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Why disk amplitudes? 

First quantum correction to sphere level

Higher derivative corrections to DBI action? 

! e! ! ! 10! 10R4
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E.g. leads to correction 
to 4D EH-term

[Antoniadis, Ferrara, 
Minasian, Narain (1997)]

[Green, Rudra (2016)]

Heterotic / Type I duality seems to predict such a term



Origin: Disk and/or projective plane

Direct check requires 5-point graviton amplitude!

Alternatively: Check for EH-term correction from 
disk / projective plane in type I on Calabi-Yau Y3
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How can disk / projective plane amplitude of gravitons
depend on Euler number      of Calabi-Yau     ?  Y3
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Pure spinor formalism
[Berkovits (2000)]

Manifestly super-Poincare covariant

Equivalence to RNS formalism shown in many 
examples (mainly amplitudes of massless states; 
for examples with massive states cf.                
                                                                            )

Loop amplitudes calculable via non-minimal formulation

[Chakrabarti, Kashyap, Verma (2018)]



Can lead to simpliÞed calculations of amplitudes

Complete quartic effective action of type II 
at tree level [Policastro, Tsimpis (2006)]

Arbitrary   -point amplitude of massless open 
strings on the disk [Mafra, Schlotterer, Stieberger (2011)]

Closed string 4-point 3-loop amplitude in type II
at low energy [Gomez, Mafra (2013)]

n
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CFT

Type IIB-action for 10D ßat space-time:

S =
1
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!
d2z

"
1
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!
+ w! "$ ! + w! " $

!
#
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<latexit sha1_base64="gT6PXzqxJFOMleIq1TPjSNYNJ8E=">AAACB3icdVBNSwMxFMz6bf2qehQkWIR6KYlU2x4E0YtHBdsKbS1vs2kNJrtLkhXK0psX/4oXD4p49S9489+YtRVUdCAwzMzj5Y0fS2EsIe/exOTU9Mzs3HxuYXFpeSW/utYwUaIZr7NIRvrCB8OlCHndCiv5Raw5KF/ypn99nPnNG66NiMJzO4h5R0E/FD3BwDqpm98stqVLB4DbfVAKLhUeCzv4AJNuvkBKhBBKKc4IrewTR2q16i6tYppZDgU0xmk3/9YOIpYoHlomwZgWJbHtpKCtYJIPc+3E8BjYNfR5y9EQFDed9POOId52SoB7kXYvtPhT/T6RgjJmoHyXVGCvzG8vE//yWontVTupCOPE8pCNFvUSiW2Es1JwIDRnVg4cAaaF+ytmV6CBWVddzpXwdSn+nzR2S7Rc2jsrFw6PxnXMoQ20hYqIogo6RCfoFNURQ7foHj2iJ+/Oe/CevZdRdMIbz6yjH/BePwC+1Jf3</latexit>

i.e.     pure spinor !
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commuting

h(! ! ) = h(" ! ) = 0 , h(p! ) = h(w! ) = 1
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Supersymmetric Þelds (relevant for vertex operators):

! m = ! X m + 1
2 ("# m !" ) ,
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d! = p! ! 1
2

!
! X m + 1
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"

(#m " )!
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OPEs (needed to perform contractions):

X m (z,z)X n (w, w) = ! ! mn ln |z ! w|2
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Nilpotent BRST operator:

Q =

!
dz
2! i

" ! (z)d! (z)
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Cohomology of     coincides with superstring 
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[Berkovits (2000)]



Massless vertex operators
Open string

Unintegrated

Integrated
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⇥
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↵(X, ✓) + 1
2N

mnFmn(X, ✓)
⇤
(z)
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QV (1) = @V (0)

<latexit sha1_base64="3neVxjWvkEXe2zzlinCcefhanhU=">AAACA3icdVBNS0JBFJ1nX2ZfVrvaDEmgG5kRS10EUpuWCqmBvmTeOE8H530wMy+Qh9Cmv9KmRRFt+xPt+jfNU4OKOnDhcM69M/ceJxRcaYQ+rNTS8srqWno9s7G5tb2T3d1rqyCSlLVoIAJ57RDFBPdZS3Mt2HUoGfEcwTrO+CLxO7dMKh74V3oSMtsjQ5+7nBJtpH72oNm+ifO4MD3rhURqTgRMBFSYZvrZHCoihDDGMCG4cooMqdWqJVyFOLEMcmCBRj/73hsENPKYr6kgSnUxCrUdJ89SwaaZXqRYSOiYDFnXUJ94TNnx7IYpPDbKALqBNOVrOFO/T8TEU2riOabTI3qkfnuJ+JfXjbRbtWPuh5FmPp1/5EYC6gAmgcABl4xqMTGEUMnNrpCOiCRUm9iSEL4uhf+TdqmIy8WTZjlXP1/EkQaH4AjkAQYVUAeXoAFagII78ACewLN1bz1aL9brvDVlLWb2wQ9Yb5+u3JZJ</latexit>

,

<latexit sha1_base64="zebWWXBn7BrznJ0pUzBPj8kpi5o=">AAAB6XicdVBNS0JBFL3Pvsy+rJZthiRoETIjlrqT2rS0yA/Qh8wb5+ngvA9m5gUi/oM2LYpo2z9q179pnhpU1IELh3Pu5d57vFgKbTD+cDIrq2vrG9nN3Nb2zu5efv+gpaNEMd5kkYxUx6OaSxHyphFG8k6sOA08ydve+Cr12/dcaRGFd2YSczegw1D4glFjpduzXD9fwEWMMSEEpYRULrAltVq1RKqIpJZFAZZo9PPvvUHEkoCHhkmqdZfg2LhTqoxgks9yvUTzmLIxHfKupSENuHan80tn6MQqA+RHylZo0Fz9PjGlgdaTwLOdATUj/dtLxb+8bmL8qjsVYZwYHrLFIj+RyEQofRsNhOLMyIkllClhb0VsRBVlxoaThvD1KfqftEpFUi6e35QL9ctlHFk4gmM4BQIVqMM1NKAJDHx4gCd4dsbOo/PivC5aM85y5hB+wHn7BPbPjQI=</latexit>

(cf. RNS)

1
2 (w�

mn�)

<latexit sha1_base64="PhdEh2QkdhBCuUOA49qL94fq6No="></latexit>



A↵(X, ✓) = eik·X
⇢
⇠m
2
(�m✓)↵ �

1

16
(�p✓)↵(✓�

mnp✓)ik[m⇠n] +O(✓5)

�

<latexit sha1_base64="N9Wpq/tciCvcnTdrfUYojSYTaX8="></latexit>

Am(X, ✓) = eik·X
⇢
⇠m �

1

4
ikp(✓�

pq
m ✓)⇠q +O(✓4)

�

<latexit sha1_base64="8XNjbvrBie8EKXmDlAVvu+4zKz4="></latexit>

W↵(X, ✓) = eik·X
⇢
�
1

2
ik[m⇠n](�

mn✓)↵ +O(✓3)

�

<latexit sha1_base64="qWQNXudEIkjpitHWQ2gImtCjTug="></latexit>

Fmn(X, ✓) = eik·X
⇢
2ik[m⇠n] �

1

2
ik[p⇠q]ik[m(✓� pq

n] ✓) +O(✓4)

�

<latexit sha1_base64="LclfXet7IOjHAsTfAunZ/JEs6zs="></latexit>

E.g.: Gauge Þeld with polarisation      :⇠m

<latexit sha1_base64="tihiTVpTyuY/7lM4ZqoonxvsE8k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoseAHjxGMA9IljA7mU3GzGOZmRVDyD948aCIV//Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0nfmtR6oNU/LejhMaCjyQLGYEWyc1u0+sJ0q9csWv+jOgZRLkpAI56r3yV7evSCqotIRjYzqBn9hwgrVlhNNpqZsammAywgPacVRiQU04mV07RSdO6aNYaVfSopn6e2KChTFjEblOge3QLHqZ+J/XSW18FU6YTFJLJZkvilOOrELZ66jPNCWWjx3BRDN3KyJDrDGxLqAshGDx5WXSPKsG59WLu/NK7SaPowhHcAynEMAl1OAW6tAAAg/wDK/w5invxXv3PuatBS+fOYQ/8D5/ABctjtM=</latexit>



Closed string (                     , i.e. NS-NS-Þelds)Gmn, Bmn,�

<latexit sha1_base64="rOokvvuF9cQ04GmPVBfG2bo+huE=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgQkoiFV0WFXRZwT6gDWEynbRDJ5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXA5R7OuZe5c4KEM6Ud59taWFxaXlktrBXXNza3tu2d3YaKU0loncQ8lq0AK8qZoHXNNKetRFIcBZw2g8HV2G8+UKlYLO71MKFehHuChYxgbSTf3r/xs0iMTtBl3ju1PvPtklN2JkDzxM1JCXLUfPur041JGlGhCcdKtV0n0V6GpWaE01GxkyqaYDLAPdo2VOCIKi+bXD9CR0bpojCWpoRGE/X3RoYjpYZRYCYjrPtq1huL/3ntVIcXXsZEkmoqyPShMOVIx2gcBeoySYnmQ0MwkczcikgfS0y0CaxoQnBnvzxPGqdlt1I+u6uUqtd5HAU4gEM4BhfOoQq3UIM6EHiEZ3iFN+vJerHerY/p6IKV7+zBH1ifP02YlH8=</latexit>

V (a,b)(z, z) = V (a)(z)⌦ V (b)(z) , a, b 2 {0, 1}

<latexit sha1_base64="KmIPkmX/KsTLgDuIpPX/DkghqiA="></latexit>

✏mn = ⇠m ⌦ ⇠n

<latexit sha1_base64="LMZUgD5AUdnnRURc9BllytMVxsY="></latexit>

contains factor V (a,b)

<latexit sha1_base64="NYDsi9DeEOXVCWAeMbxzHT2x2uM=">AAAB8HicdVDLSgMxFM34rPVVdekmWIQKUpJSbbsrunFZwT6kHUsmzbShycyQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733eJHg2iD04Swtr6yurWc2sptb2zu7ub39lg5jRVmThiJUHY9oJnjAmoYbwTqRYkR6grW98WXqt++Z0jwMbswkYq4kw4D7nBJjpdvWXVIgp97JtJ/LoyJCCGMMU4Ir58iSWq1awlWIU8siDxZo9HPvvUFIY8kCQwXRuotRZNyEKMOpYNNsL9YsInRMhqxraUAk024yO3gKj60ygH6obAUGztTvEwmRWk+kZzslMSP920vFv7xubPyqm/Agig0L6HyRHwtoQph+DwdcMWrExBJCFbe3QjoiilBjM8raEL4+hf+TVqmIy8Wz63K+frGIIwMOwREoAAwqoA6uQAM0AQUSPIAn8Owo59F5cV7nrUvOYuYA/IDz9gkhKo/+</latexit>

eik·X(z)eik·X(z̄) = eik·[X(z)+X(z̄)] = eik·X(z,z̄)

<latexit sha1_base64="RgkO5nZNTapaBfohL6Bz9PD9RZA="></latexit>



Tree level correlators
After Þxing conformal Killing group:

Aclosed
S2 (1, 2, . . . , n) =

*
V (0,0)
1 (z1, z1)

n�2Y

i=2

Z
d2ziV

(1,1)
i (zi, zi)V

(0,0)
n�1 (zn�1, zn�1)V

(0,0)
n (zn, zn)

+

<latexit sha1_base64="IMeNtOBzSEoM+AGJx//3t6WFylk="></latexit>

Aopen
D2

(1, 2, . . . , n) =

*
V (0)
1 (z1)

n�2Y

i=2

Z zn�1

zi�1

dziV
(1)
i (zi)V

(0)
n�1(zn�1)V

(0)
n (zn)

+

<latexit sha1_base64="HYQZ3c+PJbBYby1bEJnp6FHkWkI="></latexit>

take this
as example

Integrate out non-zero modes via Wick's theorem, using

hXm(z)Xn(w)i = �⌘mn ln(z � w)

<latexit sha1_base64="TszZlKHskjeo2durPrPP9sxZzOU="></latexit>

hp↵(z)✓�(w)i =
� �
↵

z � w

<latexit sha1_base64="5qYo8s1jqYibRaHVSkg8NuJoRdc="></latexit>

hw↵(z)�
�(w)i = � � �

↵

z � w

<latexit sha1_base64="81cJm5VnaGjdFl5La/qn/DluxZc="></latexit>

,

<latexit sha1_base64="+7iRWxQrzAUrRAfpo0u2uFmKMv8=">AAAB6HicdVBNS0JBFL2vT7Mvq2WbIQlahMyIpe6kNi0V8gP0IfPGeTo574OZeYGIv6BNiyLa9pPa9W+apwYVdeDC4Zx7ufceL5ZCG4w/nJXVtfWNzcxWdntnd28/d3DY0lGiGG+ySEaq41HNpQh50wgjeSdWnAae5G1vfJ367XuutIjCWzOJuRvQYSh8waixUuO8n8vjAsaYEIJSQsqX2JJqtVIkFURSyyIPS9T7uffeIGJJwEPDJNW6S3Bs3ClVRjDJZ9leonlM2ZgOedfSkAZcu9P5oTN0apUB8iNlKzRorn6fmNJA60ng2c6AmpH+7aXiX143MX7FnYowTgwP2WKRn0hkIpR+jQZCcWbkxBLKlLC3IjaiijJjs8naEL4+Rf+TVrFASoWLRilfu1rGkYFjOIEzIFCGGtxAHZrAgMMDPMGzc+c8Oi/O66J1xVnOHMEPOG+fwpeM7g==</latexit>



Tree level: only           Þelds                   have zero
modes

h = 0

<latexit sha1_base64="E2vhffT4SWv8PlWDCbw02bq26RM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ0IPHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00sPw2u2VK27VnYEsEy8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5JNSNzU8oWxEB7xjqaIRN342O3VCTqzSJ2GsbSkkM/X3REYjY8ZRYDsjikOz6E3F/7xOiuGVnwmVpMgVmy8KU0kwJtO/SV9ozlCOLaFMC3srYUOqKUObTsmG4C2+vEyaZ1XvvHpxf16p3eZxFOEIjuEUPLiEGtxBHRrAYADP8ApvjnRenHfnY95acPKZQ/gD5/MHwUWNdw==</latexit>

Xm, ✓↵,�↵

<latexit sha1_base64="k0TLIlqdiHIrhDPuVwcNaNVT3mU=">AAACC3icbVDLSgMxFM3UV62vUZduQovgQsqMVHRZ0IXLCvYB7bTcSdM2NPMguSOU0r0bf8WNC0Xc+gPu/BvTdgRtPRA495x7k9zjx1JodJwvK7Oyura+kd3MbW3v7O7Z+wc1HSWK8SqLZKQaPmguRcirKFDyRqw4BL7kdX94NfXr91xpEYV3OIq5F0A/FD3BAI3UsfONdnBKWzjgCO0WyHgAppTmgu5P3bELTtGZgS4TNyUFkqLSsT9b3YglAQ+RSdC66ToxemNQKJjkk1wr0TwGNoQ+bxoaQsC1N57tMqHHRunSXqTMCZHO1N8TYwi0HgW+6QwAB3rRm4r/ec0Ee5feWIRxgjxk84d6iaQY0WkwtCsUZyhHhgBTwvyVsgEoYGjiy5kQ3MWVl0ntrOiWiue3pUL5Oo0jS45InpwQl1yQMrkhFVIljDyQJ/JCXq1H69l6s97nrRkrnTkkf2B9fAMMaZpz</latexit>

=)

<latexit sha1_base64="iSQHzoCd97Bx5MguHtCaJDGFDMU=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFOFC0DWlhYRDAfkBxhb7N3WbK3e+zOKTHkl9hYKGLrT7Hz37hJrtDEBwOP92aYmRemghvwvG+nsLK6tr5R3Cxtbe/slt29/aZRmaasQZVQuh0SwwSXrAEcBGunmpEkFKwVDq+mfuuBacOVvIdRyoKExJJHnBKwUs8td2+VjDWPB0C0Vo89t+JVvRnwMvFzUkE56j33q9tXNEuYBCqIMR3fSyEYEw2cCjYpdTPDUkKHJGYdSyVJmAnGs8Mn+NgqfRwpbUsCnqm/J8YkMWaUhLYzITAwi95U/M/rZBBdBmMu0wyYpPNFUSYwKDxNAfe5ZhTEyBJCNbe3YjogmlCwWZVsCP7iy8ukeVr1z6rnd2eV2nUeRxEdoiN0gnx0gWroBtVRA1GUoWf0it6cJ+fFeXc+5q0FJ585QH/gfP4AQ0qTgA==</latexit>

All           Þelds                              have to be 
integrated out via Wick's theorem

h = 1

<latexit sha1_base64="orCNlUX86CsBz/8OMYpz+ajOUg8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ0IPHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWehhee71yxa26M5Bl4uWkAjnqvfJXtx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZqRNyYpU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjlZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C2+vEyaZ1XvvHpxf16p3eZxFOEIjuEUPLiEGtxBHRrAYADP8ApvjnBenHfnY95acPKZQ/gD5/MHwsmNeA==</latexit>

@✓↵,⇧m, d↵, N
mn

<latexit sha1_base64="i4XZu17QyNOA5hDGZG4FBvFXFLQ=">AAACGHicbVDLSgNBEJyNrxhfUY9eBoPgIcRdUfQo6MGTRDAqZJPQO5kkQ2Zml5leISz5DC/+ihcPinjNzb9xEiP4Kmgoqrrp7ooSKSz6/ruXm5mdm1/ILxaWlldW14rrG9c2Tg3jNRbL2NxGYLkUmtdQoOS3ieGgIslvov7p2L+548aKWF/hIOENBV0tOoIBOqlV3AsTMChA0hB7HKEZgkx6UKZhVTRVmbZbX8JFM1N62CqW/Io/Af1LgikpkSmqreIobMcsVVwjk2BtPfATbGTjpUzyYSFMLU+A9aHL645qUNw2ssljQ7rjlDbtxMaVRjpRv09koKwdqMh1KsCe/e2Nxf+8eoqd40YmdJIi1+xzUSeVFGM6Tom2heEM5cARYEa4WynrgQGGLsuCCyH4/fJfcr1fCQ4qh5cHpZOzaRx5skW2yS4JyBE5IeekSmqEkXvySJ7Ji/fgPXmv3ttna86bzmySH/BGH7D6n44=</latexit>

=)

<latexit sha1_base64="iSQHzoCd97Bx5MguHtCaJDGFDMU=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFOFC0DWlhYRDAfkBxhb7N3WbK3e+zOKTHkl9hYKGLrT7Hz37hJrtDEBwOP92aYmRemghvwvG+nsLK6tr5R3Cxtbe/slt29/aZRmaasQZVQuh0SwwSXrAEcBGunmpEkFKwVDq+mfuuBacOVvIdRyoKExJJHnBKwUs8td2+VjDWPB0C0Vo89t+JVvRnwMvFzUkE56j33q9tXNEuYBCqIMR3fSyEYEw2cCjYpdTPDUkKHJGYdSyVJmAnGs8Mn+NgqfRwpbUsCnqm/J8YkMWaUhLYzITAwi95U/M/rZBBdBmMu0wyYpPNFUSYwKDxNAfe5ZhTEyBJCNbe3YjogmlCwWZVsCP7iy8ukeVr1z6rnd2eV2nUeRxEdoiN0gnx0gWroBtVRA1GUoWf0it6cJ+fFeXc+5q0FJ585QH/gfP4AQ0qTgA==</latexit>

After Wick contractions and integrating out 
zero modes, one ends up with: 

Xm

<latexit sha1_base64="OPiVNROa3X6tzeiTch5otYaPvb8=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoseCHjxWtB/QriWbZtvQJLskWaEs/QlePCji1V/kzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9omjjVlDVoLGLdDolhgivWsNwK1k40IzIUrBWOrqd+64lpw2P1YMcJCyQZKB5xSqyT7tuPsleueFVvBrxM/JxUIEe9V/7q9mOaSqYsFcSYju8lNsiItpwKNil1U8MSQkdkwDqOKiKZCbLZqRN84pQ+jmLtSlk8U39PZEQaM5ah65TEDs2iNxX/8zqpja6CjKsktUzR+aIoFdjGePo37nPNqBVjRwjV3N2K6ZBoQq1Lp+RC8BdfXibNs6p/Xr24O6/UbvI4inAEx3AKPlxCDW6hDg2gMIBneIU3JNALekcf89YCymcO4Q/Q5w83jY3F</latexit>

*
V (0)
1 (z1)

n�2Y

i=2
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i (zi)V

(0)
n�1(zn�1)V

(0)
n (zn)

+
= �(⌃n

i=1ki)
⌦
�↵����f↵��(✓; zi)

↵
0

<latexit sha1_base64="bADKkzMy2X9ZnpILtrqPM/ClTf4="></latexit>

zero mode
integration
of Xm

<latexit sha1_base64="vaBXEy1hZGDORV6LLGAleF9OktE=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoicpePFY0X5Au5Zsmm1Dk+ySZIWy9Cd48aCIV3+RN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4upn6rSemDY/Vgx0nLJBkoHjEKbFOum8/yl654lW9GfAy8XNSgRz1Xvmr249pKpmyVBBjOr6X2CAj2nIq2KTUTQ1LCB2RAes4qohkJshmp07wiVP6OIq1K2XxTP09kRFpzFiGrlMSOzSL3lT8z+ukNroKMq6S1DJF54uiVGAb4+nfuM81o1aMHSFUc3crpkOiCbUunZILwV98eZk0z6r+efXi7rxSu87jKMIRHMMp+HAJNbiFOjSAwgCe4RXekEAv6B19zFsLKJ85hD9Anz81v42/</latexit>

zero mode
integration
of ✓↵,�↵

<latexit sha1_base64="v4aRjxAb/k6OHPL1rMUDZoU9BHw=">AAACBnicbVDLSgMxFM34rPU16lKEYBFcSJmRiq6k4MZlBfuAzljupGkbmnmQ3BFK6cqNv+LGhSJu/QZ3/o1pO4K2HgicnHMPyT1BIoVGx/myFhaXlldWc2v59Y3NrW17Z7em41QxXmWxjFUjAM2liHgVBUreSBSHMJC8HvSvxn79nist4ugWBwn3Q+hGoiMYoJFa9oGHPY5w54FMenBCPWmy7Z97yy44RWcCOk/cjBRIhkrL/vTaMUtDHiGToHXTdRL0h6BQMMlHeS/VPAHWhy5vGhpByLU/nKwxokdGadNOrMyJkE7U34khhFoPwsBMhoA9PeuNxf+8ZoqdC38ooiRFHrHpQ51UUozpuBPaFoozlANDgClh/kpZDxQwNM3lTQnu7MrzpHZadEvFs5tSoXyZ1ZEj++SQHBOXnJMyuSYVUiWMPJAn8kJerUfr2Xqz3qejC1aW2SN/YH18A/bVmMw=</latexit>



Zero mode prescription:

h(��m✓)(��n✓)(��p✓)(✓�mnp✓)i0 = 1

<latexit sha1_base64="2aNygE2EIpTF1wlhy4Rr865CMmg="></latexit>

{
unique element of    -cohomology
with 3 factors of 

Q

<latexit sha1_base64="rxm5dTzLiknGTFm+yA+j0do5weA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseCHjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2Vms1+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teNmuV+m0eRxFO4BTOwYMrqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AK5PjN8=</latexit>

�

<latexit sha1_base64="RMQhIX9nkWubeM4Hxu5gRgYb3UQ=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiSi6LKgC5cV7APaUG4mk3boZBJmJkIJ/Qg3LhRx6/e482+ctllo64GBwznnMveeIBVcG9f9dkpr6xubW+Xtys7u3v5B9fCorZNMUdaiiUhUN0DNBJesZbgRrJsqhnEgWCcY3878zhNTmify0UxS5sc4lDziFI2VOn1hoyEOqjW37s5BVolXkBoUaA6qX/0woVnMpKECte55bmr8HJXhVLBppZ9pliId45D1LJUYM+3n83Wn5MwqIYkSZZ80ZK7+nsgx1noSBzYZoxnpZW8m/uf1MhPd+DmXaWaYpIuPokwQk5DZ7STkilEjJpYgVdzuSugIFVJjG6rYErzlk1dJ+6LuXdavHi5rjbuijjKcwCmcgwfX0IB7aEILKIzhGV7hzUmdF+fd+VhES04xcwx/4Hz+AD/3j4c=</latexit>

Projects out coefÞcients of        -terms of

�↵����f↵��(✓; zi)

<latexit sha1_base64="8+lHl1DqtJk+uz/MHyLJuqY85hk="></latexit>

�3✓5

<latexit sha1_base64="w05aMQttkGiO4L4fOh4QGB6/CNw=">AAAB+3icdVDLSgMxFM3UV62vWpdugkVwVSa1te2u6MZlBfuAvsikmTY08yC5I5ahv+LGhSJu/RF3/o2ZtoKKHggczjmXe3OcUAoNtv1hpdbWNza30tuZnd29/YPsYa6lg0gx3mSBDFTHoZpL4fMmCJC8EypOPUfytjO9Svz2HVdaBP4tzELe9+jYF65gFIw0zOZ60oRHdHCOezDhQAflYTZvF2zbJoTghJDKhW1IrVYtkiomiWWQRys0htn33ihgkcd9YJJq3SV2CP2YKhBM8nmmF2keUjalY9411Kce1/14cfscnxplhN1AmecDXqjfJ2LqaT3zHJP0KEz0by8R//K6EbjVfiz8MALus+UiN5IYApwUgUdCcQZyZghlSphbMZtQRRmYujKmhK+f4v9Jq1ggpUL5ppSvX67qSKNjdILOEEEVVEfXqIGaiKF79ICe0LM1tx6tF+t1GU1Zq5kj9APW2ydrXZQQ</latexit>

Need to integrate overzi , i = 2, . . . , n� 2

<latexit sha1_base64="8ShG3v9xUSmklgfBVvchYQsdcdI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXNSSlIpuhIIuXFawD2hCmEwm7dDJJMxMhBrqxl9x40IRt/6FO//GaZuFth64cDjnXu69x08Ylcqyvo3C0vLK6lpxvbSxubW9Y+7utWWcCkxaOGax6PpIEkY5aSmqGOkmgqDIZ6TjD68mfueeCEljfqdGCXEj1Oc0pBgpLXnmwYNHHViBDqSXtYrDgljJCuSnNc8sW1VrCrhI7JyUQY6mZ345QYzTiHCFGZKyZ1uJcjMkFMWMjEtOKkmC8BD1SU9TjiIi3Wz6wRgeayWAYSx0cQWn6u+JDEVSjiJfd0ZIDeS8NxH/83qpCi/cjPIkVYTj2aIwZVDFcBIHDKggWLGRJggLqm+FeIAEwkqHVtIh2PMvL5J2rWrXq2e39XLjOo+jCA7BETgBNjgHDXADmqAFMHgEz+AVvBlPxovxbnzMWgtGPrMP/sD4/AEnl5TK</latexit>



Closed string disk amplitudes
[Bischof, M.H.]

Type IIB with Dp-brane along 

Earlier results on 3-pt fct of 1 closed and 2 open states
in type I [Alencar (2009); Alencar, Tahim, Landim, Costa Filho (2011)]

X1, . . . , Xp

<latexit sha1_base64="C81P0N0mM38bVt9E6pej3iR/P/Y=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBQymJVPRY0IPHCrYNtGnZbLbt0k027E4KJfSfePGgiFf/iTf/jds2B219MPB4b4aZeUEiuAbH+bYKG5tb2zvF3dLe/sHhkX180tIyVZQ1qRRSeQHRTPCYNYGDYF6iGIkCwdrB+G7utydMaS7jJ5gmzI/IMOYDTgkYqW/bXs+t4K4IJegK9npJ3y47VWcBvE7cnJRRjkbf/uqGkqYRi4EKonXHdRLwM6KAU8FmpW6qWULomAxZx9CYREz72eLyGb4wSogHUpmKAS/U3xMZibSeRoHpjAiM9Ko3F//zOikMbv2Mx0kKLKbLRYNUYJB4HgMOuWIUxNQQQhU3t2I6IopQMGGVTAju6svrpHVVdWvV68dauX6fx1FEZ+gcXSIX3aA6ekAN1EQUTdAzekVvVma9WO/Wx7K1YOUzp+gPrM8fyhqSfA==</latexit>

V (a,b)(z, z) = V (a)(z)V (b)(z)

<latexit sha1_base64="3D+moiEhBRhpKdU+vchkV9FV2J4="></latexit>

z 2 H+

<latexit sha1_base64="SlmsYXtlLUdwVKG6O91Yzn0l7Mg=">AAAB/HicdVDNSgMxGMzWv1r/Vnv0EiyCIJSkVNveil56rGBtoS0lm6ZtaDa7JFlhXeqrePGgiFcfxJtvY7atoKIDgWHm+/gm44WCa4PQh5NZWV1b38hu5ra2d3b33P2DGx1EirIWDUSgOh7RTHDJWoYbwTqhYsT3BGt708vUb98ypXkgr00csr5PxpKPOCXGSgM3fwd7XMKk5xMz8TzYGJzOBm4BFRFCGGOYElw5R5bUatUSrkKcWhYFsERz4L73hgGNfCYNFUTrLkah6SdEGU4Fm+V6kWYhoVMyZl1LJfGZ7ifz8DN4bJUhHAXKPmngXP2+kRBf69j37GSaUf/2UvEvrxuZUbWfcBlGhkm6ODSKBDQBTJuAQ64YNSK2hFDFbVZIJ0QRamxfOVvC10/h/+SmVMTl4tlVuVC/WNaRBYfgCJwADCqgDhqgCVqAghg8gCfw7Nw7j86L87oYzTjLnTz4AeftE9qqlEg=</latexit>

,

<latexit sha1_base64="+7iRWxQrzAUrRAfpo0u2uFmKMv8=">AAAB6HicdVBNS0JBFL2vT7Mvq2WbIQlahMyIpe6kNi0V8gP0IfPGeTo574OZeYGIv6BNiyLa9pPa9W+apwYVdeDC4Zx7ufceL5ZCG4w/nJXVtfWNzcxWdntnd28/d3DY0lGiGG+ySEaq41HNpQh50wgjeSdWnAae5G1vfJ367XuutIjCWzOJuRvQYSh8waixUuO8n8vjAsaYEIJSQsqX2JJqtVIkFURSyyIPS9T7uffeIGJJwEPDJNW6S3Bs3ClVRjDJZ9leonlM2ZgOedfSkAZcu9P5oTN0apUB8iNlKzRorn6fmNJA60ng2c6AmpH+7aXiX143MX7FnYowTgwP2WKRn0hkIpR+jQZCcWbkxBLKlLC3IjaiijJjs8naEL4+Rf+TVrFASoWLRilfu1rGkYFjOIEzIFCGGtxAHZrAgMMDPMGzc+c8Oi/O66J1xVnOHMEPOG+fwpeM7g==</latexit>

Employ doubling trick:

Dmn =

8
<

:

⌘mn m,n 2 {0, 1, . . . , p}
�⌘mn m,n 2 {p+ 1, . . . , 9}

0 otherwise

<latexit sha1_base64="/+NKQe3jeQ0hzquMYGgdVl7UVJ0="></latexit>

X
m
(z) = Dm

nX
n(z)

<latexit sha1_base64="8mTWkAgdGpXB6oAqSt/WDLth+Yc="></latexit>



Doubling trick for spinors

 
↵
(z) = M↵

� 
�(z) ,  ↵(z) = N �

↵  �(z)

<latexit sha1_base64="LHwB8MZwGeqlmoUXk39o0KHzI+U="></latexit>

[Garousi, Myers; Hashimoto, Klebanov; 
Gubser, Hashimoto, Klebanov, Maldacena
(1996)]

Relations between                                   allow rewriting:D,M,N

<latexit sha1_base64="6XvNZt05aJOvtHaVG4dYjwbFSfk=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7UtFjwR68KBXsB7RLyabZNjSbLElWKEt/hBcPinj193jz35i2e9DWBwOP92aYmRfEnGnjut9Obm19Y3Mrv13Y2d3bPygeHrW0TBShTSK5VJ0Aa8qZoE3DDKedWFEcBZy2g/HNzG8/UaWZFI9mElM/wkPBQkawsVK7XkZ3ZXTfL5bcijsHWiVeRkqQodEvfvUGkiQRFYZwrHXXc2Pjp1gZRjidFnqJpjEmYzykXUsFjqj20/m5U3RmlQEKpbIlDJqrvydSHGk9iQLbGWEz0sveTPzP6yYmvPZTJuLEUEEWi8KEIyPR7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SloXFa9auXyolmr1LI48nMApnIMHV1CDW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AFN3Y5B</latexit>

V
(1)

(z) =
⇣

!" ↵A↵[D·#, D·k](X, " ) + ⇧mAm[D·#, D·k](X, " )

<latexit sha1_base64="Jm68mLGKRHy2iRHdely/Qvrz/Bo="></latexit>

+d↵W
↵[D·⇠, D·k](X, ✓) +

1

2
NmnFmn[D·⇠, D·k](X, ✓)

⌘
(z)

<latexit sha1_base64="qHlx0G0jzP8bwMT8MVLb0IDDIgY="></latexit>

V
(0)

(z) =
⇣
�
↵
A↵[⇠, k](X, ✓)

⌘
(z) =

⇣
�↵A↵[D·⇠, D·k](X, ✓)

⌘
(z)

<latexit sha1_base64="heHFdVdO4/ZjlHVNJcSR7B71kEU="></latexit>

=)

<latexit sha1_base64="iSQHzoCd97Bx5MguHtCaJDGFDMU=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFOFC0DWlhYRDAfkBxhb7N3WbK3e+zOKTHkl9hYKGLrT7Hz37hJrtDEBwOP92aYmRemghvwvG+nsLK6tr5R3Cxtbe/slt29/aZRmaasQZVQuh0SwwSXrAEcBGunmpEkFKwVDq+mfuuBacOVvIdRyoKExJJHnBKwUs8td2+VjDWPB0C0Vo89t+JVvRnwMvFzUkE56j33q9tXNEuYBCqIMR3fSyEYEw2cCjYpdTPDUkKHJGYdSyVJmAnGs8Mn+NgqfRwpbUsCnqm/J8YkMWaUhLYzITAwi95U/M/rZBBdBmMu0wyYpPNFUSYwKDxNAfe5ZhTEyBJCNbe3YjogmlCwWZVsCP7iy8ukeVr1z6rnd2eV2nUeRxEdoiN0gnx0gWroBtVRA1GUoWf0it6cJ+fFeXc+5q0FJ585QH/gfP4AQ0qTgA==</latexit>

Can use same contractions as above, but 
allow both    andz

<latexit sha1_base64="Cf41DAog/uPf+84Ix2HWOb1gf0E=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI8BPXhMwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5sl4pVW+zOPJwAqdwDh5cQRXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+xzjQg=</latexit>

z̄

<latexit sha1_base64="aACRJwl8OD1rTFA/nOFdoTRN4pg=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoseCHjxWsB/QLiWbZtvYbLIkWaEu/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wj66nfemTacCXv7ThhQUwGkkecEuukZjckGj/1yhWv6s2Al4mfkwrkqPfKX92+omnMpKWCGNPxvcQGGdGWU8EmpW5qWELoiAxYx1FJYmaCbHbtBJ84pY8jpV1Ji2fq74mMxMaM49B1xsQOzaI3Ff/zOqmNroKMyyS1TNL5oigV2Co8fR33uWbUirEjhGrubsV0SDSh1gVUciH4iy8vk+ZZ1T+vXtydV2o3eRxFOIJjOAUfLqEGt1CHBlB4gGd4hTek0At6Rx/z1gLKZw7hD9DnDzr2jus=</latexit>

N = (MT )�1

<latexit sha1_base64="22zZT75WTqwyopc5KrqQw9TgSRM=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSLUgyWRil6Egh68KBX6BW1aNttNu3SzCbsbpYT+Dy8eFPHqf/Hmv3Hb5qCtDwYe780wM8+LOFPatr+tpeWV1bX1zEZ2c2t7Zze3t19XYSwJrZGQh7LpYUU5E7Smmea0GUmKA4/Thje8nviNRyoVC0VVjyLqBrgvmM8I1kbq3KMrVLjrVE86yakz7ubydtGeAi0SJyV5SFHp5r7avZDEARWacKxUy7Ej7SZYakY4HWfbsaIRJkPcpy1DBQ6ocpPp1WN0bJQe8kNpSmg0VX9PJDhQahR4pjPAeqDmvYn4n9eKtX/pJkxEsaaCzBb5MUc6RJMIUI9JSjQfGYKJZOZWRAZYYqJNUFkTgjP/8iKpnxWdUvH8oZQv36RxZOAQjqAADlxAGW6hAjUgIOEZXuHNerJerHfrY9a6ZKUzB/AH1ucP79CQ3w==</latexit>

(e.g.                   )



Conformal Killing group                  only allows to
Þx one and a half closed string vertex operators

PSL(2,R)

<latexit sha1_base64="4vCZjjB+MS41Kesoz0W7T3w9FsY=">AAAB+3icbVDLSgMxFL1TX7W+xrp0EyxCBSkzpaLLgi5cuKiPPqAdSiZN29DMgyQjlmF+xY0LRdz6I+78GzPtLLT1QOBwzr3ck+OGnEllWd9GbmV1bX0jv1nY2t7Z3TP3iy0ZRILQJgl4IDoulpQznzYVU5x2QkGx53LadieXqd9+pEKywH9Q05A6Hh75bMgIVlrqm8XG/U25eop6HlZj143vkpO+WbIq1gxomdgZKUGGRt/86g0CEnnUV4RjKbu2FSonxkIxwmlS6EWShphM8Ih2NfWxR6UTz7In6FgrAzQMhH6+QjP190aMPSmnnqsn04hy0UvF/7xupIYXTsz8MFLUJ/NDw4gjFaC0CDRgghLFp5pgIpjOisgYC0yUrqugS7AXv7xMWtWKXauc3dZK9ausjjwcwhGUwYZzqMM1NKAJBJ7gGV7hzUiMF+Pd+JiP5oxs5wD+wPj8ASAAkzs=</latexit>

=) Aclosed
D2

(1, . . . , n) =

<latexit sha1_base64="7kt9aQT77qre9+08q3XVSek2pwQ="></latexit>

following [Hoogeveen, Skenderis (2007)]

= 2ignc ⌧p

Z 1

0
dy

⌧
V (0)
1 (iy)V

(1)
1 (�iy)

n�1Y

j=2

Z

H+

d2zjV
(1,1)
j (zj , zj)V

(0)
n (i)V

(0)
n (�i)

�

<latexit sha1_base64="TaCwZFw63nToUVhWCWkEOXqPOlM="></latexit>

cf. also [Grassi, Tamassia (2004); Alencar, Tahim, Landim, Costa Filho (2011)]

D-brane 
tension



2-pt fct

Aclosed
D2

(1, 2) = 2ig2c⌧p

Z 1

0
dy

⌧
V (0)
1 (iy)V

(1)
1 (�iy)V (0)

2 (i)V
(0)
2 (�i)

�

<latexit sha1_base64="0Jh2K7UgnTpD47cGstEvc29CX28="></latexit>

= 2ig2c⌧p

Z 1

0
dy

⌧
(�A1[⇠1, k1])(iy)

✓
@✓↵A1↵[D·⇠1, D·k1] +⇧mA1m[D·⇠1, D·k1]

<latexit sha1_base64="2L53ryZEsxLXK4HBEsaao0muArI="></latexit>

+d↵W
↵
1 [D·⇠1, D·k1] +

1

2
NmnF1mn[D·⇠1, D·k1]

◆
(�iy)(�A2[⇠2, k2])(i)(�A2[D·⇠2, D·k2])(�i)

�

<latexit sha1_base64="ths+InZ6RfCn7RiqEJp/txQ5YMk="></latexit>

{
Koba-Nielsen factor

kinematic factors

⇠ g2c⌧p

Z 1

0
dy

✓
4y

(1 + y)2

◆k1·D·k1
✓
(1� y)2

(1 + y)2

◆k1·k2
✓
d1
2y

+
d2

1 + y
+

d3
1� y

◆

<latexit sha1_base64="mvQdiBPt7g5ij3iL256XlI0pJsg="></latexit>



E.g.

we applied zero mode prescription using Cadabra

Aclosed
D2

(1, 2) ⇠ g2c⌧p
�(�t/2)�(2q2)

�(1� t/2 + 2q2)

✓
2q2a1 +

t

2
a2

◆

<latexit sha1_base64="jYL4ZZY/qIouTQlswfnaHGDuHWc="></latexit>

1
2k1·D·k1

<latexit sha1_base64="zMcjWecGQDZcAYIn7zQ5uO0QdzI=">AAACBnicdZDLSgMxFIYz9VbrbdSlCMEiuCqTUm27K+jCZQV7gbaUTJppQzMXkjNCGQqCG1/FjQtF3PoM7nwbM20FFT0Q8vP/55Ccz42k0OA4H1ZmaXlldS27ntvY3NresXf3mjqMFeMNFspQtV2quRQBb4AAyduR4tR3JW+54/M0b91wpUUYXMMk4j2fDgPhCUbBWH37sAueoowUx32SdNkghOnF4jZO3847BcdxCCE4FaR85hhRrVaKpIJJGpnKo0XV+/Z7dxCy2OcBMEm17hAngl5CFQgm+TTXjTWPKBvTIe8YGVCf614yW2OKj40zwF6ozAkAz9zvEwn1tZ74run0KYz07yw1/8o6MXiVXiKCKAYesPlDXiwxhDhlggdCcQZyYgRlSpi/YjaiBgsYcjkD4WtT/L9oFgukVDi9KuVrtds5jiw6QEfoBBFURjV0ieqogRi6Qw/oCT1b99aj9WK9zlsz1gLhPvpR1tsnd5mZjg==</latexit>

�2k1 · k2

<latexit sha1_base64="JjONKq4K1XdYgCl6yrs1BWXIWKY=">AAAB+XicdZDLSgMxGIUz9VbrbdSlm2AR3FiSUm27K7hxWcFeoB2GTCbThmYuJJlCGQo+iBsXirj1Tdz5NmbaCip6IPBxzh/y53iJ4Eoj9GEV1tY3NreK26Wd3b39A/vwqKviVFLWobGIZd8jigkesY7mWrB+IhkJPcF63uQ6z3tTJhWPozs9S5gTklHEA06JNpZr2xdVOHExHFI/1oaqrl1GFYQQxhjmgOtXyECz2ajiBsR5ZFQGK7Vd+33oxzQNWaSpIEoNMEq0kxGpORVsXhqmiiWETsiIDQxGJGTKyRabz+GZcXwYxNKcSMOF+/1GRkKlZqFnJkOix+p3lpt/ZYNUBw0n41GSahbR5UNBKqCOYV4D9LlkVIuZAUIlN7tCOiaSUG3KKpkSvn4K/4dutYJrlcvbWrnVul/WUQQn4BScAwzqoAVuQBt0AAVT8ACewLOVWY/Wi/W6HC1YqwqPwQ9Zb5+VdJLD</latexit>

a1 = Tr(✏1·D)k1·✏2·k1 � k1·✏2·D✏1·k2 � k1·✏2·✏T1 ·D·k1

<latexit sha1_base64="er21AYBJYDiikY/EQpIqHDklZdM="></latexit>

�k1·✏T2 ·✏1·D·k1 � k1·✏2·✏T1 ·k2 + q2Tr(✏1·✏T2 ) + {1 $ 2}

<latexit sha1_base64="53Jnqbg/LSopKE1MPscsAsjofe0="></latexit>

a2 = Tr(✏1·D)(k2·D·✏2·D·k2 + k1·✏2·D·k2 + k2·D·✏2·k1)

<latexit sha1_base64="kmT+XrksfW0MUa2YXjfUYZnpG+M="></latexit>

+k1·D·✏1·D·✏2·D·k2 � k2·D·✏2·✏T1 ·D·k1 + q2Tr(✏1·D·✏2·D)

<latexit sha1_base64="8Tg1KiWJ7F+GscagsXbrgHwWpTc="></latexit>

�q2Tr(✏1·✏T2 )� (q2 � t
4 )Tr(✏1·D)Tr(✏2·D) + {1 $ 2}

<latexit sha1_base64="duw1i6M5iQ+b0PD3z/bhYP/m1J8="></latexit>

Same as
RNS

[Hashimoto, Klebanov;
Garousi, Myers (1996)]

[Peeters]

d1 =
⌦
i(�A1[⇠1, k1])k1·A1[D·⇠1, D·k1](�A2[⇠2, k2])(�A2[D·⇠2, D·k2])

<latexit sha1_base64="+L8O+R4vI97cQM8duuUQlzp/kJE="></latexit>

+A1m[⇠1, k1](��
mW1[D·⇠1, D·k1])(�A2[⇠2, k2])(�A2[D·⇠2, D·k2])

↵
0

<latexit sha1_base64="I7gVuzAlWVH784hxybUSa8G2Rpk="></latexit>



1-pt fct

Pure spinor: At most 2 factors of      (in          ) !?�↵

<latexit sha1_base64="wjq/Ws2glGDUI7rznzC+95AqLZA=">AAAB9XicbVDLSsNAFL2pr1pfVZdugkVwVRKp6LKgC5cV7AOatNxMJu3QySTMTJRS+h9uXCji1n9x5984bbPQ1gMDh3PO5d45QcqZ0o7zbRXW1jc2t4rbpZ3dvf2D8uFRSyWZJLRJEp7IToCKciZoUzPNaSeVFOOA03Ywupn57UcqFUvEgx6n1I9xIFjECGoj9TxuoiH2POTpEPvlilN15rBXiZuTCuRo9MtfXpiQLKZCE45KdV0n1f4EpWaE02nJyxRNkYxwQLuGCoyp8ifzq6f2mVFCO0qkeULbc/X3xARjpcZxYJIx6qFa9mbif14309G1P2EizTQVZLEoyritE3tWgR0ySYnmY0OQSGZutckQJRJtiiqZEtzlL6+S1kXVrVUv72uV+m1eRxFO4BTOwYUrqMMdNKAJBCQ8wyu8WU/Wi/VufSyiBSufOYY/sD5/AIk3ko0=</latexit>

V (0,0)

<latexit sha1_base64="m13nYyAhSY87n05eMeft77IIlis=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpRdqeixoAePFeyHtGvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305uZXVtfSO/Wdja3tndK+4fNHWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRtdTv/VElWaRvDfjmPoCDyQLGcHGSg/Nx7Tsnrmnk16x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrzyUybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0zytetXJxVy3VbrI48nAEx1AGDy6hBrdQhwYQEPAMr/DmKOfFeXc+5q05J5s5hD9wPn8APYuPZw==</latexit>

Alternative zero mode prescription (equivalent for
higher-point tree amplitudes): [Berkovits (2016)]

h1i0 = 1

<latexit sha1_base64="6HyRslWdw9hfg2XHegjRPio29bY=">AAAB/3icdZDLSgMxFIYz9VbrbVRw4yZYBFclKdW2C6HoxmUFe4HOUDJp2oZmMkOSEUrtwldx40IRt76GO9/GTFtBRQ8EPv7/HM7JH8SCa4PQh5NZWl5ZXcuu5zY2t7Z33N29po4SRVmDRiJS7YBoJrhkDcONYO1YMRIGgrWC0WXqt26Z0jySN2YcMz8kA8n7nBJjpa574AkiB4JB7KkZdBE8h7jr5lEBIYQxhing8hmyUK1WirgCcWrZyoNF1bvuu9eLaBIyaaggWncwio0/IcpwKtg05yWaxYSOyIB1LEoSMu1PZvdP4bFVerAfKfukgTP1+8SEhFqPw8B2hsQM9W8vFf/yOonpV/wJl3FimKTzRf1EQBPBNAzY44pRI8YWCFXc3grpkChCjY0sZ0P4+in8H5rFAi4VTq9L+drFIo4sOARH4ARgUAY1cAXqoAEouAMP4Ak8O/fOo/PivM5bM85iZh/8KOftEz0dlPc=</latexit>

corresponds to only alternative
scalar element of    -cohomology Q

<latexit sha1_base64="rxm5dTzLiknGTFm+yA+j0do5weA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseCHjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2Vms1+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teNmuV+m0eRxFO4BTOwYMrqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AK5PjN8=</latexit>

Earlier work in bosonic theory and RNS
[Douglas, Grinstein (1987);
Liu, Polchinski (1988);
Ohta (1987)]



Aclosed
D2

(1) = gc⌧p

Z

H+

d2z

VCKG

D
V (1)(z, z)

E

<latexit sha1_base64="R5n2JFDML+KKXOrMbkkEQZR2MSA="></latexit>

V (1)(z)V
(1)

(z)

<latexit sha1_base64="N/YbX+CD02gaxZJcgLsinT6Gat4=">AAACEnicdVBLTwIxGOziC/G16tFLIzFhL2RLUMATiRePmMgjASTd0oWG7iNt1wQ2/AYv/hUvHjTGqydv/hu7gM/oJE0mM/O1/cYJOZPKtt+M1NLyyupaej2zsbm1vWPu7jVkEAlC6yTggWg5WFLOfFpXTHHaCgXFnsNp0xmdJX7zmgrJAv9SjUPa9fDAZy4jWGmpZ1qwcRXnkDXNTaxOoJPJRZ/alzKxembWztu2jRCCCUGlE1uTSqVcQGWIEksjCxao9czXTj8gkUd9RTiWso3sUHVjLBQjnE4znUjSEJMRHtC2pj72qOzGs5Wm8EgrfegGQh9fwZn6fSLGnpRjz9FJD6uh/O0l4l9eO1JuuRszP4wU9cn8ITfiUAUw6Qf2maBE8bEmmAim/wrJEAtMlG4xo0v42BT+TxqFPCrmjy+K2erpoo40OACHIAcQKIEqOAc1UAcE3IA78AAejVvj3ngynufRlLGY2Qc/YLy8A8JmnE0=</latexit>

{

Fix position of        to          and divide by volume of V (1)

<latexit sha1_base64="sBz7sjIYzjxQe/IvS0ir4Xb4ktE=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJexKRI8BPXiMYB6QrGF20kmGzM6uM7NCWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dQSy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxG11O/+YRK80jem3GMfkgHkvc5o8ZKLdJ4SEve2aRbKLpldwayTLyMFCFDrVv46vQiloQoDRNU67bnxsZPqTKcCZzkO4nGmLIRHWDbUklD1H46u3dCTq3SI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/8lMu48SgZPNF/UQQE5Hp86THFTIjxpZQpri9lbAhVZQZG1HehuAtvrxMGudlr1K+uKsUqzdZHDk4hhMogQeXUIVbqEEdGAh4hld4cx6dF+fd+Zi3rjjZzBH8gfP5A7wOjyI=</latexit>

z = i

<latexit sha1_base64="2Lm3fR+2Qj59ooH+kK3nhuInP5E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKRC9CQA8eI5oHJEuYnXSSIbOzy8ysEJd8ghcPinj1i7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6HrqNx9RaR7JBzOO0Q/pQPI+Z9RY6f7pineLJbfszkCWiZeREmSodYtfnV7EkhClYYJq3fbc2PgpVYYzgZNCJ9EYUzaiA2xbKmmI2k9np07IiVV6pB8pW9KQmfp7IqWh1uMwsJ0hNUO96E3F/7x2YvqXfsplnBiUbL6onwhiIjL9m/S4QmbE2BLKFLe3EjakijJj0ynYELzFl5dJ46zsVcrnd5VS9SaLIw9HcAyn4MEFVOEWalAHBgN4hld4c4Tz4rw7H/PWnJPNHMIfOJ8/MySNwg==</latexit>

z = i

<latexit sha1_base64="2Lm3fR+2Qj59ooH+kK3nhuInP5E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKRC9CQA8eI5oHJEuYnXSSIbOzy8ysEJd8ghcPinj1i7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6HrqNx9RaR7JBzOO0Q/pQPI+Z9RY6f7pineLJbfszkCWiZeREmSodYtfnV7EkhClYYJq3fbc2PgpVYYzgZNCJ9EYUzaiA2xbKmmI2k9np07IiVV6pB8pW9KQmfp7IqWh1uMwsJ0hNUO96E3F/7x2YvqXfsplnBiUbL6onwhiIjL9m/S4QmbE2BLKFLe3EjakijJj0ynYELzFl5dJ46zsVcrnd5VS9SaLIw9HcAyn4MEFVOEWalAHBgN4hld4c4Tz4rw7H/PWnJPNHMIfOJ8/MySNwg==</latexit>

inÞnite

=)

<latexit sha1_base64="iSQHzoCd97Bx5MguHtCaJDGFDMU=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFOFC0DWlhYRDAfkBxhb7N3WbK3e+zOKTHkl9hYKGLrT7Hz37hJrtDEBwOP92aYmRemghvwvG+nsLK6tr5R3Cxtbe/slt29/aZRmaasQZVQuh0SwwSXrAEcBGunmpEkFKwVDq+mfuuBacOVvIdRyoKExJJHnBKwUs8td2+VjDWPB0C0Vo89t+JVvRnwMvFzUkE56j33q9tXNEuYBCqIMR3fSyEYEw2cCjYpdTPDUkKHJGYdSyVJmAnGs8Mn+NgqfRwpbUsCnqm/J8YkMWaUhLYzITAwi95U/M/rZBBdBmMu0wyYpPNFUSYwKDxNAfe5ZhTEyBJCNbe3YjogmlCwWZVsCP7iy8ukeVr1z6rnd2eV2nUeRxEdoiN0gnx0gWroBtVRA1GUoWf0it6cJ+fFeXc+5q0FJ585QH/gfP4AQ0qTgA==</latexit>

K ⇢ PSL(2,R)

<latexit sha1_base64="CHvEayG+cDSqhocUhk8hM78Ssx0=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahgpSkVHRZ0IWgi/roA5pQJtNJO3QyCTMToYRu3Pgrblwo4tZ/cOffOGmz0NYDFw7n3Mu993gRo1JZ1reRW1hcWl7JrxbW1jc2t8ztnaYMY4FJA4csFG0PScIoJw1FFSPtSBAUeIy0vOF56rceiJA05PdqFBE3QH1OfYqR0lLX3L+Cjow9SRSs312XKsfQCZAaeF5yOz7qmkWrbE0A54mdkSLIUO+aX04vxHFAuMIMSdmxrUi5CRKKYkbGBSeWJEJ4iPqkoylHAZFuMvliDA+10oN+KHRxBSfq74kEBVKOAk93pifKWS8V//M6sfLP3ITyKFaE4+kiP2ZQhTCNBPaoIFixkSYIC6pvhXiABMJKB1fQIdizL8+TZqVsV8snN9Vi7SKLIw/2wAEoARucghq4BHXQABg8gmfwCt6MJ+PFeDc+pq05I5vZBX9gfP4AK7SXHA==</latexit>

leaving          invariantz = i

<latexit sha1_base64="2Lm3fR+2Qj59ooH+kK3nhuInP5E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKRC9CQA8eI5oHJEuYnXSSIbOzy8ysEJd8ghcPinj1i7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6HrqNx9RaR7JBzOO0Q/pQPI+Z9RY6f7pineLJbfszkCWiZeREmSodYtfnV7EkhClYYJq3fbc2PgpVYYzgZNCJ9EYUzaiA2xbKmmI2k9np07IiVV6pB8pW9KQmfp7IqWh1uMwsJ0hNUO96E3F/7x2YvqXfsplnBiUbL6onwhiIjL9m/S4QmbE2BLKFLe3EjakijJj0ynYELzFl5dJ46zsVcrnd5VS9SaLIw9HcAyn4MEFVOEWalAHBgN4hld4c4Tz4rw7H/PWnJPNHMIfOJ8/MySNwg==</latexit>

K =

! "
cos ✓ sin ✓
� sin ✓ cos ✓

# $
$
$
$ ✓ 2 [0, 2⇡]

%

<latexit sha1_base64="AB1cV+ev0t7X2VKj60lpnbIWM2A="></latexit>

cos ✓ i+ sin ✓

� sin ✓ i+ cos ✓
= i

<latexit sha1_base64="ynuTou6gZAGY0KPF4P3uKAGSUDk="></latexit>

,

<latexit sha1_base64="+7iRWxQrzAUrRAfpo0u2uFmKMv8=">AAAB6HicdVBNS0JBFL2vT7Mvq2WbIQlahMyIpe6kNi0V8gP0IfPGeTo574OZeYGIv6BNiyLa9pPa9W+apwYVdeDC4Zx7ufceL5ZCG4w/nJXVtfWNzcxWdntnd28/d3DY0lGiGG+ySEaq41HNpQh50wgjeSdWnAae5G1vfJ367XuutIjCWzOJuRvQYSh8waixUuO8n8vjAsaYEIJSQsqX2JJqtVIkFURSyyIPS9T7uffeIGJJwEPDJNW6S3Bs3ClVRjDJZ9leonlM2ZgOedfSkAZcu9P5oTN0apUB8iNlKzRorn6fmNJA60ng2c6AmpH+7aXiX143MX7FnYowTgwP2WKRn0hkIpR+jQZCcWbkxBLKlLC3IjaiijJjs8naEL4+Rf+TVrFASoWLRilfu1rGkYFjOIEzIFCGGtxAHZrAgMMDPMGzc+c8Oi/O66J1xVnOHMEPOG+fwpeM7g==</latexit>

volume: 2⇡

<latexit sha1_base64="7RwDxC7BSreYl31ZO3j4JFLkNrc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKRY8FPXisYNpCG8pmu2mXbjZhdyKU0t/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332ylsbG5t7xR3S3v7B4dH5eOTlkkyzbjPEpnoTkgNl0JxHwVK3kk1p3EoeTsc38799hPXRiTqEScpD2I6VCISjKKV/BrppaJfrrhVdwGyTrycVCBHs1/+6g0SlsVcIZPUmK7nphhMqUbBJJ+VepnhKWVjOuRdSxWNuQmmi2Nn5MIqAxIl2pZCslB/T0xpbMwkDm1nTHFkVr25+J/XzTC6CaZCpRlyxZaLokwSTMj8czIQmjOUE0so08LeStiIasrQ5lOyIXirL6+TVq3q1atXD/VK4y6PowhncA6X4ME1NOAemuADAwHP8ApvjnJenHfnY9lacPKZU/gD5/MHGkCOPQ==</latexit>

=)

<latexit sha1_base64="TDZgkAACnLGBCWJX5+jO5XPN9Zo=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqzIp1ba7ohsXLirYB7RDyaSZNjSTDElGqaVf4saFIm79FHf+jZm2gooeuHA4517uvSeIOdPG8z6czMrq2vpGdjO3tb2zm3f39ltaJorQJpFcqk6ANeVM0KZhhtNOrCiOAk7bwfgi9du3VGkmxY2ZxNSP8FCwkBFsrNR3870rKYaKDUcGKyXv+m7BK3qehxCCKUGVM8+SWq1aQlWIUsuiAJZo9N333kCSJKLCEI617iIvNv4UK8MIp7NcL9E0xmSMh7RrqcAR1f50fvgMHltlAEOpbAkD5+r3iSmOtJ5Ege2MsBnp314q/uV1ExNW/SkTcWKoIItFYcKhkTBNAQ6YosTwiSWYKGZvhWSEFSbGZpWzIXx9Cv8nrVIRlYun1+VC/XwZRxYcgiNwAhCogDq4BA3QBAQk4AE8gWfn3nl0XpzXRWvGWc4cgB9w3j4Bj6aTtA==</latexit>

Aclosed
D2

(1) ⇠ gc⌧pTr(✏ ·D)

<latexit sha1_base64="TcwzyxypCzEkgwr/K30toQyvrO0="></latexit>

For graviton this corresponds
to linearisation of 

Alternative approach [Kashyap (2020)]

⌧p

Z
dpx

p
�G

<latexit sha1_base64="Bwm7NDoxhq5jpFZuiGeQL7/XTJs=">AAACBHicdVDLSgNBEJz1GeMr6jGXwSB4MexINImngAc9RjAPyMYwO5kkQ2YfzvSKYcnBi7/ixYMiXv0Ib/6Ns0kEFS1oKKq66e5yQyk02PaHNTe/sLi0nFpJr66tb2xmtrbrOogU4zUWyEA1Xaq5FD6vgQDJm6Hi1HMlb7jD08Rv3HClReBfwijkbY/2fdETjIKROpmsAzTqhNgRPuDuVYhvsaOvFcQHZ+NOJmfnbdsmhOCEkOKxbUi5XDokJUwSyyCHZqh2Mu9ON2CRx31gkmrdInYI7ZgqEEzycdqJNA8pG9I+bxnqU4/rdjx5Yoz3jNLFvUCZMrdM1O8TMfW0Hnmu6fQoDPRvLxH/8loR9ErtWPhhBNxn00W9SGIIcJII7grFGciRIZQpYW7FbEAVZWByS5sQvj7F/5P6YZ4U8kcXhVzlZBZHCmXRLtpHBBVRBZ2jKqohhu7QA3pCz9a99Wi9WK/T1jlrNrODfsB6+wQlIJfH</latexit>



Outlook
RR-Þelds & fermions

Projective plane cf. [Garousi (2006)] for RNS

Higher    -pointsn

<latexit sha1_base64="mO/iy4uMrtyMRBfdE4qH8dEo2xI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseCHjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2VmrJfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6Lq1aqXzVqlfpvHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f2kOM/A==</latexit>

Higher derivative corrections to DBI



Thank you


