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Introduction to S-Matrix Bootstrap

S-matrix bootstrap applies basic physical principles to the (unknown) UV to
constrain IR physics.

Two broad motivations:
1 Search for string theory – how special is it? Are there other theories?
2 Experiments can access low-energy physics. What is the minimal data needed

to determine the full theory?

Recent bootstrap literature has put bounds on
Pion scattering (Albert and Rastelli, 2022; Albert et al., 2024a; He and Kruczenski, 2024; Guerrieri

et al., 2019)

Color-ordered scalar scattering in N = 4 SYM (Berman et al., 2024; Berman and

Elvang, 2024)

Scalar scattering in N = 8 SUGRA (Caron-Huot et al., 2021; Albert et al., 2024b)

Two ways to do the bootstrap: primal (ruling-in) and dual (ruling-out).

We will bootstrap abelian scalars at four-point, with and without SUSY, with and
without gravity.

Loki L. Lin University of Michigan 11 December 2024 2 / 38



EFT = E↵ective Field Theory

Consider a massless real scalar in D = 4. Write down all possible terms.
Schematically:

Le↵ = (@�)2 + ��3�3 +
X

k�0

gk @2k�4

Wilson coe�cients

Renormalizable? Not @2k�4 for k > 0.

(Boring) Candidate UV completion – one massive scalar � with M > Mgap that
couples to � via an interaction like ���; no other fields. I.e.

LUV = kinetic + ��3�3 + ��4�4 +
1

2
M2�2 + �������

“Integrating out” � gives Le↵ with particular values of gk .

More interesting candidates – abelian open superstring & closed superstring!

Loki L. Lin University of Michigan 11 December 2024 3 / 38



Relating UV to IR

Question: Say you give me an EFT with particular Wilson coe�cients; how can I
tell whether a valid UV completion exists?

“Valid” means
1 unitary,
2 local,
3 analytic in s (except on real axis), &
4 respects symmetries of the problem (e.g. crossing symmetry, SUSY, ...).
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Relating UV to IR (cont.)

At all energies, “partial wave expansion”

A(s, u) =
X

j

aj(s)Pj(cos ✓) . (1)

Unitarity =) Im aj(s) � 0 8 s, j (“positivity”). Call Im aj(s) = ⇢j(s).

Not manifestly crossing-symmetric.
t $ u symmetry + momentum conservation =) only even j in the sum.

On the IR side, low-energy expansion

A(s, u) = ���3

⇣1
s
+
1

t
+
1

u

⌘
+8⇡GN

⇣ tu
s
+
us

t
+
st

u

⌘
+
X

m,n�0

g (m,n)
k

(s2+t2+u2)m (stu)n

Crossing symmetry =) manifestly symmetric in s $ t $ u. (Other constraints
like SUSY are possible, discuss later.)

Causality =) A(s, u) analytic in s =) dispersion relations for gk .
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IR contour

Consider the integral

I

s0=0

ds 0

2⇡i s 0
A(s 0, u)

(s 0)k
, k � nsub. (2)

for the following contour:

Re

Im

|| ⇥ ⇥
�u

M2

gap
�M2

gap
� u

s 0

fixed u < 0

Assumptions:
1 Weak coupling: no massless loops. Massive loops allowed.
2 Mass gap: 9 finite Mgap > 0 below which there are no massive states.
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UV contour

Re

Im

|| ⇥ ⇥
M2

gap
�M2

gap
� u

�u

s 0

fixed u < 0

finite for k � nsub

Assumptions cont’d:
3 Mass cuto↵: agnostic about spectrum above some finite Mcuto↵ � Mgap.
4 Polynomial-bounded Regge growth (“Froissart bound”):

lim
|s|!1

fixed u<0

A(s, u)

snsub
= 0 for some nsub 2 Z

5 For nsub = 0, ��3 = 0.
For nsub = 2, GNewton = 0.
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Dispersion Relations

Dispersion relations have the form

g (m,n)
k

=
X

j

Z 1

M2
gap

ds

sk+1
⇢j(s) w

(m,n)
j

, k � nsub . (3)

Recall the UV ansatz

ImA(s, u) =
X

j

⇢j(s)Pj(cos ✓) (4)

is not stu-symmetric. The resummed amplitude is only stu-symmetric if ⇢j ’s obey

0 =
X

j

Z 1

M2
gap

ds

sk+1
⇢j(s) ck,j , k � nsub “null constraints”. (5)

Two truncations:
1 truncation in spin: choose some finite set of j ’s to include in the sum; and
2 truncation in Mandelstam order: choose some kmax up to which we

enumerate null constraints.

Only use positivity of ⇢, so bound ratios gk/gnsub .
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Basic Analytic Examples

Infinite Spin Tower (IST):

AIST(s, t, u) =
M6

(s �M2)(t �M2)(u �M2)
(6)

Allowed in 0SDR & 2SDR.

Massive scalar exchange:

A(0)(s, t, u) =
M2

s �M2
+

M2

t �M2
+

M2

u �M2
(7)

Marginally allowed in 0SDR. Allowed in 2SDR =) can be subtracted.

=) Scalar-subtracted IST (ssIST):

AssIST(s, t, u) = AIST(s, t, u)� |�(D)

0
|2A(0)(s, t, u) (8)

Massive spin-2 exchange:

A(2)(s, t, u) = M2

⇣P(D)

2
(1 + 2u

M2 ) + P(D)

2
(1 + 2t

M2 )

s �M2
+ perms

⌘
(9)

Not allowed in 0SDR; marginally allowed in 2SDR.
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Stringy Targets I: Abelian Open Superstring

Tree-level four-point scattering of scalars in Abelian open superstring theory is
described by the supersymmetric Dirac-Born-Infeld tree amplitude,

ADBI

����(s, t, u) = (s2 + t2 + u2)Astripped DBI(s, t, u) , where (10)

Astripped DBI(s, t, u) = �↵02
⇣�(�↵0s) �(�↵0u)

�(1 + ↵0t)
+ perms

⌘
(11)

Properties of Astripped DBI:

Satisfies nsubs = 0 Froissart bound

No massless poles

States appear at (M/Mgap)2 = 1, 3, 5, . . . (setting ↵0 = 1) .
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Probing the 2SDR Space

scalarIST

SUSY DBI

ssIST

spin-2

scalarless region
extremal sliver

-10 -8 -6 -4 -2 0 2
0.0

0.1

0.2

0.3

0.4

0.5

g3/g2

g 4
/g
2

Loki L. Lin University of Michigan 11 December 2024 11 / 38



Maximal Spin Constraint

State input:

<latexit sha1_base64="TqvN7prTdEOUNXDkCJow3Qc5rWU=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXgRKrhtoV1LNs22odlkSbJCWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKVlqgj1ieRSdUKsKWeC+oYZTjuJojgOOW2H45uZ336iSjMpHswkoUGMh4JFjGBjJf+uzx5r/XLFrbpzoFXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJsfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qoqsgYyJJDRVksShKOTISzT5HA6YoMXxiCSaK2VsRGWGFibH5lGwI3vLLq6RVq3r1av3+otK4zuMowgmcwjl4cAkNuIUm+ECAwTO8wpsjnBfn3flYtBacfOYY/sD5/AFJSY5c</latexit>

M2

i

<latexit sha1_base64="IbqP+qT9kqDGK44XL3gDd0y+diw=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0WPQixchgnlAsgmzk9lkyOyDmV41LPkPLx4U8eq/ePNvnCR70MSChqKqm+4uL5ZCo21/Wyura+sbm7mt/PbO7t5+4eCwoaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3up76zQeutIjCexzH3A3oIBS+YBSN1L3tdZA/YTqg8aRb7hWKdsmegSwTJyNFyFDrFb46/YglAQ+RSap127FjdFOqUDDJJ/lOonlM2YgOeNvQkAZcu+ns6gk5NUqf+JEyFSKZqb8nUhpoPQ480xlQHOpFbyr+57UT9C/dVIRxgjxk80V+IglGZBoB6QvFGcqxIZQpYW4lbEgVZWiCypsQnMWXl0mjXHIqpcrdebF6lcWRg2M4gTNw4AKqcAM1qAMDBc/wCm/Wo/VivVsf89YVK5s5gj+wPn8AosiSng==</latexit>

M2

gap

<latexit sha1_base64="D65qJF2y7yR6ppYY3qYxDJvTPhQ=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqS6LbtwIFewDmhgm00k7dPJg5kasofgrblwo4tb/cOffOG2z0NYDFw7n3Mu99/iJ4Aos69soLC2vrK4V10sbm1vbO+buXkvFqaSsSWMRy45PFBM8Yk3gIFgnkYyEvmBtf3g58dv3TCoeR7cwSpgbkn7EA04JaMkzD5ww9ar42nOAPUDWJ8n4ruqZZatiTYEXiZ2TMsrR8MwvpxfTNGQRUEGU6tpWAm5GJHAq2LjkpIolhA5Jn3U1jUjIlJtNrx/jY630cBBLXRHgqfp7IiOhUqPQ150hgYGa9ybif143heDczXiUpMAiOlsUpAJDjCdR4B6XjIIYaUKo5PpWTAdEEgo6sJIOwZ5/eZG0qhW7VqndnJbrF3kcRXSIjtAJstEZqqMr1EBNRNEjekav6M14Ml6Md+Nj1low8pl99AfG5w8IkpT6</latexit>

µ2M
2

gap

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

0

<latexit sha1_base64="IbqP+qT9kqDGK44XL3gDd0y+diw=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0WPQixchgnlAsgmzk9lkyOyDmV41LPkPLx4U8eq/ePNvnCR70MSChqKqm+4uL5ZCo21/Wyura+sbm7mt/PbO7t5+4eCwoaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3up76zQeutIjCexzH3A3oIBS+YBSN1L3tdZA/YTqg8aRb7hWKdsmegSwTJyNFyFDrFb46/YglAQ+RSap127FjdFOqUDDJJ/lOonlM2YgOeNvQkAZcu+ns6gk5NUqf+JEyFSKZqb8nUhpoPQ480xlQHOpFbyr+57UT9C/dVIRxgjxk80V+IglGZBoB6QvFGcqxIZQpYW4lbEgVZWiCypsQnMWXl0mjXHIqpcrdebF6lcWRg2M4gTNw4AKqcAM1qAMDBc/wCm/Wo/VivVsf89YVK5s5gj+wPn8AosiSng==</latexit>

M2

gap

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

0

<latexit sha1_base64="TqvN7prTdEOUNXDkCJow3Qc5rWU=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXgRKrhtoV1LNs22odlkSbJCWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKVlqgj1ieRSdUKsKWeC+oYZTjuJojgOOW2H45uZ336iSjMpHswkoUGMh4JFjGBjJf+uzx5r/XLFrbpzoFXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJsfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qoqsgYyJJDRVksShKOTISzT5HA6YoMXxiCSaK2VsRGWGFibH5lGwI3vLLq6RVq3r1av3+otK4zuMowgmcwjl4cAkNuIUm+ECAwTO8wpsjnBfn3flYtBacfOYY/sD5/AFJSY5c</latexit>

M2

i

<latexit sha1_base64="KNATO/Iq7byZl7oGgNLXcjBHv5E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPq8X664VXcOskq8nFQgR6Nf/uoNEpbFKA0TVOuu56bGn1BlOBM4LfUyjSllIxph11JJY9T+ZH7qlJxZZUDCRNmShszV3xMTGms9jgPbGVMz1MveTPzP62YmvPYnXKaZQckWi8JMEJOQ2d9kwBUyI8aWUKa4vZWwIVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBKPI3S</latexit>gi
<latexit sha1_base64="622id/Meh80kN91na5EDAw4glqc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSKIh5KIVI9FLx4rmLbQxrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dlZW19Y3Ngtbxe2d3b390sFhwySZZtxniUx0K6SGS6G4jwIlb6Wa0ziUvBkOb6d+84lrIxL1gKOUBzHtKxEJRtFKfr8rHs+7pbJbcWcgy8TLSRly1Lulr04vYVnMFTJJjWl7borBmGoUTPJJsZMZnlI2pH3etlTRmJtgPDt2Qk6t0iNRom0pJDP198SYxsaM4tB2xhQHZtGbiv957Qyj62AsVJohV2y+KMokwYRMPyc9oTlDObKEMi3srYQNqKYMbT5FG4K3+PIyaVxUvGqlen9Zrt3kcRTgGE7gDDy4ghrcQR18YCDgGV7hzVHOi/PufMxbV5x85gj+wPn8AWT5jm4=</latexit>

g�
i

<latexit sha1_base64="rWnGlgx9xlTccyDSZFrHoUdkf3Q=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbSbt2sxt2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0jJVFJtUcqk6IdHImcCmYYZjJ1FI4pBjOxzfzvz2EyrNpHgwkwSDmAwFixglxkqtHnLeZ/1yxat6c7irxM9JBXI0+uWv3kDSNEZhKCdad30vMUFGlGGU47TUSzUmhI7JELuWChKjDrL5tVP3zCoDN5LKljDuXP09kZFY60kc2s6YmJFe9mbif143NdF1kDGRpAYFXSyKUu4a6c5edwdMITV8YgmhitlbXToiilBjAyrZEPzll1dJ66Lq16q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5kjnxXl3PhatBSefOYY/cD5/AI2OjyI=</latexit>

�i

<latexit sha1_base64="iuDxtnstMaV7ZXJRFHmVYqjEQok=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF/FU0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPpg4PHeDDPzgkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G1zO//YhK81g+mEmCfkSHkoecUWOl+9u+1y9X3Ko7B/lLvJxUIEejX/7sDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUpOrDIgYaxsSUPm6s+JjEZaT6LAdkbUjPSyNxP/87qpCS/9jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWX/5LWWdWrVWt355X6VR5HEY7gGE7Bgwuoww00oAkMhvAEL/DqCOfZeXPeF60FJ585hF9wPr4ByR+NfQ==</latexit>

J1

<latexit sha1_base64="ZoBpVJK/JQzPWCGWa0ykELAnUGg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR6DXsRTRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWP5aMYJ+hEdSB5yRo2VHu56lV6x5JbdOcgq8TJSggz1XvGr249ZGqE0TFCtO56bGH9CleFM4LTQTTUmlI3oADuWShqh9ifzU6fkzCp9EsbKljRkrv6emNBI63EU2M6ImqFe9mbif14nNeGVP+EySQ1KtlgUpoKYmMz+Jn2ukBkxtoQyxe2thA2poszYdAo2BG/55VXSrJS9arl6f1GqXWdx5OEETuEcPLiEGtxCHRrAYADP8ApvjnBenHfnY9Gac7KZY/gD5/MHyqONfg==</latexit>

J2

<latexit sha1_base64="iuDxtnstMaV7ZXJRFHmVYqjEQok=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF/FU0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPpg4PHeDDPzgkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G1zO//YhK81g+mEmCfkSHkoecUWOl+9u+1y9X3Ko7B/lLvJxUIEejX/7sDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUpOrDIgYaxsSUPm6s+JjEZaT6LAdkbUjPSyNxP/87qpCS/9jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWX/5LWWdWrVWt355X6VR5HEY7gGE7Bgwuoww00oAkMhvAEL/DqCOfZeXPeF60FJ585hF9wPr4ByR+NfQ==</latexit>

J1

<latexit sha1_base64="fhCmvY7Eqg1Q7RieBzb5yfv8j9g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqS6LbtwIFewDmhgm00k7dPJg5kasofgrblwo4tb/cOffOG2z0NYDFw7n3Mu99/iJ4Aos69soLC2vrK4V10sbm1vbO+buXkvFqaSsSWMRy45PFBM8Yk3gIFgnkYyEvmBtf3g58dv3TCoeR7cwSpgbkn7EA04JaMkzD5ww9Si+9hxgD5D1STK+q3pm2apYU+BFYuekjHI0PPPL6cU0DVkEVBCluraVgJsRCZwKNi45qWIJoUPSZ11NIxIy5WbT68f4WCs9HMRSVwR4qv6eyEio1Cj0dWdIYKDmvYn4n9dNITh3Mx4lKbCIzhYFqcAQ40kUuMcloyBGmhAqub4V0wGRhIIOrKRDsOdfXiStasWuVWo3p+X6RR5HER2iI3SCbHSG6ugKNVATUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QNVtZUr</latexit>

µcM
2

gap

<latexit sha1_base64="fhCmvY7Eqg1Q7RieBzb5yfv8j9g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqS6LbtwIFewDmhgm00k7dPJg5kasofgrblwo4tb/cOffOG2z0NYDFw7n3Mu99/iJ4Aos69soLC2vrK4V10sbm1vbO+buXkvFqaSsSWMRy45PFBM8Yk3gIFgnkYyEvmBtf3g58dv3TCoeR7cwSpgbkn7EA04JaMkzD5ww9Si+9hxgD5D1STK+q3pm2apYU+BFYuekjHI0PPPL6cU0DVkEVBCluraVgJsRCZwKNi45qWIJoUPSZ11NIxIy5WbT68f4WCs9HMRSVwR4qv6eyEio1Cj0dWdIYKDmvYn4n9dNITh3Mx4lKbCIzhYFqcAQ40kUuMcloyBGmhAqub4V0wGRhIIOrKRDsOdfXiStasWuVWo3p+X6RR5HER2iI3SCbHSG6ugKNVATUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QNVtZUr</latexit>

µcM
2

gap

<latexit sha1_base64="fmGf1CPi/dv5MkU164oU0i1QKV8=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ie0Q8lkMm1okhmSjFCGfoUbF4q49XPc+Tem01lo64HA4Zxzyb0nSDjTxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVhLZJzGPVC7CmnEnaNsxw2ksUxSLgtBtMbud+94kqzWL5YKYJ9QUeSRYxgo2VHgfcRkM8ZMNqza27OdAq8QpSgwKtYfVrEMYkFVQawrHWfc9NjJ9hZRjhdFYZpJommEzwiPYtlVhQ7Wf5wjN0ZpUQRbGyTxqUq78nMiy0norAJgU2Y73szcX/vH5qoms/YzJJDZVk8VGUcmRiNL8ehUxRYvjUEkwUs7siMsYKE2M7qtgSvOWTV0nnou416o37y1rzpqijDCdwCufgwRU04Q5a0AYCAp7hFd4c5bw4787HIlpyiplj+APn8we/QZBk</latexit>

�i
<latexit sha1_base64="zsiLqzB+P3MsDe5s3fO58QDS/V0=">AAAB8nicbVDLSgMxFM34rPVVdekmWARxUWZEqsuiG5cV7AOmY8lkMm1oJhmSO0IZ+hluXCji1q9x59+YtrPQ1gOBwznnkntPmApuwHW/nZXVtfWNzdJWeXtnd2+/cnDYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLR7dTvPDFtuJIPME5ZkJCB5DGnBKzk94SNRqTPH8/7lapbc2fAy8QrSBUVaPYrX71I0SxhEqggxviem0KQEw2cCjYp9zLDUkJHZMB8SyVJmAny2coTfGqVCMdK2ycBz9TfEzlJjBknoU0mBIZm0ZuK/3l+BvF1kHOZZsAknX8UZwKDwtP7ccQ1oyDGlhCqud0V0yHRhIJtqWxL8BZPXibti5pXr9XvL6uNm6KOEjpGJ+gMeegKNdAdaqIWokihZ/SK3hxwXpx352MeXXGKmSP0B87nD97CkQA=</latexit>

��
i

<latexit sha1_base64="RjZfuGkoFmXLA3yQ66dMwdop9l0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF/FU0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPpg4PHeDDPzgkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G1zO//YhK81g+mEmCfkSHkoecUWOl+9s+75crbtWdg/wlXk4qkKPRL3/2BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiUnVhmQMFa2pCFz9edERiOtJ1FgOyNqRnrZm4n/ed3UhJd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLf0nrrOrVqrW780r9Ko+jCEdwDKfgwQXU4QYa0AQGQ3iCF3h1hPPsvDnvi9aCk88cwi84H98eDo21</latexit>

Ji
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An Extremal Theory

State input:

<latexit sha1_base64="TqvN7prTdEOUNXDkCJow3Qc5rWU=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXgRKrhtoV1LNs22odlkSbJCWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKVlqgj1ieRSdUKsKWeC+oYZTjuJojgOOW2H45uZ336iSjMpHswkoUGMh4JFjGBjJf+uzx5r/XLFrbpzoFXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJsfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qoqsgYyJJDRVksShKOTISzT5HA6YoMXxiCSaK2VsRGWGFibH5lGwI3vLLq6RVq3r1av3+otK4zuMowgmcwjl4cAkNuIUm+ECAwTO8wpsjnBfn3flYtBacfOYY/sD5/AFJSY5c</latexit>

M2

i

<latexit sha1_base64="IbqP+qT9kqDGK44XL3gDd0y+diw=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0WPQixchgnlAsgmzk9lkyOyDmV41LPkPLx4U8eq/ePNvnCR70MSChqKqm+4uL5ZCo21/Wyura+sbm7mt/PbO7t5+4eCwoaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3up76zQeutIjCexzH3A3oIBS+YBSN1L3tdZA/YTqg8aRb7hWKdsmegSwTJyNFyFDrFb46/YglAQ+RSap127FjdFOqUDDJJ/lOonlM2YgOeNvQkAZcu+ns6gk5NUqf+JEyFSKZqb8nUhpoPQ480xlQHOpFbyr+57UT9C/dVIRxgjxk80V+IglGZBoB6QvFGcqxIZQpYW4lbEgVZWiCypsQnMWXl0mjXHIqpcrdebF6lcWRg2M4gTNw4AKqcAM1qAMDBc/wCm/Wo/VivVsf89YVK5s5gj+wPn8AosiSng==</latexit>

M2

gap

<latexit sha1_base64="D65qJF2y7yR6ppYY3qYxDJvTPhQ=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqS6LbtwIFewDmhgm00k7dPJg5kasofgrblwo4tb/cOffOG2z0NYDFw7n3Mu99/iJ4Aos69soLC2vrK4V10sbm1vbO+buXkvFqaSsSWMRy45PFBM8Yk3gIFgnkYyEvmBtf3g58dv3TCoeR7cwSpgbkn7EA04JaMkzD5ww9ar42nOAPUDWJ8n4ruqZZatiTYEXiZ2TMsrR8MwvpxfTNGQRUEGU6tpWAm5GJHAq2LjkpIolhA5Jn3U1jUjIlJtNrx/jY630cBBLXRHgqfp7IiOhUqPQ150hgYGa9ybif143heDczXiUpMAiOlsUpAJDjCdR4B6XjIIYaUKo5PpWTAdEEgo6sJIOwZ5/eZG0qhW7VqndnJbrF3kcRXSIjtAJstEZqqMr1EBNRNEjekav6M14Ml6Md+Nj1low8pl99AfG5w8IkpT6</latexit>

µ2M
2

gap

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

0

<latexit sha1_base64="IbqP+qT9kqDGK44XL3gDd0y+diw=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0WPQixchgnlAsgmzk9lkyOyDmV41LPkPLx4U8eq/ePNvnCR70MSChqKqm+4uL5ZCo21/Wyura+sbm7mt/PbO7t5+4eCwoaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3up76zQeutIjCexzH3A3oIBS+YBSN1L3tdZA/YTqg8aRb7hWKdsmegSwTJyNFyFDrFb46/YglAQ+RSap127FjdFOqUDDJJ/lOonlM2YgOeNvQkAZcu+ns6gk5NUqf+JEyFSKZqb8nUhpoPQ480xlQHOpFbyr+57UT9C/dVIRxgjxk80V+IglGZBoB6QvFGcqxIZQpYW4lbEgVZWiCypsQnMWXl0mjXHIqpcrdebF6lcWRg2M4gTNw4AKqcAM1qAMDBc/wCm/Wo/VivVsf89YVK5s5gj+wPn8AosiSng==</latexit>

M2

gap

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

0

<latexit sha1_base64="TqvN7prTdEOUNXDkCJow3Qc5rWU=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXgRKrhtoV1LNs22odlkSbJCWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKVlqgj1ieRSdUKsKWeC+oYZTjuJojgOOW2H45uZ336iSjMpHswkoUGMh4JFjGBjJf+uzx5r/XLFrbpzoFXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJsfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qoqsgYyJJDRVksShKOTISzT5HA6YoMXxiCSaK2VsRGWGFibH5lGwI3vLLq6RVq3r1av3+otK4zuMowgmcwjl4cAkNuIUm+ECAwTO8wpsjnBfn3flYtBacfOYY/sD5/AFJSY5c</latexit>

M2

i

<latexit sha1_base64="KNATO/Iq7byZl7oGgNLXcjBHv5E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPq8X664VXcOskq8nFQgR6Nf/uoNEpbFKA0TVOuu56bGn1BlOBM4LfUyjSllIxph11JJY9T+ZH7qlJxZZUDCRNmShszV3xMTGms9jgPbGVMz1MveTPzP62YmvPYnXKaZQckWi8JMEJOQ2d9kwBUyI8aWUKa4vZWwIVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBKPI3S</latexit>gi
<latexit sha1_base64="622id/Meh80kN91na5EDAw4glqc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSKIh5KIVI9FLx4rmLbQxrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dlZW19Y3Ngtbxe2d3b390sFhwySZZtxniUx0K6SGS6G4jwIlb6Wa0ziUvBkOb6d+84lrIxL1gKOUBzHtKxEJRtFKfr8rHs+7pbJbcWcgy8TLSRly1Lulr04vYVnMFTJJjWl7borBmGoUTPJJsZMZnlI2pH3etlTRmJtgPDt2Qk6t0iNRom0pJDP198SYxsaM4tB2xhQHZtGbiv957Qyj62AsVJohV2y+KMokwYRMPyc9oTlDObKEMi3srYQNqKYMbT5FG4K3+PIyaVxUvGqlen9Zrt3kcRTgGE7gDDy4ghrcQR18YCDgGV7hzVHOi/PufMxbV5x85gj+wPn8AWT5jm4=</latexit>

g�
i

<latexit sha1_base64="rWnGlgx9xlTccyDSZFrHoUdkf3Q=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbSbt2sxt2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0jJVFJtUcqk6IdHImcCmYYZjJ1FI4pBjOxzfzvz2EyrNpHgwkwSDmAwFixglxkqtHnLeZ/1yxat6c7irxM9JBXI0+uWv3kDSNEZhKCdad30vMUFGlGGU47TUSzUmhI7JELuWChKjDrL5tVP3zCoDN5LKljDuXP09kZFY60kc2s6YmJFe9mbif143NdF1kDGRpAYFXSyKUu4a6c5edwdMITV8YgmhitlbXToiilBjAyrZEPzll1dJ66Lq16q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5kjnxXl3PhatBSefOYY/cD5/AI2OjyI=</latexit>

�i

<latexit sha1_base64="iuDxtnstMaV7ZXJRFHmVYqj EQok=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF/FU0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPpg4PHeDDPzgkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G1zO//YhK81g+mEmCfkSHkoecUWOl+9u+1y9X3Ko7B/lLvJxUIEejX/7sDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUpOrDIgYaxsSUPm6s+JjEZaT6LAdkbUjPSyNxP/87qpCS/9jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWX/5LWWdWrVWt355X6VR5HEY7gGE7Bgwuoww00oAkMhvAEL/DqCOfZeXPeF60FJ585hF9wPr4ByR+NfQ==</latexit>

J1

<latexit sha1_base64="ZoBpVJK/JQzPWCGWa0ykELAnUGg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR6DXsRTRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWP5aMYJ+hEdSB5yRo2VHu56lV6x5JbdOcgq8TJSggz1XvGr249ZGqE0TFCtO56bGH9CleFM4LTQTTUmlI3oADuWShqh9ifzU6fkzCp9EsbKljRkrv6emNBI63EU2M6ImqFe9mbif14nNeGVP+EySQ1KtlgUpoKYmMz+Jn2ukBkxtoQyxe2thA2poszYdAo2BG/55VXSrJS9arl6f1GqXWdx5OEETuEcPLiEGtxCHRrAYADP8ApvjnBenHfnY9Gac7KZY/gD5/MHyqONfg==</latexit>

J2

<latexit sha1_base64="iuDxtnstMaV7ZXJRFHmVYqj EQok=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF/FU0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPpg4PHeDDPzgkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G1zO//YhK81g+mEmCfkSHkoecUWOl+9u+1y9X3Ko7B/lLvJxUIEejX/7sDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUpOrDIgYaxsSUPm6s+JjEZaT6LAdkbUjPSyNxP/87qpCS/9jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWX/5LWWdWrVWt355X6VR5HEY7gGE7Bgwuoww00oAkMhvAEL/DqCOfZeXPeF60FJ585hF9wPr4ByR+NfQ==</latexit>

J1

<latexit sha1_base64="fhCmvY7Eqg1Q7RieBzb5yfv8j9g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqS6LbtwIFewDmhgm00k7dPJg5kasofgrblwo4tb/cOffOG2z0NYDFw7n3Mu99/iJ4Aos69soLC2vrK4V10sbm1vbO+buXkvFqaSsSWMRy45PFBM8Yk3gIFgnkYyEvmBtf3g58dv3TCoeR7cwSpgbkn7EA04JaMkzD5ww9Si+9hxgD5D1STK+q3pm2apYU+BFYuekjHI0PPPL6cU0DVkEVBCluraVgJsRCZwKNi45qWIJoUPSZ11NIxIy5WbT68f4WCs9HMRSVwR4qv6eyEio1Cj0dWdIYKDmvYn4n9dNITh3Mx4lKbCIzhYFqcAQ40kUuMcloyBGmhAqub4V0wGRhIIOrKRDsOdfXiStasWuVWo3p+X6RR5HER2iI3SCbHSG6ugKNVATUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QNVtZUr</latexit>

µcM
2

gap

<latexit sha1_base64="fhCmvY7Eqg1Q7RieBzb5yfv8j9g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqS6LbtwIFewDmhgm00k7dPJg5kasofgrblwo4tb/cOffOG2z0NYDFw7n3Mu99/iJ4Aos69soLC2vrK4V10sbm1vbO+buXkvFqaSsSWMRy45PFBM8Yk3gIFgnkYyEvmBtf3g58dv3TCoeR7cwSpgbkn7EA04JaMkzD5ww9Si+9hxgD5D1STK+q3pm2apYU+BFYuekjHI0PPPL6cU0DVkEVBCluraVgJsRCZwKNi45qWIJoUPSZ11NIxIy5WbT68f4WCs9HMRSVwR4qv6eyEio1Cj0dWdIYKDmvYn4n9dNITh3Mx4lKbCIzhYFqcAQ40kUuMcloyBGmhAqub4V0wGRhIIOrKRDsOdfXiStasWuVWo3p+X6RR5HER2iI3SCbHSG6ugKNVATUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QNVtZUr</latexit>

µcM
2

gap

<latexit sha1_base64="fmGf1CPi/dv5MkU164oU0i1QKV8=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ie0Q8lkMm1okhmSjFCGfoUbF4q49XPc+Tem01lo64HA4Zxzyb0nSDjTxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVhLZJzGPVC7CmnEnaNsxw2ksUxSLgtBtMbud+94kqzWL5YKYJ9QUeSRYxgo2VHgfcRkM8ZMNqza27OdAq8QpSgwKtYfVrEMYkFVQawrHWfc9NjJ9hZRjhdFYZpJommEzwiPYtlVhQ7Wf5wjN0ZpUQRbGyTxqUq78nMiy0norAJgU2Y73szcX/vH5qoms/YzJJDZVk8VGUcmRiNL8ehUxRYvjUEkwUs7siMsYKE2M7qtgSvOWTV0nnou416o37y1rzpqijDCdwCufgwRU04Q5a0AYCAp7hFd4c5bw4787HIlpyiplj+APn8we/QZBk</latexit>

�i
<latexit sha1_base64="zsiLqzB+P3MsDe5s3fO58QDS/V0=">AAAB8nicbVDLSgMxFM34rPVVdekmWARxUWZEqsuiG5cV7AOmY8lkMm1oJhmSO0IZ+hluXCji1q9x59+YtrPQ1gOBwznnkntPmApuwHW/nZXVtfWNzdJWeXtnd2+/cnDYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLR7dTvPDFtuJIPME5ZkJCB5DGnBKzk94SNRqTPH8/7lapbc2fAy8QrSBUVaPYrX71I0SxhEqggxviem0KQEw2cCjYp9zLDUkJHZMB8SyVJmAny2coTfGqVCMdK2ycBz9TfEzlJjBknoU0mBIZm0ZuK/3l+BvF1kHOZZsAknX8UZwKDwtP7ccQ1oyDGlhCqud0V0yHRhIJtqWxL8BZPXibti5pXr9XvL6uNm6KOEjpGJ+gMeegKNdAdaqIWokihZ/SK3hxwXpx352MeXXGKmSP0B87nD97CkQA=</latexit>

��
i

<latexit sha1_base64="RjZfuGkoFmXLA3yQ66dMwdop9l0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF/FU0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPpg4PHeDDPzgkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G1zO//YhK81g+mEmCfkSHkoecUWOl+9s+75crbtWdg/wlXk4qkKPRL3/2BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiUnVhmQMFa2pCFz9edERiOtJ1FgOyNqRnrZm4n/ed3UhJd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLf0nrrOrVqrW780r9Ko+jCEdwDKfgwQXU4QYa0AQGQ3iCF3h1hPPsvDnvi9aCk88cwi84H98eDo21</latexit>

Ji

<latexit sha1_base64="IbqP+qT9kqDGK44XL3gDd0y+diw=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0WPQixchgnlAsgmzk9lkyOyDmV41LPkPLx4U8eq/ePNvnCR70MSChqKqm+4uL5ZCo21/Wyura+sbm7mt/PbO7t5+4eCwoaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3up76zQeutIjCexzH3A3oIBS+YBSN1L3tdZA/YTqg8aRb7hWKdsmegSwTJyNFyFDrFb46/YglAQ+RSap127FjdFOqUDDJJ/lOonlM2YgOeNvQkAZcu+ns6gk5NUqf+JEyFSKZqb8nUhpoPQ480xlQHOpFbyr+57UT9C/dVIRxgjxk80V+IglGZBoB6QvFGcqxIZQpYW4lbEgVZWiCypsQnMWXl0mjXHIqpcrdebF6lcWRg2M4gTNw4AKqcAM1qAMDBc/wCm/Wo/VivVsf89YVK5s5gj+wPn8AosiSng==</latexit>

M2

gap

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

0
<latexit sha1_base64="fhCmvY7Eqg1Q7RieBzb5yfv8j9g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqS6LbtwIFewDmhgm00k7dPJg5kasofgrblwo4tb/cOffOG2z0NYDFw7n3Mu99/iJ4Aos69soLC2vrK4V10sbm1vbO+buXkvFqaSsSWMRy45PFBM8Yk3gIFgnkYyEvmBtf3g58dv3TCoeR7cwSpgbkn7EA04JaMkzD5ww9Si+9hxgD5D1STK+q3pm2apYU+BFYuekjHI0PPPL6cU0DVkEVBCluraVgJsRCZwKNi45qWIJoUPSZ11NIxIy5WbT68f4WCs9HMRSVwR4qv6eyEio1Cj0dWdIYKDmvYn4n9dNITh3Mx4lKbCIzhYFqcAQ40kUuMcloyBGmhAqub4V0wGRhIIOrKRDsOdfXiStasWuVWo3p+X6RR5HER2iI3SCbHSG6ugKNVATUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QNVtZUr</latexit>

µcM
2

gap

<latexit sha1_base64="lx/c2g9gEyM9UzyI0En//FeE7/A=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0YsQ9CKeIpoHJEuYnfQmQ2Znl5lZIYR8ghcPinj1i7z5N06SPWhiQUNR1U13V5AIro3rfjsrq2vrG5u5rfz2zu7efuHgsKHjVDGss1jEqhVQjYJLrBtuBLYShTQKBDaD4c3Ubz6h0jyWj2aUoB/RvuQhZ9RY6eHuqtwtFN2SOwNZJl5GipCh1i18dXoxSyOUhgmqddtzE+OPqTKcCZzkO6nGhLIh7WPbUkkj1P54duqEnFqlR8JY2ZKGzNTfE2MaaT2KAtsZUTPQi95U/M9rpya89MdcJqlByeaLwlQQE5Pp36THFTIjRpZQpri9lbABVZQZm07ehuAtvrxMGuWSVylV7s+L1essjhwcwwmcgQcXUIVbqEEdGPThGV7hzRHOi/PufMxbV5xs5gj+wPn8AZb5jVw=</latexit>

J = 2
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1-Parameter Family of 2SDR Extremal Theories

State input:

<latexit sha1_base64="TqvN7prTdEOUNXDkCJow3Qc5rWU=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXgRKrhtoV1LNs22odlkSbJCWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKVlqgj1ieRSdUKsKWeC+oYZTjuJojgOOW2H45uZ336iSjMpHswkoUGMh4JFjGBjJf+uzx5r/XLFrbpzoFXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJsfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qoqsgYyJJDRVksShKOTISzT5HA6YoMXxiCSaK2VsRGWGFibH5lGwI3vLLq6RVq3r1av3+otK4zuMowgmcwjl4cAkNuIUm+ECAwTO8wpsjnBfn3flYtBacfOYY/sD5/AFJSY5c</latexit>

M2

i

<latexit sha1_base64="IbqP+qT9kqDGK44XL3gDd0y+diw=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0WPQixchgnlAsgmzk9lkyOyDmV41LPkPLx4U8eq/ePNvnCR70MSChqKqm+4uL5ZCo21/Wyura+sbm7mt/PbO7t5+4eCwoaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3up76zQeutIjCexzH3A3oIBS+YBSN1L3tdZA/YTqg8aRb7hWKdsmegSwTJyNFyFDrFb46/YglAQ+RSap127FjdFOqUDDJJ/lOonlM2YgOeNvQkAZcu+ns6gk5NUqf+JEyFSKZqb8nUhpoPQ480xlQHOpFbyr+57UT9C/dVIRxgjxk80V+IglGZBoB6QvFGcqxIZQpYW4lbEgVZWiCypsQnMWXl0mjXHIqpcrdebF6lcWRg2M4gTNw4AKqcAM1qAMDBc/wCm/Wo/VivVsf89YVK5s5gj+wPn8AosiSng==</latexit>

M2

gap

<latexit sha1_base64="D65qJF2y7yR6ppYY3qYxDJvTPhQ=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqS6LbtwIFewDmhgm00k7dPJg5kasofgrblwo4tb/cOffOG2z0NYDFw7n3Mu99/iJ4Aos69soLC2vrK4V10sbm1vbO+buXkvFqaSsSWMRy45PFBM8Yk3gIFgnkYyEvmBtf3g58dv3TCoeR7cwSpgbkn7EA04JaMkzD5ww9ar42nOAPUDWJ8n4ruqZZatiTYEXiZ2TMsrR8MwvpxfTNGQRUEGU6tpWAm5GJHAq2LjkpIolhA5Jn3U1jUjIlJtNrx/jY630cBBLXRHgqfp7IiOhUqPQ150hgYGa9ybif143heDczXiUpMAiOlsUpAJDjCdR4B6XjIIYaUKo5PpWTAdEEgo6sJIOwZ5/eZG0qhW7VqndnJbrF3kcRXSIjtAJstEZqqMr1EBNRNEjekav6M14Ml6Md+Nj1low8pl99AfG5w8IkpT6</latexit>

µ2M
2

gap

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

0

<latexit sha1_base64="IbqP+qT9kqDGK44XL3gDd0y+diw=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0WPQixchgnlAsgmzk9lkyOyDmV41LPkPLx4U8eq/ePNvnCR70MSChqKqm+4uL5ZCo21/Wyura+sbm7mt/PbO7t5+4eCwoaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3up76zQeutIjCexzH3A3oIBS+YBSN1L3tdZA/YTqg8aRb7hWKdsmegSwTJyNFyFDrFb46/YglAQ+RSap127FjdFOqUDDJJ/lOonlM2YgOeNvQkAZcu+ns6gk5NUqf+JEyFSKZqb8nUhpoPQ480xlQHOpFbyr+57UT9C/dVIRxgjxk80V+IglGZBoB6QvFGcqxIZQpYW4lbEgVZWiCypsQnMWXl0mjXHIqpcrdebF6lcWRg2M4gTNw4AKqcAM1qAMDBc/wCm/Wo/VivVsf89YVK5s5gj+wPn8AosiSng==</latexit>

M2

gap

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

0

<latexit sha1_base64="TqvN7prTdEOUNXDkCJow3Qc5rWU=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXgRKrhtoV1LNs22odlkSbJCWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKVlqgj1ieRSdUKsKWeC+oYZTjuJojgOOW2H45uZ336iSjMpHswkoUGMh4JFjGBjJf+uzx5r/XLFrbpzoFXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJsfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qoqsgYyJJDRVksShKOTISzT5HA6YoMXxiCSaK2VsRGWGFibH5lGwI3vLLq6RVq3r1av3+otK4zuMowgmcwjl4cAkNuIUm+ECAwTO8wpsjnBfn3flYtBacfOYY/sD5/AFJSY5c</latexit>

M2

i

<latexit sha1_base64="KNATO/Iq7byZl7oGgNLXcjBHv5E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPq8X664VXcOskq8nFQgR6Nf/uoNEpbFKA0TVOuu56bGn1BlOBM4LfUyjSllIxph11JJY9T+ZH7qlJxZZUDCRNmShszV3xMTGms9jgPbGVMz1MveTPzP62YmvPYnXKaZQckWi8JMEJOQ2d9kwBUyI8aWUKa4vZWwIVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBKPI3S</latexit>gi
<latexit sha1_base64="622id/Meh80kN91na5EDAw4glqc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSKIh5KIVI9FLx4rmLbQxrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dlZW19Y3Ngtbxe2d3b390sFhwySZZtxniUx0K6SGS6G4jwIlb6Wa0ziUvBkOb6d+84lrIxL1gKOUBzHtKxEJRtFKfr8rHs+7pbJbcWcgy8TLSRly1Lulr04vYVnMFTJJjWl7borBmGoUTPJJsZMZnlI2pH3etlTRmJtgPDt2Qk6t0iNRom0pJDP198SYxsaM4tB2xhQHZtGbiv957Qyj62AsVJohV2y+KMokwYRMPyc9oTlDObKEMi3srYQNqKYMbT5FG4K3+PIyaVxUvGqlen9Zrt3kcRTgGE7gDDy4ghrcQR18YCDgGV7hzVHOi/PufMxbV5x85gj+wPn8AWT5jm4=</latexit>

g�
i

<latexit sha1_base64="rWnGlgx9xlTccyDSZFrHoUdkf3Q=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbSbt2sxt2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0jJVFJtUcqk6IdHImcCmYYZjJ1FI4pBjOxzfzvz2EyrNpHgwkwSDmAwFixglxkqtHnLeZ/1yxat6c7irxM9JBXI0+uWv3kDSNEZhKCdad30vMUFGlGGU47TUSzUmhI7JELuWChKjDrL5tVP3zCoDN5LKljDuXP09kZFY60kc2s6YmJFe9mbif143NdF1kDGRpAYFXSyKUu4a6c5edwdMITV8YgmhitlbXToiilBjAyrZEPzll1dJ66Lq16q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5kjnxXl3PhatBSefOYY/cD5/AI2OjyI=</latexit>

�i

<latexit sha1_base64="iuDxtnstMaV7ZXJRFHmVYqj EQok=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF/FU0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPpg4PHeDDPzgkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G1zO//YhK81g+mEmCfkSHkoecUWOl+9u+1y9X3Ko7B/lLvJxUIEejX/7sDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUpOrDIgYaxsSUPm6s+JjEZaT6LAdkbUjPSyNxP/87qpCS/9jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWX/5LWWdWrVWt355X6VR5HEY7gGE7Bgwuoww00oAkMhvAEL/DqCOfZeXPeF60FJ585hF9wPr4ByR+NfQ==</latexit>

J1

<latexit sha1_base64="ZoBpVJK/JQzPWCGWa0ykELAnUGg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR6DXsRTRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWP5aMYJ+hEdSB5yRo2VHu56lV6x5JbdOcgq8TJSggz1XvGr249ZGqE0TFCtO56bGH9CleFM4LTQTTUmlI3oADuWShqh9ifzU6fkzCp9EsbKljRkrv6emNBI63EU2M6ImqFe9mbif14nNeGVP+EySQ1KtlgUpoKYmMz+Jn2ukBkxtoQyxe2thA2poszYdAo2BG/55VXSrJS9arl6f1GqXWdx5OEETuEcPLiEGtxCHRrAYADP8ApvjnBenHfnY9Gac7KZY/gD5/MHyqONfg==</latexit>

J2

<latexit sha1_base64="iuDxtnstMaV7ZXJRFHmVYqj EQok=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF/FU0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPpg4PHeDDPzgkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G1zO//YhK81g+mEmCfkSHkoecUWOl+9u+1y9X3Ko7B/lLvJxUIEejX/7sDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUpOrDIgYaxsSUPm6s+JjEZaT6LAdkbUjPSyNxP/87qpCS/9jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWX/5LWWdWrVWt355X6VR5HEY7gGE7Bgwuoww00oAkMhvAEL/DqCOfZeXPeF60FJ585hF9wPr4ByR+NfQ==</latexit>

J1

<latexit sha1_base64="fhCmvY7Eqg1Q7RieBzb5yfv8j9g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqS6LbtwIFewDmhgm00k7dPJg5kasofgrblwo4tb/cOffOG2z0NYDFw7n3Mu99/iJ4Aos69soLC2vrK4V10sbm1vbO+buXkvFqaSsSWMRy45PFBM8Yk3gIFgnkYyEvmBtf3g58dv3TCoeR7cwSpgbkn7EA04JaMkzD5ww9Si+9hxgD5D1STK+q3pm2apYU+BFYuekjHI0PPPL6cU0DVkEVBCluraVgJsRCZwKNi45qWIJoUPSZ11NIxIy5WbT68f4WCs9HMRSVwR4qv6eyEio1Cj0dWdIYKDmvYn4n9dNITh3Mx4lKbCIzhYFqcAQ40kUuMcloyBGmhAqub4V0wGRhIIOrKRDsOdfXiStasWuVWo3p+X6RR5HER2iI3SCbHSG6ugKNVATUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QNVtZUr</latexit>

µcM
2

gap

<latexit sha1_base64="fhCmvY7Eqg1Q7RieBzb5yfv8j9g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqS6LbtwIFewDmhgm00k7dPJg5kasofgrblwo4tb/cOffOG2z0NYDFw7n3Mu99/iJ4Aos69soLC2vrK4V10sbm1vbO+buXkvFqaSsSWMRy45PFBM8Yk3gIFgnkYyEvmBtf3g58dv3TCoeR7cwSpgbkn7EA04JaMkzD5ww9Si+9hxgD5D1STK+q3pm2apYU+BFYuekjHI0PPPL6cU0DVkEVBCluraVgJsRCZwKNi45qWIJoUPSZ11NIxIy5WbT68f4WCs9HMRSVwR4qv6eyEio1Cj0dWdIYKDmvYn4n9dNITh3Mx4lKbCIzhYFqcAQ40kUuMcloyBGmhAqub4V0wGRhIIOrKRDsOdfXiStasWuVWo3p+X6RR5HER2iI3SCbHSG6ugKNVATUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QNVtZUr</latexit>

µcM
2

gap

<latexit sha1_base64="fmGf1CPi/dv5MkU164oU0i1QKV8=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ie0Q8lkMm1okhmSjFCGfoUbF4q49XPc+Tem01lo64HA4Zxzyb0nSDjTxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVhLZJzGPVC7CmnEnaNsxw2ksUxSLgtBtMbud+94kqzWL5YKYJ9QUeSRYxgo2VHgfcRkM8ZMNqza27OdAq8QpSgwKtYfVrEMYkFVQawrHWfc9NjJ9hZRjhdFYZpJommEzwiPYtlVhQ7Wf5wjN0ZpUQRbGyTxqUq78nMiy0norAJgU2Y73szcX/vH5qoms/YzJJDZVk8VGUcmRiNL8ehUxRYvjUEkwUs7siMsYKE2M7qtgSvOWTV0nnou416o37y1rzpqijDCdwCufgwRU04Q5a0AYCAp7hFd4c5bw4787HIlpyiplj+APn8we/QZBk</latexit>

�i
<latexit sha1_base64="zsiLqzB+P3MsDe5s3fO58QDS/V0=">AAAB8nicbVDLSgMxFM34rPVVdekmWARxUWZEqsuiG5cV7AOmY8lkMm1oJhmSO0IZ+hluXCji1q9x59+YtrPQ1gOBwznnkntPmApuwHW/nZXVtfWNzdJWeXtnd2+/cnDYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLR7dTvPDFtuJIPME5ZkJCB5DGnBKzk94SNRqTPH8/7lapbc2fAy8QrSBUVaPYrX71I0SxhEqggxviem0KQEw2cCjYp9zLDUkJHZMB8SyVJmAny2coTfGqVCMdK2ycBz9TfEzlJjBknoU0mBIZm0ZuK/3l+BvF1kHOZZsAknX8UZwKDwtP7ccQ1oyDGlhCqud0V0yHRhIJtqWxL8BZPXibti5pXr9XvL6uNm6KOEjpGJ+gMeegKNdAdaqIWokihZ/SK3hxwXpx352MeXXGKmSP0B87nD97CkQA=</latexit>

��
i

<latexit sha1_base64="RjZfuGkoFmXLA3yQ66dMwdop9l0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF/FU0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPpg4PHeDDPzgkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G1zO//YhK81g+mEmCfkSHkoecUWOl+9s+75crbtWdg/wlXk4qkKPRL3/2BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiUnVhmQMFa2pCFz9edERiOtJ1FgOyNqRnrZm4n/ed3UhJd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLf0nrrOrVqrW780r9Ko+jCEdwDKfgwQXU4QYa0AQGQ3iCF3h1hPPsvDnvi9aCk88cwi84H98eDo21</latexit>

Ji

<latexit sha1_base64="IbqP+qT9kqDGK44XL3gDd0y+diw=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0WPQixchgnlAsgmzk9lkyOyDmV41LPkPLx4U8eq/ePNvnCR70MSChqKqm+4uL5ZCo21/Wyura+sbm7mt/PbO7t5+4eCwoaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3up76zQeutIjCexzH3A3oIBS+YBSN1L3tdZA/YTqg8aRb7hWKdsmegSwTJyNFyFDrFb46/YglAQ+RSap127FjdFOqUDDJJ/lOonlM2YgOeNvQkAZcu+ns6gk5NUqf+JEyFSKZqb8nUhpoPQ480xlQHOpFbyr+57UT9C/dVIRxgjxk80V+IglGZBoB6QvFGcqxIZQpYW4lbEgVZWiCypsQnMWXl0mjXHIqpcrdebF6lcWRg2M4gTNw4AKqcAM1qAMDBc/wCm/Wo/VivVsf89YVK5s5gj+wPn8AosiSng==</latexit>

M2

gap

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

0
<latexit sha1_base64="fhCmvY7Eqg1Q7RieBzb5yfv8j9g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqS6LbtwIFewDmhgm00k7dPJg5kasofgrblwo4tb/cOffOG2z0NYDFw7n3Mu99/iJ4Aos69soLC2vrK4V10sbm1vbO+buXkvFqaSsSWMRy45PFBM8Yk3gIFgnkYyEvmBtf3g58dv3TCoeR7cwSpgbkn7EA04JaMkzD5ww9Si+9hxgD5D1STK+q3pm2apYU+BFYuekjHI0PPPL6cU0DVkEVBCluraVgJsRCZwKNi45qWIJoUPSZ11NIxIy5WbT68f4WCs9HMRSVwR4qv6eyEio1Cj0dWdIYKDmvYn4n9dNITh3Mx4lKbCIzhYFqcAQ40kUuMcloyBGmhAqub4V0wGRhIIOrKRDsOdfXiStasWuVWo3p+X6RR5HER2iI3SCbHSG6ugKNVATUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QNVtZUr</latexit>

µcM
2

gap

<latexit sha1_base64="lx/c2g9gEyM9UzyI0En//FeE7/A=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0YsQ9CKeIpoHJEuYnfQmQ2Znl5lZIYR8ghcPinj1i7z5N06SPWhiQUNR1U13V5AIro3rfjsrq2vrG5u5rfz2zu7efuHgsKHjVDGss1jEqhVQjYJLrBtuBLYShTQKBDaD4c3Ubz6h0jyWj2aUoB/RvuQhZ9RY6eHuqtwtFN2SOwNZJl5GipCh1i18dXoxSyOUhgmqddtzE+OPqTKcCZzkO6nGhLIh7WPbUkkj1P54duqEnFqlR8JY2ZKGzNTfE2MaaT2KAtsZUTPQi95U/M9rpya89MdcJqlByeaLwlQQE5Pp36THFTIjRpZQpri9lbABVZQZm07ehuAtvrxMGuWSVylV7s+L1essjhwcwwmcgQcXUIVbqEEdGPThGV7hzRHOi/PufMxbV5xs5gj+wPn8AZb5jVw=</latexit>

J = 2

spin-2

ssIST
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Convex Hull Conjecture

What is required to understand full 2SDR space?

Scalar subtraction allowed =) full region = scalarless region + scalars.
=) only need to understand scalarless theories!

2SDR Convex Hull Conjecture.
The scalarless 2SDR allowed space is the convex hull of the 1-parameter family of
extremal theories with various choices of mass scale.

Loki L. Lin University of Michigan 11 December 2024 15 / 38



Convex Hull Conjecture
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Convex Hull Conjecture
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Convex Hull Conjecture

Punchline:
If the 2SDR Convex Hull Conjecture is correct, then we only need to understand a
single family of theories in order to understand the entire 2SDR space.

Greatly reduces complexity of the problem.

Loki L. Lin University of Michigan 11 December 2024 18 / 38



Supersymmetry via 0SDR Bootstrap

In D = 4, N = 4 supersymmetric Yang-Mills theory (SYM) contains

1 vector

4 Weyl fermions

6 real scalars (3 complex scalars)

Real scalar � is part of a SYM supermultiplet =) complex scalar z = � + i'.

From SUSY Ward identities,

A(zzz̄ z̄) = s2
Aphoton(1�2�3+4+)

h12i2[34]2

= s2 Astripped(s, t, u) . (12)

To get back to �,

A(����) = 2A(zzz̄ z̄) + 2A(zz̄zz̄) + 2A(z̄zzz̄)

= (s2 + t2 + u2)Astripped(s, t, u) . (13)

A(zzz̄ z̄) has nsub = 2 =) Astripped has nsub = 0.
=) bootstrap Astripped in 0SDR!
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Probing the 0SDR Space

Scalar is now marginally allowed, so cannot be subtracted

IST is still allowed

stripped
DBI

scalar IST

D= 4

D= 10
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1-Parameter Family of 0SDR Extremal Theories

State input:

<latexit sha1_base64="TqvN7prTdEOUNXDkCJow3Qc5rWU=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXgRKrhtoV1LNs22odlkSbJCWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKVlqgj1ieRSdUKsKWeC+oYZTjuJojgOOW2H45uZ336iSjMpHswkoUGMh4JFjGBjJf+uzx5r/XLFrbpzoFXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJsfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qoqsgYyJJDRVksShKOTISzT5HA6YoMXxiCSaK2VsRGWGFibH5lGwI3vLLq6RVq3r1av3+otK4zuMowgmcwjl4cAkNuIUm+ECAwTO8wpsjnBfn3flYtBacfOYY/sD5/AFJSY5c</latexit>

M2

i

<latexit sha1_base64="IbqP+qT9kqDGK44XL3gDd0y+diw=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0WPQixchgnlAsgmzk9lkyOyDmV41LPkPLx4U8eq/ePNvnCR70MSChqKqm+4uL5ZCo21/Wyura+sbm7mt/PbO7t5+4eCwoaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3up76zQeutIjCexzH3A3oIBS+YBSN1L3tdZA/YTqg8aRb7hWKdsmegSwTJyNFyFDrFb46/YglAQ+RSap127FjdFOqUDDJJ/lOonlM2YgOeNvQkAZcu+ns6gk5NUqf+JEyFSKZqb8nUhpoPQ480xlQHOpFbyr+57UT9C/dVIRxgjxk80V+IglGZBoB6QvFGcqxIZQpYW4lbEgVZWiCypsQnMWXl0mjXHIqpcrdebF6lcWRg2M4gTNw4AKqcAM1qAMDBc/wCm/Wo/VivVsf89YVK5s5gj+wPn8AosiSng==</latexit>

M2

gap

<latexit sha1_base64="D65qJF2y7yR6ppYY3qYxDJvTPhQ=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqS6LbtwIFewDmhgm00k7dPJg5kasofgrblwo4tb/cOffOG2z0NYDFw7n3Mu99/iJ4Aos69soLC2vrK4V10sbm1vbO+buXkvFqaSsSWMRy45PFBM8Yk3gIFgnkYyEvmBtf3g58dv3TCoeR7cwSpgbkn7EA04JaMkzD5ww9ar42nOAPUDWJ8n4ruqZZatiTYEXiZ2TMsrR8MwvpxfTNGQRUEGU6tpWAm5GJHAq2LjkpIolhA5Jn3U1jUjIlJtNrx/jY630cBBLXRHgqfp7IiOhUqPQ150hgYGa9ybif143heDczXiUpMAiOlsUpAJDjCdR4B6XjIIYaUKo5PpWTAdEEgo6sJIOwZ5/eZG0qhW7VqndnJbrF3kcRXSIjtAJstEZqqMr1EBNRNEjekav6M14Ml6Md+Nj1low8pl99AfG5w8IkpT6</latexit>

µ2M
2

gap

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

0

<latexit sha1_base64="IbqP+qT9kqDGK44XL3gDd0y+diw=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0WPQixchgnlAsgmzk9lkyOyDmV41LPkPLx4U8eq/ePNvnCR70MSChqKqm+4uL5ZCo21/Wyura+sbm7mt/PbO7t5+4eCwoaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3up76zQeutIjCexzH3A3oIBS+YBSN1L3tdZA/YTqg8aRb7hWKdsmegSwTJyNFyFDrFb46/YglAQ+RSap127FjdFOqUDDJJ/lOonlM2YgOeNvQkAZcu+ns6gk5NUqf+JEyFSKZqb8nUhpoPQ480xlQHOpFbyr+57UT9C/dVIRxgjxk80V+IglGZBoB6QvFGcqxIZQpYW4lbEgVZWiCypsQnMWXl0mjXHIqpcrdebF6lcWRg2M4gTNw4AKqcAM1qAMDBc/wCm/Wo/VivVsf89YVK5s5gj+wPn8AosiSng==</latexit>

M2

gap

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

0

<latexit sha1_base64="TqvN7prTdEOUNXDkCJow3Qc5rWU=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXgRKrhtoV1LNs22odlkSbJCWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKVlqgj1ieRSdUKsKWeC+oYZTjuJojgOOW2H45uZ336iSjMpHswkoUGMh4JFjGBjJf+uzx5r/XLFrbpzoFXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJsfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qoqsgYyJJDRVksShKOTISzT5HA6YoMXxiCSaK2VsRGWGFibH5lGwI3vLLq6RVq3r1av3+otK4zuMowgmcwjl4cAkNuIUm+ECAwTO8wpsjnBfn3flYtBacfOYY/sD5/AFJSY5c</latexit>

M2

i

<latexit sha1_base64="KNATO/Iq7byZl7oGgNLXcjBHv5E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPq8X664VXcOskq8nFQgR6Nf/uoNEpbFKA0TVOuu56bGn1BlOBM4LfUyjSllIxph11JJY9T+ZH7qlJxZZUDCRNmShszV3xMTGms9jgPbGVMz1MveTPzP62YmvPYnXKaZQckWi8JMEJOQ2d9kwBUyI8aWUKa4vZWwIVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBKPI3S</latexit>gi
<latexit sha1_base64="622id/Meh80kN91na5EDAw4glqc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSKIh5KIVI9FLx4rmLbQxrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dlZW19Y3Ngtbxe2d3b390sFhwySZZtxniUx0K6SGS6G4jwIlb6Wa0ziUvBkOb6d+84lrIxL1gKOUBzHtKxEJRtFKfr8rHs+7pbJbcWcgy8TLSRly1Lulr04vYVnMFTJJjWl7borBmGoUTPJJsZMZnlI2pH3etlTRmJtgPDt2Qk6t0iNRom0pJDP198SYxsaM4tB2xhQHZtGbiv957Qyj62AsVJohV2y+KMokwYRMPyc9oTlDObKEMi3srYQNqKYMbT5FG4K3+PIyaVxUvGqlen9Zrt3kcRTgGE7gDDy4ghrcQR18YCDgGV7hzVHOi/PufMxbV5x85gj+wPn8AWT5jm4=</latexit>

g�
i

<latexit sha1_base64="rWnGlgx9xlTccyDSZFrHoUdkf3Q=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbSbt2sxt2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0jJVFJtUcqk6IdHImcCmYYZjJ1FI4pBjOxzfzvz2EyrNpHgwkwSDmAwFixglxkqtHnLeZ/1yxat6c7irxM9JBXI0+uWv3kDSNEZhKCdad30vMUFGlGGU47TUSzUmhI7JELuWChKjDrL5tVP3zCoDN5LKljDuXP09kZFY60kc2s6YmJFe9mbif143NdF1kDGRpAYFXSyKUu4a6c5edwdMITV8YgmhitlbXToiilBjAyrZEPzll1dJ66Lq16q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5kjnxXl3PhatBSefOYY/cD5/AI2OjyI=</latexit>

�i

<latexit sha1_base64="iuDxtnstMaV7ZXJRFHmVYqjEQok=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF/FU0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPpg4PHeDDPzgkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G1zO//YhK81g+mEmCfkSHkoecUWOl+9u+1y9X3Ko7B/lLvJxUIEejX/7sDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUpOrDIgYaxsSUPm6s+JjEZaT6LAdkbUjPSyNxP/87qpCS/9jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWX/5LWWdWrVWt355X6VR5HEY7gGE7Bgwuoww00oAkMhvAEL/DqCOfZeXPeF60FJ585hF9wPr4ByR+NfQ==</latexit>

J1

<latexit sha1_base64="fhCmvY7Eqg1Q7RieBzb5yfv8j9g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqS6LbtwIFewDmhgm00k7dPJg5kasofgrblwo4tb/cOffOG2z0NYDFw7n3Mu99/iJ4Aos69soLC2vrK4V10sbm1vbO+buXkvFqaSsSWMRy45PFBM8Yk3gIFgnkYyEvmBtf3g58dv3TCoeR7cwSpgbkn7EA04JaMkzD5ww9Si+9hxgD5D1STK+q3pm2apYU+BFYuekjHI0PPPL6cU0DVkEVBCluraVgJsRCZwKNi45qWIJoUPSZ11NIxIy5WbT68f4WCs9HMRSVwR4qv6eyEio1Cj0dWdIYKDmvYn4n9dNITh3Mx4lKbCIzhYFqcAQ40kUuMcloyBGmhAqub4V0wGRhIIOrKRDsOdfXiStasWuVWo3p+X6RR5HER2iI3SCbHSG6ugKNVATUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QNVtZUr</latexit>

µcM
2

gap

<latexit sha1_base64="fhCmvY7Eqg1Q7RieBzb5yfv8j9g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqS6LbtwIFewDmhgm00k7dPJg5kasofgrblwo4tb/cOffOG2z0NYDFw7n3Mu99/iJ4Aos69soLC2vrK4V10sbm1vbO+buXkvFqaSsSWMRy45PFBM8Yk3gIFgnkYyEvmBtf3g58dv3TCoeR7cwSpgbkn7EA04JaMkzD5ww9Si+9hxgD5D1STK+q3pm2apYU+BFYuekjHI0PPPL6cU0DVkEVBCluraVgJsRCZwKNi45qWIJoUPSZ11NIxIy5WbT68f4WCs9HMRSVwR4qv6eyEio1Cj0dWdIYKDmvYn4n9dNITh3Mx4lKbCIzhYFqcAQ40kUuMcloyBGmhAqub4V0wGRhIIOrKRDsOdfXiStasWuVWo3p+X6RR5HER2iI3SCbHSG6ugKNVATUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QNVtZUr</latexit>

µcM
2

gap

<latexit sha1_base64="fmGf1CPi/dv5MkU164oU0i1QKV8=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ie0Q8lkMm1okhmSjFCGfoUbF4q49XPc+Tem01lo64HA4Zxzyb0nSDjTxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVhLZJzGPVC7CmnEnaNsxw2ksUxSLgtBtMbud+94kqzWL5YKYJ9QUeSRYxgo2VHgfcRkM8ZMNqza27OdAq8QpSgwKtYfVrEMYkFVQawrHWfc9NjJ9hZRjhdFYZpJommEzwiPYtlVhQ7Wf5wjN0ZpUQRbGyTxqUq78nMiy0norAJgU2Y73szcX/vH5qoms/YzJJDZVk8VGUcmRiNL8ehUxRYvjUEkwUs7siMsYKE2M7qtgSvOWTV0nnou416o37y1rzpqijDCdwCufgwRU04Q5a0AYCAp7hFd4c5bw4787HIlpyiplj+APn8we/QZBk</latexit>

�i
<latexit sha1_base64="zsiLqzB+P3MsDe5s3fO58QDS/V0=">AAAB8nicbVDLSgMxFM34rPVVdekmWARxUWZEqsuiG5cV7AOmY8lkMm1oJhmSO0IZ+hluXCji1q9x59+YtrPQ1gOBwznnkntPmApuwHW/nZXVtfWNzdJWeXtnd2+/cnDYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLR7dTvPDFtuJIPME5ZkJCB5DGnBKzk94SNRqTPH8/7lapbc2fAy8QrSBUVaPYrX71I0SxhEqggxviem0KQEw2cCjYp9zLDUkJHZMB8SyVJmAny2coTfGqVCMdK2ycBz9TfEzlJjBknoU0mBIZm0ZuK/3l+BvF1kHOZZsAknX8UZwKDwtP7ccQ1oyDGlhCqud0V0yHRhIJtqWxL8BZPXibti5pXr9XvL6uNm6KOEjpGJ+gMeegKNdAdaqIWokihZ/SK3hxwXpx352MeXXGKmSP0B87nD97CkQA=</latexit>

��
i

<latexit sha1_base64="RjZfuGkoFmXLA3yQ66dMwdop9l0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF/FU0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPpg4PHeDDPzgkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G1zO//YhK81g+mEmCfkSHkoecUWOl+9s+75crbtWdg/wlXk4qkKPRL3/2BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiUnVhmQMFa2pCFz9edERiOtJ1FgOyNqRnrZm4n/ed3UhJd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLf0nrrOrVqrW780r9Ko+jCEdwDKfgwQXU4QYa0AQGQ3iCF3h1hPPsvDnvi9aCk88cwi84H98eDo21</latexit>

Ji

<latexit sha1_base64="IbqP+qT9kqDGK44XL3gDd0y+diw=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0WPQixchgnlAsgmzk9lkyOyDmV41LPkPLx4U8eq/ePNvnCR70MSChqKqm+4uL5ZCo21/Wyura+sbm7mt/PbO7t5+4eCwoaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3up76zQeutIjCexzH3A3oIBS+YBSN1L3tdZA/YTqg8aRb7hWKdsmegSwTJyNFyFDrFb46/YglAQ+RSap127FjdFOqUDDJJ/lOonlM2YgOeNvQkAZcu+ns6gk5NUqf+JEyFSKZqb8nUhpoPQ480xlQHOpFbyr+57UT9C/dVIRxgjxk80V+IglGZBoB6QvFGcqxIZQpYW4lbEgVZWiCypsQnMWXl0mjXHIqpcrdebF6lcWRg2M4gTNw4AKqcAM1qAMDBc/wCm/Wo/VivVsf89YVK5s5gj+wPn8AosiSng==</latexit>

M2

gap

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

0
<latexit sha1_base64="fhCmvY7Eqg1Q7RieBzb5yfv8j9g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqS6LbtwIFewDmhgm00k7dPJg5kasofgrblwo4tb/cOffOG2z0NYDFw7n3Mu99/iJ4Aos69soLC2vrK4V10sbm1vbO+buXkvFqaSsSWMRy45PFBM8Yk3gIFgnkYyEvmBtf3g58dv3TCoeR7cwSpgbkn7EA04JaMkzD5ww9Si+9hxgD5D1STK+q3pm2apYU+BFYuekjHI0PPPL6cU0DVkEVBCluraVgJsRCZwKNi45qWIJoUPSZ11NIxIy5WbT68f4WCs9HMRSVwR4qv6eyEio1Cj0dWdIYKDmvYn4n9dNITh3Mx4lKbCIzhYFqcAQ40kUuMcloyBGmhAqub4V0wGRhIIOrKRDsOdfXiStasWuVWo3p+X6RR5HER2iI3SCbHSG6ugKNVATUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QNVtZUr</latexit>

µcM
2

gap

<latexit sha1_base64="lx/c2g9gEyM9UzyI0En//FeE7/A=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0YsQ9CKeIpoHJEuYnfQmQ2Znl5lZIYR8ghcPinj1i7z5N06SPWhiQUNR1U13V5AIro3rfjsrq2vrG5u5rfz2zu7efuHgsKHjVDGss1jEqhVQjYJLrBtuBLYShTQKBDaD4c3Ubz6h0jyWj2aUoB/RvuQhZ9RY6eHuqtwtFN2SOwNZJl5GipCh1i18dXoxSyOUhgmqddtzE+OPqTKcCZzkO6nGhLIh7WPbUkkj1P54duqEnFqlR8JY2ZKGzNTfE2MaaT2KAtsZUTPQi95U/M9rpya89MdcJqlByeaLwlQQE5Pp36THFTIjRpZQpri9lbABVZQZm07ehuAtvrxMGuWSVylV7s+L1essjhwcwwmcgQcXUIVbqEEdGPThGV7hzRHOi/PufMxbV5xs5gj+wPn8AZb5jVw=</latexit>

J = 2

<latexit sha1_base64="IbqP+qT9kqDGK44XL3gDd0y+diw=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0WPQixchgnlAsgmzk9lkyOyDmV41LPkPLx4U8eq/ePNvnCR70MSChqKqm+4uL5ZCo21/Wyura+sbm7mt/PbO7t5+4eCwoaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3up76zQeutIjCexzH3A3oIBS+YBSN1L3tdZA/YTqg8aRb7hWKdsmegSwTJyNFyFDrFb46/YglAQ+RSap127FjdFOqUDDJJ/lOonlM2YgOeNvQkAZcu+ns6gk5NUqf+JEyFSKZqb8nUhpoPQ480xlQHOpFbyr+57UT9C/dVIRxgjxk80V+IglGZBoB6QvFGcqxIZQpYW4lbEgVZWiCypsQnMWXl0mjXHIqpcrdebF6lcWRg2M4gTNw4AKqcAM1qAMDBc/wCm/Wo/VivVsf89YVK5s5gj+wPn8AosiSng==</latexit>

M2

gap

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

0
<latexit sha1_base64="fhCmvY7Eqg1Q7RieBzb5yfv8j9g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqS6LbtwIFewDmhgm00k7dPJg5kasofgrblwo4tb/cOffOG2z0NYDFw7n3Mu99/iJ4Aos69soLC2vrK4V10sbm1vbO+buXkvFqaSsSWMRy45PFBM8Yk3gIFgnkYyEvmBtf3g58dv3TCoeR7cwSpgbkn7EA04JaMkzD5ww9Si+9hxgD5D1STK+q3pm2apYU+BFYuekjHI0PPPL6cU0DVkEVBCluraVgJsRCZwKNi45qWIJoUPSZ11NIxIy5WbT68f4WCs9HMRSVwR4qv6eyEio1Cj0dWdIYKDmvYn4n9dNITh3Mx4lKbCIzhYFqcAQ40kUuMcloyBGmhAqub4V0wGRhIIOrKRDsOdfXiStasWuVWo3p+X6RR5HER2iI3SCbHSG6ugKNVATUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QNVtZUr</latexit>

µcM
2

gap

<latexit sha1_base64="KZTl8Zzi5LEpfVbezTsUZhu+usg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0It4imgekCxhdjJJhszOLjO9QljyCV48KOLVL/Lm3zhJ9qCJBQ1FVTfdXUEshUHX/XZyK6tr6xv5zcLW9s7uXnH/oGGiRDNeZ5GMdCughkuheB0FSt6KNadhIHkzGN1M/eYT10ZE6hHHMfdDOlCiLxhFKz3cXbndYsktuzOQZeJlpAQZat3iV6cXsSTkCpmkxrQ9N0Y/pRoFk3xS6CSGx5SN6IC3LVU05MZPZ6dOyIlVeqQfaVsKyUz9PZHS0JhxGNjOkOLQLHpT8T+vnWD/0k+FihPkis0X9RNJMCLTv0lPaM5Qji2hTAt7K2FDqilDm07BhuAtvrxMGmdlr1Ku3J+XqtdZHHk4gmM4BQ8uoAq3UIM6MBjAM7zCmyOdF+fd+Zi35pxs5hD+wPn8AZPxjVo=</latexit>

J = 0

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

0

<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2
<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0

<latexit sha1_base64="IbqP+qT9kqDGK44XL3gDd0y+diw=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0WPQixchgnlAsgmzk9lkyOyDmV41LPkPLx4U8eq/ePNvnCR70MSChqKqm+4uL5ZCo21/Wyura+sbm7mt/PbO7t5+4eCwoaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3up76zQeutIjCexzH3A3oIBS+YBSN1L3tdZA/YTqg8aRb7hWKdsmegSwTJyNFyFDrFb46/YglAQ+RSap127FjdFOqUDDJJ/lOonlM2YgOeNvQkAZcu+ns6gk5NUqf+JEyFSKZqb8nUhpoPQ480xlQHOpFbyr+57UT9C/dVIRxgjxk80V+IglGZBoB6QvFGcqxIZQpYW4lbEgVZWiCypsQnMWXl0mjXHIqpcrdebF6lcWRg2M4gTNw4AKqcAM1qAMDBc/wCm/Wo/VivVsf89YVK5s5gj+wPn8AosiSng==</latexit>

M2

gap

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

0

<latexit sha1_base64="KZTl8Zzi5LEpfVbezTsUZhu+usg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0It4imgekCxhdjJJhszOLjO9QljyCV48KOLVL/Lm3zhJ9qCJBQ1FVTfdXUEshUHX/XZyK6tr6xv5zcLW9s7uXnH/oGGiRDNeZ5GMdCughkuheB0FSt6KNadhIHkzGN1M/eYT10ZE6hHHMfdDOlCiLxhFKz3cXbndYsktuzOQZeJlpAQZat3iV6cXsSTkCpmkxrQ9N0Y/pRoFk3xS6CSGx5SN6IC3LVU05MZPZ6dOyIlVeqQfaVsKyUz9PZHS0JhxGNjOkOLQLHpT8T+vnWD/0k+FihPkis0X9RNJMCLTv0lPaM5Qji2hTAt7K2FDqilDm07BhuAtvrxMGmdlr1Ku3J+XqtdZHHk4gmM4BQ8uoAq3UIM6MBjAM7zCmyOdF+fd+Zi35pxs5hD+wPn8AZPxjVo=</latexit>

J = 0

<latexit sha1_base64="D65qJF2y7yR6ppYY3qYxDJvTPhQ=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqS6LbtwIFewDmhgm00k7dPJg5kasofgrblwo4tb/cOffOG2z0NYDFw7n3Mu99/iJ4Aos69soLC2vrK4V10sbm1vbO+buXkvFqaSsSWMRy45PFBM8Yk3gIFgnkYyEvmBtf3g58dv3TCoeR7cwSpgbkn7EA04JaMkzD5ww9ar42nOAPUDWJ8n4ruqZZatiTYEXiZ2TMsrR8MwvpxfTNGQRUEGU6tpWAm5GJHAq2LjkpIolhA5Jn3U1jUjIlJtNrx/jY630cBBLXRHgqfp7IiOhUqPQ150hgYGa9ybif143heDczXiUpMAiOlsUpAJDjCdR4B6XjIIYaUKo5PpWTAdEEgo6sJIOwZ5/eZG0qhW7VqndnJbrF3kcRXSIjtAJstEZqqMr1EBNRNEjekav6M14Ml6Md+Nj1low8pl99AfG5w8IkpT6</latexit>

µ2M
2
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1-Parameter Family of 0SDR Extremal Theories

To compare w/ 2SDR, normalize by g2 instead.

scalarIST

-10 -8 -6 -4 -2 0 2
0.0

0.1

0.2

0.3

0.4

0.5

g3/g2

g 4
/g
2

Loki L. Lin University of Michigan 11 December 2024 22 / 38



0SDR Convex Hull Conjecture

Motivated by SUSY, what is required to understand full 0SDR space?

0SDR Convex Hull Conjecture.
The 0SDR allowed space is the convex hull of the 1-parameter family of extremal
theories with various choices of mass scale.

Again, if it’s correct, greatly reduces complexity of understanding 0SDR
amplitudes.
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0SDR ! 2SDR

Claim: Understanding 0SDR can actually help us understand 2SDR.

Given any 0SDR theory, can convert to a 2SDR theory via the following procedure:

<latexit sha1_base64="IbqP+qT9kqDGK44XL3gDd0y+diw=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0WPQixchgnlAsgmzk9lkyOyDmV41LPkPLx4U8eq/ePNvnCR70MSChqKqm+4uL5ZCo21/Wyura+sbm7mt/PbO7t5+4eCwoaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3up76zQeutIjCexzH3A3oIBS+YBSN1L3tdZA/YTqg8aRb7hWKdsmegSwTJyNFyFDrFb46/YglAQ+RSap127FjdFOqUDDJJ/lOonlM2YgOeNvQkAZcu+ns6gk5NUqf+JEyFSKZqb8nUhpoPQ480xlQHOpFbyr+57UT9C/dVIRxgjxk80V+IglGZBoB6QvFGcqxIZQpYW4lbEgVZWiCypsQnMWXl0mjXHIqpcrdebF6lcWRg2M4gTNw4AKqcAM1qAMDBc/wCm/Wo/VivVsf89YVK5s5gj+wPn8AosiSng==</latexit>

M2

gap

<latexit sha1_base64="D65qJF2y7yR6ppYY3qYxDJvTPhQ=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqS6LbtwIFewDmhgm00k7dPJg5kasofgrblwo4tb/cOffOG2z0NYDFw7n3Mu99/iJ4Aos69soLC2vrK4V10sbm1vbO+buXkvFqaSsSWMRy45PFBM8Yk3gIFgnkYyEvmBtf3g58dv3TCoeR7cwSpgbkn7EA04JaMkzD5ww9ar42nOAPUDWJ8n4ruqZZatiTYEXiZ2TMsrR8MwvpxfTNGQRUEGU6tpWAm5GJHAq2LjkpIolhA5Jn3U1jUjIlJtNrx/jY630cBBLXRHgqfp7IiOhUqPQ150hgYGa9ybif143heDczXiUpMAiOlsUpAJDjCdR4B6XjIIYaUKo5PpWTAdEEgo6sJIOwZ5/eZG0qhW7VqndnJbrF3kcRXSIjtAJstEZqqMr1EBNRNEjekav6M14Ml6Md+Nj1low8pl99AfG5w8IkpT6</latexit>

µ2M
2

gap

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

0
<latexit sha1_base64="H//X4bwI3RjZ+RAOpAGes7PrqK4=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZIq1WXRjRuhgn1AE8NkOmmHTh7M3Ig1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3Hj8RXIFlfRsLi0vLK6uFteL6xubWtrmz21RxKilr0FjEsu0TxQSPWAM4CNZOJCOhL1jLH1yO/dY9k4rH0S0ME+aGpBfxgFMCWvLMfSdMvRN87TnAHiDrkWR0V/HMklW2JsDzxM5JCeWoe+aX041pGrIIqCBKdWwrATcjEjgVbFR0UsUSQgekxzqaRiRkys0m14/wkVa6OIilrgjwRP09kZFQqWHo686QQF/NemPxP6+TQnDuZjxKUmARnS4KUoEhxuMocJdLRkEMNSFUcn0rpn0iCQUdWFGHYM++PE+albJdLVdvTku1izyOAjpAh+gY2egM1dAVqqMGougRPaNX9GY8GS/Gu/ExbV0w8pk99AfG5w8KJZT7</latexit>

µ3M
2

gap

…

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

0

<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2

<latexit sha1_base64="j7wS8F7tKFAwj8Nbw54mK7S7CAI=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBKR6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva369Vq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxg5i5k=</latexit>

4

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

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

0

<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2
…

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

0 …

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

0

<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2

<latexit sha1_base64="j7wS8F7tKFAwj8Nbw54mK7S7CAI=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBKR6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva369Vq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxg5i5k=</latexit>

4

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

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

0

<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2
…

<latexit sha1_base64="5CPnLRndVVbVpyDX8oiqRyVPq8g=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiRFqsuiGzdCBfuApobJdNIOnTyYuRFLyM6Nv+LGhSJu/QV3/o3TNgttPXDhcM693HuPFwuuwLK+jcLS8srqWnG9tLG5tb1j7u61VJRIypo0EpHseEQxwUPWBA6CdWLJSOAJ1vZGlxO/fc+k4lF4C+OY9QIyCLnPKQEtueah40tCUztLnSBxqxm+dh1gD5AOSJzdVV2zbFWsKfAisXNSRjkarvnl9COaBCwEKohSXduKoZcSCZwKlpWcRLGY0BEZsK6mIQmY6qXTPzJ8rJU+9iOpKwQ8VX9PpCRQahx4ujMgMFTz3kT8z+sm4J/3Uh7GCbCQzhb5icAQ4UkouM8loyDGmhAqub4V0yHRwYCOrqRDsOdfXiStasWuVWo3p+X6RR5HER2gI3SCbHSG6ugKNVATUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QMV55l3</latexit>

1

µ2

M2

gap

<latexit sha1_base64="IbqP+qT9kqDGK44XL3gDd0y+diw=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0WPQixchgnlAsgmzk9lkyOyDmV41LPkPLx4U8eq/ePNvnCR70MSChqKqm+4uL5ZCo21/Wyura+sbm7mt/PbO7t5+4eCwoaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3up76zQeutIjCexzH3A3oIBS+YBSN1L3tdZA/YTqg8aRb7hWKdsmegSwTJyNFyFDrFb46/YglAQ+RSap127FjdFOqUDDJJ/lOonlM2YgOeNvQkAZcu+ns6gk5NUqf+JEyFSKZqb8nUhpoPQ480xlQHOpFbyr+57UT9C/dVIRxgjxk80V+IglGZBoB6QvFGcqxIZQpYW4lbEgVZWiCypsQnMWXl0mjXHIqpcrdebF6lcWRg2M4gTNw4AKqcAM1qAMDBc/wCm/Wo/VivVsf89YVK5s5gj+wPn8AosiSng==</latexit>

M2

gap

<latexit sha1_base64="U7sn0j/w/lCDmv7tu01/EJ3PzVo=">AAACC3icbVDLSsNAFJ34rPUVdelmaBFclaRKdVl040aoYB/QxDCZTtqhkwczN2IJ2bvxV9y4UMStP+DOv3H6WGjrgcs9nHMvM/f4ieAKLOvbWFpeWV1bL2wUN7e2d3bNvf2WilNJWZPGIpYdnygmeMSawEGwTiIZCX3B2v7wcuy375lUPI5uYZQwNyT9iAecEtCSZ5acQBKaOWHqneSTVs3xtecAe4CsT5L8ruqZZatiTYAXiT0jZTRDwzO/nF5M05BFQAVRqmtbCbgZkcCpYHnRSRVLCB2SPutqGpGQKTeb3JLjI630cBBLXRHgifp7IyOhUqPQ15MhgYGa98bif143heDczXiUpMAiOn0oSAWGGI+DwT0uGQUx0oRQyfVfMR0QHQ7o+Io6BHv+5EXSqlbsWqV2c1quX8ziKKBDVELHyEZnqI6uUAM1EUWP6Bm9ojfjyXgx3o2P6eiSMds5QH9gfP4AUyWbPg==</latexit>µ3

µ2

M2

gap

<latexit sha1_base64="D65qJF2y7yR6ppYY3qYxDJvTPhQ=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqS6LbtwIFewDmhgm00k7dPJg5kasofgrblwo4tb/cOffOG2z0NYDFw7n3Mu99/iJ4Aos69soLC2vrK4V10sbm1vbO+buXkvFqaSsSWMRy45PFBM8Yk3gIFgnkYyEvmBtf3g58dv3TCoeR7cwSpgbkn7EA04JaMkzD5ww9ar42nOAPUDWJ8n4ruqZZatiTYEXiZ2TMsrR8MwvpxfTNGQRUEGU6tpWAm5GJHAq2LjkpIolhA5Jn3U1jUjIlJtNrx/jY630cBBLXRHgqfp7IiOhUqPQ150hgYGa9ybif143heDczXiUpMAiOlsUpAJDjCdR4B6XjIIYaUKo5PpWTAdEEgo6sJIOwZ5/eZG0qhW7VqndnJbrF3kcRXSIjtAJstEZqqMr1EBNRNEjekav6M14Ml6Md+Nj1low8pl99AfG5w8IkpT6</latexit>

µ2M
2

gap

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

0
<latexit sha1_base64="H//X4bwI3RjZ+RAOpAGes7PrqK4=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZIq1WXRjRuhgn1AE8NkOmmHTh7M3Ig1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3Hj8RXIFlfRsLi0vLK6uFteL6xubWtrmz21RxKilr0FjEsu0TxQSPWAM4CNZOJCOhL1jLH1yO/dY9k4rH0S0ME+aGpBfxgFMCWvLMfSdMvRN87TnAHiDrkWR0V/HMklW2JsDzxM5JCeWoe+aX041pGrIIqCBKdWwrATcjEjgVbFR0UsUSQgekxzqaRiRkys0m14/wkVa6OIilrgjwRP09kZFQqWHo686QQF/NemPxP6+TQnDuZjxKUmARnS4KUoEhxuMocJdLRkEMNSFUcn0rpn0iCQUdWFGHYM++PE+albJdLVdvTku1izyOAjpAh+gY2egM1dAVqqMGougRPaNX9GY8GS/Gu/ExbV0w8pk99AfG5w8KJZT7</latexit>

µ3M
2

gap

…

<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2

<latexit sha1_base64="j7wS8F7tKFAwj8Nbw54mK7S7CAI=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBKR6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva369Vq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxg5i5k=</latexit>

4
<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2 …

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

0 …

<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2

<latexit sha1_base64="j7wS8F7tKFAwj8Nbw54mK7S7CAI=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBKR6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva369Vq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxg5i5k=</latexit>

4
<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2 …

<latexit sha1_base64="IbqP+qT9kqDGK44XL3gDd0y+diw=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0WPQixchgnlAsgmzk9lkyOyDmV41LPkPLx4U8eq/ePNvnCR70MSChqKqm+4uL5ZCo21/Wyura+sbm7mt/PbO7t5+4eCwoaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3up76zQeutIjCexzH3A3oIBS+YBSN1L3tdZA/YTqg8aRb7hWKdsmegSwTJyNFyFDrFb46/YglAQ+RSap127FjdFOqUDDJJ/lOonlM2YgOeNvQkAZcu+ns6gk5NUqf+JEyFSKZqb8nUhpoPQ480xlQHOpFbyr+57UT9C/dVIRxgjxk80V+IglGZBoB6QvFGcqxIZQpYW4lbEgVZWiCypsQnMWXl0mjXHIqpcrdebF6lcWRg2M4gTNw4AKqcAM1qAMDBc/wCm/Wo/VivVsf89YVK5s5gj+wPn8AosiSng==</latexit>

M2

gap

<latexit sha1_base64="U7sn0j/w/lCDmv7tu01/EJ3PzVo=">AAACC3icbVDLSsNAFJ34rPUVdelmaBFclaRKdVl040aoYB/QxDCZTtqhkwczN2IJ2bvxV9y4UMStP+DOv3H6WGjrgcs9nHMvM/f4ieAKLOvbWFpeWV1bL2wUN7e2d3bNvf2WilNJWZPGIpYdnygmeMSawEGwTiIZCX3B2v7wcuy375lUPI5uYZQwNyT9iAecEtCSZ5acQBKaOWHqneSTVs3xtecAe4CsT5L8ruqZZatiTYAXiT0jZTRDwzO/nF5M05BFQAVRqmtbCbgZkcCpYHnRSRVLCB2SPutqGpGQKTeb3JLjI630cBBLXRHgifp7IyOhUqPQ15MhgYGa98bif143heDczXiUpMAiOn0oSAWGGI+DwT0uGQUx0oRQyfVfMR0QHQ7o+Io6BHv+5EXSqlbsWqV2c1quX8ziKKBDVELHyEZnqI6uUAM1EUWP6Bm9ojfjyXgx3o2P6eiSMds5QH9gfP4AUyWbPg==</latexit>µ3

µ2

M2

gap

<latexit sha1_base64="Iv5DMiJYUa7FZ8haNZgHN7G9844=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BPXiMjzxgs4TZyWwyZHZmmekVw5LP8OJBEa9+jTf/xkmyB40WNBRV3XR3hYngBlz3yyksLa+srhXXSxubW9s75d29llGppqxJlVC6ExLDBJesCRwE6ySakTgUrB2OLqd++4Fpw5W8h3HCgpgMJI84JWAlvwvsETL37up20itX3Ko7A/5LvJxUUI5Gr/zZ7SuaxkwCFcQY33MTCDKigVPBJqVualhC6IgMmG+pJDEzQTY7eYKPrNLHkdK2JOCZ+nMiI7Ex4zi0nTGBoVn0puJ/np9CdB5kXCYpMEnni6JUYFB4+j/uc80oiLElhGpub8V0SDShYFMq2RC8xZf/ktZJ1atVazenlfpFHkcRHaBDdIw8dIbq6Bo1UBNRpNATekGvDjjPzpvzPm8tOPnMPvoF5+MbFzuRJQ==</latexit>

0SDR

<latexit sha1_base64="vnODSHET8Sept3iNnaI/rvLubwE=">AAAB8nicbVDLTgJBEJzFF+IL9ehlIjHxRHaJQY9EPXjEB49k2ZDZYYAJszObmV4j2fAZXjxojFe/xpt/4wB7ULCSTipV3enuCmPBDbjut5NbWV1b38hvFra2d3b3ivsHTaMSTVmDKqF0OySGCS5ZAzgI1o41I1EoWCscXU391iPThiv5AOOYBREZSN7nlICV/A6wJ0gr99d3k26x5JbdGfAy8TJSQhnq3eJXp6doEjEJVBBjfM+NIUiJBk4FmxQ6iWExoSMyYL6lkkTMBOns5Ak+sUoP95W2JQHP1N8TKYmMGUeh7YwIDM2iNxX/8/wE+hdBymWcAJN0vqifCAwKT//HPa4ZBTG2hFDN7a2YDokmFGxKBRuCt/jyMmlWyl61XL09K9Uuszjy6Agdo1PkoXNUQzeojhqIIoWe0St6c8B5cd6dj3lrzslmDtEfOJ8/GkuRJw==</latexit>

2SDR

<latexit sha1_base64="vnODSHET8Sept3iNnaI/rvLubwE=">AAAB8nicbVDLTgJBEJzFF+IL9ehlIjHxRHaJQY9EPXjEB49k2ZDZYYAJszObmV4j2fAZXjxojFe/xpt/4wB7ULCSTipV3enuCmPBDbjut5NbWV1b38hvFra2d3b3ivsHTaMSTVmDKqF0OySGCS5ZAzgI1o41I1EoWCscXU391iPThiv5AOOYBREZSN7nlICV/A6wJ0gr99d3k26x5JbdGfAy8TJSQhnq3eJXp6doEjEJVBBjfM+NIUiJBk4FmxQ6iWExoSMyYL6lkkTMBOns5Ak+sUoP95W2JQHP1N8TKYmMGUeh7YwIDM2iNxX/8/wE+hdBymWcAJN0vqifCAwKT//HPa4ZBTG2hFDN7a2YDokmFGxKBRuCt/jyMmlWyl61XL09K9Uuszjy6Agdo1PkoXNUQzeojhqIIoWe0St6c8B5cd6dj3lrzslmDtEfOJ8/GkuRJw==</latexit>

2SDR

# Step 1 #

<latexit sha1_base64="IbqP+qT9kqDGK44XL3gDd0y+diw=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0WPQixchgnlAsgmzk9lkyOyDmV41LPkPLx4U8eq/ePNvnCR70MSChqKqm+4uL5ZCo21/Wyura+sbm7mt/PbO7t5+4eCwoaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3up76zQeutIjCexzH3A3oIBS+YBSN1L3tdZA/YTqg8aRb7hWKdsmegSwTJyNFyFDrFb46/YglAQ+RSap127FjdFOqUDDJJ/lOonlM2YgOeNvQkAZcu+ns6gk5NUqf+JEyFSKZqb8nUhpoPQ480xlQHOpFbyr+57UT9C/dVIRxgjxk80V+IglGZBoB6QvFGcqxIZQpYW4lbEgVZWiCypsQnMWXl0mjXHIqpcrdebF6lcWRg2M4gTNw4AKqcAM1qAMDBc/wCm/Wo/VivVsf89YVK5s5gj+wPn8AosiSng==</latexit>

M2

gap

<latexit sha1_base64="D65qJF2y7yR6ppYY3qYxDJvTPhQ=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqS6LbtwIFewDmhgm00k7dPJg5kasofgrblwo4tb/cOffOG2z0NYDFw7n3Mu99/iJ4Aos69soLC2vrK4V10sbm1vbO+buXkvFqaSsSWMRy45PFBM8Yk3gIFgnkYyEvmBtf3g58dv3TCoeR7cwSpgbkn7EA04JaMkzD5ww9ar42nOAPUDWJ8n4ruqZZatiTYEXiZ2TMsrR8MwvpxfTNGQRUEGU6tpWAm5GJHAq2LjkpIolhA5Jn3U1jUjIlJtNrx/jY630cBBLXRHgqfp7IiOhUqPQ150hgYGa9ybif143heDczXiUpMAiOlsUpAJDjCdR4B6XjIIYaUKo5PpWTAdEEgo6sJIOwZ5/eZG0qhW7VqndnJbrF3kcRXSIjtAJstEZqqMr1EBNRNEjekav6M14Ml6Md+Nj1low8pl99AfG5w8IkpT6</latexit>

µ2M
2

gap

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

0
<latexit sha1_base64="H//X4bwI3RjZ+RAOpAGes7PrqK4=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZIq1WXRjRuhgn1AE8NkOmmHTh7M3Ig1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3Hj8RXIFlfRsLi0vLK6uFteL6xubWtrmz21RxKilr0FjEsu0TxQSPWAM4CNZOJCOhL1jLH1yO/dY9k4rH0S0ME+aGpBfxgFMCWvLMfSdMvRN87TnAHiDrkWR0V/HMklW2JsDzxM5JCeWoe+aX041pGrIIqCBKdWwrATcjEjgVbFR0UsUSQgekxzqaRiRkys0m14/wkVa6OIilrgjwRP09kZFQqWHo686QQF/NemPxP6+TQnDuZjxKUmARnS4KUoEhxuMocJdLRkEMNSFUcn0rpn0iCQUdWFGHYM++PE+albJdLVdvTku1izyOAjpAh+gY2egM1dAVqqMGougRPaNX9GY8GS/Gu/ExbV0w8pk99AfG5w8KJZT7</latexit>

µ3M
2

gap

…

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

0

<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2

<latexit sha1_base64="j7wS8F7tKFAwj8Nbw54mK7S7CAI=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBKR6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva369Vq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxg5i5k=</latexit>

4

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

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

0

<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2
…

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

0 …

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

0

<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2

<latexit sha1_base64="j7wS8F7tKFAwj8Nbw54mK7S7CAI=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBKR6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva369Vq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxg5i5k=</latexit>

4

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

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

0

<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2
…

<latexit sha1_base64="5CPnLRndVVbVpyDX8oiqRyVPq8g=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiRFqsuiGzdCBfuApobJdNIOnTyYuRFLyM6Nv+LGhSJu/QV3/o3TNgttPXDhcM693HuPFwuuwLK+jcLS8srqWnG9tLG5tb1j7u61VJRIypo0EpHseEQxwUPWBA6CdWLJSOAJ1vZGlxO/fc+k4lF4C+OY9QIyCLnPKQEtueah40tCUztLnSBxqxm+dh1gD5AOSJzdVV2zbFWsKfAisXNSRjkarvnl9COaBCwEKohSXduKoZcSCZwKlpWcRLGY0BEZsK6mIQmY6qXTPzJ8rJU+9iOpKwQ8VX9PpCRQahx4ujMgMFTz3kT8z+sm4J/3Uh7GCbCQzhb5icAQ4UkouM8loyDGmhAqub4V0yHRwYCOrqRDsOdfXiStasWuVWo3p+X6RR5HER2gI3SCbHSG6ugKNVATUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QMV55l3</latexit>

1

µ2

M2

gap

<latexit sha1_base64="IbqP+qT9kqDGK44XL3gDd0y+diw=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0WPQixchgnlAsgmzk9lkyOyDmV41LPkPLx4U8eq/ePNvnCR70MSChqKqm+4uL5ZCo21/Wyura+sbm7mt/PbO7t5+4eCwoaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3up76zQeutIjCexzH3A3oIBS+YBSN1L3tdZA/YTqg8aRb7hWKdsmegSwTJyNFyFDrFb46/YglAQ+RSap127FjdFOqUDDJJ/lOonlM2YgOeNvQkAZcu+ns6gk5NUqf+JEyFSKZqb8nUhpoPQ480xlQHOpFbyr+57UT9C/dVIRxgjxk80V+IglGZBoB6QvFGcqxIZQpYW4lbEgVZWiCypsQnMWXl0mjXHIqpcrdebF6lcWRg2M4gTNw4AKqcAM1qAMDBc/wCm/Wo/VivVsf89YVK5s5gj+wPn8AosiSng==</latexit>

M2

gap

<latexit sha1_base64="U7sn0j/w/lCDmv7tu01/EJ3PzVo=">AAACC3icbVDLSsNAFJ34rPUVdelmaBFclaRKdVl040aoYB/QxDCZTtqhkwczN2IJ2bvxV9y4UMStP+DOv3H6WGjrgcs9nHMvM/f4ieAKLOvbWFpeWV1bL2wUN7e2d3bNvf2WilNJWZPGIpYdnygmeMSawEGwTiIZCX3B2v7wcuy375lUPI5uYZQwNyT9iAecEtCSZ5acQBKaOWHqneSTVs3xtecAe4CsT5L8ruqZZatiTYAXiT0jZTRDwzO/nF5M05BFQAVRqmtbCbgZkcCpYHnRSRVLCB2SPutqGpGQKTeb3JLjI630cBBLXRHgifp7IyOhUqPQ15MhgYGa98bif143heDczXiUpMAiOn0oSAWGGI+DwT0uGQUx0oRQyfVfMR0QHQ7o+Io6BHv+5EXSqlbsWqV2c1quX8ziKKBDVELHyEZnqI6uUAM1EUWP6Bm9ojfjyXgx3o2P6eiSMds5QH9gfP4AUyWbPg==</latexit>µ3

µ2

M2

gap

<latexit sha1_base64="D65qJF2y7yR6ppYY3qYxDJvTPhQ=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqS6LbtwIFewDmhgm00k7dPJg5kasofgrblwo4tb/cOffOG2z0NYDFw7n3Mu99/iJ4Aos69soLC2vrK4V10sbm1vbO+buXkvFqaSsSWMRy45PFBM8Yk3gIFgnkYyEvmBtf3g58dv3TCoeR7cwSpgbkn7EA04JaMkzD5ww9ar42nOAPUDWJ8n4ruqZZatiTYEXiZ2TMsrR8MwvpxfTNGQRUEGU6tpWAm5GJHAq2LjkpIolhA5Jn3U1jUjIlJtNrx/jY630cBBLXRHgqfp7IiOhUqPQ150hgYGa9ybif143heDczXiUpMAiOlsUpAJDjCdR4B6XjIIYaUKo5PpWTAdEEgo6sJIOwZ5/eZG0qhW7VqndnJbrF3kcRXSIjtAJstEZqqMr1EBNRNEjekav6M14Ml6Md+Nj1low8pl99AfG5w8IkpT6</latexit>

µ2M
2

gap

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

0
<latexit sha1_base64="H//X4bwI3RjZ+RAOpAGes7PrqK4=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZIq1WXRjRuhgn1AE8NkOmmHTh7M3Ig1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3Hj8RXIFlfRsLi0vLK6uFteL6xubWtrmz21RxKilr0FjEsu0TxQSPWAM4CNZOJCOhL1jLH1yO/dY9k4rH0S0ME+aGpBfxgFMCWvLMfSdMvRN87TnAHiDrkWR0V/HMklW2JsDzxM5JCeWoe+aX041pGrIIqCBKdWwrATcjEjgVbFR0UsUSQgekxzqaRiRkys0m14/wkVa6OIilrgjwRP09kZFQqWHo686QQF/NemPxP6+TQnDuZjxKUmARnS4KUoEhxuMocJdLRkEMNSFUcn0rpn0iCQUdWFGHYM++PE+albJdLVdvTku1izyOAjpAh+gY2egM1dAVqqMGougRPaNX9GY8GS/Gu/ExbV0w8pk99AfG5w8KJZT7</latexit>

µ3M
2

gap

…

<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2

<latexit sha1_base64="j7wS8F7tKFAwj8Nbw54mK7S7CAI=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBKR6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva369Vq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxg5i5k=</latexit>

4
<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2 …

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

0 …

<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2

<latexit sha1_base64="j7wS8F7tKFAwj8Nbw54mK7S7CAI=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBKR6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva369Vq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxg5i5k=</latexit>

4
<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2 …

<latexit sha1_base64="IbqP+qT9kqDGK44XL3gDd0y+diw=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0WPQixchgnlAsgmzk9lkyOyDmV41LPkPLx4U8eq/ePNvnCR70MSChqKqm+4uL5ZCo21/Wyura+sbm7mt/PbO7t5+4eCwoaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3up76zQeutIjCexzH3A3oIBS+YBSN1L3tdZA/YTqg8aRb7hWKdsmegSwTJyNFyFDrFb46/YglAQ+RSap127FjdFOqUDDJJ/lOonlM2YgOeNvQkAZcu+ns6gk5NUqf+JEyFSKZqb8nUhpoPQ480xlQHOpFbyr+57UT9C/dVIRxgjxk80V+IglGZBoB6QvFGcqxIZQpYW4lbEgVZWiCypsQnMWXl0mjXHIqpcrdebF6lcWRg2M4gTNw4AKqcAM1qAMDBc/wCm/Wo/VivVsf89YVK5s5gj+wPn8AosiSng==</latexit>

M2

gap

<latexit sha1_base64="U7sn0j/w/lCDmv7tu01/EJ3PzVo=">AAACC3icbVDLSsNAFJ34rPUVdelmaBFclaRKdVl040aoYB/QxDCZTtqhkwczN2IJ2bvxV9y4UMStP+DOv3H6WGjrgcs9nHMvM/f4ieAKLOvbWFpeWV1bL2wUN7e2d3bNvf2WilNJWZPGIpYdnygmeMSawEGwTiIZCX3B2v7wcuy375lUPI5uYZQwNyT9iAecEtCSZ5acQBKaOWHqneSTVs3xtecAe4CsT5L8ruqZZatiTYAXiT0jZTRDwzO/nF5M05BFQAVRqmtbCbgZkcCpYHnRSRVLCB2SPutqGpGQKTeb3JLjI630cBBLXRHgifp7IyOhUqPQ15MhgYGa98bif143heDczXiUpMAiOn0oSAWGGI+DwT0uGQUx0oRQyfVfMR0QHQ7o+Io6BHv+5EXSqlbsWqV2c1quX8ziKKBDVELHyEZnqI6uUAM1EUWP6Bm9ojfjyXgx3o2P6eiSMds5QH9gfP4AUyWbPg==</latexit>µ3

µ2

M2

gap

<latexit sha1_base64="Iv5DMiJYUa7FZ8haNZgHN7G9844=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BPXiMjzxgs4TZyWwyZHZmmekVw5LP8OJBEa9+jTf/xkmyB40WNBRV3XR3hYngBlz3yyksLa+srhXXSxubW9s75d29llGppqxJlVC6ExLDBJesCRwE6ySakTgUrB2OLqd++4Fpw5W8h3HCgpgMJI84JWAlvwvsETL37up20itX3Ko7A/5LvJxUUI5Gr/zZ7SuaxkwCFcQY33MTCDKigVPBJqVualhC6IgMmG+pJDEzQTY7eYKPrNLHkdK2JOCZ+nMiI7Ex4zi0nTGBoVn0puJ/np9CdB5kXCYpMEnni6JUYFB4+j/uc80oiLElhGpub8V0SDShYFMq2RC8xZf/ktZJ1atVazenlfpFHkcRHaBDdIw8dIbq6Bo1UBNRpNATekGvDjjPzpvzPm8tOPnMPvoF5+MbFzuRJQ==</latexit>

0SDR

<latexit sha1_base64="vnODSHET8Sept3iNnaI/rvLubwE=">AAAB8nicbVDLTgJBEJzFF+IL9ehlIjHxRHaJQY9EPXjEB49k2ZDZYYAJszObmV4j2fAZXjxojFe/xpt/4wB7ULCSTipV3enuCmPBDbjut5NbWV1b38hvFra2d3b3ivsHTaMSTVmDKqF0OySGCS5ZAzgI1o41I1EoWCscXU391iPThiv5AOOYBREZSN7nlICV/A6wJ0gr99d3k26x5JbdGfAy8TJSQhnq3eJXp6doEjEJVBBjfM+NIUiJBk4FmxQ6iWExoSMyYL6lkkTMBOns5Ak+sUoP95W2JQHP1N8TKYmMGUeh7YwIDM2iNxX/8/wE+hdBymWcAJN0vqifCAwKT//HPa4ZBTG2hFDN7a2YDokmFGxKBRuCt/jyMmlWyl61XL09K9Uuszjy6Agdo1PkoXNUQzeojhqIIoWe0St6c8B5cd6dj3lrzslmDtEfOJ8/GkuRJw==</latexit>

2SDR

<latexit sha1_base64="vnODSHET8Sept3iNnaI/rvLubwE=">AAAB8nicbVDLTgJBEJzFF+IL9ehlIjHxRHaJQY9EPXjEB49k2ZDZYYAJszObmV4j2fAZXjxojFe/xpt/4wB7ULCSTipV3enuCmPBDbjut5NbWV1b38hvFra2d3b3ivsHTaMSTVmDKqF0OySGCS5ZAzgI1o41I1EoWCscXU391iPThiv5AOOYBREZSN7nlICV/A6wJ0gr99d3k26x5JbdGfAy8TJSQhnq3eJXp6doEjEJVBBjfM+NIUiJBk4FmxQ6iWExoSMyYL6lkkTMBOns5Ak+sUoP95W2JQHP1N8TKYmMGUeh7YwIDM2iNxX/8/wE+hdBymWcAJN0vqifCAwKT//HPa4ZBTG2hFDN7a2YDokmFGxKBRuCt/jyMmlWyl61XL09K9Uuszjy6Agdo1PkoXNUQzeojhqIIoWe0St6c8B5cd6dj3lrzslmDtEfOJ8/GkuRJw==</latexit>

2SDR
# Step 2 #

<latexit sha1_base64="IbqP+qT9kqDGK44XL3gDd0y+diw=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0WPQixchgnlAsgmzk9lkyOyDmV41LPkPLx4U8eq/ePNvnCR70MSChqKqm+4uL5ZCo21/Wyura+sbm7mt/PbO7t5+4eCwoaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3up76zQeutIjCexzH3A3oIBS+YBSN1L3tdZA/YTqg8aRb7hWKdsmegSwTJyNFyFDrFb46/YglAQ+RSap127FjdFOqUDDJJ/lOonlM2YgOeNvQkAZcu+ns6gk5NUqf+JEyFSKZqb8nUhpoPQ480xlQHOpFbyr+57UT9C/dVIRxgjxk80V+IglGZBoB6QvFGcqxIZQpYW4lbEgVZWiCypsQnMWXl0mjXHIqpcrdebF6lcWRg2M4gTNw4AKqcAM1qAMDBc/wCm/Wo/VivVsf89YVK5s5gj+wPn8AosiSng==</latexit>

M2

gap

<latexit sha1_base64="D65qJF2y7yR6ppYY3qYxDJvTPhQ=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqS6LbtwIFewDmhgm00k7dPJg5kasofgrblwo4tb/cOffOG2z0NYDFw7n3Mu99/iJ4Aos69soLC2vrK4V10sbm1vbO+buXkvFqaSsSWMRy45PFBM8Yk3gIFgnkYyEvmBtf3g58dv3TCoeR7cwSpgbkn7EA04JaMkzD5ww9ar42nOAPUDWJ8n4ruqZZatiTYEXiZ2TMsrR8MwvpxfTNGQRUEGU6tpWAm5GJHAq2LjkpIolhA5Jn3U1jUjIlJtNrx/jY630cBBLXRHgqfp7IiOhUqPQ150hgYGa9ybif143heDczXiUpMAiOlsUpAJDjCdR4B6XjIIYaUKo5PpWTAdEEgo6sJIOwZ5/eZG0qhW7VqndnJbrF3kcRXSIjtAJstEZqqMr1EBNRNEjekav6M14Ml6Md+Nj1low8pl99AfG5w8IkpT6</latexit>

µ2M
2

gap

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

0
<latexit sha1_base64="H//X4bwI3RjZ+RAOpAGes7PrqK4=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZIq1WXRjRuhgn1AE8NkOmmHTh7M3Ig1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3Hj8RXIFlfRsLi0vLK6uFteL6xubWtrmz21RxKilr0FjEsu0TxQSPWAM4CNZOJCOhL1jLH1yO/dY9k4rH0S0ME+aGpBfxgFMCWvLMfSdMvRN87TnAHiDrkWR0V/HMklW2JsDzxM5JCeWoe+aX041pGrIIqCBKdWwrATcjEjgVbFR0UsUSQgekxzqaRiRkys0m14/wkVa6OIilrgjwRP09kZFQqWHo686QQF/NemPxP6+TQnDuZjxKUmARnS4KUoEhxuMocJdLRkEMNSFUcn0rpn0iCQUdWFGHYM++PE+albJdLVdvTku1izyOAjpAh+gY2egM1dAVqqMGougRPaNX9GY8GS/Gu/ExbV0w8pk99AfG5w8KJZT7</latexit>

µ3M
2

gap

…

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

0

<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2

<latexit sha1_base64="j7wS8F7tKFAwj8Nbw54mK7S7CAI=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBKR6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva369Vq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxg5i5k=</latexit>

4

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

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

0

<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2
…

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

0 …

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

0

<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2

<latexit sha1_base64="j7wS8F7tKFAwj8Nbw54mK7S7CAI=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBKR6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva369Vq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxg5i5k=</latexit>

4

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

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

0

<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2
…

<latexit sha1_base64="5CPnLRndVVbVpyDX8oiqRyVPq8g=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiRFqsuiGzdCBfuApobJdNIOnTyYuRFLyM6Nv+LGhSJu/QV3/o3TNgttPXDhcM693HuPFwuuwLK+jcLS8srqWnG9tLG5tb1j7u61VJRIypo0EpHseEQxwUPWBA6CdWLJSOAJ1vZGlxO/fc+k4lF4C+OY9QIyCLnPKQEtueah40tCUztLnSBxqxm+dh1gD5AOSJzdVV2zbFWsKfAisXNSRjkarvnl9COaBCwEKohSXduKoZcSCZwKlpWcRLGY0BEZsK6mIQmY6qXTPzJ8rJU+9iOpKwQ8VX9PpCRQahx4ujMgMFTz3kT8z+sm4J/3Uh7GCbCQzhb5icAQ4UkouM8loyDGmhAqub4V0yHRwYCOrqRDsOdfXiStasWuVWo3p+X6RR5HER2gI3SCbHSG6ugKNVATUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QMV55l3</latexit>
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0SDR ! 2SDR

E.g. for DBI,

SUSY DBI
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“Everything is SUSY”

Step
0

St
ep

1

S
te
p
2

Applying the 0SDR!2SDR procedure results in 2SDR amplitudes that appear to
lie on the 2SDR scalarless boundary!
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“Everything is SUSY”

“Everything is SUSY” Conjecture.
In any D, applying the 0SDR ! 2SDR procedure to the 0SDR extremal theories
gives exactly the 2SDR extremal theories.

If true, combine w/ 0SDR Convex Hull Conjecture =) To understand the
general space of abelian scalar amplitudes, one just has to understand a single
family of SUSY amplitudes.

Limited evidence due to numerical di�culty: can only get to µ2 ⇡ 1.7 in 2SDR.

Some analytic candidates being explored by deforming DBI and Virasoro-Shapiro
in (Cheung et al., 2024).
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Bootstrapping DBI

Recall the SUSY DBI amplitude

ADBI

����(s, t, u) = �↵02(s2 + t2 + u2)
⇣�(�↵0s) �(�↵0u)

�(1 + ↵0t)
+ perms

⌘
(14)

Satisfies nsubs = 2 Froissart bound

No massless poles

States at (M/Mgap)2 = 1, 3, 5, . . . (setting ↵0 = 1).
Spins J = 0, 2 at gap.

And “stripped DBI”,

Astripped DBI(s, t, u) = �↵02
⇣�(�↵0s) �(�↵0u)

�(1 + ↵0t)
+ perms

⌘
(15)

Satisfies nsubs = 0 Froissart bound

No massless poles

States at (M/Mgap)2 = 1, 3, 5, . . . (setting ↵0 = 1).
Only spin J = 0 at gap.

Loki L. Lin University of Michigan 11 December 2024 28 / 38



Bootstrapping DBI in 2SDR

scalar
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Bootstrapping DBI in 0SDR

DBI
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Stringy Targets II: Closed Superstring

Four-dilaton scattering in Type II closed superstring theory is described by the
Virasoro-Shapiro amplitude,

Adilaton

���� (s, t, u) = (s2 + t2 + u2)2AVS(s, t, u) , where (16)

AVS(s, t, u) = �↵02 �(1� ↵0s)�(1� ↵0t)�(1� ↵0u)

�(1 + ↵0s)�(1 + ↵0t)�(1 + ↵0u)
(17)

Properties of AVS:

Satisfies nsub = �2 Froissart bound

Has massless 1/(stu) pole

States at (M/Mgap)2 = 1, 2, 3, . . . (↵0 = 1)
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Bootstrapping Virasoro-Shapiro in 0SDR

VS

SUSY scalar SUSY IST

D= 4

D= 23

0.0 0.1 0.2 0.3 0.4 0.5
0.0

0.2

0.4

0.6

0.8

1.0

1.2

g2/g0

g 3
/g
0 0.41 0.42 0.43 0.44 0.45

1.15

1.2

1.25

VS
D= 4

D= 10

D= 23

0.420 0.425 0.430 0.435
1.18

1.19

1.20

1.21

1.22

1.23

1.24

g2/g0
g 3
/g
0

0.4306 0.4309 0.4312 0.4315
1.201

1.202

1.203

1.204
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Comparison of 0SDR Stringy Islands

DBI VS

D= 4

D= 10

D= 23

0.405 0.410 0.415 0.420 0.425 0.430 0.435
1.18

1.19

1.20

1.21

1.22

1.23

1.24

g2/g0

g 3
/g
0
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Conditions for Shrinking Islands

1 In order for a tree-level UV completion to be the unique theory in its island,
it must first be extremal within the general bounds.

2 Analytically continue couplings to general D.

In order for an amplitude to be extremal in dimension D, it must be
borderline nonunitary.

We call such D the “formal critical dimension” of the amplitude.

Critical dimensions for stringy candidates:

DBI: D = 10 for the stripped amplitude A(����)/(s2 + t2 + u2) and the full
complex scalar A(zzz̄ z̄) amplitude; D ⇡ 10.45 for the full real scalar
amplitude A(����).

Virasoro-Shapiro: D = 23. (Recall Virasoro-Shapiro already has the SUGRA
factor stripped o↵.)

Note: Don’t know if criticality is a su�cient condition for extremality.
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Summary

Dispersion relations relate UV $ IR. =) From unitarity of the UV completion,
bound low-energy EFT data.

Our work: abelian scalar EFTs. Main results:
1 Extremal theories determined by extremizing coupling to lightest state and

specifying mass of next state.
2 Without SUSY, {one-parameter family of scalarless theories} [ {scalar-only

theories} determines full space.
3 With SUSY, one-parameter family determines full space.
4 Simple procedure takes SUSY ! scalarless non-SUSY. Potentially determines

entire non-SUSY space!
5 Stringy amplitudes (DBI and Virasoro-Shapiro) best bootstrapped in their

formal critical dimension. Criticality seems necessary for extremality.
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Next Steps

How general is the relationship between extremal theories in di↵erent
subtraction schemes?

su-symmetric case? (Large-N pions, color-ordered scalars, ...)
Other numbers of subtractions?

Moving away from weak coupling
Incorporate loops
Implement full unitarity, or at least the upper bound on ⇢
Compare with primal bounds

Other bootstrap setups to consider:

Spinning external states (e.g. photons (Bertucci et al., 2024))

Massive external states

Mixed systems, e.g. scattering a massive and a massless state
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Thank you!

Questions?
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