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Introduction

Hawking: black holes emit a thermal radiation, losing the information on
initial state. Computing quantum corrections that restore unitarity is a
major challange for any theory of quantum gravity

GR
<latexit sha1_base64="HbcjAJbwWEfC3nlBGPKymTIlUik="></latexit>

featureless radiation
<latexit sha1_base64="VVhBdnSDC3T9Bym/8pwvbBCjhz0="></latexit>

The tension between information transfer and causal structure of
space-time leads to apparent violation of effective field theory at horizon
• [Mathur, AMPS] Structure at horizon (fuzzball/firewall)
• [Papadodimas-Raju, Maldacena-Susskind] Smoothness but large non-localities
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These problems can be formulated more concretely in string theory,
where we have control over the microscopic degrees of freedom that store
the Bekenstein-Hawking entropy.
This picture is valid at a special point of the moduli space, where we
adiabatically switch off the gravity interactions and we are left with
strings and branes in flat space.
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Weakly coupled analysis

Microstate counting at zero coupling [Strominger-Vafa]

N5 D5-branes on T 4 × Sy
N1 D1-branes on Sy

NP units of momentum
P = ny/R on Sy
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<latexit sha1_base64="+0+1WfkMbxlfb4RuywRYIkIjleA=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokIfpwKXjy2YGyhDWWznbRrN5uwuxFK6C/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysHhg04yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7dRvPaHSPJH3ZpxiENOB5BFn1FipOe5Vqm7NnYEsE68gVSjQ6FW+uv2EZTFKwwTVuuO5qQlyqgxnAiflbqYxpWxEB9ixVNIYdZDPDp2QU6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEy/Jn2ukBkxtoQyxe2thA2poszYbMo2BG/x5WXin9eua17zolq/KdIowTGcwBl4cAl1uIMG+MAA4Rle4c15dF6cd+dj3rriFDNH8AfO5w9TuozJ</latexit><latexit sha1_base64="+0+1WfkMbxlfb4RuywRYIkIjleA=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokIfpwKXjy2YGyhDWWznbRrN5uwuxFK6C/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysHhg04yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7dRvPaHSPJH3ZpxiENOB5BFn1FipOe5Vqm7NnYEsE68gVSjQ6FW+uv2EZTFKwwTVuuO5qQlyqgxnAiflbqYxpWxEB9ixVNIYdZDPDp2QU6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEy/Jn2ukBkxtoQyxe2thA2poszYbMo2BG/x5WXin9eua17zolq/KdIowTGcwBl4cAl1uIMG+MAA4Rle4c15dF6cd+dj3rriFDNH8AfO5w9TuozJ</latexit><latexit sha1_base64="+0+1WfkMbxlfb4RuywRYIkIjleA=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokIfpwKXjy2YGyhDWWznbRrN5uwuxFK6C/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysHhg04yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7dRvPaHSPJH3ZpxiENOB5BFn1FipOe5Vqm7NnYEsE68gVSjQ6FW+uv2EZTFKwwTVuuO5qQlyqgxnAiflbqYxpWxEB9ixVNIYdZDPDp2QU6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEy/Jn2ukBkxtoQyxe2thA2poszYbMo2BG/x5WXin9eua17zolq/KdIowTGcwBl4cAl1uIMG+MAA4Rle4c15dF6cd+dj3rriFDNH8AfO5w9TuozJ</latexit><latexit sha1_base64="+0+1WfkMbxlfb4RuywRYIkIjleA=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokIfpwKXjy2YGyhDWWznbRrN5uwuxFK6C/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysHhg04yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7dRvPaHSPJH3ZpxiENOB5BFn1FipOe5Vqm7NnYEsE68gVSjQ6FW+uv2EZTFKwwTVuuO5qQlyqgxnAiflbqYxpWxEB9ixVNIYdZDPDp2QU6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEy/Jn2ukBkxtoQyxe2thA2poszYbMo2BG/x5WXin9eua17zolq/KdIowTGcwBl4cAl1uIMG+MAA4Rle4c15dF6cd+dj3rriFDNH8AfO5w9TuozJ</latexit>

T 4
<latexit sha1_base64="61rVR/42H/dg7KK/W1dj7IS+dzg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0Y0GPQi8eIeUGyhtlJbzJkdnaZmRVCyCd48aCIV7/Im3/jJNmDJhY0FFXddHcFieDauO63s7a+sbm1ndvJ7+7tHxwWjo6bOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdzvzWEyrNY1k34wT9iA4kDzmjxkoP9cdKr1B0S+4cZJV4GSlChlqv8NXtxyyNUBomqNYdz02MP6HKcCZwmu+mGhPKRnSAHUsljVD7k/mpU3JulT4JY2VLGjJXf09MaKT1OApsZ0TNUC97M/E/r5Oa8NqfcJmkBiVbLApTQUxMZn+TPlfIjBhbQpni9lbChlRRZmw6eRuCt/zyKmmWS95lqXxfKVZvsjhycApncAEeXEEV7qAGDWAwgGd4hTdHOC/Ou/OxaF1zspkT+APn8wfZHo2C</latexit>

Entropy: long effective (1, 5) string on circle of radius Reff = N1N5R.
Momentum fractionation: ny/Reff

Higgs branch: D-strings dissolve as zero-size instantons. CFT with target
space (T 4)N1N5

/
SN1N5

. Long effective string from twisted sector.



5/30

Questions we would like to answer:
• How do these microstates look like at finite coupling?
• What is their “effective” causal structure?

Naive expectation: as gravity becomes stronger, brane bound states
become smaller. Horizon grows as coupling is increased: microstates
confined at UV scale. [Horowitz-Polchinski, Damour-Veneziano]
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But: less naive mechanisms from holography. Examples:
• Confining N = 1 gauge theory [Klebanov-Strassler]

• Mass-deformed N = 4 SYM / ABJM [Polchinski-Strassler, LLM]

Naively singular RG flow resolved by new scale in the IR ↔ topological
cycles with flux

S3

S2

Gravity = gauge theory
<latexit sha1_base64="ycHyomjFf/WSxX15XojyGtMkByo=">AAACAHicbVA9SwNBEN3zM8avUwsLm8UgWIW7WGgjBC20jGA+IDnC3mYuWbL3we5c4DjS+FdsLBSx9WfY+W+8S67QxAcDj/dmmJnnRlJotKxvY2V1bX1js7RV3t7Z3ds3Dw5bOowVhyYPZag6LtMgRQBNFCihEylgviuh7Y5vc789AaVFGDxiEoHjs2EgPMEZZlLfPL5TbCIwodd0yOIhUBxBqJJy36xYVWsGukzsglRIgUbf/OoNQh77ECCXTOuubUXopEyh4BKm5V6sIWJ8zIbQzWjAfNBOOntgSs8yZUC9UGUVIJ2pvydS5mud+G7W6TMc6UUvF//zujF6V04qgihGCPh8kRdLiiHN06ADoYCjTDLCuBLZrZSPmGIcs8zyEOzFl5dJq1a1L6q1h1qlflPEUSIn5JScE5tckjq5Jw3SJJxMyTN5JW/Gk/FivBsf89YVo5g5In9gfP4AncqVxA==</latexit>

UV
<latexit sha1_base64="JYPhjrAiDwKJhYexuKByHJpc4Iw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF49VTFtoQ9lsJ+3SzSbsboRS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SjGacYxHQgecQZNVZ68Ju9csWtunOQVeLlpAI5Gr3yV7efsCxGaZigWnc8NzXBhCrDmcBpqZtpTCkb0QF2LJU0Rh1M5pdOyZlV+iRKlC1pyFz9PTGhsdbjOLSdMTVDvezNxP+8Tmai62DCZZoZlGyxKMoEMQmZvU36XCEzYmwJZYrbWwkbUkWZseGUbAje8surpFmrehfV2v1lpX6Tx1GEEziFc/DgCupwBw3wgUEEz/AKb87IeXHenY9Fa8HJZ47hD5zPH1objT0=</latexit>

IR
<latexit sha1_base64="N8LlIyQStqbrFttn8uJ9I0OxAzA=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL3qLwTwgWcLspDcZMju7zMwKIeQPvHhQxKt/5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mnGCfkQHkoecUWOl+n29Vyy5ZXcOskq8jJQgQ61X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yfzSKTmzSp+EsbIlDZmrvycmNNJ6HAW2M6JmqJe9mfif10lNeO1PuExSg5ItFoWpICYms7dJnytkRowtoUxxeythQ6ooMzacgg3BW355lTQrZe+iXHm4LFVvsjjycAKncA4eXEEV7qAGDWAQwjO8wpszcl6cd+dj0Zpzsplj+APn8wdBz40t</latexit>

S3

S2

dynamically generated
scale ⇠ ⇤QCD

<latexit sha1_base64="Vzct3vVsrW9eDpwAQBBWqiB5XNk="></latexit>

UV
<latexit sha1_base64="JYPhjrAiDwKJhYexuKByHJpc4Iw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF49VTFtoQ9lsJ+3SzSbsboRS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SjGacYxHQgecQZNVZ68Ju9csWtunOQVeLlpAI5Gr3yV7efsCxGaZigWnc8NzXBhCrDmcBpqZtpTCkb0QF2LJU0Rh1M5pdOyZlV+iRKlC1pyFz9PTGhsdbjOLSdMTVDvezNxP+8Tmai62DCZZoZlGyxKMoEMQmZvU36XCEzYmwJZYrbWwkbUkWZseGUbAje8surpFmrehfV2v1lpX6Tx1GEEziFc/DgCupwBw3wgUEEz/AKb87IeXHenY9Fa8HJZ47hD5zPH1objT0=</latexit>
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Microstate geometries

Many works on applying this principle to black holes
[Mathur, Bena-Warner, . . . ]

• Brane bound states can expand as coupling is increased. After
backreaction: smooth, horizonless, bubbling geometries

• Concrete mechanism to hold structure at horizon (non-perturbative
black hole hairs). Topology with flux: evade “no solitons without
horizon” theorem [Gibbons-Warner]
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Long strings

Microstate geometries represent non-generic, coherent states.

Sbubbles � SBH

• They are still useful “classical islands”. When perturbed, they decay
toward more typical states and we are interested in studying this
evolution.

• To do this, we would like an exact worldsheet description of these
solutions. Remarkably, it can be done.
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Long strings
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Sbubbles � SBH

• They are still useful “classical islands”. When perturbed, they decay
toward more typical states and we are interested in studying this
evolution.

• To do this, we would like an exact worldsheet description of these
solutions. Remarkably, it can be done.



9/30

Circular supertube

• Focus on two-charge black hole
• Simplest example of microstate geometry is obtained by dualizing

supertube bound states in NS5-P duality frame(
NS5(5678ỹ)

P (ỹ)

)
Tỹ−−→

(
NS5(5678y)

F1(y)

)
S−→

(
D5(5678y)

D1(y)

)

flat space

cap

5-brane throat
<latexit sha1_base64="13te/9Z0ewEYUCi7UZg3LFgaqWM=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgxbAbET0GvXiMYB6QxNA7mU2GzM4uM71KWPIfXjwo4tV/8ebfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0ywfDpVC8jgIlb8WaQ+hL3vRHN1O/+ci1EZG6x3HMuyEMlAgEA7TSw8WZr0FxikMdAfaKJbfszkCXiZeREslQ6xW/Ov2IJSFXyCQY0/bcGLspaBRM8kmhkxgeAxvBgLctVRBy001nV0/oiVX6NIi0LYV0pv6eSCE0Zhz6tjMEHJpFbyr+57UTDK66qVBxglyx+aIgkRQjOo2A9oXmDOXYEmBa2FspG4IGhjaogg3BW3x5mTQqZe+8XLmrlKrXWRx5ckSOySnxyCWpkltSI3XCiCbP5JW8OU/Oi/PufMxbc042c0j+wPn8Ae56kiQ=</latexit>

(AdS3 ⇥ S3)/Zk
<latexit sha1_base64="JUbILUVh5EDKk8mP1On2T3TbOCI=">AAACCHicbVC7TsNAEDyHVwgvAyUFJyKk0AQ7QYIyQEMZFPIQsbHO53NyyvmhuzNSZKWk4VdoKECIlk+g4284Jy4gMNJKo5ld7e64MaNCGsaXVlhYXFpeKa6W1tY3Nrf07Z2OiBKOSRtHLOI9FwnCaEjakkpGejEnKHAZ6bqjy8zv3hMuaBTeyHFM7AANQupTjKSSHH2/cu61nDq0JA2IgK27+tGxFSA5dN30duKMHL1sVI0p4F9i5qQMcjQd/dPyIpwEJJSYISH6phFLO0VcUszIpGQlgsQIj9CA9BUNkVprp9NHJvBQKR70I64qlHCq/pxIUSDEOHBVZ3ajmPcy8T+vn0j/zE5pGCeShHi2yE8YlBHMUoEe5QRLNlYEYU7VrRAPEUdYquxKKgRz/uW/pFOrmvVq7fqk3LjI4yiCPXAAKsAEp6ABrkATtAEGD+AJvIBX7VF71t6091lrQctndsEvaB/fmsOYdw==</latexit>

�

ỹ

�

ỹ

P<latexit sha1_base64="IJd4gWHwTgWB4IXWswalgO2WBcA=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4Gmampa27ohuXLdgHtINk0jttbCYzJBmhlH6BGxeKuPWT3Pk3ZtoKKnogcDjnXHLvCRLOlHacDyu3tr6xuZXfLuzs7u0fFA+POipOJYU2jXksewFRwJmAtmaaQy+RQKKAQzeYXGV+9x6kYrG40dME/IiMBAsZJdpIreZtseTYF/WqV6lix3acmuu5GfFqlXIFu0bJUEIrmPz7YBjTNAKhKSdK9V0n0f6MSM0oh3lhkCpICJ2QEfQNFSQC5c8Wi87xmVGGOIyleULjhfp9YkYipaZRYJIR0WP128vEv7x+qsO6P2MiSTUIuvwoTDnWMc6uxkMmgWo+NYRQycyumI6JJFSbbgqmhK9L8f+k49lu2fZaXqlxuaojj07QKTpHLqqhBrpGTdRGFAF6QE/o2bqzHq0X63UZzVmrmWP0A9bbJwpljRg=</latexit>

J
<latexit sha1_base64="4bemgzy2p7jkCOZT2i+mLVz2CT0=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgadndhCTegl7EUwLmAckSZie9yZjZBzOzQljyBV48KOLVT/Lm3zibRFDRgoaiqpvuLi/mTCrL+jBya+sbm1v57cLO7t7+QfHwqCOjRFBo04hHoucRCZyF0FZMcejFAkjgceh606vM796DkCwKb9UsBjcg45D5jBKlpdbNsFiyzIt61alUsWVaVs127Iw4tUq5gm2tZCihFZrD4vtgFNEkgFBRTqTs21as3JQIxSiHeWGQSIgJnZIx9DUNSQDSTReHzvGZVkbYj4SuUOGF+n0iJYGUs8DTnQFRE/nby8S/vH6i/LqbsjBOFIR0uchPOFYRzr7GIyaAKj7ThFDB9K2YToggVOlsCjqEr0/x/6TjmHbZdFpOqXG5iiOPTtApOkc2qqEGukZN1EYUAXpAT+jZuDMejRfjddmaM1Yzx+gHjLdPAU2NEg==</latexit>

R4
<latexit sha1_base64="rppRLY1UTgW1Fa7J/HFzMkitLB0=">AAAB83icbVDLSsNAFL2pr1pfUZduBovgqiS1oMuiG5dV7AOaWCbTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//APjzqqDiVhLZJzGPZC7CinAna1kxz2kskxVHAaTeY3OR+94lKxWLxoKcJ9SM8EixkBGsjeV6E9TgIsvvZY2NgV52aMwdaJW5BqlCgNbC/vGFM0ogKTThWqu86ifYzLDUjnM4qXqpogskEj2jfUIEjqvxsnnmGzowyRGEszRMazdXfGxmOlJpGgZnMM6plLxf/8/qpDq/8jIkk1VSQxaEw5UjHKC8ADZmkRPOpIZhIZrIiMsYSE21qqpgS3OUvr5JOveZe1Op3jWrzuqijDCdwCufgwiU04RZa0AYCCTzDK7xZqfVivVsfi9GSVewcwx9Ynz/ueJGc</latexit>

[Lunin Mathur 01]
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Circular supertube

• Focus on two-charge black hole
• Simplest example of microstate geometry is obtained by dualizing

supertube bound states in NS5-P duality frame(
NS5(5678ỹ)

P (ỹ)

)
Tỹ−−→

(
NS5(5678y)

F1(y)

)
S−→

(
D5(5678y)

D1(y)

)

flat space

cap

5-brane throat
<latexit sha1_base64="13te/9Z0ewEYUCi7UZg3LFgaqWM=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgxbAbET0GvXiMYB6QxNA7mU2GzM4uM71KWPIfXjwo4tV/8ebfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0ywfDpVC8jgIlb8WaQ+hL3vRHN1O/+ci1EZG6x3HMuyEMlAgEA7TSw8WZr0FxikMdAfaKJbfszkCXiZeREslQ6xW/Ov2IJSFXyCQY0/bcGLspaBRM8kmhkxgeAxvBgLctVRBy001nV0/oiVX6NIi0LYV0pv6eSCE0Zhz6tjMEHJpFbyr+57UTDK66qVBxglyx+aIgkRQjOo2A9oXmDOXYEmBa2FspG4IGhjaogg3BW3x5mTQqZe+8XLmrlKrXWRx5ckSOySnxyCWpkltSI3XCiCbP5JW8OU/Oi/PufMxbc042c0j+wPn8Ae56kiQ=</latexit>

(AdS3 ⇥ S3)/Zk
<latexit sha1_base64="JUbILUVh5EDKk8mP1On2T3TbOCI=">AAACCHicbVC7TsNAEDyHVwgvAyUFJyKk0AQ7QYIyQEMZFPIQsbHO53NyyvmhuzNSZKWk4VdoKECIlk+g4284Jy4gMNJKo5ld7e64MaNCGsaXVlhYXFpeKa6W1tY3Nrf07Z2OiBKOSRtHLOI9FwnCaEjakkpGejEnKHAZ6bqjy8zv3hMuaBTeyHFM7AANQupTjKSSHH2/cu61nDq0JA2IgK27+tGxFSA5dN30duKMHL1sVI0p4F9i5qQMcjQd/dPyIpwEJJSYISH6phFLO0VcUszIpGQlgsQIj9CA9BUNkVprp9NHJvBQKR70I64qlHCq/pxIUSDEOHBVZ3ajmPcy8T+vn0j/zE5pGCeShHi2yE8YlBHMUoEe5QRLNlYEYU7VrRAPEUdYquxKKgRz/uW/pFOrmvVq7fqk3LjI4yiCPXAAKsAEp6ABrkATtAEGD+AJvIBX7VF71t6091lrQctndsEvaB/fmsOYdw==</latexit>

�

ỹ

�

ỹ

P<latexit sha1_base64="IJd4gWHwTgWB4IXWswalgO2WBcA=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4Gmampa27ohuXLdgHtINk0jttbCYzJBmhlH6BGxeKuPWT3Pk3ZtoKKnogcDjnXHLvCRLOlHacDyu3tr6xuZXfLuzs7u0fFA+POipOJYU2jXksewFRwJmAtmaaQy+RQKKAQzeYXGV+9x6kYrG40dME/IiMBAsZJdpIreZtseTYF/WqV6lix3acmuu5GfFqlXIFu0bJUEIrmPz7YBjTNAKhKSdK9V0n0f6MSM0oh3lhkCpICJ2QEfQNFSQC5c8Wi87xmVGGOIyleULjhfp9YkYipaZRYJIR0WP128vEv7x+qsO6P2MiSTUIuvwoTDnWMc6uxkMmgWo+NYRQycyumI6JJFSbbgqmhK9L8f+k49lu2fZaXqlxuaojj07QKTpHLqqhBrpGTdRGFAF6QE/o2bqzHq0X63UZzVmrmWP0A9bbJwpljRg=</latexit>

J
<latexit sha1_base64="4bemgzy2p7jkCOZT2i+mLVz2CT0=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgadndhCTegl7EUwLmAckSZie9yZjZBzOzQljyBV48KOLVT/Lm3zibRFDRgoaiqpvuLi/mTCrL+jBya+sbm1v57cLO7t7+QfHwqCOjRFBo04hHoucRCZyF0FZMcejFAkjgceh606vM796DkCwKb9UsBjcg45D5jBKlpdbNsFiyzIt61alUsWVaVs127Iw4tUq5gm2tZCihFZrD4vtgFNEkgFBRTqTs21as3JQIxSiHeWGQSIgJnZIx9DUNSQDSTReHzvGZVkbYj4SuUOGF+n0iJYGUs8DTnQFRE/nby8S/vH6i/LqbsjBOFIR0uchPOFYRzr7GIyaAKj7ThFDB9K2YToggVOlsCjqEr0/x/6TjmHbZdFpOqXG5iiOPTtApOkc2qqEGukZN1EYUAXpAT+jZuDMejRfjddmaM1Yzx+gHjLdPAU2NEg==</latexit>

R4
<latexit sha1_base64="rppRLY1UTgW1Fa7J/HFzMkitLB0=">AAAB83icbVDLSsNAFL2pr1pfUZduBovgqiS1oMuiG5dV7AOaWCbTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//APjzqqDiVhLZJzGPZC7CinAna1kxz2kskxVHAaTeY3OR+94lKxWLxoKcJ9SM8EixkBGsjeV6E9TgIsvvZY2NgV52aMwdaJW5BqlCgNbC/vGFM0ogKTThWqu86ifYzLDUjnM4qXqpogskEj2jfUIEjqvxsnnmGzowyRGEszRMazdXfGxmOlJpGgZnMM6plLxf/8/qpDq/8jIkk1VSQxaEw5UjHKC8ADZmkRPOpIZhIZrIiMsYSE21qqpgS3OUvr5JOveZe1Op3jWrzuqijDCdwCufgwiU04RZa0AYCCTzDK7xZqfVivVsfi9GSVewcwx9Ynz/ueJGc</latexit>

[Lunin Mathur 01]
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• Over-rotating solutions with J = n1n5/k

• We can approach the BH phase by increasing the orbifold order

Line of 
2-charge states

Black holes

increasing

k = 1
<latexit sha1_base64="qdNbMenybL3MZ5+dpaXjV8lYJE0="></latexit><latexit sha1_base64="qdNbMenybL3MZ5+dpaXjV8lYJE0="></latexit><latexit sha1_base64="qdNbMenybL3MZ5+dpaXjV8lYJE0="></latexit><latexit sha1_base64="qdNbMenybL3MZ5+dpaXjV8lYJE0="></latexit>

k
<latexit sha1_base64="X1UqcFxYxZVWvhDUbQflMIxD3DU=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8hZkoJrkFvXhMwDwgWcLspDcZM/tgZlYIS77AiwdFvPpJ3vwbZ5MIKlrQUFR1093lxVJoQ8iHs7K6tr6xmdvKb+/s7u0XDg7bOkoUhxaPZKS6HtMgRQgtI4yEbqyABZ6Ejje5zvzOPSgtovDWTGNwAzYKhS84M1ZqTgaFIikRQiilOCO0ckksqdWqZVrFNLMsimiJxqDw3h9GPAkgNFwyrXuUxMZNmTKCS5jl+4mGmPEJG0HP0pAFoN10fugMn1pliP1I2QoNnqvfJ1IWaD0NPNsZMDPWv71M/MvrJcavuqkI48RAyBeL/ERiE+HsazwUCriRU0sYV8LeivmYKcaNzSZvQ/j6FP9P2uUSPS+VmxfF+tUyjhw6RifoDFFUQXV0gxqohTgC9ICe0LNz5zw6L87ronXFWc4coR9w3j4BINiNKQ==</latexit>

J
<latexit sha1_base64="9AyvBswXAUOScjhKJQccLbYF3po=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL+IpAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6HPjNI=</latexit>

NP
<latexit sha1_base64="lfJIU5yZzacbytxal3d57a99Klo=">AAAB6nicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLoxpVUtA9oh5JJ77ShmcyQZIQy9BPcuFDErV/kzr8xbWehrQcCh3POJfeeIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzThBP6IDyUPOqLHSw12v3iuV3Yo7A1kmXk7KkMPmv7r9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzVadkFOr9EkYK/ukITP190RGI63HUWCTETVDvehNxf+8TmrCKz/jMkkNSjb/KEwFMTGZ3k36XCEzYmwJZYrbXQkbUkWZse0UbQne4snLpFmteOeV6v1FuXad11GAYziBM/DgEmpwC3VoAIMBPMMrvDnCeXHenY95dMXJZ47gD5zPH/vvjZk=</latexit>

S =
A

4G
= 2π

√
N1N5NP − J2

We’ll show that the backreaction of this family of supertubes is under
control at the exact level in α′.
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A well known cap

�

ỹ

flat space

cap

5-brane throat
<latexit sha1_base64="13te/9Z0ewEYUCi7UZg3LFgaqWM=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgxbAbET0GvXiMYB6QxNA7mU2GzM4uM71KWPIfXjwo4tV/8ebfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0ywfDpVC8jgIlb8WaQ+hL3vRHN1O/+ci1EZG6x3HMuyEMlAgEA7TSw8WZr0FxikMdAfaKJbfszkCXiZeREslQ6xW/Ov2IJSFXyCQY0/bcGLspaBRM8kmhkxgeAxvBgLctVRBy001nV0/oiVX6NIi0LYV0pv6eSCE0Zhz6tjMEHJpFbyr+57UTDK66qVBxglyx+aIgkRQjOo2A9oXmDOXYEmBa2FspG4IGhjaogg3BW3x5mTQqZe+8XLmrlKrXWRx5ckSOySnxyCWpkltSI3XCiCbP5JW8OU/Oi/PufMxbc042c0j+wPn8Ae56kiQ=</latexit>

(AdS3 ⇥ S3)/Zk
<latexit sha1_base64="JUbILUVh5EDKk8mP1On2T3TbOCI=">AAACCHicbVC7TsNAEDyHVwgvAyUFJyKk0AQ7QYIyQEMZFPIQsbHO53NyyvmhuzNSZKWk4VdoKECIlk+g4284Jy4gMNJKo5ld7e64MaNCGsaXVlhYXFpeKa6W1tY3Nrf07Z2OiBKOSRtHLOI9FwnCaEjakkpGejEnKHAZ6bqjy8zv3hMuaBTeyHFM7AANQupTjKSSHH2/cu61nDq0JA2IgK27+tGxFSA5dN30duKMHL1sVI0p4F9i5qQMcjQd/dPyIpwEJJSYISH6phFLO0VcUszIpGQlgsQIj9CA9BUNkVprp9NHJvBQKR70I64qlHCq/pxIUSDEOHBVZ3ajmPcy8T+vn0j/zE5pGCeShHi2yE8YlBHMUoEe5QRLNlYEYU7VrRAPEUdYquxKKgRz/uW/pFOrmvVq7fqk3LjI4yiCPXAAKsAEp6ABrkATtAEGD+AJvIBX7VF71t6091lrQctndsEvaB/fmsOYdw==</latexit>

NS5 branes
<latexit sha1_base64="H+2g5wGQPv5ewKV0oMaNnn+kRj8=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexGRI9BL54konlgsoTZSScZMju7zMwKYclfePGgiFf/xpt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMrqd+8wmV5pF8MOMY/ZAOJO9zRo2VHm/vz0mgqETdLZbcsjsDWSZeRkqQodYtfnV6EUtClIYJqnXbc2Pjp1QZzgROCp1EY0zZiA6wbamkIWo/nV08ISdW6ZF+pGxJQ2bq74mUhlqPw8B2htQM9aI3Ff/z2onpX/opl3FiULL5on4iiInI9H3S4wqZEWNLKFPc3krYkCrKjA2pYEPwFl9eJo1K2TsrV+4qpepVFkcejuAYTsGDC6jCDdSgDgwkPMMrvDnaeXHenY95a87JZg7hD5zPH8KQkFE=</latexit>

Exact description of near-horizon region:
[Ooguri-Vafa, Giveon-Kutasov]

M = R5,1 ×
(
SL(2,R)

U(1)
× SU(2)

U(1)

)/
Zn5

Non-singular CFT: capped version of NS5’s throat

SL(2, R)

U(1)
<latexit sha1_base64="gKR7WQboZJJq8im0sPVfwS1cwb8=">AAACBXicbVDLSsNAFJ3UV62vqEsRBovQgpSkCOqu6MaFi/qILTSlTKaTduhkEmYmQglZufFX3LhQces/uPNvnLRZaOuBC4dz7uXee7yIUaks69soLCwuLa8UV0tr6xubW+b2zr0MY4GJg0MWiraHJGGUE0dRxUg7EgQFHiMtb3SR+a0HIiQN+Z0aR6QboAGnPsVIaaln7ru+QDi5varUj9wAqaHnJTdpNU2cil1Ne2bZqlkTwHli56QMcjR75pfbD3EcEK4wQ1J2bCtS3QQJRTEjacmNJYkQHqEB6WjKUUBkN5m8kcJDrfShHwpdXMGJ+nsiQYGU48DTndmlctbLxP+8Tqz8025CeRQrwvF0kR8zqEKYZQL7VBCs2FgThAXVt0I8RDoXpZMr6RDs2ZfniVOvndXs6+Ny4zxPowj2wAGoABucgAa4BE3gAAwewTN4BW/Gk/FivBsf09aCkc/sgj8wPn8ABkKXwg==</latexit><latexit sha1_base64="gKR7WQboZJJq8im0sPVfwS1cwb8=">AAACBXicbVDLSsNAFJ3UV62vqEsRBovQgpSkCOqu6MaFi/qILTSlTKaTduhkEmYmQglZufFX3LhQces/uPNvnLRZaOuBC4dz7uXee7yIUaks69soLCwuLa8UV0tr6xubW+b2zr0MY4GJg0MWiraHJGGUE0dRxUg7EgQFHiMtb3SR+a0HIiQN+Z0aR6QboAGnPsVIaaln7ru+QDi5varUj9wAqaHnJTdpNU2cil1Ne2bZqlkTwHli56QMcjR75pfbD3EcEK4wQ1J2bCtS3QQJRTEjacmNJYkQHqEB6WjKUUBkN5m8kcJDrfShHwpdXMGJ+nsiQYGU48DTndmlctbLxP+8Tqz8025CeRQrwvF0kR8zqEKYZQL7VBCs2FgThAXVt0I8RDoXpZMr6RDs2ZfniVOvndXs6+Ny4zxPowj2wAGoABucgAa4BE3gAAwewTN4BW/Gk/FivBsf09aCkc/sgj8wPn8ABkKXwg==</latexit><latexit sha1_base64="gKR7WQboZJJq8im0sPVfwS1cwb8=">AAACBXicbVDLSsNAFJ3UV62vqEsRBovQgpSkCOqu6MaFi/qILTSlTKaTduhkEmYmQglZufFX3LhQces/uPNvnLRZaOuBC4dz7uXee7yIUaks69soLCwuLa8UV0tr6xubW+b2zr0MY4GJg0MWiraHJGGUE0dRxUg7EgQFHiMtb3SR+a0HIiQN+Z0aR6QboAGnPsVIaaln7ru+QDi5varUj9wAqaHnJTdpNU2cil1Ne2bZqlkTwHli56QMcjR75pfbD3EcEK4wQ1J2bCtS3QQJRTEjacmNJYkQHqEB6WjKUUBkN5m8kcJDrfShHwpdXMGJ+nsiQYGU48DTndmlctbLxP+8Tqz8025CeRQrwvF0kR8zqEKYZQL7VBCs2FgThAXVt0I8RDoXpZMr6RDs2ZfniVOvndXs6+Ny4zxPowj2wAGoABucgAa4BE3gAAwewTN4BW/Gk/FivBsf09aCkc/sgj8wPn8ABkKXwg==</latexit><latexit sha1_base64="gKR7WQboZJJq8im0sPVfwS1cwb8=">AAACBXicbVDLSsNAFJ3UV62vqEsRBovQgpSkCOqu6MaFi/qILTSlTKaTduhkEmYmQglZufFX3LhQces/uPNvnLRZaOuBC4dz7uXee7yIUaks69soLCwuLa8UV0tr6xubW+b2zr0MY4GJg0MWiraHJGGUE0dRxUg7EgQFHiMtb3SR+a0HIiQN+Z0aR6QboAGnPsVIaaln7ru+QDi5varUj9wAqaHnJTdpNU2cil1Ne2bZqlkTwHli56QMcjR75pfbD3EcEK4wQ1J2bCtS3QQJRTEjacmNJYkQHqEB6WjKUUBkN5m8kcJDrfShHwpdXMGJ+nsiQYGU48DTndmlctbLxP+8Tqz8025CeRQrwvF0kR8zqEKYZQL7VBCs2FgThAXVt0I8RDoXpZMr6RDs2ZfniVOvndXs6+Ny4zxPowj2wAGoABucgAa4BE3gAAwewTN4BW/Gk/FivBsf09aCkc/sgj8wPn8ABkKXwg==</latexit>

ds2 = d⇢2 + tanh2 ⇢ d 2
<latexit sha1_base64="0O2UHpN47DB5e1EJzlG6G5WEUYE=">AAACEHicbZDLSgMxFIYz9VbrrerSTbAoBaXMDIIXEApuXFZwbKEzLZlM2gnNJEOSEcrQV3Djq7hxoeLWpTvfxvSy0OoPgS//OYfk/GHKqNK2/WUVFhaXlleKq6W19Y3NrfL2zp0SmcTEw4IJ2QqRIoxy4mmqGWmlkqAkZKQZDq7G9eY9kYoKfquHKQkS1Oe0RzHSxuqWq5HquPAQXsLIl7EwfAR9jXjcccd36B9Hfqpox+2WK3bNngj+BWcGFTBTo1v+9COBs4RwjRlSqu3YqQ5yJDXFjIxKfqZIivAA9UnbIEcJUUE+2WgED4wTwZ6Q5nANJ+7PiRwlSg2T0HQmSMdqvjY2/6u1M907C3LK00wTjqcP9TIGtYDjeGBEJcGaDQ0gLKn5K8QxkghrE2LJhODMr/wXPLd2XnNuTir1i1kaRbAH9kEVOOAU1ME1aAAPYPAAnsALeLUerWfrzXqfthas2cwu+CXr4xvTS5q1</latexit><latexit sha1_base64="0O2UHpN47DB5e1EJzlG6G5WEUYE=">AAACEHicbZDLSgMxFIYz9VbrrerSTbAoBaXMDIIXEApuXFZwbKEzLZlM2gnNJEOSEcrQV3Djq7hxoeLWpTvfxvSy0OoPgS//OYfk/GHKqNK2/WUVFhaXlleKq6W19Y3NrfL2zp0SmcTEw4IJ2QqRIoxy4mmqGWmlkqAkZKQZDq7G9eY9kYoKfquHKQkS1Oe0RzHSxuqWq5HquPAQXsLIl7EwfAR9jXjcccd36B9Hfqpox+2WK3bNngj+BWcGFTBTo1v+9COBs4RwjRlSqu3YqQ5yJDXFjIxKfqZIivAA9UnbIEcJUUE+2WgED4wTwZ6Q5nANJ+7PiRwlSg2T0HQmSMdqvjY2/6u1M907C3LK00wTjqcP9TIGtYDjeGBEJcGaDQ0gLKn5K8QxkghrE2LJhODMr/wXPLd2XnNuTir1i1kaRbAH9kEVOOAU1ME1aAAPYPAAnsALeLUerWfrzXqfthas2cwu+CXr4xvTS5q1</latexit><latexit sha1_base64="0O2UHpN47DB5e1EJzlG6G5WEUYE=">AAACEHicbZDLSgMxFIYz9VbrrerSTbAoBaXMDIIXEApuXFZwbKEzLZlM2gnNJEOSEcrQV3Djq7hxoeLWpTvfxvSy0OoPgS//OYfk/GHKqNK2/WUVFhaXlleKq6W19Y3NrfL2zp0SmcTEw4IJ2QqRIoxy4mmqGWmlkqAkZKQZDq7G9eY9kYoKfquHKQkS1Oe0RzHSxuqWq5HquPAQXsLIl7EwfAR9jXjcccd36B9Hfqpox+2WK3bNngj+BWcGFTBTo1v+9COBs4RwjRlSqu3YqQ5yJDXFjIxKfqZIivAA9UnbIEcJUUE+2WgED4wTwZ6Q5nANJ+7PiRwlSg2T0HQmSMdqvjY2/6u1M907C3LK00wTjqcP9TIGtYDjeGBEJcGaDQ0gLKn5K8QxkghrE2LJhODMr/wXPLd2XnNuTir1i1kaRbAH9kEVOOAU1ME1aAAPYPAAnsALeLUerWfrzXqfthas2cwu+CXr4xvTS5q1</latexit><latexit sha1_base64="0O2UHpN47DB5e1EJzlG6G5WEUYE=">AAACEHicbZDLSgMxFIYz9VbrrerSTbAoBaXMDIIXEApuXFZwbKEzLZlM2gnNJEOSEcrQV3Djq7hxoeLWpTvfxvSy0OoPgS//OYfk/GHKqNK2/WUVFhaXlleKq6W19Y3NrfL2zp0SmcTEw4IJ2QqRIoxy4mmqGWmlkqAkZKQZDq7G9eY9kYoKfquHKQkS1Oe0RzHSxuqWq5HquPAQXsLIl7EwfAR9jXjcccd36B9Hfqpox+2WK3bNngj+BWcGFTBTo1v+9COBs4RwjRlSqu3YqQ5yJDXFjIxKfqZIivAA9UnbIEcJUUE+2WgED4wTwZ6Q5nANJ+7PiRwlSg2T0HQmSMdqvjY2/6u1M907C3LK00wTjqcP9TIGtYDjeGBEJcGaDQ0gLKn5K8QxkghrE2LJhODMr/wXPLd2XnNuTir1i1kaRbAH9kEVOOAU1ME1aAAPYPAAnsALeLUerWfrzXqfthas2cwu+CXr4xvTS5q1</latexit>

When branes come together: cigar → tube

SU(2)
<latexit sha1_base64="XpfFJ3aUL4SxGiRb6XmsUDzvSZ4=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0mK4Mep4MVjRWMLbSib7aRdutmE3Y1QSn+DFw8qXv1D3vw3btsctPXBwOO9GWbmhang2rjut7Oyura+sVnYKm7v7O7tlw4OH3WSKYY+S0SiWiHVKLhE33AjsJUqpHEosBkOb6Z+8wmV5ol8MKMUg5j2JY84o8ZK/r1fqZ11S2W36s5AlomXkzLkaHRLX51ewrIYpWGCat323NQEY6oMZwInxU6mMaVsSPvYtlTSGHUwnh07IadW6ZEoUbakITP198SYxlqP4tB2xtQM9KI3Ff/z2pmJLoMxl2lmULL5oigTxCRk+jnpcYXMiJEllClubyVsQBVlxuZTtCF4iy8vE79Wvap6d+fl+nWeRgGO4QQq4MEF1OEWGuADAw7P8ApvjnRenHfnY9664uQzR/AHzucP90SNow==</latexit><latexit sha1_base64="XpfFJ3aUL4SxGiRb6XmsUDzvSZ4=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0mK4Mep4MVjRWMLbSib7aRdutmE3Y1QSn+DFw8qXv1D3vw3btsctPXBwOO9GWbmhang2rjut7Oyura+sVnYKm7v7O7tlw4OH3WSKYY+S0SiWiHVKLhE33AjsJUqpHEosBkOb6Z+8wmV5ol8MKMUg5j2JY84o8ZK/r1fqZ11S2W36s5AlomXkzLkaHRLX51ewrIYpWGCat323NQEY6oMZwInxU6mMaVsSPvYtlTSGHUwnh07IadW6ZEoUbakITP198SYxlqP4tB2xtQM9KI3Ff/z2pmJLoMxl2lmULL5oigTxCRk+jnpcYXMiJEllClubyVsQBVlxuZTtCF4iy8vE79Wvap6d+fl+nWeRgGO4QQq4MEF1OEWGuADAw7P8ApvjnRenHfnY9664uQzR/AHzucP90SNow==</latexit><latexit sha1_base64="XpfFJ3aUL4SxGiRb6XmsUDzvSZ4=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0mK4Mep4MVjRWMLbSib7aRdutmE3Y1QSn+DFw8qXv1D3vw3btsctPXBwOO9GWbmhang2rjut7Oyura+sVnYKm7v7O7tlw4OH3WSKYY+S0SiWiHVKLhE33AjsJUqpHEosBkOb6Z+8wmV5ol8MKMUg5j2JY84o8ZK/r1fqZ11S2W36s5AlomXkzLkaHRLX51ewrIYpWGCat323NQEY6oMZwInxU6mMaVsSPvYtlTSGHUwnh07IadW6ZEoUbakITP198SYxlqP4tB2xtQM9KI3Ff/z2pmJLoMxl2lmULL5oigTxCRk+jnpcYXMiJEllClubyVsQBVlxuZTtCF4iy8vE79Wvap6d+fl+nWeRgGO4QQq4MEF1OEWGuADAw7P8ApvjnRenHfnY9664uQzR/AHzucP90SNow==</latexit><latexit sha1_base64="XpfFJ3aUL4SxGiRb6XmsUDzvSZ4=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0mK4Mep4MVjRWMLbSib7aRdutmE3Y1QSn+DFw8qXv1D3vw3btsctPXBwOO9GWbmhang2rjut7Oyura+sVnYKm7v7O7tlw4OH3WSKYY+S0SiWiHVKLhE33AjsJUqpHEosBkOb6Z+8wmV5ol8MKMUg5j2JY84o8ZK/r1fqZ11S2W36s5AlomXkzLkaHRLX51ewrIYpWGCat323NQEY6oMZwInxU6mMaVsSPvYtlTSGHUwnh07IadW6ZEoUbakITP198SYxlqP4tB2xtQM9KI3Ff/z2pmJLoMxl2lmULL5oigTxCRk+jnpcYXMiJEllClubyVsQBVlxuZTtCF4iy8vE79Wvap6d+fl+nWeRgGO4QQq4MEF1OEWGuADAw7P8ApvjnRenHfnY9664uQzR/AHzucP90SNow==</latexit>

✓
SL(2, R)

U(1)
⇥ SU(2)

U(1)

◆�
Zn5

! R ⇥
✓

U(1) ⇥ SU(2)

U(1)

◆�
Zn5

<latexit sha1_base64="6p7XrymeE7bFMBIap67IybCRHAI="></latexit><latexit sha1_base64="6p7XrymeE7bFMBIap67IybCRHAI="></latexit><latexit sha1_base64="6p7XrymeE7bFMBIap67IybCRHAI="></latexit><latexit sha1_base64="6p7XrymeE7bFMBIap67IybCRHAI="></latexit>



12/30

F-theory for NS5 branes

An equivalent construction lifts the dynamics to (10, 2) dimensions:

M = G
/
H = R5,1 × SL(2,R)× SU(2)

U(1)L × U(1)R

�
<latexit sha1_base64="cNUg6UhGCC7rWHB/yN0CSQAAHw0=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWMEs0AyhJ5OT9Kml6G7RwhD/sGLB0W8+j/e/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6nfqtJ6oNU/LBjhMaCjyQLGYEWyc1u4YNBO6VK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2u3aCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vg6zJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQCUXQrD48jJpnlWD8+rl/UWldpPHUYQjOIZTCOAKanAHdWgAgUd4hld485T34r17H/PWgpfPHMIfeJ8/nqOPKg==</latexit>

⌧
<latexit sha1_base64="K9QiBpPqmpUqentF9tF1hIqnnBY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqSR+oMeiF48VrC20oWy2m3bp7ibsToQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8MBHcoOd9O6WV1bX1jfJmZWt7Z3evun/waOJUU9aisYh1JySGCa5YCzkK1kk0IzIUrB2Ob3O//cS04bF6wEnCAkmGikecEsylHpK0X615dW8Gd5n4BalBgWa/+tUbxDSVTCEVxJiu7yUYZEQjp4JNK73UsITQMRmyrqWKSGaCbHbr1D2xysCNYm1LoTtTf09kRBozkaHtlARHZtHLxf+8borRdZBxlaTIFJ0vilLhYuzmj7sDrhlFMbGEUM3trS4dEU0o2ngqNgR/8eVl8nhW98/rl/cXtcZNEUcZjuAYTsGHK2jAHTShBRRG8Ayv8OZI58V5dz7mrSWnmDmEP3A+fwAjcY5P</latexit>

⇢
<latexit sha1_base64="GlmUc3srPOgRvOPRimzbHFsXaQg=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jGBNIljA7mc0OmccyMyuEkF/w4kERr/6QN//G2WQPmljQUFR1090VpZwZ6/vfXmlldW19o7xZ2dre2d2r7h88GpVpQltEcaU7ETaUM0lblllOO6mmWESctqPRbe63n6g2TMkHO05pKPBQspgRbHOppxPVr9b8uj8DWiZBQWpQoNmvfvUGimSCSks4NqYb+KkNJ1hbRjidVnqZoSkmIzykXUclFtSEk9mtU3TilAGKlXYlLZqpvycmWBgzFpHrFNgmZtHLxf+8bmbj63DCZJpZKsl8UZxxZBXKH0cDpimxfOwIJpq5WxFJsMbEungqLoRg8eVl8nhWD87rl/cXtcZNEUcZjuAYTiGAK2jAHTShBQQSeIZXePOE9+K9ex/z1pJXzBzCH3ifPyHwjk4=</latexit>

 
<latexit sha1_base64="cWtJGoxjAM1i5Rub5Qaf0hHZjI0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9n1Az0WvXisYG2hXUo2zbahSTYkWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8SHFmrO9/e6WV1bX1jfJmZWt7Z3evun/waJJUE9oiCU90J8KGciZpyzLLaUdpikXEaTsa3+Z++4lqwxL5YCeKhgIPJYsZwTaXesqwfrXm1/0Z0DIJClKDAs1+9as3SEgqqLSEY2O6ga9smGFtGeF0WumlhipMxnhIu45KLKgJs9mtU3TilAGKE+1KWjRTf09kWBgzEZHrFNiOzKKXi/953dTG12HGpEotlWS+KE45sgnKH0cDpimxfOIIJpq5WxEZYY2JdfFUXAjB4svL5PGsHpzXL+8vao2bIo4yHMExnEIAV9CAO2hCCwiM4Ble4c0T3ov37n3MW0teMXMIf+B9/gAmg45R</latexit>

�
<latexit sha1_base64="6PuFu2L3R/h+ImhfYvo85/nSvjc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5l/eqhUWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMVzI5G</latexit>

✓
<latexit sha1_base64="JJ2SCzxcw3WL7WfoDbA0NQrMRVg=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKez6QI9BLx4jmAckS5id9CZjZneWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNCrVHBpcSaXbATMgRQwNFCihnWhgUSChFYxup37rCbQRKn7AcQJ+xAaxCAVnaKVmF4eArFeuuFV3BrpMvJxUSI56r/zV7SueRhAjl8yYjucm6GdMo+ASJqVuaiBhfMQG0LE0ZhEYP5tdO6EnVunTUGlbMdKZ+nsiY5Ex4yiwnRHDoVn0puJ/XifF8NrPRJykCDGfLwpTSVHR6eu0LzRwlGNLGNfC3kr5kGnG0QZUsiF4iy8vk+ZZ1TuvXt5fVGo3eRxFckSOySnxyBWpkTtSJw3CySN5Jq/kzVHOi/PufMxbC04+c0j+wPn8AaY7jy8=</latexit>

gsl = ei(⌧��)�3e⇢�1ei(⌧+�)�3
<latexit sha1_base64="R7t0yEoo/maZtxRB1MbuAJ8Upb0="></latexit>

gsu = ei( ��)�3ei✓�1ei( +�)�3
<latexit sha1_base64="Zsudwb69nZtohyQK9Bj+5yN6zgM="></latexit>

SL(2)
<latexit sha1_base64="TPVOo7Edxl6+y3hI/8/4VAzmGws=">AAAB7HicbVBNT8JAEJ3iF+JX1aOXjcQEL6RFjR6JXjx4wGiBBBqyXbawYbttdrcmpOE3ePGgMV79Qd78Ny7Qg4IvmeTlvZnMzAsSzpR2nG+rsLK6tr5R3Cxtbe/s7tn7B00Vp5JQj8Q8lu0AK8qZoJ5mmtN2IimOAk5bwehm6reeqFQsFo96nFA/wgPBQkawNpL3cFepnfbsslN1ZkDLxM1JGXI0evZXtx+TNKJCE46V6rhOov0MS80Ip5NSN1U0wWSEB7RjqMARVX42O3aCTozSR2EsTQmNZurviQxHSo2jwHRGWA/VojcV//M6qQ6v/IyJJNVUkPmiMOVIx2j6OeozSYnmY0MwkczcisgQS0y0yadkQnAXX14mzVrVPate3J+X69d5HEU4gmOogAuXUIdbaIAHBBg8wyu8WcJ6sd6tj3lrwcpnDuEPrM8fgJGN1Q==</latexit>

SU(2)
<latexit sha1_base64="IgkXK5kUK8YG+bfmM0iBjtFvM1I=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLGj0SvXjE6AoJbEi3dKGh7W7argnZ8Bu8eNAYr/4gb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHjzpOFaE+iXms2iHWlDNJfcMMp+1EUSxCTlvh6Gbqt56o0iyWD2ac0EDggWQRI9hYyb/3q/XTXrni1twZ0DLxclKBHM1e+avbj0kqqDSEY607npuYIMPKMMLppNRNNU0wGeEB7VgqsaA6yGbHTtCJVfooipUtadBM/T2RYaH1WIS2U2Az1IveVPzP66QmugoyJpPUUEnmi6KUIxOj6eeozxQlho8twUQxeysiQ6wwMTafkg3BW3x5mTzWa95Z7eLuvNK4zuMowhEcQxU8uIQG3EITfCDA4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gCOUI3e</latexit>

Gauge action generated by null directions in SL(2)× SU(2)

H : (gsl, ssu)→ (eiασ3gsle
iβσ3 , e−iασ3gsue

iβσ3)



Gauged WZW action:

S = SWZW +
n5

π

∫
d2z

[
AJ̄ + ĀJ + ΣAĀ

]
Integrating out the gauge fields gives a “smeared” geometry

ds2 = n5

[
dρ2 + dθ2 +

1

Σ
(sin2 θ cosh2 ρdφ2 + cos2 θ sinh2 ρdψ2)

]
,

H5 =

n5∑
l=1

1

|x− xk|2
∼ n5

a2(cosh2 ρ− sin2 θ)
=

n5

a2Σ

�

ỹ

Source locations are distinguished by non-perturbative effects in α′. They are
not encoded in the geometry, but rather in a Liouville superpotential
[Fateev-Zamolodchikov-Zamolodchikov]

W = e�
p

n5(⇢+i�)
<latexit sha1_base64="FLGvW/U1uXAegcGXqKkjRnFS8hY=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0WoqCVRi26EohuXFewDmlgm02kzdDKJMxOhhPyEG3/FjQtF3Aru/BsnbRfaemDgcM693DnHixiVyrK+jdzc/MLiUn65sLK6tr5hbm41ZBgLTOo4ZKFoeUgSRjmpK6oYaUWCoMBjpOkNrjK/+UCEpCG/VcOIuAHqc9qjGCktdcxDJ0DKx4glzRReQHKXHDnyXqiEdyopLDnCD+EBpE7Np/tpxyxaZWsEOEvsCSmCCWod88vphjgOCFeYISnbthUpN0FCUcxIWnBiSSKEB6hP2ppyFBDpJqNUKdzTShf2QqEfV3Ck/t5IUCDlMPD0ZJZBTnuZ+J/XjlXv3E0oj2JFOB4f6sUMqhBmFcEuFQQrNtQEYUH1XyH2kUBY6SILugR7OvIsaRyX7ZNy5ea0WL2c1JEHO2AXlIANzkAVXIMaqAMMHsEzeAVvxpPxYrwbH+PRnDHZ2QZ/YHz+AKjYnds=</latexit>
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W = e�
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<latexit sha1_base64="FLGvW/U1uXAegcGXqKkjRnFS8hY=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0WoqCVRi26EohuXFewDmlgm02kzdDKJMxOhhPyEG3/FjQtF3Aru/BsnbRfaemDgcM693DnHixiVyrK+jdzc/MLiUn65sLK6tr5hbm41ZBgLTOo4ZKFoeUgSRjmpK6oYaUWCoMBjpOkNrjK/+UCEpCG/VcOIuAHqc9qjGCktdcxDJ0DKx4glzRReQHKXHDnyXqiEdyopLDnCD+EBpE7Np/tpxyxaZWsEOEvsCSmCCWod88vphjgOCFeYISnbthUpN0FCUcxIWnBiSSKEB6hP2ppyFBDpJqNUKdzTShf2QqEfV3Ck/t5IUCDlMPD0ZJZBTnuZ+J/XjlXv3E0oj2JFOB4f6sUMqhBmFcEuFQQrNtQEYUH1XyH2kUBY6SILugR7OvIsaRyX7ZNy5ea0WL2c1JEHO2AXlIANzkAVXIMaqAMMHsEzeAVvxpPxYrwbH+PRnDHZ2QZ/YHz+AKjYnds=</latexit>
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NS5-P supertube

flat space

cap

5-brane throat
<latexit sha1_base64="13te/9Z0ewEYUCi7UZg3LFgaqWM=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgxbAbET0GvXiMYB6QxNA7mU2GzM4uM71KWPIfXjwo4tV/8ebfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0ywfDpVC8jgIlb8WaQ+hL3vRHN1O/+ci1EZG6x3HMuyEMlAgEA7TSw8WZr0FxikMdAfaKJbfszkCXiZeREslQ6xW/Ov2IJSFXyCQY0/bcGLspaBRM8kmhkxgeAxvBgLctVRBy001nV0/oiVX6NIi0LYV0pv6eSCE0Zhz6tjMEHJpFbyr+57UTDK66qVBxglyx+aIgkRQjOo2A9oXmDOXYEmBa2FspG4IGhjaogg3BW3x5mTQqZe+8XLmrlKrXWRx5ckSOySnxyCWpkltSI3XCiCbP5JW8OU/Oi/PufMxbc042c0j+wPn8Ae56kiQ=</latexit>

(AdS3 ⇥ S3)/Zk
<latexit sha1_base64="JUbILUVh5EDKk8mP1On2T3TbOCI=">AAACCHicbVC7TsNAEDyHVwgvAyUFJyKk0AQ7QYIyQEMZFPIQsbHO53NyyvmhuzNSZKWk4VdoKECIlk+g4284Jy4gMNJKo5ld7e64MaNCGsaXVlhYXFpeKa6W1tY3Nrf07Z2OiBKOSRtHLOI9FwnCaEjakkpGejEnKHAZ6bqjy8zv3hMuaBTeyHFM7AANQupTjKSSHH2/cu61nDq0JA2IgK27+tGxFSA5dN30duKMHL1sVI0p4F9i5qQMcjQd/dPyIpwEJJSYISH6phFLO0VcUszIpGQlgsQIj9CA9BUNkVprp9NHJvBQKR70I64qlHCq/pxIUSDEOHBVZ3ajmPcy8T+vn0j/zE5pGCeShHi2yE8YlBHMUoEe5QRLNlYEYU7VrRAPEUdYquxKKgRz/uW/pFOrmvVq7fqk3LjI4yiCPXAAKsAEp6ABrkATtAEGD+AJvIBX7VF71t6091lrQctndsEvaB/fmsOYdw==</latexit>

�

ỹ

�

ỹ

P<latexit sha1_base64="IJd4gWHwTgWB4IXWswalgO2WBcA=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4Gmampa27ohuXLdgHtINk0jttbCYzJBmhlH6BGxeKuPWT3Pk3ZtoKKnogcDjnXHLvCRLOlHacDyu3tr6xuZXfLuzs7u0fFA+POipOJYU2jXksewFRwJmAtmaaQy+RQKKAQzeYXGV+9x6kYrG40dME/IiMBAsZJdpIreZtseTYF/WqV6lix3acmuu5GfFqlXIFu0bJUEIrmPz7YBjTNAKhKSdK9V0n0f6MSM0oh3lhkCpICJ2QEfQNFSQC5c8Wi87xmVGGOIyleULjhfp9YkYipaZRYJIR0WP128vEv7x+qsO6P2MiSTUIuvwoTDnWMc6uxkMmgWo+NYRQycyumI6JJFSbbgqmhK9L8f+k49lu2fZaXqlxuaojj07QKTpHLqqhBrpGTdRGFAF6QE/o2bqzHq0X63UZzVmrmWP0A9bbJwpljRg=</latexit>

J
<latexit sha1_base64="4bemgzy2p7jkCOZT2i+mLVz2CT0=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgadndhCTegl7EUwLmAckSZie9yZjZBzOzQljyBV48KOLVT/Lm3zibRFDRgoaiqpvuLi/mTCrL+jBya+sbm1v57cLO7t7+QfHwqCOjRFBo04hHoucRCZyF0FZMcejFAkjgceh606vM796DkCwKb9UsBjcg45D5jBKlpdbNsFiyzIt61alUsWVaVs127Iw4tUq5gm2tZCihFZrD4vtgFNEkgFBRTqTs21as3JQIxSiHeWGQSIgJnZIx9DUNSQDSTReHzvGZVkbYj4SuUOGF+n0iJYGUs8DTnQFRE/nby8S/vH6i/LqbsjBOFIR0uchPOFYRzr7GIyaAKj7ThFDB9K2YToggVOlsCjqEr0/x/6TjmHbZdFpOqXG5iiOPTtApOkc2qqEGukZN1EYUAXpAT+jZuDMejRfjddmaM1Yzx+gHjLdPAU2NEg==</latexit>

R4
<latexit sha1_base64="rppRLY1UTgW1Fa7J/HFzMkitLB0=">AAAB83icbVDLSsNAFL2pr1pfUZduBovgqiS1oMuiG5dV7AOaWCbTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//APjzqqDiVhLZJzGPZC7CinAna1kxz2kskxVHAaTeY3OR+94lKxWLxoKcJ9SM8EixkBGsjeV6E9TgIsvvZY2NgV52aMwdaJW5BqlCgNbC/vGFM0ogKTThWqu86ifYzLDUjnM4qXqpogskEj2jfUIEjqvxsnnmGzowyRGEszRMazdXfGxmOlJpGgZnMM6plLxf/8/qpDq/8jIkk1VSQxaEw5UjHKC8ADZmkRPOpIZhIZrIiMsYSE21qqpgS3OUvr5JOveZe1Op3jWrzuqijDCdwCufgwiU04RZa0AYCCTzDK7xZqfVivVsfi9GSVewcwx9Ynz/ueJGc</latexit>

We tilt the NS5 branes in order to make a single NS5-P supertube
wrapping the (n5, k) cycle of the (φ, ỹ) torus

dφ

dỹ
=

k

n5Rỹ

This is implemented by a tilting of the null currents in 10+2 dimensions

G
/
H = T 4 × SL(2,R)× SU(2)×Rt × Sỹ

U(1)L × U(1)R

J = Jns5 +
k

Rỹ
(∂t+ ∂ỹ) , J̄ = J̄ns5 +

k

Rỹ
(∂̄t+ ∂̄ỹ) .
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NS5-P supertube

k = 5 k = 25

Increasing k

We tilt the NS5 branes in order to make a single NS5-P supertube
wrapping the (n5, k) cycle of the (φ, ỹ) torus

dφ

dỹ
=

k

n5Rỹ
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G
/
H = T 4 × SL(2,R)× SU(2)×Rt × Sỹ
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Rỹ
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k

Rỹ
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NS5-P supertube

Integrating out the gauge fields produces the (9+1)d geometry:

ds2 = �du dv + n5

�
d⇢2 + d✓2

�
+

n2
5

⌃

h
sin2✓ cosh2⇢ d�2 + cos2✓ sinh2⇢ d 2

i

+
1

⌃

h2kn5

Rỹ
sin2 ✓dvd�+

k2

R2
ỹ

dv2
i

+ dzadza

<latexit sha1_base64="XCnnLcpfiEEfhYMx1+bw2rS8nm0="></latexit><latexit sha1_base64="XCnnLcpfiEEfhYMx1+bw2rS8nm0="></latexit><latexit sha1_base64="XCnnLcpfiEEfhYMx1+bw2rS8nm0="></latexit><latexit sha1_base64="XCnnLcpfiEEfhYMx1+bw2rS8nm0="></latexit>

NS5 ring

J�
<latexit sha1_base64="JyfIemqLj8K1t0zAQFPkcgpf4mQ="></latexit><latexit sha1_base64="JyfIemqLj8K1t0zAQFPkcgpf4mQ="></latexit><latexit sha1_base64="JyfIemqLj8K1t0zAQFPkcgpf4mQ="></latexit><latexit sha1_base64="JyfIemqLj8K1t0zAQFPkcgpf4mQ="></latexit>

Qp
<latexit sha1_base64="L6mUgligrYmf6pKkq4tgggQKNOA="></latexit><latexit sha1_base64="L6mUgligrYmf6pKkq4tgggQKNOA="></latexit><latexit sha1_base64="L6mUgligrYmf6pKkq4tgggQKNOA="></latexit><latexit sha1_base64="L6mUgligrYmf6pKkq4tgggQKNOA="></latexit>

• Stringy effects resolve the location of the supertube strands
• Naive singularity at brane source Σ = 0 is a mirage; it is a locus

where the gauge action degenerates. The 10+2 geometry is smooth
[cf Witten 91]
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NS5-F1 supertube
Switching vector to axial gauging in y gives the T-dual frame

(
NS5(5678ỹ)

P (ỹ)

)
Tỹ−−→

(
NS5(5678y)

F1(y)

)

• We obtain a dilaton: e−2Φ = (kRy)2/n2
5 + Σ.

Large Ry = large AdS region
• The supertube monodromy now links together the vanishing cycles

of the Zk orbifold.

cap

5-brane throat
<latexit sha1_base64="13te/9Z0ewEYUCi7UZg3LFgaqWM=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgxbAbET0GvXiMYB6QxNA7mU2GzM4uM71KWPIfXjwo4tV/8ebfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0ywfDpVC8jgIlb8WaQ+hL3vRHN1O/+ci1EZG6x3HMuyEMlAgEA7TSw8WZr0FxikMdAfaKJbfszkCXiZeREslQ6xW/Ov2IJSFXyCQY0/bcGLspaBRM8kmhkxgeAxvBgLctVRBy001nV0/oiVX6NIi0LYV0pv6eSCE0Zhz6tjMEHJpFbyr+57UTDK66qVBxglyx+aIgkRQjOo2A9oXmDOXYEmBa2FspG4IGhjaogg3BW3x5mTQqZe+8XLmrlKrXWRx5ckSOySnxyCWpkltSI3XCiCbP5JW8OU/Oi/PufMxbc042c0j+wPn8Ae56kiQ=</latexit>

J mostly
along SL(2, R)

<latexit sha1_base64="fj01VDAJ0hSExQoBzLHS37yqbs4="></latexit>

J mostly
along Rt ⇥ Sy

<latexit sha1_base64="GZAyg3v7d8qk+DzR8p7EM+Tm1xw="></latexit>

(AdS3 ⇥ S3)/Zk
<latexit sha1_base64="ZbShge+sqJpR1uwF/g66SD3ScQA=">AAACGnicbVC5TgMxFPRyhnAFKGksIqTQhN0ECcoADWVQCCCyYeV1XoIV7yH7LSJa7XfQ8Cs0FCBEh2j4G5yj4BrJ0mjeNR4/lkKjbX9aU9Mzs3PzuYX84tLyymphbf1cR4ni0OSRjNSlzzRIEUITBUq4jBWwwJdw4fePh/WLW1BaROEZDmJoB6wXiq7gDI3kFZzSYafhVamLIgBNG9fVnV0X4Q5Hq1NfJpClbsDwxvfTq8zrZ16haJftEehf4kxIkUxQ9wrvbifiSQAhcsm0bjl2jO2UKRRcQpZ3Ew0x433Wg5ahITNG2unofka3jdKh3UiZFyIdqd8nUhZoPQh80zk0qX/XhuJ/tVaC3YN2KsI4QQj5+FA3kRQjOsyJdoQCjnJgCONKGK+U3zDFOJo08yYE5/eX/5LzStmpliune8Xa0SSOHNkkW6REHLJPauSE1EmTcHJPHskzebEerCfr1Xobt05Zk5kN8gPWxxcjBaED</latexit>
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Three-charge supertubes

How much of this structure carry over to three-charge NS5-F1-P black
holes with large horizon?
• Special class of three-charge solutions are “spectrally flowed”

two-charge supertubes [Giusto, Lunin, Mathur, Saxena, Turton 04 - 12]

Line of 
2-charge states

Black holes

increasing

k = 1
<latexit sha1_base64="qdNbMenybL3MZ5+dpaXjV8lYJE0="></latexit><latexit sha1_base64="qdNbMenybL3MZ5+dpaXjV8lYJE0="></latexit><latexit sha1_base64="qdNbMenybL3MZ5+dpaXjV8lYJE0="></latexit><latexit sha1_base64="qdNbMenybL3MZ5+dpaXjV8lYJE0="></latexit>sp

ec
tra

l fl
ow

k
<latexit sha1_base64="X1UqcFxYxZVWvhDUbQflMIxD3DU=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8hZkoJrkFvXhMwDwgWcLspDcZM/tgZlYIS77AiwdFvPpJ3vwbZ5MIKlrQUFR1093lxVJoQ8iHs7K6tr6xmdvKb+/s7u0XDg7bOkoUhxaPZKS6HtMgRQgtI4yEbqyABZ6Ejje5zvzOPSgtovDWTGNwAzYKhS84M1ZqTgaFIikRQiilOCO0ckksqdWqZVrFNLMsimiJxqDw3h9GPAkgNFwyrXuUxMZNmTKCS5jl+4mGmPEJG0HP0pAFoN10fugMn1pliP1I2QoNnqvfJ1IWaD0NPNsZMDPWv71M/MvrJcavuqkI48RAyBeL/ERiE+HsazwUCriRU0sYV8LeivmYKcaNzSZvQ/j6FP9P2uUSPS+VmxfF+tUyjhw6RifoDFFUQXV0gxqohTgC9ICe0LNz5zw6L87ronXFWc4coR9w3j4BINiNKQ==</latexit>

J
<latexit sha1_base64="9AyvBswXAUOScjhKJQccLbYF3po=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL+IpAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6HPjNI=</latexit>

NP
<latexit sha1_base64="lfJIU5yZzacbytxal3d57a99Klo=">AAAB6nicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLoxpVUtA9oh5JJ77ShmcyQZIQy9BPcuFDErV/kzr8xbWehrQcCh3POJfeeIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzThBP6IDyUPOqLHSw12v3iuV3Yo7A1kmXk7KkMPmv7r9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzVadkFOr9EkYK/ukITP190RGI63HUWCTETVDvehNxf+8TmrCKz/jMkkNSjb/KEwFMTGZ3k36XCEzYmwJZYrbXQkbUkWZse0UbQne4snLpFmteOeV6v1FuXad11GAYziBM/DgEmpwC3VoAIMBPMMrvDnCeXHenY95dMXJZ47gD5zPH/vvjZk=</latexit>
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Three-charge supertubes

In worldsheet theory, this is obtained by rotating the null currents:

G
/
H = T 4 × SL(2,R)× SU(2)×Rt × Sỹ

U(1)L × U(1)R

with

U(1)L : J = l1J
sl
3 + l2J

su
3 + l3∂t+ l4∂ỹ , 〈l, l〉 = 0

U(1)R : J̄ = r1J̄
sl
3 + r2J̄

su
3 + r3∂̄t+ r4∂̄y , 〈r, r〉 = 0

• r1 = r2 = 1, r3 = r4 = α: preserves SUSY
• Arbitrary left/right gauging: non-extremal microstates
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Non-extremal microstates: JMaRT solution

41/46

Non-BPS microstates

We find the JMaRT non-extremal solution [Cvetic, Youm 96], [Cvetic, Larsen 98], [Jejjala,
Madden, Ross, Titchener 05]
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[Jejjala, Madden, Ross, Titchener 05]
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Non-extremal microstates: JMaRT solution

41/46

Non-BPS microstates

We find the JMaRT non-extremal solution [Cvetic, Youm 96], [Cvetic, Larsen 98], [Jejjala,
Madden, Ross, Titchener 05]
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n1n5
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JR = (2s̄ + 1)
n1n5
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<latexit sha1_base64="NI3U2JG3Hr1bYKSYXhYMW0cxGjM="></latexit><latexit sha1_base64="NI3U2JG3Hr1bYKSYXhYMW0cxGjM="></latexit><latexit sha1_base64="NI3U2JG3Hr1bYKSYXhYMW0cxGjM="></latexit><latexit sha1_base64="NI3U2JG3Hr1bYKSYXhYMW0cxGjM="></latexit>

[Jejjala, Madden, Ross, Titchener 05]
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Closed string spectrum

Gauging of null isometries is implemented by constructing appropriate
BRST charge

QBRST =

∮
[cT g + γGg + ĉJ + γ̂ψ + ghosts]

resulting in linear constraints among quantum numbers:

spectral flow:SL(2, R)
<latexit sha1_base64="zsGm37jOVYe1uvP6kQt7qsYn0Zg=">AAAB+HicbVDLSsNAFL3xWesr6tLNYBEqSEmK4GNVcOPCRX3EFtpQJtNpO3QyCTOTQgn9EzcuVNz6Ke78GydtFtp6YOBwzr3cMyeIOVPacb6tpeWV1bX1wkZxc2t7Z9fe239SUSIJ9UjEI9kMsKKcCepppjltxpLiMOC0EQyvM78xolKxSDzqcUz9EPcF6zGCtZE6tv1wW66etkOsB0GQ3k9OOnbJqThToEXi5qQEOeod+6vdjUgSUqEJx0q1XCfWfoqlZoTTSbGdKBpjMsR92jJU4JAqP50mn6Bjo3RRL5LmCY2m6u+NFIdKjcPATGYR1byXif95rUT3LvyUiTjRVJDZoV7CkY5QVgPqMkmJ5mNDMJHMZEVkgCUm2pRVNCW4819eJF61cllx785Ktau8jQIcwhGUwYVzqMEN1MEDAiN4hld4s1LrxXq3PmajS1a+cwB/YH3+AIe9knk=</latexit><latexit sha1_base64="zsGm37jOVYe1uvP6kQt7qsYn0Zg=">AAAB+HicbVDLSsNAFL3xWesr6tLNYBEqSEmK4GNVcOPCRX3EFtpQJtNpO3QyCTOTQgn9EzcuVNz6Ke78GydtFtp6YOBwzr3cMyeIOVPacb6tpeWV1bX1wkZxc2t7Z9fe239SUSIJ9UjEI9kMsKKcCepppjltxpLiMOC0EQyvM78xolKxSDzqcUz9EPcF6zGCtZE6tv1wW66etkOsB0GQ3k9OOnbJqThToEXi5qQEOeod+6vdjUgSUqEJx0q1XCfWfoqlZoTTSbGdKBpjMsR92jJU4JAqP50mn6Bjo3RRL5LmCY2m6u+NFIdKjcPATGYR1byXif95rUT3LvyUiTjRVJDZoV7CkY5QVgPqMkmJ5mNDMJHMZEVkgCUm2pRVNCW4819eJF61cllx785Ktau8jQIcwhGUwYVzqMEN1MEDAiN4hld4s1LrxXq3PmajS1a+cwB/YH3+AIe9knk=</latexit><latexit sha1_base64="zsGm37jOVYe1uvP6kQt7qsYn0Zg=">AAAB+HicbVDLSsNAFL3xWesr6tLNYBEqSEmK4GNVcOPCRX3EFtpQJtNpO3QyCTOTQgn9EzcuVNz6Ke78GydtFtp6YOBwzr3cMyeIOVPacb6tpeWV1bX1wkZxc2t7Z9fe239SUSIJ9UjEI9kMsKKcCepppjltxpLiMOC0EQyvM78xolKxSDzqcUz9EPcF6zGCtZE6tv1wW66etkOsB0GQ3k9OOnbJqThToEXi5qQEOeod+6vdjUgSUqEJx0q1XCfWfoqlZoTTSbGdKBpjMsR92jJU4JAqP50mn6Bjo3RRL5LmCY2m6u+NFIdKjcPATGYR1byXif95rUT3LvyUiTjRVJDZoV7CkY5QVgPqMkmJ5mNDMJHMZEVkgCUm2pRVNCW4819eJF61cllx785Ktau8jQIcwhGUwYVzqMEN1MEDAiN4hld4s1LrxXq3PmajS1a+cwB/YH3+AIe9knk=</latexit><latexit sha1_base64="zsGm37jOVYe1uvP6kQt7qsYn0Zg=">AAAB+HicbVDLSsNAFL3xWesr6tLNYBEqSEmK4GNVcOPCRX3EFtpQJtNpO3QyCTOTQgn9EzcuVNz6Ke78GydtFtp6YOBwzr3cMyeIOVPacb6tpeWV1bX1wkZxc2t7Z9fe239SUSIJ9UjEI9kMsKKcCepppjltxpLiMOC0EQyvM78xolKxSDzqcUz9EPcF6zGCtZE6tv1wW66etkOsB0GQ3k9OOnbJqThToEXi5qQEOeod+6vdjUgSUqEJx0q1XCfWfoqlZoTTSbGdKBpjMsR92jJU4JAqP50mn6Bjo3RRL5LmCY2m6u+NFIdKjcPATGYR1byXif95rUT3LvyUiTjRVJDZoV7CkY5QVgPqMkmJ5mNDMJHMZEVkgCUm2pRVNCW4819eJF61cllx785Ktau8jQIcwhGUwYVzqMEN1MEDAiN4hld4s1LrxXq3PmajS1a+cwB/YH3+AIe9knk=</latexit>

+ fermions

l1(2msl + n5wsl) � l2(2msu + n5wsu) + l3E � l4Py,l = 0

r1(2m̄sl + n5w̄sl) � r2(2m̄su + n5w̄su) + r3E � r4Py,r = 0
<latexit sha1_base64="phX8DDPMMVBgO8UvC+sK0/PSKkQ=">AAAC4HicbVJBS9xAGJ2krdW1tWt79PLRxWJRl2RVbIWCIIUet9BVYbMNk9lZHZxMwswX2yXk1ouHtnj1Z3nrP/HoJKbi7vpB4PG+93hvZhKlUhj0vH+O++Tps7nn8wuNxRcvl141l18fmiTTjPdYIhN9HFHDpVC8hwIlP041p3Ek+VF0dlDuj865NiJR33Cc8kFMT5QYCUbRUmHzRoY+rHXiMA+Q/8TcyKKAdVDhDvx4yL2HTZ BhZ0KaldJJZVYq161yCz5Xjm3ohvl4Qxbw7hN4EAT9nRQHDV2lBhHV8Fh0tZjJ11X+lOm+xJSnbqLrJvp/E103CZstr+1VA7PAr0GL1NMNm9fBMGFZzBUySY3p+549SU41CiZ50Qgyw1PKzugJ71uoaMzNIK9eqIBVywxhlGj7KYSKfejIaWzMOI6sMqZ4aqZ3JfnYrp/h6MMgFyrNkCt2FzTKJGAC5XPDUGjOUI4toEwL2xXYKdWUof0pGvYS/Okjz4Jep/2x7X/dbu3v1bcxT1bIW7JGfLJL9skX0iU9wpzvzi/nt/PHZe6F+9e9vJO6Tu15QybGvboFqIPgJw==</latexit><latexit sha1_base64="phX8DDPMMVBgO8UvC+sK0/PSKkQ=">AAAC4HicbVJBS9xAGJ2krdW1tWt79PLRxWJRl2RVbIWCIIUet9BVYbMNk9lZHZxMwswX2yXk1ouHtnj1Z3nrP/HoJKbi7vpB4PG+93hvZhKlUhj0vH+O++Tps7nn8wuNxRcvl141l18fmiTTjPdYIhN9HFHDpVC8hwIlP041p3Ek+VF0dlDuj865NiJR33Cc8kFMT5QYCUbRUmHzRoY+rHXiMA+Q/8TcyKKAdVDhDvx4yL2HTZ BhZ0KaldJJZVYq161yCz5Xjm3ohvl4Qxbw7hN4EAT9nRQHDV2lBhHV8Fh0tZjJ11X+lOm+xJSnbqLrJvp/E103CZstr+1VA7PAr0GL1NMNm9fBMGFZzBUySY3p+549SU41CiZ50Qgyw1PKzugJ71uoaMzNIK9eqIBVywxhlGj7KYSKfejIaWzMOI6sMqZ4aqZ3JfnYrp/h6MMgFyrNkCt2FzTKJGAC5XPDUGjOUI4toEwL2xXYKdWUof0pGvYS/Okjz4Jep/2x7X/dbu3v1bcxT1bIW7JGfLJL9skX0iU9wpzvzi/nt/PHZe6F+9e9vJO6Tu15QybGvboFqIPgJw==</latexit><latexit sha1_base64="phX8DDPMMVBgO8UvC+sK0/PSKkQ=">AAAC4HicbVJBS9xAGJ2krdW1tWt79PLRxWJRl2RVbIWCIIUet9BVYbMNk9lZHZxMwswX2yXk1ouHtnj1Z3nrP/HoJKbi7vpB4PG+93hvZhKlUhj0vH+O++Tps7nn8wuNxRcvl141l18fmiTTjPdYIhN9HFHDpVC8hwIlP041p3Ek+VF0dlDuj865NiJR33Cc8kFMT5QYCUbRUmHzRoY+rHXiMA+Q/8TcyKKAdVDhDvx4yL2HTZ BhZ0KaldJJZVYq161yCz5Xjm3ohvl4Qxbw7hN4EAT9nRQHDV2lBhHV8Fh0tZjJ11X+lOm+xJSnbqLrJvp/E103CZstr+1VA7PAr0GL1NMNm9fBMGFZzBUySY3p+549SU41CiZ50Qgyw1PKzugJ71uoaMzNIK9eqIBVywxhlGj7KYSKfejIaWzMOI6sMqZ4aqZ3JfnYrp/h6MMgFyrNkCt2FzTKJGAC5XPDUGjOUI4toEwL2xXYKdWUof0pGvYS/Okjz4Jep/2x7X/dbu3v1bcxT1bIW7JGfLJL9skX0iU9wpzvzi/nt/PHZe6F+9e9vJO6Tu15QybGvboFqIPgJw==</latexit><latexit sha1_base64="phX8DDPMMVBgO8UvC+sK0/PSKkQ=">AAAC4HicbVJBS9xAGJ2krdW1tWt79PLRxWJRl2RVbIWCIIUet9BVYbMNk9lZHZxMwswX2yXk1ouHtnj1Z3nrP/HoJKbi7vpB4PG+93hvZhKlUhj0vH+O++Tps7nn8wuNxRcvl141l18fmiTTjPdYIhN9HFHDpVC8hwIlP041p3Ek+VF0dlDuj865NiJR33Cc8kFMT5QYCUbRUmHzRoY+rHXiMA+Q/8TcyKKAdVDhDvx4yL2HTZ BhZ0KaldJJZVYq161yCz5Xjm3ohvl4Qxbw7hN4EAT9nRQHDV2lBhHV8Fh0tZjJ11X+lOm+xJSnbqLrJvp/E103CZstr+1VA7PAr0GL1NMNm9fBMGFZzBUySY3p+549SU41CiZ50Qgyw1PKzugJ71uoaMzNIK9eqIBVywxhlGj7KYSKfejIaWzMOI6sMqZ4aqZ3JfnYrp/h6MMgFyrNkCt2FzTKJGAC5XPDUGjOUI4toEwL2xXYKdWUof0pGvYS/Okjz4Jep/2x7X/dbu3v1bcxT1bIW7JGfLJL9skX0iU9wpzvzi/nt/PHZe6F+9e9vJO6Tu15QybGvboFqIPgJw==</latexit>
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<latexit sha1_base64="MRv6xxmLwH2eOEsoArdS9atfZNk=">AAACFnicbVDLSgNBEJyN7/iKevQyGARPYVcFHyAIXsRTBGMC2bjMTjrJkNnZZaZXDGv+wou/4sWDilfx5t84eRw0WtBQVHXT3RUmUhh03S8nNzU9Mzs3v5BfXFpeWS2srV+bONUcKjyWsa6FzIAUCiooUEIt0cCiUEI17J4N/OotaCNidYW9BBoRayvREpyhlYJC6SJwb/bu/cQIXzPVlkBPaBRkPsIdZkb2+/SnGRSKbskdgv4l3pgUyRjloPDpN2OeRqCQS2ZM3XMTbGRMo+AS+nk/NZAw3mVtqFuqWASmkQ3/6tNtqzRpK9a2FNKh+nMiY5ExvSi0nRHDjpn0BuJ/Xj3F1mEjEypJERQfLWqlkmJMByHRptDAUfYsYVwLeyvlHaYZRxtl3obgTb78l1R2S0cl73K/eHo8TmOebJItskM8ckBOyTkpkwrh5IE8kRfy6jw6z86b8z5qzTnjmQ3yC87HN+GZn/g=</latexit><latexit sha1_base64="MRv6xxmLwH2eOEsoArdS9atfZNk=">AAACFnicbVDLSgNBEJyN7/iKevQyGARPYVcFHyAIXsRTBGMC2bjMTjrJkNnZZaZXDGv+wou/4sWDilfx5t84eRw0WtBQVHXT3RUmUhh03S8nNzU9Mzs3v5BfXFpeWS2srV+bONUcKjyWsa6FzIAUCiooUEIt0cCiUEI17J4N/OotaCNidYW9BBoRayvREpyhlYJC6SJwb/bu/cQIXzPVlkBPaBRkPsIdZkb2+/SnGRSKbskdgv4l3pgUyRjloPDpN2OeRqCQS2ZM3XMTbGRMo+AS+nk/NZAw3mVtqFuqWASmkQ3/6tNtqzRpK9a2FNKh+nMiY5ExvSi0nRHDjpn0BuJ/Xj3F1mEjEypJERQfLWqlkmJMByHRptDAUfYsYVwLeyvlHaYZRxtl3obgTb78l1R2S0cl73K/eHo8TmOebJItskM8ckBOyTkpkwrh5IE8kRfy6jw6z86b8z5qzTnjmQ3yC87HN+GZn/g=</latexit><latexit sha1_base64="MRv6xxmLwH2eOEsoArdS9atfZNk=">AAACFnicbVDLSgNBEJyN7/iKevQyGARPYVcFHyAIXsRTBGMC2bjMTjrJkNnZZaZXDGv+wou/4sWDilfx5t84eRw0WtBQVHXT3RUmUhh03S8nNzU9Mzs3v5BfXFpeWS2srV+bONUcKjyWsa6FzIAUCiooUEIt0cCiUEI17J4N/OotaCNidYW9BBoRayvREpyhlYJC6SJwb/bu/cQIXzPVlkBPaBRkPsIdZkb2+/SnGRSKbskdgv4l3pgUyRjloPDpN2OeRqCQS2ZM3XMTbGRMo+AS+nk/NZAw3mVtqFuqWASmkQ3/6tNtqzRpK9a2FNKh+nMiY5ExvSi0nRHDjpn0BuJ/Xj3F1mEjEypJERQfLWqlkmJMByHRptDAUfYsYVwLeyvlHaYZRxtl3obgTb78l1R2S0cl73K/eHo8TmOebJItskM8ckBOyTkpkwrh5IE8kRfy6jw6z86b8z5qzTnjmQ3yC87HN+GZn/g=</latexit><latexit sha1_base64="MRv6xxmLwH2eOEsoArdS9atfZNk=">AAACFnicbVDLSgNBEJyN7/iKevQyGARPYVcFHyAIXsRTBGMC2bjMTjrJkNnZZaZXDGv+wou/4sWDilfx5t84eRw0WtBQVHXT3RUmUhh03S8nNzU9Mzs3v5BfXFpeWS2srV+bONUcKjyWsa6FzIAUCiooUEIt0cCiUEI17J4N/OotaCNidYW9BBoRayvREpyhlYJC6SJwb/bu/cQIXzPVlkBPaBRkPsIdZkb2+/SnGRSKbskdgv4l3pgUyRjloPDpN2OeRqCQS2ZM3XMTbGRMo+AS+nk/NZAw3mVtqFuqWASmkQ3/6tNtqzRpK9a2FNKh+nMiY5ExvSi0nRHDjpn0BuJ/Xj3F1mEjEypJERQfLWqlkmJMByHRptDAUfYsYVwLeyvlHaYZRxtl3obgTb78l1R2S0cl73K/eHo8TmOebJItskM8ckBOyTkpkwrh5IE8kRfy6jw6z86b8z5qzTnjmQ3yC87HN+GZn/g=</latexit>

J3
0 ! J3

0 +
n5 + 2

2
wsl

<latexit sha1_base64="KHwA6B3G1PrnnpsAj9k4anyB5NQ=">AAACHXicbVDLSsNAFJ34rPVVdelmsAiCUJKq+FgV3IirClaFJobJdNIOnUzCzI1aQr7Ejb/ixoWKCzfi3zhNu/B14MLhnHu5954gEVyDbX9aE5NT0zOzpbny/MLi0nJlZfVCx6mirEVjEaurgGgmuGQt4CDYVaIYiQLBLoP+8dC/vGFK81iewyBhXkS6koecEjCSX9k79e3rHVfxbg+IUvEtLgS8jd1QEZpJf2+7nmf1/NbPXGB3kGmR536latfsAvgvccakisZo+pV3txPTNGISqCBatx07AS8jCjgVLC+7qWYJoX3SZW1DJYmY9rLivRxvGqWDw1iZkoAL9ftERiKtB1FgOiMCPf3bG4r/ee0UwgMv4zJJgUk6WhSmAkOMh1nhDleMghgYQqji5lZMe8TEAibRsgnB+f3yX9Kq1w5rztlutXE0TqOE1tEG2kIO2kcNdIKaqIUoukeP6Bm9WA/Wk/VqvY1aJ6zxzBr6AevjC5saocw=</latexit><latexit sha1_base64="KHwA6B3G1PrnnpsAj9k4anyB5NQ=">AAACHXicbVDLSsNAFJ34rPVVdelmsAiCUJKq+FgV3IirClaFJobJdNIOnUzCzI1aQr7Ejb/ixoWKCzfi3zhNu/B14MLhnHu5954gEVyDbX9aE5NT0zOzpbny/MLi0nJlZfVCx6mirEVjEaurgGgmuGQt4CDYVaIYiQLBLoP+8dC/vGFK81iewyBhXkS6koecEjCSX9k79e3rHVfxbg+IUvEtLgS8jd1QEZpJf2+7nmf1/NbPXGB3kGmR536latfsAvgvccakisZo+pV3txPTNGISqCBatx07AS8jCjgVLC+7qWYJoX3SZW1DJYmY9rLivRxvGqWDw1iZkoAL9ftERiKtB1FgOiMCPf3bG4r/ee0UwgMv4zJJgUk6WhSmAkOMh1nhDleMghgYQqji5lZMe8TEAibRsgnB+f3yX9Kq1w5rztlutXE0TqOE1tEG2kIO2kcNdIKaqIUoukeP6Bm9WA/Wk/VqvY1aJ6zxzBr6AevjC5saocw=</latexit><latexit sha1_base64="KHwA6B3G1PrnnpsAj9k4anyB5NQ=">AAACHXicbVDLSsNAFJ34rPVVdelmsAiCUJKq+FgV3IirClaFJobJdNIOnUzCzI1aQr7Ejb/ixoWKCzfi3zhNu/B14MLhnHu5954gEVyDbX9aE5NT0zOzpbny/MLi0nJlZfVCx6mirEVjEaurgGgmuGQt4CDYVaIYiQLBLoP+8dC/vGFK81iewyBhXkS6koecEjCSX9k79e3rHVfxbg+IUvEtLgS8jd1QEZpJf2+7nmf1/NbPXGB3kGmR536latfsAvgvccakisZo+pV3txPTNGISqCBatx07AS8jCjgVLC+7qWYJoX3SZW1DJYmY9rLivRxvGqWDw1iZkoAL9ftERiKtB1FgOiMCPf3bG4r/ee0UwgMv4zJJgUk6WhSmAkOMh1nhDleMghgYQqji5lZMe8TEAibRsgnB+f3yX9Kq1w5rztlutXE0TqOE1tEG2kIO2kcNdIKaqIUoukeP6Bm9WA/Wk/VqvY1aJ6zxzBr6AevjC5saocw=</latexit><latexit sha1_base64="KHwA6B3G1PrnnpsAj9k4anyB5NQ=">AAACHXicbVDLSsNAFJ34rPVVdelmsAiCUJKq+FgV3IirClaFJobJdNIOnUzCzI1aQr7Ejb/ixoWKCzfi3zhNu/B14MLhnHu5954gEVyDbX9aE5NT0zOzpbny/MLi0nJlZfVCx6mirEVjEaurgGgmuGQt4CDYVaIYiQLBLoP+8dC/vGFK81iewyBhXkS6koecEjCSX9k79e3rHVfxbg+IUvEtLgS8jd1QEZpJf2+7nmf1/NbPXGB3kGmR536latfsAvgvccakisZo+pV3txPTNGISqCBatx07AS8jCjgVLC+7qWYJoX3SZW1DJYmY9rLivRxvGqWDw1iZkoAL9ftERiKtB1FgOiMCPf3bG4r/ee0UwgMv4zJJgUk6WhSmAkOMh1nhDleMghgYQqji5lZMe8TEAibRsgnB+f3yX9Kq1w5rztlutXE0TqOE1tEG2kIO2kcNdIKaqIUoukeP6Bm9WA/Wk/VqvY1aJ6zxzBr6AevjC5saocw=</latexit>

• Principal discrete series D±j : states bound to the cap
• Constraints correlate cap energy Ecap with asymptotic energy E.

For non-SUSY JMaRT solution: D−j states have E > 0 but
Ecap < 0. Reservoir of unstable modes: ergoregion instability

• Continuous series Cj describes scattering states
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Closed string spectrum

Gauging of null isometries is implemented by constructing appropriate
BRST charge

QBRST =

∮
[cT g + γGg + ĉJ + γ̂ψ + ghosts]

resulting in linear constraints among quantum numbers:

spectral flow:SL(2, R)
<latexit sha1_base64="zsGm37jOVYe1uvP6kQt7qsYn0Zg=">AAAB+HicbVDLSsNAFL3xWesr6tLNYBEqSEmK4GNVcOPCRX3EFtpQJtNpO3QyCTOTQgn9EzcuVNz6Ke78GydtFtp6YOBwzr3cMyeIOVPacb6tpeWV1bX1wkZxc2t7Z9fe239SUSIJ9UjEI9kMsKKcCepppjltxpLiMOC0EQyvM78xolKxSDzqcUz9EPcF6zGCtZE6tv1wW66etkOsB0GQ3k9OOnbJqThToEXi5qQEOeod+6vdjUgSUqEJx0q1XCfWfoqlZoTTSbGdKBpjMsR92jJU4JAqP50mn6Bjo3RRL5LmCY2m6u+NFIdKjcPATGYR1byXif95rUT3LvyUiTjRVJDZoV7CkY5QVgPqMkmJ5mNDMJHMZEVkgCUm2pRVNCW4819eJF61cllx785Ktau8jQIcwhGUwYVzqMEN1MEDAiN4hld4s1LrxXq3PmajS1a+cwB/YH3+AIe9knk=</latexit><latexit sha1_base64="zsGm37jOVYe1uvP6kQt7qsYn0Zg=">AAAB+HicbVDLSsNAFL3xWesr6tLNYBEqSEmK4GNVcOPCRX3EFtpQJtNpO3QyCTOTQgn9EzcuVNz6Ke78GydtFtp6YOBwzr3cMyeIOVPacb6tpeWV1bX1wkZxc2t7Z9fe239SUSIJ9UjEI9kMsKKcCepppjltxpLiMOC0EQyvM78xolKxSDzqcUz9EPcF6zGCtZE6tv1wW66etkOsB0GQ3k9OOnbJqThToEXi5qQEOeod+6vdjUgSUqEJx0q1XCfWfoqlZoTTSbGdKBpjMsR92jJU4JAqP50mn6Bjo3RRL5LmCY2m6u+NFIdKjcPATGYR1byXif95rUT3LvyUiTjRVJDZoV7CkY5QVgPqMkmJ5mNDMJHMZEVkgCUm2pRVNCW4819eJF61cllx785Ktau8jQIcwhGUwYVzqMEN1MEDAiN4hld4s1LrxXq3PmajS1a+cwB/YH3+AIe9knk=</latexit><latexit sha1_base64="zsGm37jOVYe1uvP6kQt7qsYn0Zg=">AAAB+HicbVDLSsNAFL3xWesr6tLNYBEqSEmK4GNVcOPCRX3EFtpQJtNpO3QyCTOTQgn9EzcuVNz6Ke78GydtFtp6YOBwzr3cMyeIOVPacb6tpeWV1bX1wkZxc2t7Z9fe239SUSIJ9UjEI9kMsKKcCepppjltxpLiMOC0EQyvM78xolKxSDzqcUz9EPcF6zGCtZE6tv1wW66etkOsB0GQ3k9OOnbJqThToEXi5qQEOeod+6vdjUgSUqEJx0q1XCfWfoqlZoTTSbGdKBpjMsR92jJU4JAqP50mn6Bjo3RRL5LmCY2m6u+NFIdKjcPATGYR1byXif95rUT3LvyUiTjRVJDZoV7CkY5QVgPqMkmJ5mNDMJHMZEVkgCUm2pRVNCW4819eJF61cllx785Ktau8jQIcwhGUwYVzqMEN1MEDAiN4hld4s1LrxXq3PmajS1a+cwB/YH3+AIe9knk=</latexit><latexit sha1_base64="zsGm37jOVYe1uvP6kQt7qsYn0Zg=">AAAB+HicbVDLSsNAFL3xWesr6tLNYBEqSEmK4GNVcOPCRX3EFtpQJtNpO3QyCTOTQgn9EzcuVNz6Ke78GydtFtp6YOBwzr3cMyeIOVPacb6tpeWV1bX1wkZxc2t7Z9fe239SUSIJ9UjEI9kMsKKcCepppjltxpLiMOC0EQyvM78xolKxSDzqcUz9EPcF6zGCtZE6tv1wW66etkOsB0GQ3k9OOnbJqThToEXi5qQEOeod+6vdjUgSUqEJx0q1XCfWfoqlZoTTSbGdKBpjMsR92jJU4JAqP50mn6Bjo3RRL5LmCY2m6u+NFIdKjcPATGYR1byXif95rUT3LvyUiTjRVJDZoV7CkY5QVgPqMkmJ5mNDMJHMZEVkgCUm2pRVNCW4819eJF61cllx785Ktau8jQIcwhGUwYVzqMEN1MEDAiN4hld4s1LrxXq3PmajS1a+cwB/YH3+AIe9knk=</latexit>

+ fermions

l1(2msl + n5wsl) � l2(2msu + n5wsu) + l3E � l4Py,l = 0

r1(2m̄sl + n5w̄sl) � r2(2m̄su + n5w̄su) + r3E � r4Py,r = 0
<latexit sha1_base64="phX8DDPMMVBgO8UvC+sK0/PSKkQ=">AAAC4HicbVJBS9xAGJ2krdW1tWt79PLRxWJRl2RVbIWCIIUet9BVYbMNk9lZHZxMwswX2yXk1ouHtnj1Z3nrP/HoJKbi7vpB4PG+93hvZhKlUhj0vH+O++Tps7nn8wuNxRcvl141l18fmiTTjPdYIhN9HFHDpVC8hwIlP041p3Ek+VF0dlDuj865NiJR33Cc8kFMT5QYCUbRUmHzRoY+rHXiMA+Q/8TcyKKAdVDhDvx4yL2HTZ BhZ0KaldJJZVYq161yCz5Xjm3ohvl4Qxbw7hN4EAT9nRQHDV2lBhHV8Fh0tZjJ11X+lOm+xJSnbqLrJvp/E103CZstr+1VA7PAr0GL1NMNm9fBMGFZzBUySY3p+549SU41CiZ50Qgyw1PKzugJ71uoaMzNIK9eqIBVywxhlGj7KYSKfejIaWzMOI6sMqZ4aqZ3JfnYrp/h6MMgFyrNkCt2FzTKJGAC5XPDUGjOUI4toEwL2xXYKdWUof0pGvYS/Okjz4Jep/2x7X/dbu3v1bcxT1bIW7JGfLJL9skX0iU9wpzvzi/nt/PHZe6F+9e9vJO6Tu15QybGvboFqIPgJw==</latexit><latexit sha1_base64="phX8DDPMMVBgO8UvC+sK0/PSKkQ=">AAAC4HicbVJBS9xAGJ2krdW1tWt79PLRxWJRl2RVbIWCIIUet9BVYbMNk9lZHZxMwswX2yXk1ouHtnj1Z3nrP/HoJKbi7vpB4PG+93hvZhKlUhj0vH+O++Tps7nn8wuNxRcvl141l18fmiTTjPdYIhN9HFHDpVC8hwIlP041p3Ek+VF0dlDuj865NiJR33Cc8kFMT5QYCUbRUmHzRoY+rHXiMA+Q/8TcyKKAdVDhDvx4yL2HTZ BhZ0KaldJJZVYq161yCz5Xjm3ohvl4Qxbw7hN4EAT9nRQHDV2lBhHV8Fh0tZjJ11X+lOm+xJSnbqLrJvp/E103CZstr+1VA7PAr0GL1NMNm9fBMGFZzBUySY3p+549SU41CiZ50Qgyw1PKzugJ71uoaMzNIK9eqIBVywxhlGj7KYSKfejIaWzMOI6sMqZ4aqZ3JfnYrp/h6MMgFyrNkCt2FzTKJGAC5XPDUGjOUI4toEwL2xXYKdWUof0pGvYS/Okjz4Jep/2x7X/dbu3v1bcxT1bIW7JGfLJL9skX0iU9wpzvzi/nt/PHZe6F+9e9vJO6Tu15QybGvboFqIPgJw==</latexit><latexit sha1_base64="phX8DDPMMVBgO8UvC+sK0/PSKkQ=">AAAC4HicbVJBS9xAGJ2krdW1tWt79PLRxWJRl2RVbIWCIIUet9BVYbMNk9lZHZxMwswX2yXk1ouHtnj1Z3nrP/HoJKbi7vpB4PG+93hvZhKlUhj0vH+O++Tps7nn8wuNxRcvl141l18fmiTTjPdYIhN9HFHDpVC8hwIlP041p3Ek+VF0dlDuj865NiJR33Cc8kFMT5QYCUbRUmHzRoY+rHXiMA+Q/8TcyKKAdVDhDvx4yL2HTZ BhZ0KaldJJZVYq161yCz5Xjm3ohvl4Qxbw7hN4EAT9nRQHDV2lBhHV8Fh0tZjJ11X+lOm+xJSnbqLrJvp/E103CZstr+1VA7PAr0GL1NMNm9fBMGFZzBUySY3p+549SU41CiZ50Qgyw1PKzugJ71uoaMzNIK9eqIBVywxhlGj7KYSKfejIaWzMOI6sMqZ4aqZ3JfnYrp/h6MMgFyrNkCt2FzTKJGAC5XPDUGjOUI4toEwL2xXYKdWUof0pGvYS/Okjz4Jep/2x7X/dbu3v1bcxT1bIW7JGfLJL9skX0iU9wpzvzi/nt/PHZe6F+9e9vJO6Tu15QybGvboFqIPgJw==</latexit><latexit sha1_base64="phX8DDPMMVBgO8UvC+sK0/PSKkQ=">AAAC4HicbVJBS9xAGJ2krdW1tWt79PLRxWJRl2RVbIWCIIUet9BVYbMNk9lZHZxMwswX2yXk1ouHtnj1Z3nrP/HoJKbi7vpB4PG+93hvZhKlUhj0vH+O++Tps7nn8wuNxRcvl141l18fmiTTjPdYIhN9HFHDpVC8hwIlP041p3Ek+VF0dlDuj865NiJR33Cc8kFMT5QYCUbRUmHzRoY+rHXiMA+Q/8TcyKKAdVDhDvx4yL2HTZ BhZ0KaldJJZVYq161yCz5Xjm3ohvl4Qxbw7hN4EAT9nRQHDV2lBhHV8Fh0tZjJ11X+lOm+xJSnbqLrJvp/E103CZstr+1VA7PAr0GL1NMNm9fBMGFZzBUySY3p+549SU41CiZ50Qgyw1PKzugJ71uoaMzNIK9eqIBVywxhlGj7KYSKfejIaWzMOI6sMqZ4aqZ3JfnYrp/h6MMgFyrNkCt2FzTKJGAC5XPDUGjOUI4toEwL2xXYKdWUof0pGvYS/Okjz4Jep/2x7X/dbu3v1bcxT1bIW7JGfLJL9skX0iU9wpzvzi/nt/PHZe6F+9e9vJO6Tu15QybGvboFqIPgJw==</latexit>

J3
0 | i = msl| i

<latexit sha1_base64="MRv6xxmLwH2eOEsoArdS9atfZNk=">AAACFnicbVDLSgNBEJyN7/iKevQyGARPYVcFHyAIXsRTBGMC2bjMTjrJkNnZZaZXDGv+wou/4sWDilfx5t84eRw0WtBQVHXT3RUmUhh03S8nNzU9Mzs3v5BfXFpeWS2srV+bONUcKjyWsa6FzIAUCiooUEIt0cCiUEI17J4N/OotaCNidYW9BBoRayvREpyhlYJC6SJwb/bu/cQIXzPVlkBPaBRkPsIdZkb2+/SnGRSKbskdgv4l3pgUyRjloPDpN2OeRqCQS2ZM3XMTbGRMo+AS+nk/NZAw3mVtqFuqWASmkQ3/6tNtqzRpK9a2FNKh+nMiY5ExvSi0nRHDjpn0BuJ/Xj3F1mEjEypJERQfLWqlkmJMByHRptDAUfYsYVwLeyvlHaYZRxtl3obgTb78l1R2S0cl73K/eHo8TmOebJItskM8ckBOyTkpkwrh5IE8kRfy6jw6z86b8z5qzTnjmQ3yC87HN+GZn/g=</latexit><latexit sha1_base64="MRv6xxmLwH2eOEsoArdS9atfZNk=">AAACFnicbVDLSgNBEJyN7/iKevQyGARPYVcFHyAIXsRTBGMC2bjMTjrJkNnZZaZXDGv+wou/4sWDilfx5t84eRw0WtBQVHXT3RUmUhh03S8nNzU9Mzs3v5BfXFpeWS2srV+bONUcKjyWsa6FzIAUCiooUEIt0cCiUEI17J4N/OotaCNidYW9BBoRayvREpyhlYJC6SJwb/bu/cQIXzPVlkBPaBRkPsIdZkb2+/SnGRSKbskdgv4l3pgUyRjloPDpN2OeRqCQS2ZM3XMTbGRMo+AS+nk/NZAw3mVtqFuqWASmkQ3/6tNtqzRpK9a2FNKh+nMiY5ExvSi0nRHDjpn0BuJ/Xj3F1mEjEypJERQfLWqlkmJMByHRptDAUfYsYVwLeyvlHaYZRxtl3obgTb78l1R2S0cl73K/eHo8TmOebJItskM8ckBOyTkpkwrh5IE8kRfy6jw6z86b8z5qzTnjmQ3yC87HN+GZn/g=</latexit><latexit sha1_base64="MRv6xxmLwH2eOEsoArdS9atfZNk=">AAACFnicbVDLSgNBEJyN7/iKevQyGARPYVcFHyAIXsRTBGMC2bjMTjrJkNnZZaZXDGv+wou/4sWDilfx5t84eRw0WtBQVHXT3RUmUhh03S8nNzU9Mzs3v5BfXFpeWS2srV+bONUcKjyWsa6FzIAUCiooUEIt0cCiUEI17J4N/OotaCNidYW9BBoRayvREpyhlYJC6SJwb/bu/cQIXzPVlkBPaBRkPsIdZkb2+/SnGRSKbskdgv4l3pgUyRjloPDpN2OeRqCQS2ZM3XMTbGRMo+AS+nk/NZAw3mVtqFuqWASmkQ3/6tNtqzRpK9a2FNKh+nMiY5ExvSi0nRHDjpn0BuJ/Xj3F1mEjEypJERQfLWqlkmJMByHRptDAUfYsYVwLeyvlHaYZRxtl3obgTb78l1R2S0cl73K/eHo8TmOebJItskM8ckBOyTkpkwrh5IE8kRfy6jw6z86b8z5qzTnjmQ3yC87HN+GZn/g=</latexit><latexit sha1_base64="MRv6xxmLwH2eOEsoArdS9atfZNk=">AAACFnicbVDLSgNBEJyN7/iKevQyGARPYVcFHyAIXsRTBGMC2bjMTjrJkNnZZaZXDGv+wou/4sWDilfx5t84eRw0WtBQVHXT3RUmUhh03S8nNzU9Mzs3v5BfXFpeWS2srV+bONUcKjyWsa6FzIAUCiooUEIt0cCiUEI17J4N/OotaCNidYW9BBoRayvREpyhlYJC6SJwb/bu/cQIXzPVlkBPaBRkPsIdZkb2+/SnGRSKbskdgv4l3pgUyRjloPDpN2OeRqCQS2ZM3XMTbGRMo+AS+nk/NZAw3mVtqFuqWASmkQ3/6tNtqzRpK9a2FNKh+nMiY5ExvSi0nRHDjpn0BuJ/Xj3F1mEjEypJERQfLWqlkmJMByHRptDAUfYsYVwLeyvlHaYZRxtl3obgTb78l1R2S0cl73K/eHo8TmOebJItskM8ckBOyTkpkwrh5IE8kRfy6jw6z86b8z5qzTnjmQ3yC87HN+GZn/g=</latexit>

J3
0 ! J3

0 +
n5 + 2

2
wsl

<latexit sha1_base64="KHwA6B3G1PrnnpsAj9k4anyB5NQ=">AAACHXicbVDLSsNAFJ34rPVVdelmsAiCUJKq+FgV3IirClaFJobJdNIOnUzCzI1aQr7Ejb/ixoWKCzfi3zhNu/B14MLhnHu5954gEVyDbX9aE5NT0zOzpbny/MLi0nJlZfVCx6mirEVjEaurgGgmuGQt4CDYVaIYiQLBLoP+8dC/vGFK81iewyBhXkS6koecEjCSX9k79e3rHVfxbg+IUvEtLgS8jd1QEZpJf2+7nmf1/NbPXGB3kGmR536latfsAvgvccakisZo+pV3txPTNGISqCBatx07AS8jCjgVLC+7qWYJoX3SZW1DJYmY9rLivRxvGqWDw1iZkoAL9ftERiKtB1FgOiMCPf3bG4r/ee0UwgMv4zJJgUk6WhSmAkOMh1nhDleMghgYQqji5lZMe8TEAibRsgnB+f3yX9Kq1w5rztlutXE0TqOE1tEG2kIO2kcNdIKaqIUoukeP6Bm9WA/Wk/VqvY1aJ6zxzBr6AevjC5saocw=</latexit><latexit sha1_base64="KHwA6B3G1PrnnpsAj9k4anyB5NQ=">AAACHXicbVDLSsNAFJ34rPVVdelmsAiCUJKq+FgV3IirClaFJobJdNIOnUzCzI1aQr7Ejb/ixoWKCzfi3zhNu/B14MLhnHu5954gEVyDbX9aE5NT0zOzpbny/MLi0nJlZfVCx6mirEVjEaurgGgmuGQt4CDYVaIYiQLBLoP+8dC/vGFK81iewyBhXkS6koecEjCSX9k79e3rHVfxbg+IUvEtLgS8jd1QEZpJf2+7nmf1/NbPXGB3kGmR536latfsAvgvccakisZo+pV3txPTNGISqCBatx07AS8jCjgVLC+7qWYJoX3SZW1DJYmY9rLivRxvGqWDw1iZkoAL9ftERiKtB1FgOiMCPf3bG4r/ee0UwgMv4zJJgUk6WhSmAkOMh1nhDleMghgYQqji5lZMe8TEAibRsgnB+f3yX9Kq1w5rztlutXE0TqOE1tEG2kIO2kcNdIKaqIUoukeP6Bm9WA/Wk/VqvY1aJ6zxzBr6AevjC5saocw=</latexit><latexit sha1_base64="KHwA6B3G1PrnnpsAj9k4anyB5NQ=">AAACHXicbVDLSsNAFJ34rPVVdelmsAiCUJKq+FgV3IirClaFJobJdNIOnUzCzI1aQr7Ejb/ixoWKCzfi3zhNu/B14MLhnHu5954gEVyDbX9aE5NT0zOzpbny/MLi0nJlZfVCx6mirEVjEaurgGgmuGQt4CDYVaIYiQLBLoP+8dC/vGFK81iewyBhXkS6koecEjCSX9k79e3rHVfxbg+IUvEtLgS8jd1QEZpJf2+7nmf1/NbPXGB3kGmR536latfsAvgvccakisZo+pV3txPTNGISqCBatx07AS8jCjgVLC+7qWYJoX3SZW1DJYmY9rLivRxvGqWDw1iZkoAL9ftERiKtB1FgOiMCPf3bG4r/ee0UwgMv4zJJgUk6WhSmAkOMh1nhDleMghgYQqji5lZMe8TEAibRsgnB+f3yX9Kq1w5rztlutXE0TqOE1tEG2kIO2kcNdIKaqIUoukeP6Bm9WA/Wk/VqvY1aJ6zxzBr6AevjC5saocw=</latexit><latexit sha1_base64="KHwA6B3G1PrnnpsAj9k4anyB5NQ=">AAACHXicbVDLSsNAFJ34rPVVdelmsAiCUJKq+FgV3IirClaFJobJdNIOnUzCzI1aQr7Ejb/ixoWKCzfi3zhNu/B14MLhnHu5954gEVyDbX9aE5NT0zOzpbny/MLi0nJlZfVCx6mirEVjEaurgGgmuGQt4CDYVaIYiQLBLoP+8dC/vGFK81iewyBhXkS6koecEjCSX9k79e3rHVfxbg+IUvEtLgS8jd1QEZpJf2+7nmf1/NbPXGB3kGmR536latfsAvgvccakisZo+pV3txPTNGISqCBatx07AS8jCjgVLC+7qWYJoX3SZW1DJYmY9rLivRxvGqWDw1iZkoAL9ftERiKtB1FgOiMCPf3bG4r/ee0UwgMv4zJJgUk6WhSmAkOMh1nhDleMghgYQqji5lZMe8TEAibRsgnB+f3yX9Kq1w5rztlutXE0TqOE1tEG2kIO2kcNdIKaqIUoukeP6Bm9WA/Wk/VqvY1aJ6zxzBr6AevjC5saocw=</latexit>

• Principal discrete series D±j : states bound to the cap

• Constraints correlate cap energy Ecap with asymptotic energy E.
For non-SUSY JMaRT solution: D−j states have E > 0 but
Ecap < 0. Reservoir of unstable modes: ergoregion instability

• Continuous series Cj describes scattering states
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Closed string spectrum

Gauging of null isometries is implemented by constructing appropriate
BRST charge

QBRST =

∮
[cT g + γGg + ĉJ + γ̂ψ + ghosts]

resulting in linear constraints among quantum numbers:

spectral flow:SL(2, R)
<latexit sha1_base64="zsGm37jOVYe1uvP6kQt7qsYn0Zg=">AAAB+HicbVDLSsNAFL3xWesr6tLNYBEqSEmK4GNVcOPCRX3EFtpQJtNpO3QyCTOTQgn9EzcuVNz6Ke78GydtFtp6YOBwzr3cMyeIOVPacb6tpeWV1bX1wkZxc2t7Z9fe239SUSIJ9UjEI9kMsKKcCepppjltxpLiMOC0EQyvM78xolKxSDzqcUz9EPcF6zGCtZE6tv1wW66etkOsB0GQ3k9OOnbJqThToEXi5qQEOeod+6vdjUgSUqEJx0q1XCfWfoqlZoTTSbGdKBpjMsR92jJU4JAqP50mn6Bjo3RRL5LmCY2m6u+NFIdKjcPATGYR1byXif95rUT3LvyUiTjRVJDZoV7CkY5QVgPqMkmJ5mNDMJHMZEVkgCUm2pRVNCW4819eJF61cllx785Ktau8jQIcwhGUwYVzqMEN1MEDAiN4hld4s1LrxXq3PmajS1a+cwB/YH3+AIe9knk=</latexit><latexit sha1_base64="zsGm37jOVYe1uvP6kQt7qsYn0Zg=">AAAB+HicbVDLSsNAFL3xWesr6tLNYBEqSEmK4GNVcOPCRX3EFtpQJtNpO3QyCTOTQgn9EzcuVNz6Ke78GydtFtp6YOBwzr3cMyeIOVPacb6tpeWV1bX1wkZxc2t7Z9fe239SUSIJ9UjEI9kMsKKcCepppjltxpLiMOC0EQyvM78xolKxSDzqcUz9EPcF6zGCtZE6tv1wW66etkOsB0GQ3k9OOnbJqThToEXi5qQEOeod+6vdjUgSUqEJx0q1XCfWfoqlZoTTSbGdKBpjMsR92jJU4JAqP50mn6Bjo3RRL5LmCY2m6u+NFIdKjcPATGYR1byXif95rUT3LvyUiTjRVJDZoV7CkY5QVgPqMkmJ5mNDMJHMZEVkgCUm2pRVNCW4819eJF61cllx785Ktau8jQIcwhGUwYVzqMEN1MEDAiN4hld4s1LrxXq3PmajS1a+cwB/YH3+AIe9knk=</latexit><latexit sha1_base64="zsGm37jOVYe1uvP6kQt7qsYn0Zg=">AAAB+HicbVDLSsNAFL3xWesr6tLNYBEqSEmK4GNVcOPCRX3EFtpQJtNpO3QyCTOTQgn9EzcuVNz6Ke78GydtFtp6YOBwzr3cMyeIOVPacb6tpeWV1bX1wkZxc2t7Z9fe239SUSIJ9UjEI9kMsKKcCepppjltxpLiMOC0EQyvM78xolKxSDzqcUz9EPcF6zGCtZE6tv1wW66etkOsB0GQ3k9OOnbJqThToEXi5qQEOeod+6vdjUgSUqEJx0q1XCfWfoqlZoTTSbGdKBpjMsR92jJU4JAqP50mn6Bjo3RRL5LmCY2m6u+NFIdKjcPATGYR1byXif95rUT3LvyUiTjRVJDZoV7CkY5QVgPqMkmJ5mNDMJHMZEVkgCUm2pRVNCW4819eJF61cllx785Ktau8jQIcwhGUwYVzqMEN1MEDAiN4hld4s1LrxXq3PmajS1a+cwB/YH3+AIe9knk=</latexit><latexit sha1_base64="zsGm37jOVYe1uvP6kQt7qsYn0Zg=">AAAB+HicbVDLSsNAFL3xWesr6tLNYBEqSEmK4GNVcOPCRX3EFtpQJtNpO3QyCTOTQgn9EzcuVNz6Ke78GydtFtp6YOBwzr3cMyeIOVPacb6tpeWV1bX1wkZxc2t7Z9fe239SUSIJ9UjEI9kMsKKcCepppjltxpLiMOC0EQyvM78xolKxSDzqcUz9EPcF6zGCtZE6tv1wW66etkOsB0GQ3k9OOnbJqThToEXi5qQEOeod+6vdjUgSUqEJx0q1XCfWfoqlZoTTSbGdKBpjMsR92jJU4JAqP50mn6Bjo3RRL5LmCY2m6u+NFIdKjcPATGYR1byXif95rUT3LvyUiTjRVJDZoV7CkY5QVgPqMkmJ5mNDMJHMZEVkgCUm2pRVNCW4819eJF61cllx785Ktau8jQIcwhGUwYVzqMEN1MEDAiN4hld4s1LrxXq3PmajS1a+cwB/YH3+AIe9knk=</latexit>

+ fermions

l1(2msl + n5wsl) � l2(2msu + n5wsu) + l3E � l4Py,l = 0

r1(2m̄sl + n5w̄sl) � r2(2m̄su + n5w̄su) + r3E � r4Py,r = 0
<latexit sha1_base64="phX8DDPMMVBgO8UvC+sK0/PSKkQ=">AAAC4HicbVJBS9xAGJ2krdW1tWt79PLRxWJRl2RVbIWCIIUet9BVYbMNk9lZHZxMwswX2yXk1ouHtnj1Z3nrP/HoJKbi7vpB4PG+93hvZhKlUhj0vH+O++Tps7nn8wuNxRcvl141l18fmiTTjPdYIhN9HFHDpVC8hwIlP041p3Ek+VF0dlDuj865NiJR33Cc8kFMT5QYCUbRUmHzRoY+rHXiMA+Q/8TcyKKAdVDhDvx4yL2HTZ BhZ0KaldJJZVYq161yCz5Xjm3ohvl4Qxbw7hN4EAT9nRQHDV2lBhHV8Fh0tZjJ11X+lOm+xJSnbqLrJvp/E103CZstr+1VA7PAr0GL1NMNm9fBMGFZzBUySY3p+549SU41CiZ50Qgyw1PKzugJ71uoaMzNIK9eqIBVywxhlGj7KYSKfejIaWzMOI6sMqZ4aqZ3JfnYrp/h6MMgFyrNkCt2FzTKJGAC5XPDUGjOUI4toEwL2xXYKdWUof0pGvYS/Okjz4Jep/2x7X/dbu3v1bcxT1bIW7JGfLJL9skX0iU9wpzvzi/nt/PHZe6F+9e9vJO6Tu15QybGvboFqIPgJw==</latexit><latexit sha1_base64="phX8DDPMMVBgO8UvC+sK0/PSKkQ=">AAAC4HicbVJBS9xAGJ2krdW1tWt79PLRxWJRl2RVbIWCIIUet9BVYbMNk9lZHZxMwswX2yXk1ouHtnj1Z3nrP/HoJKbi7vpB4PG+93hvZhKlUhj0vH+O++Tps7nn8wuNxRcvl141l18fmiTTjPdYIhN9HFHDpVC8hwIlP041p3Ek+VF0dlDuj865NiJR33Cc8kFMT5QYCUbRUmHzRoY+rHXiMA+Q/8TcyKKAdVDhDvx4yL2HTZ BhZ0KaldJJZVYq161yCz5Xjm3ohvl4Qxbw7hN4EAT9nRQHDV2lBhHV8Fh0tZjJ11X+lOm+xJSnbqLrJvp/E103CZstr+1VA7PAr0GL1NMNm9fBMGFZzBUySY3p+549SU41CiZ50Qgyw1PKzugJ71uoaMzNIK9eqIBVywxhlGj7KYSKfejIaWzMOI6sMqZ4aqZ3JfnYrp/h6MMgFyrNkCt2FzTKJGAC5XPDUGjOUI4toEwL2xXYKdWUof0pGvYS/Okjz4Jep/2x7X/dbu3v1bcxT1bIW7JGfLJL9skX0iU9wpzvzi/nt/PHZe6F+9e9vJO6Tu15QybGvboFqIPgJw==</latexit><latexit sha1_base64="phX8DDPMMVBgO8UvC+sK0/PSKkQ=">AAAC4HicbVJBS9xAGJ2krdW1tWt79PLRxWJRl2RVbIWCIIUet9BVYbMNk9lZHZxMwswX2yXk1ouHtnj1Z3nrP/HoJKbi7vpB4PG+93hvZhKlUhj0vH+O++Tps7nn8wuNxRcvl141l18fmiTTjPdYIhN9HFHDpVC8hwIlP041p3Ek+VF0dlDuj865NiJR33Cc8kFMT5QYCUbRUmHzRoY+rHXiMA+Q/8TcyKKAdVDhDvx4yL2HTZ BhZ0KaldJJZVYq161yCz5Xjm3ohvl4Qxbw7hN4EAT9nRQHDV2lBhHV8Fh0tZjJ11X+lOm+xJSnbqLrJvp/E103CZstr+1VA7PAr0GL1NMNm9fBMGFZzBUySY3p+549SU41CiZ50Qgyw1PKzugJ71uoaMzNIK9eqIBVywxhlGj7KYSKfejIaWzMOI6sMqZ4aqZ3JfnYrp/h6MMgFyrNkCt2FzTKJGAC5XPDUGjOUI4toEwL2xXYKdWUof0pGvYS/Okjz4Jep/2x7X/dbu3v1bcxT1bIW7JGfLJL9skX0iU9wpzvzi/nt/PHZe6F+9e9vJO6Tu15QybGvboFqIPgJw==</latexit><latexit sha1_base64="phX8DDPMMVBgO8UvC+sK0/PSKkQ=">AAAC4HicbVJBS9xAGJ2krdW1tWt79PLRxWJRl2RVbIWCIIUet9BVYbMNk9lZHZxMwswX2yXk1ouHtnj1Z3nrP/HoJKbi7vpB4PG+93hvZhKlUhj0vH+O++Tps7nn8wuNxRcvl141l18fmiTTjPdYIhN9HFHDpVC8hwIlP041p3Ek+VF0dlDuj865NiJR33Cc8kFMT5QYCUbRUmHzRoY+rHXiMA+Q/8TcyKKAdVDhDvx4yL2HTZ BhZ0KaldJJZVYq161yCz5Xjm3ohvl4Qxbw7hN4EAT9nRQHDV2lBhHV8Fh0tZjJ11X+lOm+xJSnbqLrJvp/E103CZstr+1VA7PAr0GL1NMNm9fBMGFZzBUySY3p+549SU41CiZ50Qgyw1PKzugJ71uoaMzNIK9eqIBVywxhlGj7KYSKfejIaWzMOI6sMqZ4aqZ3JfnYrp/h6MMgFyrNkCt2FzTKJGAC5XPDUGjOUI4toEwL2xXYKdWUof0pGvYS/Okjz4Jep/2x7X/dbu3v1bcxT1bIW7JGfLJL9skX0iU9wpzvzi/nt/PHZe6F+9e9vJO6Tu15QybGvboFqIPgJw==</latexit>

J3
0 | i = msl| i

<latexit sha1_base64="MRv6xxmLwH2eOEsoArdS9atfZNk=">AAACFnicbVDLSgNBEJyN7/iKevQyGARPYVcFHyAIXsRTBGMC2bjMTjrJkNnZZaZXDGv+wou/4sWDilfx5t84eRw0WtBQVHXT3RUmUhh03S8nNzU9Mzs3v5BfXFpeWS2srV+bONUcKjyWsa6FzIAUCiooUEIt0cCiUEI17J4N/OotaCNidYW9BBoRayvREpyhlYJC6SJwb/bu/cQIXzPVlkBPaBRkPsIdZkb2+/SnGRSKbskdgv4l3pgUyRjloPDpN2OeRqCQS2ZM3XMTbGRMo+AS+nk/NZAw3mVtqFuqWASmkQ3/6tNtqzRpK9a2FNKh+nMiY5ExvSi0nRHDjpn0BuJ/Xj3F1mEjEypJERQfLWqlkmJMByHRptDAUfYsYVwLeyvlHaYZRxtl3obgTb78l1R2S0cl73K/eHo8TmOebJItskM8ckBOyTkpkwrh5IE8kRfy6jw6z86b8z5qzTnjmQ3yC87HN+GZn/g=</latexit><latexit sha1_base64="MRv6xxmLwH2eOEsoArdS9atfZNk=">AAACFnicbVDLSgNBEJyN7/iKevQyGARPYVcFHyAIXsRTBGMC2bjMTjrJkNnZZaZXDGv+wou/4sWDilfx5t84eRw0WtBQVHXT3RUmUhh03S8nNzU9Mzs3v5BfXFpeWS2srV+bONUcKjyWsa6FzIAUCiooUEIt0cCiUEI17J4N/OotaCNidYW9BBoRayvREpyhlYJC6SJwb/bu/cQIXzPVlkBPaBRkPsIdZkb2+/SnGRSKbskdgv4l3pgUyRjloPDpN2OeRqCQS2ZM3XMTbGRMo+AS+nk/NZAw3mVtqFuqWASmkQ3/6tNtqzRpK9a2FNKh+nMiY5ExvSi0nRHDjpn0BuJ/Xj3F1mEjEypJERQfLWqlkmJMByHRptDAUfYsYVwLeyvlHaYZRxtl3obgTb78l1R2S0cl73K/eHo8TmOebJItskM8ckBOyTkpkwrh5IE8kRfy6jw6z86b8z5qzTnjmQ3yC87HN+GZn/g=</latexit><latexit sha1_base64="MRv6xxmLwH2eOEsoArdS9atfZNk=">AAACFnicbVDLSgNBEJyN7/iKevQyGARPYVcFHyAIXsRTBGMC2bjMTjrJkNnZZaZXDGv+wou/4sWDilfx5t84eRw0WtBQVHXT3RUmUhh03S8nNzU9Mzs3v5BfXFpeWS2srV+bONUcKjyWsa6FzIAUCiooUEIt0cCiUEI17J4N/OotaCNidYW9BBoRayvREpyhlYJC6SJwb/bu/cQIXzPVlkBPaBRkPsIdZkb2+/SnGRSKbskdgv4l3pgUyRjloPDpN2OeRqCQS2ZM3XMTbGRMo+AS+nk/NZAw3mVtqFuqWASmkQ3/6tNtqzRpK9a2FNKh+nMiY5ExvSi0nRHDjpn0BuJ/Xj3F1mEjEypJERQfLWqlkmJMByHRptDAUfYsYVwLeyvlHaYZRxtl3obgTb78l1R2S0cl73K/eHo8TmOebJItskM8ckBOyTkpkwrh5IE8kRfy6jw6z86b8z5qzTnjmQ3yC87HN+GZn/g=</latexit><latexit sha1_base64="MRv6xxmLwH2eOEsoArdS9atfZNk=">AAACFnicbVDLSgNBEJyN7/iKevQyGARPYVcFHyAIXsRTBGMC2bjMTjrJkNnZZaZXDGv+wou/4sWDilfx5t84eRw0WtBQVHXT3RUmUhh03S8nNzU9Mzs3v5BfXFpeWS2srV+bONUcKjyWsa6FzIAUCiooUEIt0cCiUEI17J4N/OotaCNidYW9BBoRayvREpyhlYJC6SJwb/bu/cQIXzPVlkBPaBRkPsIdZkb2+/SnGRSKbskdgv4l3pgUyRjloPDpN2OeRqCQS2ZM3XMTbGRMo+AS+nk/NZAw3mVtqFuqWASmkQ3/6tNtqzRpK9a2FNKh+nMiY5ExvSi0nRHDjpn0BuJ/Xj3F1mEjEypJERQfLWqlkmJMByHRptDAUfYsYVwLeyvlHaYZRxtl3obgTb78l1R2S0cl73K/eHo8TmOebJItskM8ckBOyTkpkwrh5IE8kRfy6jw6z86b8z5qzTnjmQ3yC87HN+GZn/g=</latexit>

J3
0 ! J3

0 +
n5 + 2

2
wsl

<latexit sha1_base64="KHwA6B3G1PrnnpsAj9k4anyB5NQ=">AAACHXicbVDLSsNAFJ34rPVVdelmsAiCUJKq+FgV3IirClaFJobJdNIOnUzCzI1aQr7Ejb/ixoWKCzfi3zhNu/B14MLhnHu5954gEVyDbX9aE5NT0zOzpbny/MLi0nJlZfVCx6mirEVjEaurgGgmuGQt4CDYVaIYiQLBLoP+8dC/vGFK81iewyBhXkS6koecEjCSX9k79e3rHVfxbg+IUvEtLgS8jd1QEZpJf2+7nmf1/NbPXGB3kGmR536latfsAvgvccakisZo+pV3txPTNGISqCBatx07AS8jCjgVLC+7qWYJoX3SZW1DJYmY9rLivRxvGqWDw1iZkoAL9ftERiKtB1FgOiMCPf3bG4r/ee0UwgMv4zJJgUk6WhSmAkOMh1nhDleMghgYQqji5lZMe8TEAibRsgnB+f3yX9Kq1w5rztlutXE0TqOE1tEG2kIO2kcNdIKaqIUoukeP6Bm9WA/Wk/VqvY1aJ6zxzBr6AevjC5saocw=</latexit><latexit sha1_base64="KHwA6B3G1PrnnpsAj9k4anyB5NQ=">AAACHXicbVDLSsNAFJ34rPVVdelmsAiCUJKq+FgV3IirClaFJobJdNIOnUzCzI1aQr7Ejb/ixoWKCzfi3zhNu/B14MLhnHu5954gEVyDbX9aE5NT0zOzpbny/MLi0nJlZfVCx6mirEVjEaurgGgmuGQt4CDYVaIYiQLBLoP+8dC/vGFK81iewyBhXkS6koecEjCSX9k79e3rHVfxbg+IUvEtLgS8jd1QEZpJf2+7nmf1/NbPXGB3kGmR536latfsAvgvccakisZo+pV3txPTNGISqCBatx07AS8jCjgVLC+7qWYJoX3SZW1DJYmY9rLivRxvGqWDw1iZkoAL9ftERiKtB1FgOiMCPf3bG4r/ee0UwgMv4zJJgUk6WhSmAkOMh1nhDleMghgYQqji5lZMe8TEAibRsgnB+f3yX9Kq1w5rztlutXE0TqOE1tEG2kIO2kcNdIKaqIUoukeP6Bm9WA/Wk/VqvY1aJ6zxzBr6AevjC5saocw=</latexit><latexit sha1_base64="KHwA6B3G1PrnnpsAj9k4anyB5NQ=">AAACHXicbVDLSsNAFJ34rPVVdelmsAiCUJKq+FgV3IirClaFJobJdNIOnUzCzI1aQr7Ejb/ixoWKCzfi3zhNu/B14MLhnHu5954gEVyDbX9aE5NT0zOzpbny/MLi0nJlZfVCx6mirEVjEaurgGgmuGQt4CDYVaIYiQLBLoP+8dC/vGFK81iewyBhXkS6koecEjCSX9k79e3rHVfxbg+IUvEtLgS8jd1QEZpJf2+7nmf1/NbPXGB3kGmR536latfsAvgvccakisZo+pV3txPTNGISqCBatx07AS8jCjgVLC+7qWYJoX3SZW1DJYmY9rLivRxvGqWDw1iZkoAL9ftERiKtB1FgOiMCPf3bG4r/ee0UwgMv4zJJgUk6WhSmAkOMh1nhDleMghgYQqji5lZMe8TEAibRsgnB+f3yX9Kq1w5rztlutXE0TqOE1tEG2kIO2kcNdIKaqIUoukeP6Bm9WA/Wk/VqvY1aJ6zxzBr6AevjC5saocw=</latexit><latexit sha1_base64="KHwA6B3G1PrnnpsAj9k4anyB5NQ=">AAACHXicbVDLSsNAFJ34rPVVdelmsAiCUJKq+FgV3IirClaFJobJdNIOnUzCzI1aQr7Ejb/ixoWKCzfi3zhNu/B14MLhnHu5954gEVyDbX9aE5NT0zOzpbny/MLi0nJlZfVCx6mirEVjEaurgGgmuGQt4CDYVaIYiQLBLoP+8dC/vGFK81iewyBhXkS6koecEjCSX9k79e3rHVfxbg+IUvEtLgS8jd1QEZpJf2+7nmf1/NbPXGB3kGmR536latfsAvgvccakisZo+pV3txPTNGISqCBatx07AS8jCjgVLC+7qWYJoX3SZW1DJYmY9rLivRxvGqWDw1iZkoAL9ftERiKtB1FgOiMCPf3bG4r/ee0UwgMv4zJJgUk6WhSmAkOMh1nhDleMghgYQqji5lZMe8TEAibRsgnB+f3yX9Kq1w5rztlutXE0TqOE1tEG2kIO2kcNdIKaqIUoukeP6Bm9WA/Wk/VqvY1aJ6zxzBr6AevjC5saocw=</latexit>

• Principal discrete series D±j : states bound to the cap
• Constraints correlate cap energy Ecap with asymptotic energy E.

For non-SUSY JMaRT solution: D−j states have E > 0 but
Ecap < 0. Reservoir of unstable modes: ergoregion instability

• Continuous series Cj describes scattering states
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Closed string spectrum

Gauging of null isometries is implemented by constructing appropriate
BRST charge

QBRST =

∮
[cT g + γGg + ĉJ + γ̂ψ + ghosts]

resulting in linear constraints among quantum numbers:

spectral flow:SL(2, R)
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+ fermions

l1(2msl + n5wsl) � l2(2msu + n5wsu) + l3E � l4Py,l = 0

r1(2m̄sl + n5w̄sl) � r2(2m̄su + n5w̄su) + r3E � r4Py,r = 0
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J3
0 | i = msl| i
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J3
0 ! J3

0 +
n5 + 2

2
wsl
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• Principal discrete series D±j : states bound to the cap
• Constraints correlate cap energy Ecap with asymptotic energy E.

For non-SUSY JMaRT solution: D−j states have E > 0 but
Ecap < 0. Reservoir of unstable modes: ergoregion instability

• Continuous series Cj describes scattering states
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Two-point functions
functions are (see for instance [51])

h�sl
jsl;msl,m̄sl

�sl
jsl;�msl,�m̄sl

i = n5µ
2jsl�1

�(1� 2jsl�1
n5

)

�(2jsl�1
n5

)
(5.2)

⇥ �(�2jsl + 1)�(jsl �msl)�(jsl + m̄sl)

�(2jsl � 1)�(�jsl �msl + 1)�(�jsl + m̄sl + 1)
.

This two-point function has a series of poles at

msl = jsl + n , n 2 N (5.3)

or
m̄sl = �jsl � n̄ , n̄ 2 N (5.4)

which correspond to the spectrum of bound states in the cap. This structure was
used in [29] to study correlation functions in little string theory (LST). Since the
supertube background is a particular background of LST on S1 ⇥ T4 (or K3) in the
superselection sector with n1 units of F1 charge, the same considerations apply here.

In the limit n5 !1 the first line tends to a constant, and the two-point function
reduces to

h�sl
jsl;msl,m̄sl

�sl
jsl;�msl,�m̄sl

i ⇠ µ2jsl�1 �(�2jsl + 1)�(jsl �msl)�(jsl + m̄sl)

�(2jsl � 1)�(�jsl �msl + 1)�(�jsl + m̄sl + 1)
.

(5.5)
It is in this limit that we should expect to recover the result of the supergravity
approximation; indeed this expression agrees with the ratio of wavefunction asymp-
totics (4.31) with the substitutions (4.2), (4.4). For scattering states, the ratios of
gamma functions contribute phases; one can adjust the constant µ to set to zero the
large |j| limit of the supergravity phase shift ei� from (5.5). The phase shift encodes
the time delay for probes to scatter o↵ the cap and return to infinity; with a hard
cap at some fixed redshift in the smeared classical geometry of the supergravity ap-
proximation, all probes at high energy will have the same time delay (backreaction
decouples for a small-amplitude probe in the classical limit).

The ratio of gamma functions on the first line of (5.2) encodes very interesting
stringy physics of scattering states in the cigar coset [28, 58]. Writing jsl = 1

2
(1+ i⌫),

the stringy gamma functions in the first line of (5.2) give an additional phase shift [28]

� ' 2

n5

⌫ log ⌫ . (5.6)

This phase shift was interpreted using the FZZ duality between the SL(2, R)/U(1)
gauged WZW model and N = 2 Liouville theory [51, 69] as arising from a saddle
point in the N = 2 Liouville path integral, where the time delay is realized as the
increasing time it takes a probe to climb the exponential Liouville wall and fall back
down, as the radial momentum is cranked up.
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functions are (see for instance [51])
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This two-point function has a series of poles at

msl = jsl + n , n 2 N (5.3)

or
m̄sl = �jsl � n̄ , n̄ 2 N (5.4)

which correspond to the spectrum of bound states in the cap. This structure was
used in [29] to study correlation functions in little string theory (LST). Since the
supertube background is a particular background of LST on S1 ⇥ T4 (or K3) in the
superselection sector with n1 units of F1 charge, the same considerations apply here.

In the limit n5 !1 the first line tends to a constant, and the two-point function
reduces to
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.

(5.5)
It is in this limit that we should expect to recover the result of the supergravity
approximation; indeed this expression agrees with the ratio of wavefunction asymp-
totics (4.31) with the substitutions (4.2), (4.4). For scattering states, the ratios of
gamma functions contribute phases; one can adjust the constant µ to set to zero the
large |j| limit of the supergravity phase shift ei� from (5.5). The phase shift encodes
the time delay for probes to scatter o↵ the cap and return to infinity; with a hard
cap at some fixed redshift in the smeared classical geometry of the supergravity ap-
proximation, all probes at high energy will have the same time delay (backreaction
decouples for a small-amplitude probe in the classical limit).

The ratio of gamma functions on the first line of (5.2) encodes very interesting
stringy physics of scattering states in the cigar coset [28, 58]. Writing jsl = 1

2
(1+ i⌫),

the stringy gamma functions in the first line of (5.2) give an additional phase shift [28]
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This phase shift was interpreted using the FZZ duality between the SL(2, R)/U(1)
gauged WZW model and N = 2 Liouville theory [51, 69] as arising from a saddle
point in the N = 2 Liouville path integral, where the time delay is realized as the
increasing time it takes a probe to climb the exponential Liouville wall and fall back
down, as the radial momentum is cranked up.
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SUGRA
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stringy
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Discrete series of SL(2,R) arise as poles of two-point correlator. For
low-lying states it agrees with solutions of wave equation in the classical
geometry.

For scattering states, stringy contribution to phase shift. In the T-dual
Liouville picture this arises because energetic probes can explore stringy
structure “beyond the cap” (the finer supertube strands). Breakdown of
naive coset metric.

[Giveon-Itzhaki-Kutasov]
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Brane/flux transitions

Let us consider the sector of strings winding along Sy.

Gauge symmetry
relates winding on Sy with winding on the SL(2,R) circle σ. In the cap,
this allows for unwinding processes. Consider an operator that
implements (worldsheet) spectral flow in the null directions we are
gauging. Action on zero modes:

4.2.1 Large gauge transformations

A subtlety arises when considering spectral flow in the null-gauged WZW model –
spectral flow in the null direction corresponding to the gauge current is gauge-trivial.
Thus, a linear combination of spectral flows in SL(2, R) and SU(2) together with
shifts in the zero modes E, ny, wy amounts to a gauge transformation, and is thus
redundant; however this is not true separately for the left and right gaugings, because
the t and y directions do not have chiral zero modes.

Let us bosonize the SL(2, R) and SU(2) contributions to the null current

J3
sl = i

p
n5 @Ysl , J3

su = i
p

n5 @Ysu ; (4.46)

then the chiral spectral flow operator along the gauge direction is

exp[iqY ] ⌘ exp
h
iq
p

n5

⇣
Ysl +

l2
l1

Ysu

⌘
+ iq

⇣ l3
l1

t +
l4
l1

y
⌘i

(4.47)

and similarly for the right movers. The problem is that these two operators want to
shift the zero mode of t di↵erently, but since t is non-compact this is not possible.
This problem does not arise if the gauge group is Rvector ⇥ U(1)axial rather than
U(1)L ⇥ U(1)R – then the only large gauge transformation corresponds to axial
spectral flow, which in our conventions shifts the zero mode of t on the left and
right in the same way, as a consequence of the relation l3/l1 = r3/r1 (the first of the
relations (3.21)).

The allowed spectral flow determines the global structure of the sigma model
target space as follows. If the target space of the sigma model uses the group mani-
fold SL(2, R), then the spectral flow parameters wsl, w̄sl are allowed to be di↵erent,
whereas if the target space involves the universal cover of SL(2, R), spectral flow
is restricted to wsl = w̄sl. With gauge group Rvector ⇥ U(1)axial, a problem would
arise if the SL(2, R) component of the target space was the group manifold and not
its universal cover; with only axial spectral flow being gauged, states with di↵erent
values of wsl � w̄sl would constitute distinct physical states, and one arrives at a
nonsensical spectrum. With a target space involving the universal cover of SL(2, R),
one is restricted to wsl = w̄sl, and the absence of gauged vector spectral flow in the
null direction does not lead to pathologies.

Spectral flow by q units in the axial gauge direction is implemented by the
operator exp[iq(Y+Ȳ)], which shifts the zero modes by:

wsl ! wsl + q , wsu ! wsu + (2s+1)q , w̄su ! w̄su + (2s̄+1)q

E ! E + kR% q , ny ! ny �
s(s+1)� s̄(s̄+1)

k
n5q , wy ! wy + kq (4.48)

where again we have used (3.21). This set of shifts of zero modes amounts to a large
gauge transformation; thus states related by such shifts are gauge-equivalent. As a
consequence, we can choose to work with the representative of each gauge equivalence
class having wsl = w̄sl = 0 whenever possible, and we will do so in what follows.
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Orbifold structure in the cap

Three-charge geometries have intersting orbifold structure at the cap

(ρ = 0, θ = 0) : Z`1 orbifold

(ρ = 0, θ = π/2) : Z`2 orbifold

`1 = gcd(k,m) , `2 = gcd(k, n)

Proposition 2.2 Let r > b > 1 be coprime integers and consider the lattice
L = Z2 + Z · 1

r (1, b) ⇢ R2. Then L contains the lattice Z2 as a sublattice
of index r, and its other cosets are represented by the r � 1 lattice points
1
r (i, ib) contained in the unit square of R2 (see Figure 2). Define the Newton

(0, 0)
t

(1, 0)
t

(0, 0)t(0, 1) t
r
r
r
r
r
r

(0, 0)
t

ek+1 = (1, 0)

te0 = (0, 1)

t
te1 = 1

r (1, b)

C
C
C
CHHHHHH

t ekt
Figure 2: The lattice L and its Newton polygon

polygon as the convex hull Newton L in R2 of all the nonzero lattice points
in the positive quadrant.

Write

e0 = (0, 1), e1 =
1

r
(1, b), e2, . . . , ek, ek+1 = (1, 0)

for the lattice points on the boundary of Newton L.
Then

(I) Any two consecutive lattice points ei, ei+1 for i = 0, . . . , k form an
oriented basis of L.

(II) Any three consecutive lattice points ei�1, ei, ei+1 for i = 1, . . . , k satisfy
a relation

ei+1 + ei�1 = aiei for some integer ai � 2.

(III) The integers a1, . . . , ak in (II) are the entries of the continued fraction:

r

b
= [a1, . . . , ak].

The relation in (II) can be viewed as a coordinate change from the basis

ei�1, ei to the next basis ei, ei+1 expressed by the matrix

✓
0 1
�1 ai

◆
, that is,

ei = (0, 1) = ei,
ei+1 = (�1, ai) = �ei�1 + aiei.

6

• For non-SUSY solutions, Hirzebruch-Jung type singularities. Expect
tachyons in twisted sectors [Adam-Polchinski-Silverstein, Martinec-Moore]

• Worldsheet is not orbifold CFT: no stringy instability of JMaRT
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D-branes
Supertube configurations arise from Coulomb branch of NS5 branes.
Bringing NS5 brane together: Colulomb/Higgs transition associated to
light stretched W-branes. Cap becomes the linear dilaton tube dual to
little string theory.

NS5
<latexit sha1_base64="KYGvc8ZpQv00wa4YaWIC/k53x/I=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd2o6DHoxZNEYh6QLGF20psMmZ1dZmaFEPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777aysrq1vbOa28ts7u3v7hYPDho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGt1O/+YRK81g+mlGCfkT7koecUWOl2n3tslsouiV3BrJMvIwUIUO1W/jq9GKWRigNE1Trtucmxh9TZTgTOMl3Uo0JZUPax7alkkao/fHs1Ak5tUqPhLGyJQ2Zqb8nxjTSehQFtjOiZqAXvan4n9dOTXjtj7lMUoOSzReFqSAmJtO/SY8rZEaMLKFMcXsrYQOqKDM2nbwNwVt8eZk0yiXvvFR+uChWbrI4cnAMJ3AGHlxBBe6gCnVg0IdneIU3RzgvzrvzMW9dcbKZI/gD5/MHwMeNcg==</latexit>

W-brane
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Coulomb branch
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Higgs branch
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Increase k
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(AdS3 ⇥ S3)/Zk
<latexit sha1_base64="JUbILUVh5EDKk8mP1On2T3TbOCI=">AAACCHicbVC7TsNAEDyHVwgvAyUFJyKk0AQ7QYIyQEMZFPIQsbHO53NyyvmhuzNSZKWk4VdoKECIlk+g4284Jy4gMNJKo5ld7e64MaNCGsaXVlhYXFpeKa6W1tY3Nrf07Z2OiBKOSRtHLOI9FwnCaEjakkpGejEnKHAZ6bqjy8zv3hMuaBTeyHFM7AANQupTjKSSHH2/cu61nDq0JA2IgK27+tGxFSA5dN30duKMHL1sVI0p4F9i5qQMcjQd/dPyIpwEJJSYISH6phFLO0VcUszIpGQlgsQIj9CA9BUNkVprp9NHJvBQKR70I64qlHCq/pxIUSDEOHBVZ3ajmPcy8T+vn0j/zE5pGCeShHi2yE8YlBHMUoEe5QRLNlYEYU7VrRAPEUdYquxKKgRz/uW/pFOrmvVq7fqk3LjI4yiCPXAAKsAEp6ABrkATtAEGD+AJvIBX7VF71t6091lrQctndsEvaB/fmsOYdw==</latexit>

……

ỹ

�

……
ỹ

�
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Threshold of BH formation associated to Coulomb/Higgs transition.
Light degrees of freedom (the W-branes) modify the effective dynamics.

Hope: new degrees of freedom with fractionated tension (long/little
strings) modify the “effective” causal structure, and the scale of their
wavefunction is the horizon scale.

Line of 
2-charge states

Black holes

increasing

k = 1<latexit sha1_base64="qdNbMenybL3MZ5+dpaXjV8lYJE0="></latexit><latexit sha1_base64="qdNbMenybL3MZ5+dpaXjV8lYJE0="></latexit><latexit sha1_base64="qdNbMenybL3MZ5+dpaXjV8lYJE0="></latexit><latexit sha1_base64="qdNbMenybL3MZ5+dpaXjV8lYJE0="></latexit>

k
<latexit sha1_base64="X1UqcFxYxZVWvhDUbQflMIxD3DU=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8hZkoJrkFvXhMwDwgWcLspDcZM/tgZlYIS77AiwdFvPpJ3vwbZ5MIKlrQUFR1093lxVJoQ8iHs7K6tr6xmdvKb+/s7u0XDg7bOkoUhxaPZKS6HtMgRQgtI4yEbqyABZ6Ejje5zvzOPSgtovDWTGNwAzYKhS84M1ZqTgaFIikRQiilOCO0ckksqdWqZVrFNLMsimiJxqDw3h9GPAkgNFwyrXuUxMZNmTKCS5jl+4mGmPEJG0HP0pAFoN10fugMn1pliP1I2QoNnqvfJ1IWaD0NPNsZMDPWv71M/MvrJcavuqkI48RAyBeL/ERiE+HsazwUCriRU0sYV8LeivmYKcaNzSZvQ/j6FP9P2uUSPS+VmxfF+tUyjhw6RifoDFFUQXV0gxqohTgC9ICe0LNz5zw6L87ronXFWc4coR9w3j4BINiNKQ==</latexit>

J
<latexit sha1_base64="9AyvBswXAUOScjhKJQccLbYF3po=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL+IpAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6HPjNI=</latexit>

NP
<latexit sha1_base64="lfJIU5yZzacbytxal3d57a99Klo=">AAAB6nicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLoxpVUtA9oh5JJ77ShmcyQZIQy9BPcuFDErV/kzr8xbWehrQcCh3POJfeeIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzThBP6IDyUPOqLHSw12v3iuV3Yo7A1kmXk7KkMPmv7r9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzVadkFOr9EkYK/ukITP190RGI63HUWCTETVDvehNxf+8TmrCKz/jMkkNSjb/KEwFMTGZ3k36XCEzYmwJZYrbXQkbUkWZse0UbQne4snLpFmteOeV6v1FuXad11GAYziBM/DgEmpwC3VoAIMBPMMrvDnCeXHenY95dMXJZ47gD5zPH/vvjZk=</latexit>

In this picture, the experience of an infalling observer is determined by
the effective theory of the interactions with W-branes.
[Martinec 14]
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D-branes in supertubes are described by (twisted) conjugacy classes in
SL(2,R)× SU(2)× Rt × Sy, smeared along the gauge orbits in order to
obtain boundary states that can be projected to the coset

D = CG · CH , CG = Tr{hfGΩ(h−1), h ∈ G}

dS2<latexit sha1_base64="P9laRwua6fjIOOxYGDYICWt0KtA=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuCozRai4KrhxWdFeoB1KJpNpQ5PMkGSEMvQV3LhQxK0v5M63MdPOQlt/CHz85xxyzh8knGnjut9OaWNza3unvFvZ2z84PKoen3R1nCpCOyTmseoHWFPOJO0YZjjtJ4piEXDaC6a3eb33RJVmsXw0s4T6Ao8lixjBJrfCh1FjVK25dXchtA5eATUo1B5Vv4ZhTFJBpSEcaz3w3MT4GVaGEU7nlWGqaYLJFI/pwKLEgmo/W+w6RxfWCVEUK/ukQQv390SGhdYzEdhOgc1Er9Zy87/aIDXRtZ8xmaSGSrL8KEo5MjHKD0chU5QYPrOAiWJ2V0QmWGFibDwVG4K3evI6dBt1z/L9Va11U8RRhjM4h0vwoAktuIM2dIDABJ7hFd4c4bw4787HsrXkFDOn8EfO5w+QFI3i</latexit><latexit sha1_base64="P9laRwua6fjIOOxYGDYICWt0KtA=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuCozRai4KrhxWdFeoB1KJpNpQ5PMkGSEMvQV3LhQxK0v5M63MdPOQlt/CHz85xxyzh8knGnjut9OaWNza3unvFvZ2z84PKoen3R1nCpCOyTmseoHWFPOJO0YZjjtJ4piEXDaC6a3eb33RJVmsXw0s4T6Ao8lixjBJrfCh1FjVK25dXchtA5eATUo1B5Vv4ZhTFJBpSEcaz3w3MT4GVaGEU7nlWGqaYLJFI/pwKLEgmo/W+w6RxfWCVEUK/ukQQv390SGhdYzEdhOgc1Er9Zy87/aIDXRtZ8xmaSGSrL8KEo5MjHKD0chU5QYPrOAiWJ2V0QmWGFibDwVG4K3evI6dBt1z/L9Va11U8RRhjM4h0vwoAktuIM2dIDABJ7hFd4c4bw4787HsrXkFDOn8EfO5w+QFI3i</latexit><latexit sha1_base64="P9laRwua6fjIOOxYGDYICWt0KtA=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuCozRai4KrhxWdFeoB1KJpNpQ5PMkGSEMvQV3LhQxK0v5M63MdPOQlt/CHz85xxyzh8knGnjut9OaWNza3unvFvZ2z84PKoen3R1nCpCOyTmseoHWFPOJO0YZjjtJ4piEXDaC6a3eb33RJVmsXw0s4T6Ao8lixjBJrfCh1FjVK25dXchtA5eATUo1B5Vv4ZhTFJBpSEcaz3w3MT4GVaGEU7nlWGqaYLJFI/pwKLEgmo/W+w6RxfWCVEUK/ukQQv390SGhdYzEdhOgc1Er9Zy87/aIDXRtZ8xmaSGSrL8KEo5MjHKD0chU5QYPrOAiWJ2V0QmWGFibDwVG4K3evI6dBt1z/L9Va11U8RRhjM4h0vwoAktuIM2dIDABJ7hFd4c4bw4787HsrXkFDOn8EfO5w+QFI3i</latexit><latexit sha1_base64="P9laRwua6fjIOOxYGDYICWt0KtA=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuCozRai4KrhxWdFeoB1KJpNpQ5PMkGSEMvQV3LhQxK0v5M63MdPOQlt/CHz85xxyzh8knGnjut9OaWNza3unvFvZ2z84PKoen3R1nCpCOyTmseoHWFPOJO0YZjjtJ4piEXDaC6a3eb33RJVmsXw0s4T6Ao8lixjBJrfCh1FjVK25dXchtA5eATUo1B5Vv4ZhTFJBpSEcaz3w3MT4GVaGEU7nlWGqaYLJFI/pwKLEgmo/W+w6RxfWCVEUK/ukQQv390SGhdYzEdhOgc1Er9Zy87/aIDXRtZ8xmaSGSrL8KEo5MjHKD0chU5QYPrOAiWJ2V0QmWGFibDwVG4K3evI6dBt1z/L9Va11U8RRhjM4h0vwoAktuIM2dIDABJ7hFd4c4bw4787HsrXkFDOn8EfO5w+QFI3i</latexit>

H2<latexit sha1_base64="kh/BSTL26KVn7Td902Vijf4wPzQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIiieCl56rGg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLG5tb1T3C3t7R8cHpWPT9omTjXjLRbLWHcDargUirdQoOTdRHMaBZJ3gsndvN554tqIWD3iNOF+REdKhIJRtNZDY1AblCtu1V2IrIOXQwVyNQflr/4wZmnEFTJJjel5boJ+RjUKJvms1E8NTyib0BHvWVQ04sbPFqvOyIV1hiSMtX0KycL9PZHRyJhpFNjOiOLYrNbm5n+1XorhjZ8JlaTIFVt+FKaSYEzmd5Oh0JyhnFqgTAu7K2FjqilDm07JhuCtnrwO7VrVs3x/Vanf5nEU4QzO4RI8uIY6NKAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/JHz+QPBn41p</latexit><latexit sha1_base64="kh/BSTL26KVn7Td902Vijf4wPzQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIiieCl56rGg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLG5tb1T3C3t7R8cHpWPT9omTjXjLRbLWHcDargUirdQoOTdRHMaBZJ3gsndvN554tqIWD3iNOF+REdKhIJRtNZDY1AblCtu1V2IrIOXQwVyNQflr/4wZmnEFTJJjel5boJ+RjUKJvms1E8NTyib0BHvWVQ04sbPFqvOyIV1hiSMtX0KycL9PZHRyJhpFNjOiOLYrNbm5n+1XorhjZ8JlaTIFVt+FKaSYEzmd5Oh0JyhnFqgTAu7K2FjqilDm07JhuCtnrwO7VrVs3x/Vanf5nEU4QzO4RI8uIY6NKAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/JHz+QPBn41p</latexit><latexit sha1_base64="kh/BSTL26KVn7Td902Vijf4wPzQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIiieCl56rGg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLG5tb1T3C3t7R8cHpWPT9omTjXjLRbLWHcDargUirdQoOTdRHMaBZJ3gsndvN554tqIWD3iNOF+REdKhIJRtNZDY1AblCtu1V2IrIOXQwVyNQflr/4wZmnEFTJJjel5boJ+RjUKJvms1E8NTyib0BHvWVQ04sbPFqvOyIV1hiSMtX0KycL9PZHRyJhpFNjOiOLYrNbm5n+1XorhjZ8JlaTIFVt+FKaSYEzmd5Oh0JyhnFqgTAu7K2FjqilDm07JhuCtnrwO7VrVs3x/Vanf5nEU4QzO4RI8uIY6NKAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/JHz+QPBn41p</latexit><latexit sha1_base64="kh/BSTL26KVn7Td902Vijf4wPzQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIiieCl56rGg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLG5tb1T3C3t7R8cHpWPT9omTjXjLRbLWHcDargUirdQoOTdRHMaBZJ3gsndvN554tqIWD3iNOF+REdKhIJRtNZDY1AblCtu1V2IrIOXQwVyNQflr/4wZmnEFTJJjel5boJ+RjUKJvms1E8NTyib0BHvWVQ04sbPFqvOyIV1hiSMtX0KycL9PZHRyJhpFNjOiOLYrNbm5n+1XorhjZ8JlaTIFVt+FKaSYEzmd5Oh0JyhnFqgTAu7K2FjqilDm07JhuCtnrwO7VrVs3x/Vanf5nEU4QzO4RI8uIY6NKAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/JHz+QPBn41p</latexit>

S2
<latexit sha1_base64="1ligS1oVuLU/51ErvptteUMpJvg=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4xyCOBlcwOvTBhdnYzM2tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1FipXn+s9Iolt+zOQVaJl5ESZKj1il/dfszSCKVhgmrd8dzE+BOqDGcCp4VuqjGhbEQH2LFU0gi1P5mfOiVnVumTMFa2pCFz9ffEhEZaj6PAdkbUDPWyNxP/8zqpCa/9CZdJalCyxaIwFcTEZPY36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5JmpexdlCv3l6XqTRZHHk7gFM7Bgyuowh3UoAEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8A1JCNfw==</latexit>

NS5
<latexit sha1_base64="KYGvc8ZpQv00wa4YaWIC/k53x/I=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd2o6DHoxZNEYh6QLGF20psMmZ1dZmaFEPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777aysrq1vbOa28ts7u3v7hYPDho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGt1O/+YRK81g+mlGCfkT7koecUWOl2n3tslsouiV3BrJMvIwUIUO1W/jq9GKWRigNE1Trtucmxh9TZTgTOMl3Uo0JZUPax7alkkao/fHs1Ak5tUqPhLGyJQ2Zqb8nxjTSehQFtjOiZqAXvan4n9dOTXjtj7lMUoOSzReFqSAmJtO/SY8rZEaMLKFMcXsrYQOqKDM2nbwNwVt8eZk0yiXvvFR+uChWbrI4cnAMJ3AGHlxBBe6gCnVg0IdneIU3RzgvzrvzMW9dcbKZI/gD5/MHwMeNcg==</latexit>

[Martinec, SM, Turton, 1906.11473]
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D-branes in supertubes are described by (twisted) conjugacy classes in
SL(2,R)× SU(2)× Rt × Sy, smeared along the gauge orbits in order to
obtain boundary states that can be projected to the coset

D = CG · CH , CG = Tr{hfGΩ(h−1), h ∈ G}

dS2<latexit sha1_base64="P9laRwua6fjIOOxYGDYICWt0KtA=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuCozRai4KrhxWdFeoB1KJpNpQ5PMkGSEMvQV3LhQxK0v5M63MdPOQlt/CHz85xxyzh8knGnjut9OaWNza3unvFvZ2z84PKoen3R1nCpCOyTmseoHWFPOJO0YZjjtJ4piEXDaC6a3eb33RJVmsXw0s4T6Ao8lixjBJrfCh1FjVK25dXchtA5eATUo1B5Vv4ZhTFJBpSEcaz3w3MT4GVaGEU7nlWGqaYLJFI/pwKLEgmo/W+w6RxfWCVEUK/ukQQv390SGhdYzEdhOgc1Er9Zy87/aIDXRtZ8xmaSGSrL8KEo5MjHKD0chU5QYPrOAiWJ2V0QmWGFibDwVG4K3evI6dBt1z/L9Va11U8RRhjM4h0vwoAktuIM2dIDABJ7hFd4c4bw4787HsrXkFDOn8EfO5w+QFI3i</latexit><latexit sha1_base64="P9laRwua6fjIOOxYGDYICWt0KtA=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuCozRai4KrhxWdFeoB1KJpNpQ5PMkGSEMvQV3LhQxK0v5M63MdPOQlt/CHz85xxyzh8knGnjut9OaWNza3unvFvZ2z84PKoen3R1nCpCOyTmseoHWFPOJO0YZjjtJ4piEXDaC6a3eb33RJVmsXw0s4T6Ao8lixjBJrfCh1FjVK25dXchtA5eATUo1B5Vv4ZhTFJBpSEcaz3w3MT4GVaGEU7nlWGqaYLJFI/pwKLEgmo/W+w6RxfWCVEUK/ukQQv390SGhdYzEdhOgc1Er9Zy87/aIDXRtZ8xmaSGSrL8KEo5MjHKD0chU5QYPrOAiWJ2V0QmWGFibDwVG4K3evI6dBt1z/L9Va11U8RRhjM4h0vwoAktuIM2dIDABJ7hFd4c4bw4787HsrXkFDOn8EfO5w+QFI3i</latexit><latexit sha1_base64="P9laRwua6fjIOOxYGDYICWt0KtA=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuCozRai4KrhxWdFeoB1KJpNpQ5PMkGSEMvQV3LhQxK0v5M63MdPOQlt/CHz85xxyzh8knGnjut9OaWNza3unvFvZ2z84PKoen3R1nCpCOyTmseoHWFPOJO0YZjjtJ4piEXDaC6a3eb33RJVmsXw0s4T6Ao8lixjBJrfCh1FjVK25dXchtA5eATUo1B5Vv4ZhTFJBpSEcaz3w3MT4GVaGEU7nlWGqaYLJFI/pwKLEgmo/W+w6RxfWCVEUK/ukQQv390SGhdYzEdhOgc1Er9Zy87/aIDXRtZ8xmaSGSrL8KEo5MjHKD0chU5QYPrOAiWJ2V0QmWGFibDwVG4K3evI6dBt1z/L9Va11U8RRhjM4h0vwoAktuIM2dIDABJ7hFd4c4bw4787HsrXkFDOn8EfO5w+QFI3i</latexit><latexit sha1_base64="P9laRwua6fjIOOxYGDYICWt0KtA=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuCozRai4KrhxWdFeoB1KJpNpQ5PMkGSEMvQV3LhQxK0v5M63MdPOQlt/CHz85xxyzh8knGnjut9OaWNza3unvFvZ2z84PKoen3R1nCpCOyTmseoHWFPOJO0YZjjtJ4piEXDaC6a3eb33RJVmsXw0s4T6Ao8lixjBJrfCh1FjVK25dXchtA5eATUo1B5Vv4ZhTFJBpSEcaz3w3MT4GVaGEU7nlWGqaYLJFI/pwKLEgmo/W+w6RxfWCVEUK/ukQQv390SGhdYzEdhOgc1Er9Zy87/aIDXRtZ8xmaSGSrL8KEo5MjHKD0chU5QYPrOAiWJ2V0QmWGFibDwVG4K3evI6dBt1z/L9Va11U8RRhjM4h0vwoAktuIM2dIDABJ7hFd4c4bw4787HsrXkFDOn8EfO5w+QFI3i</latexit>

H2<latexit sha1_base64="kh/BSTL26KVn7Td902Vijf4wPzQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIiieCl56rGg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLG5tb1T3C3t7R8cHpWPT9omTjXjLRbLWHcDargUirdQoOTdRHMaBZJ3gsndvN554tqIWD3iNOF+REdKhIJRtNZDY1AblCtu1V2IrIOXQwVyNQflr/4wZmnEFTJJjel5boJ+RjUKJvms1E8NTyib0BHvWVQ04sbPFqvOyIV1hiSMtX0KycL9PZHRyJhpFNjOiOLYrNbm5n+1XorhjZ8JlaTIFVt+FKaSYEzmd5Oh0JyhnFqgTAu7K2FjqilDm07JhuCtnrwO7VrVs3x/Vanf5nEU4QzO4RI8uIY6NKAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/JHz+QPBn41p</latexit><latexit sha1_base64="kh/BSTL26KVn7Td902Vijf4wPzQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIiieCl56rGg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLG5tb1T3C3t7R8cHpWPT9omTjXjLRbLWHcDargUirdQoOTdRHMaBZJ3gsndvN554tqIWD3iNOF+REdKhIJRtNZDY1AblCtu1V2IrIOXQwVyNQflr/4wZmnEFTJJjel5boJ+RjUKJvms1E8NTyib0BHvWVQ04sbPFqvOyIV1hiSMtX0KycL9PZHRyJhpFNjOiOLYrNbm5n+1XorhjZ8JlaTIFVt+FKaSYEzmd5Oh0JyhnFqgTAu7K2FjqilDm07JhuCtnrwO7VrVs3x/Vanf5nEU4QzO4RI8uIY6NKAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/JHz+QPBn41p</latexit><latexit sha1_base64="kh/BSTL26KVn7Td902Vijf4wPzQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIiieCl56rGg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLG5tb1T3C3t7R8cHpWPT9omTjXjLRbLWHcDargUirdQoOTdRHMaBZJ3gsndvN554tqIWD3iNOF+REdKhIJRtNZDY1AblCtu1V2IrIOXQwVyNQflr/4wZmnEFTJJjel5boJ+RjUKJvms1E8NTyib0BHvWVQ04sbPFqvOyIV1hiSMtX0KycL9PZHRyJhpFNjOiOLYrNbm5n+1XorhjZ8JlaTIFVt+FKaSYEzmd5Oh0JyhnFqgTAu7K2FjqilDm07JhuCtnrwO7VrVs3x/Vanf5nEU4QzO4RI8uIY6NKAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/JHz+QPBn41p</latexit><latexit sha1_base64="kh/BSTL26KVn7Td902Vijf4wPzQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIiieCl56rGg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLG5tb1T3C3t7R8cHpWPT9omTjXjLRbLWHcDargUirdQoOTdRHMaBZJ3gsndvN554tqIWD3iNOF+REdKhIJRtNZDY1AblCtu1V2IrIOXQwVyNQflr/4wZmnEFTJJjel5boJ+RjUKJvms1E8NTyib0BHvWVQ04sbPFqvOyIV1hiSMtX0KycL9PZHRyJhpFNjOiOLYrNbm5n+1XorhjZ8JlaTIFVt+FKaSYEzmd5Oh0JyhnFqgTAu7K2FjqilDm07JhuCtnrwO7VrVs3x/Vanf5nEU4QzO4RI8uIY6NKAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/JHz+QPBn41p</latexit>

S2
<latexit sha1_base64="1ligS1oVuLU/51ErvptteUMpJvg=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4xyCOBlcwOvTBhdnYzM2tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1FipXn+s9Iolt+zOQVaJl5ESZKj1il/dfszSCKVhgmrd8dzE+BOqDGcCp4VuqjGhbEQH2LFU0gi1P5mfOiVnVumTMFa2pCFz9ffEhEZaj6PAdkbUDPWyNxP/8zqpCa/9CZdJalCyxaIwFcTEZPY36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5JmpexdlCv3l6XqTRZHHk7gFM7Bgyuowh3UoAEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8A1JCNfw==</latexit>

NS5
<latexit sha1_base64="KYGvc8ZpQv00wa4YaWIC/k53x/I=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd2o6DHoxZNEYh6QLGF20psMmZ1dZmaFEPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777aysrq1vbOa28ts7u3v7hYPDho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGt1O/+YRK81g+mlGCfkT7koecUWOl2n3tslsouiV3BrJMvIwUIUO1W/jq9GKWRigNE1Trtucmxh9TZTgTOMl3Uo0JZUPax7alkkao/fHs1Ak5tUqPhLGyJQ2Zqb8nxjTSehQFtjOiZqAXvan4n9dOTXjtj7lMUoOSzReFqSAmJtO/SY8rZEaMLKFMcXsrYQOqKDM2nbwNwVt8eZk0yiXvvFR+uChWbrI4cnAMJ3AGHlxBBe6gCnVg0IdneIU3RzgvzrvzMW9dcbKZI/gD5/MHwMeNcg==</latexit>

[Martinec, SM, Turton, 1906.11473]
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Linerarized deformations

Representation theory and the BRST cohomology dictate the form of
vertex operators that represent geometrical deformations of the
supertube.

V = P (∂t, ∂y, jsu, jsl, ψ)Φsljsl,mslm̄sl
Ψsu
jsu,msum̄su

einy(t+y)Ry

• For circular array of NS5 branes: 4(N5 − 1) marginal deformations

NS5

W-brane

Coulomb branch Higgs branch

• For supertube we describe general profile for the strands

involving source profile functions F(m)(ṽ), m = 1, 2, . . . , n5, that describe the locations of the

fivebranes in their transverse space (overdots denote derivatives with respect to ṽ). These

geometries extend into a linear dilaton fivebrane throat region upon adding a constant to

the F1 harmonic function K (and to asymptotically flat spacetime by in addition adding a

constant to the NS5 harmonic function H).

It is convenient to introduce the null coordinates

v̂ = ⌧ + � , û = ⌧ � � (2.5)

(note that we distinguish the spacetime coordinate v̂ from the variable ṽ which parametrizes

the source profile). The above NS5-F1 solutions are T-dual to corresponding NS5-P solutions

ds2 = �dû dv̂ + K dv̂2 + 2 Ai dxi dv̂ + H dx·dx + ds2
M

Hvij = ✏ijkl @
kAl , Hijk = ✏ijkl@

lH , e2� = H
(2.6)

which, because the harmonic functions (2.4) have been smeared over ṽ, are straightforwardly

obtained by using the standard Buscher transformation [24]. In the NS5-P duality frame, one

has a direct geometric interpretation of the profile function F(ṽ) – it is the expectation value of

the four scalars in the fivebrane worldvolume theory describing its gyrations in the transverse

R4 parametrized by x. We choose twisted boundary conditions for the source profile functions,

F(m)(ṽ + 2⇡) = F(m+1)(ṽ) (2.7)

that bind all the fivebranes together. We can then bundle all the fivebrane profile functions

together into a single profile FI(ṽ) that extends over the range [0, 2⇡n5). An example profile

is depicted in figure 1.

Figure 1: Typical source profile F(ṽ), with successive windings color coded with evolving hue around

the color wheel to indicate connectivity.

In the above expressions, we have ignored four additional polarizations of fivebrane ex-

citation that correspond to internal modes on the fivebranes; in type IIB, these are the four

polarizations of the fivebrane gauge field Aµ(ṽ), while in type IIA they are the excitations of

the self-dual antisymmetric tensor Aµ⌫(ṽ) and associated scalar A(ṽ) (which characterizes the

location of the fivebrane along the M-theory circle). Note that these internal excitations are

RR fields – for instance, D-branes that end on NS5-branes source the fivebrane gauge field.

– 5 –
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Singular limits

Some perturbations are known at non-linear level. Example: elliptical
supertube

We can probe singular limits in the phase space when two NS5 strands
coincide. Perturbation theory breaks down and the non-abelian dynamics
is dominated by light D-brane states. Such strong coupling limits are
presumably associated to the formation of the typical microstates.

✓
SL(2, R)

U(1)
⇥ SU(2)

U(1)

◆�
Zn5

! R� ⇥
✓

U(1) ⇥ SU(2)

U(1)

◆�
Zn5

SU(2)
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Recap

• Non-perturbative stringy effects reveal rich structure of two and
three-charge supertubes.

• Singular limits in the phase space of microstate geometries are
associated to Coulomb/Higgs transitions: dynamics dominated by
condensation of light D-branes.

• Coherent quantum structure over horizon scale?
• Much to do: study of correlators and matching with dual CFT,

counting of perturbative stringy supertubes, RR fluxes ...

Thank you!
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