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Object:	3d	supersymmetric	Chern-Simons	maMer	theories	on	M2-branes

supersymmetric	observables

It	turned	out	that	M2-matrix	models	are	interescng	by	themselves

q-Painlevétopological	stringall	order	1/N	pert.	=	Airy

M2	parccon	funccon											1d	quantum	curve

This	talk

Original	mocvacons:

-	Fundamental	objects	in	M-theory

-	Unconvenconal	scaling	of	free	energy F ⇠ N
3
2

<latexit sha1_base64="+5RZHmJv3GDaH4TCFGZjrnahRks=">AAAB/nicbVBNSwMxEM3Wr1q/VsWTl2ARPJXdVtBjURBPUsG2QreWbJptQ5PskmSFEhb8K148KOLV3+HNf2Pa7kFbHww83pthZl6YMKq05307haXlldW14nppY3Nre8fd3WupOJWYNHHMYnkfIkUYFaSpqWbkPpEE8ZCRdji6nPjtRyIVjcWdHieky9FA0IhipK3Ucw+uAkU5vHkwQSQRNrXMVLOs55a9ijcFXCR+TsogR6PnfgX9GKecCI0ZUqrje4nuGiQ1xYxkpSBVJEF4hAakY6lAnKiumZ6fwWOr9GEUS1tCw6n6e8IgrtSYh7aTIz1U895E/M/rpDo67xoqklQTgWeLopRBHcNJFrBPJcGajS1BWFJ7K8RDZGPQNrGSDcGff3mRtKoVv1ap3p6W6xd5HEVwCI7ACfDBGaiDa9AATYCBAc/gFbw5T86L8+58zFoLTj6zD/7A+fwB9OKVfQ==</latexit>

-	Fundamental	example	of	AdS/CFT	correspondence

solvable	(wriMen	in	matrix	model)

[Hosomichi,Lee,Lee,Lee,Park,'08][Aharony,Bergman,Jafferis,Maldacena,'08]



Painlevé	equa3ons	and	q-upli9	of	PIII

Painlevé	property:		solucon	should	not	have	an	inical	value-dependent	branch	point

PVI PV PIII PIII PIII

PIV PII PI

321

Non-trivial	2nd	order	ODE	with	Painlevé	property	were	classified	into	six:
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<latexit sha1_base64="U4620JkH97F2ngXCtpIbJNSqu4Q=">AAACUnicbVJbS8MwGM3mbc6pVR99KQ5BEEdbBX0Rhr74OMFdYK0jTdMtLL2QfBVG6W8UxBd/iC8+qOlWZG77IOHknO+Q5CRuzJkEw/goldfWNza3KtvVndru3r52cNiRUSIIbZOIR6LnYkk5C2kbGHDaiwXFgctp1x3f53r3hQrJovAJJjF1AjwMmc8IBkUNNGZ7XgSpzZXFw9mt7QtMUnuee7ayP3yxQs9SyM5nvFVwuQXUVLTnq2yg1Y2GMS19GZgFqKOiWgPtTW1DkoCGQDiWsm8aMTgpFsAIp1nVTiSNMRnjIe0rGOKASiedRpLpp4rxdD8SaoSgT9l5R4oDKSeBqzoDDCO5qOXkKq2fgH/jpCyME6AhmW3kJ1yHSM/z1T0mKAE+UQATwdRZdTLCKgVQr1BVIZiLV14GHathXjasx6t6866Io4KO0Qk6Qya6Rk30gFqojQh6RZ/oG/2U3ktfZfVLZq3lUuE5Qv+qXPsFWy23hA==</latexit>

�̇ = �↵
<latexit sha1_base64="31gFtqV5iFEOnbFDhNJJc/Cv658=">AAACBXicbVDLSgMxFM3UV62vUZe6CBbBVZmpgm6EohuXFewDOmO5k0nb0ExmSDJCGbpx46+4caGIW//BnX9j2s5CWw8EDufck+SeIOFMacf5tgpLyyura8X10sbm1vaOvbvXVHEqCW2QmMeyHYCinAna0Exz2k4khSjgtBUMryd+64FKxWJxp0cJ9SPoC9ZjBLSRuvahF8Y687hJhDC+zMm9BzwZQNcuOxVnCrxI3JyUUY561/4y15E0okITDkp1XCfRfgZSM8LpuOSliiZAhtCnHUMFRFT52XSLMT42Soh7sTRHaDxVfycyiJQaRYGZjEAP1Lw3Ef/zOqnuXfgZE0mqqSCzh3opxzrGk0pwyCQlmo8MASKZ+SsmA5BAtCmuZEpw51deJM1qxT2tVG/PyrWrvI4iOkBH6AS56BzV0A2qowYi6BE9o1f0Zj1ZL9a79TEbLVh5Zh/9gfX5A/D+mNk=</latexit>

� = (t� t0)
1

1�↵
<latexit sha1_base64="CaeGUMnwMWPd9uIITM2xqs9lA1Q=">AAACDXicbVC7SgNBFJ2NrxhfUUubxSjEImE3CtoIQRvLCOYB2RjuTmaTIbMPZu4KYdkfsPFXbCwUsbW382+cPApNPDBwOOdc7tzjRoIrtKxvI7O0vLK6ll3PbWxube/kd/caKowlZXUailC2XFBM8IDVkaNgrUgy8F3Bmu7weuw3H5hUPAzucBSxjg/9gHucAmqpmz9yhA734LKIJexaJ/eJ40mgiZ0mdskBEQ0gTbv5glW2JjAXiT0jBTJDrZv/cnohjX0WIBWgVNu2IuwkIJFTwdKcEysWAR1Cn7U1DcBnqpNMrknNY630TC+U+gVoTtTfEwn4So18Vyd9wIGa98bif147Ru+ik/AgipEFdLrIi4WJoTmuxuxxySiKkSZAJdd/NekAdBuoC8zpEuz5kxdJo1K2T8uV27NC9WpWR5YckENSJDY5J1VyQ2qkTih5JM/klbwZT8aL8W58TKMZYzazT/7A+PwBfTSbNQ==</latexit>

↵ = 0, 1
<latexit sha1_base64="ucbfEWJ8rBe+udpczrunPWEMghQ=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQiBL14jGAemCyhdzJJhszOLjOzQljyF148KOLVv/Hm3zhJ9qCJBQ1FVTfdXUEsuDau++3kVlbX1jfym4Wt7Z3dveL+QUNHiaKsTiMRqVaAmgkuWd1wI1grVgzDQLBmMLqd+s0npjSP5IMZx8wPcSB5n1M0VnrsoIiHeO2eed1iyS27M5Bl4mWkBBlq3eJXpxfRJGTSUIFatz03Nn6KynAq2KTQSTSLkY5wwNqWSgyZ9tPZxRNyYpUe6UfKljRkpv6eSDHUehwGtjNEM9SL3lT8z2snpn/lp1zGiWGSzhf1E0FMRKbvkx5XjBoxtgSp4vZWQoeokBobUsGG4C2+vEwalbJ3Xq7cX5SqN1kceTiCYzgFDy6hCndQgzpQkPAMr/DmaOfFeXc+5q05J5s5hD9wPn8AXaSQDg==</latexit>

↵ = 2
<latexit sha1_base64="7R4dWGjxzBrkvoKrRCQ6I+F3GiE=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CIUvXisYD+gDWWy3bRLN5u4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nirIGjUWs2gFqJrhkDcONYO1EMYwCwVrB6Hbqt56Y0jyWD2acMD/CgeQhp2is1O6iSIZ4Xe2Vym7FnYEsEy8nZchR75W+uv2YphGThgrUuuO5ifEzVIZTwSbFbqpZgnSEA9axVGLEtJ/N7p2QU6v0SRgrW9KQmfp7IsNI63EU2M4IzVAvelPxP6+TmvDKz7hMUsMknS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUdGG4C2+vEya1Yp3XqneX5RrN3kcBTiGEzgDDy6hBndQhwZQEPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHg/mPnw==</latexit>

example: regular
pole

q-uplin																																				:

τ-form	of	PIII			:3 (@2
log t log ⌧1 = �, @2

log t log ⌧2 = t��1)
<latexit sha1_base64="mOt0RihR9ar4Fu/xzzLjrDrhTBQ="></latexit>
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<latexit sha1_base64="Ta3uqzCTjx6azBBT4HZvcJUjWfE="></latexit>

⇣
@log t !

q@ log t � 1

q� 1

⌘

<latexit sha1_base64="M+vxWPIOjXpHf9k2zUWTS6WQFiQ="></latexit>

⌧1(qt)⌧1(q
�1t) = ⌧1(t)

2 + t
1
2 ⌧2(t)

2
<latexit sha1_base64="zcXwoGDfwZeFdausc085HKu0A7k="></latexit>
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Original	mocvacon:	new	special	funccon	from	non-linear	differencal	equacons

3



Higher	q-deformed	Painlevé	equa3ons 4/27

Mathemaccs	literatures

obeying	bilinear	equacon																																					among	translated	points

[Sakai,'01][Tsuda,Masuda,'06]

⌧⌧ + ⌧⌧ + ⌧⌧ = 0
<latexit sha1_base64="CziBx9hVwrPvyDAUnQoHXrO+GfI=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFEISSVEE3QtGNywr2Am0ok+mkHTqZhJkToYRu3Pgqblwo4tZ3cOfbOGmz0NYfDnz85xxmzu/HgmtwnG+rsLS8srpWXC9tbG5t79i7e00dJYqyBo1EpNo+0UxwyRrAQbB2rBgJfcFa/ugm67cemNI8kvcwjpkXkoHkAacEjNWzD7tAkqxOF+DK6dllp+JMhRfBzaGMctV79le3H9EkZBKoIFp3XCcGLyUKOBVsUuommsWEjsiAdQxKEjLtpdMrJvjYOH0cRMqUBDx1f2+kJNR6HPpmMiQw1PO9zPyv10kguPRSLuMEmKSzh4JEYIhwFgnuc8UoiLEBQhU3f8V0SBShYIIrmRDc+ZMXoVmtuGeV6t15uXadx1FEB+gInSAXXaAaukV11EAUPaJn9IrerCfrxXq3PmajBSvf2Ud/ZH3+AEvumG4=</latexit>

qPVI qPIII 3

E5(= D5)
<latexit sha1_base64="tPjGs/znWQ4HXY56jiar7Osb87Y=">AAAB8HicbVDLSsNAFL3xWeur6tLNYBHqpiTVohuh+ACXFexD2hAm00k7dDIJMxOhhH6FGxeKuPVz3Pk3TtsstPXAhcM593LvPX7MmdK2/W0tLa+srq3nNvKbW9s7u4W9/aaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/OH1xG89UalYJB70KKZuiPuCBYxgbaTHW69aurzxqideoWiX7SnQInEyUoQMda/w1e1FJAmp0IRjpTqOHWs3xVIzwuk4300UjTEZ4j7tGCpwSJWbTg8eo2Oj9FAQSVNCo6n6eyLFoVKj0DedIdYDNe9NxP+8TqKDCzdlIk40FWS2KEg40hGafI96TFKi+cgQTCQztyIywBITbTLKmxCc+ZcXSbNSdk7LlfuzYu0qiyMHh3AEJXDgHGpwB3VoAIEQnuEV3ixpvVjv1sesdcnKZg7gD6zPH8oxjxc=</latexit>

E1(= A1)
<latexit sha1_base64="XHwtHM7F4NM+BDA1RtNG1xi+qJo=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSLUS9mtgl6EqggeK9gPaZclm6ZtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL4w508Z1v52l5ZXVtfXcRn5za3tnt7C339BRogitk4hHqhViTTmTtG6Y4bQVK4pFyGkzHN5M/OYTVZpF8sGMYuoL3Jesxwg2Vnq8DbzS5VXgnQSFolt2p0CLxMtIETLUgsJXpxuRRFBpCMdatz03Nn6KlWGE03G+k2gaYzLEfdq2VGJBtZ9ODx6jY6t0US9StqRBU/X3RIqF1iMR2k6BzUDPexPxP6+dmN6FnzIZJ4ZKMlvUSzgyEZp8j7pMUWL4yBJMFLO3IjLAChNjM8rbELz5lxdJo1L2TsuV+7Ni9TqLIweHcAQl8OAcqnAHNagDAQHP8ApvjnJenHfnY9a65GQzB/AHzucPuWCPDA==</latexit>

· · ·<latexit sha1_base64="9pGPaDabNijkWLtd2pluvCo4p5o=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AK+ljzM=</latexit> · · ·<latexit sha1_base64="9pGPaDabNijkWLtd2pluvCo4p5o=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AK+ljzM=</latexit>

qPVI

*Mathemaccs	literatures	tell	us	the	consistency	of	overdetermining	equacons,	
			but	do	not	tell	us	about	general	solucons.

(40	equacons)

CX(v, w) = 0
<latexit sha1_base64="o23tGSWpK+boImqQ+CBhs3tQ+js=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahgpSkCnoRir14rGA/sI1ls920SzebsLuplNB/4cWDIl79N978N27bHLT1wcDjvRlm5nkRZ0rb9reVWVldW9/Ibua2tnd29/L7Bw0VxpLQOgl5KFseVpQzQeuaaU5bkaQ48DhtesPq1G+OqFQsFPd6HFE3wH3BfEawNtJD9bFVHJ09nV7b3XzBLtkzoGXipKQAKWrd/FenF5I4oEITjpVqO3ak3QRLzQink1wnVjTCZIj7tG2owAFVbjK7eIJOjNJDfihNCY1m6u+JBAdKjQPPdAZYD9SiNxX/89qx9q/chIko1lSQ+SI/5kiHaPo+6jFJieZjQzCRzNyKyABLTLQJKWdCcBZfXiaNcsk5L5XvLgqVmzSOLBzBMRTBgUuowC3UoA4EBDzDK7xZynqx3q2PeWvGSmcO4Q+szx/PE4+y</latexit>

⌧ = ⌧(t1, t2, t3, t4, t5)
<latexit sha1_base64="WJGTVINt+jEKcj3DmYwIuEVCJiE=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkWoICVpK7oRim5cVrAPaEOYTCft0MkkzNwIJXTnxl9x40IRt/6CO//GSduFVi+c4XDOvdy5x485U2DbX0ZuaXlldS2/XtjY3NreMXf3WipKJKFNEvFIdnysKGeCNoEBp51YUhz6nLb90XXmt++pVCwSdzCOqRvigWABIxi05JmHPcDJZfaUwHNOwatoVDVqGmcnnlm0y/a0rL/EmZMimlfDMz97/YgkIRVAOFaq69gxuCmWwAink0IvUTTGZIQHtKupwCFVbjq9Y2Ida6VvBZHUEGBN1Z8TKQ6VGoe+7gwxDNWil4n/ed0Eggs3ZSJOgAoyWxQk3ILIykKx+kxSAnysCSaS6b9aZIglJqCjK+gQnMWT/5JWpexUy5XbWrF+NY8jjw7QESohB52jOrpBDdREBD2gJ/SCXo1H49l4M95nrTljPrOPfpXx8Q0Wa5eD</latexit>

⌧i�j�0 ··· = ⌧ |ti+�
2 ,tj+�0

2 ,···
<latexit sha1_base64="OPyq2yko0djDTw/j0ZAYlolVBiI="></latexit>

(· · · )
Y

±
⌧i±j± + (· · · )

Y

±
⌧i±j⌥ + (· · · )

Y

±
⌧k±�1 l±�2m±�3

= 0
<latexit sha1_base64="qDw6r3+h8mvnTTJtp45Em/l0Rzk="></latexit>

=	funccon	on	∞-larce	generated	by	affine	Weyl	group⌧qPX
<latexit sha1_base64="lH4fAq4miSqKYoIcvyb3w3O0kno=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVJIq6LHoxWMF+wFNLZvtpl262cTdiVpifooXD4p49Zd489+4bXPQ1gcDj/dmmJnnx4JrcJxva2l5ZXVtvbBR3Nza3tm1S3tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7ocuK37pnSPJI3MI5ZNyQDyQNOCRipZ5c8IMlt6gF7hPSu3s6ynl12Ks4UeJG4OSmjHPWe/eX1I5qETAIVROuO68TQTYkCTgXLil6iWUzoiAxYx1BJQqa76fT0DB8ZpY+DSJmSgKfq74mUhFqPQ990hgSGet6biP95nQSC827KZZwAk3S2KEgEhghPcsB9rhgFMTaEUMXNrZgOiSIUTFpFE4I7//IiaVYr7kmlen1arl3kcRTQATpEx8hFZ6iGrlAdNRBFD+gZvaI368l6sd6tj1nrkpXP7KM/sD5/ABPslIc=</latexit>

+	translacon

which	is	a	biraconal	representacon	of

=	funccon	on	moduli	space	of	genus	1	curve with														symmetryW (En)
<latexit sha1_base64="ZToqpsfYPjyliETEm6O1MSJNxz4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuK+ixKILHCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Gbmt5+o0kyKBzOJqR/hoWAhI9hYqdUu3/bFeb9YcivuHGiVeBkpQYZGv/jVG0iSRFQYwrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtFTii2k/n107RmVUGKJTKljBorv6eSHGk9SQKbGeEzUgvezPxP6+bmPDKT5mIE0MFWSwKE46MRLPX0YApSgyfWIKJYvZWREZYYWJsQAUbgrf88ippVSterVK9vyjVr7M48nACp1AGDy6hDnfQgCYQeIRneIU3RzovzrvzsWjNOdnMMfyB8/kDjJKOdA==</latexit>

⌧qPX
<latexit sha1_base64="lH4fAq4miSqKYoIcvyb3w3O0kno=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVJIq6LHoxWMF+wFNLZvtpl262cTdiVpifooXD4p49Zd489+4bXPQ1gcDj/dmmJnnx4JrcJxva2l5ZXVtvbBR3Nza3tm1S3tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7ocuK37pnSPJI3MI5ZNyQDyQNOCRipZ5c8IMlt6gF7hPSu3s6ynl12Ks4UeJG4OSmjHPWe/eX1I5qETAIVROuO68TQTYkCTgXLil6iWUzoiAxYx1BJQqa76fT0DB8ZpY+DSJmSgKfq74mUhFqPQ990hgSGet6biP95nQSC827KZZwAk3S2KEgEhghPcsB9rhgFMTaEUMXNrZgOiSIUTFpFE4I7//IiaVYr7kmlen1arl3kcRTQATpEx8hFZ6iGrlAdNRBFD+gZvaI368l6sd6tj1nrkpXP7KM/sD5/ABPslIc=</latexit>

W (En)
<latexit sha1_base64="ZToqpsfYPjyliETEm6O1MSJNxz4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuK+ixKILHCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Gbmt5+o0kyKBzOJqR/hoWAhI9hYqdUu3/bFeb9YcivuHGiVeBkpQYZGv/jVG0iSRFQYwrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtFTii2k/n107RmVUGKJTKljBorv6eSHGk9SQKbGeEzUgvezPxP6+bmPDKT5mIE0MFWSwKE46MRLPX0YApSgyfWIKJYvZWREZYYWJsQAUbgrf88ippVSterVK9vyjVr7M48nACp1AGDy6hDnfQgCYQeIRneIU3RzovzrvzsWjNOdnMMfyB8/kDjJKOdA==</latexit>

cW (En)
<latexit sha1_base64="Qu0H5rt0p7NfpiV+fheEuF6lnpI=">AAAB+nicbVDLSsNAFJ3UV62vVpduBotQNyWpgi6LIrisYB/QhjCZ3LRDJ5MwM7GU2E9x40IRt36JO//G6WOhrQcuHM65l3vv8RPOlLbtbyu3tr6xuZXfLuzs7u0fFEuHLRWnkkKTxjyWHZ8o4ExAUzPNoZNIIJHPoe0Pb6Z++xGkYrF40OME3Ij0BQsZJdpIXrGU9UYsgAHRuD2p3HrizCuW7ao9A14lzoKU0QINr/jVC2KaRiA05USprmMn2s2I1IxymBR6qYKE0CHpQ9dQQSJQbjY7fYJPjRLgMJamhMYz9fdERiKlxpFvOiOiB2rZm4r/ed1Uh1duxkSSahB0vihMOdYxnuaAAyaBaj42hFDJzK2YDogkVJu0CiYEZ/nlVdKqVZ3zau3+oly/XsSRR8foBFWQgy5RHd2hBmoiikboGb2iN+vJerHerY95a85azByhP7A+fwBkz5Nt</latexit>

cW (En)
<latexit sha1_base64="Qu0H5rt0p7NfpiV+fheEuF6lnpI=">AAAB+nicbVDLSsNAFJ3UV62vVpduBotQNyWpgi6LIrisYB/QhjCZ3LRDJ5MwM7GU2E9x40IRt36JO//G6WOhrQcuHM65l3vv8RPOlLbtbyu3tr6xuZXfLuzs7u0fFEuHLRWnkkKTxjyWHZ8o4ExAUzPNoZNIIJHPoe0Pb6Z++xGkYrF40OME3Ij0BQsZJdpIXrGU9UYsgAHRuD2p3HrizCuW7ao9A14lzoKU0QINr/jVC2KaRiA05USprmMn2s2I1IxymBR6qYKE0CHpQ9dQQSJQbjY7fYJPjRLgMJamhMYz9fdERiKlxpFvOiOiB2rZm4r/ed1Uh1duxkSSahB0vihMOdYxnuaAAyaBaj42hFDJzK2YDogkVJu0CiYEZ/nlVdKqVZ3zau3+oly/XsSRR8foBFWQgy5RHd2hBmoiikboGb2iN+vJerHerY95a85azByhP7A+fwBkz5Nt</latexit>

⌧ ! ⌧�1(⌧⌧ + ⌧⌧)
<latexit sha1_base64="kM/okFfMMKdAE1Ux7AXhbmzlqMI=">AAACFXicbVDLSgMxFM34rPVVdekmWISKWmaqoMuiG5cV7AM6Y8mkmTY08yC5o5ShP+HGX3HjQhG3gjv/xnQ6grYeuHByzr3c3ONGgiswzS9jbn5hcWk5t5JfXVvf2CxsbTdUGEvK6jQUoWy5RDHBA1YHDoK1IsmI7wrWdAeXY795x6TiYXADw4g5PukF3OOUgJY6hSMbSGxL3usDkTK8x+P3bXJsjUqpo+vwhxx0CkWzbKbAs8TKSBFlqHUKn3Y3pLHPAqCCKNW2zAichEjgVLBR3o4ViwgdkB5raxoQnyknSa8a4X2tdLEXSl0B4FT9PZEQX6mh7+pOn0BfTXtj8T+vHYN37iQ8iGJgAZ0s8mKBIcTjiHCXS0ZBDDUhVHL9V0z7RBIKOsi8DsGaPnmWNCpl66RcuT4tVi+yOHJoF+2hErLQGaqiK1RDdUTRA3pCL+jVeDSejTfjfdI6Z2QzO+gPjI9v4xafQA==</latexit>

This	talk



Solu3on	of	q-Painlevé	equa3ons? 5/27

Mocvacon	(not	this	talk):

Conjecture:

κ:	arbitrary	parameter	(inical	condicon)

This	talk:	M2-brane	realizacon	of	

(q-)Painlevé (q-)isomonodromy	deformacon 2d	CFT(q-Virasoro)

4d	N=2	(5d	N=1)	Yang-Millsspectral	det. TS/ST

AGT
geometric	
engineering

top.	string

⌧qPIII3 =
1X

N=0

NZU(N)k⇥U(N+M)�k = ZU(M)kDet(1 + ( bCIII3)�1)
<latexit sha1_base64="4OEmHL0E2lAlrFhDOOjY3ZUyNo0="></latexit>

⌧qPVI =
1X

N=0

NZU(N+L1)k⇥U(N+L)0⇥U(N+L2)�k⇥U(N)0 = ZU(L1)k⇥U(L)0⇥U(L2)�kDet(1 + ( bCVI)�1)
<latexit sha1_base64="W3jcXK6Iy8KBTEwOWEEgA+BFSJI="></latexit>

For	qPVI,	M2-brane	realizacon	is	crucial	for	turning	on	all	moduli

Overall	coefficient	Z(N=0)	is	beyond	the	original	mocvacon
new	explanacon	for	q-Painlevé	from	3d	?

⌧qPX
<latexit sha1_base64="lH4fAq4miSqKYoIcvyb3w3O0kno=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVJIq6LHoxWMF+wFNLZvtpl262cTdiVpifooXD4p49Zd489+4bXPQ1gcDj/dmmJnnx4JrcJxva2l5ZXVtvbBR3Nza3tm1S3tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7ocuK37pnSPJI3MI5ZNyQDyQNOCRipZ5c8IMlt6gF7hPSu3s6ynl12Ks4UeJG4OSmjHPWe/eX1I5qETAIVROuO68TQTYkCTgXLil6iWUzoiAxYx1BJQqa76fT0DB8ZpY+DSJmSgKfq74mUhFqPQ990hgSGet6biP95nQSC827KZZwAk3S2KEgEhghPcsB9rhgFMTaEUMXNrZgOiSIUTFpFE4I7//IiaVYr7kmlen1arl3kcRTQATpEx8hFZ6iGrlAdNRBFD+gZvaI368l6sd6tj1nrkpXP7KM/sD5/ABPslIc=</latexit>

⌧qPX = �Det(1 + (CX(ebx, ebp))�1)
<latexit sha1_base64="jziIK1UE7nTNh2GKe5wziP4yoLU="></latexit>

[Bonelli,Grassi,Tanzini,'17]



Plan	of	talk

2.	qPVI	parameters	from	four	node	quiver

1.	M2-branes	and	Fermi	gas	formalism

3.

4.	Summary

⌧qPVI =
1X

N=0

NZfour node(N)
<latexit sha1_base64="PK1aWo9PySyT2AhVbeajdgli6o8="></latexit>
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In	type	IIB	string	theory

ka = eka � eka�1
<latexit sha1_base64="9UyrY0WCAGp9wsMpe4fIrT0KO+o=">AAACEnicbVDJSgNBEO2JW4xb1KOXxiDoIWEmCnoRgl48RjALJGGo6akkTXoWunuUMOQbvPgrXjwo4tWTN//GznLQxAcFj/eqqKrnxYIrbdvfVmZpeWV1Lbue29jc2t7J7+7VVZRIhjUWiUg2PVAoeIg1zbXAZiwRAk9gwxtcj/3GPUrFo/BOD2PsBNALeZcz0EZy8ycDFy7T9gP3UXPhIx2MXCjOCSkUnZGbL9glewK6SJwZKZAZqm7+q+1HLAkw1EyAUi3HjnUnBak5EzjKtROFMbAB9LBlaAgBqk46eWlEj4zi024kTYWaTtTfEykESg0Dz3QGoPtq3huL/3mtRHcvOikP40RjyKaLuomgOqLjfKjPJTIthoYAk9zcSlkfJDBtUsyZEJz5lxdJvVxyTkvl27NC5WoWR5YckENyTBxyTirkhlRJjTDySJ7JK3mznqwX6936mLZmrNnMPvkD6/MHYi2d6A==</latexit>

(1,ekn)5
<latexit sha1_base64="hovr9MTnaTZIrqOfChuQZXof2YY=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRKkhJqqLHohePFewHtKFsNtN26WYTdjdKCQX/ihcPinj1d3jz37htc9DWBwOP92aYmefHnCntON9Wbml5ZXUtv17Y2Nza3rF39xoqSiSFOo14JFs+UcCZgLpmmkMrlkBCn0PTH95M/OYDSMUica9HMXgh6QvWY5RoI3Xtg5J7mnYeWQCa8QDwcNwVJxddu+iUnSnwInEzUkQZal37qxNENAlBaMqJUm3XibWXEqkZ5TAudBIFMaFD0oe2oYKEoLx0ev4YHxslwL1ImhIaT9XfEykJlRqFvukMiR6oeW8i/ue1E9278lIm4kSDoLNFvYRjHeFJFjhgEqjmI0MIlczciumASEK1SaxgQnDnX14kjUrZPStX7s6L1essjjw6REeohFx0iaroFtVQHVGUomf0it6sJ+vFerc+Zq05K5vZR39gff4A4luUyw==</latexit>

(1,ek2)5
<latexit sha1_base64="j9xK2wwosKpRt0HCeuLhcNUMbgg=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEClKSquiy6MZlBfuANoTJ5KYdOnkwM1FKKPgrblwo4tbvcOffOG2z0NYDFw7n3Mu993gJZ1JZ1rdRWFpeWV0rrpc2Nre2d8zdvZaMU0GhSWMei45HJHAWQVMxxaGTCCChx6HtDW8mfvsBhGRxdK9GCTgh6UcsYJQoLbnmQcU+zXqPzAfFuA94OHZrJxeuWbaq1hR4kdg5KaMcDdf86vkxTUOIFOVEyq5tJcrJiFCMchiXeqmEhNAh6UNX04iEIJ1sev4YH2vFx0EsdEUKT9XfExkJpRyFnu4MiRrIeW8i/ud1UxVcORmLklRBRGeLgpRjFeNJFthnAqjiI00IFUzfiumACEKVTqykQ7DnX14krVrVPqvW7s7L9es8jiI6REeogmx0ieroFjVQE1GUoWf0it6MJ+PFeDc+Zq0FI5/ZR39gfP4AhvOUjw==</latexit>

(1,ek1)5
<latexit sha1_base64="UAK75HbdPbiQFOsBC+m/LmLa/Gg=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEClKSquiy6MZlBfuANoTJ5KYdOnkwM1FKKPgrblwo4tbvcOffOG2z0NYDFw7n3Mu993gJZ1JZ1rdRWFpeWV0rrpc2Nre2d8zdvZaMU0GhSWMei45HJHAWQVMxxaGTCCChx6HtDW8mfvsBhGRxdK9GCTgh6UcsYJQoLbnmQcU+zXqPzAfFuA94OHbtkwvXLFtVawq8SOyclFGOhmt+9fyYpiFEinIiZde2EuVkRChGOYxLvVRCQuiQ9KGraURCkE42PX+Mj7Xi4yAWuiKFp+rviYyEUo5CT3eGRA3kvDcR//O6qQqunIxFSaogorNFQcqxivEkC+wzAVTxkSaECqZvxXRABKFKJ1bSIdjzLy+SVq1qn1Vrd+fl+nUeRxEdoiNUQTa6RHV0ixqoiSjK0DN6RW/Gk/FivBsfs9aCkc/soz8wPn8AhW2Ujg==</latexit>

N D3
<latexit sha1_base64="HaQe/ix0+eb1G5MBVr3Nzy5Ubuo=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiB4kDCTCHoM6sGTRDALZIbQ0+lJmvQsdNeIYchvePGgiFd/xpt/Y2c5aOKDgsd7VVTV8xMpNNr2t5VbWV1b38hvFra2d3b3ivsHTR2nivEGi2Ws2j7VXIqIN1Cg5O1EcRr6krf84fXEbz1ypUUcPeAo4V5I+5EIBKNoJPfORf6EmXt2Ux13iyW7bE9BlokzJyWYo94tfrm9mKUhj5BJqnXHsRP0MqpQMMnHBTfVPKFsSPu8Y2hEQ669bHrzmJwYpUeCWJmKkEzV3xMZDbUehb7pDCkO9KI3Ef/zOikGl14moiRFHrHZoiCVBGMyCYD0hOIM5cgQypQwtxI2oIoyNDEVTAjO4svLpFkpO9Vy5f68VLuax5GHIziGU3DgAmpwC3VoAIMEnuEV3qzUerHerY9Za86azxzCH1ifP4w1kVw=</latexit>

U(N)k1
<latexit sha1_base64="j5PSQG2NBVSFpqSxZp7+A1RZuWw=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahXkrSCnosevEkFUxbbEPYbDft0s0m7G6EEvovvHhQxKv/xpv/xm2bg7Y+GHi8N8PMvCDhTGnb/rYKa+sbm1vF7dLO7t7+QfnwqK3iVBLqkpjHshtgRTkT1NVMc9pNJMVRwGknGN/M/M4TlYrF4kFPEupFeChYyAjWRnp0q3fnfjb2nalfrtg1ew60SpycVCBHyy9/9QcxSSMqNOFYqZ5jJ9rLsNSMcDot9VNFE0zGeEh7hgocUeVl84un6MwoAxTG0pTQaK7+nshwpNQkCkxnhPVILXsz8T+vl+rwysuYSFJNBVksClOOdIxm76MBk5RoPjEEE8nMrYiMsMREm5BKJgRn+eVV0q7XnEatfn9RaV7ncRThBE6hCg5cQhNuoQUuEBDwDK/wZinrxXq3PhatBSufOYY/sD5/AIGxkCg=</latexit>

U(N)k2
<latexit sha1_base64="yguuYX6AxJTGcfsIuobxSwCBN+A=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahXkrSCnosevEkFUxbbEPYbDft0s0m7G6EEvovvHhQxKv/xpv/xm2bg7Y+GHi8N8PMvCDhTGnb/rYKa+sbm1vF7dLO7t7+QfnwqK3iVBLqkpjHshtgRTkT1NVMc9pNJMVRwGknGN/M/M4TlYrF4kFPEupFeChYyAjWRnp0q3fnfjb261O/XLFr9hxolTg5qUCOll/+6g9ikkZUaMKxUj3HTrSXYakZ4XRa6qeKJpiM8ZD2DBU4osrL5hdP0ZlRBiiMpSmh0Vz9PZHhSKlJFJjOCOuRWvZm4n9eL9XhlZcxkaSaCrJYFKYc6RjN3kcDJinRfGIIJpKZWxEZYYmJNiGVTAjO8surpF2vOY1a/f6i0rzO4yjCCZxCFRy4hCbcQgtcICDgGV7hzVLWi/VufSxaC1Y+cwx/YH3+AIM2kCk=</latexit>

U(N)kn
<latexit sha1_base64="m3/R+Cyfbo/51troVxOxumx4ItU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahXkrSCnosevEkFUxbbEPYbDft0s0m7G6EEvovvHhQxKv/xpv/xm2bg7Y+GHi8N8PMvCDhTGnb/rYKa+sbm1vF7dLO7t7+QfnwqK3iVBLqkpjHshtgRTkT1NVMc9pNJMVRwGknGN/M/M4TlYrF4kFPEupFeChYyAjWRnp0q3fnfjb2xdQvV+yaPQdaJU5OKpCj5Ze/+oOYpBEVmnCsVM+xE+1lWGpGOJ2W+qmiCSZjPKQ9QwWOqPKy+cVTdGaUAQpjaUpoNFd/T2Q4UmoSBaYzwnqklr2Z+J/XS3V45WVMJKmmgiwWhSlHOkaz99GASUo0nxiCiWTmVkRGWGKiTUglE4Kz/PIqaddrTqNWv7+oNK/zOIpwAqdQBQcuoQm30AIXCAh4hld4s5T1Yr1bH4vWgpXPHMMfWJ8/3mKQZQ==</latexit>

M2-branes	on	orbifold	background

open	string	
interaccons

T-dual	&	IIA→M-theory	uplin
D3→D2→M2

D5→D6→orbifold

NS5→orbifold→orbifold

For	simplicity	we	consider	only	 eka = 0, k
<latexit sha1_base64="2f/UunTbPZAwXgit3qGJHBgBXH0=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWpgm6EohuXFewD2hAmk5t2yOTBzESpofgrblwo4tb/cOffOG2z0NYDFw7n3Mu993gpZ1JZ1rexsLi0vLJaWiuvb2xubZs7uy2ZZIJCkyY8ER2PSOAshqZiikMnFUAij0PbC6/HfvsehGRJfKeGKTgR6ccsYJQoLbnmft57YD4oxn3A4cgll9ZJ6JoVq2pNgOeJXZAKKtBwza+en9AsglhRTqTs2laqnJwIxSiHUbmXSUgJDUkfuprGJALp5JPrR/hIKz4OEqErVnii/p7ISSTlMPJ0Z0TUQM56Y/E/r5up4MLJWZxmCmI6XRRkHKsEj6PAPhNAFR9qQqhg+lZMB0QQqnRgZR2CPfvyPGnVqvZptXZ7VqlfFXGU0AE6RMfIRueojm5QAzURRY/oGb2iN+PJeDHejY9p64JRzOyhPzA+fwDfW5TV</latexit>

NS5 (1,k)5

· · ·<latexit sha1_base64="9pGPaDabNijkWLtd2pluvCo4p5o=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AK+ljzM=</latexit>

· · ·<latexit sha1_base64="9pGPaDabNijkWLtd2pluvCo4p5o=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AK+ljzM=</latexit>

→	N	M2	on C4/Zk
<latexit sha1_base64="f8KZz/yTjP6i582klg8YIQ6f8/M=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVzWpBV0Wu3FZwT6wjWEynbRDJ5MwMxFKCG78FTcuFHHrV7jzb5y0EbT1wMCZc+7l3nu8iFGpLOvLKCwtr6yuFddLG5tb2zvm7l5bhrHApIVDFoquhyRhlJOWooqRbiQICjxGOt64kfmdeyIkDfmNmkTECdCQU59ipLTkmgf9AKmR5yWN9K52+vO5Td2xa5atijUFXCR2TsogR9M1P/uDEMcB4QozJGXPtiLlJEgoihlJS/1YkgjhMRqSnqYcBUQ6yfSEFB5rZQD9UOjHFZyqvzsSFEg5CTxdme0o571M/M/rxcq/cBLKo1gRjmeD/JhBFcIsDziggmDFJpogLKjeFeIREggrnVpJh2DPn7xI2tWKfVapXtfK9cs8jiI4BEfgBNjgHNTBFWiCFsDgATyBF/BqPBrPxpvxPistGHnPPvgD4+MbPsCXVQ==</latexit>

→	N	M2	on

a

b
(C2/Za ⇥ C2/Zb)/Zk

<latexit sha1_base64="TMTPcoj2x4v7UPy0uFM3/N15bB4=">AAACMXicdVDLSsNAFJ34rPUVdelmsAh1U5Mq6LLYTZcV7AObGCbTSTt08mBmIpSQX3Ljn4ibLhRx6084aSPUVg8MnHvOvcy9x40YFdIwJtrK6tr6xmZhq7i9s7u3rx8ctkUYc0xaOGQh77pIEEYD0pJUMtKNOEG+y0jHHdUzv/NIuKBhcCfHEbF9NAioRzGSSnL0RtnykRy6blJPH6rnP8V96iBLUp8I+J/vns1XI0cvGRVjCrhMzJyUQI6mo79Y/RDHPgkkZkiInmlE0k4QlxQzkhatWJAI4REakJ6iAVLL2Mn04hSeKqUPvZCrF0g4VecnEuQLMfZd1ZntKBa9TPzL68XSu7YTGkSxJAGefeTFDMoQZvHBPuUESzZWBGFO1a4QDxFHWKqQiyoEc/HkZdKuVsyLSvX2slS7yeMogGNwAsrABFegBhqgCVoAgyfwCt7Au/asTbQP7XPWuqLlM0fgF7SvbxZ4qsQ=</latexit>

[Kitao,Ohta,Ohta,'98]	
[Bergman,Hanany,Karch,Kol,'99]

[Aharony,Bergman,Jafferis,Maldacena,'08]	
[Imamura,Kimura,'08]



Supersymmetry	localiza3on	formula 8/27

|� |2 = 0
<latexit sha1_base64="/wXOCe70CqIX64gLJCt8TEk7tnc=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0mqoBeh6MVjBfsBTSybzbRdutmE3U2hpP0nXjwo4tV/4s1/47bNQVsfDDzem2FmXpBwprTjfFuFtfWNza3idmlnd2//wD48aqo4lRQaNOaxbAdEAWcCGpppDu1EAokCDq1geDfzWyOQisXiUY8T8CPSF6zHKNFG6tr2xAuBa+LVFZs8VW+crl12Ks4ceJW4OSmjHPWu/eWFMU0jEJpyolTHdRLtZ0RqRjlMS16qICF0SPrQMVSQCJSfzS+f4jOjhLgXS1NC47n6eyIjkVLjKDCdEdEDtezNxP+8Tqp7137GRJJqEHSxqJdyrGM8iwGHTALVfGwIoZKZWzEdEEmoNmGVTAju8surpFmtuBeV6sNluXabx1FEJ+gUnSMXXaEaukd11EAUjdAzekVvVma9WO/Wx6K1YOUzx+gPrM8f8IWTMg==</latexit>

1-loop	determinant	of	fluctuacon	
around	 (�0, 0)

<latexit sha1_base64="9cGEUyL5bTeNA51OWkUeG82SevU=">AAAB+HicbVDLSsNAFL2pr1ofjbp0EyxCBSlJFXRZdOMygn1AE8JkOmmHTiZhZiLU0C9x40IRt36KO//GaZuFth643MM59zJ3TpgyKpVtfxultfWNza3ydmVnd2+/ah4cdmSSCUzaOGGJ6IVIEkY5aSuqGOmlgqA4ZKQbjm9nfveRCEkT/qAmKfFjNOQ0ohgpLQVmte65IxrY554rdTsLzJrdsOewVolTkBoUcAPzyxskOIsJV5ghKfuOnSo/R0JRzMi04mWSpAiP0ZD0NeUoJtLP54dPrVOtDKwoEbq4subq740cxVJO4lBPxkiN5LI3E//z+pmKrv2c8jRThOPFQ1HGLJVYsxSsARUEKzbRBGFB9a0WHiGBsNJZVXQIzvKXV0mn2XAuGs37y1rrpoijDMdwAnVw4ApacAcutAFDBs/wCm/Gk/FivBsfi9GSUewcwR8Ynz/Sd5Hl</latexit>

( 0 = 0)
<latexit sha1_base64="n6UObbrA2tQ9RJWYgF4DN8GX3Wc=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiJexGQS9C0IvHCOaByRJmJ7PJkNnZZaZXCCF/4cWDIl79G2/+jZNkD5pY0FBUddPdFSRSGHTdb2dldW19YzO3ld/e2d3bLxwcNkycasbrLJaxbgXUcCkUr6NAyVuJ5jQKJG8Gw9up33zi2ohYPeAo4X5E+0qEglG00mOpUzOi6167Z91C0S27M5Bl4mWkCBlq3cJXpxezNOIKmaTGtD03QX9MNQom+STfSQ1PKBvSPm9bqmjEjT+eXTwhp1bpkTDWthSSmfp7YkwjY0ZRYDsjigOz6E3F/7x2iuGVPxYqSZErNl8UppJgTKbvk57QnKEcWUKZFvZWwgZUU4Y2pLwNwVt8eZk0KmXvvFy5vyhWb7I4cnAMJ1ACDy6hCndQgzowUPAMr/DmGOfFeXc+5q0rTjZzBH/gfP4A1v+Ptw==</latexit>

solucons	of

is	independent	of	Λ.

U(N)k1
<latexit sha1_base64="j5PSQG2NBVSFpqSxZp7+A1RZuWw=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahXkrSCnosevEkFUxbbEPYbDft0s0m7G6EEvovvHhQxKv/xpv/xm2bg7Y+GHi8N8PMvCDhTGnb/rYKa+sbm1vF7dLO7t7+QfnwqK3iVBLqkpjHshtgRTkT1NVMc9pNJMVRwGknGN/M/M4TlYrF4kFPEupFeChYyAjWRnp0q3fnfjb2nalfrtg1ew60SpycVCBHyy9/9QcxSSMqNOFYqZ5jJ9rLsNSMcDot9VNFE0zGeEh7hgocUeVl84un6MwoAxTG0pTQaK7+nshwpNQkCkxnhPVILXsz8T+vl+rwysuYSFJNBVksClOOdIxm76MBk5RoPjEEE8nMrYiMsMREm5BKJgRn+eVV0q7XnEatfn9RaV7ncRThBE6hCg5cQhNuoQUuEBDwDK/wZinrxXq3PhatBSufOYY/sD5/AIGxkCg=</latexit>

U(N)k2
<latexit sha1_base64="yguuYX6AxJTGcfsIuobxSwCBN+A=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahXkrSCnosevEkFUxbbEPYbDft0s0m7G6EEvovvHhQxKv/xpv/xm2bg7Y+GHi8N8PMvCDhTGnb/rYKa+sbm1vF7dLO7t7+QfnwqK3iVBLqkpjHshtgRTkT1NVMc9pNJMVRwGknGN/M/M4TlYrF4kFPEupFeChYyAjWRnp0q3fnfjb261O/XLFr9hxolTg5qUCOll/+6g9ikkZUaMKxUj3HTrSXYakZ4XRa6qeKJpiM8ZD2DBU4osrL5hdP0ZlRBiiMpSmh0Vz9PZHhSKlJFJjOCOuRWvZm4n9eL9XhlZcxkaSaCrJYFKYc6RjN3kcDJinRfGIIJpKZWxEZYYmJNiGVTAjO8surpF2vOY1a/f6i0rzO4yjCCZxCFRy4hCbcQgtcICDgGV7hzVLWi/VufSxaC1Y+cwx/YH3+AIM2kCk=</latexit>

U(N)kn
<latexit sha1_base64="m3/R+Cyfbo/51troVxOxumx4ItU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahXkrSCnosevEkFUxbbEPYbDft0s0m7G6EEvovvHhQxKv/xpv/xm2bg7Y+GHi8N8PMvCDhTGnb/rYKa+sbm1vF7dLO7t7+QfnwqK3iVBLqkpjHshtgRTkT1NVMc9pNJMVRwGknGN/M/M4TlYrF4kFPEupFeChYyAjWRnp0q3fnfjb2xdQvV+yaPQdaJU5OKpCj5Ze/+oOYpBEVmnCsVM+xE+1lWGpGOJ2W+qmiCSZjPKQ9QwWOqPKy+cVTdGaUAQpjaUpoNFd/T2Q4UmoSBaYzwnqklr2Z+J/XS3V45WVMJKmmgiwWhSlHOkaz99GASUo0nxiCiWTmVkRGWGKiTUglE4Kz/PIqaddrTqNWv7+oNK/zOIpwAqdQBQcuoQm30AIXCAh4hld4s5T1Yr1bH4vWgpXPHMMfWJ8/3mKQZQ==</latexit>

building	blocks	in	IIB	brane	setup:

x(a)
i

<latexit sha1_base64="wVoDiI3Za5PG8LJAcPaIhfPYAR0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2Qdi3ZNNuGJtklyYpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Hrqtx6p0iySd2YcU1/ggWQhI9hY6f7pIS3j00mP9Yolt+LOgJaJl5ESZKj3il/dfkQSQaUhHGvd8dzY+ClWhhFOJ4VuommMyQgPaMdSiQXVfjo7eIJOrNJHYaRsSYNm6u+JFAutxyKwnQKboV70puJ/Xicx4aWfMhknhkoyXxQmHJkITb9HfaYoMXxsCSaK2VsRGWKFibEZFWwI3uLLy6RZrXhnlerteal2lcWRhyM4hjJ4cAE1uIE6NICAgGd4hTdHOS/Ou/Mxb8052cwh/IHz+QNfzZAg</latexit>

x(a+1)
i

<latexit sha1_base64="AnZr5ZK6vpjScpkb6avuk+pJ7xI=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQEcpuFfRY9OKxgv2Adi3ZNNuGZpMlmRXL0p/hxYMiXv013vw3pu0etPXBwOO9GWbmBbHgBlz328mtrK6tb+Q3C1vbO7t7xf2DplGJpqxBlVC6HRDDBJesARwEa8eakSgQrBWMbqZ+65Fpw5W8h3HM/IgMJA85JWClztNDWiZn3umkx3vFkltxZ8DLxMtICWWo94pf3b6iScQkUEGM6XhuDH5KNHAq2KTQTQyLCR2RAetYKknEjJ/OTp7gE6v0cai0LQl4pv6eSElkzDgKbGdEYGgWvan4n9dJILzyUy7jBJik80VhIjAoPP0f97lmFMTYEkI1t7diOiSaULApFWwI3uLLy6RZrXjnlerdRal2ncWRR0foGJWRhy5RDd2iOmogihR6Rq/ozQHnxXl3PuatOSebOUR/4Hz+ADqFkJA=</latexit>

(1,eka)5
<latexit sha1_base64="h8jnE22A/BtiG/F3QglZUWBkjvs=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEClKSquiy6MZlBfuANoTJ5KYdOnkwM1FKKPgrblwo4tbvcOffOG2z0NYDFw7n3Mu993gJZ1JZ1rdRWFpeWV0rrpc2Nre2d8zdvZaMU0GhSWMei45HJHAWQVMxxaGTCCChx6HtDW8mfvsBhGRxdK9GCTgh6UcsYJQoLbnmQcU+zXqPzAfFuA94OHbJyYVrlq2qNQVeJHZOyihHwzW/en5M0xAiRTmRsmtbiXIyIhSjHMalXiohIXRI+tDVNCIhSCebnj/Gx1rxcRALXZHCU/X3REZCKUehpztDogZy3puI/3ndVAVXTsaiJFUQ0dmiIOVYxXiSBfaZAKr4SBNCBdO3YjogglClEyvpEOz5lxdJq1a1z6q1u/Ny/TqPo4gO0RGqIBtdojq6RQ3URBRl6Bm9ojfjyXgx3o2PWWvByGf20R8Ynz/OjZS+</latexit>

For	a	general	supersymmetric	field	theory

Z =
1

(N !)n

Z
dNnx

(2⇡)nN

nY

a=1

e
ika
4⇡ (x(a)

i )2
Q

i<j(2 sinh
x(a)
i �x(a)

j

2 )2

Q
i,j 2 cosh

x(a)
i �x(a+1)

j

2
<latexit sha1_base64="4NGmbfEZZOsEh280w7CVj8D41As="></latexit>

e
ieka(x(a))2

4⇡

Q
i<j 2 sinh

x(a)
i �x(a)

j

2

Q
i<j 2 sinh

x(a+1)
i �x(a+1)

j

2

Q
i,j 2 cosh

x(a)
i �x(a+1)

j

2

e�
ieka(x(a+1))2

4⇡

<latexit sha1_base64="KT8/NkZO/3PTvwyjWuFmon4bcvg="></latexit>

[Kapuscn,WilleM,Yaakov,'09]

Z =

Z
D�D e�S�⇤�(

R
 †� )

<latexit sha1_base64="p2X+6h26Hu+lUSqYZNYCKxfLf94="></latexit>

⇤!1
=

X

(�0, 0)

e�S[�0, 0] det� (�
2(�0, 0))

det��(�2(�0, 0))
<latexit sha1_base64="7ymUiFocIRdy8reGacdjmxuwegE="></latexit>
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Z
dNz

N !
det
i,j

fi(zj) det
i,j

gj(zi) = det
i,j

hZ
dzfi(z)gj(z)

i

<latexit sha1_base64="WMnYR1ex4kjzPUUv+uyhPDkcRbs="></latexit>

Q
i<j(xi � xj)

Q
i<j(yi � yj)Q

i,j(xi + yj)
= det

i,j

1

xi + yj
<latexit sha1_base64="DUCrQAAquLLk1SN4IfuCyGb1hR8="></latexit>

Cauchy	det.	formula

By	using	Cauchy-Binet	formula

Z(N) =
1

N !

Z
dNx

(2⇡)N
det
i,j

h 1

2 cosh bx or bp
2

1

2 cosh bx or bp
2

· · ·
i

<latexit sha1_base64="BtjASnEhs4fX+RWf9sxQ9YMM630="></latexit>

Z =
1

(N !)n

Z
dNnx

(2⇡)nN

nY

a=1

e
ieka
4⇡ (x(a)

i )2
Q

i<j 2 sinh
x(a)
i �x(a)

j

2

Q
i<j 2 sinh

x(a+1)
i �x(a+1)

j

2

Q
i,j 2 cosh

x(a)
i �x(a+1)

j

2

e�
ieka
4⇡ (x(a+1)

i )2

<latexit sha1_base64="oU5V+u7gLGdoWXw9dryHh/JIp7o="></latexit>

NS5 (1,k)5

det
i,j

1

2 cosh
x(a)
i �x(a+1)

j

2

= hx(a)
i | 1

2 cosh bp
2

|x(a+1)
j i

<latexit sha1_base64="S9qhAe4BPNzOdCLDKWgvU7JgXt8="></latexit>

1

2 cosh bp
2

<latexit sha1_base64="R6AYSQ+UMvCJRf788VgKAocr7HE=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCCmKilIMFawMBaJPqQmqhzHaaw6dmQ7oCrKH7DwKywMIMTKysbf4LYZoOVIVzo+51753hOkjCrtON/W0vLK6tp6ZaO6ubW9s2vv7XeUyCQmbSyYkL0AKcIoJ21NNSO9VBKUBIx0g9H1xO/eE6mo4Hd6nBI/QUNOI4qRNtLAPvEiiXDuFnnDw0LFs2fuPdCQxEjDtDBOUQzsmlN3poCLxC1JDZRoDewvLxQ4SwjXmCGl+q6Taj9HUlPMSFH1MkVShEdoSPqGcpQQ5efTewp4bJQQRkKa4hpO1d8TOUqUGieB6UyQjtW8NxH/8/qZji79nPI004Tj2UdRxqAWcBIODKkkWLOxIQhLanaFOEYmEW0irJoQ3PmTF0mnUXfP6o3b81rzqoyjAg7BETgFLrgATXADWqANMHgEz+AVvFlP1ov1bn3MWpescuYA/IH1+QMup51j</latexit>

1

2 cosh bx
2

<latexit sha1_base64="L1FK+/mliXpvGOD444PCNBKagcQ=">AAACD3icbVC7TsMwFHXKq5RXgJHFogIxVUlBgrGChbFI9CE1UeU4TmvVsSPbAaoof8DCr7AwgBArKxt/g9tmgJYjXen4nHvle0+QMKq043xbpaXlldW18nplY3Nre8fe3WsrkUpMWlgwIbsBUoRRTlqaaka6iSQoDhjpBKOrid+5I1JRwW/1OCF+jAacRhQjbaS+fexFEuHMzbO6h4Uazp6Zd09DMkQaPuTGyfO+XXVqzhRwkbgFqYICzb795YUCpzHhGjOkVM91Eu1nSGqKGckrXqpIgvAIDUjPUI5iovxsek8Oj4wSwkhIU1zDqfp7IkOxUuM4MJ0x0kM1703E/7xeqqMLP6M8STXhePZRlDKoBZyEA0MqCdZsbAjCkppdIR4ik4g2EVZMCO78yYukXa+5p7X6zVm1cVnEUQYH4BCcABecgwa4Bk3QAhg8gmfwCt6sJ+vFerc+Zq0lq5jZB39gff4AOvedaw==</latexit>

[bx, bp] = 2⇡ik
<latexit sha1_base64="WGbFWbq8sJye7oDyh8mu1uZQz80=">AAACDHicbVDNSgMxGMzWv1r/qh69BIvgQcpuFfQiFL14rGB/YLuUbDbbhmazIcmqZdkH8OKrePGgiFcfwJtvY9ouqK0DgcnMfCTf+IJRpW37yyosLC4trxRXS2vrG5tb5e2dlooTiUkTxyyWHR8pwignTU01Ix0hCYp8Rtr+8HLst2+JVDTmN3okiBehPqchxUgbqVeuuGn3jgZkgDS8z45+LiLzzmtdQSEdmpRdtSeA88TJSQXkaPTKn90gxklEuMYMKeU6ttBeiqSmmJGs1E0UEQgPUZ+4hnIUEeWlk2UyeGCUAIaxNIdrOFF/T6QoUmoU+SYZIT1Qs95Y/M9zEx2eeSnlItGE4+lDYcKgjuG4GRhQSbBmI0MQltT8FeIBkghr01/JlODMrjxPWrWqc1ytXZ9U6hd5HUWwB/bBIXDAKaiDK9AATYDBA3gCL+DVerSerTfrfRotWPnMLvgD6+MbVnubJQ==</latexit>

[Marino,Putrov,'11]



All	order	1/N	perturba3ve	expansion 10/27

Z =
1

N !

Z
dNx

(2⇡)N
det
i,j

hxi|b⇢|xji
<latexit sha1_base64="58AdJ5IHkO0zJqoE6J1Y9ExfNX0="></latexit>

⌅() =
1X

N=0

NZ(N) = Det(1 + b⇢)
<latexit sha1_base64="K+0plimyL03fxKDeDjlDJe0VOEw="></latexit>

⌅() = eJ(µ),  = eµ
<latexit sha1_base64="ElIPhh/qlVVkOs9RWSdDQkOf3zQ=">AAACEnicbZC7SgNBFIZnvcZ4W7W0GQxCAhJ2o6CNELQRqwjmAtk1nJ2dJENmL87MCmHJM9j4KjYWitha2fk2TpItNPHAwM/3n8OZ83sxZ1JZ1rexsLi0vLKaW8uvb2xubZs7uw0ZJYLQOol4JFoeSMpZSOuKKU5bsaAQeJw2vcHl2G8+UCFZFN6qYUzdAHoh6zICSqOOWXJarOgMII6hdE7v0uuiEySl0ZFzn4CPp4bmGnbMglW2JoXnhZ2JAsqq1jG/HD8iSUBDRThI2batWLkpCMUIp6O8k0gaAxlAj7a1DCGg0k0nJ43woSY+7kZCv1DhCf09kUIg5TDwdGcAqi9nvTH8z2snqnvmpiyME0VDMl3UTThWER7ng30mKFF8qAUQwfRfMemDAKJ0inkdgj178rxoVMr2cblyc1KoXmRx5NA+OkBFZKNTVEVXqIbqiKBH9Ixe0ZvxZLwY78bHtHXByGb20J8yPn8Aw36c6w==</latexit>

dJ

dµ
= Tr

1

1 + e�µb⇢�1
<latexit sha1_base64="sLgNyLE3z2wxkBnAuiKmD1HnJG0="></latexit>

µ�1
⇡ 1

2⇡~vol(log ⇢
�1 < µ)

<latexit sha1_base64="w9XkP7Karw5mogiPlk/uQVjsVOo="></latexit>

J =
C

3
µ3 +Bµ+A+O(e�µ)

<latexit sha1_base64="0JdBQkNOLXiTfFhm7FTxZRe4ST4=">AAACFXicbVDLSgMxFM3UV62vqks3wSJUqmWmFXQj1HYjbqxgH9CZlkyaaUMzD5KMUIb5CTf+ihsXirgV3Pk3pu0stPXA5R7OuZfkHjtgVEhd/9ZSS8srq2vp9czG5tb2TnZ3ryn8kGPSwD7zedtGgjDqkYakkpF2wAlybUZa9qg28VsPhAvqe/dyHBDLRQOPOhQjqaRe9uTm0nQ4wlEtjsqx6YbdcqGqWuGqEJkYMXgb50k3OlVSfNzL5vSiPgVcJEZCciBBvZf9Mvs+Dl3iScyQEB1DD6QVIS4pZiTOmKEgAcIjNCAdRT3kEmFF06tieKSUPnR8rsqTcKr+3oiQK8TYtdWki+RQzHsT8T+vE0rnwoqoF4SSeHj2kBMyKH04iQj2KSdYsrEiCHOq/grxEKmQpAoyo0Iw5k9eJM1S0SgXS3dnuUo1iSMNDsAhyAMDnIMKuAZ10AAYPIJn8AretCftRXvXPmajKS3Z2Qd/oH3+AIRKncc=</latexit>

Z(N) =

Z
dµ

2⇡i
eJ�µN = eAC� 1

3Ai[C� 1
3 (N �B)](1 +O(e�

p
N ))

<latexit sha1_base64="A/EFmV3Ixv8QBHQ8ctDksNtzm1Q="></latexit>

b⇢ =
1

2 cosh bx or bp
2

· · · 1

2 cosh bx or bp
2

<latexit sha1_base64="WBXzD+bqNO3hd6BFfftxh9Da/w8="></latexit>

log ⇢�1 = a log 2 cosh
x

2
+ b log 2 cosh

p

2
<latexit sha1_base64="veOByW4khBHr29R+ijBLgnf2/v8=">AAACJ3icbZDLSgMxFIYzXmu9VV26CRZBEMvMKOhGKbpxWcFeoDOWTJrphGaSIcmIZZi3ceOruBFURJe+ielloa0/BP585xyS8wcJo0rb9pc1N7+wuLRcWCmurq1vbJa2thtKpBKTOhZMyFaAFGGUk7qmmpFWIgmKA0aaQf9qWG/eE6mo4Ld6kBA/Rj1OQ4qRNqhTuvCY6EFPRuIuO3LyczS6ux4WKvJCiXD2kGdufhjM8GTIO6WyXbFHgrPGmZgymKjWKb16XYHTmHCNGVKq7diJ9jMkNcWM5EUvVSRBuI96pG0sRzFRfjbaM4f7hnRhKKQ5XMMR/T2RoVipQRyYzhjpSE3XhvC/WjvV4ZmfUZ6kmnA8fihMGdQCDkODXSoJ1mxgDMKSmr9CHCGTgjbRFk0IzvTKs6bhVpzjintzUq5eTuIogF2wBw6AA05BFVyDGqgDDB7BM3gD79aT9WJ9WJ/j1jlrMrMD/sj6/gGWxqZr</latexit>

x
<latexit sha1_base64="hL+FaLtOT9luwfLW3Ut08xl3Pcw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOeHjQA=</latexit>

p
<latexit sha1_base64="YCRLqY3FYFMPr169IIibebwVZHg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtIvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP22eM+A==</latexit>

2

a
<latexit sha1_base64="NroVp1U47LCqNkjxdvL4uBCqG3M=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7dbMLuRCghP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3czvPHFtRKwecZpwP6IjJULBKFqp1w81ZVk9z2g+qFTdmjsHWSVeQapQoDmofPWHMUsjrpBJakzPcxP0M6pRMMnzcj81PKFsQke8Z6miETd+Nj85J+dWGZIw1rYUkrn6eyKjkTHTKLCdEcWxWfZm4n9eL8Xwxs+ESlLkii0WhakkGJPZ/2QoNGcop5ZQpoW9lbAxtSmgTalsQ/CWX14l7XrNu6zVH66qjdsijhKcwhlcgAfX0IB7aEILGMTwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIOBkWc=</latexit>

2

b
<latexit sha1_base64="h3Z5Auu+2oofoIR1xJ24aWB50r0=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7dbMLuRCghP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3czvPHFtRKwecZpwP6IjJULBKFqp1w81ZVk9z4J8UKm6NXcOskq8glShQHNQ+eoPY5ZGXCGT1Jie5yboZ1SjYJLn5X5qeELZhI54z1JFI278bH5yTs6tMiRhrG0pJHP190RGI2OmUWA7I4pjs+zNxP+8XorhjZ8JlaTIFVssClNJMCaz/8lQaM5QTi2hTAt7K2FjalNAm1LZhuAtv7xK2vWad1mrP1xVG7dFHCU4hTO4AA+uoQH30IQWMIjhGV7hzUHnxXl3Phata04xcwJ/4Hz+AIUGkWg=</latexit>

�2

b
<latexit sha1_base64="u7AIxuLm4l/CTsFdnLiHOKkWiEI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBiyWpgh6LXjxWsB/QhLLZbtqlu5uwuxFKyN/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo5TRWibxDxWvRBrypmkbcMMp71EUSxCTrvh5G7md5+o0iyWj2aa0EDgkWQRI9hYyb/wI4VJ1sizMB9Ua27dnQOtEq8gNSjQGlS//GFMUkGlIRxr3ffcxAQZVoYRTvOKn2qaYDLBI9q3VGJBdZDNb87RmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bL3kz8z+unJroJMiaT1FBJFouilCMTo1kAaMgUJYZPLcFEMXsrImNsUzA2pooNwVt+eZV0GnXvst54uKo1b4s4ynACp3AOHlxDE+6hBW0gkMAzvMKbkzovzrvzsWgtOcXMMfyB8/kD8CGRnw==</latexit>

�2

a
<latexit sha1_base64="OxooCmysi6mUWD3Z8AvvNCxx9X8=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBiyWpgh6LXjxWsB/QhLLZbtqlu5uwuxFKyN/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo5TRWibxDxWvRBrypmkbcMMp71EUSxCTrvh5G7md5+o0iyWj2aa0EDgkWQRI9hYyb/wI4VJ1sgznA+qNbfuzoFWiVeQGhRoDapf/jAmqaDSEI617ntuYoIMK8MIp3nFTzVNMJngEe1bKrGgOsjmN+fozCpDFMXKljRorv6eyLDQeipC2ymwGetlbyb+5/VTE90EGZNJaqgki0VRypGJ0SwANGSKEsOnlmCimL0VkTG2KRgbU8WG4C2/vEo6jbp3WW88XNWat0UcZTiBUzgHD66hCffQgjYQSOAZXuHNSZ0X5935WLSWnGLmGP7A+fwB7pyRng==</latexit>

It	is	useful	to	define	grand	parccon	funccon	Ξ(κ)	and	grand	potencal	J(μ)

Inverse	trsf. (µ ⇠
p

N/C)
<latexit sha1_base64="9p+Tl8OVd/OKIlLjEcIwEKIjw8g=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxC3dSZKuiy2I0rqWAf0BlKJs20oUlmTDJCHYq/4saFIm79D3f+jWk7C209cOFwzr3ce08QM6q043xbuaXlldW1/HphY3Nre8fe3WuqKJGYNHDEItkOkCKMCtLQVDPSjiVBPGCkFQxrE7/1QKSikbjTo5j4HPUFDSlG2khd+6Dk8cRTlENP3Uud3pzWxiddu+iUnSngInEzUgQZ6l37y+tFOOFEaMyQUh3XibWfIqkpZmRc8BJFYoSHqE86hgrEifLT6fVjeGyUHgwjaUpoOFV/T6SIKzXigenkSA/UvDcR//M6iQ4v/ZSKONFE4NmiMGFQR3ASBexRSbBmI0MQltTcCvEASYS1CaxgQnDnX14kzUrZPStXbs+L1assjjw4BEegBFxwAargGtRBA2DwCJ7BK3iznqwX6936mLXmrGxmH/yB9fkDln+UqQ==</latexit>

⇣
C =

2

⇡2abk

⌘

<latexit sha1_base64="nXv4nzToxOifjVnSpdJ/WXWqog4=">AAACCXicbVDLSsNAFJ34rPUVdelmsAh1U5Io6EYo7cZlBfuAJpbJdNIOnUzCzEQoIVs3/oobF4q49Q/c+TdO2iy09cCFwzn3cu89fsyoVJb1baysrq1vbJa2yts7u3v75sFhR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+pJn73QciJI34nZrGxAvRiNOAYqS0NDCh26AjVm1eu4FAOHWy1I3pvYP8SZY74mxgVqyaNQNcJnZBKqBAa2B+ucMIJyHhCjMkZd+2YuWlSCiKGcnKbiJJjPAEjUhfU45CIr109kkGT7UyhEEkdHEFZ+rviRSFUk5DX3eGSI3lopeL/3n9RAVXXkp5nCjC8XxRkDCoIpjHAodUEKzYVBOEBdW3QjxGOhKlwyvrEOzFl5dJx6nZ5zXn9qJSbxRxlMAxOAFVYINLUAc3oAXaAINH8AxewZvxZLwY78bHvHXFKGaOwB8Ynz9rs5mH</latexit>

� logZ(N) ⇠ ⇡
p
2abk

3
N

3
2 ⇠

R11�2
AdS

abk
<latexit sha1_base64="n0CQ1zUolu60kAfoKeObU1DIqa4="></latexit>

(RAdS ⇠ (abkN)
1
6 )

<latexit sha1_base64="f50LprMgylQrEi45wLSw7q95fJQ=">AAACEnicbVC5TgMxEPVyhnAtUNJYREhJE+0CAsoADRUKRwJSNkRex5tY8R6yZxGRtd9Aw6/QUIAQLRUdf4NzFEB40khP781oZp6fCK7Acb6sqemZ2bn53EJ+cWl5ZdVeW6+rOJWU1WgsYnnjE8UEj1gNOAh2k0hGQl+wa793MvCv75hUPI6uoJ+wZkg6EQ84JWCkll0qXrS0B+we9FH7Mss8xUNcJH7vrHSrvUASqt1M72dZqWUXnLIzBJ4k7pgU0BjVlv3ptWOahiwCKohSDddJoKmJBE4Fy/JeqlhCaI90WMPQiIRMNfXwpQxvG6WNg1iaigAP1Z8TmoRK9UPfdIYEuuqvNxD/8xopBIdNzaMkBRbR0aIgFRhiPMgHt7lkFETfEEIlN7di2iUmBzAp5k0I7t+XJ0l9p+zulnfO9wqV43EcObSJtlARuegAVdApqqIaougBPaEX9Go9Ws/Wm/U+ap2yxjMb6Besj2/Kap2L</latexit>

:	consistent	with	11d	SUGRA
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:	worldsheet	instanton

In	J(μ),

1/N	non-pert.	=	bulk	closed	M2-branes	wrapped	on	3-cycles	in AdS4 ⇥ (Y7/Zk)
<latexit sha1_base64="GVa7xf+THlJPEjsDvdX/o3lZD4M=">AAACDnicbVC7TgJBFJ3FF+Jr1dJmIiHBBneRBEvUxhKjPJQlm9lhgAmzj8zcNZINX2Djr9hYaIyttZ1/4/AoFDzJTU7OuTf33uNFgiuwrG8jtbS8srqWXs9sbG5t75i7e3UVxpKyGg1FKJseUUzwgNWAg2DNSDLie4I1vMHF2G/cM6l4GNzAMGJtn/QC3uWUgJZcM+cAe4DkrHM9cksOcJ8pnL91y8eOT6DvecndyB0cuWbWKlgT4EViz0gWzVB1zS+nE9LYZwFQQZRq2VYE7YRI4FSwUcaJFYsIHZAea2kaEL23nUzeGeGcVjq4G0pdAeCJ+nsiIb5SQ9/TneMj1bw3Fv/zWjF0T9sJD6IYWECni7qxwBDicTa4wyWjIIaaECq5vhXTPpGEgk4wo0Ow519eJPViwT4pFK9K2cr5LI40OkCHKI9sVEYVdImqqIYoekTP6BW9GU/Gi/FufExbU8ZsZh/9gfH5A3TZm7g=</latexit>

〰〰〰

3-cycle	with	 S1/Zk
<latexit sha1_base64="nZbTC55z/N9JQFKAj5129+/pEp0=">AAAB+XicbVC7TsMwFL0pr1JeAUYWiwqJqSQFCcYKFsYi6EO0IXJcp7XqOJHtVKqi/gkLAwix8ids/A1O2wFajmTp6Jx7dY9PkHCmtON8W4WV1bX1jeJmaWt7Z3fP3j9oqjiVhDZIzGPZDrCinAna0Exz2k4kxVHAaSsY3uR+a0SlYrF40OOEehHuCxYygrWRfNu+f3LPuhHWgyDIHif+0LfLTsWZAi0Td07KMEfdt7+6vZikERWacKxUx3US7WVYakY4nZS6qaIJJkPcpx1DBY6o8rJp8gk6MUoPhbE0T2g0VX9vZDhSahwFZjLPqBa9XPzP66Q6vPIyJpJUU0Fmh8KUIx2jvAbUY5ISzceGYCKZyYrIAEtMtCmrZEpwF7+8TJrVinteqd5dlGvX8zqKcATHcAouXEINbqEODSAwgmd4hTcrs16sd+tjNlqw5juH8AfW5w8IC5NG</latexit>

3-cycle	without e�vol(M2) = e�R3
AdS ⇠ e�

p
kN

<latexit sha1_base64="iEjZtr48Xy2YmU7hfrv9S7vFg4A="></latexit>

e�vol(M2) = e�k�1R3
AdS ⇠ e�

p
N
k

<latexit sha1_base64="Lyxxfp8fby+P8Lv/qOVd1IwjTX8="></latexit>

:	membrane	instanton

MB: e�µ
<latexit sha1_base64="+qoyvOFFKyEEiQlesesdEf6/Ub8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbAbBT0GvXiMYB6QrGF20kmGzM6uM7NCWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAajm6nffEKleSTvzThGP6QDyfucUWOlFj6kZ50wmXSLJbfszkCWiZeREmSodYtfnV7EkhClYYJq3fbc2PgpVYYzgZNCJ9EYUzaiA2xbKmmI2k9n907IiVV6pB8pW9KQmfp7IqWh1uMwsJ0hNUO96E3F/7x2YvpXfsplnBiUbL6onwhiIjJ9nvS4QmbE2BLKFLe3EjakijJjIyrYELzFl5dJo1L2zsuVu4tS9TqLIw9HcAyn4MElVOEWalAHBgKe4RXenEfnxXl3PuatOSebOYQ/cD5/AAR0j/Q=</latexit>

e�
µ
k

<latexit sha1_base64="gpAK12dAFqFIpUW5bRifgVgCnTE=">AAAB+3icbVBNS8NAEJ34WetXrEcvwSJ4sSRV0GPRi8cK9gOaWDbbTbt0dxN2N2IJ+StePCji1T/izX/jts1BWx8MPN6bYWZemDCqtOt+Wyura+sbm6Wt8vbO7t6+fVBpqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOOb6Z+55FIRWNxrycJCTgaChpRjLSR+naFPGRnfiQRznye5tk4z/t21a25MzjLxCtIFQo0+/aXP4hxyonQmCGlep6b6CBDUlPMSF72U0UShMdoSHqGCsSJCrLZ7blzYpSBE8XSlNDOTP09kSGu1ISHppMjPVKL3lT8z+ulOroKMiqSVBOB54uilDk6dqZBOAMqCdZsYgjCkppbHTxCJght4iqbELzFl5dJu17zzmv1u4tq47qIowRHcAyn4MElNOAWmtACDE/wDK/wZuXWi/VufcxbV6xi5hD+wPr8Aa3tlNw=</latexit>

WS:

-expansion~
<latexit sha1_base64="xs8H4gmlIisM6HVDCyottVX76ys=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGCaQttKJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4bua3n7g2IlGPOEl5ENOhEpFgFK3k90Yh1f1K1a25c5BV4hWkCgWa/cpXb5CwLOYKmaTGdD03xSCnGgWTfFruZYanlI3pkHctVTTmJsjnx07JuVUGJEq0LYVkrv6eyGlszCQObWdMcWSWvZn4n9fNMLoJcqHSDLlii0VRJgkmZPY5GQjNGcqJJZRpYW8lbEQ1ZWjzKdsQvOWXV0mrXvMua/WHq2rjtoijBKdwBhfgwTU04B6a4AMDAc/wCm+Ocl6cd+dj0brmFDMn8AfO5w/GoY6p</latexit>

firng	of	exact	values	of Zk=1,2,···(N = 1, 2, · · · )
<latexit sha1_base64="LvOmp1E1nMqGD077Aw82/JM+XnY=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQoZSkCroRim5cSQX7wDaEyWTSDp1kwsxEKKE7N/6KGxeKuPUX3Pk3TtssauuBC2fOuZe593gxo1JZ1o+RW1peWV3Lrxc2Nre2d8zdvabkicCkgTnjou0hSRiNSENRxUg7FgSFHiMtb3A99luPREjKo3s1jIkTol5EA4qR0pJrHj646eDSLlfLXexzJUel25nXiWsWrYo1AVwkdkaKIEPdNb+7PsdJSCKFGZKyY1uxclIkFMWMjArdRJIY4QHqkY6mEQqJdNLJHSN4rBUfBlzoihScqLMTKQqlHIae7gyR6st5byz+53USFVw4KY3iRJEITz8KEgYVh+NQoE8FwYoNNUFYUL0rxH0kEFY6uoIOwZ4/eZE0qxX7tFK9OyvWrrI48uAAHIESsME5qIEbUAcNgMETeAFv4N14Nl6ND+Nz2pozspl98AfG1y/6r5d4</latexit>

S1/Zk
<latexit sha1_base64="nZbTC55z/N9JQFKAj5129+/pEp0=">AAAB+XicbVC7TsMwFL0pr1JeAUYWiwqJqSQFCcYKFsYi6EO0IXJcp7XqOJHtVKqi/gkLAwix8ids/A1O2wFajmTp6Jx7dY9PkHCmtON8W4WV1bX1jeJmaWt7Z3fP3j9oqjiVhDZIzGPZDrCinAna0Exz2k4kxVHAaSsY3uR+a0SlYrF40OOEehHuCxYygrWRfNu+f3LPuhHWgyDIHif+0LfLTsWZAi0Td07KMEfdt7+6vZikERWacKxUx3US7WVYakY4nZS6qaIJJkPcpx1DBY6o8rJp8gk6MUoPhbE0T2g0VX9vZDhSahwFZjLPqBa9XPzP66Q6vPIyJpJUU0Fmh8KUIx2jvAbUY5ISzceGYCKZyYrIAEtMtCmrZEpwF7+8TJrVinteqd5dlGvX8zqKcATHcAouXEINbqEODSAwgmd4hTcrs16sd+tjNlqw5juH8AfW5w8IC5NG</latexit>

RAdS ⇠ (kN)
1
6

<latexit sha1_base64="o4E3yPLpoV5hxIGy/JuJX5LtWyI=">AAACDnicbVC5TgMxEPVyhnAtUNJYREihiXYBAWWAhgqFIwEpGyKv402seA/Zs4jI2i+g4VdoKECIlpqOv8E5Ckh40khP781oZp6fCK7Acb6tqemZ2bn53EJ+cWl5ZdVeW6+pOJWUVWksYnnrE8UEj1gVOAh2m0hGQl+wG7972vdv7plUPI6uoZewRkjaEQ84JWCkpr192dQesAfQx62rLPMUD3Gxe75zp71AEqrdTB9kWdMuOCVnADxJ3BEpoBEqTfvLa8U0DVkEVBCl6q6TQEMTCZwKluW9VLGE0C5ps7qhEQmZaujBOxneNkoLB7E0FQEeqL8nNAmV6oW+6QwJdNS41xf/8+opBEcNzaMkBRbR4aIgFRhi3M8Gt7hkFETPEEIlN7di2iEmBjAJ5k0I7vjLk6S2W3L3SrsX+4XyySiOHNpEW6iIXHSIyugMVVAVUfSIntErerOerBfr3foYtk5Zo5kN9AfW5w9g8ZxP</latexit>



All	order	1/N	non-pert.	effects	by	topological	string 12/27

on	the	same	target	Calabi-Yau	threefold	determined	by

JMB(µ)
<latexit sha1_base64="NDVwX8Fmt0EPmTTSfB6jYx/Osfo=">AAAB+3icbVBNS8NAEN34WetXrEcvwSLUS0mqoMdSLyIIFewHNCFsttt26WYTdifSEvJXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMvCDmTIFtfxtr6xubW9uFneLu3v7BoXlUaqsokYS2SMQj2Q2wopwJ2gIGnHZjSXEYcNoJxjczv/NEpWKReIRpTL0QDwUbMIJBS75ZuvNTF+gE0vtGllXcMDn3zbJdteewVomTkzLK0fTNL7cfkSSkAgjHSvUcOwYvxRIY4TQruomiMSZjPKQ9TQUOqfLS+e2ZdaaVvjWIpC4B1lz9PZHiUKlpGOjOEMNILXsz8T+vl8Dg2kuZiBOggiwWDRJuQWTNgrD6TFICfKoJJpLpWy0ywhIT0HEVdQjO8surpF2rOhfV2sNlud7I4yigE3SKKshBV6iOblETtRBBE/SMXtGbkRkvxrvxsWhdM/KZY/QHxucPumKUOw==</latexit>

JWS(µ)
<latexit sha1_base64="NrtxVT2lQEGlUBpgjRcdbXuDBmA=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRahXkpSBT0WvYinivYDmhA22227dDcJuxNpCfkrXjwo4tU/4s1/47bNQVsfDDzem2FmXhBzpsC2v43C2vrG5lZxu7Szu7d/YB6W2ypKJKEtEvFIdgOsKGchbQEDTruxpFgEnHaC8c3M7zxRqVgUPsI0pp7Aw5ANGMGgJd8s3/mpC3QCaechy6quSM58s2LX7DmsVeLkpIJyNH3zy+1HJBE0BMKxUj3HjsFLsQRGOM1KbqJojMkYD2lP0xALqrx0fntmnWqlbw0iqSsEa67+nkixUGoqAt0pMIzUsjcT//N6CQyuvJSFcQI0JItFg4RbEFmzIKw+k5QAn2qCiWT6VouMsMQEdFwlHYKz/PIqaddrznmtfn9RaVzncRTRMTpBVeSgS9RAt6iJWoigCXpGr+jNyIwX4934WLQWjHzmCP2B8fkD5BWUVg==</latexit>

=	Nekrasov-Shatashvili	limit	of	refined	topological	string	free	energy

=	unrefined	topological	string	free	energy

b⇢
<latexit sha1_base64="ybcuYoo2WKIlS/G8wqv3MF3t35s=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7Ac0oWw2k2bpZjfsbpRS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MONMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WuKLSp5FL1QqKBMwFtwwyHXqaApCGHbji6nfndR1CaSfFgxhkEKRkKFjNKjJV8/4lFkBDjq0QOqjW37s6BV4lXkBoq0BpUv/xI0jwFYSgnWvc9NzPBhCjDKIdpxc81ZISOyBD6lgqSgg4m85un+MwqEY6lsiUMnqu/JyYk1XqchrYzJSbRy95M/M/r5ya+DiZMZLkBQReL4pxjI/EsABwxBdTwsSWEKmZvxTQhilBjY6rYELzll1dJp1H3LuqN+8ta86aIo4xO0Ck6Rx66Qk10h1qojSjK0DN6RW9O7rw4787HorXkFDPH6A+czx9RN5Hd</latexit>

From	the	exact	results	it	was	found

[Hatsuda,Marino,Moriyama,Okuyama,'13][Moriyama,TN,'14]

JWS(µ) =
1X

d=1

1X

g=0

Nd
g

1X

n=1

1

n

⇣
2 sinh

2⇡n

k

⌘2g�2
e�

4ndµ
k

<latexit sha1_base64="tSLBFR84mUy/NXcK00ljvGjn8nc="></latexit>

*Once	we	believe	TS/ST	correspondence,	we	obtain	instantons	to	arbitrary	order	by	calculacng	
topological	invariants more	tractable	than	"WKB	+	firng"

:	topological	string/spectral	theory	correspondence [Grassi,Hatsuda,Marino,'14]



M2-brane	=	quantum	curve 13/27

qPIII qPVIm

n

m

n

3

NS5 (1,k)5

*For	general	quiver	CS,											is	a	higher	genus	curve	(unless	parameters	are	tuned)

For	genus	1,	C(v,w)	coincide	with	curves	associated	with	qPX	equacons

b⇢�1
<latexit sha1_base64="r8cG3THJa/h+eNuLISUlIJiSenM=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwY0mqoMuiG5cV7AOaWCaTSTN0MhNmJkoI8VfcuFDErR/izr9x2mahrQcuHM65l3vv8RNKpLLtb6Oysrq2vlHdrG1t7+zumfsHPclTgXAXccrFwIcSU8JwVxFF8SARGMY+xX1/cj31+w9YSMLZncoS7MVwzEhIEFRaGpn13H0kAY6gckXEi/v81ClGZsNu2jNYy8QpSQOU6IzMLzfgKI0xU4hCKYeOnSgvh0IRRHFRc1OJE4gmcIyHmjIYY+nls+ML61grgRVyoYspa6b+nshhLGUW+7ozhiqSi95U/M8bpiq89HLCklRhhuaLwpRailvTJKyACIwUzTSBSBB9q4UiKCBSOq+aDsFZfHmZ9FpN56zZuj1vtK/KOKrgEByBE+CAC9AGN6ADugCBDDyDV/BmPBkvxrvxMW+tGOVMHfyB8fkDBWeVAA==</latexit>

1X

N=0

NZ(N) = Det(1 + C(ebx, ebp)�1)
<latexit sha1_base64="oSZoP4cGwKgXVG5KUNulePX+BeA="></latexit>

M2-brane													quanczacon	of	curve

C(v, w) =
X

m,n

cmnv
mwn

<latexit sha1_base64="OB1VEAy/l3u4KtFdWqL1M4bLpiI=">AAACBnicbVDLSgMxFM34rPVVdSlCsAgVSpmpgm6EYjcuK9gHtNOSSTNtaJIZkkxLGbpy46+4caGIW7/BnX9j2s5CWw9c7uGce0nu8UJGlbbtb2tldW19YzO1ld7e2d3bzxwc1lQQSUyqOGCBbHhIEUYFqWqqGWmEkiDuMVL3BuWpXx8SqWggHvQ4JC5HPUF9ipE2UidzUs4N86Pzm5aKeCfmeTHBponJsM1HbeNn7YI9A1wmTkKyIEGlk/lqdQMccSI0ZkippmOH2o2R1BQzMkm3IkVChAeoR5qGCsSJcuPZGRN4ZpQu9ANpSmg4U39vxIgrNeaemeRI99WiNxX/85qR9q/dmIow0kTg+UN+xKAO4DQT2KWSYM3GhiAsqfkrxH0kEdYmubQJwVk8eZnUigXnolC8v8yWbpM4UuAYnIIccMAVKIE7UAFVgMEjeAav4M16sl6sd+tjPrpiJTtH4A+szx8OhZjj</latexit>

C(v, w) = const.
<latexit sha1_base64="bh4ww36+8qoUoDBwiWx8gB7e3/E=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJUkJBUQS9CsRePFewHtKFstpt26WYTdyeVEvo7vHhQxKs/xpv/xm2bg7Y+GHi8N8PMPD8WXIPjfFsrq2vrG5u5rfz2zu7efuHgsKGjRFFWp5GIVMsnmgkuWR04CNaKFSOhL1jTH1anfnPElOaRfIBxzLyQ9CUPOCVgJK9aGp0/nd3QSGqwu4WiYzsz4GXiZqSIMtS6ha9OL6JJyCRQQbRuu04MXkoUcCrYJN9JNIsJHZI+axsqSci0l86OnuBTo/RwEClTEvBM/T2RklDrceibzpDAQC96U/E/r51AcO2lXMYJMEnni4JEYIjwNAHc44pREGNDCFXc3IrpgChCweSUNyG4iy8vk0bZdi/s8v1lsXKbxZFDx+gElZCLrlAF3aEaqiOKHtEzekVv1sh6sd6tj3nripXNHKE/sD5/AHRnkT8=</latexit>

C(ebx, ebp) = 2 cosh
bx
2
2 cosh

bp
2

<latexit sha1_base64="aRSTgox2u6dYO0hbK8nK/74F0pA=">AAACRnicbZBLSwMxFIXv1Hd9VV26CRahgpSZKuhGELtxWcGq0BlLJr3ThmYeJBm1DPPr3Lh2509w40IRt6a1C1s9EDiccy9JPj8RXGnbfrEKM7Nz8wuLS8XlldW19dLG5pWKU8mwyWIRyxufKhQ8wqbmWuBNIpGGvsBrv18f9td3KBWPo0s9SNALaTfiAWdUm6hd8uoVvM0y9553sEc1ecjz/YkgyfO9k5rLYtVzA0nZ5GxWy//vklHXLpXtqj0S+WucsSnDWI126dntxCwNMdJMUKVajp1oL6NScyYwL7qpwoSyPu1iy9iIhqi8bIQhJ7sm6ZAgluZEmozS3xsZDZUahL6ZDKnuqeluGP7XtVIdHHsZj5JUY8R+LgpSQXRMhkxJh0tkWgyMoUxy81bCetQA0YZ80UBwpr/811zVqs5BtXZxWD49G+NYhG3YgQo4cASncA4NaAKDR3iFd/iwnqw369P6+hktWOOdLZhQAb4Bmwezpw==</latexit>

C(ebx, ebp) =
⇣
2 cosh

bx
2

⌘2⇣
2 cosh

bp
2

⌘2

<latexit sha1_base64="tAbWMCztHGXiXQ3PrIMCqH2JXro="></latexit>

Fermi	gas	formalism:

NS5

(1,k)5

NS5
(1,k)5



Plan	of	talk

2.	qPVI	parameters	from	four	node	quiver

1.	M2-branes	and	Fermi	gas	formalism

3.

4.	Summary

⌧qPVI =
1X

N=0

NZfour node(N)
<latexit sha1_base64="PK1aWo9PySyT2AhVbeajdgli6o8="></latexit>

X
<latexit sha1_base64="S6fKC3fzNdJJNrDYhYZ51mL9fRU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae2oWy2k3bJZhN2N0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC20F0O/PbT6g0T+SDGafox3QoecgZNVZ67LERsiimKuqXK27VnYOsEi8nFcjR6Je/eoOEZTFKwwTVuuu5qf EnVBnOBE5LvUxjSllEh9i1VNIYtT+ZXzwlZ1YZkDBRtqQhc/X3xITGWo/jwHbG1Iz0sjcT//O6mQmv/QmXaWZQssWiMBPEJGT2PhlwhcyIsSWUKW5vJWxEFWXGhlSyIXjLL6+SVq3qXVRr95eV+k0eRxFO4BTOwYMrqMMdNKAJDCQ8wyu8Odp5cd6dj0VrwclnjuEPnM8fp5CQ5w==</latexit>



Parameters	of	quantum	curve 15/27CVI(ebx, ebp)
<latexit sha1_base64="9r5h8zGPo96Eoegs2cMSg7FKK58=">AAACGXicbVDLSgNBEJyN7/iKevQyGAQFCbtR0GPQi94UTCIka5id7Zghsw9mejVh2d/w4q948aCIRz35N05iDiaxoKGo6qa7y4ul0Gjb31ZuZnZufmFxKb+8srq2XtjYrOkoURyqPJKRuvGYBilCqKJACTexAhZ4Eupe92zg1+9BaRGF19iPwQ3YXSjagjM0Uqtgn92mTYQeprWLLNuD2zRtPggfOgxpL8sOxoQ4y/ZbhaJdsoeg08QZkSIZ4bJV+Gz6EU8CCJFLpnXDsWN0U6ZQcAlZvploiBnvsjtoGBqyALSbDj/L6K5RfNqOlKkQ6VD9O5GyQOt+4JnOgGFHT3oD8T+vkWD7xE1FGCcIIf9d1E4kxYgOYqK+UMBR9g1hXAlzK+UdphhHE2behOBMvjxNauWSc1gqXx0VK6ejOBbJNtkhe8Qhx6RCzsklqRJOHskzeSVv1pP1Yr1bH7+tOWs0s0XGYH39ANkSoW8=</latexit>

em1
<latexit sha1_base64="9iqdkCGkgfoIRBq1HMl8DCEsGPU=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KkkV9Fj04rGC/YA2hM1m2i7d3YTdTaWE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSjnTxvO+nbX1jc2t7dJOeXdv/+DQPTpu6SRTFJo04YnqREQDZxKahhkOnVQBERGHdjS6m/ntMSjNEvloJikEggwk6zNKjJVC1817TywGw3gMWExDP3QrXtWbA68SvyAVVKARul+9OKGZAGkoJ1p3fS81QU6UYZTDtNzLNKSEjsgAupZKIkAH+fzyKT63Soz7ibIlDZ6rvydyIrSeiMh2CmKGetmbif953cz0b4KcyTQzIOliUT/j2CR4FgOOmQJq+MQSQhWzt2I6JIpQY8Mq2xD85ZdXSatW9S+rtYerSv22iKOETtEZukA+ukZ1dI8aqIkoGqNn9IrenNx5cd6dj0XrmlPMnKA/cD5/AGBAk3s=</latexit>

em2
<latexit sha1_base64="e21PCUIBlXD6SD3WmL/iGq6pT/w=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KkkV9Fj04rGC/YA2hM1m2i7d3YTdTaWE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSjnTxvO+nbX1jc2t7dJOeXdv/+DQPTpu6SRTFJo04YnqREQDZxKahhkOnVQBERGHdjS6m/ntMSjNEvloJikEggwk6zNKjJVC1817TywGw3gMWEzDWuhWvKo3B14lfkEqqEAjdL96cUIzAdJQTrTu+l5qgpwowyiHabmXaUgJHZEBdC2VRIAO8vnlU3xulRj3E2VLGjxXf0/kRGg9EZHtFMQM9bI3E//zupnp3wQ5k2lmQNLFon7GsUnwLAYcMwXU8IklhCpmb8V0SBShxoZVtiH4yy+vklat6l9Waw9XlfptEUcJnaIzdIF8dI3q6B41UBNRNEbP6BW9Obnz4rw7H4vWNaeYOUF/4Hz+AGHEk3w=</latexit>

em3
<latexit sha1_base64="BxkhHdOpeLQWeEa+DPMEy96bM6U=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0laQY9FLx4r2A9oQ9hsJu3S3STsbiol9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5QcqZ0o7zbZU2Nre2d8q7lb39g8Mj+/iko5JMUmjThCeyFxAFnMXQ1kxz6KUSiAg4dIPx3dzvTkAqlsSPepqCJ8gwZhGjRBvJt+188MRC0IyHgMXMb/h21ak5C+B14hakigq0fPtrECY0ExBryolSfddJtZcTqRnlMKsMMgUpoWMyhL6hMRGgvHxx+QxfGCXEUSJNxRov1N8TORFKTUVgOgXRI7XqzcX/vH6moxsvZ3GaaYjpclGUcawTPI8Bh0wC1XxqCKGSmVsxHRFJqDZhVUwI7urL66RTr7mNWv3hqtq8LeIoozN0ji6Ri65RE92jFmojiiboGb2iNyu3Xqx362PZWrKKmVP0B9bnD2NIk30=</latexit>

em4
<latexit sha1_base64="vNFnhrwZ4dBWGL87xC4FivLb3Dw=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lqQY9FLx4r2A9oQ9hsJu3SzSbsbiol9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5QcqZ0o7zbZU2Nre2d8q7lb39g8Mj+/iko5JMUmjThCeyFxAFnAloa6Y59FIJJA44dIPx3dzvTkAqlohHPU3Bi8lQsIhRoo3k23Y+eGIhaMZDwPHMb/h21ak5C+B14hakigq0fPtrECY0i0FoyolSfddJtZcTqRnlMKsMMgUpoWMyhL6hgsSgvHxx+QxfGCXEUSJNCY0X6u+JnMRKTePAdMZEj9SqNxf/8/qZjm68nIk00yDoclGUcawTPI8Bh0wC1XxqCKGSmVsxHRFJqDZhVUwI7urL66RTr7lXtfpDo9q8LeIoozN0ji6Ri65RE92jFmojiiboGb2iNyu3Xqx362PZWrKKmVP0B9bnD2TMk34=</latexit>

ex
<latexit sha1_base64="v49Pi6X1pLmQ8se0SA2HB+00ZHw=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4xyiOBlcwODUyYnd3MzBrJhk/w4kFjvPpF3vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoeuo3H1FpHsl7M47RD+lA8j5n1FjpDh+eusWSW3ZnIMvEy0gJMtS6xa9OL2JJiNIwQbVue25s/JQqw5nASaGTaIwpG9EBti2VNETtp7NTJ+TEKj3Sj5QtachM/T2R0lDrcRjYzpCaoV70puJ/Xjsx/Us/5TJODEo2X9RPBDERmf5NelwhM2JsCWWK21sJG1JFmbHpFGwI3uLLy6RRKXtn5crteal6lcWRhyM4hlPw4AKqcAM1qAODATzDK7w5wnlx3p2PeWvOyWYO4Q+czx9aI43X</latexit>

ep
<latexit sha1_base64="y0SJdu9vki2l24SyBbQxqB9XXuo=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2ls120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtJ1Sax/LBjBP0IzqQPOSMGivd42PSK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m506IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsekUbQje4svLpFmteOeV6t1FuXadx1GAYziBM/DgEmpwC3VoAIMBPMMrvDnCeXHenY9564qTzxzBHzifP04Djc8=</latexit>

To	check	qPVI	equacon,	we	have	to	turn	on	the	moduli	=	generic	coefficients											of

moduli	=	asymptocc	loci

NS5
NS5

(1,k)5
(1,k)5

N

bCVI =
X

m=�1,0,1

X

n=�1,0,1

cmne
mbx+nbp

<latexit sha1_base64="K8YoSQBt7HsQs2DgQKEAxGgNlMs="></latexit>

⌧qPVI ⇠
1X

N=0

NZ(N)
<latexit sha1_base64="4JSdLEzr/akr8SF3lKL+HOuMwcg="></latexit>

8	−	2	−	1	=	5	parameters

cmn
<latexit sha1_base64="SQaabo6/dI3m2n+QCQ0O2Bvgkc4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1SD8TctovV/yqPwdaJUFOKpCj0S9/9QaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfu0UnTllgGKlXUmL5urviQwLYyYicp0C25FZ9mbif143tfF1mDGZpJZKslgUpxxZhWavowHTlFg+cQQTzdytiIywxsS6gEouhGD55VXSqlWDi2rt/rJSv8njKMIJnMI5BHAFdbiDBjSBwCM8wyu8ecp78d69j0VrwctnjuEPvM8f2mOPTw==</latexit>

et1
<latexit sha1_base64="DtvNej/ROaEq3WjJdpee2UB/FUE=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSB4CrtR0GPQi8cI5gHJsszOdpIhsw9meiNhyZ948aCIV//Em3/jJNmDJhY0FFXddHcFqRQaHefbWlvf2NzaLu2Ud/f2Dw7to+OWTjLFockTmahOwDRIEUMTBUropApYFEhoB6O7md8eg9IiiR9xkoIXsUEs+oIzNJJv23nvSYSAQoZAceq7vl1xqs4cdJW4BamQAg3f/uqFCc8iiJFLpnXXdVL0cqZQcAnTci/TkDI+YgPoGhqzCLSXzy+f0nOjhLSfKFMx0rn6eyJnkdaTKDCdEcOhXvZm4n9eN8P+jZeLOM0QYr5Y1M8kxYTOYqChUMBRTgxhXAlzK+VDphhHE1bZhOAuv7xKWrWqe1mtPVxV6rdFHCVySs7IBXHJNamTe9IgTcLJmDyTV/Jm5daL9W59LFrXrGLmhPyB9fkDavGTgg==</latexit>

et2
<latexit sha1_base64="aAU9eIC0vhjlL7TnRFuzhd2O9H0=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSB4CrtR0GPQi8cI5gHJsszOdpIhsw9meiNhyZ948aCIV//Em3/jJNmDJhY0FFXddHcFqRQaHefbWlvf2NzaLu2Ud/f2Dw7to+OWTjLFockTmahOwDRIEUMTBUropApYFEhoB6O7md8eg9IiiR9xkoIXsUEs+oIzNJJv23nvSYSAQoZAcerXfLviVJ056CpxC1IhBRq+/dULE55FECOXTOuu66To5Uyh4BKm5V6mIWV8xAbQNTRmEWgvn18+pedGCWk/UaZipHP190TOIq0nUWA6I4ZDvezNxP+8bob9Gy8XcZohxHyxqJ9JigmdxUBDoYCjnBjCuBLmVsqHTDGOJqyyCcFdfnmVtGpV97Jae7iq1G+LOErklJyRC+KSa1In96RBmoSTMXkmr+TNyq0X6936WLSuWcXMCfkD6/MHbHWTgw==</latexit>

et3
<latexit sha1_base64="Pky+tBUD5vFlnbhAlQQstau4xQM=">AAAB+XicbVDJSgNBEO2JW4zbqEcvjUHwFGYSQY9BLx4jmAWSMPT01CRNeha6ayJhyJ948aCIV//Em39jZzlo4oOCx3tVVNXzUyk0Os63VdjY3NreKe6W9vYPDo/s45OWTjLFockTmaiOzzRIEUMTBUropApY5Eto+6O7md8eg9IiiR9xkkI/YoNYhIIzNJJn23nvSQSAQgZAcerVPLvsVJw56Dpxl6RMlmh49lcvSHgWQYxcMq27rpNiP2cKBZcwLfUyDSnjIzaArqExi0D38/nlU3phlICGiTIVI52rvydyFmk9iXzTGTEc6lVvJv7ndTMMb/q5iNMMIeaLRWEmKSZ0FgMNhAKOcmII40qYWykfMsU4mrBKJgR39eV10qpW3Fql+nBVrt8u4yiSM3JOLolLrkmd3JMGaRJOxuSZvJI3K7derHfrY9FasJYzp+QPrM8fbfmThA==</latexit>

et4
<latexit sha1_base64="nuuneoARZUEb87hlhS7UdXPnQSU=">AAAB+XicbVDJSgNBEO2JW4zbqEcvjUHwFGZiQI9BLx4jmAWSMPT01CRNeha6ayJhyJ948aCIV//Em39jZzlo4oOCx3tVVNXzUyk0Os63VdjY3NreKe6W9vYPDo/s45OWTjLFockTmaiOzzRIEUMTBUropApY5Eto+6O7md8eg9IiiR9xkkI/YoNYhIIzNJJn23nvSQSAQgZAcerVPLvsVJw56Dpxl6RMlmh49lcvSHgWQYxcMq27rpNiP2cKBZcwLfUyDSnjIzaArqExi0D38/nlU3phlICGiTIVI52rvydyFmk9iXzTGTEc6lVvJv7ndTMMb/q5iNMMIeaLRWEmKSZ0FgMNhAKOcmII40qYWykfMsU4mrBKJgR39eV10qpW3KtK9aFWrt8u4yiSM3JOLolLrkmd3JMGaRJOxuSZvJI3K7derHfrY9FasJYzp+QPrM8fb32ThQ==</latexit>

emi ! ↵emi
<latexit sha1_base64="0EEMd4646LeufezthSY/u5uH/5k=">AAACG3icbVDLSgNBEJz1bXxFPXoZDIKnsBsFPQa9eFQwD8iG0DvbSQZnH8z0GsKS//Dir3jxoIgnwYN/4+Rx0GjBQFFVTU9XkCppyHW/nIXFpeWV1bX1wsbm1vZOcXevbpJMC6yJRCW6GYBBJWOskSSFzVQjRIHCRnB3OfYb96iNTOJbGqbYjqAXy64UQFbqFCu5P5AhklQh8mjUkb6WvT6B1smA+6DSPswnOsWSW3Yn4H+JNyMlNsN1p/jhh4nIIoxJKDCm5bkptXPQJIXCUcHPDKYg7qCHLUtjiNC088ltI35klZB3E21fTHyi/pzIITJmGAU2GQH1zbw3Fv/zWhl1z9u5jNOMMBbTRd1McUr4uCgeSo2C1NASEFrav3LRBw2CbJ0FW4I3f/JfUq+UvZNy5ea0VL2Y1bHGDtghO2YeO2NVdsWuWY0J9sCe2At7dR6dZ+fNeZ9GF5zZzD77BefzG+rDopI=</latexit>

eti ! �eti
<latexit sha1_base64="1pHJuJFG262D9EXLY3nGCKtfCRk=">AAACGnicbVC7SgNBFJ31GeNr1dJmMAhWYTcKWgZtLCOYB2RDmJ29SYbMPpi5awhLvsPGX7GxUMRObPwbJ8kWmnhg4HDOudy5x0+k0Og439bK6tr6xmZhq7i9s7u3bx8cNnScKg51HstYtXymQYoI6ihQQitRwEJfQtMf3kz95gMoLeLoHscJdELWj0RPcIZG6tpu5o1EAChkABQnXeEp0R8gUyoeUc8HZIuBrl1yys4MdJm4OSmRHLWu/ekFMU9DiJBLpnXbdRLsZEyh4BImRS/VkDA+ZH1oGxqxEHQnm502oadGCWgvVuZFSGfq74mMhVqPQ98kQ4YDvehNxf+8doq9q04moiRFiPh8US+VFGM67YkGQgFHOTaEcSXMXykfMMU4mjaLpgR38eRl0qiU3fNy5e6iVL3O6yiQY3JCzohLLkmV3JIaqRNOHskzeSVv1pP1Yr1bH/PoipXPHJE/sL5+ACcwoiw=</latexit>

em1 em2et2et4 = em3 em4et1et3
<latexit sha1_base64="XgtnCzumEhjSACVFwi5Zy+UGF5g=">AAACcXicbZHLSgMxFIYz462Ot3rZiCihRRCEMtMWdCMU3bisYKvQlpLJnGpo5kJyRilD9z6fO1/CjS9gelnYsQcCP985fy5//EQKja77Zdkrq2vrG4VNZ2t7Z3evuH/Q1nGqOLR4LGP17DMNUkTQQoESnhMFLPQlPPnDu0n/6Q2UFnH0iKMEeiF7icRAcIYG9YsfWfddBIBCBkDDcd9zcqC6AHAJqDs3OU8tv0k97/HyoNYvlt2KOy36X3hzUSbzavaLn90g5mkIEXLJtO54boK9jCkUXMLY6aYaEsaH7AU6RkYsBN3LpomN6bkhAR3EyqwI6ZT+dWQs1HoU+mYyZPiq870JXNbrpDi47mUiSlKEiM8OGqSSYkwn8dNAKOAoR0YwroS5K+WvTDGO5pMcE4KXf/J/0a5WvFql+lAvN27ncRTICSmRC+KRK9Ig96RJWoSTb+vIOrXOrB/72KZ2aTZqW3PPIVko+/IXrcS9EQ==</latexit>

2 cosh
bx
2

⇣
2 cosh

bp
2

⌘2
2 cosh

bx
2
=e�bx+bp + (e⇡ik + e�⇡ik)ebp + ebx+bp

+ 2e�bx + 4 + 2ebx

+ e�bx�bp + (e⇡ik + e�⇡ik)e�bp + ebx�bp
<latexit sha1_base64="IA0AZNxbqOsb1EvAEG3Ho7fthnI="></latexit>

emi = 1, et1,2 = �e�⇡ik, et3,4 = �e⇡ik
<latexit sha1_base64="nOCzYDhz+zAP8bCZt+D9+MGaKoM="></latexit>
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curve	has													discrete	symmetry	exchanging	asymptocc	loci

=	refleccons	of	two	components	+	permutacons em1
<latexit sha1_base64="9iqdkCGkgfoIRBq1HMl8DCEsGPU=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KkkV9Fj04rGC/YA2hM1m2i7d3YTdTaWE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSjnTxvO+nbX1jc2t7dJOeXdv/+DQPTpu6SRTFJo04YnqREQDZxKahhkOnVQBERGHdjS6m/ntMSjNEvloJikEggwk6zNKjJVC1817TywGw3gMWExDP3QrXtWbA68SvyAVVKARul+9OKGZAGkoJ1p3fS81QU6UYZTDtNzLNKSEjsgAupZKIkAH+fzyKT63Soz7ibIlDZ6rvydyIrSeiMh2CmKGetmbif953cz0b4KcyTQzIOliUT/j2CR4FgOOmQJq+MQSQhWzt2I6JIpQY8Mq2xD85ZdXSatW9S+rtYerSv22iKOETtEZukA+ukZ1dI8aqIkoGqNn9IrenNx5cd6dj0XrmlPMnKA/cD5/AGBAk3s=</latexit>

em2
<latexit sha1_base64="e21PCUIBlXD6SD3WmL/iGq6pT/w=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KkkV9Fj04rGC/YA2hM1m2i7d3YTdTaWE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSjnTxvO+nbX1jc2t7dJOeXdv/+DQPTpu6SRTFJo04YnqREQDZxKahhkOnVQBERGHdjS6m/ntMSjNEvloJikEggwk6zNKjJVC1817TywGw3gMWEzDWuhWvKo3B14lfkEqqEAjdL96cUIzAdJQTrTu+l5qgpwowyiHabmXaUgJHZEBdC2VRIAO8vnlU3xulRj3E2VLGjxXf0/kRGg9EZHtFMQM9bI3E//zupnp3wQ5k2lmQNLFon7GsUnwLAYcMwXU8IklhCpmb8V0SBShxoZVtiH4yy+vklat6l9Waw9XlfptEUcJnaIzdIF8dI3q6B41UBNRNEbP6BW9Obnz4rw7H4vWNaeYOUF/4Hz+AGHEk3w=</latexit>

em3
<latexit sha1_base64="BxkhHdOpeLQWeEa+DPMEy96bM6U=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0laQY9FLx4r2A9oQ9hsJu3S3STsbiol9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5QcqZ0o7zbZU2Nre2d8q7lb39g8Mj+/iko5JMUmjThCeyFxAFnMXQ1kxz6KUSiAg4dIPx3dzvTkAqlsSPepqCJ8gwZhGjRBvJt+188MRC0IyHgMXMb/h21ak5C+B14hakigq0fPtrECY0ExBryolSfddJtZcTqRnlMKsMMgUpoWMyhL6hMRGgvHxx+QxfGCXEUSJNxRov1N8TORFKTUVgOgXRI7XqzcX/vH6moxsvZ3GaaYjpclGUcawTPI8Bh0wC1XxqCKGSmVsxHRFJqDZhVUwI7urL66RTr7mNWv3hqtq8LeIoozN0ji6Ri65RE92jFmojiiboGb2iNyu3Xqx362PZWrKKmVP0B9bnD2NIk30=</latexit>

em4
<latexit sha1_base64="vNFnhrwZ4dBWGL87xC4FivLb3Dw=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lqQY9FLx4r2A9oQ9hsJu3SzSbsbiol9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5QcqZ0o7zbZU2Nre2d8q7lb39g8Mj+/iko5JMUmjThCeyFxAFnAloa6Y59FIJJA44dIPx3dzvTkAqlohHPU3Bi8lQsIhRoo3k23Y+eGIhaMZDwPHMb/h21ak5C+B14hakigq0fPtrECY0i0FoyolSfddJtZcTqRnlMKsMMgUpoWMyhL6hgsSgvHxx+QxfGCXEUSJNCY0X6u+JnMRKTePAdMZEj9SqNxf/8/qZjm68nIk00yDoclGUcawTPI8Bh0wC1XxqCKGSmVsxHRFJqDZhVUwI7urL66RTr7lXtfpDo9q8LeIoozN0ji6Ri65RE92jFmojiiboGb2iNyu3Xqx362PZWrKKmVP0B9bnD2TMk34=</latexit>

generated	by	canonical	trsf. preserves

W (D5)
<latexit sha1_base64="nsOgDZ5b8ELUE+Ar5+8cVL9I++k=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuVfRY1IPHCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmlomitAGkVyqdoA15UzQhmGG03asKI4CTlvB6Gbqt56o0kyKBzOOqR/hgWAhI9hYqdkq3/YuTnvFkltxZ0DLxMtICTLUe8Wvbl+SJKLCEI617nhubPwUK8MIp5NCN9E0xmSEB7RjqcAR1X46u3aCTqzSR6FUtoRBM/X3RIojrcdRYDsjbIZ60ZuK/3mdxIRXfspEnBgqyHxRmHBkJJq+jvpMUWL42BJMFLO3IjLEChNjAyrYELzFl5dJs1rxzirV+/NS7TqLIw9HcAxl8OASanAHdWgAgUd4hld4c6Tz4rw7H/PWnJPNHMIfOJ8/NG6OOg==</latexit>

W (D5)
<latexit sha1_base64="nsOgDZ5b8ELUE+Ar5+8cVL9I++k=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuVfRY1IPHCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmlomitAGkVyqdoA15UzQhmGG03asKI4CTlvB6Gbqt56o0kyKBzOOqR/hgWAhI9hYqdkq3/YuTnvFkltxZ0DLxMtICTLUe8Wvbl+SJKLCEI617nhubPwUK8MIp5NCN9E0xmSEB7RjqcAR1X46u3aCTqzSR6FUtoRBM/X3RIojrcdRYDsjbIZ60ZuK/3mdxIRXfspEnBgqyHxRmHBkJJq+jvpMUWL42BJMFLO3IjLEChNjAyrYELzFl5dJs1rxzirV+/NS7TqLIw9HcAxl8OASanAHdWgAgUd4hld4c6Tz4rw7H/PWnJPNHMIfOJ8/NG6OOg==</latexit>

Natural	coordinate	of	moduli	space

CVI
<latexit sha1_base64="UYUroUxyXxvIlG8RReHxpKM1fdM=">AAAB9HicbVDLTgJBEJz1ifhCPXqZSEw8kV000SORi94wkUcCK5kdemHC7MOZXiLZ8B1ePGiMVz/Gm3/jAHtQsJJOKlXd6e7yYik02va3tbK6tr6xmdvKb+/s7u0XDg4bOkoUhzqPZKRaHtMgRQh1FCihFStggSeh6Q2rU785AqVFFN7jOAY3YP1Q+IIzNJJbfUg7CE+YNm4nk26haJfsGegycTJSJBlq3cJXpxfxJIAQuWRatx07RjdlCgWXMMl3Eg0x40PWh7ahIQtAu+ns6Ak9NUqP+pEyFSKdqb8nUhZoPQ480xkwHOhFbyr+57UT9K/cVIRxghDy+SI/kRQjOk2A9oQCjnJsCONKmFspHzDFOJqc8iYEZ/HlZdIol5zzUvnuoli5zuLIkWNyQs6IQy5JhdyQGqkTTh7JM3klb9bIerHerY9564qVzRyRP7A+fwAa4ZJR</latexit>

Det(1 + ( bCVI)�1)
<latexit sha1_base64="gxnT3/MkcXR7bxLDCTP8LAkgZRc="></latexit>

A	natural	coordinate																											is	such	that

M0 =
1

4⇡i
log

em1 em2

em3 em4
<latexit sha1_base64="8CdZl8SpM+yNeWtHRvsUGKEeMP4="></latexit>

M1 =
1

4⇡i
log

em2 em4

em1 em3
<latexit sha1_base64="/sw+uoSsoX1O/0+jJWBZsoVXj3I="></latexit>

M3 =
1

4⇡i
log

et3et4
et1et2<latexit sha1_base64="2PnshDvoTO3JaxbUEaUX7Nkb8sE="></latexit>

Z1 =
1

4⇡i
log

em2 em3

em1 em4
<latexit sha1_base64="ibNmsGm5iXoTTTTBkEtIZmaZOFo="></latexit>

Z3 =
1

4⇡i
log

et1et4
et2et3

<latexit sha1_base64="yOewmjUEnB9b69LcvX8T1qyFIs8="></latexit>

et1
<latexit sha1_base64="DtvNej/ROaEq3WjJdpee2UB/FUE=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSB4CrtR0GPQi8cI5gHJsszOdpIhsw9meiNhyZ948aCIV//Em3/jJNmDJhY0FFXddHcFqRQaHefbWlvf2NzaLu2Ud/f2Dw7to+OWTjLFockTmahOwDRIEUMTBUropApYFEhoB6O7md8eg9IiiR9xkoIXsUEs+oIzNJJv23nvSYSAQoZAceq7vl1xqs4cdJW4BamQAg3f/uqFCc8iiJFLpnXXdVL0cqZQcAnTci/TkDI+YgPoGhqzCLSXzy+f0nOjhLSfKFMx0rn6eyJnkdaTKDCdEcOhXvZm4n9eN8P+jZeLOM0QYr5Y1M8kxYTOYqChUMBRTgxhXAlzK+VDphhHE1bZhOAuv7xKWrWqe1mtPVxV6rdFHCVySs7IBXHJNamTe9IgTcLJmDyTV/Jm5daL9W59LFrXrGLmhPyB9fkDavGTgg==</latexit>

et2
<latexit sha1_base64="aAU9eIC0vhjlL7TnRFuzhd2O9H0=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSB4CrtR0GPQi8cI5gHJsszOdpIhsw9meiNhyZ948aCIV//Em3/jJNmDJhY0FFXddHcFqRQaHefbWlvf2NzaLu2Ud/f2Dw7to+OWTjLFockTmahOwDRIEUMTBUropApYFEhoB6O7md8eg9IiiR9xkoIXsUEs+oIzNJJv23nvSYSAQoZAcerXfLviVJ056CpxC1IhBRq+/dULE55FECOXTOuu66To5Uyh4BKm5V6mIWV8xAbQNTRmEWgvn18+pedGCWk/UaZipHP190TOIq0nUWA6I4ZDvezNxP+8bob9Gy8XcZohxHyxqJ9JigmdxUBDoYCjnBjCuBLmVsqHTDGOJqyyCcFdfnmVtGpV97Jae7iq1G+LOErklJyRC+KSa1In96RBmoSTMXkmr+TNyq0X6936WLSuWcXMCfkD6/MHbHWTgw==</latexit>

et3
<latexit sha1_base64="Pky+tBUD5vFlnbhAlQQstau4xQM=">AAAB+XicbVDJSgNBEO2JW4zbqEcvjUHwFGYSQY9BLx4jmAWSMPT01CRNeha6ayJhyJ948aCIV//Em39jZzlo4oOCx3tVVNXzUyk0Os63VdjY3NreKe6W9vYPDo/s45OWTjLFockTmaiOzzRIEUMTBUropApY5Eto+6O7md8eg9IiiR9xkkI/YoNYhIIzNJJn23nvSQSAQgZAcerVPLvsVJw56Dpxl6RMlmh49lcvSHgWQYxcMq27rpNiP2cKBZcwLfUyDSnjIzaArqExi0D38/nlU3phlICGiTIVI52rvydyFmk9iXzTGTEc6lVvJv7ndTMMb/q5iNMMIeaLRWEmKSZ0FgMNhAKOcmII40qYWykfMsU4mrBKJgR39eV10qpW3Fql+nBVrt8u4yiSM3JOLolLrkmd3JMGaRJOxuSZvJI3K7derHfrY9FasJYzp+QPrM8fbfmThA==</latexit>

et4
<latexit sha1_base64="nuuneoARZUEb87hlhS7UdXPnQSU=">AAAB+XicbVDJSgNBEO2JW4zbqEcvjUHwFGZiQI9BLx4jmAWSMPT01CRNeha6ayJhyJ948aCIV//Em39jZzlo4oOCx3tVVNXzUyk0Os63VdjY3NreKe6W9vYPDo/s45OWTjLFockTmaiOzzRIEUMTBUropApY5Eto+6O7md8eg9IiiR9xkkI/YoNYhIIzNJJn23nvSQSAQgZAcerVPLvsVJw56Dpxl6RMlmh49lcvSHgWQYxcMq27rpNiP2cKBZcwLfUyDSnjIzaArqExi0D38/nlU3phlICGiTIVI52rvydyFmk9iXzTGTEc6lVvJv7ndTMMb/q5iNMMIeaLRWEmKSZ0FgMNhAKOcmII40qYWykfMsU4mrBKJgR39eV10qpW3KtK9aFWrt8u4yiSM3JOLolLrkmd3JMGaRJOxuSZvJI3K7derHfrY9FasJYzp+QPrM8fb32ThQ==</latexit>

(t1, t2, t3, t4, t5)
<latexit sha1_base64="OhPZBhTlff6Mm4tf7LUpkuZdXIQ=">AAAB/nicbVDLSgMxFM3UV62vUXHlJliEClJm2ooui25cVrAPaIchk6ZtaCYzJHeEMhT8FTcuFHHrd7jzb0zbWWj1wIHDOfeSmxPEgmtwnC8rt7K6tr6R3yxsbe/s7tn7By0dJYqyJo1EpDoB0UxwyZrAQbBOrBgJA8HawfhmlrcfmNI8kvcwiZkXkqHkA04JGMu3j0rgu+fgVwyrhjXDizPfLjplZw78V7iZKKIMDd/+7PUjmoRMAhVE667rxOClRAGngk0LvUSzmNAxGbKukZKETHvp/PwpPjVOHw8iZSgBz92fGykJtZ6EgZkMCYz0cjYz/8u6CQyuvJTLOAEm6eKhQSIwRHjWBe5zxSiIiRGEKm5uxXREFKFgGiuYEtzlL/8VrUrZrZYrd7Vi/TqrI4+O0QkqIRddojq6RQ3URBSl6Am9oFfr0Xq23qz3xWjOynYO0S9YH98TapOg</latexit>

(t1, t2, t3, t4, t5) = (M0,M1,M3, Z1, Z2)
<latexit sha1_base64="pu4M096NJod54RAAraLR92HqHTw=">AAACFHicbVC7SgNBFJ31GeMramkzGIQEQ9hNItoIQRubQATzIA+W2clsMmT2wcxdIYR8hI2/YmOhiK2FnX/jJNlCEy8c5nDOvdy5xwkFV2Ca38bK6tr6xmZiK7m9s7u3nzo4rKsgkpTVaCAC2XSIYoL7rAYcBGuGkhHPEazhDG+mfuOBScUD/x5GIet6pO9zl1MCWrJTZxmwrRzYBY2iRknjPHuVqdhmrqKdilZb+m3ZhaydSpt5c1Z4mVgxSaO4qnbqq9MLaOQxH6ggSrUtM4TumEjgVLBJshMpFhI6JH3W1tQnHlPd8eyoCT7VSg+7gdTwAc/U3xNj4ik18hzd6REYqEVvKv7ntSNwL7tj7ocRMJ/OF7mRwBDgaUK4xyWjIEaaECq5/iumAyIJBZ1jUodgLZ68TOqFvFXMF+5K6fJ1HEcCHaMTlEEWukBldIuqqIYoekTP6BW9GU/Gi/FufMxbV4x45gj9KePzB6Cvmic=</latexit>

2 cosh
bx
2

⇣
2 cosh

bp
2

⌘2
2 cosh

bx
2

<latexit sha1_base64="s2WFTwMiYSNOUvzcfPHdaTPaHOk="></latexit>

How	can	we	turn	on	general	moduli	parameters?

(M0,M1,M3, Z1, Z3) = (0, 0, k, 0, 0)
<latexit sha1_base64="fUG9Ga0M59SwSSyOfsMl0hzYsKM=">AAACCnicbVDLSgMxFM34rPU16tJNtAgtDCXTCroRim7cFCrYB22HIZOmbWjmQZIRytC1G3/FjQtF3PoF7vwb03YW2nrgksM593JzjxdxJhVC38bK6tr6xmZmK7u9s7u3bx4cNmQYC0LrJOShaHlYUs4CWldMcdqKBMW+x2nTG91M/eYDFZKFwb0aR9Tx8SBgfUaw0pJrnuSrLrKqrq2rbLX123bLhas8spA10oUKrplDRTQDXCZ2SnIgRc01v7q9kMQ+DRThWMqOjSLlJFgoRjidZLuxpBEmIzygHU0D7FPpJLNTJvBMKz3YD4WuQMGZ+nsiwb6UY9/TnT5WQ7noTcX/vE6s+pdOwoIoVjQg80X9mEMVwmkusMcEJYqPNcFEMP1XSIZYYKJ0elkdgr148jJplIp2uVi6O89VrtM4MuAYnII8sMEFqIBbUAN1QMAjeAav4M14Ml6Md+Nj3rpipDNH4A+Mzx+1LpXR</latexit>

bx, bp ! bx0, bp0
<latexit sha1_base64="B53Ef49yOQNhPSmgcI2hU3TjL3M=">AAACKXicbVDLSgMxFM3UV62vUZdugkXqQspMFXRZdOOygn1Ap5RMmnZCMw+SO9Yy9Hfc+CtuFBR164+YtgP24YHAyTnnktzjRoIrsKwvI7Oyura+kd3MbW3v7O6Z+wc1FcaSsioNRSgbLlFM8IBVgYNgjUgy4ruC1d3+zdivPzCpeBjcwzBiLZ/0At7llICW2mY5cQa8wzwC+HF09neJRo7kPQ+IlOEAz4YKc6lC28xbRWsCvEzslORRikrbfHM6IY19FgAVRKmmbUXQSogETgUb5ZxYsYjQPumxpqYB8ZlqJZNNR/hEKx3cDaU+AeCJOjuREF+poe/qpE/AU4veWPzPa8bQvWolPIhiYAGdPtSNBYYQj2vDHS4ZBTHUhFDJ9V8x9YgkFHS5OV2CvbjyMqmVivZ5sXR3kS9fp3Vk0RE6RqfIRpeojG5RBVURRU/oBb2jD+PZeDU+je9pNGOkM4doDsbPL0SDp9I=</latexit>
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2	of	5	moduli	can	be	turned	on	by	FI	parameters

discrete	symmetry	in	3d	=	Hanany-WiMen	IR	dualices

Other	3?

⇣2
<latexit sha1_base64="+ja+Ng/VXWmDLRIiAgx1os/85I4=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIrkpSBV0W3bisYB/QlDCZ3LRDJw9mbsQa6sZfceNCEbf+hTv/xuljoa0HLhzOuXfu3OOngiu07W+jsLS8srpWXC9tbG5t75i7e02VZJJBgyUikW2fKhA8hgZyFNBOJdDIF9DyB1djv3UHUvEkvsVhCt2I9mIeckZRS5554CLc4+SdXEIwyt0HQOpVR55Ztiv2BNYicWakTGaoe+aXGyQsiyBGJqhSHcdOsZtTiZwJGJXcTEFK2YD2oKNpTCNQ3XyyeWQdayWwwkTqitGaqL8nchopNYx83RlR7Kt5byz+53UyDC+6OY/TDCFm00VhJixMrHEcVsAlMBRDTSiTXP/VYn0qKUMdWkmH4MyfvEia1YpzWqnenJVrl7M4iuSQHJET4pBzUiPXpE4ahJFH8kxeyZvxZLwY78bHtLVgzGb2yR8Ynz+t2Jer</latexit>

⇣1
<latexit sha1_base64="mRUq/8uejsAcrWlxUcEvAa3BcBk=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIrkpSBV0W3bisYB/QhjCZ3LZDJw9mbsQa6sZfceNCEbf+hTv/xmmbhbYeuHA45965c4+fCK7Qtr+NwtLyyupacb20sbm1vWPu7jVVnEoGDRaLWLZ9qkDwCBrIUUA7kUBDX0DLH15N/NYdSMXj6BZHCbgh7Ue8xxlFLXnmQRfhHqfvZBKCcdZ9AKSeM/bMsl2xp7AWiZOTMslR98yvbhCzNIQImaBKdRw7QTejEjkTMC51UwUJZUPah46mEQ1Budl089g61kpg9WKpK0Jrqv6eyGio1Cj0dWdIcaDmvYn4n9dJsXfhZjxKUoSIzRb1UmFhbE3isAIugaEYaUKZ5PqvFhtQSRnq0Eo6BGf+5EXSrFac00r15qxcu8zjKJJDckROiEPOSY1ckzppEEYeyTN5JW/Gk/FivBsfs9aCkc/skz8wPn8ArFOXqg==</latexit>

N + L1
<latexit sha1_base64="Gdg6JK8t8elxX2Z+4TusEF1pb8g=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8UgCELYjYIeg148iEQwD0iWMDvpTYbMPpjpFcOag7/ixYMiXv0Nb/6Nk80eNLGgoajqnp4uNxJcoWV9G7mFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4OfGb9yAVD4M7HEXg+LQfcI8zilrqFvdujjsID5i+lEjojZPrrj3uFktW2UphzhM7IyWSodYtfnV6IYt9CJAJqlTbtiJ0EiqRMwHjQidWEFE2pH1oaxpQH5STpFvH5qFWeqYXSl0Bmqn6eyKhvlIj39WdPsWBmvUm4n9eO0bv3El4EMUIAZsu8mJhYmhOwjB7XAJDMdKEMsn1X002oJIy1JEVdAj27MnzpFEp2yflyu1pqXqRxZEn++SAHBGbnJEquSI1UieMPJJn8krejCfjxXg3PqatOSOb2SV/YHz+AFDPlks=</latexit>

N + L2
<latexit sha1_base64="r1v3lKJRSB50z2m9QIJqS5+XDgE=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8UgCELYjYIeg148iEQwD0jCMjvbmwyZfTDTK4Y1B3/FiwdFvPob3vwbJ8keNLGgoajqnp4uNxZcoWV9G7mFxaXllfxqYW19Y3OruL3TUFEiGdRZJCLZcqkCwUOoI0cBrVgCDVwBTXdwOfab9yAVj8I7HMbQDWgv5D5nFLXkFPdujjsIDzh5KZXgjdJrpzJyiiWrbE1gzhM7IyWSoeYUvzpexJIAQmSCKtW2rRi7KZXImYBRoZMoiCkb0B60NQ1pAKqbTraOzEOteKYfSV0hmhP190RKA6WGgas7A4p9NeuNxf+8doL+eTflYZwghGy6yE+EiZE5DsP0uASGYqgJZZLrv5qsTyVlqCMr6BDs2ZPnSaNStk/KldvTUvUiiyNP9skBOSI2OSNVckVqpE4YeSTP5JW8GU/Gi/FufExbc0Y2s0v+wPj8AVJUlkw=</latexit>

N + L
<latexit sha1_base64="SgTdFn4Vsi4i73D00u84OlJo1ZY=">AAAB/XicbVDJSgNBEO2JW4zbuNy8DAZBEMJMFPQY9OJBJIJZIAmhp1NJmvT0DN01YhwGf8WLB0W8+h/e/Bs7y0ETHxQ83qvq6np+JLhG1/22MguLS8sr2dXc2vrG5pa9vVPVYawYVFgoQlX3qQbBJVSQo4B6pIAGvoCaP7gc+bV7UJqH8g6HEbQC2pO8yxlFI7XtvZvjJsIDjl9KFHTS5Dpt23m34I7hzBNvSvJkinLb/mp2QhYHIJEJqnXDcyNsJVQhZwLSXDPWEFE2oD1oGCppALqVjHemzqFROk43VKYkOmP190RCA62HgW86A4p9PeuNxP+8Rozd81bCZRQjSDZZ1I2Fg6EzisLpcAUMxdAQyhQ3f3VYnyrK0ASWMyF4syfPk2qx4J0Uiren+dLFNI4s2ScH5Ih45IyUyBUpkwph5JE8k1fyZj1ZL9a79TFpzVjTmV3yB9bnDxvXlac=</latexit>

N
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit>

NS5
NS5

(1,k)5

(1,k)5

5	moduli	are	realized	by

⇣1
<latexit sha1_base64="I5fGjWK8Wo/hOQ2TNaFcGrP5vas=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN2N0IN/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHssHM0nQj+hQ8pAzaqzU7j2hoX2vX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj93Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+50MuEJmxMQSyhS3txI2oooyYxMq2RC85ZdXSatW9S6qtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZjeIZXeHMS58V5dz4WrQUnnzmGP3A+fwASg49k</latexit>

⇣2
<latexit sha1_base64="TiOvxu6pSZLf59rx8KTtfcV6Dak=">AAAB7nicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN2J0IN/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzvz2I2gjYvWAkwT8iA2VCAVnaKV27wmQ9Wv9csWtunPQVeLlpEJyNPrlr94g5mkECrlkxnQ9N0E/YxoFlzAt9VIDCeNjNoSupYpFYPxsfu6UnlllQMNY21JI5+rviYxFxkyiwHZGDEdm2ZuJ/3ndFMNrPxMqSREUXywKU0kxprPf6UBo4CgnljCuhb2V8hHTjKNNqGRD8JZfXiWtWtW7qNbuLyv1mzyOIjkhp+SceOSK1MkdaZAm4WRMnskreXMS58V5dz4WrQUnnzkmf+B8/gAUB49l</latexit>

N1
<latexit sha1_base64="FDDLL/YWEYUJmsJ/CFuo2WWH7Cg=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04kkq2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzThBP6IDyUPOqLHSw13P65XKbsWdgSwTLydlyFHvlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LFU0gi1n81OnZBTq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0ijYEb/HlZdKsVrzzSvX+oly7zuMowDGcwBl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvHXFyWeO4A+czx/M8416</latexit>

N2
<latexit sha1_base64="VSRiS1ij+AfgdhMK+dml5RxpXFk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04kkq2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91hPXRsTqEccJ9yM6UCIUjKKVHu561V6p7FbcGcgy8XJShhz1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDuWKhpx42ezUyfk1Cp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTpFG0I3uLLy6RZrXjnler9Rbl2ncdRgGM4gTPw4BJqcAt1aACDATzDK7w50nlx3p2PeeuKk88cwR84nz/Od417</latexit>

N3
<latexit sha1_base64="O7iYOI2X+rYYrmBeFcgAHvBpmWk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewmgh6DXjxJRPOAZAmzk9lkyOzsMtMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbmt564NiJWjzhOuB/RgRKhYBSt9HDXq/aKJbfszkFWiZeREmSo94pf3X7M0ogrZJIa0/HcBP0J1SiY5NNCNzU8oWxEB7xjqaIRN/5kfuqUnFmlT8JY21JI5urviQmNjBlHge2MKA7NsjcT//M6KYZX/kSoJEWu2GJRmEqCMZn9TfpCc4ZybAllWthbCRtSTRnadAo2BG/55VXSrJS9arlyf1GqXWdx5OEETuEcPLiEGtxCHRrAYADP8ApvjnRenHfnY9Gac7KZY/gD5/MHz/uNfA==</latexit>

NS5 (1,k)5

⇣1
<latexit sha1_base64="I5fGjWK8Wo/hOQ2TNaFcGrP5vas=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN2N0IN/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHssHM0nQj+hQ8pAzaqzU7j2hoX2vX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj93Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+50MuEJmxMQSyhS3txI2oooyYxMq2RC85ZdXSatW9S6qtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZjeIZXeHMS58V5dz4WrQUnnzmGP3A+fwASg49k</latexit>

⇣2
<latexit sha1_base64="TiOvxu6pSZLf59rx8KTtfcV6Dak=">AAAB7nicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN2J0IN/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzvz2I2gjYvWAkwT8iA2VCAVnaKV27wmQ9Wv9csWtunPQVeLlpEJyNPrlr94g5mkECrlkxnQ9N0E/YxoFlzAt9VIDCeNjNoSupYpFYPxsfu6UnlllQMNY21JI5+rviYxFxkyiwHZGDEdm2ZuJ/3ndFMNrPxMqSREUXywKU0kxprPf6UBo4CgnljCuhb2V8hHTjKNNqGRD8JZfXiWtWtW7qNbuLyv1mzyOIjkhp+SceOSK1MkdaZAm4WRMnskreXMS58V5dz4WrQUnnzkmf+B8/gAUB49l</latexit>

N1
<latexit sha1_base64="FDDLL/YWEYUJmsJ/CFuo2WWH7Cg=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04kkq2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzThBP6IDyUPOqLHSw13P65XKbsWdgSwTLydlyFHvlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LFU0gi1n81OnZBTq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0ijYEb/HlZdKsVrzzSvX+oly7zuMowDGcwBl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvHXFyWeO4A+czx/M8416</latexit>

NS5(1,k)5

N3
<latexit sha1_base64="O7iYOI2X+rYYrmBeFcgAHvBpmWk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewmgh6DXjxJRPOAZAmzk9lkyOzsMtMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbmt564NiJWjzhOuB/RgRKhYBSt9HDXq/aKJbfszkFWiZeREmSo94pf3X7M0ogrZJIa0/HcBP0J1SiY5NNCNzU8oWxEB7xjqaIRN/5kfuqUnFmlT8JY21JI5urviQmNjBlHge2MKA7NsjcT//M6KYZX/kSoJEWu2GJRmEqCMZn9TfpCc4ZybAllWthbCRtSTRnadAo2BG/55VXSrJS9arlyf1GqXWdx5OEETuEcPLiEGtxCHRrAYADP8ApvjnRenHfnY9Gac7KZY/gD5/MHz/uNfA==</latexit>

⇣
<latexit sha1_base64="6LE9LLdDJW9lc7uLx2offeoc4AM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48VTFtoQ9lsN+3SzSbsToRa+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuTaiEQ94DjlQUwHSkSCUbSS333iSHvlilt15yCrxMtJBXI0euWvbj9hWcwVMkmN6XhuisGEahRM8mmpmxmeUjaiA96xVNGYm2AyP3ZKzqzSJ1GibSkkc/X3xITGxozj0HbGFIdm2ZuJ/3mdDKPrYCJUmiFXbLEoyiTBhMw+J32hOUM5toQyLeythA2ppgxtPiUbgrf88ipp1qreRbV2f1mp3+RxFOEETuEcPLiCOtxBA3xgIOAZXuHNUc6L8+58LFoLTj5zDH/gfP4A6cyOwA==</latexit>

e�
i⇣bx
k

1

2 cosh bp
2

e
i⇣bx
k

<latexit sha1_base64="oSey68n+3oAO0PxfDT+sMy/OBkk="></latexit>

Hint:	there	is															discrete	symmetry	on									curve

(L1, L2, L, ⇣1, ⇣2)
<latexit sha1_base64="e0yGdZxRsr+zV3FbUuJFeucrqBI=">AAACBHicbVDLSgMxFL3js9bXqMtugkWoUMrMKOiy6MZFFxXsA9phyKRpG5p5kGSEOnThxl9x40IRt36EO//GtJ2Fth4IOTnnXm7u8WPOpLKsb2NldW19YzO3ld/e2d3bNw8OmzJKBKENEvFItH0sKWchbSimOG3HguLA57Tlj66nfuueCsmi8E6NY+oGeBCyPiNYackzC6WaZ5drnlOulbsPVGH9mt/OqWcWrYo1A1omdkaKkKHumV/dXkSSgIaKcCxlx7Zi5aZYKEY4neS7iaQxJiM8oB1NQxxQ6aazJSboRCs91I+EPqFCM/V3R4oDKceBrysDrIZy0ZuK/3mdRPUv3ZSFcaJoSOaD+glHKkLTRFCPCUoUH2uCiWD6r4gMscBE6dzyOgR7ceVl0nQq9lnFuT0vVq+yOHJQgGMogQ0XUIUbqEMDCDzCM7zCm/FkvBjvxse8dMXIeo7gD4zPH17JlgQ=</latexit>

W (D5)
<latexit sha1_base64="nsOgDZ5b8ELUE+Ar5+8cVL9I++k=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuVfRY1IPHCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmlomitAGkVyqdoA15UzQhmGG03asKI4CTlvB6Gbqt56o0kyKBzOOqR/hgWAhI9hYqdkq3/YuTnvFkltxZ0DLxMtICTLUe8Wvbl+SJKLCEI617nhubPwUK8MIp5NCN9E0xmSEB7RjqcAR1X46u3aCTqzSR6FUtoRBM/X3RIojrcdRYDsjbIZ60ZuK/3mdxIRXfspEnBgqyHxRmHBkJJq+jvpMUWL42BJMFLO3IjLEChNjAyrYELzFl5dJs1rxzirV+/NS7TqLIw9HcAxl8OASanAHdWgAgUd4hld4c6Tz4rw7H/PWnJPNHMIfOJ8/NG6OOg==</latexit>

CVI
<latexit sha1_base64="UYUroUxyXxvIlG8RReHxpKM1fdM=">AAAB9HicbVDLTgJBEJz1ifhCPXqZSEw8kV000SORi94wkUcCK5kdemHC7MOZXiLZ8B1ePGiMVz/Gm3/jAHtQsJJOKlXd6e7yYik02va3tbK6tr6xmdvKb+/s7u0XDg4bOkoUhzqPZKRaHtMgRQh1FCihFStggSeh6Q2rU785AqVFFN7jOAY3YP1Q+IIzNJJbfUg7CE+YNm4nk26haJfsGegycTJSJBlq3cJXpxfxJIAQuWRatx07RjdlCgWXMMl3Eg0x40PWh7ahIQtAu+ns6Ak9NUqP+pEyFSKdqb8nUhZoPQ480xkwHOhFbyr+57UT9K/cVIRxghDy+SI/kRQjOk2A9oQCjnJsCONKmFspHzDFOJqc8iYEZ/HlZdIol5zzUvnuoli5zuLIkWNyQs6IQy5JhdyQGqkTTh7JM3klb9bIerHerY9564qVzRyRP7A+fwAa4ZJR</latexit>

[Hanany,WiMen,'96]

N1 +N3 + k �N2
<latexit sha1_base64="msvEVodtiSBkUeVc16sOBjvY/Qc=">AAACB3icbVDLSgNBEJz1GeMr6lGQxSAIwbCbCHoMevEUIpgHJMsyO+kkQ2YfzPSKYcnNi7/ixYMiXv0Fb/6Nk00OmljQUFR1T0+XFwmu0LK+jaXlldW19cxGdnNre2c3t7ffUGEsGdRZKELZ8qgCwQOoI0cBrUgC9T0BTW94PfGb9yAVD4M7HEXg+LQf8B5nFLXk5o6qrl2ouuVCB+EB0/cSCd1xMjyruqWxm8tbRSuFuUjsGcmTGWpu7qvTDVnsQ4BMUKXathWhk1CJnAkYZzuxgoiyIe1DW9OA+qCcJN07Nk+00jV7odQVoJmqvycS6is18j3d6VMcqHlvIv7ntWPsXToJD6IYIWDTRb1YmBiak1DMLpfAUIw0oUxy/VeTDaikDHV0WR2CPX/yImmUina5WLo9z1euZnFkyCE5JqfEJhekQm5IjdQJI4/kmbySN+PJeDHejY9p65Ixmzkgf2B8/gARDpjR</latexit>



18/27Parameter	iden3fica3on

Method	1	(possible	only	for	L	=	0)
generalize	Fermi	gas	formalism	to	 (L1, L2, L) 6= (0, 0, 0)

<latexit sha1_base64="fPEG4HbNcebTI3Vc0uZOP879Dmc=">AAACAHicbVA9TwJBEJ3DL8SvUwsLm43EBBJC7tBES6KNBQUmAiZwuewtC2zY2zt390wIofGv2FhojK0/w85/4wJXKPgmk7y8N5PdeUHMmdKO821lVlbX1jeym7mt7Z3dPXv/oKmiRBLaIBGP5H2AFeVM0IZmmtP7WFIcBpy2guH11G89UqlYJO70KKZeiPuC9RjB2ki+fVSo+W6p5ldKtWJH0AdUcEqmir6dd8rODGiZuCnJQ4q6b391uhFJQio04ViptuvE2htjqRnhdJLrJIrGmAxxn7YNFTikyhvPDpigU6N0US+SpoVGM/X3xhiHSo3CwEyGWA/UojcV//Paie5demMm4kRTQeYP9RKOdISmaaAuk5RoPjIEE8nMXxEZYImJNpnlTAju4snLpFkpu2flyu15vnqVxpGFYziBArhwAVW4gTo0gMAEnuEV3qwn68V6tz7moxkr3TmEP7A+fwCrVJM8</latexit>

Z(N)

Z(0)
=

1

N !

Z
dNx

(2⇡)N
det
i,j

hxi|b⇢(L1, L2, L, ⇣1, ⇣2)|xji
<latexit sha1_base64="s9g+xW61LgeZXUuwJm67xXctz98="></latexit>

and	directly	calculate	 bO = b⇢�1
<latexit sha1_base64="3C5kYQpl8lsm6nd+ksCSyDBh20k=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoxpJUQTdC0Y07K9gHNLFMJpN26GQSZiZKCfkFN/6KGxeKuHXnzr9x2gbU1gMXDufcy733eDGjUlnWl1FYWFxaXimultbWNza3zO2dlowSgUkTRywSHQ9JwignTUUVI51YEBR6jLS94cXYb98RIWnEb9QoJm6I+pwGFCOlpZ5ZSZ176pMBUjB1MGLwKsvOfjRHDKLsNj20s55ZtqrWBHCe2DkpgxyNnvnp+BFOQsIVZkjKrm3Fyk2RUBQzkpWcRJIY4SHqk66mHIVEuunkowweaMWHQSR0cQUn6u+JFIVSjkJPd4ZIDeSsNxb/87qJCk7dlPI4UYTj6aIgYVBFcBwP9KkgWLGRJggLqm+FeIAEwkqHWNIh2LMvz5NWrWofVWvXx+X6eR5HEeyBfVABNjgBdXAJGqAJMHgAT+AFvBqPxrPxZrxPWwtGPrML/sD4+AaYPJ18</latexit>

Method	2	(hard)
calculate	1/N	non-perturbacve	effects

match	with	topological	string	free	energy	(Gopakumar-Vafa	formula)

Method	3	(quick)
interpolacon	from	special	points

*assumpcon	was	confirmed	by	Methods	1,2

t1,··· ,5 = 1st order polnomial of (L1, L2, L, ⇣1, ⇣2)
<latexit sha1_base64="u5GOv63KTUbrxsxy+oTHbOjsU2A="></latexit>

+	assumpcon:



Interpola3on	method 19/27

example:

⇣1
<latexit sha1_base64="I5fGjWK8Wo/hOQ2TNaFcGrP5vas=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN2N0IN/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHssHM0nQj+hQ8pAzaqzU7j2hoX2vX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj93Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+50MuEJmxMQSyhS3txI2oooyYxMq2RC85ZdXSatW9S6qtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZjeIZXeHMS58V5dz4WrQUnnzmGP3A+fwASg49k</latexit>

NS5 (1,k)5

N
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit> N + k

<latexit sha1_base64="/vNQC9EZduIzTpp9hR1+jhHTfxk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGE3CnoMevEkEc0DkiXMTibJkNnZZaZXCEs+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K4ilMOi6305uZXVtfSO/Wdja3tndK+4fNEyUaMbrLJKRbgXUcCkUr6NAyVux5jQMJG8Go5up33zi2ohIPeI45n5IB0r0BaNopYe7s1G3WHLL7gxkmXgZKUGGWrf41elFLAm5QiapMW3PjdFPqUbBJJ8UOonhMWUjOuBtSxUNufHT2akTcmKVHulH2pZCMlN/T6Q0NGYcBrYzpDg0i95U/M9rJ9i/8lOh4gS5YvNF/UQSjMj0b9ITmjOUY0so08LeStiQasrQplOwIXiLLy+TRqXsnZcr9xel6nUWRx6O4BhOwYNLqMIt1KAODAbwDK/w5kjnxXl3PuatOSebOYQ/cD5/ANXXjYA=</latexit>

⇣2
<latexit sha1_base64="TiOvxu6pSZLf59rx8KTtfcV6Dak=">AAAB7nicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN2J0IN/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzvz2I2gjYvWAkwT8iA2VCAVnaKV27wmQ9Wv9csWtunPQVeLlpEJyNPrlr94g5mkECrlkxnQ9N0E/YxoFlzAt9VIDCeNjNoSupYpFYPxsfu6UnlllQMNY21JI5+rviYxFxkyiwHZGDEdm2ZuJ/3ndFMNrPxMqSREUXywKU0kxprPf6UBo4CgnljCuhb2V8hHTjKNNqGRD8JZfXiWtWtW7qNbuLyv1mzyOIjkhp+SceOSK1MkdaZAm4WRMnskreXMS58V5dz4WrQUnnzkmf+B8/gAUB49l</latexit>

(1,k)5 NS5

N
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit>

N
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit>

⇣1
<latexit sha1_base64="I5fGjWK8Wo/hOQ2TNaFcGrP5vas=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN2N0IN/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHssHM0nQj+hQ8pAzaqzU7j2hoX2vX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj93Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+50MuEJmxMQSyhS3txI2oooyYxMq2RC85ZdXSatW9S6qtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZjeIZXeHMS58V5dz4WrQUnnzmGP3A+fwASg49k</latexit>

NS5 (1,k)5

N
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit>

⇣2
<latexit sha1_base64="TiOvxu6pSZLf59rx8KTtfcV6Dak=">AAAB7nicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN2J0IN/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzvz2I2gjYvWAkwT8iA2VCAVnaKV27wmQ9Wv9csWtunPQVeLlpEJyNPrlr94g5mkECrlkxnQ9N0E/YxoFlzAt9VIDCeNjNoSupYpFYPxsfu6UnlllQMNY21JI5+rviYxFxkyiwHZGDEdm2ZuJ/3ndFMNrPxMqSREUXywKU0kxprPf6UBo4CgnljCuhb2V8hHTjKNNqGRD8JZfXiWtWtW7qNbuLyv1mzyOIjkhp+SceOSK1MkdaZAm4WRMnskreXMS58V5dz4WrQUnnzkmf+B8/gAUB49l</latexit>

(1,k)5NS5

N
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit>

N
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit>

N
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit>

L1, L2, L
<latexit sha1_base64="MXqsW39S7TMvSIB5V7PdgeD+UGA=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgIeEuEbQM2likiGA+JDnC3mYvWbK7d+zuCeHIr7CxUMTWn2Pnv3GTXKGJDwYe780wMy+IOdPGdb+d3Nr6xuZWfruws7u3f1A8PGrpKFGENknEI9UJsKacSdo0zHDaiRXFIuC0HYxvZ377iSrNIvlgJjH1BR5KFjKCjZUe633vot6v2CqW3LI7B1olXkZKkKHRL371BhFJBJWGcKx113Nj46dYGUY4nRZ6iaYxJmM8pF1LJRZU++n84Ck6s8oAhZGyJQ2aq78nUiy0nojAdgpsRnrZm4n/ed3EhNd+ymScGCrJYlGYcGQiNPseDZiixPCJJZgoZm9FZIQVJsZmVLAheMsvr5JWpexVy5X7y1LtJosjDydwCufgwRXU4A4a0AQCAp7hFd4c5bw4787HojXnZDPH8AfO5w/4B481</latexit>

For	special	values	of																		,	IIB	brane	setup	can	be	transformed	into	another	setup	
without	rank	deformacons	by	Hanany-WiMen	move.

(L1, L2, L)
<latexit sha1_base64="awfmla9fNd8CrvSMHkVj2nwTBKE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahQilJFfRY9OKhhwrWFtIQNttNu3SzCbsboYT+DC8eFPHqr/Hmv3Hb5qCtDwYe780wMy9IOFPatr+twtr6xuZWcbu0s7u3f1A+PHpUcSoJ7ZCYx7IXYEU5E7Sjmea0l0iKo4DTbjC+nfndJyoVi8WDniTUi/BQsJARrI3kVlu+U2v5jVrr3C9X7Lo9B1olTk4qkKPtl7/6g5ikERWacKyU69iJ9jIsNSOcTkv9VNEEkzEeUtdQgSOqvGx+8hSdGWWAwliaEhrN1d8TGY6UmkSB6YywHqllbyb+57mpDq+9jIkk1VSQxaIw5UjHaPY/GjBJieYTQzCRzNyKyAhLTLRJqWRCcJZfXiWPjbpzUW/cX1aaN3kcRTiBU6iCA1fQhDtoQwcIxPAMr/BmaevFerc+Fq0FK585hj+wPn8AwLGPmg==</latexit>

(0, 0, 0)
<latexit sha1_base64="kYSMwsUHjMB3FD3CKp/C7O9hbwY=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahgpTdKuix6MVjBfsB7VKy6Wwbms0uSVYopT/CiwdFvPp7vPlvTNs9aOsLgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5aMYJ+hEdSB5yRo2VWmX3wr7zXrHkVtw5yCrxMlKCDPVe8avbj1kaoTRMUK07npsYf0KV4UzgtNBNNSaUjegAO5ZKGqH2J/N1p+TMKn0Sxsp+achc/d0xoZHW4yiwlRE1Q73szcT/vE5qwht/wmWSGpRsMShMBTExmd1O+lwhM2JsCWWK210JG1JFmbEJFWwI3vLJq6RZrXiXlerDVal2m8WRhxM4hTJ4cA01uIc6NIDBCJ7hFd6cxHlx3p2PRWnOyXqO4Q+czx/tR439</latexit>

(0, 0, k)
<latexit sha1_base64="WG9CGYRbpa6h9Gk7p+YrnC1nWKo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahQinZKuix6MVjBWsL7VKyabYNm80uSVYoS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ5yeCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHjzpOFWVtGotYdX2imeCStQ03gnUTxUjkC9bxw9uZ33liSvNYPphJwryIjCQPOCXGSp0qruFaeD4oV3Adz4FWiZuTCuRoDcpf/WFM04hJQwXRuufixHgZUYZTwaalfqpZQmhIRqxnqSQR0142P3eKzqwyREGsbEmD5urviYxEWk8i33ZGxIz1sjcT//N6qQmuvYzLJDVM0sWiIBXIxGj2OxpyxagRE0sIVdzeiuiYKEKNTahkQ3CXX14lj426e1Fv3F9Wmjd5HEU4gVOoggtX0IQ7aEEbKITwDK/w5iTOi/PufCxaC04+cwx/4Hz+AEb9jjg=</latexit>

(0, k, k)
<latexit sha1_base64="eNwiFaOfMSDXRMHhbe0mQbVRLhA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahQim7VdBj0YvHCtYW2qVk02wbNpsNSVYoS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZF0jOtHHdb6ewtr6xuVXcLu3s7u0flA+PHnWSKkLbJOGJ6gZYU84EbRtmOO1KRXEccNoJotuZ33miSrNEPJiJpH6MR4KFjGBjpU7VrUW16HxQrrh1dw60SrycVCBHa1D+6g8TksZUGMKx1j3PlcbPsDKMcDot9VNNJSYRHtGepQLHVPvZ/NwpOrPKEIWJsiUMmqu/JzIcaz2JA9sZYzPWy95M/M/rpSa89jMmZGqoIItFYcqRSdDsdzRkihLDJ5Zgopi9FZExVpgYm1DJhuAtv7xKHht176LeuL+sNG/yOIpwAqdQBQ+uoAl30II2EIjgGV7hzZHOi/PufCxaC04+cwx/4Hz+AKEajnM=</latexit>

(k, 0, 0)
<latexit sha1_base64="SNDY8GTbk2ttf2OsGJoXxJIX2VQ=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahQinZKuix6MVjBWsL7VKyabYNm80uSVYoS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ5yeCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHjzpOFWVtGotYdX2imeCStQ03gnUTxUjkC9bxw9uZ33liSvNYPphJwryIjCQPOCXGSp1qWMM1fD4oV3Adz4FWiZuTCuRoDcpf/WFM04hJQwXRuufixHgZUYZTwaalfqpZQmhIRqxnqSQR0142P3eKzqwyREGsbEmD5urviYxEWk8i33ZGxIz1sjcT//N6qQmuvYzLJDVM0sWiIBXIxGj2OxpyxagRE0sIVdzeiuiYKEKNTahkQ3CXX14lj426e1Fv3F9Wmjd5HEU4gVOoggtX0IQ7aEEbKITwDK/w5iTOi/PufCxaC04+cwx/4Hz+AEfpjjg=</latexit>

(M0,M1,M3, Z1, Z3)
<latexit sha1_base64="caPSfEjIPssSy8DT8Qm3HBh+LS8=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARKpQy0wq6LLpxU6hgH7QdhkyatqGZB0lGKEPBX3HjQhG3foc7/8a0nYW2HrjkcM693JvjRZxJZVnfRmZtfWNzK7ud29nd2z8wD4+aMowFoQ0S8lC0PSwpZwFtKKY4bUeCYt/jtOWNb2d+65EKycLgQU0i6vh4GLABI1hpyTVPCjXXKtZcW1el2NFvx61cuGbeKllzoFVipyQPKequ+dXrhyT2aaAIx1J2bStSToKFYoTTaa4XSxphMsZD2tU0wD6VTjI/f4rOtdJHg1DoChSaq78nEuxLOfE93eljNZLL3kz8z+vGanDtJCyIYkUDslg0iDlSIZplgfpMUKL4RBNMBNO3IjLCAhOlE8vpEOzlL6+SZrlkV0rl+8t89SaNIwuncAYFsOEKqnAHdWgAgQSe4RXejCfjxXg3PhatGSOdOYY/MD5/AACNkvA=</latexit>

(0, 0, k, i⇣1, i⇣2)
<latexit sha1_base64="mmpRa+H2vXtaJwYVYUUHLXs61fk=">AAACAnicbZDLSsNAFIYn9VbrLepK3ASLUKGUpAq6LLpxWcFeoA1hMp20QyeTMHMi1FDc+CpuXCji1qdw59s4bSNo6w8DH/85hzPn92POFNj2l5FbWl5ZXcuvFzY2t7Z3zN29pooSSWiDRDySbR8rypmgDWDAaTuWFIc+py1/eDWpt+6oVCwStzCKqRvivmABIxi05ZkHJbtsl4dl1r2ngD3nB6onnlm0K/ZU1iI4GRRRprpnfnZ7EUlCKoBwrFTHsWNwUyyBEU7HhW6iaIzJEPdpR6PAIVVuOj1hbB1rp2cFkdRPgDV1f0+kOFRqFPq6M8QwUPO1iflfrZNAcOGmTMQJUEFmi4KEWxBZkzysHpOUAB9pwEQy/VeLDLDEBHRqBR2CM3/yIjSrFee0Ur05K9Yuszjy6BAdoRJy0DmqoWtURw1E0AN6Qi/o1Xg0no03433WmjOymX30R8bHN2krlYg=</latexit>

(0, k, k, i⇣1, i⇣2)
<latexit sha1_base64="+xr5g1MTzWrbaVI875pbeKjWwTk=">AAACAnicbZDLSgMxFIbP1Futt1FX4iZYhApSZqqgy6IblxXsBdphyKSZNjSTGZKMUEtx46u4caGIW5/CnW9j2o6g1RMCH/9/Dsn5g4QzpR3n08otLC4tr+RXC2vrG5tb9vZOQ8WpJLROYh7LVoAV5UzQumaa01YiKY4CTpvB4HLiN2+pVCwWN3qYUC/CPcFCRrA2km/vlZzjgTmsc0c19t1vqBz5dtEpO9NCf8HNoAhZ1Xz7o9ONSRpRoQnHSrVdJ9HeCEvNCKfjQidVNMFkgHu0bVDgiCpvNF1hjA6N0kVhLM0VGk3VnxMjHCk1jALTGWHdV/PeRPzPa6c6PPdGTCSppoLMHgpTjnSMJnmgLpOUaD40gIlk5q+I9LHERJvUCiYEd37lv9ColN2TcuX6tFi9yOLIwz4cQAlcOIMqXEEN6kDgHh7hGV6sB+vJerXeZq05K5vZhV9lvX8Bx26Vww==</latexit>

⇣k
2
,
k

2
,
k

2
, i⇣1, i⇣2

⌘

<latexit sha1_base64="U8zbjIay8wVzbvQCWO+4L7bi6J8=">AAACKnicdZDLSsNAFIYnXmu9RV26CRahgpQkCrqsdeOygr1AE8JkOmmHTiZhZiLUkOdx46u46UIpbn0QJ20EbfWHgY//nMOZ8/sxJUKa5lRbWV1b39gsbZW3d3b39vWDw7aIEo5wC0U04l0fCkwJwy1JJMXdmGMY+hR3/NFtXu88Yi5IxB7kOMZuCAeMBARBqSxPv3EaZECrTsAhSkdZamfn/zFxnrCEnvUNdj7Kzzy9YtbMmYxlsAqogEJNT584/QglIWYSUShEzzJj6aaQS4IozspOInAM0QgOcE8hgyEWbjo7NTNOldM3goirx6Qxc39OpDAUYhz6qjOEcigWa7n5V62XyODaTQmLE4kZmi8KEmrIyMhzM/qEYyTpWAFEnKi/GmgIVTpSpVtWIViLJy9D265ZFzX7/rJSbxRxlMAxOAFVYIErUAd3oAlaAIFn8ArewLv2ok20qfYxb13Ripkj8Eva5xf/jaeW</latexit>

⇣
�k

2
,�k

2
,
k

2
, i⇣1, i⇣2

⌘

<latexit sha1_base64="wzH7jXAULUl6ljoqBoidXW5Ekls=">AAACLHicbZBdS8MwFIbT+TXnV9VLb4pDmKCjrYJeju3GywnuA9Yy0izdwtK0JKkwS3+QN/4VQbxwiLf+DtOtwjY9EHjynvOSnNeLKBHSNKdaYW19Y3OruF3a2d3bP9APj9oijDnCLRTSkHc9KDAlDLckkRR3I45h4FHc8caNrN95xFyQkD3ISYTdAA4Z8QmCUkl9veHUyZBWLh2fQ5SM08ROL5Yui0ycJyxh3/oFOzPz875eNqvmrIy/YOVQBnk1+/qbMwhRHGAmEYVC9Cwzkm4CuSSI4rTkxAJHEI3hEPcUMhhg4SazZVPjTCkDww+5OkwaM3XRkcBAiEngqckAypFY7WXif71eLP1bNyEsiiVmaP6QH1NDhkaWnDEgHCNJJwog4kT91UAjqNKRKt+SCsFaXfkvtO2qdVW176/LtXoeRxGcgFNQARa4ATVwB5qgBRB4Bq/gA0y1F+1d+9S+5qMFLfccg6XSvn8A7pCoBA==</latexit>

=
⇣
�L1

2
+

L2

2
, L� L1

2
� L2

2
, k � L1

2
� L2

2
, i⇣1, i⇣2

⌘

<latexit sha1_base64="tJstI+j7I8RNGgKty9uHC7CEGd8="></latexit>

(M0,M1,M3, Z1, Z3)
<latexit sha1_base64="caPSfEjIPssSy8DT8Qm3HBh+LS8=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARKpQy0wq6LLpxU6hgH7QdhkyatqGZB0lGKEPBX3HjQhG3foc7/8a0nYW2HrjkcM693JvjRZxJZVnfRmZtfWNzK7ud29nd2z8wD4+aMowFoQ0S8lC0PSwpZwFtKKY4bUeCYt/jtOWNb2d+65EKycLgQU0i6vh4GLABI1hpyTVPCjXXKtZcW1el2NFvx61cuGbeKllzoFVipyQPKequ+dXrhyT2aaAIx1J2bStSToKFYoTTaa4XSxphMsZD2tU0wD6VTjI/f4rOtdJHg1DoChSaq78nEuxLOfE93eljNZLL3kz8z+vGanDtJCyIYkUDslg0iDlSIZplgfpMUKL4RBNMBNO3IjLCAhOlE8vpEOzlL6+SZrlkV0rl+8t89SaNIwuncAYFsOEKqnAHdWgAgQSe4RXejCfjxXg3PhatGSOdOYY/MD5/AACNkvA=</latexit>

bCVI =
⇣
2 cosh

bp
2

⌘
e�i⇣2(bx�bp)

⇣
2 cosh

bx
2

⌘
ei⇣2(bx�bp)e�i⇣1(bx�bp)

⇣
2 cosh

bp
2

⌘
ei⇣1(bx�bp)

⇣
2 cosh

bx
2

⌘

<latexit sha1_base64="JWMqlj/pEbigcCT24Fb5EjkN5/w="></latexit>

[Bonelli,Globlek,Kubo,TN,Tanzini,'22]



Plan	of	talk

2.	qPVI	parameters	from	four	node	quiver

1.	M2-branes	and	Fermi	gas	formalism

3.

4.	Summary

⌧qPVI =
1X

N=0

NZfour node(N)
<latexit sha1_base64="PK1aWo9PySyT2AhVbeajdgli6o8="></latexit>

X
<latexit sha1_base64="S6fKC3fzNdJJNrDYhYZ51mL9fRU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae2oWy2k3bJZhN2N0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC20F0O/PbT6g0T+SDGafox3QoecgZNVZ67LERsiimKuqXK27VnYOsEi8nFcjR6Je/eoOEZTFKwwTVuuu5qf EnVBnOBE5LvUxjSllEh9i1VNIYtT+ZXzwlZ1YZkDBRtqQhc/X3xITGWo/jwHbG1Iz0sjcT//O6mQmv/QmXaWZQssWiMBPEJGT2PhlwhcyIsSWUKW5vJWxEFWXGhlSyIXjLL6+SVq3qXVRr95eV+k0eRxFO4BTOwYMrqMMdNKAJDCQ8wyu8Odp5cd6dj0VrwclnjuEPnM8fp5CQ5w==</latexit>

X
<latexit sha1_base64="S6fKC3fzNdJJNrDYhYZ51mL9fRU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae2oWy2k3bJZhN2N0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC20F0O/PbT6g0T+SDGafox3QoecgZNVZ67LERsiimKuqXK27VnYOsEi8nFcjR6Je/eoOEZTFKwwTVuuu5qf EnVBnOBE5LvUxjSllEh9i1VNIYtT+ZXzwlZ1YZkDBRtqQhc/X3xITGWo/jwHbG1Iz0sjcT//O6mQmv/QmXaWZQssWiMBPEJGT2PhlwhcyIsSWUKW5vJWxEFWXGhlSyIXjLL6+SVq3qXVRr95eV+k0eRxFO4BTOwYMrqMMdNKAJDCQ8wyu8Odp5cd6dj0VrwclnjuEPnM8fp5CQ5w==</latexit>



21/27Structure	of	qPVI	equa3ons

Our	conjecture:

sacsfies	q-Painlevé	VI	bilinear	equacons

:	some																											-dependent	factor(L1, L2, L, ⇣1, ⇣2)
<latexit sha1_base64="e0yGdZxRsr+zV3FbUuJFeucrqBI=">AAACBHicbVDLSgMxFL3js9bXqMtugkWoUMrMKOiy6MZFFxXsA9phyKRpG5p5kGSEOnThxl9x40IRt36EO//GtJ2Fth4IOTnnXm7u8WPOpLKsb2NldW19YzO3ld/e2d3bNw8OmzJKBKENEvFItH0sKWchbSimOG3HguLA57Tlj66nfuueCsmi8E6NY+oGeBCyPiNYackzC6WaZ5drnlOulbsPVGH9mt/OqWcWrYo1A1omdkaKkKHumV/dXkSSgIaKcCxlx7Zi5aZYKEY4neS7iaQxJiM8oB1NQxxQ6aazJSboRCs91I+EPqFCM/V3R4oDKceBrysDrIZy0ZuK/3mdRPUv3ZSFcaJoSOaD+glHKkLTRFCPCUoUH2uCiWD6r4gMscBE6dzyOgR7ceVl0nQq9lnFuT0vVq+yOHJQgGMogQ0XUIUbqEMDCDzCM7zCm/FkvBjvxse8dMXIeo7gD4zPH17JlgQ=</latexit>

�!
t = (M0,M1,M3, Z1, Z3) =

⇣
�L1

2
+

L2

2
, L� L1

2
� L2

2
, k � L1

2
� L2

2
, i⇣1, i⇣2

⌘

<latexit sha1_base64="tNrStST4BW/zUJJAU510LMzUhlw="></latexit>

overall	factor		of	τ	fcn.	can	be	absorbed	to	the	coefficients	of	bilinear	eq

we	have	to	fix	either								or	coefs	of	bilinear	eqs	(...)	by	hand.

Strategy:	choose							by	hand	→	fix	coefs	of	bilinear	eqs	→	check	higher	order	in	κ

�
<latexit sha1_base64="UGB84HaEaapZ2RQi3bB+1srm+lQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWymm3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqkDUxFrHqBFQzwSVrGm4E6ySK0SgQrB2Mb2d++4kpzWP5YCYJ8yM6lDzkSI2VOr2AD5Er7JcrbtWdg6wSLycVyNHol796gxjTiEmDgmrd9dzE+BlVhqNg01Iv1SyhOKZD1rVU0ohpP5vfOyVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGiZxsShMBTExmT1PBlwxNGJiCUXF7a0ER1RRNDaikg3BW355lbRqVe+iWru/rNRv8jiKcAKncA4eXEEd7qABTUAQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QMSiY/9</latexit>

�
<latexit sha1_base64="UGB84HaEaapZ2RQi3bB+1srm+lQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWymm3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqkDUxFrHqBFQzwSVrGm4E6ySK0SgQrB2Mb2d++4kpzWP5YCYJ8yM6lDzkSI2VOr2AD5Er7JcrbtWdg6wSLycVyNHol796gxjTiEmDgmrd9dzE+BlVhqNg01Iv1SyhOKZD1rVU0ohpP5vfOyVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGiZxsShMBTExmT1PBlwxNGJiCUXF7a0ER1RRNDaikg3BW355lbRqVe+iWru/rNRv8jiKcAKncA4eXEEd7qABTUAQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QMSiY/9</latexit>

with

⌧i�j�0 ··· = ⌧ |ti+�
2 ,tj+�0

2 ,···
<latexit sha1_base64="OPyq2yko0djDTw/j0ZAYlolVBiI="></latexit>

(· · · )
Y

±
⌧i±j± + (· · · )

Y

±
⌧i±j⌥ + (· · · )

Y

±
⌧k±�1 l±�2m±�3

= 0
<latexit sha1_base64="qDw6r3+h8mvnTTJtp45Em/l0Rzk="></latexit>

⌧qPVI(M0,M1,M3, Z1, Z3;) = �Det(1 + ( bCVI)�1) = �
1X

N=0

N Zk(N ;L1, L2, L, ⇣1, ⇣2)

Zk(0;L1, L2, L, ⇣1, ⇣2)
<latexit sha1_base64="ki/LZqK6uaii5FOKyEwV+Om98to="></latexit>

�
<latexit sha1_base64="UGB84HaEaapZ2RQi3bB+1srm+lQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWymm3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqkDUxFrHqBFQzwSVrGm4E6ySK0SgQrB2Mb2d++4kpzWP5YCYJ8yM6lDzkSI2VOr2AD5Er7JcrbtWdg6wSLycVyNHol796gxjTiEmDgmrd9dzE+BlVhqNg01Iv1SyhOKZD1rVU0ohpP5vfOyVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGiZxsShMBTExmT1PBlwxNGJiCUXF7a0ER1RRNDaikg3BW355lbRqVe+iWru/rNRv8jiKcAKncA4eXEEd7qABTUAQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QMSiY/9</latexit>
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Choose															?

could	not	find	simple	coefficients	of	bililnear	eqs.	for

� = 1
<latexit sha1_base64="uIyyJrLxz3g9ev2OADMhio7wPRQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoBeh6MVjBfsBaSib7aZdutmE3YlQSn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZF6ZSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEd0JquBSKN1Gg5J1UcxqHkrfD0d3Mbz9xbUSiHnGc8iCmAyUiwShaye+GYsCEZuTG65UrbtWdg6wSLycVyNHolb+6/YRlMVfIJDXG99wUgwnVKJjk01I3MzylbEQH3LdU0ZibYDI/eUrOrNInUaJtKSRz9ffEhMbGjOPQdsYUh2bZm4n/eX6G0XUwESrNkCu2WBRlkmBCZv+TvtCcoRxbQpkW9lbChlRThjalkg3BW355lbRqVe+iWnu4rNRv8ziKcAKncA4eXEEd7qEBTWCQwDO8wpuDzovz7nwsWgtOPnMMf+B8/gBitpCp</latexit>

� = Z(0;L1, L2, L, ⇣1, ⇣2)
<latexit sha1_base64="huotBlSuWHSU3aK9Datu14H2DuE=">AAACEXicbVBNS8MwGE7n15xfVY9egkOYMEZbBQURhl487DDBbeJaSpqlW1ialiQV5thf8OJf8eJBEa/evPlvzLYedPOBkCfP8768eZ8gYVQqy/o2cguLS8sr+dXC2vrG5pa5vdOUcSowaeCYxeI2QJIwyklDUcXIbSIIigJGWkH/cuy37omQNOY3apAQL0JdTkOKkdKSb5bcgHYxFRie35Wss5pvl2u+U66V3QeikH5Nb+fQN4tWxZoAzhM7I0WQoe6bX24nxmlEuMIMSdm2rUR5QyQUxYyMCm4qSYJwH3VJW1OOIiK94WSjETzQSgeGsdCHKzhRf3cMUSTlIAp0ZYRUT856Y/E/r52q8NQbUp6kinA8HRSmDKoYjuOBHSoIVmygCcKC6r9C3EMCYaVDLOgQ7NmV50nTqdhHFef6uFi9yOLIgz2wD0rABiegCq5AHTQABo/gGbyCN+PJeDHejY9pac7IenbBHxifP1/Xmtc=</latexit>

 6= 0
<latexit sha1_base64="wpuyQp4QD4ZkoCC12/PcbaziwKA=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAdkQ+idTJIhs7PjzKwQQn7DiwdFvPoz3vwbJ8keNLGgoajqprsrUoIb6/vfXm5tfWNzK79d2Nnd2z8oHh41TJJqyuo0EYluRWiY4JLVLbeCtZRmGEeCNaPR7cxvPjFteCIf7FixTowDyfuconVSGI5QKQwleyR+t1jyy/4cZJUEGSlBhlq3+BX2EprGTFoq0Jh24CvbmaC2nAo2LYSpYQrpCAes7ajEmJnOZH7zlJw5pUf6iXYlLZmrvycmGBszjiPXGaMdmmVvJv7ntVPbv+5MuFSpZZIuFvVTQWxCZgGQHteMWjF2BKnm7lZCh6iRWhdTwYUQLL+8ShqVcnBRrtxflqo3WRx5OIFTOIcArqAKd1CDOlBQ8Ayv8Oal3ov37n0sWnNeNnMMf+B9/gB5U5FP</latexit>

Another	natural	choice:																																																?

U(N)k ⇥ U(N +M)�k
<latexit sha1_base64="ET4twbsp1653chjhDvEl1gdoFsA=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARWsSSVEGXRTdulAqmLbQhTKaTdshkEmYmQgl146+4caGIW//CnX/jtM1CqwcGzj3nXu7c4yeMSmVZX0ZhYXFpeaW4Wlpb39jcMrd3WjJOBSYOjlksOj6ShFFOHEUVI51EEBT5jLT98HLit++JkDTmd2qUEDdCA04DipHSkmfuOZWbqhf2FI2IhLo4uq562XE49syyVbOmgH+JnZMyyNH0zM9eP8ZpRLjCDEnZta1EuRkSimJGxqVeKkmCcIgGpKspR3qhm00vGMNDrfRhEAv9uIJT9edEhiIpR5GvOyOkhnLem4j/ed1UBeduRnmSKsLxbFGQMqhiOIkD9qkgWLGRJggLqv8K8RAJhJUOraRDsOdP/kta9Zp9UqvfnpYbF3kcRbAPDkAF2OAMNMAVaAIHYPAAnsALeDUejWfjzXiftRaMfGYX/ILx8Q0Gd5VW</latexit>

Z(N = 0) = ZCS
k (M) =

1

k
M
2

Y

i>j

2 sin
⇡(i� j)

k
<latexit sha1_base64="Jocb+n9gPB0JZzDOUdPvIQBSIZI="></latexit>

:	essencally	qPIII				equacon!ZCS
k (M + 1)ZCS

k (M � 1) = 2 sin
⇡M

k
ZCS
k (M)2

<latexit sha1_base64="OzHh53ZGTTzBcuZUe166nRK+Vog="></latexit>

3

cf.

[Bonelli,Grassi,Tanzini,'17]

Candidates	of	overall	factor
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sacsfies	40	bilinear	eqs	with	simple	coefficients

Zk(0;L1, L2, L, ⇣1, ⇣2) = ZCS
k (L1)Z

CS
k (L2)(e

�⇡i⇣1 � (�1)L1+L2e⇡⇣1)�L
<latexit sha1_base64="Zyo5iPTV7zytKTFZlig4D8bN40o="></latexit>

⇥
L
det
i,j

 L1X

r0=1

e
2⇡i
k (L+1�r�s+i⇣1)(

L1+1
2 �r0)

QL1

r00( 6=r0) 2 sin
⇡(r0�r00)

k

QL2

r00 2 sin
⇡(r0�r00+i⇣2)

k

+
L2X

r0=1

e
2⇡i
k (L+1�r�s+i⇣1)(

L2+1
2 �r0+i⇣2)

QL1

r00 2 sin
⇡(r0�r00�i⇣2)

k

QL2

r00( 6=r0) 2 sin
⇡(r0�r00)

k

�

<latexit sha1_base64="L07kcFsjUIjf2kEslzoQ35BrOEk="></latexit>

S(1), S(2) = 2 sin
⇡(M1 ± Z1)

k
, S(3) = 2 sin

⇡(M3 + �M0Z3)

k
<latexit sha1_base64="eUZ/KxsMchtrj5/a4wUjA5TDL/4="></latexit>

S(1), S(2) = 2 sin
⇡(M3 ± Z3)

k
, S(3) = 2 sin

⇡(M1 + �M0Z1)

k
<latexit sha1_base64="NplfUnM767h2c5TU/REEAesr38U="></latexit>

S(3) = 2 sin
⇡(M3 + �(Z1 or M1)Z3)

k
<latexit sha1_base64="tqNkm81n4Dw20sZHo+fyrutVqv8="></latexit>

S(3) = 2 sin
⇡(M1 + �(Z3 or M3)Z1)

k
<latexit sha1_base64="M/BUdPXdodfuZPhBy2y44fWIr7w="></latexit>

i, j = M1, Z1 !
<latexit sha1_base64="zVgOMZrpfQaWrdv2zymBE+7xLNg=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCi1JmqqAboejGjVDBPrAdhkyaaWMzyZBklDJ24a+4caGIW3/DnX9j2s5CWw9cOJxzL/feE8SMKu0439bc/MLi0nJuJb+6tr6xaW9t15VIJCY1LJiQzQApwignNU01I81YEhQFjDSC/sXIb9wTqajgN3oQEy9CXU5DipE2km/v0uLd2ZXvFm99ty1pt6eRlOLBtwtOyRkDzhI3IwWQoerbX+2OwElEuMYMKdVynVh7KZKaYkaG+XaiSIxwH3VJy1COIqK8dHz/EB4YpQNDIU1xDcfq74kURUoNosB0Rkj31LQ3Ev/zWokOT72U8jjRhOPJojBhUAs4CgN2qCRYs4EhCEtqboW4hyTC2kSWNyG40y/Pknq55B6VytfHhcp5FkcO7IF9cAhccAIq4BJUQQ1g8AiewSt4s56sF+vd+pi0zlnZzA74A+vzB9r8lV8=</latexit>

i, j = M3, Z3 !
<latexit sha1_base64="DRu/crWR72yu1/TgxWOOVNmzqE8=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJQy0wq6EYpu3AgV7APbYcikaRubSYYko5SxC3/FjQtF3Pob7vwb03YW2nrgwuGce7n3niBiVGnH+bYyC4tLyyvZ1dza+sbmlr29U1cilpjUsGBCNgOkCKOc1DTVjDQjSVAYMNIIBhdjv3FPpKKC3+hhRLwQ9TjtUoy0kXx7jxbuzq78cuHWL7cl7fU1klI8+HbeKToTwHnipiQPUlR9+6vdETgOCdeYIaVarhNpL0FSU8zIKNeOFYkQHqAeaRnKUUiUl0zuH8FDo3RgV0hTXMOJ+nsiQaFSwzAwnSHSfTXrjcX/vFasu6deQnkUa8LxdFE3ZlALOA4DdqgkWLOhIQhLam6FuI8kwtpEljMhuLMvz5N6qeiWi6Xr43zlPI0jC/bBATgCLjgBFXAJqqAGMHgEz+AVvFlP1ov1bn1MWzNWOrML/sD6/AHhQJVj</latexit>

i = M0, j = M1 or Z1 !
<latexit sha1_base64="0WfuC9ycwagbfmkLU/quTbsb/Zs=">AAACDXicbVC7TsMwFHV4lvIKMLJYFCQGVCUFCRakChYWpCLRh2irynGd1tSJI/sGqKL+AAu/wsIAQqzsbPwNbpsBWs5gHZ9zr+69x4sE1+A439bM7Nz8wmJmKbu8srq2bm9sVrSMFWVlKoVUNY9oJnjIysBBsFqkGAk8wape73zoV++Y0lyG19CPWDMgnZD7nBIwUsve5aeXLefg1rxuA9gDJFgqPLgxP8U7XSBKyfuWnXPyzgh4mrgpyaEUpZb91WhLGgcsBCqI1nXXiaCZEAWcCjbINmLNIkJ7pMPqhoYkYLqZjK4Z4D2jtLFv1vBlCHik/u5ISKB1P/BMZUCgqye9ofifV4/BP2kmPIxiYCEdD/JjgUHiYTS4zRWjIPqGEKq42RXTLlGEggkwa0JwJ0+eJpVC3j3MF66OcsWzNI4M2kY7aB+56BgV0QUqoTKi6BE9o1f0Zj1ZL9a79TEunbHSni30B9bnDz0OmxI=</latexit>

i = M0, j = M3 or Z3 !
<latexit sha1_base64="PVaqUFYI9Kbj/uqOFkpsE2+mgVY=">AAACDXicbVC7TgMxEPSFVwivA0oai4BEgaK7BAkapAgaGqQgkYdIosjn+BIT3/lk7wHRKT9Aw6/QUIAQLT0df4PzKCBhCms8s6vdHS8SXIPjfFupufmFxaX0cmZldW19w97cqmgZK8rKVAqpah7RTPCQlYGDYLVIMRJ4glW93vnQr94xpbkMr6EfsWZAOiH3OSVgpJa9x08vW87hrXkLDWAPkGCp8ODG/BTvdIEoJe9bdtbJOSPgWeJOSBZNUGrZX422pHHAQqCCaF13nQiaCVHAqWCDTCPWLCK0RzqsbmhIAqabyeiaAd43Shv7Zg1fhoBH6u+OhARa9wPPVAYEunraG4r/efUY/JNmwsMoBhbS8SA/FhgkHkaD21wxCqJvCKGKm10x7RJFKJgAMyYEd/rkWVLJ59xCLn91lC2eTeJIox20iw6Qi45REV2gEiojih7RM3pFb9aT9WK9Wx/j0pQ16dlGf2B9/gBDZpsW</latexit>

e�
⇡i
2k (�kvk+�lvl+�mvm)S(1)

Y

±
⌧i±j± + e

⇡i
2k (�kvk+�lvl+�mvm)S(2)

Y

±
⌧i±j⌥ + S(3)

Y

±
⌧k±�1 l±�2m±�3

= 0
<latexit sha1_base64="qF/RuOs5KAMPSysYF9Xzk12uTSg="></latexit>

Bilinear	equacons	are	also	sacsfied	at	higher	order	in							with
<latexit sha1_base64="bD1kN69KciN2AkFMW9xq/coE4K4=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIvgqexWQY9FLx4r2A9olzKbZtvYbBKSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCAzlTNCmZZbTjtIUkojTdjS+nfntJ6oNk+LBThQNExgKFjMC1kmt3hiUgn654lf9OfAqCXJSQTka/fJXbyBJmlBhCQdjuoGvbJiBtoxwOi31UkMVkDEMaddRAQk1YTa/dorPnDLAsdSuhMVz9fdEBokxkyRynQnYkVn2ZuJ/Xje18XWYMaFSSwVZLIpTjq3Es9fxgGlKLJ84AkQzdysmI9BArAuo5EIIll9eJa1aNbio1u4vK/WbPI4iOkGn6BwF6ArV0R1qoCYi6BE9o1f05knvxXv3PhatBS+fOUZ/4H3+AJd6jyM=</latexit>

(· · · )
Y

±
⌧�!v ± 1

2 (�
i
↵+�j↵)() + (· · · )

Y

±
⌧�!v ± 1

2 (�
i
↵��j↵)(�) + (· · · )

Y

±
⌧�!v ± 1

2 (�k�k↵+�l�l↵+�m�m↵ )(⌥i) = 0
<latexit sha1_base64="F24hADaunFXbNvFgtFWScCiBD+Q="></latexit>

[Moriyama,TN,	in	preparacon]

U(L1)k,⇣1
<latexit sha1_base64="VLw/OqvNBRASLrygkz49xI8bSSg=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSxCBSlJFfRY9OLBQwXTFtoQNtttu3Tzwe5GrCF/xYsHRbz6R7z5b9y2OWjrg4HHezPMzPNjzqSyrG+jsLK6tr5R3Cxtbe/s7pn75ZaMEkGoQyIeiY6PJeUspI5iitNOLCgOfE7b/vh66rcfqJAsCu/VJKZugIchGzCClZY8s+xUbz37xEvHp70nqrBnZ55ZsWrWDGiZ2DmpQI6mZ371+hFJAhoqwrGUXduKlZtioRjhNCv1EkljTMZ4SLuahjig0k1nt2foWCt9NIiErlChmfp7IsWBlJPA150BViO56E3F/7xuogaXbsrCOFE0JPNFg4QjFaFpEKjPBCWKTzTBRDB9KyIjLDBROq6SDsFefHmZtOo1+6xWvzuvNK7yOIpwCEdQBRsuoAE30AQHCDzCM7zCm5EZL8a78TFvLRj5zAH8gfH5A35Wk3M=</latexit>

U(L2)�k,⇣2
<latexit sha1_base64="yyRRh1T9tuOUEv3s77udPkAbwtc=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCBS1JFPRY9OLBQwXTFtoQNttNu3SzCbsbIYb6V7x4UMSrP8Sb/8Ztm4NWHww83pthZl6QMCqVZX0ZpaXlldW18nplY3Nre8fc3WvLOBWYuDhmsegGSBJGOXEVVYx0E0FQFDDSCcZXU79zT4SkMb9TWUK8CA05DSlGSku+WXXrN75z5Ocn4+P+A1HIdya+WbMa1gzwL7ELUgMFWr752R/EOI0IV5ghKXu2lSgvR0JRzMik0k8lSRAeoyHpacpRRKSXz46fwEOtDGAYC11cwZn6cyJHkZRZFOjOCKmRXPSm4n9eL1XhhZdTnqSKcDxfFKYMqhhOk4ADKghWLNMEYUH1rRCPkEBY6bwqOgR78eW/pO007NOGc3tWa14WcZTBPjgAdWCDc9AE16AFXIBBBp7AC3g1Ho1n4814n7eWjGKmCn7B+PgG7uSTrA==</latexit>

U(L)0,�⇣1
<latexit sha1_base64="ZC0ftyXmkGl0N89cv6B1QO+Hams=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQxCBA27UdBj0IsHDxHcJJAsy+xkNhky+2CmV4lrPsWLB0W8+iXe/Bsnj4MmFjQUVd10d/mJ4Aos69vILS2vrK7l1wsbm1vbO2Zxt6HiVFLm0FjEsuUTxQSPmAMcBGslkpHQF6zpD67GfvOeScXj6A6GCXND0ot4wCkBLXlm0SnfHHmZdXzSeWRAPHvkmSWrYk2AF4k9IyU0Q90zvzrdmKYhi4AKolTbthJwMyKBU8FGhU6qWELogPRYW9OIhEy52eT0ET7UShcHsdQVAZ6ovycyEio1DH3dGRLoq3lvLP7ntVMILtyMR0kKLKLTRUEqMMR4nAPucskoiKEmhEqub8W0TyShoNMq6BDs+ZcXSaNasU8r1duzUu1yFkce7aMDVEY2Okc1dI3qyEEUPaBn9IrejCfjxXg3PqatOWM2s4f+wPj8AWHokss=</latexit>

(similar	calculacon	as	[TN,Yokoyama,'17])



24/27Quar3c	rela3ons	of	Z(N=0)

Viewed	as	the	equacons	for																																		,		40	bilinear	equacons	

f (ij;�1�2�3)
1

Y

±
Det(1 + ( bCVI

i±,j±)
�1) + f (ij;�1�2�3)

2

Y

±
Det(1� ( bCVI

i±,j⌥)
�1)

<latexit sha1_base64="jelzuMA6XPFNl1xhBxXj7u4N7qg="></latexit>

+f (ij;�1�2�3)
3

Y

±
Det(1⌥ ( bCVI

k±�1 ,l±�2 ,m±�3
)�1) = 0

<latexit sha1_base64="eo286G+JjTCNtS8e4fUfWoDjooM="></latexit>

can	be	generated	from	single																					by	Weyl	symmetry.(ij;�1�2�3)
<latexit sha1_base64="WzXcp/x2eTwQz8dLJ87EmVo7MZI=">AAACBnicbVDLSgMxFL1TX7W+Rl2KECxC3ZSZVlBwU3TjsoJ9QDsMmTTTxiYzQ5IRSunKjb/ixoUibv0Gd/6NaTsLrR4I93DOvdzcEyScKe04X1ZuaXlldS2/XtjY3NresXf3mipOJaENEvNYtgOsKGcRbWimOW0nkmIRcNoKhldTv3VPpWJxdKtHCfUE7kcsZARrI/n2YYndXXQV6wvsu1mtZLV64ttFp+zMgP4SNyNFyFD37c9uLyapoJEmHCvVcZ1Ee2MsNSOcTgrdVNEEkyHu046hERZUeePZGRN0bJQeCmNpXqTRTP05McZCqZEITKfAeqAWvan4n9dJdXjujVmUpJpGZL4oTDnSMZpmgnpMUqL5yBBMJDN/RWSAJSbaJFcwIbiLJ/8lzUrZrZYrN6fF2mUWRx4O4AhK4MIZ1OAa6tAAAg/wBC/waj1az9ab9T5vzVnZzD78gvXxDfmLmCo=</latexit>

example: (12;+ + +)
<latexit sha1_base64="vA+JFFqEYWRda39d0cm3VFFR0+Q=">AAAB73icbVBNSwMxEJ34WetX1aOXYBEqhbJbBQUvRS8eK9gPaJeSTbNtaDa7JlmhLP0TXjwo4tW/481/Y9ruQVsfDDzem2Fmnh8Lro3jfKOV1bX1jc3cVn57Z3dvv3Bw2NRRoihr0EhEqu0TzQSXrGG4EawdK0ZCX7CWP7qd+q0npjSP5IMZx8wLyUDygFNirNQuudXrcrl81isUnYozA14mbkaKkKHeK3x1+xFNQiYNFUTrjuvExkuJMpwKNsl3E81iQkdkwDqWShIy7aWzeyf41Cp9HETKljR4pv6eSEmo9Tj0bWdIzFAvelPxP6+TmODKS7mME8MknS8KEoFNhKfP4z5XjBoxtoRQxe2tmA6JItTYiPI2BHfx5WXSrFbc80r1/qJYu8niyMExnEAJXLiEGtxBHRpAQcAzvMIbekQv6B19zFtXUDZzBH+APn8AZyCOPg==</latexit>

(M0,M3,M1, Z1, Z3)
<latexit sha1_base64="4VERRtN+07/UIaSNXU5r31kACZI=">AAAB/nicbVDLSsNAFL3xWesrKq7cBItQoZSkFXRZdOOmUME+sA1hMp22QyeTMDMRSij4K25cKOLW73Dn3zhNs9DWAwcO59zL3Dl+xKhUtv1trKyurW9s5rby2zu7e/vmwWFLhrHApIlDFoqOjyRhlJOmooqRTiQICnxG2v74Zpa3H4mQNOT3ahIRN0BDTgcUI6Utzzwu1j27VPeqmk7pIWX13DMLdtlOYS0LJxMFyNDwzK9eP8RxQLjCDEnZdexIuQkSimJGpvleLEmE8BgNSVdLjgIi3SQ9f2qdaadvDUKhyZWVur83EhRIOQl8PRkgNZKL2cz8L+vGanDlJpRHsSIczx8axMxSoTXrwupTQbBiEy0QFlTfauEREggr3Vhel+AsfnlZtCplp1qu3F0UatdZHTk4gVMoggOXUINbaEATMCTwDK/wZjwZL8a78TEfXTGynSP4A+PzBwCVkvA=</latexit>

evaluated	at

f (12;+++)
1 (M0,M3,M1, Z1, Z3)

Y

±
Det(1 + ( bCVI(M0 ±

1

2
,M3 ±

1

2
,M1, Z1, Z3)

�1)
<latexit sha1_base64="qTDLVaWZcQNaVQVoUmhfz17wvCo="></latexit>

+f (12;+++)
2 (M0,M3,M1, Z1, Z3)

Y

±
Det(1� ( bCVI(M0 ±

1

2
,M3 ⌥

1

2
,M1, Z1, Z3)

�1)
<latexit sha1_base64="+75Nzu85O6l+RQPS7GzrPpx3XZ4="></latexit>

+f (12;+++)
3 (M0,M3,M1, Z1, Z3)

Y

±
Det(1⌥ i( bCVI(M0,M3,M1 ±

1

2
, Z1 ±

1

2
, Z3 ±

1

2
)�1) = 0

<latexit sha1_base64="ASkiU3+vobuVmqkEpW+I5jzw658="></latexit>

= Det(1 + ( bCVI(M0 ±
1

2
,M1,M3 ±

1

2
, Z1, Z3))

�1)
<latexit sha1_base64="zFsWnCveLTcNqZFiTeFrxdcjh1Q="></latexit>

= Det(1 + ( bCVI(M0 ±
1

2
,M1,M3 ⌥

1

2
, Z1, Z3))

�1)
<latexit sha1_base64="lEfNznxuwFEvv4drBoE3kKWeozc="></latexit>

= Det(1⌥ i( bCVI(M0,M1 ±
1

2
,M3, Z1 ±

1

2
, Z3 ±

1

2
))�1)

<latexit sha1_base64="4bYQhGynRLieaCvh1ZO1DbfDZSE="></latexit>

In	order	this	to	be	consistent	with	original	(13;+++)	at	all	order	in	κ,	it	follows

f (12;+++)
1 (M0,M3,M1, Z1, Z3)

f (13;+++)
1 (M0,M1,M3, Z1, Z3)

=
f (12;+++)
2 (M0,M3,M1, Z1, Z3)

f (13;+++)
2 (M0,M1,M3, Z1, Z3)

=
f (12;+++)
3 (M0,M3,M1, Z1, Z3)

f (13;+++)
3 (M0,M1,M3, Z1, Z3)

<latexit sha1_base64="HUVVfaIEJOBjzwbDgF4O5S23mj8="></latexit>

quarcc	idencces	for	 Z(0;L1, L2, L, ⇣1, ⇣2)
<latexit sha1_base64="g2KQq103c2O8JluqJVwejgn7MJU=">AAACB3icbVDLSgMxFM34rPU16lKQYBEqlDIzCgpuim5cdFHBPrAdhkyaaUMzmSHJCHXozo2/4saFIm79BXf+jWk7C209EHJyzr3c3OPHjEplWd/GwuLS8spqbi2/vrG5tW3u7DZklAhM6jhikWj5SBJGOakrqhhpxYKg0Gek6Q+uxn7znghJI36rhjFxQ9TjNKAYKS155sFd0bqoenap6jmlaqnzQBTSr+ntHHtmwSpbE8B5YmekADLUPPOr041wEhKuMENStm0rVm6KhKKYkVG+k0gSIzxAPdLWlKOQSDed7DGCR1rpwiAS+nAFJ+rvjhSFUg5DX1eGSPXlrDcW//PaiQrO3ZTyOFGE4+mgIGFQRXAcCuxSQbBiQ00QFlT/FeI+EggrHV1eh2DPrjxPGk7ZPik7N6eFymUWRw7sg0NQBDY4AxVwDWqgDjB4BM/gFbwZT8aL8W58TEsXjKxnD/yB8fkDDraW5w==</latexit>

(stronger	than	qPVI	eqs!)

same	as	(13;+++)

Det(1 + ( bCVI)�1)
<latexit sha1_base64="M7kMeGpnfCrNo5GXr9yBY8Zjuk0="></latexit>



Plan	of	talk

2.	qPVI	parameters	from	four	node	quiver

1.	M2-branes	and	Fermi	gas	formalism

3.

4.	Summary

⌧qPVI =
1X

N=0

NZfour node(N)
<latexit sha1_base64="PK1aWo9PySyT2AhVbeajdgli6o8="></latexit>

X
<latexit sha1_base64="S6fKC3fzNdJJNrDYhYZ51mL9fRU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae2oWy2k3bJZhN2N0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC20F0O/PbT6g0T+SDGafox3QoecgZNVZ67LERsiimKuqXK27VnYOsEi8nFcjR6Je/eoOEZTFKwwTVuuu5qf EnVBnOBE5LvUxjSllEh9i1VNIYtT+ZXzwlZ1YZkDBRtqQhc/X3xITGWo/jwHbG1Iz0sjcT//O6mQmv/QmXaWZQssWiMBPEJGT2PhlwhcyIsSWUKW5vJWxEFWXGhlSyIXjLL6+SVq3qXVRr95eV+k0eRxFO4BTOwYMrqMMdNKAJDCQ8wyu8Odp5cd6dj0VrwclnjuEPnM8fp5CQ5w==</latexit>

X
<latexit sha1_base64="S6fKC3fzNdJJNrDYhYZ51mL9fRU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae2oWy2k3bJZhN2N0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC20F0O/PbT6g0T+SDGafox3QoecgZNVZ67LERsiimKuqXK27VnYOsEi8nFcjR6Je/eoOEZTFKwwTVuuu5qf EnVBnOBE5LvUxjSllEh9i1VNIYtT+ZXzwlZ1YZkDBRtqQhc/X3xITGWo/jwHbG1Iz0sjcT//O6mQmv/QmXaWZQssWiMBPEJGT2PhlwhcyIsSWUKW5vJWxEFWXGhlSyIXjLL6+SVq3qXVRr95eV+k0eRxFO4BTOwYMrqMMdNKAJDCQ8wyu8Odp5cd6dj0VrwclnjuEPnM8fp5CQ5w==</latexit>

X
<latexit sha1_base64="S6fKC3fzNdJJNrDYhYZ51mL9fRU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae2oWy2k3bJZhN2N0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC20F0O/PbT6g0T+SDGafox3QoecgZNVZ67LERsiimKuqXK27VnYOsEi8nFcjR6Je/eoOEZTFKwwTVuuu5qf EnVBnOBE5LvUxjSllEh9i1VNIYtT+ZXzwlZ1YZkDBRtqQhc/X3xITGWo/jwHbG1Iz0sjcT//O6mQmv/QmXaWZQssWiMBPEJGT2PhlwhcyIsSWUKW5vJWxEFWXGhlSyIXjLL6+SVq3qXVRr95eV+k0eRxFO4BTOwYMrqMMdNKAJDCQ8wyu8Odp5cd6dj0VrwclnjuEPnM8fp5CQ5w==</latexit>



26/27Summary

q-discrete	Painlevé	systemsM2-branes

new

new	explanacon	of	q-Painlevé	eq	from	3d	?

-	Painlevé	bilinear	equacons	are	also	sacsfied	by	Z(N=0),	which	is	out	of	the	original	
reasoning	for	τ					Det(1+κC			)	through	5d/spectral	theory	correspondence.

-	Fredholm	determinants	give	new	expansion	of	q-Painlevé	τ	fcns.

cf.	matrix	model	and	integrable	hierarchy

(cf.																				→	early	cme	expansion)

-	M2-theories	are	efficient	(essencal)	ways	to	define	Det(1+κC			)	with	all	parameters.

⌧qPIII3(t) =
1X

N=0

NZU(N)k⇥U(N+M)�k(= ZU(M)kDet(1 + ( bCIII3)�1))
<latexit sha1_base64="sqLNlpMMcPEOK1e7ho48ccf5ge0="></latexit>

⌧qPVI(t1, · · · , t5) =
1X

N=0

NZU(N+L1)k⇥U(N+L)0⇥U(N+L2)�k⇥U(N)0(= ZU(L1)k⇥U(L)0⇥U(L2)�kDet(1 + ( bCVI)�1))
<latexit sha1_base64="KJ2BECOzeiLcRyugMIX1Twh8dAQ="></latexit>

))
<latexit sha1_base64="8AwKbjwPPRW/AUyEVORODD7JMgw=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSLYTUmqoMuiG5cV7APaUCbTm3bo5MHMjVhD8VfcuFDErf/hzr9xmmahrQcuHM65d+7c48WCK7Ttb2NpeWV1bb2wUdzc2t7ZNff2mypKJIMGi0Qk2x5VIHgIDeQooB1LoIEnoOWNrqd+6x6k4lF4h+MY3IAOQu5zRlFLPfOwi/CA2TupJxKYpOVJuWeW7IqdwVokTk5KJEe9Z351+xFLAgiRCapUx7FjdFMqkTMBk2I3URBTNqID6Gga0gCUm2ZbJ9aJVvqWH0ldIVqZ+nsipYFS48DTnQHFoZr3puJ/XidB/9JNeRgnCCGbLfITYWFkTaOw+lwCQzHWhDLJ9V8tNqSSMtSBFXUIzvzJi6RZrThnlerteal2lcdRIEfkmJwSh1yQGrkhddIgjDySZ/JK3own48V4Nz5mrUtGPnNA/sD4/AEZZpWh</latexit>

⇣1
<latexit sha1_base64="I5fGjWK8Wo/hOQ2TNaFcGrP5vas=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN2N0IN/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHssHM0nQj+hQ8pAzaqzU7j2hoX2vX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj93Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+50MuEJmxMQSyhS3txI2oooyYxMq2RC85ZdXSatW9S6qtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZjeIZXeHMS58V5dz4WrQUnnzmGP3A+fwASg49k</latexit>

�⇣1
<latexit sha1_base64="qhCq16SFmPVdLNfriOx9xaVpt7A=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbAbBT0GvXiMYB6QLGF2MkmGzM6uM71CXPITXjwo4tXf8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3Uz95iPXRkTqHscx90M6UKIvGEUrtc46Txxp1+sWS27ZnYEsEy8jJchQ6xa/Or2IJSFXyCQ1pu25Mfop1SiY5JNCJzE8pmxEB7xtqaIhN346u3dCTqzSI/1I21JIZurviZSGxozDwHaGFIdm0ZuK/3ntBPtXfipUnCBXbL6on0iCEZk+T3pCc4ZybAllWthbCRtSTRnaiAo2BG/x5WXSqJS983Ll7qJUvc7iyMMRHMMpeHAJVbiFGtSBgYRneIU358F5cd6dj3lrzslmDuEPnM8ffOKPmw==</latexit>

�⇣2
<latexit sha1_base64="KT/SzVkCRmbSbsFkq0z4HXHkTyA=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbAbBT0GvXiMYB6QLGF2MkmGzM6uM71CXPITXjwo4tXf8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3Uz95iPXRkTqHscx90M6UKIvGEUrtc46Txxpt9ItltyyOwNZJl5GSpCh1i1+dXoRS0KukElqTNtzY/RTqlEwySeFTmJ4TNmIDnjbUkVDbvx0du+EnFilR/qRtqWQzNTfEykNjRmHge0MKQ7NojcV//PaCfav/FSoOEGu2HxRP5EEIzJ9nvSE5gzl2BLKtLC3EjakmjK0ERVsCN7iy8ukUSl75+XK3UWpep3FkYcjOIZT8OASqnALNagDAwnP8ApvzoPz4rw7H/PWnJPNHMIfOJ8/fmaPnA==</latexit>

⇣2
<latexit sha1_base64="TiOvxu6pSZLf59rx8KTtfcV6Dak=">AAAB7nicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN2J0IN/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzvz2I2gjYvWAkwT8iA2VCAVnaKV27wmQ9Wv9csWtunPQVeLlpEJyNPrlr94g5mkECrlkxnQ9N0E/YxoFlzAt9VIDCeNjNoSupYpFYPxsfu6UnlllQMNY21JI5+rviYxFxkyiwHZGDEdm2ZuJ/3ndFMNrPxMqSREUXywKU0kxprPf6UBo4CgnljCuhb2V8hHTjKNNqGRD8JZfXiWtWtW7qNbuLyv1mzyOIjkhp+SceOSK1MkdaZAm4WRMnskreXMS58V5dz4WrQUnnzkmf+B8/gAUB49l</latexit>

⇣2
<latexit sha1_base64="+ja+Ng/VXWmDLRIiAgx1os/85I4=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIrkpSBV0W3bisYB/QlDCZ3LRDJw9mbsQa6sZfceNCEbf+hTv/xuljoa0HLhzOuXfu3OOngiu07W+jsLS8srpWXC9tbG5t75i7e02VZJJBgyUikW2fKhA8hgZyFNBOJdDIF9DyB1djv3UHUvEkvsVhCt2I9mIeckZRS5554CLc4+SdXEIwyt0HQOpVR55Ztiv2BNYicWakTGaoe+aXGyQsiyBGJqhSHcdOsZtTiZwJGJXcTEFK2YD2oKNpTCNQ3XyyeWQdayWwwkTqitGaqL8nchopNYx83RlR7Kt5byz+53UyDC+6OY/TDCFm00VhJixMrHEcVsAlMBRDTSiTXP/VYn0qKUMdWkmH4MyfvEia1YpzWqnenJVrl7M4iuSQHJET4pBzUiPXpE4ahJFH8kxeyZvxZLwY78bHtLVgzGb2yR8Ynz+t2Jer</latexit>

�⇣1
<latexit sha1_base64="J9Q1aNMflH1Dbmo/vib9lu0LvzU=">AAACAnicbVDLSsNAFJ34rPUVdSVugkVwY0mqoMuiG5cV7APaECbT23bo5MHMjVhDceOvuHGhiFu/wp1/4zTNQlsPXDicc+/cucePBVdo29/GwuLS8spqYa24vrG5tW3u7DZUlEgGdRaJSLZ8qkDwEOrIUUArlkADX0DTH15N/OYdSMWj8BZHMbgB7Ye8xxlFLXnmfgfhHrN3UgndcXrSeQCknjP2zJJdtjNY88TJSYnkqHnmV6cbsSSAEJmgSrUdO0Y3pRI5EzAudhIFMWVD2oe2piENQLlptnpsHWmla/UiqStEK1N/T6Q0UGoU+LozoDhQs95E/M9rJ9i7cFMexglCyKaLeomwMLImeVhdLoGhGGlCmeT6rxYbUEkZ6tSKOgRn9uR50qiUndNy5easVL3M4yiQA3JIjolDzkmVXJMaqRNGHskzeSVvxpPxYrwbH9PWBSOf2SN/YHz+AB4dl+E=</latexit>

⇣1
<latexit sha1_base64="mRUq/8uejsAcrWlxUcEvAa3BcBk=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIrkpSBV0W3bisYB/QhjCZ3LZDJw9mbsQa6sZfceNCEbf+hTv/xmmbhbYeuHA45965c4+fCK7Qtr+NwtLyyupacb20sbm1vWPu7jVVnEoGDRaLWLZ9qkDwCBrIUUA7kUBDX0DLH15N/NYdSMXj6BZHCbgh7Ue8xxlFLXnmQRfhHqfvZBKCcdZ9AKSeM/bMsl2xp7AWiZOTMslR98yvbhCzNIQImaBKdRw7QTejEjkTMC51UwUJZUPah46mEQ1Budl089g61kpg9WKpK0Jrqv6eyGio1Cj0dWdIcaDmvYn4n9dJsXfhZjxKUoSIzRb1UmFhbE3isAIugaEYaUKZ5PqvFhtQSRnq0Eo6BGf+5EXSrFac00r15qxcu8zjKJJDckROiEPOSY1ckzppEEYeyTN5JW/Gk/FivBsfs9aCkc/skz8wPn8ArFOXqg==</latexit>

⇠<latexit sha1_base64="4saly4jN6LosnfMEf1FTIAUiVgk=">AAAB/3icbVDLSsNAFJ34rPUVFdy4CRbBVUmqoMuiG5cV7AOaUCbTm3bo5MHMjVhiF/6KGxeKuPU33Pk3TtMstPXAhcM5986de/xEcIW2/W0sLa+srq2XNsqbW9s7u+befkvFqWTQZLGIZcenCgSPoIkcBXQSCTT0BbT90fXUb9+DVDyO7nCcgBfSQcQDzihqqWceuggPmL+T+SKFSeYqHk56ZsWu2jmsReIUpEIKNHrml9uPWRpChExQpbqOnaCXUYmcCZiU3VRBQtmIDqCraURDUF6W751YJ1rpW0EsdUVo5erviYyGSo1DX3eGFIdq3puK/3ndFINLL+NRkiJEbLYoSIWFsTUNw+pzCQzFWBPKJNd/tdiQSspQR1bWITjzJy+SVq3qnFVrt+eV+lURR4kckWNyShxyQerkhjRIkzDySJ7JK3kznowX4934mLUuGcXMAfkD4/MHd5OXCA==</latexit>

⌧ = Z5d
Nek

<latexit sha1_base64="BoukLL5EVnuLa6l/KsRF9TGNpqE=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWLgbBKuxGRRshaGMlEcwDkxhmJzfJkNkHM3fFsGxp46/YWChi6yfY+TdOki008cCFM+fcy9x73FBwhbb9bWTm5hcWl7LLuZXVtfUNc3OrqoJIMqiwQASy7lIFgvtQQY4C6qEE6rkCau7gYuTX7kEqHvg3OAyh5dGez7ucUdRS29xtIo3ObttxE+EB4ysYJMld+jjuJEnbzNsFewxrljgpyZMU5bb51ewELPLARyaoUg3HDrEVU4mcCUhyzUhBSNmA9qChqU89UK14fEhi7WulY3UDqctHa6z+noipp9TQc3WnR7Gvpr2R+J/XiLB72oq5H0YIPpt81I2EhYE1SsXqcAkMxVATyiTXu1qsTyVlqLPL6RCc6ZNnSbVYcA4LxeujfOk8jSNLdsgeOSAOOSElcknKpEIYeSTP5JW8GU/Gi/FufExaM0Y6s03+wPj8AS89mrg=</latexit>

-1

-1



27/27Future	works

-	higher	q-Painlevé

-	higher	rank

-	BCDEFG	Toda

-	longer	circular	quivers

-	D/E-type	quivers

-	mass	deformacons

Further	generalizacons:

bAn�2
<latexit sha1_base64="rOv3JUYMNE54VSMw3TtxKHc4ZW8=">AAAB/nicbVBNS8NAEN34WetXVTx5WSyCp5JUQY9VLx4r2A9oQthsJu3SzSbsbpQSCv4VLx4U8erv8Oa/cdvmoK0PBh7vzTAzL0g5U9q2v62l5ZXVtfXSRnlza3tnt7K331ZJJim0aMIT2Q2IAs4EtDTTHLqpBBIHHDrB8Gbidx5AKpaIez1KwYtJX7CIUaKN5FcOc/eRhTAgGl+N/Vy4fcD1sV+p2jV7CrxInIJUUYGmX/lyw4RmMQhNOVGq59ip9nIiNaMcxmU3U5ASOiR96BkqSAzKy6fnj/GJUUIcJdKU0Hiq/p7ISazUKA5MZ0z0QM17E/E/r5fp6NLLmUgzDYLOFkUZxzrBkyxwyCRQzUeGECqZuRXTAZGEapNY2YTgzL+8SNr1mnNWq9+dVxvXRRwldISO0Sly0AVqoFvURC1EUY6e0St6s56sF+vd+pi1LlnFzAH6A+vzB8brlVs=</latexit>

(PIII			→3 Toda)
?

3 [Tracy,Widom,'95]

[Bonelli,Grassi,Tanzini,'17][TN,'20]

Proof	(beyond	q→1	limit	of	aPIII			)

Implicacon	to	other	theories	related	to	(q-)Painlevé?

(2d	(q-)Liouville/Toda	CFT,	4d/5d	Yang-Mills,	...)

Applicacon	to	physics	problems	governed	by	non-linear	ordinary	differencal	equacons?

qP(E7)
<latexit sha1_base64="1Zx+IQ10dQxkzxcdZRW3h+xVkLg=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBHqpSRVqMeiCB4r2A9oY9lst+3SzSbuTtQS+j+8eFDEq//Fm//GbZuDtj4YeLw3w8w8PxJco+N8W0vLK6tr65mN7ObW9s5ubm+/rsNYUVajoQhV0yeaCS5ZDTkK1owUI4EvWMMfXk78xgNTmofyFkcR8wLSl7zHKUEj3bWRPWFyXx0Xrjrlk04u7xSdKexF4qYkDymqndxXuxvSOGASqSBat1wnQi8hCjkVbJxtx5pFhA5Jn7UMlSRg2kumV4/tY6N07V6oTEm0p+rviYQEWo8C33QGBAd63puI/3mtGHvnXsJlFCOTdLaoFwsbQ3sSgd3lilEUI0MIVdzcatMBUYSiCSprQnDnX14k9VLRPS2Wbs7ylYs0jgwcwhEUwIUyVOAaqlADCgqe4RXerEfrxXq3PmatS1Y6cwB/YH3+ANRRkhA=</latexit>
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