP288llM=</latexit>

� = e2⇡i↵
<latexit sha1_base64="WPg5b3RWMoqz/t6YXKe81UQDgUg=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4xyiPCSnqHASbMzm5mZk3Ihr/w4kFjvPo33vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiKKvTSESqFaBmgktWN9wI1ooVwzAQrBmMrqd+84kpzSN5b8Yx80McSN7nFI2VHu4evW4HRTzEbrHklt0ZyDLxMlKCDLVu8avTi2gSMmmoQK3bnhsbP0VlOBVsUugkmsVIRzhgbUslhkz76eziCTmxSo/0I2VLGjJTf0+kGGo9DgPbGaIZ6kVvKv7ntRPTv/RTLuPEMEnni/qJICYi0/dJjytGjRhbglRxeyuhQ1RIjQ2pYEPwFl9eJo2zslcpV27PS9WrLI48HMExnIIHF1CFG6hBHShIeIZXeHO08+K8Ox/z1pyTzRzCHzifPxL0kIw=</latexit>

S1
↵

<latexit sha1_base64="t27Lz9b+eHXs8MTHevifuWavwTI=">AAACHHicbVDLSgMxFM3UV62vqks3g0VwY5mpUt0IRTcuK9gHdNqSSTNtaCYzJHfEEuZD3Pgrblwo4saF4N+YPhbaeiBwcs693HuPH3OmwHG+rczS8srqWnY9t7G5tb2T392rqyiRhNZIxCPZ9LGinAlaAwacNmNJcehz2vCH12O/cU+lYpG4g1FM2yHuCxYwgsFI3fypB/QBNMhUewMMnhxEaUdceoHERLupdk+8EMPAfIca0o4uiTTt5gtO0ZnAXiTujBTQDNVu/tPrRSQJqQDCsVIt14mhrbEERjhNc16iaIzJEPdpy1CBQ6raenJcah8ZpWcHkTRPgD1Rf3doHCo1Cn1TOd5UzXtj8T+vlUBw0dZMxAlQQaaDgoTbENnjpOwek5QAHxmCiWRmV5sMsMkFTJ45E4I7f/IiqZeKbrlYvj0rVK5mcWTRATpEx8hF56iCblAV1RBBj+gZvaI368l6sd6tj2lpxpr17KM/sL5+AHDqo3U=</latexit>

tr⇢̂n =
1

1� t2n

<latexit sha1_base64="lp1MQksFWh+Iiq5gwbaVW+WE/LE="></latexit>

⌅() =
1Y

m=0

1

1� t2m

1Y

m=0

1Y

n=1

Y

±

1

1� t2m+lnz±ln

<latexit sha1_base64="4S17fm5JwvXcZvq5ujDtLcM9YR0=">AAAB/nicbVBNS8NAEN34WetXVTx5CRbBU0lEqseiF48V7Ac0sWy2m2bpZjfsTsQSAv4VLx4U8erv8Oa/cdvmoK0PBh7vzTAzL0g40+A439bS8srq2nppo7y5tb2zW9nbb2uZKkJbRHKpugHWlDNBW8CA026iKI4DTjvB6Hridx6o0kyKOxgn1I/xULCQEQxG6lcOPaCPkIHKMy/C4KlI5vdGrzo1Zwp7kbgFqaICzX7lyxtIksZUAOFY657rJOBnWAEjnOZlL9U0wWSEh7RnqMAx1X42PT+3T4wysEOpTAmwp+rviQzHWo/jwHTGGCI9703E/7xeCuGlnzGRpEAFmS0KU26DtCdZ2AOmKAE+NgQTxcytNomwwgRMYmUTgjv/8iJpn9Xceq1+e15tXBVxlNAROkanyEUXqIFuUBO1EEEZekav6M16sl6sd+tj1rpkFTMH6A+szx+Q3paJ</latexit>

tr⇢̂n

<latexit sha1_base64="vHV5Jon0MjSFd5c6SKDvrbVk2mA="></latexit>

⌅() =
1X

N=0

I(C)
N =

1Y

m=�1
⌅̃(tl|m|zlm)

<latexit sha1_base64="3QDTQwg/orCdk/w8Upgp6EROFIs="></latexit>

⌅̃() =
1X

⌫=0

⌫ 1

⌫!

Z
d�i

2⇡i�i

Q⌫
i 6=j(1�

�i
�j
)

Q⌫
i,j=1(1� t2 �i

�j
)

Constrained sum can be simplified by considering grand canonical index
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A "giant graviton" expansion

For

[Gaiotto,Lee,'21][Hayashi,TN,Okazaki,'22]

<latexit sha1_base64="gfDDG5HdC2uj59mXU+2xx3lABwE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqeP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfi+MwA==</latexit>

1

<latexit sha1_base64="KV/bCymUKmS8SxfYt1xFfl6u+EI=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBIvgxpIUqS6LblxWsA9oa5lMJ+3QmUmYmYgl5FfcuFDErT/izr9x0mahrQcGDufcyz1z/IhRpV332yqsrW9sbhW3Szu7e/sH9mG5rcJYYtLCIQtl10eKMCpIS1PNSDeSBHGfkY4/vcn8ziORiobiXs8iMuBoLGhAMdJGGtrlPkd6Ekg0TXT6kJzXeDq0K27VncNZJV5OKpCjObS/+qMQx5wIjRlSque5kR4kSGqKGUlL/ViRCOEpGpOeoQJxogbJPHvqnBpl5AShNE9oZ67+3kgQV2rGfTOZJVXLXib+5/ViHVwNEiqiWBOBF4eCmDk6dLIinBGVBGs2MwRhSU1WB0+QRFibukqmBG/5y6ukXat69Wr97qLSuM7rKMIxnMAZeHAJDbiFJrQAwxM8wyu8Wan1Yr1bH4vRgpXvHMEfWJ8/UGWUog==</latexit>

t�2m

<latexit sha1_base64="x8W/VPfzkSqRnjOAkMwL0zhmOIY=">AAACCHicbZC7TsMwFIadcivlFmBkwKJCYmmVVKgwVrAwFolepCatHNdprdpOZDtIJcrIwquwMIAQK4/AxtvgXgZo+SVLn/5zjnzOH8SMKu0431ZuZXVtfSO/Wdja3tnds/cPmipKJCYNHLFItgOkCKOCNDTVjLRjSRAPGGkFo+tJvXVPpKKRuNPjmPgcDQQNKUbaWD372ONID0OJRqnOummpwktMZA/d1OMxNNSzi07ZmQougzuHIpir3rO/vH6EE06Exgwp1XGdWPspkppiRrKClygSIzxCA9IxKBAnyk+nh2Tw1Dh9GEbSPKHh1P09kSKu1JgHpnOytlqsTcz/ap1Eh5d+SkWcaCLw7KMwYVBHcJIK7FNJsGZjAwhLanaFeIgkwtpkVzAhuIsnL0OzUnar5ertebF2NY8jD47ACTgDLrgANXAD6qABMHgEz+AVvFlP1ov1bn3MWnPWfOYQ/JH1+QNSWpou</latexit>

t�2m�lnz⌥ln

<latexit sha1_base64="/U8uVTz1I2wh4pdATm+zjlIFZbU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0OqDgcd7M8zMCxIpDLrul1NYWV1b3yhulra2d3b3yvsHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Gbmtx+5NiJWDzhJuB/RoRKhYBStdC+vvH654lbdOchf4uWkAjka/fJnbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JiVUGJIy1LYVkrv6cyGhkzCQKbGdEcWSWvZn4n9dNMbz0M6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWX/5LWWdWrVWt355X6dR5HEY7gGE7Bgwuowy00oAkMhvAEL/DqSOfZeXPeF60FJ585hF9wPr4ByUGNfQ==</latexit>

l = 1

<latexit sha1_base64="PrhrdYfw7lOQ3onzwX0lxW2boIw=">AAACEnicbVA9SwNBEN3zM8avqKXNYhCSJtyJRBshmEa7CEaFXAxzm71kyd7esTunhCO/wca/YmOhiK2Vnf/GTUzh14OBx3szzMwLEikMuu6HMzM7N7+wmFvKL6+srq0XNjYvTJxqxpsslrG+CsBwKRRvokDJrxLNIQokvwwG9bF/ecO1EbE6x2HC2xH0lAgFA7RSp1D2B5AkcOT5WvT6CFrHtzTzGUh6Our4QoU4vM5K9fKoUyi6FXcC+pd4U1IkUzQ6hXe/G7M04gqZBGNanptgOwONgkk+yvup4QmwAfR4y1IFETftbPLSiO5apUvDWNtSSCfq94kMImOGUWA7I8C++e2Nxf+8VorhYTsTKkmRK/a1KEwlxZiO86FdoTlDObQEmBb2Vsr6oIGhTTFvQ/B+v/yXXOxVvGqlerZfrB1P48iRbbJDSsQjB6RGTkiDNAkjd+SBPJFn5955dF6c16/WGWc6s0V+wHn7BPL8nag=</latexit>

 = 1 ! I(C)
1

<latexit sha1_base64="Cima6wvXGm5xRFfIlJs+z8xEK/Y=">AAACLXicbVDLSgNBEJz1bXxFPXoZDIIXw65I9CIE9eBJFMwDsjH0TmaTIbMPZnqVsOwPefFXRPCgiFd/w0mMYBILBoqqaqa7vFgKjbb9Zs3Mzs0vLC4t51ZW19Y38ptbVR0livEKi2Sk6h5oLkXIKyhQ8nqsOASe5DWvdz7wa/dcaRGFt9iPeTOATih8wQCN1MpfuD2IYzh1A8Cur6CXYnaXHrie6DChWOYq0ekiKBU90PHMb4ReZa18wS7aQ9Bp4oxIgYxw3cq/uO2IJQEPkUnQuuHYMTZTUCiY5FnOTTSPgfWgwxuGhhBw3UyH12Z0zyht6kfKvBDpUP07kUKgdT/wTHKwsJ70BuJ/XiNB/6SZijBOkIfs5yM/kRQjOqiOtoXiDGXfEGBKmF0p64IChqbgnCnBmTx5mlQPi06pWLo5KpTPRnUskR2yS/aJQ45JmVySa1IhjDySZ/JG3q0n69X6sD5/ojPWaGabjMH6+gZHiKqa</latexit>

 = t�� ! t�N

<latexit sha1_base64="lRPyIO8vUxz9+V5BuWvZlp4DuZI="></latexit>

I(C)
N =

I

||=✏

d

2⇡i
�N⌅()

<latexit sha1_base64="Dbhlxo1dChenifxtZp5qEXaFFVI="></latexit>

= �
X

w 6=0

Res
h�N


⌅(), ! w

i

<latexit sha1_base64="l/wtwKzZ/lezuIc/6p+RfIutwzE="></latexit>

Il=1(C)
N

Il=1(C)
1

=
X

m,n�0

f (l=1)
m,n ((zt)m(z�1t)n)N

<latexit sha1_base64="YVxvsxbM79LDOZEloEovNysKXGc="></latexit>

f (l=1)
m,n =

mY

a=1

1Y

b=0

1

1� (zt)�a(z�1t)b

nY

a=1

1Y

b=0

1

1� (z�1t)�a(zt)b

mY

a=1

nY

b=1

1

1� (zt)�a(z�1t)�b

<latexit sha1_base64="LiTZtUqNwrSVaDcWsc8dEHkj32U="></latexit>

I(C)
N

I(C)
1

= 1 +
1X

m=1

1X

n=0

h
f (l)
m,n(z

lmt2n+lm)N + g(l)m,n(z
�lmt2n+lm)N

i
+

1X

m=1

h(l)
m t2mN
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Single-sum expansion

We focus on single-sum expansion

"=" is justified if we expand in and truncate at finite (but arbitrarily large) order

Original expansion                        :

<latexit sha1_base64="0qSiA+TXOQEOvRSqdJWQbG5jZ2U=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1Fjp/qlX6RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE175Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNStmrlqt3F6XadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AEMaNrA==</latexit>x2
<latexit sha1_base64="YlP8kA6apbGuF9Mp0txtppTlaVk=">AAAB7nicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4xkUcCK5kdZmHC7OxmptdICB/hxYPGePV7vPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmZ+65FrI2J1j+OE+xEdKBEKRtFKrade5aGr0l6x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/Mz52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDKnwiVpMgVWywKU0kwJrPfSV9ozlCOLaFMC3srYUOqKUObUMGG4C2/vEqalbJXLVfvLkq16yyOPJzAKZyDB5dQg1uoQwMYjOAZXuHNSZwX5935WLTmnGzmGP7A+fwBHPePcQ==</latexit>

x⌫
2

<latexit sha1_base64="IrYJIXp1l2+6iK61bdBuVaTKfxY="></latexit>⇣
* f (l=1)

m,n(n>0) /
1Y

xpositive
2 = x1

2

⌘

<latexit sha1_base64="ZHdI26IGWL397g2w2EBSymyHt2Y="></latexit>

Il=1(C)
N (x1, x2)

Il=1(C)
1 (x1, x2)

“=”
1X

m=0

f (l=1)
m,0 (x1, x2)x

mN
1

<latexit sha1_base64="wCkL1IgjbXYf3YrLFNe2mYf1TrU=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR3FiSItWNUHTjsoJ9QBvDZDpph04mYWYi1piFv+LGhSJu/Q13/o2TNgttPTBwOOde7pnjRYxKZVnfRmFhcWl5pbhaWlvf2Nwyt3daMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vZGl5nfviNC0pDfqHFEnAANOPUpRkpLrrl371bPH26TYzvtBUgNfYFGiUpds2xVrAngPLFzUgY5Gq751euHOA4IV5ghKbu2FSknQUJRzEha6sWSRAiP0IB0NeUoINJJJvlTeKiVPvRDoR9XcKL+3khQIOU48PRkllHOepn4n9eNlX/mJJRHsSIcTw/5MYMqhFkZsE8FwYqNNUFYUJ0V4iESCCtdWUmXYM9+eZ60qhW7Vqldn5TrF3kdRbAPDsARsMEpqIMr0ABNgMEjeAav4M14Ml6Md+NjOlow8p1d8AfG5w/7D5Yc</latexit>

x2 = z�1t

<latexit sha1_base64="3pUKryv4ZWyW//OQxOVRL6H2r0I=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KolIdSMU3bisYB/QhjKZTtqhk0mYmag19lPcuFDErV/izr9x0mahrQcGDufcyz1z/JgzpR3n21paXlldWy9sFDe3tnd27dJeU0WJJLRBIh7Jto8V5UzQhmaa03YsKQ59Tlv+6CrzW3dUKhaJWz2OqRfigWABI1gbqWeXHnruxWM3xHoYSDxK9aRnl52KMwVaJG5OypCj3rO/uv2IJCEVmnCsVMd1Yu2lWGpGOJ0Uu4miMSYjPKAdQwUOqfLSafQJOjJKHwWRNE9oNFV/b6Q4VGoc+mYyy6jmvUz8z+skOjj3UibiRFNBZoeChCMdoawH1GeSEs3HhmAimcmKyBBLTLRpq2hKcOe/vEiaJxW3WqnenJZrl3kdBTiAQzgGF86gBtdQhwYQuIdneIU368l6sd6tj9nokpXv7MMfWJ8/ihmUNQ==</latexit>

x1 = zt
<latexit sha1_base64="Uj9pMV443hi5P23rkT+4u+UOycM="></latexit>

Il=1(C)
N (x1, x2)

Il=1(C)
1 (x1, x2)

=
X

m,n�0

f (l=1)
m,n (x1, x2)x

mN
1 xnN

2

<latexit sha1_base64="CkPYgnjbHfVwVYLWl62itixk1Gw="></latexit>

f (l=1)
m,n (x1, x2) =

mY

a=1

1Y

b=0

1

1� x�a
1 xb

2

nY

a=1

1Y

b=0

1

1� x�a
2 xb

1

mY

a=1

nY

b=1

1

1� x�a
1 x�b

2

<latexit sha1_base64="F/pOBAgtmK9/6wdteaDwcz/j4Gs=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRKoLhaIblxXsA9pQJtNJO3QyCTMToSZ146+4caGIW//CnX/jpM1CWw9cOJxzL/fe44aMSmVZ30ZuYXFpeSW/Wlhb39jcMrd3GjKIBCZ1HLBAtFwkCaOc1BVVjLRCQZDvMtJ0h9ep37wnQtKA36lRSBwf9Tn1KEZKS11zr5Q8JJf2cdLxkRp4Ag1jNU4u7KOuWbTK1gRwntgZKYIMta751ekFOPIJV5ghKdu2FSonRkJRzMi40IkkCREeoj5pa8qRT6QTTz4Yw0Ot9KAXCF1cwYn6eyJGvpQj39Wd6Z1y1kvF/7x2pLxzJ6Y8jBTheLrIixhUAUzjgD0qCFZspAnCgupbIR4ggbDSoRV0CPbsy/OkcVK2K+XK7WmxepXFkQf74ACUgA3OQBXcgBqoAwwewTN4BW/Gk/FivBsf09ackc3sgj8wPn8AzXyWfg==</latexit>

(|z| = 1, |t| < 1)
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Inverse single-sum expansion

Single-sum expansion for general      flavors:

If we define

[Hayashi,TN,Okazaki, to appear]

Expected interpretation             :
= Contribution of m M5-giants in                        to index of N M2

= Index on N M5

= Contribution of m M2-giants in                        to index of N M5

<latexit sha1_base64="JYyNeIRRwBoKBHf94uzhQyGBRrk=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXpHoRil48VnDbQruUbJptQ7PZJckKZelv8OJBEa/+IG/+G9N2D9r6YODx3gwz84JEcG0c5xsV1tY3NreK26Wd3b39g/LhUUvHqaLMo7GIVScgmgkumWe4EayTKEaiQLB2ML6b+e0npjSP5aOZJMyPyFDykFNirORVxY173i9XnJozB14lbk4qkKPZL3/1BjFNIyYNFUTrruskxs+IMpwKNi31Us0SQsdkyLqWShIx7WfzY6f4zCoDHMbKljR4rv6eyEik9SQKbGdEzEgvezPxP6+bmvDaz7hMUsMkXSwKU4FNjGef4wFXjBoxsYRQxe2tmI6IItTYfEo2BHf55VXSuqi59Vr94bLSuM3jKMIJnEIVXLiCBtxDEzygwOEZXuENSfSC3tHHorWA8plj+AP0+QOPYI3i</latexit>

(l = 1)

<latexit sha1_base64="86+SY2XxY1REIli2Kf3txxlQQXk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqiH6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A15uM+w==</latexit>

l

<latexit sha1_base64="25YNFj5J6Dw4WDWfs1Pw1dH3cr0="></latexit>

F (l)
N (x1, x2)

F (l)
1 (x1, x2)

“=”
1X

m=0

xlmN
1 Il(C)

m (x�1
1 , x1x2)

<latexit sha1_base64="s4prgb/QFNWIZeEzGYEO743nius=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BQTxJRPOAZAmzk04yZHZ2mZkVwpJP8OJBEa9+kTf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMYXU/95hMqzSP5aMYx+iEdSN7njBorPdx077rFklt2ZyDLxMtICTLUusWvTi9iSYjSMEG1bntubPyUKsOZwEmhk2iMKRvRAbYtlTRE7aezUyfkxCo90o+ULWnITP09kdJQ63EY2M6QmqFe9Kbif147Mf1LP+UyTgxKNl/UTwQxEZn+TXpcITNibAllittbCRtSRZmx6RRsCN7iy8ukcVb2KuXK/XmpepXFkYcjOIZT8OACqnALNagDgwE8wyu8OcJ5cd6dj3lrzslmDuEPnM8f7vuNlg==</latexit>

FN
<latexit sha1_base64="o3va+Njw/NLjonbFwsErOlLw8QM=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRWtCSFKkui93oroK9QJuGyXTSDp1cmJlIS8jaja/ixoUibn0Cd76N0zYLbf1h4OM/53Dm/E7IqJCG8a1lVlbX1jeym7mt7Z3dPX3/oCmCiGPSwAELeNtBgjDqk4akkpF2yAnyHEZazqg2rbceCBc08O/lJCSWhwY+dSlGUlm2fhx3MWLwNunFhVoxsb3C2DZ78bmZnCkY2+WireeNkjETXAYzhTxIVbf1r24/wJFHfIkZEqJjGqG0YsQlxYwkuW4kSIjwCA1IR6GPPCKseHZKAk+V04duwNXzJZy5vydi5Akx8RzV6SE5FIu1qflfrRNJ98qKqR9Gkvh4vsiNGJQBnOYC+5QTLNlEAcKcqr9CPEQcYanSy6kQzMWTl6FZLpmVUuXuIl+9TuPIgiNwAgrABJegCm5AHTQABo/gGbyCN+1Je9HetY95a0ZLZw7BH2mfP5UOmO0=</latexit>

I(C)
m (x�1

1 , x1x2)

<latexit sha1_base64="/yiho+87BKrqPIywj1uqTxy+g4Y=">AAAB/3icbVDLSgNBEJz1GeNrVfDiZTAInsKuhMRj1IvHSMwDkhhmZ2eTIbOzy0yvGNYc/BUvHhTx6m9482+cPA6aWNBQVHXT3eXFgmtwnG9raXlldW09s5Hd3Nre2bX39us6ShRlNRqJSDU9opngktWAg2DNWDESeoI1vMHV2G/cM6V5JG9hGLNOSHqSB5wSMFLXPmwDe4D0wq+OuoU28JBpXL0rde2ck3cmwIvEnZEcmqHStb/afkSTkEmggmjdcp0YOilRwKlgo2w70SwmdEB6rGWoJGZRJ53cP8InRvFxEClTEvBE/T2RklDrYeiZzpBAX897Y/E/r5VAcN5JuYwTYJJOFwWJwBDhcRjY54pREENDCFXc3IppnyhCwUSWNSG48y8vkvpZ3i3mizeFXPlyFkcGHaFjdIpcVEJldI0qqIYoekTP6BW9WU/Wi/VufUxbl6zZzAH6A+vzB3BBlbw=</latexit>

AdS4 ⇥ S7

<latexit sha1_base64="hLS1ijiHrTAjt4ETCWGlgScP5HU=">AAAB/3icbVDLSgNBEJz1GeNrVfDiZTAInsKuhMRj1IvHSMwDkhhmZ2eTIbOzy0yvGNYc/BUvHhTx6m9482+cPA6aWNBQVHXT3eXFgmtwnG9raXlldW09s5Hd3Nre2bX39us6ShRlNRqJSDU9opngktWAg2DNWDESeoI1vMHV2G/cM6V5JG9hGLNOSHqSB5wSMFLXPmwDe4D0wq+OuqU28JBpXL0rdO2ck3cmwIvEnZEcmqHStb/afkSTkEmggmjdcp0YOilRwKlgo2w70SwmdEB6rGWoJGZRJ53cP8InRvFxEClTEvBE/T2RklDrYeiZzpBAX897Y/E/r5VAcN5JuYwTYJJOFwWJwBDhcRjY54pREENDCFXc3IppnyhCwUSWNSG48y8vkvpZ3i3mizeFXPlyFkcGHaFjdIpcVEJldI0qqIYoekTP6BW9WU/Wi/VufUxbl6zZzAH6A+vzB3Bflbw=</latexit>

AdS7 ⇥ S4

<latexit sha1_base64="RkJF2s7+S7uPao6qjdDTVDk+8pk="></latexit>

Il(C)
N (x1, x2)

Il(C)
1 (x1, x2)

“=”
1X

m=0

f (l)
m,0(x1, x2)x

lmN
1

<latexit sha1_base64="QsxbG/BxNWdNjr2ZHg06XPtN/Kk=">AAACEXicbZDLSsNAFIYn9VbrLerSTbAIKdSSFKluhKIgLivYC/QSJtNJO3QmCTMTaQl5BTe+ihsXirh15863cdpmoa0/DHz85xzOnN8NKRHSsr61zMrq2vpGdjO3tb2zu6fvHzREEHGE6yigAW+5UGBKfFyXRFLcCjmGzKW46Y6up/XmA+aCBP69nIS4y+DAJx5BUCrL0c2bXmzSQuKwSy+lmBWtxBw7di8+tZOigrFTLjh63ipZMxnLYKeQB6lqjv7V6QcoYtiXiEIh2rYVym4MuSSI4iTXiQQOIRrBAW4r9CHDohvPLkqME+X0DS/g6vnSmLm/J2LIhJgwV3UyKIdisTY1/6u1I+lddGPih5HEPpov8iJqyMCYxmP0CcdI0okCiDhRfzXQEHKIpAoxp0KwF09ehka5ZFdKlbuzfPUqjSMLjsAxMIENzkEV3IIaqAMEHsEzeAVv2pP2or1rH/PWjJbOHII/0j5/AHthm4s=</latexit>

F (l)
m = f (l)

m,0(x
�1
1 , x1x2)

<latexit sha1_base64="paD0Qs9l2q9jOluqoBlbPODDfCU="></latexit>⇣
f (l)
m,0(x1, x2) =

mY

a=1

1Y

b=0

l�1Y

c=0

1

1� x�la+c
1 xlb+c

2

⌘

<latexit sha1_base64="A7fpOLRC1WamSW+Vsv9Kw5H5XN4=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxgnlAsoTZyWwyZB7LzKwQlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfju5nffqLaMCUf7SShocBDyWJGsHVSO+5n4sKf9ssVv+rPgVZJkJMK5Gj0y1+9gSKpoNISjo3pBn5iwwxrywin01IvNTTBZIyHtOuoxIKaMJufO0VnThmgWGlX0qK5+nsiw8KYiYhcp8B2ZJa9mfif101tfBNmTCappZIsFsUpR1ah2e9owDQllk8cwUQzdysiI6wxsS6hkgshWH55lbQuq0GtWnu4qtRv8ziKcAKncA4BXEMd7qEBTSAwhmd4hTcv8V68d+9j0Vrw8plj+APv8wfsr49R</latexit>

fm,0
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Plan of talk

1.  3d U(N) ADHM theory

2.  Coulomb limit and giant graviton expansion

3.  M5-interpretation (                  )
<latexit sha1_base64="XX0043KMLvSuLvJQ2yZLlX+Fl3U=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgQcquSPUiFL14rGA/sF1KNs22oUl2SWaFZem/8OJBEa/+G2/+G9N2D9r6YODx3gwz84JYcAOu++0UVlbX1jeKm6Wt7Z3dvfL+QctEiaasSSMR6U5ADBNcsSZwEKwTa0ZkIFg7GN9O/fYT04ZH6gHSmPmSDBUPOSVgpUd57Z31uAoh7ZcrbtWdAS8TLycVlKPRL3/1BhFNJFNABTGm67kx+BnRwKlgk1IvMSwmdEyGrGupIpIZP5tdPMEnVhngMNK2FOCZ+nsiI9KYVAa2UxIYmUVvKv7ndRMIr/yMqzgBpuh8UZgIDBGevo8HXDMKIrWEUM3trZiOiCYUbEglG4K3+PIyaZ1XvVq1dn9Rqd/kcRTRETpGp8hDl6iO7lADNRFFCj2jV/TmGOfFeXc+5q0FJ585RH/gfP4A8FuQdg==</latexit>

m = 1,1

4.  M5-interpretation (general m)

<latexit sha1_base64="E+OAe0BCd6eYIKyg4UcliBQK/jY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPbUDbbSbt0dxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0nGqKDZpzGPVCYlGziQ2DTMcO4lCIkKO7XB8O/PbT6g0i+WDmSQYCDKULGKUGCs99ugI6VgQNe6XK17Vm8NdJX5OKpCj0S9/9QYxTQVKQznRuut7iQkyogyjHKelXqoxIXRMhti1VBKBOsjmF0/dM6sM3ChWtqRx5+rviYwIrScitJ2CmJFe9mbif143NdF1kDGZpAYlXSyKUu6a2J297w6YQmr4xBJCFbO3unREFKHGhlSyIfjLL6+S1kXVr1Vr95eV+k0eRxFO4BTOwYcrqMMdNKAJFCQ8wyu8Odp5cd6dj0VrwclnjuEPnM8fqdSQ7g==</latexit>X
<latexit sha1_base64="E+OAe0BCd6eYIKyg4UcliBQK/jY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPbUDbbSbt0dxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0nGqKDZpzGPVCYlGziQ2DTMcO4lCIkKO7XB8O/PbT6g0i+WDmSQYCDKULGKUGCs99ugI6VgQNe6XK17Vm8NdJX5OKpCj0S9/9QYxTQVKQznRuut7iQkyogyjHKelXqoxIXRMhti1VBKBOsjmF0/dM6sM3ChWtqRx5+rviYwIrScitJ2CmJFe9mbif143NdF1kDGZpAYlXSyKUu6a2J297w6YQmr4xBJCFbO3unREFKHGhlSyIfjLL6+S1kXVr1Vr95eV+k0eRxFO4BTOwYcrqMMdNKAJFCQ8wyu8Odp5cd6dj0VrwclnjuEPnM8fqdSQ7g==</latexit>X



Comparison with M5 indices

Gravity picture suggests under some non-trivial change of variables

M5:

Rough idea:

= rotation around M2/M5-branes

= rotation along M2/M5-branes

M2/M5

<latexit sha1_base64="/yiho+87BKrqPIywj1uqTxy+g4Y=">AAAB/3icbVDLSgNBEJz1GeNrVfDiZTAInsKuhMRj1IvHSMwDkhhmZ2eTIbOzy0yvGNYc/BUvHhTx6m9482+cPA6aWNBQVHXT3eXFgmtwnG9raXlldW09s5Hd3Nre2bX39us6ShRlNRqJSDU9opngktWAg2DNWDESeoI1vMHV2G/cM6V5JG9hGLNOSHqSB5wSMFLXPmwDe4D0wq+OuoU28JBpXL0rde2ck3cmwIvEnZEcmqHStb/afkSTkEmggmjdcp0YOilRwKlgo2w70SwmdEB6rGWoJGZRJ53cP8InRvFxEClTEvBE/T2RklDrYeiZzpBAX897Y/E/r5VAcN5JuYwTYJJOFwWJwBDhcRjY54pREENDCFXc3IppnyhCwUSWNSG48y8vkvpZ3i3mizeFXPlyFkcGHaFjdIpcVEJldI0qqIYoekTP6BW9WU/Wi/VufUxbl6zZzAH6A+vzB3BBlbw=</latexit>

AdS4 ⇥ S7

<latexit sha1_base64="CU+6LK4ZiWEDYltGPel1JcoEzy8=">AAAB/XicbVDJTsMwFHwpWylbWG5cLCokTlWCoHCs4MKxLF2kJlSO67RWnUW2g1Siil/hwgGEuPIf3PgbnDYHaBnJ0mjmPb3xeDFnUlnWt1FYWFxaXimultbWNza3zO2dpowSQWiDRDwSbQ9LyllIG4opTtuxoDjwOG15w8vMbz1QIVkU3qlRTN0A90PmM4KVlrrmnhNgNfC89GbsKBZQiW7vT7tm2apYE6B5YuekDDnqXfPL6UUkCWioCMdSdmwrVm6KhWKE03HJSSSNMRniPu1oGmJ9yE0n6cfoUCs95EdCv1Chifp7I8WBlKPA05NZVjnrZeJ/XidR/rmbsjBOFA3J9JCfcKQilFWBekxQovhIE0wE01kRGWCBidKFlXQJ9uyX50nzuGJXK9Xrk3LtIq+jCPtwAEdgwxnU4Arq0AACj/AMr/BmPBkvxrvxMR0tGPnOLvyB8fkDOfmVFg==</latexit>

R⇥ S5

<latexit sha1_base64="42NPyoR4zz+Xjed57mFJkXELVQY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbSbt0swm7E6GU/ggvHhTx6u/x5r9x2+ag1QcDj/dmmJkXplIY8rwvp7C2vrG5Vdwu7ezu7R+UD49aJsk0xyZPZKI7ITMohcImCZLYSTWyOJTYDse3c7/9iNqIRD3QJMUgZkMlIsEZWandM1lokPrlilf1FnD/Ej8nFcjR6Jc/e4OEZzEq4pIZ0/W9lIIp0yS4xFmplxlMGR+zIXYtVSxGE0wX587cM6sM3CjRthS5C/XnxJTFxkzi0HbGjEZm1ZuL/3ndjKLrYCpUmhEqvlwUZdKlxJ3/7g6ERk5yYgnjWthbXT5imnGyCZVsCP7qy39J66Lq16q1+8tK/SaPowgncArn4MMV1OEOGtAEDmN4ghd4dVLn2Xlz3petBSefOYZfcD6+AZEgj70=</latexit> ⇢ <latexit sha1_base64="42NPyoR4zz+Xjed57mFJkXELVQY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbSbt0swm7E6GU/ggvHhTx6u/x5r9x2+ag1QcDj/dmmJkXplIY8rwvp7C2vrG5Vdwu7ezu7R+UD49aJsk0xyZPZKI7ITMohcImCZLYSTWyOJTYDse3c7/9iNqIRD3QJMUgZkMlIsEZWandM1lokPrlilf1FnD/Ej8nFcjR6Jc/e4OEZzEq4pIZ0/W9lIIp0yS4xFmplxlMGR+zIXYtVSxGE0wX587cM6sM3CjRthS5C/XnxJTFxkzi0HbGjEZm1ZuL/3ndjKLrYCpUmhEqvlwUZdKlxJ3/7g6ERk5yYgnjWthbXT5imnGyCZVsCP7qy39J66Lq16q1+8tK/SaPowgncArn4MMV1OEOGtAEDmN4ghd4dVLn2Xlz3petBSefOYZfcD6+AZEgj70=</latexit> ⇢

<latexit sha1_base64="PU2so7LNW22x629UJMRhH2WBP9c="></latexit>0

@
h
3d

j
3d

r
3d

1

A ⇠

0

@
H

6d

R
6d

J
6d

1

A

<latexit sha1_base64="ackgv1iK/Sbo0rVC7yIlEdTzv0Y=">AAACBHicbVDLSsNAFJ3UV62vqMtugkVwISVRqS6LblxWsQ9oY5lMJu3QySTM3IglZOHGX3HjQhG3foQ7/8bpQ9DWAwPnnnMvd+7xYs4U2PaXkVtYXFpeya8W1tY3NrfM7Z2GihJJaJ1EPJItDyvKmaB1YMBpK5YUhx6nTW9wMfKbd1QqFokbGMbUDXFPsIARDFrqmkV5m3aA3kN67GfZ4fVPVdFV1yzZZXsMa544U1JCU9S65mfHj0gSUgGEY6Xajh2Dm2IJjHCaFTqJojEmA9yjbU0FDqly0/ERmbWvFd8KIqmfAGus/p5IcajUMPR0Z4ihr2a9kfif104gOHNTJuIEqCCTRUHCLYisUSKWzyQlwIeaYCKZ/qtF+lhiAjq3gg7BmT15njSOyk6lXLk6KVXPp3HkURHtoQPkoFNURZeohuqIoAf0hF7Qq/FoPBtvxvukNWdMZ3bRHxgf36ksmMM=</latexit>

r3d, R6d

<latexit sha1_base64="7kfBmKsXesoPPnKbfbyr+RCHAak=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNgIWFXJVoGbcQqgnlAsobZ2UkyZvbBzF0xLFvY+Cs2ForY+hF2/o2TZAWNHhg495x7uXOPGwmuwLI+jdzc/MLiUn65sLK6tr5hbm41VBhLyuo0FKFsuUQxwQNWBw6CtSLJiO8K1nSHZ2O/ecuk4mFwBaOIOT7pB7zHKQEtdc3izXXSAXYHyaGXpvsX31VFV12zZJWtCfBfYmekhDLUuuZHxwtp7LMAqCBKtW0rAichEjgVLC10YsUiQoekz9qaBsRnykkmR6R4Vyse7oVSvwDwRP05kRBfqZHv6k6fwEDNemPxP68dQ+/ESXgQxcACOl3UiwWGEI8TwR6XjIIYaUKo5PqvmA6IJBR0bgUdgj178l/SOCjblXLl8qhUPc3iyKMi2kF7yEbHqIrOUQ3VEUX36BE9oxfjwXgyXo23aWvOyGa20S8Y71+PvJiz</latexit>

j3d, J6d

<latexit sha1_base64="xLBMUFFscXjk2uOkQNMaxD9XVzI=">AAACFHicbZC7SgNBFIZn4y3G26qlzWIQIoawGzTaCEEbLYQI5gJJXGYns8mQ2QszZyVh2Yew8VVsLBSxtbDzbZxcCk38YeDjP+dw5vxOyJkE0/zWUguLS8sr6dXM2vrG5pa+vVOTQSQIrZKAB6LhYEk582kVGHDaCAXFnsNp3elfjur1ByokC/w7GIa07eGuz1xGMCjL1o9cO/byZpIb2FZ+YBcPz6+V0QI6gPjmJEnu4wmXOkli61mzYI5lzIM1hSyaqmLrX61OQCKP+kA4lrJpmSG0YyyAEU6TTCuSNMSkj7u0qdDHHpXteHxUYhwop2O4gVDPB2Ps/p6IsSfl0HNUp4ehJ2drI/O/WjMC96wdMz+MgPpkssiNuAGBMUrI6DBBCfChAkwEU381SA8LTEDlmFEhWLMnz0OtWLBKhdLtcbZ8MY0jjfbQPsohC52iMrpCFVRFBD2iZ/SK3rQn7UV71z4mrSltOrOL/kj7/AFEKp5m</latexit>

fm,0(x1, x2) = I6dmM5
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Convention for M2/M5 indices

R-symmetry:

super(conformal):

spacetime:

Choose one
M5 index

M2 index

R-symmetry:

super(conformal):

spacetime:

Choose one

<latexit sha1_base64="fd3aQKeqOWmGNxkfz2YMpIjtpJQ=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAILkpJRKrLopuimwq2FZoQJtNpO3RmEuYhlFA3/oobF4q49S/c+TdO2iy09cDlHs65l5l7ooQSqVz32yosLa+srhXXSxubW9s79u5eW8ZaINxCMY3FfQQlpoTjliKK4vtEYMgiijvR6CrzOw9YSBLzOzVOcMDggJM+QVAZKbQPmqHPdOU6TE3zuZ5UGpWbTArtslt1p3AWiZeTMsjRDO0vvxcjzTBXiEIpu56bqCCFQhFE8aTka4kTiEZwgLuGcsiwDNLpBRPn2Cg9px8LU1w5U/X3RgqZlGMWmUkG1VDOe5n4n9fVqn8RpIQnWmGOZg/1NXVU7GRxOD0iMFJ0bAhEgpi/OmgIBUTKhFYyIXjzJy+S9mnVq1Vrt2fl+mUeRxEcgiNwAjxwDuqgAZqgBRB4BM/gFbxZT9aL9W59zEYLVr6zD/7A+vwBpmiWZQ==</latexit>

Pµ, Jµ⌫ , H,Kµ
<latexit sha1_base64="YTTgNp7dtWOCpxUSxFN0jBFmcSQ=">AAAB/nicbZDLSsNAFIYnXmu9RcWVm8EiuJCSiFSXRTe6a9FeoI3hZDpth04mYWYilFDwVdy4UMStz+HOt3HaBtHWHwY+/nMO58wfxJwp7Thf1sLi0vLKam4tv76xubVt7+zWVZRIQmsk4pFsBqAoZ4LWNNOcNmNJIQw4bQSDq3G98UClYpG408OYeiH0BOsyAtpYvr1fvb/x28DjPpzc/qBvF5yiMxGeBzeDAspU8e3PdiciSUiFJhyUarlOrL0UpGaE01G+nSgaAxlAj7YMCgip8tLJ+SN8ZJwO7kbSPKHxxP09kUKo1DAMTGcIuq9ma2Pzv1or0d0LL2UiTjQVZLqom3CsIzzOAneYpETzoQEgkplbMemDBKJNYnkTgjv75XmonxbdUrFUPSuUL7M4cugAHaJj5KJzVEbXqIJqiKAUPaEX9Go9Ws/Wm/U+bV2wspk99EfWxzdpgJUo</latexit>

QI
↵, S

I
↵

<latexit sha1_base64="y8A1aqj8LnjSuP8sxvhGZvLJTkc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRo9BL96MjzwgWcLsZDYZMjs7zMwKYclHePGgiFe/x5t/4yTZgyYWNBRV3XR3BZIzbVz321laXlldW89t5De3tnd2C3v7DR0nitA6iXmsWgHWlDNB64YZTltSURwFnDaD4fXEbz5RpVksHs1IUj/CfcFCRrCxUvPhtnR+0r3vFopu2Z0CLRIvI0XIUOsWvjq9mCQRFYZwrHXbc6XxU6wMI5yO851EU4nJEPdp21KBI6r9dHruGB1bpYfCWNkSBk3V3xMpjrQeRYHtjLAZ6HlvIv7ntRMTXvopEzIxVJDZojDhyMRo8jvqMUWJ4SNLMFHM3orIACtMjE0ob0Pw5l9eJI3TslcpV+7OitWrLI4cHMIRlMCDC6jCDdSgDgSG8Ayv8OZI58V5dz5mrUtONnMAf+B8/gDj346k</latexit>

SO(5)R

<latexit sha1_base64="ZIrOeVbMJqbCAYK2SCiIWCRHs8Q=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoRW8JmAcma+idzCZDZmeXmVkhhPyFFw+KePVvvPk3TpI9aGJBQ1HVTXdXkAiujet+Oyura+sbm7mt/PbO7t5+4eCwoeNUUVansYhVK0DNBJesbrgRrJUohlEgWDMY3kz95hNTmsfy3owS5kfYlzzkFI2VHmrdDopkgI933ULRLbkzkGXiZaQIGardwlenF9M0YtJQgVq3PTcx/hiV4VSwSb6TapYgHWKftS2VGDHtj2cXT8ipVXokjJUtachM/T0xxkjrURTYzgjNQC96U/E/r52a8Mofc5mkhkk6XxSmgpiYTN8nPa4YNWJkCVLF7a2EDlAhNTakvA3BW3x5mTTOS165VK5dFCvXWRw5OIYTOAMPLqECt1CFOlCQ8Ayv8OZo58V5dz7mrStONnMEf+B8/gA105Ci</latexit>

QI
↵

<latexit sha1_base64="Wa6rCDW9f4EwQZZvjO8NwgM50L0="></latexit>

H J12 J34 J56 R12 R34

Q
1
2 � 1

2 � 1
2 � 1

2
1
2

1
2

<latexit sha1_base64="NjFj5V9d4qC1Vug/FaVSahW+nPY=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSpXoRil48VrAf0Iaw2W7apZtN3N0UQunv8OJBEa/+GG/+G7dtDtr6YODx3gwz8/yYM6Vt+9vKra1vbG7ltws7u3v7B8XDo5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/dHdzG+PqVQsEo86jakb4oFgASNYG8ktp56TetXUu7hxzr1iya7Yc6BV4mSkBBkaXvGr149IElKhCcdKdR071u4ES80Ip9NCL1E0xmSEB7RrqMAhVe5kfvQUnRmlj4JImhIazdXfExMcKpWGvukMsR6qZW8m/ud1Ex1cuxMm4kRTQRaLgoQjHaFZAqjPJCWap4ZgIpm5FZEhlphok1PBhOAsv7xKWtWKU6vUHi5L9dssjjycwCmUwYErqMM9NKAJBJ7gGV7hzRpbL9a79bFozVnZzDH8gfX5A+OokOQ=</latexit>

(y1y2y3 = 1)

<latexit sha1_base64="aQiwdDNp3kYUO+nZ2kXHPBkRfKM=">AAACB3icbVDLSgMxFM34rPU16lKQYBFclDIjUl0W3bisYB/QGYZMmmljk8yQZIQydOfGX3HjQhG3/oI7/8ZMOwttPXDh5Jx7ubknTBhV2nG+raXlldW19dJGeXNre2fX3ttvqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOOrnO/80CkorG40+OE+BwNBI0oRtpIgX2UBB5Pq171PsgM8UQ6MY+hqVFuBHbFqTlTwEXiFqQCCjQD+8vrxzjlRGjMkFI910m0nyGpKWZkUvZSRRKER2hAeoYKxInys+kdE3hilD6MYmlKaDhVf09kiCs15qHp5EgP1byXi/95vVRHl35GRZJqIvBsUZQyqGOYhwL7VBKs2dgQhCU1f4V4iCTC2kRXNiG48ycvkvZZza3X6rfnlcZVEUcJHIJjcApccAEa4AY0QQtg8AiewSt4s56sF+vd+pi1LlnFzAH4A+vzB+zimLk=</latexit>

pµ, jµ⌫ , h, kµ
<latexit sha1_base64="ihVC7sSBpCl+u0FKsdNqxfZ1Qxg=">AAACDnicbZC7SgNBFIZnvcZ4W7W0GQwBixB2RaJl0Ea7BM0FsutydjJJhsxemJkVwpInsPFVbCwUsbW2822cJAtq4g8DP985hzPn92POpLKsL2NpeWV1bT23kd/c2t7ZNff2mzJKBKENEvFItH2QlLOQNhRTnLZjQSHwOW35w8tJvXVPhWRReKtGMXUD6IesxwgojTyzmDoEOK6PPQd4PIC765JTmrGbH+aZBatsTYUXjZ2ZAspU88xPpxuRJKChIhyk7NhWrNwUhGKE03HeSSSNgQyhTzvahhBQ6abTc8a4qEkX9yKhX6jwlP6eSCGQchT4ujMANZDztQn8r9ZJVO/cTVkYJ4qGZLaol3CsIjzJBneZoETxkTZABNN/xWQAAojSCeZ1CPb8yYumeVK2K+VK/bRQvcjiyKFDdISOkY3OUBVdoRpqIIIe0BN6Qa/Go/FsvBnvs9YlI5s5QH9kfHwDNVubmA==</latexit>

QI
↵, SI

↵

<latexit sha1_base64="5Yo7Muhwhukry8/OYyeK/VDV4iI=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVBKR6rHoRW8t2A9oY5hsN+3SzSbsbpQS+1O8eFDEq7/Em//GbZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Ngtbxe2d3b19u3TQUnEqCW2SmMeyE4CinAna1Exz2kkkhSjgtB2Mrqd++4FKxWJxp8cJ9SIYCBYyAtpIvl3KegQ4bkz8HvBkCPe3vl12Ks4MeJm4OSmjHHXf/ur1Y5JGVGjCQamu6yTay0BqRjidFHupogmQEQxo11ABEVVeNjt9gk+M0sdhLE0JjWfq74kMIqXGUWA6I9BDtehNxf+8bqrDSy9jIkk1FWS+KEw51jGe5oD7TFKi+dgQIJKZWzEZggSiTVpFE4K7+PIyaZ1V3Gql2jgv167yOAroCB2jU+SiC1RDN6iOmoigR/SMXtGb9WS9WO/Wx7x1xcpnDtEfWJ8/1BaTvQ==</latexit>

QI
↵

<latexit sha1_base64="qhnLTAlmGDXniS5BZxTZYFVBMSA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquSO2x6MWbFe0HtEvJptk2NJsNSVYoS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZF0jOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpOFKFNEvNYdQKsKWeCNg0znHakojgKOG0H45uZ336iSrNYPJqJpH6Eh4KFjGBjpfbDXbl23lf9YsmtuHOgVeJlpAQZGv3iV28QkySiwhCOte56rjR+ipVhhNNpoZdoKjEZ4yHtWipwRLWfzs+dojOrDFAYK1vCoLn6eyLFkdaTKLCdETYjvezNxP+8bmLCmp8yIRNDBVksChOOTIxmv6MBU5QYPrEEE8XsrYiMsMLE2IQKNgRv+eVV0rqoeNVK9f6yVL/O4sjDCZxCGTy4gjrcQgOaQGAMz/AKb450Xpx352PRmnOymWP4A+fzBxkDjsc=</latexit>

SO(8)r

<latexit sha1_base64="04armycEEvKEYAMeuHa8ZuT+ff4="></latexit>

h j12 r12 r34 r56 r78
Q 1

2 � 1
2

1
2

1
2

1
2

1
2

<latexit sha1_base64="BV/Xk3RAY2TUUn5CPUvuRv6llbw=">AAACIHicbZDLTgIxFIY7eEO8oS7dTCQmmCCZQQJuSIhuXGIilwRw0ikFGjqXtGcMMOFR3PgqblxojO70aSwDCwRP0uTL/5+T0/PbPmcSDONbi62tb2xuxbcTO7t7+wfJw6Oa9AJBaJV43BMNG0vKmUurwIDThi8odmxO6/bgZurXH6mQzHPvYeTTtoN7LusygkFJVrKYDiyzNIaH8MKcZFqZwMqVhhDBZWkcqQtevjScSedWMmVkjaj0VTDnkELzqljJr1bHI4FDXSAcS9k0DR/aIRbACKeTRCuQ1MdkgHu0qdDFDpXtMDpwop8ppaN3PaGeC3qkLk6E2JFy5Niq08HQl8veVPzPawbQvWqHzPUDoC6ZLeoGXAdPn6ald5igBPhIASaCqb/qpI8FJqAyTagQzOWTV6GWy5qFbOEunypfz+OIoxN0itLIREVURreogqqIoCf0gt7Qu/asvWof2uesNabNZ47Rn9J+fgGxDaDb</latexit>

(u1 = zt�1, u2 = xt, u3 = z�1t�1, u4 = x�1t)

<latexit sha1_base64="XPfQo/K9CjackvwWbgq8jiU9yHE="></latexit>

IM2 = Tr[(�1)F e��{Q,Q†}q
h+j12

2 ur12
1 ur12

2 ur12
3 ur12

4 ]

<latexit sha1_base64="B7Mm5EUmk9DakgWeL0N+TapzgIY="></latexit>

IM5 = Tr[(�1)F e��{Q,Q
†}pH+ 1

3 (J12+J34+J56)yJ12
1 yJ34

2 yJ56
3 uR12�R34 ]
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Parameter identification - step 1

ground state contribution of M5 wrapped on 

: preserves subalgebra

: preserves

Taking into account of inverse expansion, consider also the contribution in from

subalgebra

Match ① with ②

wrapped M2 on

①

②

<latexit sha1_base64="aDYWKGK7vyccuK52w07lxTxGxxM=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBbBQymJSu1FKHrxWMF+QBvLZrNpl242YXeilND/4cWDIl79L978N27bHLT1wcDjvRlm5nmx4Bps+9vKrayurW/kNwtb2zu7e8X9g5aOEkVZk0YiUh2PaCa4ZE3gIFgnVoyEnmBtb3Qz9duPTGkeyXsYx8wNyUDygFMCRnogZe/qvNyjfgS6XOsXS3bFngEvEycjJZSh0S9+9fyIJiGTQAXRuuvYMbgpUcCpYJNCL9EsJnREBqxrqCQh0246u3qCT4zi4yBSpiTgmfp7IiWh1uPQM50hgaFe9Kbif143gaDmplzGCTBJ54uCRGCI8DQC7HPFKIixIYQqbm7FdEgUoWCCKpgQnMWXl0nrrOJUK9W7i1L9Oosjj47QMTpFDrpEdXSLGqiJKFLoGb2iN+vJerHerY95a87KZg7RH1ifP93nkXk=</latexit>

a, b = 3, · · · , 8

<latexit sha1_base64="5MDEi2E2QFLOFtSpSwdGnx1PfwA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7WqsXoejFYwX7Ie1SsmnahibZJckKZemv8OJBEa/+HG/+G9N2D9r6YODx3gwz84KIM21c99vJrKyurW9kN3Nb2zu7e/n9g4YOY0VonYQ8VK0Aa8qZpHXDDKetSFEsAk6bweh26jefqNIslA9mHFFf4IFkfUawsdIjLgbX58Vy8aKbL7gldwa0TLyUFCBFrZv/6vRCEgsqDeFY67bnRsZPsDKMcDrJdWJNI0xGeEDblkosqPaT2cETdGKVHuqHypY0aKb+nkiw0HosAtspsBnqRW8q/ue1Y9O/8hMmo9hQSeaL+jFHJkTT71GPKUoMH1uCiWL2VkSGWGFibEY5G4K3+PIyaZyVvEqpcl8uVG/SOLJwBMdwCh5cQhXuoAZ1ICDgGV7hzVHOi/PufMxbM046cwh/4Hz+AJ2cjv8=</latexit>

a, b = 3, 4, 5

<latexit sha1_base64="laLpNk//wCmgMW/U8dVupmuzROU=">AAACDnicbVDLSsNAFJ34rPUVdekmWAp1U5JSWhEKpW5cVrQPaNIwmU7aoZMHMxOhpv0CN/6KGxeKuHXtzr9x0mahrQcuHM65l3vvcUJKuND1b2VtfWNzazuzk93d2z84VI+O2zyIGMItFNCAdR3IMSU+bgkiKO6GDEPPobjjjK8Sv3OPGSeBfycmIbY8OPSJSxAUUrLVvNkgQ1q47VcvTR55dgxrxqxfnj7YcNov1YzEZue2mtOL+hzaKjFSkgMpmrb6ZQ4CFHnYF4hCznuGHgorhkwQRPEsa0YchxCN4RD3JPWhh7kVz9+ZaXmpDDQ3YLJ8oc3V3xMx9DifeI7s9KAY8WUvEf/zepFwL6yY+GEksI8Wi9yIaiLQkmy0AWEYCTqRBCJG5K0aGkEGkZAJZmUIxvLLq6RdKhqVYuWmnKs30jgy4BScgQIwQBXUwTVoghZA4BE8g1fwpjwpL8q78rFoXVPSmRPwB8rnDyi5mu4=</latexit>⇣
S7 :

4X

a=1

|za|2 = 1
⌘

<latexit sha1_base64="FWJTJr9Uww+z5g2TByAuyJVpbCM=">AAACDnicbVDLSsNAFJ3UV62vqEs3wVKom5KUUkUolLpxWdE+sEnDZDpph04ezEyEkvYL3Pgrblwo4ta1O//GSZuFth64cDjnXu69xwkp4ULXv5XM2vrG5lZ2O7ezu7d/oB4etXkQMYRbKKAB6zqQY0p83BJEUNwNGYaeQ3HHGV8lfucBM04C/05MQmx5cOgTlyAopGSrBbNBhrR4269cmjzy7BjWjFm/PL234bRfrhmJzc5sNa+X9Dm0VWKkJA9SNG31yxwEKPKwLxCFnPcMPRRWDJkgiOJZzow4DiEawyHuSepDD3Mrnr8z0wpSGWhuwGT5Qpurvydi6HE+8RzZ6UEx4steIv7n9SLhXlgx8cNIYB8tFrkR1USgJdloA8IwEnQiCUSMyFs1NIIMIiETzMkQjOWXV0m7XDKqpepNJV9vpHFkwQk4BUVggHNQB9egCVoAgUfwDF7Bm/KkvCjvyseiNaOkM8fgD5TPH+6Emsk=</latexit>⇣
S4 :

2X

a=1

|Za|2 = 1
⌘

<latexit sha1_base64="0HVvV4Bh01nSxbLTuNX8r43fF/Q="></latexit>

h =
H

2
� 3R12

2
, j12 = R34, r12 = �R12, r34 = J12, r56 = J34, r78 = J56

<latexit sha1_base64="v/7FJdGCXvdegsxFFkqoUv7EOQs=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRo9BL3oQIpgHJEuYnXSSIbMPZ3qDYdnv8OJBEa9+jDf/xkmyB40WNBRV3XR3eZEUGm37y8otLa+sruXXCxubW9s7xd29hg5jxaHOQxmqlsc0SBFAHQVKaEUKmO9JaHqjq6nfHIPSIgzucRKB67NBIPqCMzSSe9NNOgiPmNyepWm3WLLL9gz0L3EyUiIZat3iZ6cX8tiHALlkWrcdO0I3YQoFl5AWOrGGiPERG0Db0ID5oN1kdnRKj4zSo/1QmQqQztSfEwnztZ74nun0GQ71ojcV//PaMfYv3EQEUYwQ8PmifiwphnSaAO0JBRzlxBDGlTC3Uj5kinE0ORVMCM7iy39J46TsVMqVu9NS9TKLI08OyCE5Jg45J1VyTWqkTjh5IE/khbxaY+vZerPe5605K5vZJ79gfXwD+86SQg==</latexit>

IM5

<latexit sha1_base64="oP8k0Xz/WUbwPALiWo215UtxEcY=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4NB8BR2RRMvQtCLx0jMA5LNMjvpJENmH8zMCnHNwV/x4kERr/6GN//GSbIHTSxoKKq66e7yIs6ksqxvI7O0vLK6ll3PbWxube+Yu3t1GcaCQo2GPBRNj0jgLICaYopDMxJAfI9DwxteT/zGPQjJwuBOjSJwfNIPWI9RorTkmgfVzrmbPLj2pTVuy9iToHC1U3LNvFWwpsCLxE5JHqWouOZXuxvS2IdAUU6kbNlWpJyECMUoh3GuHUuICB2SPrQ0DYgP0kmm94/xsVa6uBcKXYHCU/X3REJ8KUe+pzt9ogZy3puI/3mtWPUunIQFUawgoLNFvZhjFeJJGLjLBFDFR5oQKpi+FdMBEYQqHVlOh2DPv7xI6qcFu1go3p7ly1dpHFl0iI7QCbJRCZXRDaqgGqLoET2jV/RmPBkvxrvxMWvNGOnMPvoD4/MHqsiVQA==</latexit>

S5
z1=0 ⇢ S7

<latexit sha1_base64="OfwDKDJts9H42Lvr9xOAlkWFrVs=">AAAB/3icbVDJSgNBEK2JW4zbqODFS2MQPIWZEKIXIejFYyRmwWQy9HR6kiY9C909Qhhz8Fe8eFDEq7/hzb+xsxw08UHB470qqup5MWdSWda3kVlZXVvfyG7mtrZ3dvfM/YOGjBJBaJ1EPBItD0vKWUjriilOW7GgOPA4bXrD64nffKBCsii8U6OYOgHuh8xnBCstueZRrVt003vXvrTGHZl4kipU65ZcM28VrCnQMrHnJA9zVF3zq9OLSBLQUBGOpWzbVqycFAvFCKfjXCeRNMZkiPu0rWmIAyqddHr/GJ1qpYf8SOgKFZqqvydSHEg5CjzdGWA1kIveRPzPayfKv3BSFsaJoiGZLfITjlSEJmGgHhOUKD7SBBPB9K2IDLDAROnIcjoEe/HlZdIoFuxyoXxbyleu5nFk4RhO4AxsOIcK3EAV6kDgEZ7hFd6MJ+PFeDc+Zq0ZYz5zCH9gfP4AbveVGg==</latexit>

S2
Z1=0 ⇢ S4

<latexit sha1_base64="HGIrB6/OFcHrEW96qKL/t7r/p5Y=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5id9CZDZmeHmVkhhHyEFw+KePV7vPk3TpI9aLSgoajqprsrUoIb6/tfXmFtfWNzq7hd2tnd2z8oHx61TJpphk2WilR3ImpQcIlNy63AjtJIk0hgOxrfzv32I2rDU/lgJwrDhA4ljzmj1kntnsmUQdsvV/yqvwD5S4KcVCBHo1/+7A1SliUoLRPUmG7gKxtOqbacCZyVeplBRdmYDrHrqKQJmnC6OHdGzpwyIHGqXUlLFurPiSlNjJkkketMqB2ZVW8u/ud1Mxtfh1MuVWZRsuWiOBPEpmT+OxlwjcyKiSOUae5uJWxENWXWJVRyIQSrL/8lrYtqUKvW7i8r9Zs8jiKcwCmcQwBXUIc7aEATGIzhCV7g1VPes/fmvS9bC14+cwy/4H18A6aCj8s=</latexit>�

<latexit sha1_base64="qDKDuph7f2JJMnbGTaxPpYOHLSg="></latexit>

so(6)Jij ⇥ so(3)Rab ⇥ u(1)H�2R12 ⇥ u(1)H�R12

<latexit sha1_base64="HGIrB6/OFcHrEW96qKL/t7r/p5Y=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5id9CZDZmeHmVkhhHyEFw+KePV7vPk3TpI9aLSgoajqprsrUoIb6/tfXmFtfWNzq7hd2tnd2z8oHx61TJpphk2WilR3ImpQcIlNy63AjtJIk0hgOxrfzv32I2rDU/lgJwrDhA4ljzmj1kntnsmUQdsvV/yqvwD5S4KcVCBHo1/+7A1SliUoLRPUmG7gKxtOqbacCZyVeplBRdmYDrHrqKQJmnC6OHdGzpwyIHGqXUlLFurPiSlNjJkkketMqB2ZVW8u/ud1Mxtfh1MuVWZRsuWiOBPEpmT+OxlwjcyKiSOUae5uJWxENWXWJVRyIQSrL/8lrYtqUKvW7i8r9Zs8jiKcwCmcQwBXUIc7aEATGIzhCV7g1VPes/fmvS9bC14+cwy/4H18A6aCj8s=</latexit>�

<latexit sha1_base64="X6v6ECwRWfTj5Tm17reLSxzAHp4="></latexit>

so(3)jij ⇥ so(6)rab ⇥ u(1)h� 1
2 r12

⇥ u(1)h�r12

<latexit sha1_base64="Scg4AZFanMDo0apRxnvNA4jnFlw=">AAACA3icbVDLSsNAFJ3UV62vqDvdBItQQUtSpLoRim7qrhX7gCaGyXTSDp1MwsxEKCHgxl9x40IRt/6EO//GaZuFWg9cOJxzL/fe40WUCGmaX1puYXFpeSW/Wlhb39jc0rd32iKMOcItFNKQdz0oMCUMtySRFHcjjmHgUdzxRlcTv3OPuSAhu5XjCDsBHDDiEwSlklx9r3l37SY2pNEQ2sel+smNm1iV9MI8Sl29aJbNKYx5YmWkCDI0XP3T7ocoDjCTiEIhepYZSSeBXBJEcVqwY4EjiEZwgHuKMhhg4STTH1LjUCl9ww+5KiaNqfpzIoGBEOPAU50BlEPx15uI/3m9WPrnTkJYFEvM0GyRH1NDhsYkEKNPOEaSjhWBiBN1q4GGkEMkVWwFFYL19+V50q6UrWq52jwt1i6zOPJgHxyAErDAGaiBOmiAFkDgATyBF/CqPWrP2pv2PmvNadnMLvgF7eMbkByWMg==</latexit>

QI

↵ (H�R12=0)

<latexit sha1_base64="8qI1HfbSaZbesrm7db0kMLyPyAc=">AAACCnicbVDJSgNBEO2JW4xb1KOX1iBE0DATJHoRgl70loBZIBOHmk7HadKz0N0jhGHOXvwVLx4U8eoXePNv7CwHTXxQ8Hiviqp6bsSZVKb5bWQWFpeWV7KrubX1jc2t/PZOU4axILRBQh6KtguSchbQhmKK03YkKPgupy13cDXyWw9USBYGt2oY0a4P9wHrMwJKS05+P7EJcFxP726cxAYeeWAfF70T4SRWOb0wj1InXzBL5hh4nlhTUkBT1Jz8l90LSezTQBEOUnYsM1LdBIRihNM0Z8eSRkAGcE87mgbgU9lNxq+k+FArPdwPha5A4bH6eyIBX8qh7+pOH5QnZ72R+J/XiVX/vJuwIIoVDchkUT/mWIV4lAvuMUGJ4kNNgAimb8XEAwFE6fRyOgRr9uV50iyXrEqpUj8tVC+ncWTRHjpARWShM1RF16iGGoigR/SMXtGb8WS8GO/Gx6Q1Y0xndtEfGJ8/RfSZXA==</latexit>

QI
↵ (h�r12=0)

<latexit sha1_base64="6gYu3ynzv6YsXYabtyeX3TLEpUw="></latexit>

INM2

I1M2
= 1 + f1,0(q

1
4 t�1z)N + · · ·
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Parameter identification - step 2

Write            in terms of Cartans                         of M5 SCFT

Hence we conclude

In Coulomb limit

<latexit sha1_base64="x7rss7c7miyyOUanlLIsd4Sqauw=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBA8hd0g0WPQix6ECOYByRJmJ73JkNmHM73BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7vFgKjbb9ba2srq1vbOa28ts7u3v7hYPDho4SxaHOIxmplsc0SBFCHQVKaMUKWOBJaHrD66nfHIHSIgofcByDG7B+KHzBGRrJve2mHYQnTO/Kk0m3ULRL9gx0mTgZKZIMtW7hq9OLeBJAiFwyrduOHaObMoWCS5jkO4mGmPEh60Pb0JAFoN10dvSEnhqlR/1ImQqRztTfEykLtB4HnukMGA70ojcV//PaCfqXbirCOEEI+XyRn0iKEZ0mQHtCAUc5NoRxJcytlA+YYhxNTnkTgrP48jJplEtOpVS5Py9Wr7I4cuSYnJAz4pALUiU3pEbqhJNH8kxeyZs1sl6sd+tj3rpiZTNH5A+szx/3PJI/</latexit>

IM2

[Arai,Fujiwara,Imamura,Mori,Yokoyama,'20]

<latexit sha1_base64="wKgeMcjhPeEf1VRIcTOyEhcaBuk=">AAAB+nicbVDLSsNAFJ3UV62vVJduBotQoZREpLosuimuqtgHtCFMppN27GQSZiZKifkUNy4UceuXuPNvnLZZaOuBC4dz7uXee7yIUaks69vIrayurW/kNwtb2zu7e2Zxvy3DWGDSwiELRddDkjDKSUtRxUg3EgQFHiMdb3w19TsPREga8js1iYgToCGnPsVIack1i+VG5dpN6H1auXUT5KUnrlmyqtYMcJnYGSmBDE3X/OoPQhwHhCvMkJQ924qUkyChKGYkLfRjSSKEx2hIeppyFBDpJLPTU3islQH0Q6GLKzhTf08kKJByEni6M0BqJBe9qfif14uVf+EklEexIhzPF/kxgyqE0xzggAqCFZtogrCg+laIR0ggrHRaBR2CvfjyMmmfVu1atXZzVqpfZnHkwSE4AmVgg3NQBw3QBC2AwSN4Bq/gzXgyXox342PemjOymQPwB8bnD/gdkzE=</latexit>

(H, Jij , Rab)

<latexit sha1_base64="3pUKryv4ZWyW//OQxOVRL6H2r0I=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KolIdSMU3bisYB/QhjKZTtqhk0mYmag19lPcuFDErV/izr9x0mahrQcGDufcyz1z/JgzpR3n21paXlldWy9sFDe3tnd27dJeU0WJJLRBIh7Jto8V5UzQhmaa03YsKQ59Tlv+6CrzW3dUKhaJWz2OqRfigWABI1gbqWeXHnruxWM3xHoYSDxK9aRnl52KMwVaJG5OypCj3rO/uv2IJCEVmnCsVMd1Yu2lWGpGOJ0Uu4miMSYjPKAdQwUOqfLSafQJOjJKHwWRNE9oNFV/b6Q4VGoc+mYyy6jmvUz8z+skOjj3UibiRFNBZoeChCMdoawH1GeSEs3HhmAimcmKyBBLTLRpq2hKcOe/vEiaJxW3WqnenJZrl3kdBTiAQzgGF86gBtdQhwYQuIdneIU368l6sd6tj9nokpXv7MMfWJ8/ihmUNQ==</latexit>

x1 = zt
<latexit sha1_base64="wCkL1IgjbXYf3YrLFNe2mYf1TrU=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR3FiSItWNUHTjsoJ9QBvDZDpph04mYWYi1piFv+LGhSJu/Q13/o2TNgttPTBwOOde7pnjRYxKZVnfRmFhcWl5pbhaWlvf2Nwyt3daMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vZGl5nfviNC0pDfqHFEnAANOPUpRkpLrrl371bPH26TYzvtBUgNfYFGiUpds2xVrAngPLFzUgY5Gq751euHOA4IV5ghKbu2FSknQUJRzEha6sWSRAiP0IB0NeUoINJJJvlTeKiVPvRDoR9XcKL+3khQIOU48PRkllHOepn4n9eNlX/mJJRHsSIcTw/5MYMqhFkZsE8FwYqNNUFYUJ0V4iESCCtdWUmXYM9+eZ60qhW7Vqldn5TrF3kdRbAPDsARsMEpqIMr0ABNgMEjeAav4M14Ml6Md+NjOlow8p1d8AfG5w/7D5Yc</latexit>

x2 = z�1t

<latexit sha1_base64="/LWFjCwwPROYYwr0Nygbs8MrVrk="></latexit>

INM2

I1M2
= 1 +

1X

m=1

(q
1
4 t�1z)mNImM5|p=q

3
16 t

1
4 z� 1

4 ,y1=t
2
3 z

1
3 x,y2=t�

4
3 z� 2

3 ,y3=t
2
3 z

1
3 x�1,u=q�

5
8 t

1
2 z� 1

2
+ · · ·

<latexit sha1_base64="SoWupcP0QR9INpfyfDcHRDejCH8="></latexit>

IM2 = Tr[(�1)F (q
3
16 t

1
4 z�

1
4 )H+

J12+J34+J56
3 (t

2
3 z

1
3x)J12(t�

4
3 z�

2
3 )J34(t

2
3 z

1
3x�1)J56(q�

5
8 t

1
2 z�

1
2 )R12�R34 ]

<latexit sha1_base64="4BLlEvbBkz2qrzUqffP1w1uvG/g="></latexit>

I(C)
NM2

I(C)
1M2

= 1 +
1X

m=1

fm,0(x1, x2)x
mN
1

<latexit sha1_base64="qg42uIfVwl48pcrgRQc79XNFmX8="></latexit>

fm,0(x1, x2) = lim
q,t!0,

q
1
4 t�1=t:fixed

ImM5 = ImM5(p
2u = x�1

1 , p
4
3 y2 = x2; p

2u�1 = p
4
3 y1 = p

4
3 y3 = 0)
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Check for m=1 and m=∞

①  Single M5 free tensor multiplet

②      M5 graviton index

[Bhattacharya,Bhattacharyya,Minwalla,Raju,'08]

<latexit sha1_base64="B7Mm5EUmk9DakgWeL0N+TapzgIY="></latexit>

IM5 = Tr[(�1)F e��{Q,Q
†}pH+ 1

3 (J12+J34+J56)yJ12
1 yJ34

2 yJ56
3 uR12�R34 ]

<latexit sha1_base64="bF/NP/OHOrpLPjZtD9cibHjZtzk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0Io/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHzBIWxGQoecQpQSu1elxGmPXLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIMJ0cipYNNSLzUsIXRMhqxrqSQxM8Fkfu3UPbPKwI2UtiXRnau/JyYkNiaLQ9sZExyZZW8m/ud1U4yugwmXSYpM0sWiKBUuKnf2ujvgmlEUmSWEam5vdemIaELRBlSyIfjLL6+S1kXVr1Vr95eV+k0eRxFO4BTOwYcrqMMdNKAJFB7hGV7hzVHOi/PufCxaC04+cwx/4Hz+AMXBj0c=</latexit>1

<latexit sha1_base64="M4Acz+IAqp/qG8iHKmcFvSd5iPE="></latexit>

H J12 + J34 + J56 R12 R34

�(1,0) 2 0 1 0
�(0,1) 2 0 0 1

 ++
++�, 

++
+�+, 

++
�++

5
2

1
2

1
2

1
2

@
+
1 , @

+
2 , @

+
3 1 1 0 0

(@ )++
+++ = 0 7

2
3
2

1
2

1
2

<latexit sha1_base64="MJ67yFIUFuGVChZR+ed76RiuY8E="></latexit>

(2{Q,Q
†} = H � (J12 + J34 + J56)� 2(R12 +R34))

<latexit sha1_base64="BxBUypt8bZkF2CZVnfZYvFx6OEo="></latexit>

IsingleM5 = PE
hp2(u+ u�1)� p

8
3 (y1y2 + y2y3 + y3y1) + p4

(1� p
4
3 y1)(1� p

4
3 y2)(1� p

4
3 y3)

i

<latexit sha1_base64="4QljM9yK30VwGWafqG5m+9B5Bhs="></latexit>

I1M5 = PE
hp2(1� p4)(u+ u�1)� p

8
3 (y1y2 + y2y3 + y3y1) + p

16
3 (y1 + y2 + y3)

(1� p
4
3 y1)(1� p

4
3 y2)(1� p

4
3 y3)(1� p2u)(1� p2u�1)

i

<latexit sha1_base64="nQ6R9sP8H8eIFbWPxizFLRjHvFU="></latexit>

(C)! PE
h x�1

1

1� x2

i
= f1,0(x1, x2)

<latexit sha1_base64="9okOqdlcAp5Z0JQN8sMmuN/vigA="></latexit>

(C)! PE
h x�1

1

(1� x�1
1 )(1� x2)

i
= f1,0(x1, x2)
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Plan of talk

1.  3d U(N) ADHM theory

2.  Coulomb limit and giant graviton expansion

3.  M5-interpretation (                  )
<latexit sha1_base64="XX0043KMLvSuLvJQ2yZLlX+Fl3U=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgQcquSPUiFL14rGA/sF1KNs22oUl2SWaFZem/8OJBEa/+G2/+G9N2D9r6YODx3gwz84JYcAOu++0UVlbX1jeKm6Wt7Z3dvfL+QctEiaasSSMR6U5ADBNcsSZwEKwTa0ZkIFg7GN9O/fYT04ZH6gHSmPmSDBUPOSVgpUd57Z31uAoh7ZcrbtWdAS8TLycVlKPRL3/1BhFNJFNABTGm67kx+BnRwKlgk1IvMSwmdEyGrGupIpIZP5tdPMEnVhngMNK2FOCZ+nsiI9KYVAa2UxIYmUVvKv7ndRMIr/yMqzgBpuh8UZgIDBGevo8HXDMKIrWEUM3trZiOiCYUbEglG4K3+PIyaZ1XvVq1dn9Rqd/kcRTRETpGp8hDl6iO7lADNRFFCj2jV/TmGOfFeXc+5q0FJ585RH/gfP4A8FuQdg==</latexit>

m = 1,1

4.  M5-interpretation (general m)

<latexit sha1_base64="E+OAe0BCd6eYIKyg4UcliBQK/jY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPbUDbbSbt0dxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0nGqKDZpzGPVCYlGziQ2DTMcO4lCIkKO7XB8O/PbT6g0i+WDmSQYCDKULGKUGCs99ugI6VgQNe6XK17Vm8NdJX5OKpCj0S9/9QYxTQVKQznRuut7iQkyogyjHKelXqoxIXRMhti1VBKBOsjmF0/dM6sM3ChWtqRx5+rviYwIrScitJ2CmJFe9mbif143NdF1kDGZpAYlXSyKUu6a2J297w6YQmr4xBJCFbO3unREFKHGhlSyIfjLL6+S1kXVr1Vr95eV+k0eRxFO4BTOwYcrqMMdNKAJFCQ8wyu8Odp5cd6dj0VrwclnjuEPnM8fqdSQ7g==</latexit>X
<latexit sha1_base64="E+OAe0BCd6eYIKyg4UcliBQK/jY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPbUDbbSbt0dxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0nGqKDZpzGPVCYlGziQ2DTMcO4lCIkKO7XB8O/PbT6g0i+WDmSQYCDKULGKUGCs99ugI6VgQNe6XK17Vm8NdJX5OKpCj0S9/9QYxTQVKQznRuut7iQkyogyjHKelXqoxIXRMhti1VBKBOsjmF0/dM6sM3ChWtqRx5+rviYwIrScitJ2CmJFe9mbif143NdF1kDGZpAYlXSyKUu6a2J297w6YQmr4xBJCFbO3unREFKHGhlSyIfjLL6+S1kXVr1Vr95eV+k0eRxFO4BTOwYcrqMMdNKAJFCQ8wyu8Odp5cd6dj0VrwclnjuEPnM8fqdSQ7g==</latexit>X

<latexit sha1_base64="E+OAe0BCd6eYIKyg4UcliBQK/jY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPbUDbbSbt0dxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0nGqKDZpzGPVCYlGziQ2DTMcO4lCIkKO7XB8O/PbT6g0i+WDmSQYCDKULGKUGCs99ugI6VgQNe6XK17Vm8NdJX5OKpCj0S9/9QYxTQVKQznRuut7iQkyogyjHKelXqoxIXRMhti1VBKBOsjmF0/dM6sM3ChWtqRx5+rviYwIrScitJ2CmJFe9mbif143NdF1kDGZpAYlXSyKUu6a2J297w6YQmr4xBJCFbO3unREFKHGhlSyIfjLL6+S1kXVr1Vr95eV+k0eRxFO4BTOwYcrqMMdNKAJFCQ8wyu8Odp5cd6dj0VrwclnjuEPnM8fqdSQ7g==</latexit>X



Superconformal index of multiple M5

Can be calculated by using the proposal m M5 on 5d U(m) SYM

KK modes instanton particles

But it is still difficult to obtain in closed form (         sum over all instantons)

Exception: Unrefined limit

[Kim,Kim,Kim,'12][Kim,Kim,Kim,Lee,'13]

Q. Can we compare this with giant graviton coefficients                          in Coulomb limit?

[Douglas,'10][Lambert,Papageorgakis,Schmidt-Sommerfeld,'10]

<latexit sha1_base64="NM+TvuPsfMk8vH7Y0akxHs/rDGM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVqV6EohePFe0HtGvJptk2NMkuSVYoS/+CFw+KePUPefPfmG33oK0PBh7vzTAzL4g508Z1v53Cyura+kZxs7S1vbO7V94/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG8yv/1ElWaRfDCTmPoCDyULGcEmk+4fvat+ueJW3RnQMvFyUoEcjX75qzeISCKoNIRjrbueGxs/xcowwum01Es0jTEZ4yHtWiqxoNpPZ7dO0YlVBiiMlC1p0Ez9PZFiofVEBLZTYDPSi14m/ud1ExNe+imTcWKoJPNFYcKRiVD2OBowRYnhE0swUczeisgIK0yMjadkQ/AWX14mrbOqV6vW7s4r9es8jiIcwTGcggcXUIdbaEATCIzgGV7hzRHOi/PufMxbC04+cwh/4Hz+AFedjcw=</latexit>

S1 =
<latexit sha1_base64="Blq8H+Qt1uuTlwhYL+kDuGFghe4=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0YsQ9OJJIpgHJkvonUySIbOzy8ysEJb8hRcPinj1b7z5N06SPWhiQUNR1U13VxALro3rfjsrq2vrG5u5rfz2zu7efuHgsKGjRFFWp5GIVCtAzQSXrG64EawVK4ZhIFgzGN1M/eYTU5pH8sGMY+aHOJC8zykaKz2mHYqC3E2uyt1C0S25M5Bl4mWkCBlq3cJXpxfRJGTSUIFatz03Nn6KynAq2CTfSTSLkY5wwNqWSgyZ9tPZxRNyapUe6UfKljRkpv6eSDHUehwGtjNEM9SL3lT8z2snpn/pp1zGiWGSzhf1E0FMRKbvkx5XjBoxtgSp4vZWQoeokBobUt6G4C2+vEwa5ZJXKVXuz4vV6yyOHBzDCZyBBxdQhVuoQR0oSHiGV3hztPPivDsf89YVJ5s5gj9wPn8AsICQSg==</latexit>

N = 2

<latexit sha1_base64="jmL1Yp4JSCytXR/DmlmuDNFaT7U=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRo9BL3oQIpgHJGuYncwmQ2Zml5leNSz7H148KOLVf/Hm3zh5HDRa0FBUddPdFcSCG3DdLye3sLi0vJJfLaytb2xuFbd3GiZKNGV1GolItwJimOCK1YGDYK1YMyIDwZrB8GLsN++ZNjxStzCKmS9JX/GQUwJWurvqprID7BHS65Ms6xZLbtmdAP8l3oyU0Ay1bvGz04toIpkCKogxbc+NwU+JBk4FywqdxLCY0CHps7alikhm/HRydYYPrNLDYaRtKcAT9edESqQxIxnYTklgYOa9sfif104gPPNTruIEmKLTRWEiMER4HAHucc0oiJElhGpub8V0QDShYIMq2BC8+Zf/ksZR2auUKzfHper5LI482kP76BB56BRV0SWqoTqiSKMn9IJenQfn2Xlz3qetOWc2s4t+wfn4Bstykrk=</latexit>

ImM5

<latexit sha1_base64="OkcG566+3ThbPV2BS9iHD72nims="></latexit>

IunrefinedmM5 (p) = ImM5(u = p�
2
3 , y1 = y2 = y3 = 1) =

mY

a=1

1Y

b=0

1

1� p
4(a+b)

3

<latexit sha1_base64="yRSKRICExuOE86YwXlu+cyJdcvM=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahQilJkeqx6MVjBVsLbQmb7aZdutmE3U1pCf0nXjwo4tV/4s1/47bNQVsfDDzem2Fmnh9zprTjfFu5jc2t7Z38bmFv/+DwyD4+aakokYQ2ScQj2faxopwJ2tRMc9qOJcWhz+mTP7qb+09jKhWLxKOexrQX4oFgASNYG8mz7cBLw7IzK008tzzxqpeeXXQqzgJonbgZKUKGhmd/dfsRSUIqNOFYqY7rxLqXYqkZ4XRW6CaKxpiM8IB2DBU4pKqXLi6foQuj9FEQSVNCo4X6eyLFoVLT0DedIdZDterNxf+8TqKDm17KRJxoKshyUZBwpCM0jwH1maRE86khmEhmbkVkiCUm2oRVMCG4qy+vk1a14tYqtYerYv02iyMPZ3AOJXDhGupwDw1oAoExPMMrvFmp9WK9Wx/L1pyVzZzCH1ifP7JCkmo=</latexit>

fm,0(x1, x2)
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<latexit sha1_base64="ez/oB//B53EuLMZ+VTeaqpZ1Vs0="></latexit>

IM5 = ZM5
S5⇥tS1 ⇠ Z5dN=1⇤SYM

S5
b



Coulomb limit vs 6d unrefined limit

(Coulomb limit:              )

When           ,                             is independent of t [Beem,Rastelli,van Rees,'14]

<latexit sha1_base64="4gd1iaz7fqcNpwWrTxKbZ1uJ1BA="></latexit>

H J12 J34 J56 R12 R34
3H
4 + J12+J34+J56

4 � 5(R12�R34)
2 �H

4 + J12
4 � 3J34

4 + J56
4 � R12�R34

2
Q

1
2 � 1

2 � 1
2 � 1

2
1
2

1
2 0 0

Q
0 1

2
1
2 � 1

2
1
2

1
2 � 1

2 �2 0

<latexit sha1_base64="/AdPgSffkLzeNxGfwwjASAhopyU="></latexit>

IM5|M2parameters = IM5(p = tt
3
4 z�

1
4 , y1 = t

2
3 z

1
3x, y2 = t�

4
3 z�

2
3 , y3 = t

2
3 z

1
3x�1, u = t�2t�

5
2 z�

1
2 )

= Tr[(�1)F t�
0
t
3H
4 +

J12+J34+J56
4 � 5(R12�R34)

2 z�
H

4 +
J12
4 � 3J34

4 +
J56
4 �R12�R34

2 xJ12�J56 ]
<latexit sha1_base64="p1SDdS4CRNivZj2ZjOVbxsaKzKo=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4xkUcCK5kdZmHC7OxmpldCCP/hxYPGePVfvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb2d+84lrI2L1gOOE+xHtKxEKRtFKj9jRoj9AqnU8Im63WHLL7hxklXgZKUGGWrf41enFLI24QiapMW3PTdCfUI2CST4tdFLDE8qGtM/blioaceNP5ldPyZlVeiSMtS2FZK7+npjQyJhxFNjOiOLALHsz8T+vnWJ47U+ESlLkii0WhakkGJNZBKQnNGcox5ZQpoW9lbAB1ZShDapgQ/CWX14ljYuyVylX7i9L1ZssjjycwCmcgwdXUIU7qEEdGGh4hld4c0bOi/PufCxac042cwx/4Hz+AG23kno=</latexit>

t ! 0

<latexit sha1_base64="uu+uiqzKU3iWRawJ/FozoS5tGW4=">AAACDXicbVDLSsNAFJ34rPUVdekmWAVXJSlaXRbd6EKoYB/QhjCZTtqhkwczN2KJ+QE3/oobF4q4de/Ov3HSBtHWCwPnnnMPd+5xI84kmOaXNje/sLi0XFgprq6tb2zqW9tNGcaC0AYJeSjaLpaUs4A2gAGn7UhQ7Lucttzheaa3bqmQLAxuYBRR28f9gHmMYFCUo+9fOkkX6B0kV8dpev/TVCIssE9BWdPU0Utm2RyXMQusHJRQXnVH/+z2QhL7NADCsZQdy4zATrAARjhNi91Y0giTIe7TjoKB2iTtZHxNahwopmd4oVAvAGPM/nYk2Jdy5Ltq0scwkNNaRv6ndWLwTu2EBVEMNCCTRV7MDQiNLBqjxwQlwEcKYCKY+qtBBioGkqVQVCFY0yfPgmalbFXL1eujUu0sj6OAdtEeOkQWOkE1dIHqqIEIekBP6AW9ao/as/amvU9G57Tcs4P+lPbxDUG2nPg=</latexit>

IM5|M2parameters
<latexit sha1_base64="NFNsd2KicLbANI1KYMhXhWVsfVQ=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHCOYByRpmJ7PJkNkHM71KWPIfXjwo4tV/8ebfOJvsQRMLBoqqbrqmvFgKjbb9bRVWVtfWN4qbpa3tnd298v5BS0eJYrzJIhmpjkc1lyLkTRQoeSdWnAae5G1vfJP57UeutIjCe5zE3A3oMBS+YBSN9NALKI58RccpTq+cfrliV+0ZyDJxclKBHI1++as3iFgS8BCZpFp3HTtGN6UKBZN8WuolmseUjemQdw0NacC1m85ST8mJUQbEj5R5IZKZ+nsjpYHWk8Azk1lKvehl4n9eN0H/0k1FGCfIQzY/5CeSYESyCshAKM5QTgyhTAmTlbARVZShKapkSnAWv7xMWmdVp1at3Z1X6td5HUU4gmM4BQcuoA630IAmMFDwDK/wZj1ZL9a79TEfLVj5ziH8gfX5A5YOkpU=</latexit>

t = 1

<latexit sha1_base64="V6cIBmaIV/87xZtyKXF2w6PjLHA="></latexit>

ImM5|M2parameters(t = 1, t = 0, x = 1) = ImM5|M2parameters(t = 1, t = z�
1
2 , x = 1)

<latexit sha1_base64="lZcxYCPpAlAmV2cC+DmPLTKdKbs="></latexit>

�0 = H + J12 � J34 + J56 � 2R12 + 2R34 = 2{Q0
, (Q0)†}

<latexit sha1_base64="GHf+/7eD1SwEKATiLb2UZmbZqX8="></latexit>

fm,0(x1 = z, x2 = z�1) = IunrefinedmM5 (p = z�
3
4 )

?
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Coulomb limit vs 6d unrefined limit

(Coulomb limit:              )

When           ,                             is independent of t

<latexit sha1_base64="4gd1iaz7fqcNpwWrTxKbZ1uJ1BA="></latexit>

H J12 J34 J56 R12 R34
3H
4 + J12+J34+J56

4 � 5(R12�R34)
2 �H

4 + J12
4 � 3J34

4 + J56
4 � R12�R34

2
Q

1
2 � 1

2 � 1
2 � 1

2
1
2

1
2 0 0

Q
0 1

2
1
2 � 1

2
1
2

1
2 � 1

2 �2 0

<latexit sha1_base64="/AdPgSffkLzeNxGfwwjASAhopyU="></latexit>

IM5|M2parameters = IM5(p = tt
3
4 z�

1
4 , y1 = t

2
3 z

1
3x, y2 = t�

4
3 z�

2
3 , y3 = t

2
3 z

1
3x�1, u = t�2t�

5
2 z�

1
2 )

= Tr[(�1)F t�
0
t
3H
4 +

J12+J34+J56
4 � 5(R12�R34)

2 z�
H

4 +
J12
4 � 3J34

4 +
J56
4 �R12�R34

2 xJ12�J56 ]
<latexit sha1_base64="p1SDdS4CRNivZj2ZjOVbxsaKzKo=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4xkUcCK5kdZmHC7OxmpldCCP/hxYPGePVfvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb2d+84lrI2L1gOOE+xHtKxEKRtFKj9jRoj9AqnU8Im63WHLL7hxklXgZKUGGWrf41enFLI24QiapMW3PTdCfUI2CST4tdFLDE8qGtM/blioaceNP5ldPyZlVeiSMtS2FZK7+npjQyJhxFNjOiOLALHsz8T+vnWJ47U+ESlLkii0WhakkGJNZBKQnNGcox5ZQpoW9lbAB1ZShDapgQ/CWX14ljYuyVylX7i9L1ZssjjycwCmcgwdXUIU7qEEdGGh4hld4c0bOi/PufCxac042cwx/4Hz+AG23kno=</latexit>

t ! 0

<latexit sha1_base64="uu+uiqzKU3iWRawJ/FozoS5tGW4=">AAACDXicbVDLSsNAFJ34rPUVdekmWAVXJSlaXRbd6EKoYB/QhjCZTtqhkwczN2KJ+QE3/oobF4q4de/Ov3HSBtHWCwPnnnMPd+5xI84kmOaXNje/sLi0XFgprq6tb2zqW9tNGcaC0AYJeSjaLpaUs4A2gAGn7UhQ7Lucttzheaa3bqmQLAxuYBRR28f9gHmMYFCUo+9fOkkX6B0kV8dpev/TVCIssE9BWdPU0Utm2RyXMQusHJRQXnVH/+z2QhL7NADCsZQdy4zATrAARjhNi91Y0giTIe7TjoKB2iTtZHxNahwopmd4oVAvAGPM/nYk2Jdy5Ltq0scwkNNaRv6ndWLwTu2EBVEMNCCTRV7MDQiNLBqjxwQlwEcKYCKY+qtBBioGkqVQVCFY0yfPgmalbFXL1eujUu0sj6OAdtEeOkQWOkE1dIHqqIEIekBP6AW9ao/as/amvU9G57Tcs4P+lPbxDUG2nPg=</latexit>

IM5|M2parameters
<latexit sha1_base64="NFNsd2KicLbANI1KYMhXhWVsfVQ=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHCOYByRpmJ7PJkNkHM71KWPIfXjwo4tV/8ebfOJvsQRMLBoqqbrqmvFgKjbb9bRVWVtfWN4qbpa3tnd298v5BS0eJYrzJIhmpjkc1lyLkTRQoeSdWnAae5G1vfJP57UeutIjCe5zE3A3oMBS+YBSN9NALKI58RccpTq+cfrliV+0ZyDJxclKBHI1++as3iFgS8BCZpFp3HTtGN6UKBZN8WuolmseUjemQdw0NacC1m85ST8mJUQbEj5R5IZKZ+nsjpYHWk8Azk1lKvehl4n9eN0H/0k1FGCfIQzY/5CeSYESyCshAKM5QTgyhTAmTlbARVZShKapkSnAWv7xMWmdVp1at3Z1X6td5HUU4gmM4BQcuoA630IAmMFDwDK/wZj1ZL9a79TEfLVj5ziH8gfX5A5YOkpU=</latexit>

t = 1

<latexit sha1_base64="V6cIBmaIV/87xZtyKXF2w6PjLHA="></latexit>

ImM5|M2parameters(t = 1, t = 0, x = 1) = ImM5|M2parameters(t = 1, t = z�
1
2 , x = 1)

<latexit sha1_base64="lZcxYCPpAlAmV2cC+DmPLTKdKbs="></latexit>

�0 = H + J12 � J34 + J56 � 2R12 + 2R34 = 2{Q0
, (Q0)†}

<latexit sha1_base64="GHf+/7eD1SwEKATiLb2UZmbZqX8="></latexit>

fm,0(x1 = z, x2 = z�1) = IunrefinedmM5 (p = z�
3
4 )

<latexit sha1_base64="E+OAe0BCd6eYIKyg4UcliBQK/jY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPbUDbbSbt0dxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0nGqKDZpzGPVCYlGziQ2DTMcO4lCIkKO7XB8O/PbT6g0i+WDmSQYCDKULGKUGCs99ugI6VgQNe6XK17Vm8NdJX5OKpCj0S9/9QYxTQVKQznRuut7iQkyogyjHKelXqoxIXRMhti1VBKBOsjmF0/dM6sM3ChWtqRx5+rviYwIrScitJ2CmJFe9mbif143NdF1kDGZpAYlXSyKUu6a2J297w6YQmr4xBJCFbO3unREFKHGhlSyIfjLL6+S1kXVr1Vr95eV+k0eRxFO4BTOwYcrqMMdNKAJFCQ8wyu8Odp5cd6dj0VrwclnjuEPnM8fqdSQ7g==</latexit>X
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[Beem,Rastelli,van Rees,'14]



Summary

- Giant graviton expansion of Wilson loops (M2 wrappend on                     ?)

- Derivation of giant graviton coefficients from gravity side?

- Chern-Simons matter theories?

Future works

- Higgs limit?

new "5d        5d correspondence"???

- M2-M5 giant graviton expansion works!

- Propose 2-parameter refinement of M5-index which might be solvable

[Eleftherious,Murthy,Rossello,'23] (D3, 1/2 BPS)

[Hayashi,TN,Okazaki,'24]

<latexit sha1_base64="UiYzJ8mjf5joCUS9T1LL62ByE+M=">AAAB/3icbVDJSgNBEO2JW4zbqODFS2MQPIWZINFj1IvHSMwCmXHo6ekkTXoWumvEMObgr3jxoIhXf8Obf2NnOWjig4LHe1VU1fMTwRVY1reRW1peWV3Lrxc2Nre2d8zdvaaKU0lZg8Yilm2fKCZ4xBrAQbB2IhkJfcFa/uBq7LfumVQ8jm5hmDA3JL2IdzkloCXPPHCAPUB2EdRHXtkBHjKF63e2ZxatkjUBXiT2jBTRDDXP/HKCmKYhi4AKolTHthJwMyKBU8FGBSdVLCF0QHqso2lE9CI3m9w/wsdaCXA3lroiwBP190RGQqWGoa87QwJ9Ne+Nxf+8TgrdczfjUZICi+h0UTcVGGI8DgMHXDIKYqgJoZLrWzHtE0ko6MgKOgR7/uVF0iyX7EqpcnNarF7O4sijQ3SETpCNzlAVXaMaaiCKHtEzekVvxpPxYrwbH9PWnDGb2Ud/YHz+AGQNlbQ=</latexit>

AdS2 ⇥ S1

<latexit sha1_base64="xYKNPEK/3nphYdLoQPiPRt/je1o="></latexit>

IU(N)ADHM-[l](H) =
1

t2lN
Z5dSU(l)pureYM

#inst=N

<latexit sha1_base64="Zu0u+6n53Mo4IOGX6BZG35It8ys="></latexit>

IM5 = ZM5
S5⇥S1 ⇠ Z5dSYM

S5

<latexit sha1_base64="vgGFWDhFhsxXVmZdTkTMraSf9XY="></latexit>

I(C)
NM2(x1, x2)

I(C)
1M2(x1, x2)

=
1X

m=0

xmN
1 ImM5(x

�1
1 , x1x2),

INM5(x1, x2)

I1M5(x1, x2)
=

1X

m=0

xmN
1 I(C)

mM2(x
�1
1 , x1x2)

[Imamura,Kimura,'08]
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