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1.  IntroducUon



Supersymmetric index

is independent of conUnuous parameters of the theory

dualiUes, symmetry enhancement, ...; holography

is independent of

                   is sUll      -dimensional (and hence             is divergent),

: -indep. if

(     : a supercharge)
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we can study strongly coupled QFTs from weak coupling analysis
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A common structure of SI in holographic theories

A "large N limit" exists:

= superconformal index of graviton mulUplet in
[Kinney,Maldacena,Minwalla,Raju,'05][Bhaeacharya,Bhaeacharyya,Minwalla,Raju,'08]
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AdSm ⇥ Yn

c.f. trace constraint on            :                                                                   

From the viewpoint of                , deviaUon at                     is due to

...
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N D3-branes

N M2-branes
N M5-branes
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N = 1
"overcounUng" of gauge invariant operators

<latexit sha1_base64="3CTGM4dBuUDC1747IFwrdUuLWUI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj0orcK9gPaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6wHHC/YgOlAgFo2il9l2vK1SI416p7FbcGcgy8XJShhz1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDuWKhpx42ezeyfk1Cp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMn2e9IXmDOXYEsq0sLcSNqSaMrQRFW0I3uLLy6R5XvGqler9Rbl2ncdRgGM4gTPw4BJqcAt1aAADCc/wCm/Oo/PivDsf89YVJ585gj9wPn8AEpaQAw==</latexit>

I1

Finite N correcUons = branes wrapped on 

<latexit sha1_base64="7FBkOfD7LgrOTsc5gywpb6TjOKs=">AAACEHicbVC7TsMwFHXKq5RXgZHFokKUpUoQKowVLLAViT6kJo0c12mtOk5qO5WiqJ/Awq+wMIAQKyMbf4PbZoCWI1k6OudcXd/jRYxKZZrfRm5ldW19I79Z2Nre2d0r7h80ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOUNb6Z+a0yEpCF/UElEnAD1OfUpRkpLbvH0zrUp91Vik1FMx9CWceByiFzeTctz52wy6upkyayYM8BlYmWkBDLU3eKX3QtxHBCuMENSdiwzUk6KhKKYkUnBjiWJEB6iPuloylFApJPODprAE630oB8K/biCM/X3RIoCKZPA08kAqYFc9Kbif14nVv6Vk1IexYpwPF/kxwyqEE7bgT0qCFYs0QRhQfVfIR4ggbDSHRZ0CdbiycukeV6xqpXq/UWpdp3VkQdH4BiUgQUuQQ3cgjpoAAwewTN4BW/Gk/FivBsf82jOyGYOwR8Ynz8Yr51G</latexit>

I1 ⌘
X

n

a(1)
n qn

GraviUy interpretaUon:

<latexit sha1_base64="r70yb7rJ0as1cvoDdau85KJZqG0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUlEqsuiG5cV7EPaUibT23boZBJmbsQagr/ixoUibv0Pd/6N07QLbT1w4XDOvXPnHj8SXKPrflu5peWV1bX8emFjc2t7x97dq+swVgxqLBShavpUg+ASashRQDNSQANfQMMfXU38xj0ozUN5i+MIOgEdSN7njKKRuvZBG+EBs3cSBb00uevKtGsX3ZKbwVkk3owUyQzVrv3V7oUsDkAiE1TrludG2EmoQs4EpIV2rCGibEQH0DJU0gB0J8m2ps6xUXpOP1SmJDqZ+nsioYHW48A3nQHFoZ73JuJ/XivG/kUn4TKKESSbLurHwsHQmUTh9LgChmJsCGWKm786bEgVZWgCK5gQvPmTF0n9tOSVS+Wbs2LlchZHnhySI3JCPHJOKuSaVEmNMPJInskrebOerBfr3fqYtuas2cw++QPr8we4FpYP</latexit>

Yn
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Wrapped branes and "giant graviton expansion"

fluctuaUon modes of wrapped brane

M5 on

M2 on

fluctuaUon modes of 2 wrapped branes

expands in       by Myers effect (size            )

・energy of wrapped p-brane

[McGreevy,Susskind,Toumbas,'00]

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

⇠ (RSn)p+1 ⇠ N

"Giant graviton expansion" of supersymmetric index:

D3 on
<latexit sha1_base64="CU+6LK4ZiWEDYltGPel1JcoEzy8=">AAAB/XicbVDJTsMwFHwpWylbWG5cLCokTlWCoHCs4MKxLF2kJlSO67RWnUW2g1Siil/hwgGEuPIf3PgbnDYHaBnJ0mjmPb3xeDFnUlnWt1FYWFxaXimultbWNza3zO2dpowSQWiDRDwSbQ9LyllIG4opTtuxoDjwOG15w8vMbz1QIVkU3qlRTN0A90PmM4KVlrrmnhNgNfC89GbsKBZQiW7vT7tm2apYE6B5YuekDDnqXfPL6UUkCWioCMdSdmwrVm6KhWKE03HJSSSNMRniPu1oGmJ9yE0n6cfoUCs95EdCv1Chifp7I8WBlKPA05NZVjnrZeJ/XidR/rmbsjBOFA3J9JCfcKQilFWBekxQovhIE0wE01kRGWCBidKFlXQJ9uyX50nzuGJXK9Xrk3LtIq+jCPtwAEdgwxnU4Arq0AACj/AMr/BmPBkvxrvxMR0tGPnOLvyB8fkDOfmVFg==</latexit>

R⇥ S5

<latexit sha1_base64="oxvQ++N56OitI+UqkxJ5x39Swt0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqS6LblzWRx/QxDKZTtqhkwczN0INxV9x40IRt/6HO//GSZuFth4YOJxzL/fM8WLBFVjWt1FYWl5ZXSuulzY2t7Z3zN29looSSVmTRiKSHY8oJnjImsBBsE4sGQk8wdre6DLz2w9MKh6FdzCOmRuQQch9TgloqWceOAGBoeelNxMHeMAUvr2v9syyVbGmwIvEzkkZ5Wj0zC+nH9EkYCFQQZTq2lYMbkokcCrYpOQkisWEjsiAdTUNiT7kptP0E3yslT72I6lfCHiq/t5ISaDUOPD0ZJZVzXuZ+J/XTcA/d1MexgmwkM4O+YnAEOGsCtznklEQY00IlVxnxXRIJKGgCyvpEuz5Ly+SVrVi1yq169Ny/SKvo4gO0RE6QTY6Q3V0hRqoiSh6RM/oFb0ZT8aL8W58zEYLRr6zj/7A+PwBNW2VEw==</latexit>

R⇥ S2

<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="tvXopIwJgcsTaN1l63IpGl+VsLo=">AAAB/XicbVDJTsMwFHwpWylbWG5cLCokTlUCqHCs4MKxLF2kJlSO67RWnUW2g1Siil/hwgGEuPIf3PgbnDYHaBnJ0mjmPb3xeDFnUlnWt1FYWFxaXimultbWNza3zO2dpowSQWiDRDwSbQ9LyllIG4opTtuxoDjwOG15w8vMbz1QIVkU3qlRTN0A90PmM4KVlrrmnhNgNfC89GbsKBZQiW7vT7pm2apYE6B5YuekDDnqXfPL6UUkCWioCMdSdmwrVm6KhWKE03HJSSSNMRniPu1oGmJ9yE0n6cfoUCs95EdCv1Chifp7I8WBlKPA05NZVjnrZeJ/XidR/rmbsjBOFA3J9JCfcKQilFWBekxQovhIE0wE01kRGWCBidKFlXQJ9uyX50nzuGJXK9Xr03LtIq+jCPtwAEdgwxnU4Arq0AACj/AMr/BmPBkvxrvxMR0tGPnOLvyB8fkDNvGVFA==</latexit>

R⇥ S3
<latexit sha1_base64="2fBVCNAdKlNDkZlTA/kq1JOre9w=">AAAB/3icbVC7TsNAEDzzDOFlQKKhOREhUUU2IoEyQEMZFPKQ4hCdz+fklPNDd2tEZFLwKzQUIETLb9DxN1wSF5Aw0kqjmV3t7rix4Aos69tYWFxaXlnNreXXNza3ts2d3YaKEklZnUYiki2XKCZ4yOrAQbBWLBkJXMGa7uBq7DfvmVQ8Cm9hGLNOQHoh9zkloKWuue8Ae4D0wquNuiUHeMAUrt2VumbBKloT4HliZ6SAMlS75pfjRTQJWAhUEKXathVDJyUSOBVslHcSxWJCB6TH2pqGRC/qpJP7R/hIKx72I6krBDxRf0+kJFBqGLi6MyDQV7PeWPzPayfgn3dSHsYJsJBOF/mJwBDhcRjY45JREENNCJVc34ppn0hCQUeW1yHYsy/Pk8ZJ0S4XyzenhcplFkcOHaBDdIxsdIYq6BpVUR1R9Iie0St6M56MF+Pd+Ji2LhjZzB76A+PzB27Hlbs=</latexit>

AdS5 ⇥ S5

・topologically trivial cycle tachyonic mode

c.f. finite N correcUons can be understood as volume constraint on "giant gravitons"

<latexit sha1_base64="ZfgYYotfiW0FEJPUHp9CIHn4B4A="></latexit>

qN

1� q�1
(· · · ) = �qN+1

1� q
(· · · )

・graviton with angular momentum     in

・cannot be bigger than

<latexit sha1_base64="35NV/Lj3CEzXn9wKbfvTq/2AJ2g=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4xyCOBlcwOszBhdnYz02tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+64lrI2L1gOOE+xEdKBEKRtFK9fqj6hVLbtmdg6wSLyMlyFDrFb+6/ZilEVfIJDWm47kJ+hOqUTDJp4VuanhC2YgOeMdSRSNu/Mn81Ck5s0qfhLG2pZDM1d8TExoZM44C2xlRHJplbyb+53VSDK/9iVBJilyxxaIwlQRjMvub9IXmDOXYEsq0sLcSNqSaMrTpFGwI3vLLq6R5UfYq5cr9Zal6k8WRhxM4hXPw4AqqcAc1aACDATzDK7w50nlx3p2PRWvOyWaO4Q+czx8x043C</latexit>

Sn <latexit sha1_base64="35NV/Lj3CEzXn9wKbfvTq/2AJ2g=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4xyCOBlcwOszBhdnYz02tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+64lrI2L1gOOE+xEdKBEKRtFK9fqj6hVLbtmdg6wSLyMlyFDrFb+6/ZilEVfIJDWm47kJ+hOqUTDJp4VuanhC2YgOeMdSRSNu/Mn81Ck5s0qfhLG2pZDM1d8TExoZM44C2xlRHJplbyb+53VSDK/9iVBJilyxxaIwlQRjMvub9IXmDOXYEsq0sLcSNqSaMrTpFGwI3vLLq6R5UfYq5cr9Zal6k8WRhxM4hXPw4AqqcAc1aACDATzDK7w50nlx3p2PRWvOyWaO4Q+czx8x043C</latexit>

Sn<latexit sha1_base64="BkZirS3xLJHdCVdDDlMDKbxoLwk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZa9SrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCnG4zb</latexit>

L
<latexit sha1_base64="ABnsJtXK0R9zWIqaRolVSJFKdqg=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIVI9FLx48VLAf0MSy2W7apbtJ2N0oJfanePGgiFd/iTf/jds2B219MPB4b4aZeUHCmdKO820VVlbX1jeKm6Wt7Z3dPbu831JxKgltkpjHshNgRTmLaFMzzWknkRSLgNN2MLqa+u0HKhWLozs9Tqgv8CBiISNYG6lnlz3FBLq5z7yADQiTZNKzK07VmQEtEzcnFcjR6NlfXj8mqaCRJhwr1XWdRPsZlpoRTiclL1U0wWSEB7RraIQFVX42O32Cjo3SR2EsTUUazdTfExkWSo1FYDoF1kO16E3F/7xuqsMLP2NRkmoakfmiMOVIx2iaA+ozSYnmY0MwkczcisgQS0y0SatkQnAXX14mrdOqW6vWbs8q9cs8jiIcwhGcgAvnUIdraEATCDzCM7zCm/VkvVjv1se8tWDlMwfwB9bnDynFk/Y=</latexit>

⇠ L�

<latexit sha1_base64="HePYZtep4Ehp4g2M11TMU2Omw28=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx5EIpgHJEuYnXSSMbM7y8ysEJb8gxcPinj1f7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NAyUQzrTAqpWgHVKHiEdcONwFaskIaBwGYwup76zSdUmsvowYxj9EM6iHifM2qs1LjtCCR33WLJLbszkGXiZaQEGWrd4lenJ1kSYmSYoFq3PTc2fkqV4UzgpNBJNMaUjegA25ZGNETtp7NrJ+TEKj3Sl8pWZMhM/T2R0lDrcRjYzpCaoV70puJ/Xjsx/Us/5VGcGIzYfFE/EcRIMn2d9LhCZsTYEsoUt7cSNqSKMmMDKtgQvMWXl0njrOxVypX781L1KosjD0dwDKfgwQVU4QZqUAcGj/AMr/DmSOfFeXc+5q05J5s5hD9wPn8A09aOqA==</latexit>

L  N
<latexit sha1_base64="35NV/Lj3CEzXn9wKbfvTq/2AJ2g=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4xyCOBlcwOszBhdnYz02tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+64lrI2L1gOOE+xEdKBEKRtFK9fqj6hVLbtmdg6wSLyMlyFDrFb+6/ZilEVfIJDWm47kJ+hOqUTDJp4VuanhC2YgOeMdSRSNu/Mn81Ck5s0qfhLG2pZDM1d8TExoZM44C2xlRHJplbyb+53VSDK/9iVBJilyxxaIwlQRjMvub9IXmDOXYEsq0sLcSNqSaMrTpFGwI3vLLq6R5UfYq5cr9Zal6k8WRhxM4hXPw4AqqcAc1aACDATzDK7w50nlx3p2PRWvOyWaO4Q+czx8x043C</latexit>

Sn

E

<latexit sha1_base64="cvXREpGSB71o2611GOpjUHsmXoE="></latexit>

IN = I1(1 + c1(q)q
N + c2(q)q

2N + · · · )
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Self-similarity structure

FluctuaUon modes = supersymmetric index on wrapped branes

This talk: check these relaUons explicitly

・Key: specializaUon (1/4 BPS limit) of full indices

finite N indices in closed form expression

・Requires calculaUon of indices for higher N and to higher order in q (at least                  )

By-product:  new method to calculate indices of mulUple M5-branes

change of variables (later)

difficult in general

<latexit sha1_base64="sar7zr8RzEeFch9BmY1gTaktFtw=">AAAB+nicbVDLSgNBEOz1GeNro0cvg0GICGFXJHoMevGkEcwDkjXMTmaTIbMPZ2aVsO6nePGgiFe/xJt/4yTZgyYWNBRV3XR3uRFnUlnWt7GwuLS8sppby69vbG5tm4WdhgxjQWidhDwULRdLyllA64opTluRoNh3OW26w4ux33ygQrIwuFWjiDo+7gfMYwQrLXXNQtIhmKPrtHR/l1wd2elh1yxaZWsCNE/sjBQhQ61rfnV6IYl9GijCsZRt24qUk2ChGOE0zXdiSSNMhrhP25oG2KfSSSanp+hAKz3khUJXoNBE/T2RYF/Kke/qTh+rgZz1xuJ/XjtW3pmTsCCKFQ3IdJEXc6RCNM4B9ZigRPGRJpgIpm9FZIAFJkqnldch2LMvz5PGcdmulCs3J8XqeRZHDvZgH0pgwylU4RJqUAcCj/AMr/BmPBkvxrvxMW1dMLKZXfgD4/MH0ueTFQ==</latexit>

O(qN+1)

<latexit sha1_base64="NDlSQqT6NSrYAqrqxMVgkIitj9k=">AAACAHicbVDLSsNAFJ3UV62vqgsXboJFcFUSkeqy6MZlBfuAJpTJ9KYdOpmEmRuxhGz8FTcuFHHrZ7jzb5w+Ftp64MLhnHvnzj1BIrhGx/m2Ciura+sbxc3S1vbO7l55/6Cl41QxaLJYxKoTUA2CS2giRwGdRAGNAgHtYHQz8dsPoDSP5T2OE/AjOpA85IyikXrlIw/hEafvZAr6eeZxGeI475UrTtWZwl4m7pxUyByNXvnL68csjUAiE1Trrusk6GdUIWcC8pKXakgoG9EBdA2VNALtZ9PFuX1qlL4dxsqURHuq/p7IaKT1OApMZ0RxqBe9ifif100xvPIzLpMUQbLZojAVNsb2JA27zxUwFGNDKFPc/NVmQ6ooQ5NZyYTgLp68TFrnVbdWrd1dVOrX8ziK5JickDPikktSJ7ekQZqEkZw8k1fyZj1ZL9a79TFrLVjzmUPyB9bnD1hXl40=</latexit>1(      -order in q !)

<latexit sha1_base64="XhnTwHGEZb/o+dZP0flxVF+tYW0="></latexit>

IN M2(q)

I1M2(q)
= 1 +

1X

m=1

qmNImM5(q
0)

<latexit sha1_base64="xns7olL8I9DpWH54qGeJxtPoOdY="></latexit>

IN M5(q)

I1M5(q)
= 1 +

1X

m=1

qmNImM2(q
0)
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Plan of talk

2.  3d U(N) ADHM theory

3.  Coulomb limit and giant graviton expansion

4.  Comparison with M5-indices

5. Higgs limit

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



3d                ADHM theory

Choose one      of            s.t.

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

N = 4

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

[·,Q] = 0

・R-symmetry:

・spaceUme:

NS5 T-dual + M-uplin

N M2 on 

D5

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

l

N D3 [de Boer,Hori,Ooguri,Oz,'96][Benini,Closset,Cremonesi,'09]

<latexit sha1_base64="CrSwPJjNzLRwb0+nU/82av7pydM=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BL54kgnlgEsLspDcZMju7zPSKYclfePGgiFf/xpt/4yTZgyYWNBRV3XR3+bEUBl3328mtrK6tb+Q3C1vbO7t7xf2DhokSzaHOIxnpls8MSKGgjgIltGINLPQlNP3R9dRvPoI2IlL3OI6hG7KBEoHgDK30cNvrIDxhGkx6xZJbdmegy8TLSIlkqPWKX51+xJMQFHLJjGl7bozdlGkUXMKk0EkMxIyP2ADalioWgumms4sn9MQqfRpE2pZCOlN/T6QsNGYc+rYzZDg0i95U/M9rJxhcdlOh4gRB8fmiIJEUIzp9n/aFBo5ybAnjWthbKR8yzTjakAo2BG/x5WXSOCt7lXLl7rxUvcriyJMjckxOiUcuSJXckBqpE04UeSav5M0xzovz7nzMW3NONnNI/sD5/AHk05EV</latexit>

Nf

              supersymmetry:

・SUSY:

<latexit sha1_base64="FPGfSft8no0NHVwTxPICC4RRaRI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48t2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7ud+54lrI2L1iNOE+xEdKREKRtFKnT6jMmvOBuWKW3UXIOvEy0kFcjQG5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny3OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieOtnQiUpcsWWi8JUEozJ/HcyFJozlFNLKNPC3krYmGrK0CZUsiF4qy+vk/ZV1atVa83rSv0uj6MIZ3AOl+DBDdThARrQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwBkpo+g</latexit>

Q
<latexit sha1_base64="gjXTDz8tv9kUfAN+aCar/n0b8NE="></latexit>

h j12 H C

Q 1
2 � 1

2 1 1

<latexit sha1_base64="sgv2UASouefJbshWCLdzoxxBBGM="></latexit>⇣
{Q,Q†} = h� j12 �

H + C

2

⌘

<latexit sha1_base64="/3J7eGtsUnoZxqbV4Mtl99/Ph/I=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL3pLwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+n2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVW+yOPJwAqdwDh5cQRXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A6KPjNg=</latexit>

I
<latexit sha1_base64="70lLMPLx7Mn8duaeTWcRM/zSQaw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ74cc6aBac+vuAuQv8QpSgwKtQfWzP0xYFnOFTFJjep6bYpBTjYJJPqv0M8NTyiZ0xHuWKhpzE+SLY2fkzCpDEiXalkKyUH9O5DQ2ZhqHtjOmODar3lz8z+tlGF0HuVBphlyx5aIokwQTMv+cDIXmDOXUEsq0sLcSNqaaMrT5VGwI3urLf0n7ou416o37y1rzpoijDCdwCufgwRU04Q5a4AMDAU/wAq+Ocp6dN+d92Vpyiplj+AXn4xvHaI6v</latexit>

�is    -indep.

: global symmetry (topological U(1) / flavor sym.)
<latexit sha1_base64="hafqi7+k2FypHD5fj0SfzolbD4I=">AAAB7nicbVDLTgJBEOzFF+IL9ehlIjHxhLvGoEciF46YyCMBQmaHWZgwO7uZ6TUhGz7CiweN8er3ePNvHGAPClbSSaWqO91dfiyFQdf9dnIbm1vbO/ndwt7+weFR8fikZaJEM95kkYx0x6eGS6F4EwVK3ok1p6Eveduf1OZ++4lrIyL1iNOY90M6UiIQjKKV2sEgrV3VZ4NiyS27C5B14mWkBBkag+JXbxixJOQKmaTGdD03xn5KNQom+azQSwyPKZvQEe9aqmjITT9dnDsjF1YZkiDSthSShfp7IqWhMdPQt50hxbFZ9ebif143weCunwoVJ8gVWy4KEkkwIvPfyVBozlBOLaFMC3srYWOqKUObUMGG4K2+vE5a12WvUq483JSq91kceTiDc7gED26hCnVoQBMYTOAZXuHNiZ0X5935WLbmnGzmFP7A+fwB1ZOPQg==</latexit>

fC/H

<latexit sha1_base64="DpTNsLJusV1vJeZQDDENb8Dv1p0="></latexit>

I = Tr[(�1)F e��{Q,Q†}qh�
H+C

4 tH�CzfCxfH ]

Supersymmetric index:

<latexit sha1_base64="5ydrLtyx+uQT97NHnj3HRv2LXIU="></latexit>

I
�=1
= Tr{Q,Q†}=0(�1)F qh�

H+C

4 tH�CzfCxfH

8/28

<latexit sha1_base64="xbjTlzl93lTORXmgD5D6cawT53c=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURqS6LbnTXgn1AE8PNdNIOnTyYmQglBPwVNy4Ucet3uPNvnLZZaOuBC4dz7uXee/yEM6ks69sorayurW+UNytb2zu7e+b+QUfGqSC0TWIei54PknIW0bZiitNeIiiEPqddf3wz9buPVEgWR/dqklA3hGHEAkZAackzj5wscwhw3Mof7jwHeDICJ/fMqlWzZsDLxC5IFRVoeuaXM4hJGtJIEQ5S9m0rUW4GQjHCaV5xUkkTIGMY0r6mEYRUutns/ByfamWAg1joihSeqb8nMgilnIS+7gxBjeSiNxX/8/qpCq7cjEVJqmhE5ouClGMV42kWeMAEJYpPNAEimL4VkxEIIEonVtEh2IsvL5POec2u1+qti2rjuoijjI7RCTpDNrpEDXSLmqiNCMrQM3pFb8aT8WK8Gx/z1pJRzByiPzA+fwAUIJWV</latexit>

{QI
↵}

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

N = 4
<latexit sha1_base64="KBoWzbRtEUX29lgAwSBoDkZCwLk=">AAAB+3icbZDLSsNAFIYn9VbrLdalm2ARXJSSiFSXRTcuK9gLNCFMppN27MwkzEUsIa/ixoUibn0Rd76N0zYLbf1h4OM/53DO/FFKiVSu+22V1tY3NrfK25Wd3b39A/uw2pWJFgh3UEIT0Y+gxJRw3FFEUdxPBYYsorgXTW5m9d4jFpIk/F5NUxwwOOIkJggqY4V2NQ19put+/SHMDPhc56FdcxvuXM4qeAXUQKF2aH/5wwRphrlCFEo58NxUBRkUiiCK84qvJU4hmsARHhjkkGEZZPPbc+fUOEMnToR5XDlz9/dEBpmUUxaZTgbVWC7XZuZ/tYFW8VWQEZ5qhTlaLIo1dVTizIJwhkRgpOjUAESCmFsdNIYCImXiqpgQvOUvr0L3vOE1G827i1rruoijDI7BCTgDHrgELXAL2qADEHgCz+AVvFm59WK9Wx+L1pJVzByBP7I+fwD0aJRp</latexit>

pµ, jµ⌫



Supersymmetric index of ADHM theory

monopole flux on
[Kim,'09]<latexit sha1_base64="dKgc5dPx0p4tTaqFEX8VN9gqYCw=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw8kV1i0CPRi0cM8khgJbNDL0yYnd3MzJoQwid48aAxXv0ib/6NA+xBwUo6qVR1p7srSATXxnW/nbX1jc2t7dxOfndv/+CwcHTc1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3nlBpHssHM07Qj+hA8pAzaqxUrz+We4WiW3LnIKvEy0gRMtR6ha9uP2ZphNIwQbXueG5i/AlVhjOB03w31ZhQNqID7FgqaYTan8xPnZJzq/RJGCtb0pC5+ntiQiOtx1FgOyNqhnrZm4n/eZ3UhNf+hMskNSjZYlGYCmJiMvub9LlCZsTYEsoUt7cSNqSKMmPTydsQvOWXV0mzXPIqpcr9ZbF6k8WRg1M4gwvw4AqqcAc1aACDATzDK7w5wnlx3p2PReuak82cwB84nz/W1I2G</latexit>

S2
<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

adj. hypvector

fund. hyp

projecUon to gauge singlet

<latexit sha1_base64="XgX7lSafWIE9mYNLDnhYCeJMOps="></latexit>

IU(2)-[1] = 1 + [(x+ x�1)t+ (z + z�1)t�1]q
1
4

<latexit sha1_base64="0KqEdH0g6Pzz5bJkIX5LDqJfFVA="></latexit>

IU(1)-[1] = 1 + [(x+ x�1)t+ (z + z�1)t�1]q
1
4

<latexit sha1_base64="3BzMp8FsktRuOA5g7StAyMb0XTI="></latexit>

IU(3)-[1] = 1 + [(x+ x�1)t+ (z + z�1)t�1]q
1
4

<latexit sha1_base64="K44KwAVTm2LnDaSOwmsvyZyBSNA="></latexit>

+[(2x2 + 2 + 2x�2)t2 + 2xz + 2xz�1 + 2x�1z + 2x�1z�1 + (2z2 + 2 + 2z�2)t�2]q
1
2 + · · ·

<latexit sha1_base64="K44KwAVTm2LnDaSOwmsvyZyBSNA="></latexit>

+[(2x2 + 2 + 2x�2)t2 + 2xz + 2xz�1 + 2x�1z + 2x�1z�1 + (2z2 + 2 + 2z�2)t�2]q
1
2 + · · ·

<latexit sha1_base64="KjLKVqNO30vPAG6wZQpZ6E87EGk="></latexit>

+[(x2 + 1 + x�2)t2 + xz + xz�1 + x�1z + x�1z�1 + (z2 + 1 + z�2)t�2]q
1
2 + · · ·

<latexit sha1_base64="nBzWV+oh+qwxpor+qf0OUpQ1bto="></latexit>

⇥
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="TSVmxh4JaF6rT1Z745rQ7JxHmqA="></latexit>

IU(N)-[l] =
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

Examples:

9/28



Plan of talk

2.  3d U(N) ADHM theory

3.  Coulomb limit and giant graviton expansion

4.  Comparison with M5-indices

5. Higgs limit

1.  IntroducUon
<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



Coulomb limit (                 with                    kept fixed)

factorize in pieces

<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="XgB5CB5WkLSOkH5LOqYMFrNuuzA=">AAAB+XicbVBNSwMxEM36WevXqkcvwSJ4kLIrUj0WvXisYD+gXUo2zbah2WRNZitl6T/x4kERr/4Tb/4b03YP2vpg4PHeDDPzwkRwA5737aysrq1vbBa2its7u3v77sFhw6hUU1anSijdColhgktWBw6CtRLNSBwK1gyHt1O/OWLacCUfYJywICZ9ySNOCVip67qP59DRvD8AorV6wl7XLXllbwa8TPyclFCOWtf96vQUTWMmgQpiTNv3EggyooFTwSbFTmpYQuiQ9FnbUkliZoJsdvkEn1qlhyOlbUnAM/X3REZiY8ZxaDtjAgOz6E3F/7x2CtF1kHGZpMAknS+KUoFB4WkMuMc1oyDGlhCqub0V0wHRhIINq2hD8BdfXiaNi7JfKVfuL0vVmzyOAjpGJ+gM+egKVdEdqqE6omiEntErenMy58V5dz7mrStOPnOE/sD5/AEmopNc</latexit>

q, t ! 0
<latexit sha1_base64="0SoMu4RLvVDieP1nuGBEqDWmZjg=">AAACC3icbZC7SgNBFIZn4y3G26qlzZIg2Bh2JUQbIWhjGcFcINmE2clsMmT24sxZIQzb2/gqNhaK2PoCdr6Ns0kKTfxh4OM/5zDn/F7MmQTb/jZyK6tr6xv5zcLW9s7unrl/0JRRIghtkIhHou1hSTkLaQMYcNqOBcWBx2nLG19n9dYDFZJF4R1MYuoGeBgynxEM2uqbxW6AYeQLPFaQXt73VFczUU6qKmkKPXXqpH2zZJftqaxlcOZQQnPV++ZXdxCRJKAhEI6l7Dh2DK7CAhjhNC10E0ljTMZ4SDsaQxxQ6arpLal1rJ2B5UdCvxCsqft7QuFAykng6c5sc7lYy8z/ap0E/AtXsTBOgIZk9pGfcAsiKwvGGjBBCfCJBkwE07taZIR1GKDjK+gQnMWTl6F5Vnaq5eptpVS7mseRR0eoiE6Qg85RDd2gOmoggh7RM3pFb8aT8WK8Gx+z1pwxnzlEf2R8/gDmNJuZ</latexit>

t = q
1
4 t�1

<latexit sha1_base64="MW6Olx0lVggmH7u54Zx51u83hx4="></latexit>

I = Tr{Q,Q†}=0[(�1)F (q
1
4 t)2h�C(q

1
4 t�1)2h�HzfCxfH ]

<latexit sha1_base64="q9NVdw3AvaUVE9275x5y6Y8LzzE=">AAAB9XicbVDJTgJBEK3BDXFDPXrpSEw8KJkhBj0SuXDERJYERtLT1ECHniXdPRoy4T+8eNAYr/6LN//GZjko+JKqvLxXla5+Xiy40rb9bWXW1jc2t7LbuZ3dvf2D/OFRU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PJG1anfekSpeBTe63GMbkAHIfc5o9pID6XhZfXCtFp3gMTu5Qt20Z6BrBJnQQqwQL2X/+r2I5YEGGomqFIdx461m1KpORM4yXUThTFlIzrAjqEhDVC56ezqCTkzSp/4kTQVajJTf2+kNFBqHHhmMqB6qJa9qfif10m0f+OmPIwTjSGbP+QnguiITCMgfS6RaTE2hDLJza2EDamkTJugciYEZ/nLq6RZKjrlYvnuqlC5XcSRhRM4hXNw4BoqUIM6NICBhGd4hTfryXqx3q2P+WjGWuwcwx9Ynz/W6JDO</latexit>

2h� C, 2h�H � 0

<latexit sha1_base64="+sWHnmI4an335BafOSASx0Syorc="></latexit>

{QI
↵, (QI

↵)
†} = h± j12 ±0 C

2
±00 H

2

counts only 1/4 BPS states with

Rewrite SI as

<latexit sha1_base64="qaZY4EzMIGxx19Zf9bTvtMljEio="></latexit>

0 = h+ j12 +
H � C

2
= {Q0

, (Q0)†}
<latexit sha1_base64="Vwi/u6bbkryUxczc2YZAqk1etcI=">AAACF3icbZDLSsNAFIYn9VbrLerSzWAR201IRKoboejGZQv2Ak0sk8mkHTq5MDMRSshbuPFV3LhQxK3ufBunbQTb+sPAz3fO4cz53ZhRIU3zWyusrK6tbxQ3S1vbO7t7+v5BW0QJx6SFIxbxrosEYTQkLUklI92YExS4jHTc0c2k3nkgXNAovJPjmDgBGoTUpxhJhfq6kdoYMdjM7tOK7aHBgPBqdlX5pafVOW729bJpmFPBZWPlpgxyNfr6l+1FOAlIKDFDQvQsM5ZOirikmJGsZCeCxAiP0ID0lA1RQISTTu/K4IkiHvQjrl4o4ZT+nUhRIMQ4cFVngORQLNYm8L9aL5H+pZPSME4kCfFskZ8wKCM4CQl6lBMs2VgZhDlVf4V4iDjCUkVZUiFYiycvm/aZYdWMWvO8XL/O4yiCI3AMKsACF6AObkEDtAAGj+AZvII37Ul70d61j1lrQctnDsGctM8fvVCeaA==</latexit>

Q(†) = (Q0)(†) = 0

SCI simplifies drasUcally in Coulomb limit
<latexit sha1_base64="XIml2k6HHV3zOhE5Sg82y8AiGKo="></latexit>

IU(N)-[l]
C =

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="Xxb3esHHGqW1u8p4AMW8zFWTpso="></latexit>

IC = lim
q,t!0

(q
1
4 t

�1=t)

I = Tr{Q,Q†}=0,2h�C=0[t
2h�HzfCxfH ]
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Coulomb limit as Fermi gas

: ν-parUcle free Fermions on

can be calculated in momentum basis as
<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="4S17fm5JwvXcZvq5ujDtLcM9YR0=">AAAB/nicbVBNS8NAEN34WetXVTx5CRbBU0lEqseiF48V7Ac0sWy2m2bpZjfsTsQSAv4VLx4U8erv8Oa/cdvmoK0PBh7vzTAzL0g40+A439bS8srq2nppo7y5tb2zW9nbb2uZKkJbRHKpugHWlDNBW8CA026iKI4DTjvB6Hridx6o0kyKOxgn1I/xULCQEQxG6lcOPaCPkIHKMy/C4KlI5vdGrzo1Zwp7kbgFqaICzX7lyxtIksZUAOFY657rJOBnWAEjnOZlL9U0wWSEh7RnqMAx1X42PT+3T4wysEOpTAmwp+rviQzHWo/jwHTGGCI9703E/7xeCuGlnzGRpEAFmS0KU26DtCdZ2AOmKAE+NgQTxcytNomwwgRMYmUTgjv/8iJpn9Xceq1+e15tXBVxlNAROkanyEUXqIFuUBO1EEEZekav6M16sl6sd+tj1rpkFTMH6A+szx+Q3paJ</latexit>

tr⇢̂n

Constrained sum simplifies in grand canonical sum

It is useful to label monopole charges by
<latexit sha1_base64="WfpPYf58qPmqiqFjjAT5rzmDO90=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJBcFFKIlLdFIpuXFawD2hCmEwn7dCZSZiZCCVm46+4caGIWz/DnX/jtM1CWw9cOJxzL/feEyaUSOU430ZpZXVtfaO8Wdna3tndM/cPOjJOBcJtFNNY9EIoMSUctxVRFPcSgSELKe6G45up333AQpKY36tJgn0Gh5xEBEGlpcA88ngasIZnexnxqo9elQWkwbw8MG2n5sxgLRO3IDYo0ArML28Qo5RhrhCFUvZdJ1F+BoUiiOK84qUSJxCN4RD3NeWQYelnswdy61QrAyuKhS6urJn6eyKDTMoJC3Ung2okF72p+J/XT1V05WeEJ6nCHM0XRSm1VGxN07AGRGCk6EQTiATRt1poBAVESmdW0SG4iy8vk855za3X6ncXdvO6iKMMjsEJOAMuuARNcAtaoA0QyMEzeAVvxpPxYrwbH/PWklHMHII/MD5/AMeGlec=</latexit>

⌫m = #{i |mi = m}
<latexit sha1_base64="fCKamwNN7A5XYly2fY2h+ht4xYs="></latexit>

IU(N)-[l]
C =

8
<

:
X

⌫m�0

9
=

;
(
P

m ⌫m=N)

✓ 1Y

m=�1

1

⌫m!

Z
d⌫m�(· · · )

◆
<latexit sha1_base64="AEVTLHWiS1K33x70kKiDm+CSQ2A="></latexit>

⌫m =

8
><

>:

1 (m = �3, 0, 2)

2 (m = 1)

0 (otherwise)

<latexit sha1_base64="Z5pJNHBu4vlrThrar8juugE+IJc=">AAAB+XicbVDLSgMxFM3UV62vUZdugkWoMJaZKtWNUHTjsoJ9QDsMmTRtQ5PMkGQKZeifuHGhiFv/xJ1/Y9rOQlsPXDiccy/33hPGjCrtut9Wbm19Y3Mrv13Y2d3bP7APj5oqSiQmDRyxSLZDpAijgjQ01Yy0Y0kQDxlphaP7md8aE6loJJ70JCY+RwNB+xQjbaTAtnlAb0ue4zoXl07F8c4Du+iW3TngKvEyUgQZ6oH91e1FOOFEaMyQUh3PjbWfIqkpZmRa6CaKxAiP0IB0DBWIE+Wn88un8MwoPdiPpCmh4Vz9PZEirtSEh6aTIz1Uy95M/M/rJLp/46dUxIkmAi8W9RMGdQRnMcAelQRrNjEEYUnNrRAPkURYm7AKJgRv+eVV0qyUvWq5+nhVrN1lceTBCTgFJeCBa1ADD6AOGgCDMXgGr+DNSq0X6936WLTmrGzmGPyB9fkDZsWQ7Q==</latexit>

mi = (1, 0,�3, 2, 1)example (N=5): 

→

<latexit sha1_base64="V7a1PsZekokU35Zwb1thDl8Fj8E="></latexit>

⌅(u) =
1X

N=0

IU(N)-[l]
C =

1Y

m=�1
⌅̃(tl|m|zlmu)

<latexit sha1_base64="QYcyugg4XN7ioDJKIovh28H+vDs="></latexit>

⌅̃(u) =
1X

⌫=0

u⌫ 1

⌫!

Z
d�i

2⇡i�i

Q⌫
i 6=j(1�

�i
�j
)

Q⌫
i,j=1(1� t2 �i

�j
)
=

1X

⌫=0

u⌫ t
�⌫(⌫�1)

⌫!

Z
d�i

2⇡i�i
det
i,j


1

�i
�j

� t2

�

<latexit sha1_base64="pKZAf1Cswct07LAe+q+RE/haNeg=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4xyCOBlcwOvTBhdnYzM2tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1FipXn/0esWSW3bnIKvEy0gJMtR6xa9uP2ZphNIwQbXueG5i/AlVhjOB00I31ZhQNqID7FgqaYTan8xPnZIzq/RJGCtb0pC5+ntiQiOtx1FgOyNqhnrZm4n/eZ3UhNf+hMskNSjZYlGYCmJiMvub9LlCZsTYEsoUt7cSNqSKMmPTKdgQvOWXV0nzouxVypX7y1L1JosjDydwCufgwRVU4Q5q0AAGA3iGV3hzhPPivDsfi9ack80cwx84nz/VUI2F</latexit>

S1

<latexit sha1_base64="5nkO+8ak1rBjazGPLO3w2e0eRms=">AAACGXicbVDLSgMxFM34rPU16tJNsAh1U2ZEqhuh6MZlBfuAzlDupGkbm8kMSUYo0/6GG3/FjQtFXOrKvzFtZ6GtBwKHc87l5p4g5kxpx/m2lpZXVtfWcxv5za3tnV17b7+uokQSWiMRj2QzAEU5E7Smmea0GUsKYcBpIxhcT/zGA5WKReJOD2Pqh9ATrMsIaCO1befS4yB6nGJPsV4IbTbyZD8qen3QaTw+GWXyvSdnsbZdcErOFHiRuBkpoAzVtv3pdSKShFRowkGpluvE2k9BakY4Hee9RNEYyAB6tGWogJAqP51eNsbHRungbiTNExpP1d8TKYRKDcPAJEPQfTXvTcT/vFaiuxd+ykScaCrIbFE34VhHeFIT7jBJieZDQ4BIZv6KSR8kEG3KzJsS3PmTF0n9tOSWS+Xbs0LlKqsjhw7RESoiF52jCrpBVVRDBD2iZ/SK3qwn68V6tz5m0SUrmzlAf2B9/QAytqER</latexit>

= h�i|⇢(p̂)|�ji

<latexit sha1_base64="722HedVXm7S2dq3Z4Ct9eEmBrl4="></latexit>

⌅(u) =
1Y

m=0

1

1� t2mu

1Y

m=0

1Y

n=1

Y

±

1

1� t2m+lnz±lnu
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Large N limit and finite N correcMons

For,          we find

[Gaioeo,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="UiRx+Xv2tXv2ee0azWPMxmWvjz4="></latexit>

IU(N)-[l]
C =

I

|u|=✏

du

2⇡iu
u�N⌅(u)

<latexit sha1_base64="l7ThcwULFqnnlHpryGfI09uyhsc="></latexit>

= �
X

w 6=0

Res
hu�N

u
⌅(u), u ! w

i

<latexit sha1_base64="g6sGNHT3GHKVgbyEHSdH4xBIMt0="></latexit>

u = 1 ! IU(1)-[l]
C

<latexit sha1_base64="/4WxQKO+HfASWBCU4O8Z/qmfGJ4=">AAACKHicbVDLSgMxFM34rPVVdekmWAQ3lhmR6kYsunElFewDOmPJpJk2NPMguaOUYT7Hjb/iRkSRbv0SM20F23ogcDjnXHLvcSPBFZjm0FhYXFpeWc2t5dc3Nre2Czu7dRXGkrIaDUUomy5RTPCA1YCDYM1IMuK7gjXc/nXmNx6ZVDwM7mEQMccn3YB7nBLQUrtwGV/YPoGeJ0k/gfQhObZd3qVc0tSWvNsDImX4hKczvxF8m7YLRbNkjoDniTUhRTRBtV14tzshjX0WABVEqZZlRuAkRAKngqV5O1YsIrRPuqylaUB8ppxkdGiKD7XSwV4o9QsAj9S/EwnxlRr4rk5mC6tZLxP/81oxeOdOwoMoBhbQ8UdeLDCEOGsNd7hkFMRAE0Il17ti2iOSUNDd5nUJ1uzJ86R+UrLKpfLdabFyNakjh/bRATpCFjpDFXSDqqiGKHpGr+gDfRovxpvxZQzH0QVjMrOHpmB8/wAW6qh0</latexit>

u = t�� ! t�N

<latexit sha1_base64="DfhF3X94u6Ez532h+vVmqz51XNA="></latexit>

IU(N)-[l]
C

IU(1)-[l]
C

= 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

: finite N correcUons

<latexit sha1_base64="CMtoYwuMOCdKqnTZRVKf9VHJxeA="></latexit>

IU(N)-[1]
C

IU(1)-[1]
C

=
X

m1,m2�0

F̂ (l=1)
m1,m2

(x1, x2)x
m1N
1 xm2N

2

<latexit sha1_base64="nIu2ORTFUVnS1tG12a72XhDVkM4="></latexit>

F̂ (l=1)
m1,m2

(x1, x2) =
m1Y

a=1

1Y

b=0

1

1� x�a
1 xb

2

m2Y

a=1

1Y

b=0

1

1� x�a
2 xb

1

m1Y

a=1

m2Y

b=1

1

1� x�a
1 x�b

2

<latexit sha1_base64="8o9kGm5E7ThJppbWXx+lTRJ8YYM=">AAACFXicbVDLSsNAFJ34rPUVdekmWIQKtSRFqptC0Y3LCvYBTQyT6aQdOnkwM5G2IT/hxl9x40IRt4I7/8ZJm0VtPXDhcM693HuPE1LCha7/KCura+sbm7mt/PbO7t6+enDY4kHEEG6igAas40COKfFxUxBBcSdkGHoOxW1neJP67UfMOAn8ezEOseXBvk9cgqCQkq2WiiPbqE0e4nMjMT0oBi6Dw1gkJbM0siu1ybx2ZqsFvaxPoS0TIyMFkKFhq99mL0CRh32BKOS8a+ihsGLIBEEUJ3kz4jiEaAj7uCupDz3MrXj6VaKdSqWnuQGT5Qttqs5PxNDjfOw5sjM9ki96qfif142Ee2XFxA8jgX00W+RGVBOBlkak9QjDSNCxJBAxIm/V0AAyiIQMMi9DMBZfXiatStmolqt3F4X6dRZHDhyDE1AEBrgEdXALGqAJEHgCL+ANvCvPyqvyoXzOWleUbOYI/IHy9QsXuJ7S</latexit>

(x1 = z�1t, x2 = zt)
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Single-sum expansion

Originally we consider small     expansion with            .

Now let us consider "single-sum expansion" defined by

・Expand first in      and truncate at finite (though arbitrary high) order

with

Same simplificaUon works for 

<latexit sha1_base64="wCTEtdyBTeF9CuQ6hazo4A4d/+Q=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy0emDgcM693DMnSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT29zvPnJtRKwecJbwQUTHSoSCUbSS70cUJ6Gm0wznw2rNrbsLkL/EK0gNCrSG1U9/FLM04gqZpMb0PTfBQUY1Cib5vOKnhieUTemY9y1VNOJmkC0yz8mZVUYkjLV9CslC/bmR0ciYWRTYyTyjWfVy8T+vn2J4PciESlLkii0PhakkGJO8ADISmjOUM0so08JmJWxCNWVoa6rYErzVL/8lnYu616g37i9rzZuijjKcwCmcgwdX0IQ7aEEbGCTwBC/w6qTOs/PmvC9HS06xcwy/4Hx8A5rokhM=</latexit>

t
<latexit sha1_base64="0NhsEScnoqjAlCKMBj3HiQ8fLwI=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBE8lV2R6kUoevFYwW0L7VKyabYNzWaXJCvUbX+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFySCa+M432hldW19Y7OwVdze2d3bLx0cNnScKso8GotYtQKimeCSeYYbwVqJYiQKBGsGw9up33xkSvNYPphRwvyI9CUPOSXGSt74aXztdktlp+LMgJeJm5My5Kh3S1+dXkzTiElDBdG67TqJ8TOiDKeCTYqdVLOE0CHps7alkkRM+9ns2Ak+tUoPh7GyJQ2eqb8nMhJpPYoC2xkRM9CL3lT8z2unJrzyMy6T1DBJ54vCVGAT4+nnuMcVo0aMLCFUcXsrpgOiCDU2n6INwV18eZk0zitutVK9vyjXbvI4CnAMJ3AGLlxCDe6gDh5Q4PAMr/CGJHpB7+hj3rqC8pkj+AP0+QOjx46X</latexit>

|z| = 1

<latexit sha1_base64="yM03eloDoNvY4dY6XvoA6spuoMs=">AAACFXicbVDLSgMxFM34rPU16tJNsAgt1DJTpLoRim5cVrAPaMchk2ba0MyDJCNth/6EG3/FjQtF3Aru/Bsz7Sxq64HAyTn3cu89TsiokIbxo62srq1vbGa2sts7u3v7+sFhQwQRx6SOAxbwloMEYdQndUklI62QE+Q5jDSdwU3iNx8JFzTw7+UoJJaHej51KUZSSbZezA9tszi0y4Wr/PghPjMnHQ/JvsvRIJaT4nj+V7D1nFEypoDLxExJDqSo2fp3pxvgyCO+xAwJ0TaNUFox4pJiRibZTiRIiPAA9UhbUR95RFjx9KoJPFVKF7oBV8+XcKrOd8TIE2LkOaoyWVIseon4n9eOpHtpxdQPI0l8PBvkRgzKACYRwS7lBEs2UgRhTtWuEPcRR1iqILMqBHPx5GXSKJfMSqlyd56rXqdxZMAxOAF5YIILUAW3oAbqAI Mn8ALewLv2rL1qH9rnrHRFS3uOwB9oX7+Wqp6K</latexit>

(x1, x2) = (z�1t, zt)

<latexit sha1_base64="0qSiA+TXOQEOvRSqdJWQbG5jZ2U=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1Fjp/qlX6RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE175Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNStmrlqt3F6XadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AEMaNrA==</ latexit>x2

<latexit sha1_base64="P8IoKoJqrTFJH1NMt5M8VXrP6IU=">AAACFHicbVDLSsNAFJ3UV62vqks3wSIIQkiKVDeC6MZlBfuAppbJdKKDk5lh5kYsIR/hxl9x40IRty7c+TdO2i58HbhwOOde7r0nUpwZ8P1PpzQzOze/UF6sLC2vrK5V1zfaRqaa0BaRXOpuhA3lTNAWMOC0qzTFScRpJ7o5LfzOLdWGSXEBI0X7Cb4SLGYEg5UG1b1QaalAuneD+mXIRAyjMMFwLVV2lF9mIdA7yIxnvDz3B9Wa7/ljuH9JMCU1NEVzUP0Ih5KkCRVAODamF/gK+hnWwAineSVMDVWY3OAr2rNU4ISafjZ+Knd3rDJ0Y6ltCXDH6veJDCfGjJLIdhYHm99eIf7n9VKID/sZEyoFKshkUZxy14ZQJOQOmaYE+MgSTDSzt7rkGmtMwOZYsSEEv1/+S9p1L2h4jfP92vHJNI4y2kLbaBcF6AAdozPURC 1E0D16RM/oxXlwnpxX523SWnKmM5voB5z3L/xCn2w=</latexit>

/ x1
2

s.s.
= 0

<latexit sha1_base64="CmpaDOAaPtIainVQHocgZfURXNY=">AAAB8nicbVBNSwMxEM36WetX1aOXYBH0UnaLVE9S6sVjBfsB26Vk02wbmmSXZFYoS3+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyaCG3Ddb2dtfWNza7uwU9zd2z84LB0dt02caspaNBax7obEMMEVawEHwbqJZkSGgnXC8d3M7zwxbXisHmGSsECSoeIRpwSs5Mt+9dbtNfhQX/ZLZbfizoFXiZeTMsrR7Je+eoOYppIpoIIY43tuAkFGNHAq2LTYSw1LCB2TIfMtVUQyE2Tzk6f43CoDHMXalgI8V39PZEQaM5Gh7ZQERmbZm4n/eX4K0U2QcZWkwBRdLIpSgSHGs//xgGtGQUwsIVRzeyumI6IJBZtS0YbgLb+8StrViler1B6uyvVGHkcBnaIzdIE8dI3q6B41UQtRFKNn9IreHHBenHfnY9G65uQzJ+gPnM8f9CWQaA==</latexit>

m2 > 0
⌘<latexit sha1_base64="kF76uliO8mwEMv6J/Pkvn9eJ6PA=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahgpSkSHUjlArisoJ9QFPDZDpph84kYWYilJClG3/FjQtF3PoJ7vwbp20W2nrgwuGce7n3Hi9iVCrL+jZyS8srq2v59cLG5tb2jrm715JhLDBp4pCFouMhSRgNSFNRxUgnEgRxj5G2N7qa+O0HIiQNgzs1jkiPo0FAfYqR0pJrHjp1OmAlZ4hUcp3eJyV2aZ+kbsJd+5S7ldQ1i1bZmgIuEjsjRZCh4ZpfTj/EMSeBwgxJ2bWtSPUSJBTFjKQFJ5YkQniEBqSraYA4kb1k+kgKj7XSh34odAUKTtXfEwniUo65pzs5UkM5703E/7xurPyLXkKDKFYkwLNFfsygCuEkFdingmDFxpogLKi+FeIhEggrnV1Bh2DPv7xIWpWyXS1Xb8+KtXoWRx4cgCNQAjY4BzVwAxqgCTB4BM/gFbwZT8aL8W58zFpzRjazD/7A+PwBGbWYxA==</latexit>⇣

F̂ (l=1)
m1,m2

<latexit sha1_base64="FUTbkIZC/TzsFRaax/x7azVBhe8="></latexit>

IU(N)-[1]
C (x1, x2)

IU(1)-[1]
C (x1, x2)

s.s.
=

1X

m=0

F̂ (l=1)
m,0 (x1, x2)x

mN
1

<latexit sha1_base64="tAVVDsIT7vZng37woQ685aVxnEY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI9FLx4r2FpoQ9lsJ+3azSbsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTjm5n/8IRK81jem0mCfkSHkoecUWOltugNkdT65Ypbdecgq8TLSQVyNPvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n82un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwys+4TFKDki0WhakgJiaz18mAK2RGTCyhTHF7K2EjqigzNqCSDcFbfnmVtGtVr16t311UGtd5HEU4gVM4Bw8uoQG30IQWMHiEZ3iFNyd2Xpx352PRWnDymWP4A+fzB9Ljjqc=</latexit>

l � 2

<latexit sha1_base64="cnxEcyCYtAcO6kLoRrAY6UlKrjc="></latexit>

IU(N)-[l]
C (x1, x2)

IU(1)-[l]
C (x1, x2)

s.s.
=

1X

m=0

F̂ (l)
m,0(x1, x2)x

lmN
1

<latexit sha1_base64="nbjZOxNbnz0l+EqpbQyEBVT8BSI="></latexit>

F̂ (l)
m (x1, x2) =

l�1Y

a=0

mY

b=1

1Y

c=0

1

1� x�lb+a
1 xlc+a

2

・Treat                                  as independent variables
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Inverse single-sum expansion

Moreover, finite m correcUons to          turn out to be given by the original index!

[Hayashi,TN,Okazaki, '24]

Expected interpretaUon              :

ContribuUon of m wrapped M5 in                        to index of N M2

Index on m M5

ContribuUon of N wrapped M2 in

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

(l = 1)
<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

The finite N correcUons           behaves like an index aner change of variables
<latexit sha1_base64="futg3x7Sboo3GTRz3YckIS+zang=">AAAB+HicbVBNS8NAEN34WetHox69BItQLyURqR6LgnisYD+gjWGz3bZLdzdhdyLUkF/ixYMiXv0p3vw3btsctPXBwOO9GWbmhTFnGlz321pZXVvf2CxsFbd3dvdK9v5BS0eJIrRJIh6pTog15UzSJjDgtBMrikXIaTscX0/99iNVmkXyHiYx9QUeSjZgBIORArvUG2FIb7KHtMJPs0AEdtmtujM4y8TLSRnlaAT2V68fkURQCYRjrbueG4OfYgWMcJoVe4mmMSZjPKRdQyUWVPvp7PDMOTFK3xlEypQEZ6b+nkix0HoiQtMpMIz0ojcV//O6CQwu/ZTJOAEqyXzRIOEORM40BafPFCXAJ4Zgopi51SEjrDABk1XRhOAtvrxMWmdVr1at3Z2X61d5HAV0hI5RBXnoAtXRLWqgJiIoQc/oFb1ZT9aL9W59zFtXrHzmEP2B9fkDgg+TAg==</latexit>

F̂ (l)
m

<latexit sha1_base64="vuyF+/dtLEQOO9IvV82LOV1RNH0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVYFMRjBfsh7VqyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTR0litAGiXik2gHWlDNJG4YZTtuxolgEnLaC0fXUbz1RpVkk7804pr7AA8lCRrCx0sPNY1rmp5Oe6BVLbsWdAS0TLyMlyFDvFb+6/YgkgkpDONa647mx8VOsDCOcTgrdRNMYkxEe0I6lEguq/XR28ASdWKWPwkjZkgbN1N8TKRZaj0VgOwU2Q73oTcX/vE5iwks/ZTJODJVkvihMODIRmn6P+kxRYvjYEkwUs7ciMsQKE2MzKtgQvMWXl0nzrOJVK9W781LtKosjD0dwDGXw4AJqcAt1aAABAc/wCm+Ocl6cd+dj3ppzsplD+APn8wcroZAE</latexit>

F (l)
m

<latexit sha1_base64="6FcJuQD61WUYgMGUZXi9jjV3ZQQ="></latexit>

ĜN (x1, x2) = IU(N)-[l]
C (x�1

1 , x1x2)

<latexit sha1_base64="iQbG69sbrgceQs3Y3FifZQH7Xmg="></latexit>

F (l)
m

F (l)
1

s.s.
=

1X

N=0

ĜN (x1, x2)x
lmN
1

<latexit sha1_base64="zFhP41g1WKZqmj2R91mrzXK60a8=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahBSlJkepGKArisoJ9QBvDZDpth84kYWYiLSHgxl9x40IRt/6EO//GaZuFth64cDjnXu69xwsZlcqyvo3M0vLK6lp2PbexubW9Y+7uNWQQCUzqOGCBaHlIEkZ9UldUMdIKBUHcY6TpDa8mfvOBCEkD/06NQ+Jw1Pdpj2KktOSaB50BUvF1ch8X2IVdTFxeGLn2ycgtF10zb5WsKeAisVOSBylqrvnV6QY44sRXmCEp27YVKidGQlHMSJLrRJKECA9Rn7Q19REn0omnPyTwWCtd2AuELl/Bqfp7IkZcyjH3dCdHaiDnvYn4n9eOVO/ciakfRor4eLaoFzGoAjgJBHapIFixsSYIC6pvhXiABMJKx5bTIdjzLy+SRrlkV0qV29N89TKNIwsOwREoABucgSq4ATVQBxg8gmfwCt6MJ+PFeDc+Zq0ZI53ZB39gfP4A7ZyWbA==</latexit>

F̂ (l=1)
m (x1, x2)

<latexit sha1_base64="09jKZCe2Pwlvo0cnp34QRo05Gno=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRahBSlJkepGKArisoJ9QBvDZDpph85MwsxEWkPxV9y4UMSt/+HOv3HaZqGtBy4czrmXe+/xI0qksu1vI7O0vLK6ll3PbWxube+Yu3sNGcYC4ToKaShaPpSYEo7riiiKW5HAkPkUN/3B1cRvPmAhScjv1CjCLoM9TgKCoNKSZx5ce+w+KdALpzguDD3nZOiVi56Zt0v2FNYicVKSBylqnvnV6YYoZpgrRKGUbceOlJtAoQiieJzrxBJHEA1gD7c15ZBh6SbT68fWsVa6VhAKXVxZU/X3RAKZlCPm604GVV/OexPxP68dq+DcTQiPYoU5mi0KYmqp0JpEYXWJwEjRkSYQCaJvtVAfCoiUDiynQ3DmX14kjXLJqZQqt6f56mUaRxYcgiNQAA44A1VwA2qgDhB4BM/gFbwZT8aL8W58zFozRjqzD/7A+PwB8siTnw==</latexit>

F (l=1)
m (x1, x2)

<latexit sha1_base64="EHcnic7qkcfqnzaBeoguwcRnpTQ="></latexit>

ĜN (x1, x2) = IU(N)-[1]
C (x�1

1 , x1x2)

to index of m M5
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<latexit sha1_base64="dNw1vNKIAId10ELi+s1FCb86KGg="></latexit>

F (l)
m (x1, x2) = F̂ (l)

m (x�1, x1x2) =
l�1Y

a=0

mY

b=1

1Y

c=0

1

1� xl(b+c)
1 xlc+a

2

= 1 + (positive powers of x1, x2)



Plan of talk

2.  3d U(N) ADHM theory

3.  Coulomb limit and giant graviton expansion

4.  Comparison with M5-indices

5. Higgs limit

1.  IntroducUon
<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



Comparison with M5 indices

Gravity picture suggests under some change of variables

M2/M5

<latexit sha1_base64="Ilh4x2G9ArOc1l0AduaVdquShAA=">AAACFnicbVDLSgMxFM3UV62vqks3g0WooGWmaHUjFAXRhVDBPqCtQyZN29BkZkjuSMswX+HGX3HjQhG34s6/MX0stPVA4Nxz7uXmHjfgTIFlfRuJufmFxaXkcmpldW19I725VVF+KAktE5/7suZiRTnzaBkYcFoLJMXC5bTq9i6GfvWBSsV87w4GAW0K3PFYmxEMWnLSh40uhugydkS279gHfSe/f3Z9HzWA9iEqtOLYicS4uDnWRTpj5awRzFliT0gGTVBy0l+Nlk9CQT0gHCtVt60AmhGWwAincaoRKhpg0sMdWtfUw4KqZjQ6Kzb3tNIy277UzwNzpP6eiLBQaiBc3SkwdNW0NxT/8+ohtE+bEfOCEKhHxovaITfBN4cZmS0mKQE+0AQTyfRfTdLFEhPQSaZ0CPb0ybOkks/ZhVzh9ihTPJ/EkUQ7aBdlkY1OUBFdoRIqI4Ie0TN6RW/Gk/FivBsf49aEMZnZRn9gfP4AbmCflw==</latexit>

F̂m(x1, x2) = I6dmM5

M2/M5
Rough idea:

・spaceUme rotaUon = rotaUon along M2/M5-branes

・R-symmetry = rotaUon around M2/M5-branes

Since worldvolume of M5-branes in                       are wrapped on                , we idenUfy
<latexit sha1_base64="/yiho+87BKrqPIywj1uqTxy+g4Y=">AAAB/3icbVDLSgNBEJz1GeNrVfDiZTAInsKuhMRj1IvHSMwDkhhmZ2eTIbOzy0yvGNYc/BUvHhTx6m9482+cPA6aWNBQVHXT3eXFgmtwnG9raXlldW09s5Hd3Nre2bX39us6ShRlNRqJSDU9opngktWAg2DNWDESeoI1vMHV2G/cM6V5JG9hGLNOSHqSB5wSMFLXPmwDe4D0wq+OuoU28JBpXL0rde2ck3cmwIvEnZEcmqHStb/afkSTkEmggmjdcp0YOilRwKlgo2w70SwmdEB6rGWoJGZRJ53cP8InRvFxEClTEvBE/T2RklDrYeiZzpBAX897Y/E/r5VAcN5JuYwTYJJOFwWJwBDhcRjY54pREENDCFXc3IppnyhCwUSWNSG48y8vkvpZ3i3mizeFXPlyFkcGHaFjdIpcVEJldI0qqIYoekTP6BW9WU/Wi/VufUxbl6zZzAH6A+vzB3BBlbw=</latexit>

AdS4 ⇥ S7

R-symmetry in M2

spaceUme rotaUon in M2

<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="FDkp4r9kP4Qac5nw4PiJe08nV+U=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw8kV1jwCPRi0cM8khgJbPDABNmZzczvSZkwyd48aAxXv0ib/6NA+xBwUo6qVR1p7sriKUw6Lrfztr6xubWdm4nv7u3f3BYODpumijRjDdYJCPdDqjhUijeQIGSt2PNaRhI3grGtzO/9cS1EZF6wEnM/ZAOlRgIRtFK9fpjpVcouiV3DrJKvIwUIUOtV/jq9iOWhFwhk9SYjufG6KdUo2CST/PdxPCYsjEd8o6liobc+On81Ck5t0qfDCJtSyGZq78nUhoaMwkD2xlSHJllbyb+53USHFz7qVBxglyxxaJBIglGZPY36QvNGcqJJZRpYW8lbEQ1ZWjTydsQvOWXV0nzsuSVS+X7q2L1JosjB6dwBhfgQQWqcAc1aACDITzDK7w50nlx3p2PReuak82cwB84nz/eaI2L</latexit>

S7

dilataUon in M2 dilataUon in M5

R-symmetry in M5

spaceUme rotaUon in M5

R-symmetry in M5

<latexit sha1_base64="JuWf/sO9P2qDNR1h+q0WivG3fyE=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI9FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5Bqw8GHu/NMDMvTAQ31vO+UGltfWNzq7xd2dnd2z+oHh51TJxqyto0FrHuhcQwwRVrW24F6yWaERkK1g2nt7nffWTa8Fg92FnCAknGikecEptLA8PlsFrz6t4C+C/xC1KDAq1h9XMwimkqmbJUEGP6vpfYICPacirYvDJIDUsInZIx6zuqiGQmyBa3zvGZU0Y4irUrZfFC/TmREWnMTIauUxI7MateLv7n9VMbXQcZV0lqmaLLRVEqsI1x/jgecc2oFTNHCNXc3YrphGhCrYun4kLwV1/+SzoXdb9Rb9xf1po3RRxlOIFTOAcfrqAJd9CCNlCYwBO8wCuS6Bm9ofdlawkVM8fwC+jjGyNBjlI=</latexit>⇠

<latexit sha1_base64="JuWf/sO9P2qDNR1h+q0WivG3fyE=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI9FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5Bqw8GHu/NMDMvTAQ31vO+UGltfWNzq7xd2dnd2z+oHh51TJxqyto0FrHuhcQwwRVrW24F6yWaERkK1g2nt7nffWTa8Fg92FnCAknGikecEptLA8PlsFrz6t4C+C/xC1KDAq1h9XMwimkqmbJUEGP6vpfYICPacirYvDJIDUsInZIx6zuqiGQmyBa3zvGZU0Y4irUrZfFC/TmREWnMTIauUxI7MateLv7n9VMbXQcZV0lqmaLLRVEqsI1x/jgecc2oFTNHCNXc3YrphGhCrYun4kLwV1/+SzoXdb9Rb9xf1po3RRxlOIFTOAcfrqAJd9CCNlCYwBO8wCuS6Bm9ofdlawkVM8fwC+jjGyNBjlI=</latexit>⇠
<latexit sha1_base64="JuWf/sO9P2qDNR1h+q0WivG3fyE=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI9FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5Bqw8GHu/NMDMvTAQ31vO+UGltfWNzq7xd2dnd2z+oHh51TJxqyto0FrHuhcQwwRVrW24F6yWaERkK1g2nt7nffWTa8Fg92FnCAknGikecEptLA8PlsFrz6t4C+C/xC1KDAq1h9XMwimkqmbJUEGP6vpfYICPacirYvDJIDUsInZIx6zuqiGQmyBa3zvGZU0Y4irUrZfFC/TmREWnMTIauUxI7MateLv7n9VMbXQcZV0lqmaLLRVEqsI1x/jgecc2oFTNHCNXc3YrphGhCrYun4kLwV1/+SzoXdb9Rb9xf1po3RRxlOIFTOAcfrqAJd9CCNlCYwBO8wCuS6Bm9ofdlawkVM8fwC+jjGyNBjlI=</latexit>⇠
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ConvenMon for M2/M5 indices

Choose one s.t.

R-symmetry:

SUSY:

spaceUme:

Choose one s.t.

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

SO(5)R

<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="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

R-symmetry:

SUSY:

spaceUme:

<latexit sha1_base64="LRSAVircF1FflsK4T2JI+VwJ2oA=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVBKR6rHoRW8t2A9oY5hsN+3SzSbsbpQS+1O8eFDEq7/Em//GbZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Ngtbxe2d3b19u3TQUnEqCW2SmMeyE4CinAna1Exz2kkkhSjgtB2Mrqd++4FKxWJxp8cJ9SIYCBYyAtpIvl3KegQ4bkzub/0e8GQIvl12Ks4MeJm4OSmjHHXf/ur1Y5JGVGjCQamu6yTay0BqRjidFHupogmQEQxo11ABEVVeNjt9gk+M0sdhLE0JjWfq74kMIqXGUWA6I9BDtehNxf+8bqrDSy9jIkk1FWS+KEw51jGe5oD7TFKi+dgQIJKZWzEZggSiTVpFE4K7+PIyaZ1V3Gql2jgv167yOAroCB2jU+SiC1RDN6iOmoigR/SMXtGb9WS9WO/Wx7x1xcpnDtEfWJ8/0yWTvQ==</latexit>

QI
↵

<latexit sha1_base64="wrb6uRlC69KfD8LpH0C3HCn7UJs=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoRW8JmAcma+idzCZDZmeXmVkhhPyFFw+KePVvvPk3TpI9aGJBQ1HVTXdXkAiujet+Oyura+sbm7mt/PbO7t5+4eCwoeNUUVansYhVK0DNBJesbrgRrJUohlEgWDMY3kz95hNTmsfy3owS5kfYlzzkFI2VHmqPd90OimSA3ULRLbkzkGXiZaQIGardwlenF9M0YtJQgVq3PTcx/hiV4VSwSb6TapYgHWKftS2VGDHtj2cXT8ipVXokjJUtachM/T0xxkjrURTYzgjNQC96U/E/r52a8Mofc5mkhkk6XxSmgpiYTN8nPa4YNWJkCVLF7a2EDlAhNTakvA3BW3x5mTTOS165VK5dFCvXWRw5OIYTOAMPLqECt1CFOlCQ8Ayv8OZo58V5dz7mrStONnMEf+B8/gA04pCi</latexit>

QI
↵

M5 index

M2 index

<latexit sha1_base64="UEELWDju95vSThDg8Q/X3K6313Q="></latexit>

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

<latexit sha1_base64="Sdhdv3S6MQVfA/ouVJBLlzOMu70="></latexit>⇣
{Q,Q†} = h� j12 �

r12 + r34 + r56 + r78
2

⌘

To do: match 6 Cartans by comparing M2/M5 subalgebras preserved by wrapped 
              M5/M2 brane

<latexit sha1_base64="TuxAhKmT63rT5jMn3tcM6OT8yro="></latexit>

IM5 = Tr[(�1)F e��{Q,Q†}p
3(R12+R34)

2 +J12+J34+J56uR12�R34yJ12
1 yJ34

2 yJ56
3 ]

<latexit sha1_base64="z1EzN8KLxeHrqY47mzAvGx9HfGc="></latexit>

IM2 = Tr[(�1)F e��{Q,Q†}qj12+
r12+r34+r56+r78

4 ur12
1 ur34

2 ur56
3 ur78

4 ]
<latexit sha1_base64="pgsXYxNJ1BxrCEvdtKxNH3ebbRQ=">AAACIHicbVDLTgIxFO3gC/GFunQzkZhggmQGCbghIbpxiYk8EsBJpxRo6DzS3jHAhE9x46+4caExutOvsQwsEDxJm9Nz7s3tPbbPmQTD+NZia+sbm1vx7cTO7t7+QfLwqCa9QBBaJR73RMPGknLm0iow4LThC4odm9O6PbiZ+vVHKiTz3HsY+bTt4J7LuoxgUJKVLKYDyyyNH8ILcwLRnWllAitXGs6k6HVZGi94+dIQzq1kysgaEfRVYs5JCs1RsZJfrY5HAoe6QDiWsmkaPrRDLIARTieJViCpj8kA92hTURc7VLbDaMGJfqaUjt71hDou6JG62BFiR8qRY6tKB0NfLntT8T+vGUD3qh0y1w+AumQ2qBtwHTx9mpbeYYIS4CNFMBFM/VUnfSwwAZVpQoVgLq+8Smq5rFnIFu7yqfL1PI44OkGnKI1MVERldIsqqIoIekIv6A29a8/aq/ahfc5KY9q85xj9gfbzC7R5oNs=</latexit>

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

18/28

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



Parameter idenMficaMon - step 1

ground state contribuUon of M5 wrapped on 

This M5 preserves subalgebra

: preserves

Taking into account inverse expansion, consider also the contribuUon in

subalgebra

Match ① with ②

from wrapped M2 on

①

②
<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="aDYWKGK7vyccuK52w07lxTxGxxM=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBbBQymJSu1FKHrxWMF+QBvLZrNpl242YXeilND/4cWDIl79L978N27bHLT1wcDjvRlm5nmx4Bps+9vKrayurW/kNwtb2zu7e8X9g5aOEkVZk0YiUh2PaCa4ZE3gIFgnVoyEnmBtb3Qz9duPTGkeyXsYx8wNyUDygFMCRnogZe/qvNyjfgS6XOsXS3bFngEvEycjJZSh0S9+9fyIJiGTQAXRuuvYMbgpUcCpYJNCL9EsJnREBqxrqCQh0246u3qCT4zi4yBSpiTgmfp7IiWh1uPQM50hgaFe9Kbif143gaDmplzGCTBJ54uCRGCI8DQC7HPFKIixIYQqbm7FdEgUoWCCKpgQnMWXl0nrrOJUK9W7i1L9Oosjj47QMTpFDrpEdXSLGqiJKFLoGb2iN+vJerHerY95a87KZg7RH1ifP93nkXk=</latexit>

a, b = 3, · · · , 8

<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="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="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="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="ymbBXIw7dDX31esXRYLo636+mkI="></latexit>

IU(N)-[1]

IU(1)-[1]
= 1 + F̂ (l=1)

1 (q
1
4 t�1z�1)N + · · ·
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<latexit sha1_base64="lMX7exwkW+5hzAgPFHpjKTSHZkI=">AAACFHicbVDLSsNAFJ3UV62vqks3wSJUCiUJtYpQKHXjsqJ9YJOGyXTaDp1JwsxEKGk/wo2/4saFIm5duPNvnD4W2npg4HDOudy5xwspEdIwvrXEyura+kZyM7W1vbO7l94/qIsg4gjXUEAD3vSgwJT4uCaJpLgZcgyZR3HDG1xN/MYD5oIE/p0chthhsOeTLkFQKslN5+wK6dHsbbtwaYuIuTEsmeO2Nbp34aht5ZruWdsqmZMQP3XTGSNvTKEvE3NOMmCOqpv+sjsBihj2JaJQiJZphNKJIZcEUTxO2ZHAIUQD2MMtRX3IsHDi6VFj/UQpHb0bcPV8qU/V3xMxZEIMmaeSDMq+WPQm4n9eK5LdCycmfhhJ7KPZom5EdRnok4b0DuEYSTpUBCJO1F911IccIql6TKkSzMWTl0ndypvFfPGmkClX5nUkwRE4BllggnNQBtegCmoAgUfwDF7Bm/akvWjv2scsmtDmM4fgD7TPH54MnKw=</latexit>⇣
S4 :

2X

a=1

|Za|2 +X2
5 = 1

⌘

[Mikhailov,'00]



Parameter idenMficaMon - step 2

WriUng            in terms of Cartans                           of M5 SCFT, we find

Hence we conclude

In Coulomb limit

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

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

IM2
<latexit sha1_base64="wKgeMcjhPeEf1VRIcTOyEhcaBuk=">AAAB+nicbVDLSsNAFJ3UV62vVJduBotQoZREpLosuimuqtgHtCFMppN27GQSZiZKifkUNy4UceuXuPNvnLZZaOuBC4dz7uXee7yIUaks69vIrayurW/kNwtb2zu7e2Zxvy3DWGDSwiELRddDkjDKSUtRxUg3EgQFHiMdb3w19TsPREga8js1iYgToCGnPsVIack1i+VG5dpN6H1auXUT5KUnrlmyqtYMcJnYGSmBDE3X/OoPQhwHhCvMkJQ924qUkyChKGYkLfRjSSKEx2hIeppyFBDpJLPTU3islQH0Q6GLKzhTf08kKJByEni6M0BqJBe9qfif14uVf+EklEexIhzPF/kxgyqE0xzggAqCFZtogrCg+laIR0ggrHRaBR2CvfjyMmmfVu1atXZzVqpfZnHkwSE4AmVgg3NQBw3QBC2AwSN4Bq/gzXgyXox342PemjOymQPwB8bnD/gdkzE=</latexit>

(H, Jij , Rab)

<latexit sha1_base64="ThaB/XCv1AALFv2cj4ULL/gd1ro=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEN5ZEpLoRim5cVrAPaGOZTCft0MmDmYlYYxb+ihsXirj1N9z5N07aLLT1wMDhnHu5Z44bcSaVZX0bc/MLi0vLhZXi6tr6xqa5td2QYSwIrZOQh6LlYkk5C2hdMcVpKxIU+y6nTXd4mfnNOyokC4MbNYqo4+N+wDxGsNJS19y979rnD7fJkZ12fKwGnsDDRKVds2SVrTHQLLFzUoIcta751emFJPZpoAjHUrZtK1JOgoVihNO02IkljTAZ4j5taxpgn0onGedP0YFWesgLhX6BQmP190aCfSlHvqsns4xy2svE/7x2rLwzJ2FBFCsakMkhL+ZIhSgrA/WYoETxkSaYCKazIjLAAhOlKyvqEuzpL8+SxnHZrpQr1yel6kVeRwH2YB8OwYZTqMIV1KAOBB7hGV7hzXgyXox342MyOmfkOzvwB8bnD/l4lhs=</latexit>

x1 = z�1t
<latexit sha1_base64="rCw4SjzpjdhIU8OwoN6VTX9nBRk=">AAAB+nicbVDLSsNAFJ3UV62vVJdugkVwVZIi1Y1QdOOygn1AG8JkOmmHTiZh5katsZ/ixoUibv0Sd/6NkzYLbT0wcDjnXu6Z48ecKbDtb6Owsrq2vlHcLG1t7+zumeX9tooSSWiLRDySXR8rypmgLWDAaTeWFIc+px1/fJX5nTsqFYvELUxi6oZ4KFjACAYteWb5watdPPZDDKNA4nEKU8+s2FV7BmuZODmpoBxNz/zqDyKShFQA4VipnmPH4KZYAiOcTkv9RNEYkzEe0p6mAodUueks+tQ61srACiKpnwBrpv7eSHGo1CT09WSWUS16mfif10sgOHdTJuIEqCDzQ0HCLYisrAdrwCQlwCeaYCKZzmqREZaYgG6rpEtwFr+8TNq1qlOv1m9OK43LvI4iOkRH6AQ56Aw10DVqohYi6B49o1f0ZjwZL8a78TEfLRj5zgH6A+PzB4urlDY=</latexit>

x2 = zt

<latexit sha1_base64="rQFYFgeRqiNzDOZzN78azbCrlP4="></latexit>

F̂m(x1, x2) = lim
q,t!0

(q
1
4 t�1=t)

ImM5|···

= ImM5(p
3
2u = x�1

1 , py2 = x2; p
3
2u�1 = py1 = py3 = 0)

<latexit sha1_base64="YF2c2lg8Ymj3ZBvS/u+efogajbE="></latexit>

IU(N)-[1]

IU(1)-[1]
= 1 +

1X

m=1

(q
1
4 t�1z�1)mNImM5|p=q

1
4 t

1
3 z

1
3 ,u=q�

5
8 t

1
2 z� 1

2 ,y1=t
2
3 z� 1

3 x�1,y2=t�
4
3 z

2
3 ,y3=t

2
3 z� 1

3 x
+ · · ·

<latexit sha1_base64="YVRxsnzSfcQl4pjRSjDzKE7BLFY="></latexit>

IM2 = Tr[(�1)F (q
1
4 t

1
3 z

1
3 )

3(R12+R34)
2 +J12+J34+J56(q�

5
8 t

1
2 z

1
2 )R12�R34(t

2
3 z�

1
3x�1)J12(t�

4
3 z

2
3 )J34(t

2
3 z�

1
3x)J56 ]

<latexit sha1_base64="6/cEw7Vp+zqrqlB9Xlqe9kksurU="></latexit>

IU(N)-[1]
C

IU(1)-[1]
C

= 1 +
1X

m=1

F̂m(x1, x2)x
mN
1 + · · ·
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Check for

①  Single M5 free tensor mulUplet

②        M5 graviton index

[Bhaeacharya,Bhaeacharyya,Minwalla,Raju,'08]

<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

Parameter idenUficaUon with 3d Coulomb limit:

with
<latexit sha1_base64="O9ra+MBWrK6TKlcMdbf2Fv4AnT8=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgopakSHVZdOOygn1AG8NkOmmHTiZhZqKE0J0bf8WNC0Xc+gvu/BunaRbaeuByD+fcy8w9XsSoVJb1bRSWlldW14rrpY3Nre0dc3evLcNYYNLCIQtF10OSMMpJS1HFSDcSBAUeIx1vfDX1O/dESBryW5VExAnQkFOfYqS05JqHUSVxa3fpqT2pxFnrCzocKSRE+AAt1yxbVSsDXCR2TsogR9M1v/qDEMcB4QozJGXPtiLlpEgoihmZlPqxJBHCYzQkPU05Coh00uyOCTzWygD6odDFFczU3xspCqRMAk9PBkiN5Lw3Ff/zerHyL5yU8ihWhOPZQ37MoArhNBQ4oIJgxRJNEBZU/xXiERIIKx1dSYdgz5+8SNq1ql2v1m/Oyo3LPI4iOABH4ATY4Bw0wDVoghbA4BE8g1fwZjwZL8a78TEbLRj5zj74A+PzB5efmIY=</latexit>

p, y�1
2 , u�1 ! 0

<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

Recall

<latexit sha1_base64="V7JcEoMoUDRU5+QECfMpH8xKmQ4="></latexit>

{Q,Q
†} = H � (J12 + J34 + J56)� 2(R12 +R34) = 0modes with                                                                                :

<latexit sha1_base64="DE1Mmk9fGlIdF2jQ4L8qxESkGn0=">AAACVnicbVFdaxQxFM1Mra3rR0d99GVwEbZgl0nR6stgURB9ECq4bWFnZ8hkM93QfAzJHdkl5E/qi/4UX8Tsdh609ULg5Jx7uDcndSu4hSz7GcVbt7Zv7+zeGdy9 d//BXvLw0anVnaFsQrXQ5rwmlgmu2AQ4CHbeGkZkLdhZfflurZ99ZcZyrb7AqmUzSS4UbzglEKgqkcWCgHvvK1m6kcjxvh8tK/x8WR3u50Vr9LxydY59KfsLzTNfFlw1sCoaQ6jD3uGDYCndQe2DraS+kAQWunW5L998rJwsgC3BfXrpfZUMs3G2qfQmwD0Yor5OquRbMde0k0wBFcTaKc5amDligFPB/KDoLGsJvSQXbBqgIpLZmdvE4tNngZmnjTbhKEg37N8OR6S1K1mHzvXG9rq2Jv+nTTtoXs8cV20HTNGrQU0nUtDpOuN0zg2jIFYBEGp42DWlCxLSgvATgxACvv7km+D0cIyPxkefXwyP3/Zx7KIn6CkaIYxeoWP0AZ2gCaLoO/oVxdFW9CP6HW/HO1etcdR7HqN/Kk7+AMTStJg=</latexit>

F̂ (l=1)
m (x1, x2) =

mY

b=1

1Y

c=0

1

1� x�b
1 xc

2

?
= ImM5

<latexit sha1_base64="TuxAhKmT63rT5jMn3tcM6OT8yro="></latexit>

IM5 = Tr[(�1)F e��{Q,Q†}p
3(R12+R34)

2 +J12+J34+J56uR12�R34yJ12
1 yJ34

2 yJ56
3 ]

<latexit sha1_base64="grp00AWnp3VvJRg/3nnItirDAL8="></latexit>

p
3
2u = x�1

1 , py2 = x2, p
3
2u�1 = py1 = py3 = 0)

<latexit sha1_base64="Q3ZRRHBMgCpAglQ5YUq44uwa6Q0="></latexit>

IsingleM5 = PE
hp 3

2 (u+ u�1)� p2(y1y2 + y2y3 + y3y1) + p3

(1� py1)(1� py2)(1� py3)

i

<latexit sha1_base64="jN3W57YTXYr1vjKx5ym/f3A3Mhk="></latexit>

I1M5 = PE
hp 3

2 (1� p3)(u+ u�1)� p2(y1y2 + y2y3 + y3y1) + p4(y1 + y2 + y3)

(1� p
3
2u)(1� p

3
2u�1)(1� py1)(1� py2)(1� py3)

i

<latexit sha1_base64="iuOl41get015SdupSBs0E0WrbB8="></latexit>

(C)! PE
h x�1

1

(1� x�1
1 )(1� x2)

i
= F̂ (l=1)

1 (x1, x2)

<latexit sha1_base64="TXIk4FFbUg97383s6Bg/8zFwv7w="></latexit>

(C)! PE
h x�1

1

1� x2

i
= F̂ (l=1)

1 (x1, x2)
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Can be calculated by using the proposal m M5 on          5d U(m) SYM

KK modes instanton parUcles

...but it is sUll difficult to obtain            in closed form (       sum over all instantons)

ExcepUon: "unrefined limit"

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

[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="ez/oB//B53EuLMZ+VTeaqpZ1Vs0="></latexit>

IM5 = ZM5
S5⇥tS1 ⇠ Z5dN=1⇤SYM

S5
b

<latexit sha1_base64="5zOPY3iA07mFQbcuMMS2b/nsgPU="></latexit>

IM5|M2parameters = Tr(�1)F t�R12+4R34+J12+J34+J56xJ56�J12zR12+J34t4R34+2J12+2J56

<latexit sha1_base64="qpk65CPIOSUjW3XDCnpEXfHsgLw=">AAACDXicbVDLSgMxFM34rPU16tJNsApCsczUWl0W3UhXVewD2mHIpGkbmskMSUYow/yAG3/FjQtF3Lp359+YtoNo64GQc8+5l+QeL2RUKsv6MhYWl5ZXVjNr2fWNza1tc2e3IYNIYFLHAQtEy0OSMMpJXVHFSCsUBPkeI01veDX2m/dESBrwOzUKieOjPqc9ipHSkmsenty6sV1M8iV9n5aSfHVaVn+qs3LimjmrYE0A54mdkhxIUXPNz043wJFPuMIMSdm2rVA5MRKKYkaSbCeSJER4iPqkrSlHPpFOPNkmgUda6cJeIPThCk7U3xMx8qUc+Z7u9JEayFlvLP7ntSPVu3BiysNIEY6nD/UiBlUAx9HALhUEKzbSBGFB9V8hHiCBsNIBZnUI9uzK86RRLNjlQvmmlKtcpnFkwD44AMfABuegAq5BDdQBBg/gCbyAV+PReDbejPdp64KRzuyBPzA+vgGPAZlf</latexit>�R12 + 4R34 + J12 + J34 + J56
<latexit sha1_base64="Sdj+kwsmD1QdxT1xkXRvR1nsbqg=">AAAB9HicbVDLTgIxFL2DL8QX6tJNIzFxI5khiC6JbowrTOSRwIR0SgcaOp2x7ZCQyXyHGxca49aPceffWGAWCp7k5p6cc296e7yIM6Vt+9vKra1vbG7ltws7u3v7B8XDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfHtzG9PqFQsFI96GlE3wEPBfEawNpJ7308ua+mFaU4l7RdLdtmeA60SJyMlyNDoF796g5DEARWacKxU17Ej7SZYakY4TQu9WNEIkzEe0q6hAgdUucn86BSdGWWA/FCaEhrN1d8bCQ6UmgaemQywHqllbyb+53Vj7V+7CRNRrKkgi4f8mCMdolkCaMAkJZpPDcFEMnMrIiMsMdEmp4IJwVn+8ippVcpOrVx7qJbqN1kceTiBUzgHB66gDnfQgCYQeIJneIU3a2K9WO/Wx2I0Z2U7x/AH1ucPdV+RRA==</latexit>

J56 � J12
<latexit sha1_base64="mG/A4T8mch9gmUAn+Of4AzeLW70=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSIIQklqqR6LXsRTFfsBbQib7bZdutnE3U2hhPwOLx4U8eqP8ea/cdvmoK0PBh7vzTAzz484U9q2v62V1bX1jc3cVn57Z3dvv3Bw2FRhLAltkJCHsu1jRTkTtKGZ5rQdSYoDn9OWP7qZ+q0xlYqF4lFPIuoGeCBYnxGsjeQ+eIlTTs/vvOSiknqFol2yZ0DLxMlIETLUvcJXtxeSOKBCE46V6jh2pN0ES80Ip2m+GysaYTLCA9oxVOCAKjeZHZ2iU6P0UD+UpoRGM/X3RIIDpSaBbzoDrIdq0ZuK/3mdWPev3ISJKNZUkPmifsyRDtE0AdRjkhLNJ4ZgIpm5FZEhlphok1PehOAsvrxMmuWSUy1V7yvF2nUWRw6O4QTOwIFLqMEt1KEBBJ7gGV7hzRpbL9a79TFvXbGymSP4A+vzB3h9kUY=</latexit>

R12 + J34
<latexit sha1_base64="/YwQR8EzhpSimJWGuCaSYwOEGLk=">AAACAHicbVDLSsNAFL2pr1pfURcu3ASLIAglqbW6LLoRV1XsA9oQJtNJO3QyCTMToYRs/BU3LhRx62e482+cPhbaeuByD+fcy8w9fsyoVLb9beSWlldW1/LrhY3Nre0dc3evKaNEYNLAEYtE20eSMMpJQ1HFSDsWBIU+Iy1/eD32W49ESBrxBzWKiRuiPqcBxUhpyTMPKvdeelbJTsu3XuqUp/28mnlm0S7ZE1iLxJmRIsxQ98yvbi/CSUi4wgxJ2XHsWLkpEopiRrJCN5EkRniI+qSjKUchkW46OSCzjrXSs4JI6OLKmqi/N1IUSjkKfT0ZIjWQ895Y/M/rJCq4dFPK40QRjqcPBQmzVGSN07B6VBCs2EgThAXVf7XwAAmElc6soENw5k9eJM1yyamWqneVYu1qFkceDuEITsCBC6jBDdShARgyeIZXeDOejBfj3fiYjuaM2c4+/IHx+QPYTZSq</latexit>

4R34 + 2J12 + 2J56
<latexit sha1_base64="w06bP/rot/+N2yq/ybmwFxEZVjo="></latexit>

H J12 J34 J56 R12 R34

Q
1
2 � 1

2 � 1
2 � 1

2
1
2

1
2

Q
0 1

2
1
2 � 1

2
1
2

1
2 � 1

2

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0
<latexit sha1_base64="bzKuMOl/OYIz2AzMgdg+UZwjDqU=">AAAB/HicbVBNS8NAEN3Ur1q/qj16CRbBiyUpUj0WvXisYD+gLWWznbRLN5uwOxFLiH/FiwdFvPpDvPlv3KY9aOuDgcd7Mzs7z4sE1+g431ZubX1jcyu/XdjZ3ds/KB4etXQYKwZNFopQdTyqQXAJTeQooBMpoIEnoO1NbmZ++wGU5qG8x2kE/YCOJPc5o2ikQbHUQ3jE7J1EwTBNzqvpoFh2Kk4Ge5W4C1ImCzQGxa/eMGRxABKZoFp3XSfCfkIVciYgLfRiDRFlEzqCrqGSBqD7SbY0tU+NMrT9UJmSaGfq74mEBlpPA890BhTHetmbif953Rj9q37CZRQjSDZf5MfCxtCeJWEPuQKGYmoIZYqbv9psTBVlaPIqmBDc5ZNXSatacWuV2t1FuX69iCNPjskJOSMuuSR1cksapEkYmZJn8krerCfrxXq3PuatOWsxUyJ/YH3+AFyrlT4=</latexit>�2

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0
<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0
<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0
<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0
<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0
<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0

<latexit sha1_base64="+F3G5Ou8HW2EBcBsVhMnHG+iwhM="></latexit>

4R34 + 2J12 + 2J56 = {Q0, (Q0)†}� {Q,Q†}
<latexit sha1_base64="MaaMVT+V/XwYEM2X3Yi8YAT0UD8=">AAACCHicbVDLSsNAFJ3UV62vqEsXBovgqiSi1Y1QdKMLoYJ9QBvCZDpph04ezNyIJWbpxl9x40IRt36CO//GSZuFth4YOHPOvdx7jxtxJsE0v7XC3PzC4lJxubSyura+oW9uNWUYC0IbJOShaLtYUs4C2gAGnLYjQbHvctpyhxeZ37qjQrIwuIVRRG0f9wPmMYJBSY6+e+UkXaD3kFwfp+mD+vgYBp7AwwTSMyt19LJZMccwZomVkzLKUXf0r24vJLFPAyAcS9mxzAjsBAtghNO01I0ljTAZ4j7tKBpgn0o7GR+SGvtK6RleKNQLwBirvzsS7Es58l1Vma0pp71M/M/rxOCd2gkLohhoQCaDvJgbEBpZKkaPCUqAjxTBRDC1q0EGWGACKruSCsGaPnmWNA8rVrVSvTkq187zOIpoB+2hA2ShE1RDl6iOGoigR/SMXtGb9qS9aO/ax6S0oOU92+gPtM8fz3Kafg==</latexit>

IM5|t=1 is t-indep!

Remark: unrefined limit is equivalent to 3d Coulomb limit with
<latexit sha1_base64="NFNsd2KicLbANI1KYMhXhWVsfVQ=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHCOYByRpmJ7PJkNkHM71KWPIfXjwo4tV/8ebfOJvsQRMLBoqqbrqmvFgKjbb9bRVWVtfWN4qbpa3tnd298v5BS0eJYrzJIhmpjkc1lyLkTRQoeSdWnAae5G1vfJP57UeutIjCe5zE3A3oMBS+YBSN9NALKI58RccpTq+cfrliV+0ZyDJxclKBHI1++as3iFgS8BCZpFp3HTtGN6UKBZN8WuolmseUjemQdw0NacC1m85ST8mJUQbEj5R5IZKZ+nsjpYHWk8Azk1lKvehl4n9eN0H/0k1FGCfIQzY/5CeSYESyCshAKM5QTgyhTAmTlbARVZShKapkSnAWv7xMWmdVp1at3Z1X6td5HUU4gmM4BQcuoA630IAmMFDwDK/wZj1ZL9a79TEfLVj5ziH8gfX5A5YOkpU=</latexit>

t = 1

<latexit sha1_base64="8cbDWjiGCKeoIJwkoxM9o0L2Wc4="></latexit>

IunrefmM5(p) = ImM5(u = p�
1
2 , y1 = y2 = y3 = 1) =

mY

b=1

1Y

c=0

1

1� pb+c

[Beem,Rastelli,van Rees,'14]

22/28Check for <latexit sha1_base64="PvWJrQzg97dcVfs8JugcHg8AcFE=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYhCswl2QaGERtLGMYD4gd4S9zV6yZHfv3N0LHCG/w8ZCEVt/jJ3/xk1yhSY+GHi8N8PMvDDhTBvX/XbW1jc2t7YLO8Xdvf2Dw9LRcUvHqSK0SWIeq06INeVM0qZhhtNOoigWIaftcHQ389tjqjSL5aPJEhoIPJAsYgQbKwVVn1MkbnwmI5P1SmW34s6BVomXkzLkaPRKX34/Jqmg0hCOte56bmKCCVaGEU6nRT/VNMFkhAe0a6nEgupgMj96is6t0kdRrGxJg+bq74kJFlpnIrSdApuhXvZm4n9eNzXRdTBhMkkNlWSxKEo5MjGaJYD6TFFieGYJJorZWxEZYoWJsTkVbQje8surpFWteLVK7eGyXL/N4yjAKZzBBXhwBXW4hwY0gcATPMMrvDlj58V5dz4WrWtOPnMCf+B8/gAgzJG1</latexit>

2  m < 1

<latexit sha1_base64="7pxV1EUG/E5YN+sTrI0Ik5Dp0uc="></latexit>

IunrefmM5(z) = ImM5(t = 1, t = z
1
2 , x = 1) = ImM5(t = 1, t = 0, x = 1)

X
= F̂m(x1 = z�1, x2 = z)



Plan of talk

2.  3d U(N) ADHM theory

3.  Coulomb limit and giant graviton expansion

4.  Comparison with M5-indices

5. Higgs limit

1.  IntroducUon
<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

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



<latexit sha1_base64="ICNnJUhDHKRCCk861ojITjCc/k0="></latexit>

⇥
Y

i

lY

↵=1

1

1� t(y↵si)±1

<latexit sha1_base64="dQSG9JQmvl4ECUALaF8sgOD3W4U="></latexit>

N�,µ(y) =
Y

⇤2�

(1� yxarm�(⇤)
2 x

�legµ(⇤)�1
1 )

Y

⇤02µ

(1� yx
�armµ(⇤0)�1
2 xleg�(⇤0)

1 )

<latexit sha1_base64="SEERxK9yfP5m4+AOEz79K1aOXZI=">AAACF3icbVDLSsNAFJ3UV62vqEs3wSJU0JAUqW4KRTcuK9gHNDFMppN26OTBzERSQv/Cjb/ixoUibnXn3zhps6itZxg4nHMv997jRpRwYRg/SmFldW19o7hZ2tre2d1T9w/aPIwZwi0U0pB1XcgxJQFuCSIo7kYMQ9+luOOObjK/84gZJ2FwL8YRtn04CIhHEBRSclS9kjhmPXlIz82J5UMx9BgcpWJyZsmXONV6Mq+eOmrZ0I0ptGVi5qQMcjQd9dvqhyj2cSAQhZz3TCMSdgqZIIjiScmKOY4gGsEB7kkaQB9zO53eNdFOpNLXvJDJHwhtqs53pNDnfOy7sjJbki96mfif14uFd2WnJIhigQM0G+TFVBOhloWk9QnDSNCxJBAxInfV0BAyiISMsiRDMBdPXibtqm7W9NrdRblxncdRBEfgGFSACS5BA9yCJmgBBJ7AC3gD78qz8qp8KJ+z0oKS9xyCP1C+fgFG159q</latexit>

(x1 = x�1t, x2 = xt)

Higgs limit (                      with                  kept fixed)
<latexit sha1_base64="ud5rbSQB4J0w4tQVTZRPvvmdHSQ=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPGhJRKrHohePFewHtLFstpt26SYbdydKCQX/ihcPinj1d3jz37htc9DWBwOP92aYmefHgmtwnG8rt7C4tLySXy2srW9sbtnbO3UtE0VZjUohVdMnmgkesRpwEKwZK0ZCX7CGP7ga+40HpjSX0S0MY+aFpBfxgFMCRurYe/fHcJeeuKO24r0+EKXkI3Y6dtEpORPgeeJmpIgyVDv2V7sraRKyCKggWrdcJwYvJQo4FWxUaCeaxYQOSI+1DI1IyLSXTs4f4UOjdHEglakI8ET9PZGSUOth6JvOkEBfz3pj8T+vlUBw4aU8ihNgEZ0uChKBQeJxFrjLFaMghoYQqri5FdM+UYSCSaxgQnBnX54n9dOSWy6Vb86KlcssjjzaRwfoCLnoHFXQNaqiGqIoRc/oFb1ZT9aL9W59TFtzVjazi/7A+vwBlEWVQg==</latexit>

q, t�1 ! 0
<latexit sha1_base64="wUR5yrfY2Jr4tQJW0OhzXJ+Et0E=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuCqJlOpGKLpxWcFeoIllMp20QycXZ06EErJy46u4caGIW5/BnW/jpO1CW38Y+PjPOcw5vxcLrsCyvo3C0vLK6lpxvbSxubW9Y+7utVSUSMqaNBKR7HhEMcFD1gQOgnViyUjgCdb2Rld5vf3ApOJReAvjmLkBGYTc55SAtnrmoRMQGPqSjFLILu7vUkczTe0srWYZ9MyyVbEmwotgz6CMZmr0zC+nH9EkYCFQQZTq2lYMbkokcCpYVnISxWJCR2TAuhpDEjDlppMzMnysnT72I6lfCHji/p5ISaDUOPB0Z760mq/l5n+1bgL+uZvyME6AhXT6kZ8IDBHOM8F9LhkFMdZAqOR6V0yHROcAOrmSDsGeP3kRWqcVu1ap3VTL9ctZHEV0gI7QCbLRGaqja9RATUTRI3pGr+jNeDJejHfjY9paMGYz++iPjM8fWEGZsw==</latexit>

t = q
1
4 t

<latexit sha1_base64="ihry2k91frW0/pRjQkhjHNLHodg="></latexit>

IU(N)-[l]
H

= lim
q,t

�1!0

(t=q
1
4 t)

IU(N)-[l]

=
1

N !

(1� t2)NQ
±(1� x±1t)N

I NY

i=1

dsi
2⇡isi

Y

±

Q
i<j

(1� ( si
sj
)±1)(1� t2( si

sj
)±1)

Q
i<j

(1� tx( si
sj
)±1)(1� tx�1( si

sj
)±1)

IntegraUons can be calculated by JK residue sum
<latexit sha1_base64="kaB21U2A+3aT5PlQoYNXkfETIRs="></latexit>

IU(N)-[l]
H

=
1

t2lN

X

�
(1)

,··· ,�(l)

(
P

↵ |�(↵)|=N)

lY

↵,�

1

N�(↵),�(�)(
y�

y↵
)

(e.g. [Hwang,Kim,Kim,Park,'14])

24/28

<latexit sha1_base64="/cnyKmxVdU7M8ID6ozQbNE+/OJU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq8H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A0w+M+A==</latexit>

i

<latexit sha1_base64="MeVe00/0c6YGbDnbinzAefhh3JI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLA7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAXj+7nfekKleSwfzSRBP6IDyUPOqLFSfdQrltyyuwBZJ15GSpCh1it+dfsxSyOUhgmqdcdzE+NPqTKcCZwVuqnGhLIxHWDHUkkj1P50ceiMXFilT8JY2ZKGLNTfE1MaaT2JAtsZUTPUq95c/M/rpCa89adcJqlByZaLwlQQE5P516TPFTIjJpZQpri9lbAhVZQZm03BhuCtvrxOmldlr1Ku1K9L1bssjjycwTlcggc3UIUHqEEDGCA8wyu8OSPnxXl3PpatOSebOYU/cD5/ANSTjPk=</latexit>

j

<latexit sha1_base64="MeVe00/0c6YGbDnbinzAefhh3JI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLA7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAXj+7nfekKleSwfzSRBP6IDyUPOqLFSfdQrltyyuwBZJ15GSpCh1it+dfsxSyOUhgmqdcdzE+NPqTKcCZwVuqnGhLIxHWDHUkkj1P50ceiMXFilT8JY2ZKGLNTfE1MaaT2JAtsZUTPUq95c/M/rpCa89adcJqlByZaLwlQQE5P516TPFTIjJpZQpri9lbAhVZQZm03BhuCtvrxOmldlr1Ku1K9L1bssjjycwTlcggc3UIUHqEEDGCA8wyu8OSPnxXl3PpatOSebOYU/cD5/ANSTjPk=</latexit>

j

<latexit sha1_base64="/cnyKmxVdU7M8ID6ozQbNE+/OJU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq8H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A0w+M+A==</latexit>

i

<latexit sha1_base64="/cnyKmxVdU7M8ID6ozQbNE+/OJU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq8H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A0w+M+A==</latexit>

i

<latexit sha1_base64="GZs/qVW6Nv3KDnfVP8HbZT9PIVU=">AAACFHicbVDLSgMxFM34rPU16tJNsAgVaZkRqS6LblxWsA/ojEMmzbShmQdJRihhPsKNv+LGhSJuXbjzb8y0s9DWA4GTc+7l3nv8hFEhLevbWFpeWV1bL22UN7e2d3bNvf2OiFOOSRvHLOY9HwnCaETakkpGegknKPQZ6frj69zvPhAuaBzdyUlC3BANIxpQjKSWPPPUCTjCys6UXXNCJEf6O1Yyq048B7FkhKDw6Mm9qtlZ5pkVq25NAReJXZAKKNDyzC9nEOM0JJHEDAnRt61EugpxSTEjWdlJBUkQHqMh6WsaoZAIV02PyuCxVgYwiLl+kYRT9XeHQqEQk9DXlfneYt7Lxf+8fiqDS1fRKEklifBsUJAyKGOYJwQHlBMs2UQThDnVu0I8QjolqXMs6xDs+ZMXSeesbjfqjdvzSvOqiKMEDsERqAIbXIAmuAEt0AYYPIJn8ArejCfjxXg3PmalS0bRcwD+wPj8AZiZnos=</latexit>

1

1� t(y↵si)�1
<latexit sha1_base64="VfSvTWwFumHzW8NEm3CleQskwW8=">AAACEXicbVC7TsMwFL3hWcorwMgSUSF1oUoQKowVLIxFog+pjSLHdVpTx4lsB1FF+QUWfoWFAYRY2dj4G5w2A7QcydbxOffK9x4/ZlQq2/42lpZXVtfWSxvlza3tnV1zb78to0Rg0sIRi0TXR5IwyklLUcVINxYEhT4jHX98lfudeyIkjfitmsTEDdGQ04BipLTkmdV+IBBOnSx1TvohUiP9HKcqe5jp0qOZvu6yzDMrds2ewlokTkEqUKDpmV/9QYSTkHCFGZKy59ixclMkFMWMZOV+IkmM8BgNSU9TjkIi3XS6UWYda2VgBZHQhytrqv7uSFEo5ST0dWU+tJz3cvE/r5eo4MJNKY8TRTiefRQkzFKRlcdjDaggWLGJJggLqme18AjpKJQOsaxDcOZXXiTt05pTr9VvziqNyyKOEhzCEVTBgXNowDU0oQUYHuEZXuHNeDJejHfjY1a6ZBQ9B/AHxucPYBeeqg==</latexit>

1

1� tx si
sj

<latexit sha1_base64="vvHOw9L2xm0ICAu1rMkboGN+Wjw=">AAACFnicbVC7TsMwFHXKq5RXgJElokJiaRUjVBgrWBiLRB9SEyLHdVpT5yHbQVSRv4KFX2FhACFWxMbf4LQZoOVIto7PuVe+9/gJo0La9rdRWlpeWV0rr1c2Nre2d8zdvY6IU45JG8cs5j0fCcJoRNqSSkZ6CSco9Bnp+uPL3O/eEy5oHN3ISULcEA0jGlCMpJY8s+YEHOEMqgzWnBDJkX6OM6kebrMaVDNTeFTp604pz6zadXsKa5HAglRBgZZnfjmDGKchiSRmSIg+tBPpZohLihlRFScVJEF4jIakr2mEQiLcbLqWso60MrCCmOsTSWuq/u7IUCjEJPR1ZT65mPdy8T+vn8rg3M1olKSSRHj2UZAyS8ZWnpE1oJxgySaaIMypntXCI6SjkDrJig4Bzq+8SDonddioN65Pq82LIo4yOACH4BhAcAaa4Aq0QBtg8AiewSt4M56MF+Pd+JiVloyiZx/8gfH5A/4ZoJA=</latexit>

1

1� tx�1 si
sj

<latexit sha1_base64="I3/TGpBVXVAGGXGi0BHCmwqIzfg=">AAAB/HicbVDLSsNAFJ34rPUV7dJNsAh1UxKR6kYounFZwT6gieVmMmmHTiZhZiKEUH/FjQtF3Poh7vwbp20W2npg4HDOudw7x08Ylcq2v42V1bX1jc3SVnl7Z3dv3zw47Mg4FZi0ccxi0fNBEkY5aSuqGOklgkDkM9L1xzdTv/tIhKQxv1dZQrwIhpyGFIPS0sCsuEyHA3jIay6wZASnk6uBWbXr9gzWMnEKUkUFWgPzyw1inEaEK8xAyr5jJ8rLQSiKGZmU3VSSBPAYhqSvKYeISC+fHT+xTrQSWGEs9OPKmqm/J3KIpMwiXycjUCO56E3F/7x+qsJLL6c8SRXheL4oTJmlYmvahBVQQbBimSaABdW3WngEArDSfZV1Cc7il5dJ56zuNOqNu/Nq87qoo4SO0DGqIQddoCa6RS3URhhl6Bm9ojfjyXgx3o2PeXTFKGYq6A+Mzx8n2JR3</latexit>

�(↵) =

choice of poles           Young diagrams



ObservaMons (1/2)

<latexit sha1_base64="kagn3wO80/pxLJ7gC4NYdpAcseA="></latexit>

IU(N)-[l]
H

IU(1)-[l]
H

s.s.
=

1X

m=0

xmN

1 F (l)
m

(x�1
1 , x1x2; y↵)

<latexit sha1_base64="r8x9k5avLqXy9itU8LRb4OBTSRI="></latexit>

Fm(x1, x2; y↵)

F1(x1, x2; y↵)
s.s.
=

1X

N=0

xmN
1 G(l)

N (x�1
1 , x1x2; y↵)

<latexit sha1_base64="dvAetQbU1EaFA1HDAsBiKaTefrk="></latexit>

F (l)
1 (x1, x2; y↵) =

1

(x1;x1x2)1
�ŝu(l)1(y↵;x1x2)

① Inverse giant graviton expansion works!

②             are related to vacuum characters of affine Kac-Moody algebra with level 1

[Hayashi,TN,Okazaki,'24,'25]
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<latexit sha1_base64="dWsesXfTImSo6fQvxS3sznIVRnI=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIVDdCURCXFewD2hgm00k7dGYSZiZCDcFfceNCEbf+hzv/xmmbhbYeuHA4517uvSeIGVXacb6thcWl5ZXVwlpxfWNza9ve2W2qKJGYNHDEItkOkCKMCtLQVDPSjiVBPGCkFQyvxn7rgUhFI3GnRzHxOOoLGlKMtJF8ez/tYsTgdean/MLN7tMyO858u+RUnAngPHFzUgI56r791e1FOOFEaMyQUh3XibWXIqkpZiQrdhNFYoSHqE86hgrEifLSyfUZPDJKD4aRNCU0nKi/J1LElRrxwHRypAdq1huL/3mdRIfnXkpFnGgi8HRRmDCoIziOAvaoJFizkSEIS2puhXiAJMLaBFY0IbizL8+T5knFrVaqt6el2mUeRwEcgENQBi44AzVwA+qgATB4BM/gFbxZT9aL9W59TFsXrHxmD/yB9fkDlGWUrQ==</latexit>

F (l)
m=1

<latexit sha1_base64="4pjiBY1kK+oy5eZQ/HfA7Z3TFTE="></latexit>

F (2)
m=1 =

1 + 3x1x2 + 4(x1x2)2 + 7(x1x2)3 + 13(x1x2)4 + 19(x1x2)5 + 29(x1x2)6 + 43(x1x2)7 + · · ·
(x1;x1x2)1

<latexit sha1_base64="Js7se4iZ+TshZgmAg94S1tqbqpc="></latexit>

F (3)
m=1 =

1 + 8x1x2 + 17(x1x2)2 + 46(x1x2)3 + 98(x1x2)4 + 198(x1x2)5 + 371(x1x2)6 + 692(x1x2)7 + · · ·
(x1;x1x2)1

<latexit sha1_base64="Pn4wj0NUrGUcfmeoLBqMbxqEBZ0="></latexit>

F (4)
m=1 =

1 + 15x1x2 + 51(x1x2)2 + 172(x1x2)3 + 453(x1x2)4 + 1128(x1x2)5 + 2539(x1x2)6 + 5505(x1x2)7 + · · ·
(x1;x1x2)1...

<latexit sha1_base64="Y8zSkrPa3X0c1OJvYO9ateV8Esg="></latexit>

G(l)
N
(x1, x2; y↵) = IU(N)-[l]

H



<latexit sha1_base64="n/+9A4RYQyfYOKkw9uQhXEs9HHc="></latexit>

lim
x1,x

�1
2 !0

(x1x2=q)

F (l)
m = �ŝu(l)m(y↵; q)

③          contains vacuum characters of affine Kac-Moody algebra with level m
<latexit sha1_base64="s1fh8qe51YFqSzpH/lwr+0eheXk=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahXkoiUj0WBfFYwX5AG8Nmu22X7iZhd1MoIf/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMC2LOlHacb6uwtr6xuVXcLu3s7u0f2IdHLRUlktAmiXgkOwFWlLOQNjXTnHZiSbEIOG0H49uZ355QqVgUPuppTD2BhyEbMIK1kXzbTnsEc3SX+eIprfDzzLfLTtWZA60SNydlyNHw7a9ePyKJoKEmHCvVdZ1YeymWmhFOs1IvUTTGZIyHtGtoiAVVXjq/PENnRumjQSRNhRrN1d8TKRZKTUVgOgXWI7XszcT/vG6iB9deysI40TQki0WDhCMdoVkMqM8kJZpPDcFEMnMrIiMsMdEmrJIJwV1+eZW0LqpurVp7uCzXb/I4inACp1ABF66gDvfQgCYQmMAzvMKblVov1rv1sWgtWPnMMfyB9fkDx6qTHw==</latexit>

F (l)
m

ObservaMons (2/2)

...

<latexit sha1_base64="7hToFVqfPTHI5p18tdJM8SIL5Tk="></latexit>

F (2)
m=2 =

2Y

n=1

1

(xn
1 ;x1x2)1

h
1 + (3x1 + 3x2

1)x2 + (9x2
1 + 7x3

1 + x4
1)x

2
2 + (15x3

1 + 19x4
1 + 4x5

1)x
3
2

+ (30x4
1 + 40x5

1 + 14x6
1)x

4
2 + (54x5

1 + 83x6
1 + 32x7

1 + 3x8
1)x

5
2 + (94x6

1 + 152x7
1 + 72x8

1 + 7x9
1)x

6
2

+ (153x7
1 + 275x8

1 + 144x9
1 + 22x10

1 )x7
2 + · · ·

i

<latexit sha1_base64="v+t4JMUM206fCmezbqjWE0dTnC0="></latexit>

F (2)
m=3 =

3Y

n=1

1

(xn
1 ;x1x2)1

h
1 + (3x1 + 3x2

1 + 3x3
1)x2 + (9x2

1 + 12x3
1 + 13x4

1 + 4x5
1 + x6

1)x
2
2

+ (22x3
1 + 32x4

1 + 39x5
1 + 20x6

1 + 7x7
1)x

3
2 + (42x4

1 + 77x5
1 + 103x6

1 + 65x7
1 + 30x8

1 + 4x9
1)x

4
2

+ (81x5
1 + 167x6

1 + 241x7
1 + 180x8

1 + 97x9
1 + 23x10

1 + 3x11
1 )x5

2

+ (151x6
1 + 337x7

1 + 517x8
1 + 437x9

1 + 264x10
1 + 84x11

1 + 17x12
1 )x6

2

+ (264x7
1 + 643x8

1 + 1042x9
1 + 967x10

1 + 646x11
1 + 251x12

1 + 62x13
1 + 4x14

1 )x7
2 + · · ·

i

[Hayashi,TN,Okazaki,'24,'25]
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Summary

・M2-M5 giant graviton expansion works in 3d Coulomb/Higgs limit!

・Propose 2-parameter refinement of mulUple-M5 indices (with      -orbifold)

・In Higgs limit, M5 indices are related to affine KM characters (c.f. [Nishioka,Tachikawa,'11])

<latexit sha1_base64="eocS6D5zBCMrTlg4XQ3+DXToJYs=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ad2hpJJM21okhmSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnTDjTxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVhLZJzGPVC7GmnEnaNsxw2ksUxSLktBtObnO/+0SVZrF8MNOEBgKPJIsYwcZKvi+wGYdh9jgb8EG15tbdOdAq8QpSgwKtQfXLH8YkFVQawrHWfc9NTJBhZRjhdFbxU00TTCZ4RPuWSiyoDrJ55hk6s8oQRbGyTxo0V39vZFhoPRWhncwz6mUvF//z+qmJroOMySQ1VJLFoSjlyMQoLwANmaLE8KklmChmsyIyxgoTY2uq2BK85S+vks5F3WvUG/eXteZNUUcZTuAUzsGDK2jCHbSgDQQSeIZXeHNS58V5dz4WoyWn2DmGP3A+fwBTaJHk</latexit>Zl

27/28

<latexit sha1_base64="TuxAhKmT63rT5jMn3tcM6OT8yro="></latexit>

IM5 = Tr[(�1)F e��{Q,Q†}p
3(R12+R34)

2 +J12+J34+J56uR12�R34yJ12
1 yJ34

2 yJ56
3 ]

<latexit sha1_base64="zMEyOf4LSt2En/fYvvrdhgQtg30="></latexit>

I(twist)
M5 (x1, x2) ⌘ lim

p,y1,y3!0,
u,y2!1,

x1=p
3
2 : fixed,

x2=p� 1
2 u�1y2: fixed

IM5(p, u, y1, y2, y3)

<latexit sha1_base64="DEIlaxBwE4SHuy50z4XZY7Tq5I4="></latexit>

IU(N)-[1]
C/H

(x1, x2)

IU(1)-[1]
C/H

(x1, x2)

s.s.
=

1X

m=0

xmN

1 I(twist)
mM5 (x�1

1 , x1x2),
I(twist)
mM5 (x1, x2)

I(twist)
1M5 (x1, x2)

s.s.
=

1X

m=0

xmN

1 IU(N)-[1]
C/H

(x�1
1 , x1x2)

: "Twisted limit"

[Hayashi,TN,Okazaki,'24]



Future direcMons

・DerivaUon of finite N correcUons from gravity side?
[Elenherious,Murthy,Rossello,'23][Deddo,Liu,Pando-Zayas,Saskowski,'24]

・DerivaUon from direct M5 index calculaUon

・IdenUfy /derive full structure of M5 indices in Higgs limit?

we have to first understand     -acUon on M5 worldvolume/target space
<latexit sha1_base64="eocS6D5zBCMrTlg4XQ3+DXToJYs=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ad2hpJJM21okhmSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnTDjTxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVhLZJzGPVC7GmnEnaNsxw2ksUxSLktBtObnO/+0SVZrF8MNOEBgKPJIsYwcZKvi+wGYdh9jgb8EG15tbdOdAq8QpSgwKtQfXLH8YkFVQawrHWfc9NTJBhZRjhdFbxU00TTCZ4RPuWSiyoDrJ55hk6s8oQRbGyTxo0V39vZFhoPRWhncwz6mUvF//z+qmJroOMySQ1VJLFoSjlyMQoLwANmaLE8KklmChmsyIyxgoTY2uq2BK85S+vks5F3WvUG/eXteZNUUcZTuAUzsGDK2jCHbSgDQQSeIZXeHNS58V5dz4WoyWn2DmGP3A+fwBTaJHk</latexit>Zl

・M5-interpretaUon of mulU-sum expansion coefficients in Coulomb limit?
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・MulU-sum expansion in Higgs limit?

understand simplificaUon in "twisted limit"
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BKUP



Parameter idenMficaMon - step 1 (detail)

In          , wrapped M5 on                         preserves

subalgebra

subalgebra

Match ① with ②

①

②
<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="aDYWKGK7vyccuK52w07lxTxGxxM=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBbBQymJSu1FKHrxWMF+QBvLZrNpl242YXeilND/4cWDIl79L978N27bHLT1wcDjvRlm5nmx4Bps+9vKrayurW/kNwtb2zu7e8X9g5aOEkVZk0YiUh2PaCa4ZE3gIFgnVoyEnmBtb3Qz9duPTGkeyXsYx8wNyUDygFMCRnogZe/qvNyjfgS6XOsXS3bFngEvEycjJZSh0S9+9fyIJiGTQAXRuuvYMbgpUcCpYJNCL9EsJnREBqxrqCQh0246u3qCT4zi4yBSpiTgmfp7IiWh1uPQM50hgaFe9Kbif143gaDmplzGCTBJ54uCRGCI8DQC7HPFKIixIYQqbm7FdEgUoWCCKpgQnMWXl0nrrOJUK9W7i1L9Oosjj47QMTpFDrpEdXSLGqiJKFLoGb2iN+vJerHerY95a87KZg7RH1ifP93nkXk=</latexit>

a, b = 3, · · · , 8

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

h =
H

2
� 3R12

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

<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="HGIrB6/OFcHrEW96qKL/t7r/p5Y=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5id9CZDZmeHmVkhhHyEFw+KePV7vPk3TpI9aLSgoajqprsrUoIb6/tfXmFtfWNzq7hd2tnd2z8oHx61TJpphk2WilR3ImpQcIlNy63AjtJIk0hgOxrfzv32I2rDU/lgJwrDhA4ljzmj1kntnsmUQdsvV/yqvwD5S4KcVCBHo1/+7A1SliUoLRPUmG7gKxtOqbacCZyVeplBRdmYDrHrqKQJmnC6OHdGzpwyIHGqXUlLFurPiSlNjJkkketMqB2ZVW8u/ud1Mxtfh1MuVWZRsuWiOBPEpmT+OxlwjcyKiSOUae5uJWxENWXWJVRyIQSrL/8lrYtqUKvW7i8r9Zs8jiKcwCmcQwBXUIc7aEATGIzhCV7g1VPes/fmvS9bC14+cwy/4H18A6aCj8s=</latexit>�
<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="TmG/E4GFEMvvCcDdywckZ45LWgM=">AAACAnicbZDLSsNAFIYn9VbrLepK3ASL4KokVarLohtdCBXsBdoYJpNJO3RyYeZELCG48VXcuFDErU/hzrdx2mahrT8MfPznHM6c3405k2Ca31phYXFpeaW4Wlpb39jc0rd3WjJKBKFNEvFIdFwsKWchbQIDTjuxoDhwOW27w4txvX1PhWRReAujmNoB7ofMZwSDshx978pJe0AfIL2uZtldzsdeljl62ayYExnzYOVQRrkajv7V8yKSBDQEwrGUXcuMwU6xAEY4zUq9RNIYkyHu067CEAdU2unkhMw4VI5n+JFQLwRj4v6eSHEg5ShwVWeAYSBna2Pzv1o3Af/MTlkYJ0BDMl3kJ9yAyBjnYXhMUAJ8pAATwdRfDTLAAhNQqZVUCNbsyfPQqlasWqV2c1Kun+dxFNE+OkBHyEKnqI4uUQM1EUGP6Bm9ojftSXvR3rWPaWtBy2d20R9pnz8kLZfu</latexit>

I3dM2

<latexit sha1_base64="OUafjihl2dn3x4E6i5HIjpR9na4=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiuCqJaHVZdKMLoYK9QBvDZDJth04uzJyIJQQ3voobF4q49Snc+TZO2yy09YeBj/+cw5nze7HgCizr25ibX1hcWi6sFFfX1jc2za3thooSSVmdRiKSLY8oJnjI6sBBsFYsGQk8wZre4GJUb94zqXgU3sIwZk5AeiHvckpAW665e+WmHWAPkF6fZNldzhU/y1yzZJWtsfAs2DmUUK6aa351/IgmAQuBCqJU27ZicFIigVPBsmInUSwmdEB6rK0xJAFTTjo+IcMH2vFxN5L6hYDH7u+JlARKDQNPdwYE+mq6NjL/q7UT6J45KQ/jBFhIJ4u6icAQ4VEe2OeSURBDDYRKrv+KaZ9IQkGnVtQh2NMnz0LjqGxXypWb41L1PI+jgPbQPjpENjpFVXSJaqiOKHpEz+gVvRlPxovxbnxMWueMfGYH/ZHx+QMteJf0</latexit>

I6dM5In          , wrapped M2 on                            preserves

<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="XNRu2mqkfs7xAqjYIv8/9E7g5F4=">AAAB+nicbZDLSsNAFIZPvNZ6S3XpZrAIrkpSpLoRim5cVrEXaEOYTKft0MkkzEyUEvsoblwo4tYncefbOE2z0NYfBj7+cw7nzB/EnCntON/Wyura+sZmYau4vbO7t2+XDloqSiShTRLxSHYCrChngjY105x2YklxGHDaDsbXs3r7gUrFInGvJzH1QjwUbMAI1sby7ZL0U7c6vezFIbrL0LfLTsXJhJbBzaEMuRq+/dXrRyQJqdCEY6W6rhNrL8VSM8LptNhLFI0xGeMh7RoUOKTKS7PTp+jEOH00iKR5QqPM/T2R4lCpSRiYzhDrkVqszcz/at1EDy68lIk40VSQ+aJBwpGO0CwH1GeSEs0nBjCRzNyKyAhLTLRJq2hCcBe/vAytasWtVWq3Z+X6VR5HAY7gGE7BhXOoww00oAkEHuEZXuHNerJerHfrY966YuUzh/BH1ucP936TLg==</latexit>

r12 = ±R12

<latexit sha1_base64="lF9zmMGt2YBHyQ3LpMN+Ny9Prm8="></latexit>(
h� 1

2r12 = �(H � 2R12)

h� r12 = ⇢(H �R12)

<latexit sha1_base64="Hh4rP85qfQPd6zZpFp3Xy8tp1EI=">AAACIHicbZDNSwJBGMZn7cvsy+rYZUgCA5HdCO0SSF06KuQHuCaz46sOzn4wMyvIsn9Kl/6VLh2KqFv9NY26UWkPDPx4nvdleB8n4Ewq0/wwUiura+sb6c3M1vbO7l52/6Ah/VBQqFOf+6LlEAmceVBXTHFoBQKI63BoOqPrad4cg5DM927VJICOSwYe6zNKlLa62bIdRTYlHNfiwjfc2T0yGICw48t84Eum2BhO7ahWqP0k3WzOLJoz4WWwEsihRNVu9t3u+TR0wVOUEynblhmoTkSEYpRDnLFDCQGhIzKAtkaPuCA70ezAGJ9op4f7vtDPU3jm/t6IiCvlxHX0pEvUUC5mU/O/rB2q/kUnYl4QKvDo/KN+yLHy8bQt3GMCqOITDYQK3QTFdEgEoUp3mtElWIsnL0PjrGiViqXaea5yldSRRkfoGOWRhcqogm5QFdURRffoET2jF+PBeDJejbf5aMpIdg7RHxmfX9Mzo2k=</latexit>

{Q,Q†} = (positive){Q,Q†}
<latexit sha1_base64="N39qpndIPxP2pHX4UA/ZNVf0q+g=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCqzJTpLopFN24rGAf0BlKJpNpQzPJkGSEMowbf8WNC0Xc+hfu/BvTdhbaeiBwOOdcbu4JEkaVdpxva2V1bX1js7RV3t7Z3du3Dw47SqQSkzYWTMhegBRhlJO2ppqRXiIJigNGusH4Zup3H4hUVPB7PUmIH6MhpxHFSBtpYB97zIRD1PDkSDS8SCKcuXlWywd2xak6M8Bl4hakAgq0BvaXFwqcxoRrzJBSfddJtJ8hqSlmJC97qSIJwmM0JH1DOYqJ8rPZBTk8M0oIIyHN4xrO1N8TGYqVmsSBScZIj9SiNxX/8/qpjq78jPIk1YTj+aIoZVALOK0DhlQSrNnEEIQlNX+FeIRMC9qUVjYluIsnL5NOrerWq/W7i0rzuqijBE7AKTgHLrgETXALWqANMHgEz+AVvFlP1ov1bn3MoytWMXME/sD6/AFIJ5bN</latexit>

� = ⇢ =
1

2

<latexit sha1_base64="GezkXGKsW8Xai/fgm6pHbsnyfZA="></latexit>(
h = (2�� ⇢)H + (�4�+ ⇢)R12

r12 = (2�� 2⇢)H + (�4�+ 2⇢)R12

<latexit sha1_base64="aCqmejvSvtsJNl7bmNUMLStsfeM="></latexit>

so(3)jij ⇥ so(6)rab ⇥ u(1)h� 1
2 r12

<latexit sha1_base64="V2PjxZZKVvloL3TwYM1gHndOMjE="></latexit>

so(6)Jij ⇥ so(3)Rab ⇥ u(1)H�2R12

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

4X

a=1

|za|2 = 1
⌘

Impose and

<latexit sha1_base64="lMX7exwkW+5hzAgPFHpjKTSHZkI=">AAACFHicbVDLSsNAFJ3UV62vqks3wSJUCiUJtYpQKHXjsqJ9YJOGyXTaDp1JwsxEKGk/wo2/4saFIm5duPNvnD4W2npg4HDOudy5xwspEdIwvrXEyura+kZyM7W1vbO7l94/qIsg4gjXUEAD3vSgwJT4uCaJpLgZcgyZR3HDG1xN/MYD5oIE/p0chthhsOeTLkFQKslN5+wK6dHsbbtwaYuIuTEsmeO2Nbp34aht5ZruWdsqmZMQP3XTGSNvTKEvE3NOMmCOqpv+sjsBihj2JaJQiJZphNKJIZcEUTxO2ZHAIUQD2MMtRX3IsHDi6VFj/UQpHb0bcPV8qU/V3xMxZEIMmaeSDMq+WPQm4n9eK5LdCycmfhhJ7KPZom5EdRnok4b0DuEYSTpUBCJO1F911IccIql6TKkSzMWTl0ndypvFfPGmkClX5nUkwRE4BllggnNQBtegCmoAgUfwDF7Bm/akvWjv2scsmtDmM4fgD7TPH54MnKw=</latexit>⇣
S4 :

2X

a=1

|Za|2 +X2
5 = 1

⌘



<latexit sha1_base64="/onu+dNR6HPFz0mE85daks2Sqnw="></latexit>

N IU(N)-[2]

IU(1)-[2]

���
x2

1 �x1 � 4x2
1 � 3x3

1 + x4
1 + 5x5

1 + 8x6
1 + 8x7

1 + 7x8
1 + 3x9

1 � x10
1 � 5x11

1 + · · ·
2 �x2

1 � 4x3
1 � 4x4

1 � 3x5
1 + x6

1 + 5x7
1 + 9x8

1 + 12x9
1 + 12x10

1 + 11x11
1 + 7x12

1 + · · ·
3 �x3

1 � 4x4
1 � 4x5

1 � 4x6
1 � 3x7

1 + x8
1 + 5x9

1 + 9x10
1 + 13x11

1 + 16x12
1 + 16x13

1 + · · ·
4 �x4

1 � 4x5
1 � 4x6

1 � 4x7
1 � 4x8

1 � 3x9
1 + x10

1 + 5x11
1 + 9x12

1 + 13x13
1 + 17x14

1 + · · ·
5 �x5

1 � 4x6
1 � 4x7

1 � 4x8
1 � 4x9

1 � 4x10
1 � 3x11

1 + x12
1 + 5x13

1 + 9x14
1 + 13x15

1 + · · ·
6 �x6

1 � 4x7
1 � 4x8

1 � 4x9
1 � 4x10

1 � 4x11
1 � 4x12

1 � 3x13
1 + x14

1 + 5x15
1 + 9x16

1 + · · ·
7 �x7

1 � 4x8
1 � 4x9

1 � 4x10
1 � 4x11

1 � 4x12
1 � 4x13

1 � 4x14
1 � 3x15

1 + x16
1 + 5x17

1 + · · ·
8 �x8

1 � 4x9
1 � 4x10

1 � 4x11
1 � 4x12

1 � 4x13
1 � 4x14

1 � 4x15
1 � 4x16

1 � 3x17
1 + x18

1 + · · ·
9 �x9

1 � 4x10
1 � 4x11

1 � 4x12
1 � 4x13

1 � 4x14
1 � 4x15

1 � 4x16
1 � 4x17

1 � 4x18
1 � 3x19

1 + · · ·
10 �x10

1 � 4x11
1 � 4x12

1 � 4x13
1 � 4x14

1 � 4x15
1 � 4x16

1 � 4x17
1 � 4x18

1 � 4x19
1 � 4x20

1 + · · ·

Example: 
<latexit sha1_base64="9AAid+Z/sgWFbDhsmolMhZ9+DLM=">AAAB+3icbVDLSgNBEOyNrxhfazx6GQxCBAm7QaIXIejFmxHMA5JlmZ1MkiGzD2ZmJWHZX/HiQRGv/og3/8ZJsgdNLGgoqrrp7vIizqSyrG8jt7a+sbmV3y7s7O7tH5iHxZYMY0Fok4Q8FB0PS8pZQJuKKU47kaDY9zhte+Pbmd9+okKyMHhU04g6Ph4GbMAIVlpyzSK/rp6jpEcwR/dpeeJWz1yzZFWsOdAqsTNSggwN1/zq9UMS+zRQhGMpu7YVKSfBQjHCaVroxZJGmIzxkHY1DbBPpZPMb0/RqVb6aBAKXYFCc/X3RIJ9Kae+pzt9rEZy2ZuJ/3ndWA2unIQFUaxoQBaLBjFHKkSzIFCfCUoUn2qCiWD6VkRGWGCidFwFHYK9/PIqaVUrdq1Se7go1W+yOPJwDCdQBhsuoQ530IAmEJjAM7zCm5EaL8a78bFozRnZzBH8gfH5A5Makt4=</latexit>

l = 2,O(x2)

<latexit sha1_base64="X3RrPXWDxuiPYwKlMHE87teRUHk="></latexit>

F (2)
1

���
x2

= �1� 4x1 � 4x2
1 � 4x3

1 � 4x4
1 � 4x5

1 � 4x6
1 � 4x7

1 � 4x8
1 � 4x9

1 � 4x10
1 + · · ·

= �1 + 3x1

1� x1



<latexit sha1_base64="8+aPkOxJJR/aLRGPGIMCqolnxk0="></latexit>

N IU(N)-[2]

IU(1)-[2]

���
x2

� xN
1 (� 1+3x1

1�x1
)

1 x3
1 + 5x4

1 + 9x5
1 + 12x6

1 + 12x7
1 + 11x8

1 + 7x9
1 + 3x10

1 � x11
1 � 5x12

1 � 8x13
1 � 8x14

1 + · · ·
2 x5

1 + 5x6
1 + 9x7

1 + 13x8
1 + 16x9

1 + 16x10
1 + 15x11

1 + 11x12
1 + 6x13

1 � x14
1 � 6x15

1 � 13x16
1 + · · ·

3 x7
1 + 5x8

1 + 9x9
1 + 13x10

1 + 17x11
1 + 20x12

1 + 20x13
1 + 19x14

1 + 15x15
1 + 10x16

1 + 2x17
1 � 6x18

1 + · · ·
4 x9

1 + 5x10
1 + 9x11

1 + 13x12
1 + 17x13

1 + 21x14
1 + 24x15

1 + 24x16
1 + 23x17

1 + 19x18
1 + 14x19

1 + 6x20
1 + · · ·

5 x11
1 + 5x12

1 + 9x13
1 + 13x14

1 + 17x15
1 + 21x16

1 + 25x17
1 + 28x18

1 + 28x19
1 + 27x20

1 + 23x21
1 + 18x22

1 + · · ·
6 x13

1 + 5x14
1 + 9x15

1 + 13x16
1 + 17x17

1 + 21x18
1 + 25x19

1 + 29x20
1 + 32x21

1 + 32x22
1 + 31x23

1 + 27x24
1 + · · ·

7 x15
1 + 5x16

1 + 9x17
1 + 13x18

1 + 17x19
1 + 21x20

1 + 25x21
1 + 29x22

1 + 33x23
1 + 36x24

1 + 36x25
1 + 35x26

1 + · · ·
8 x17

1 + 5x18
1 + 9x19

1 + 13x20
1 + 17x21

1 + 21x22
1 + 25x23

1 + 29x24
1 + 33x25

1 + 37x26
1 + 40x27

1 + 40x28
1 + · · ·

9 x19
1 + 5x20

1 + 9x21
1 + 13x22

1 + 17x23
1 + 21x24

1 + 25x25
1 + 29x26

1 + 33x27
1 + 37x28

1 + 41x29
1 + 44x30

1 + · · ·
10 x21

1 + 5x22
1 + 9x23

1 + 13x24
1 + 17x25

1 + 21x26
1 + 25x27

1 + 29x28
1 + 33x29

1 + 37x30
1 + 41x31

1 + 45x32
1 + · · ·

Example: 
<latexit sha1_base64="9AAid+Z/sgWFbDhsmolMhZ9+DLM=">AAAB+3icbVDLSgNBEOyNrxhfazx6GQxCBAm7QaIXIejFmxHMA5JlmZ1MkiGzD2ZmJWHZX/HiQRGv/og3/8ZJsgdNLGgoqrrp7vIizqSyrG8jt7a+sbmV3y7s7O7tH5iHxZYMY0Fok4Q8FB0PS8pZQJuKKU47kaDY9zhte+Pbmd9+okKyMHhU04g6Ph4GbMAIVlpyzSK/rp6jpEcwR/dpeeJWz1yzZFWsOdAqsTNSggwN1/zq9UMS+zRQhGMpu7YVKSfBQjHCaVroxZJGmIzxkHY1DbBPpZPMb0/RqVb6aBAKXYFCc/X3RIJ9Kae+pzt9rEZy2ZuJ/3ndWA2unIQFUaxoQBaLBjFHKkSzIFCfCUoUn2qCiWD6VkRGWGCidFwFHYK9/PIqaVUrdq1Se7go1W+yOPJwDCdQBhsuoQ530IAmEJjAM7zCm5EaL8a78bFozRnZzBH8gfH5A5Makt4=</latexit>

l = 2,O(x2)

<latexit sha1_base64="hnPA/MEaNdPLnNxcnA9Cb7vXMUA="></latexit>

F (2)
2

���
x2

= x1 + 5x2
1 + 9x3

1 + 13x4
1 + 17x5

1 + 21x6
1 + 25x7

1 + 29x8
1 + 33x9

1 + 37x10
1 + 41x11

1 + 45x12
1 + · · ·

<latexit sha1_base64="OJzY+ELo8zFmxu0GieO5laIVn4Y=">AAACB3icbZBNS8MwGMfT+TbnW9WjIMEhTMTRTplehKEXjxPcC2y1pFnqwtK0JKk4ym5e/CpePCji1a/gzW9juvWgmw8k/Pj/n4fk+XsRo1JZ1reRm5tfWFzKLxdWVtfWN8zNraYMY4FJA4csFG0PScIoJw1FFSPtSBAUeIy0vMFl6rfuiZA05DdqGBEnQHec+hQjpSXX3D3v+gLh5MG1D4/1dVsZJSX7SNOBxoJrFq2yNS44C3YGRZBV3TW/ur0QxwHhCjMkZce2IuUkSCiKGRkVurEkEcIDdEc6GjkKiHSS8R4juK+VHvRDoQ9XcKz+nkhQIOUw8HRngFRfTnup+J/XiZV/5iSUR7EiHE8e8mMGVQjTUGCPCoIVG2pAWFD9V4j7SOeidHRpCPb0yrPQrJTtarl6fVKsXWRx5MEO2AMlYINTUANXoA4aAINH8AxewZvxZLwY78bHpDVnZDPb4E8Znz/GkpdW</latexit>

=
x1 + 3x2

1

(1� x1)2



<latexit sha1_base64="FF94K0xeYQnhPZwQYvrwtT0ZSZQ="></latexit>

N IU(N)-[2]

IU(1)-[2]

���
x2

� {xN
1 (� 1+3x1

1�x1
) + x2N

1 ( x1+3x2
1

(1�x1)2
)}

1 �x6
1 � 5x7

1 � 10x8
1 � 18x9

1 � 26x10
1 � 34x11

1 � 42x12
1 � 49x13

1 � 53x14
1 � 57x15

1 � 60x16
1 � 60x17

1 + · · ·
2 �x9

1 � 5x10
1 � 10x11

1 � 18x12
1 � 27x13

1 � 38x14
1 � 47x15

1 � 58x16
1 � 66x17

1 � 73x18
1 � 77x19

1 � 80x20
1 + · · ·

3 �x12
1 � 5x13

1 � 10x14
1 � 18x15

1 � 27x16
1 � 39x17

1 � 51x18
1 � 63x19

1 � 75x20
1 � 86x21

1 � 94x22
1 � 101x23

1 + · · ·
4 �x15

1 � 5x16
1 � 10x17

1 � 18x18
1 � 27x19

1 � 39x20
1 � 52x21

1 � 67x22
1 � 80x23

1 � 95x24
1 � 107x25

1 � 118x26
1 + · · ·

5 �x18
1 � 5x19

1 � 10x20
1 � 18x21

1 � 27x22
1 � 39x23

1 � 52x24
1 � 68x25

1 � 84x26
1 � 100x27

1 � 116x28
1 � 131x29

1 + · · ·
6 �x21

1 � 5x22
1 � 10x23

1 � 18x24
1 � 27x25

1 � 39x26
1 � 52x27

1 � 68x28
1 � 85x29

1 � 104x30
1 � 121x31

1 � 140x32
1 + · · ·

7 �x24
1 � 5x25

1 � 10x26
1 � 18x27

1 � 27x28
1 � 39x29

1 � 52x30
1 � 68x31

1 � 85x32
1 � 105x33

1 � 125x34
1 � 145x35

1 + · · ·
8 �x27

1 � 5x28
1 � 10x29

1 � 18x30
1 � 27x31

1 � 39x32
1 � 52x33

1 � 68x34
1 � 85x35

1 � 105x36
1 � 126x37

1 � 149x38
1 + · · ·

9 �x30
1 � 5x31

1 � 10x32
1 � 18x33

1 � 27x34
1 � 39x35

1 � 52x36
1 � 68x37

1 � 85x38
1 � 105x39

1 � 126x40
1 � 150x41

1 + · · ·
10 �x33

1 � 5x34
1 � 10x35

1 � 18x36
1 � 27x37

1 � 39x38
1 � 52x39

1 � 68x40
1 � 85x41

1 � 105x42
1 � 126x43

1 � 150x44
1 + · · ·

<latexit sha1_base64="/X7wVqi5Mdxvu5SkTyk7WTmu9GQ=">AAACEnicbZBNS8MwGMdTX+d8q3r0UhzChmy025hehKEXjxPcC2xdSbN0C0vTkqTiKPsMXvwqXjwo4tWTN7+N6daDbj4Q8uP/fx6S5++GlAhpmt/ayura+sZmZiu7vbO7t68fHLZEEHGEmyigAe+4UGBKGG5KIinuhBxD36W47Y6vE799j7kgAbuTkxDbPhwy4hEEpZIcvXBZ7HkcovjBsfqVs0pyVadx3ioqKvTLc+iXC1NHz5klc1bGMlgp5EBaDUf/6g0CFPmYSUShEF3LDKUdQy4Jonia7UUChxCN4RB3FTLoY2HHs5WmxqlSBoYXcHWYNGbq74kY+kJMfFd1+lCOxKKXiP953Uh6F3ZMWBhJzND8IS+ihgyMJB9jQDhGkk4UQMSJ+quBRlAlJFWKWRWCtbjyMrTKJatWqt1Wc/WrNI4MOAYnIA8scA7q4AY0QBMg8AiewSt40560F+1d+5i3rmjpzBH4U9rnD1mUmsE=</latexit>

= � x3
1 + 3x4

1

(1� x1)2(1� x2
1)

Example: 
<latexit sha1_base64="9AAid+Z/sgWFbDhsmolMhZ9+DLM=">AAAB+3icbVDLSgNBEOyNrxhfazx6GQxCBAm7QaIXIejFmxHMA5JlmZ1MkiGzD2ZmJWHZX/HiQRGv/og3/8ZJsgdNLGgoqrrp7vIizqSyrG8jt7a+sbmV3y7s7O7tH5iHxZYMY0Fok4Q8FB0PS8pZQJuKKU47kaDY9zhte+Pbmd9+okKyMHhU04g6Ph4GbMAIVlpyzSK/rp6jpEcwR/dpeeJWz1yzZFWsOdAqsTNSggwN1/zq9UMS+zRQhGMpu7YVKSfBQjHCaVroxZJGmIzxkHY1DbBPpZPMb0/RqVb6aBAKXYFCc/X3RIJ9Kae+pzt9rEZy2ZuJ/3ndWA2unIQFUaxoQBaLBjFHKkSzIFCfCUoUn2qCiWD6VkRGWGCidFwFHYK9/PIqaVUrdq1Se7go1W+yOPJwDCdQBhsuoQ530IAmEJjAM7zCm5EaL8a78bFozRnZzBH8gfH5A5Makt4=</latexit>

l = 2,O(x2)

<latexit sha1_base64="/wSyQ4wfR3W+/Kw9jyxtxXedBMU="></latexit>

F (2)
3

���
x2

= �x3
1 � 5x4

1 � 10x5
1 � 18x6

1 � 27x7
1 � 39x8

1 � 52x9
1 � 68x10

1 � 85x11
1 � 105x12

1 � 126x13
1 � 150x14

1

<latexit sha1_base64="J1EuOreD1mnosbab8oM8UPuwksU=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARBLFMxLYui25cVrAPaMchk0nb0MxkSDJiGbvwV9y4UMStv+HOvzFtZ6HVAxcO59zLvff4MWdKO86XlVtYXFpeya8W1tY3Nrfs7Z2mEokktEEEF7LtY0U5i2hDM81pO5YUhz6nLX94OfFbd1QqJqIbPYqpG+J+xHqMYG0kz96DJxBVy/DeQ7cpKo+PuyQQWnl20Sk5U8C/BGWkCDLUPfuzGwiShDTShGOlOsiJtZtiqRnhdFzoJorGmAxxn3YMjXBIlZtO7x/DQ6MEsCekqUjDqfpzIsWhUqPQN50h1gM1703E/7xOonvnbsqiONE0IrNFvYRDLeAkDBgwSYnmI0MwkczcCskAS0y0iaxgQkDzL/8lzdMSqpQq12fF2kUWRx7sgwNwBBCoghq4AnXQAAQ8gCfwAl6tR+vZerPeZ605K5vZBb9gfXwD49SUJA==</latexit>

�175x15
1 + · · ·


