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Integrating Out heavy degrees of freedom
(and / or)

Symmetry Breaking

Renormalizable Lagrangians of UV Theories

Complete set of 
Effective Operators

s ub s e t s  o f  op e r a t o r s

Renornmalizable 
Lagrangian of IR 

Theories

GrIP

Question that we want to address!



Our plan to address!



Three Important Areas : to be developed

Algorithm
Theory

Analysis 
In Collaboration with Exp.
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Quick key points

Observables (set of operators) as “Response Screen”

Bottom-Up   vs  Top-Down❖  

❖  

❖  

BSMs as  Effective Theories❖  

Classifications of BSMs❖  

Operator driven BSM construction: Reverse engineering

❖  CP-violation in SMEFT



SM SM

SM SM

SMEFT
+ ∑

j=5,...
∑

i

C( j)

i

Λj−4 Q( j)
i

<latexit sha1_base64="oJA3MsFEwTlG+iYAsecnIQ0npCM=">AAACBXicdVDNSgMxGMzWv1r/qh69BIvgadkttba3ohcPHipYW2iXks1m29BssiRZoSw9+wRe9Qm8iVefwwfwPcy2K2jRgcAw8318k/FjRpV2nA+rsLK6tr5R3Cxtbe/s7pX3D+6USCQmHSyYkD0fKcIoJx1NNSO9WBIU+Yx0/cll5nfviVRU8Fs9jYkXoRGnIcVIG6k/iJAeY8TS69mwXHHsRq3ZrNWgYztzGFJ16/V6Fbq5UgE52sPy5yAQOIkI15ghpfquE2svRVJTzMisNEgUiRGeoBHpG8pRRJSXziPP4IlRAhgKaR7XcK7+3EhRpNQ08s1kFlEte5n4p+f7ggVLx3XY8FLK40QTjhe3w4RBLWBWCQyoJFizqSEIS2riQzxGEmFtiiuZXr4/D/8nd1XbPbOdm1qldZE3VARH4BicAhecgxa4Am3QARgI8AiewLP1YL1Yr9bbYrRg5TuH4Bes9y+Qg5mP</latexit>

L<latexit sha1_base64="jLQb8dZWCTORe9Kjjz3hgEtIqSs=">AAACA3icdVDLSgNBEJyNrxhfUY9eBoPgKeyGNSa3oBcvQkTzkGQJs5PZZMjsg5leMSw5+gVe9Qu8iVc/xA/wP5wkK2jQgoaiqpvuLjcSXIFpfhiZpeWV1bXsem5jc2t7J7+711RhLClr0FCEsu0SxQQPWAM4CNaOJCO+K1jLHZ1P/dYdk4qHwQ2MI+b4ZBBwj1MCWrrtAruH5Ppy0ssXzGLFrlZtG5tFcwZNSla5XC5hK1UKKEW9l//s9kMa+ywAKohSHcuMwEmIBE4Fm+S6sWIRoSMyYB1NA+Iz5SSzgyf4SCt97IVSVwB4pv6cSIiv1Nh3dadPYKgWvan4p+e6oegvLAev4iQ8iGJgAZ3v9mKBIcTTQHCfS0ZBjDUhVHJ9PqZDIgkFHVtO5/L9PP6fNEtF66RoXtmF2lmaUBYdoEN0jCx0imroAtVRA1Hko0f0hJ6NB+PFeDXe5q0ZI53ZR79gvH8BDHmYug==</latexit>

SM

Effective operators

+

Effective operators

SM SM

SM SM

SM

SM SM

SM SM
NP

UV theory
<latexit sha1_base64="O48CSMJpGfsTg8cofxDbayV6JFI="></latexit>

L<latexit sha1_base64="kioiqSqqpSDDk4VBM2a4gB8+WjA="></latexit>

BSM

pure  NP  processes

pure  SM  processes

+

+

Low Energy 
Theory

<latexit sha1_base64="oJA3MsFEwTlG+iYAsecnIQ0npCM=">AAACBXicdVDNSgMxGMzWv1r/qh69BIvgadkttba3ohcPHipYW2iXks1m29BssiRZoSw9+wRe9Qm8iVefwwfwPcy2K2jRgcAw8318k/FjRpV2nA+rsLK6tr5R3Cxtbe/s7pX3D+6USCQmHSyYkD0fKcIoJx1NNSO9WBIU+Yx0/cll5nfviVRU8Fs9jYkXoRGnIcVIG6k/iJAeY8TS69mwXHHsRq3ZrNWgYztzGFJ16/V6Fbq5UgE52sPy5yAQOIkI15ghpfquE2svRVJTzMisNEgUiRGeoBHpG8pRRJSXziPP4IlRAhgKaR7XcK7+3EhRpNQ08s1kFlEte5n4p+f7ggVLx3XY8FLK40QTjhe3w4RBLWBWCQyoJFizqSEIS2riQzxGEmFtiiuZXr4/D/8nd1XbPbOdm1qldZE3VARH4BicAhecgxa4Am3QARgI8AiewLP1YL1Yr9bbYrRg5TuH4Bes9y+Qg5mP</latexit>

L<latexit sha1_base64="jLQb8dZWCTORe9Kjjz3hgEtIqSs=">AAACA3icdVDLSgNBEJyNrxhfUY9eBoPgKeyGNSa3oBcvQkTzkGQJs5PZZMjsg5leMSw5+gVe9Qu8iVc/xA/wP5wkK2jQgoaiqpvuLjcSXIFpfhiZpeWV1bXsem5jc2t7J7+711RhLClr0FCEsu0SxQQPWAM4CNaOJCO+K1jLHZ1P/dYdk4qHwQ2MI+b4ZBBwj1MCWrrtAruH5Ppy0ssXzGLFrlZtG5tFcwZNSla5XC5hK1UKKEW9l//s9kMa+ywAKohSHcuMwEmIBE4Fm+S6sWIRoSMyYB1NA+Iz5SSzgyf4SCt97IVSVwB4pv6cSIiv1Nh3dadPYKgWvan4p+e6oegvLAev4iQ8iGJgAZ3v9mKBIcTTQHCfS0ZBjDUhVHJ9PqZDIgkFHVtO5/L9PP6fNEtF66RoXtmF2lmaUBYdoEN0jCx0imroAtVRA1Hko0f0hJ6NB+PFeDXe5q0ZI53ZR79gvH8BDHmYug==</latexit>

SM

SM SM

SM SM

SM

Int. out

Top-Down vs Bottom-Up
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BSM Classifications

BSMs

1,1,0 1,1,2 1,3,0 1,2,-1/2 1,3,1 1,4,1/2

<latexit sha1_base64="3P3BOgbbM0jyVygYMOlDumEBnAs="></latexit>

�
<latexit sha1_base64="Hhk/o+dIW86XEXyOwKBZWl9eNYc="></latexit>

H2
<latexit sha1_base64="pgpZ5B4Q2n OB55FL5YxNkanNuVM=">AAAHnnicjVXLbtQwFA3PaYc3LNlEVCAWUZWhhcKiEgKE 2CAKolCJjirbuUnMOHawr9uOopH4BrbwY/wNN5mhEHcksDSOfXxt38c5Y14r6TBN </latexit>

�1
<latexit sha1_base64="kmdX+qf85atHGgf2gv0NCeTOuIY="></latexit>

⌃

SM  
+ 

 Heavy Scalars

Color-singlets

<latexit sha1_base64="wIn7YdYNkctlOEMkC7ixdX+zePI="></latexit>

S
<latexit sha1_base64="jdK9tgiQ5ztJZBi4pzDAwxR6qJE="></latexit>

S2
<latexit sha1_base64="t+O5YfoWeQ0sNz62gmvNEWHs9sg="></latexit>

G3,2,1

BSMs

3,1,-1/3 3,1,-4/3 3,2,1/6 3,2,7/6 3,3,-1/3 6,3,1/3 6,1,4/3 6,1,-2/3 6,1,1/3

<latexit sha1_base64="pBO5jmZiwSGw+FeWjwY2ZuxHPFI="></latexit>

⇥1
<latexit sha1_base64="qqVsHcuQcqrIFUxG4jmnR7mN418="></latexit>

⇥2
<latexit sha1_base64="ZV8Bjl8VijZrnIrS/7AkYz5Ms3w="></latexit>

⌦
<latexit sha1_base64="3Z0J9KfKl8aTkBQGi6D100WWzt8="></latexit>�1

<latexit sha1_base64="bkHkqtyIeV2Lw4NpqH24ofrVn2s="></latexit>'1

<latexit sha1_base64="PbNK0lUPkR97XrYU5mCALTDGBT8="></latexit>'2
<latexit sha1_base64="t+O5YfoWeQ0sNz62gmvNEWHs9sg="></latexit>

G3,2,1

<latexit sha1_base64="yDsxm+Sj/WUzi/k5+lSaI6Yv7L0="></latexit>�2

<latexit sha1_base64="Tl6tXNk/Zp9GtJiTCGmF+ybZCvY="></latexit>�3

<latexit sha1_base64="fxOzvXoTjHX7cfEyKJ27V1O+QE0="></latexit>�4

Colored



Observable-Operator correspondence (D6)

<latexit sha1_base64="fv5U1VpvpQu34HCPntHBfZKzgPg="></latexit>

Additional Operators (AdOps) :

<latexit sha1_base64="N9epB8sWmptEy51+DKzxWUpDrsY="></latexit>

{Q(8)
ud , Q

(8)
qd , Q

(8)
qu , Q

(1)
quqd, Q

(1)
lequ, Q

(8)
quqd, Qledq}

<latexit sha1_base64="0i0snsUQLPaIdWChMRise/yX0Kc="></latexit>

{Qqqq, Qduu, Qqqu, Qduq}B, L violating Operators :

<latexit sha1_base64="0T96biYFnHowqv5f/v58/t+euuo="></latexit>

EWPO-NLO-II :

<latexit sha1_base64="oRSARcmN07pID8OA2jBX8m13KIA="></latexit>

{Qed, Qee, Qeu, Qlu, Qld, Qle, Q
(1)
lq , Q(3)

lq , Qqe, QuB, QuW , QW , Q(1)
qd , Q

(1)
qq , Q

(3)
qq , Q

(1)
qu , Q

(1)
ud , Quu, Qdd}

<latexit sha1_base64="ZjvX+sW2d+EtGStCLGdaLC3ct34="></latexit>

EWPO-LO :

<latexit sha1_base64="BIA+jLTMO7OK4N2yLj90zxwa+Ck="></latexit>

{QHD, QHWB, Q
(1)
Hq

, Q(3)
Hq

, Q(1)
Hl

, Q(3)
Hl

, QHe, QHu, QHd, Qll}

<latexit sha1_base64="AjPBq/oBlg0wVc3hhCeaH+3Qu+s="></latexit>

EWPO-NLO-I :
<latexit sha1_base64="2ycvA7o45qWoP36VjkrXUVPo6uc="></latexit>

{QHB, QHW , QH⇤}
<latexit sha1_base64="zkdZxOpbT5loZ6IhSWDcqL1IrO8="></latexit>

Higgs Signal Strength (HSS) :

arXiv:1909.02000
S Dawson, P P Giardino

arXiv:1803.03252
J Ellis, C Murphy, V Sanz, T You

arXiv:1008.4884B Grzadkowski, M Iskrzynski, M Misiak, J Rosiek

<latexit sha1_base64="7nuK1uEgIt+crf7QbVd4Sw0uAAg="></latexit>

EWPO-LO + EWPO-NLO-I + {QH , QuH , QdH , QeH , QG, QHG}

arXiv:1502.02570Laure Berthier and Michael Trott, 
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BSM Classification based on Observables

EWPO-
LO HSS EWPO-

NLO-II BLV

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="lu10O1Rzj1+pqb8zabBCWRqJXOs=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqswURZdFNy4r2ge0Q8mkmTY0k4xJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uScniDnTxnW/ncLa+sbmVnG7tLO7t39QPjxqaZkoQptEcqk6AdaUM0GbhhlOO7GiOAo4bQfj28xvT6jSTIpHM42pH+GhYCEj2FjJ70XYjAjm6cOsX+uXK27VnQOtEi8nFcjR6Je/egNJkogKQzjWuuu5sfFTrAwjnM5KvUTTGJMxHtKupQJHVPvpPPQMnVllgEKp7BMGzdXfGymOtJ5GgZ3MQuplLxP/87qJCa/9lIk4MVSQxaEw4chIlDWABkxRYvjUEkwUs1kRGWGFibE9lWwJ3vKXV0mrVvUuq+79RaV+k9dRhBM4hXPw4ArqcAcNaAKBJ3iGV3hzJs6L8+58LEYLTr5zDH/gfP4AvCCSEg==</latexit>

S2
<latexit sha1_base64="mSTwgVRtwk2mJ8i52/dYse7dfdo=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWaKosuimy4r2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbmg9qgXHGqzgJ4nbg5qUCO5qD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSrlXd66rzcFWp3+V1FOEMzuESXLiBOjSgCS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8Aq1OSBw==</latexit>

H2
<latexit sha1_base64="c+HfibovVKewSOJz+7l10e1kimI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNRDx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1Fip3b1FYWjP65UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n83unZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTJ8nfa6QGTG2hDLF7a2EDamizNiISjYEb/HlZdI8q3oXVff+vFK7zuMowhEcwyl4cAk1uIM6NICBgGd4hTfn0Xlx3p2PeWvByWcO4Q+czx+K9o+k</latexit>

�1

<latexit sha1_base64="LF+HG+B+z9UyHi1x9Et9Cc7DePE=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LGoB48V7Ae0oWy2m3btZjfsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLRzdRvPTFtuJIPOE5YEJOB5BGnBK3U7N4ygaRXrnhVbwZ3mfg5qUCOeq/81e0rmsZMIhXEmI7vJRhkRCOngk1K3dSwhNARGbCOpZLEzATZ7NqJe2KVvhspbUuiO1N/T2QkNmYch7YzJjg0i95U/M/rpBhdBRmXSYpM0vmiKBUuKnf6utvnmlEUY0sI1dze6tIh0YSiDahkQ/AXX14mzbOqf1H17s8rtes8jiIcwTGcgg+XUIM7qEMDKDzCM7zCm6OcF+fd+Zi3Fpx85hD+wPn8AWHejwA=</latexit>

�
<latexit sha1_base64="XQR7X0YH+SyaImQx9E361CjrIGs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzQOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKflgxwkNBR5IFjOCrZOa3Xs2ELhXrvhVfwa0TIKcVCBHvVf+6vYVSQWVlnBsTCfwExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauOrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCMHiy8ukeVYNLqr+3Xmldp3HUYQjOIZTCOASanALdWgAgUd4hld485T34r17H/PWgpfPHMIfeJ8/bLGPBw==</latexit>

⌃
<latexit sha1_base64="PNJnud1uZZwqVorGoqzI2E8zTDo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2A9pl5JNs21okg1JtlCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx41TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWju5nfGlNtWCIf7UTRUOCBZDEj2DrpqTvGWg1ZL+iVK37VnwOtkiAnFchR75W/uv2EpIJKSzg2phP4yoYZ1pYRTqelbmqowmSEB7TjqMSCmjCbHzxFZ07pozjRrqRFc/X3RIaFMRMRuU6B7dAsezPxP6+T2vgmzJhUqaWSLBbFKUc2QbPvUZ9pSiyfOIKJZu5WRIZYY2JdRiUXQrD88ippXlSDq6r/cFmp3eZxFOEETuEcAriGGtxDHRpAQMAzvMKbp70X7937WLQWvHzmGP7A+/wBpviQTg==</latexit>'1

<latexit sha1_base64="P6/rAnZy8SjqbXChgjW2AF1dkuk=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4KrtF0WPRi8cK9kPapWTTbBuaZEOSLZSlv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdgp7u7tHxyWjo6bJkk1oQ2S8ES3I2woZ5I2LLOctpWmWESctqLR3cxvjak2LJGPdqJoKPBAspgRbJ301B1jrYasV+2Vyn7FnwOtkiAnZchR75W+uv2EpIJKSzg2phP4yoYZ1pYRTqfFbmqowmSEB7TjqMSCmjCbHzxF507pozjRrqRFc/X3RIaFMRMRuU6B7dAsezPxP6+T2vgmzJhUqaWSLBbFKUc2QbPvUZ9pSiyfOIKJZu5WRIZYY2JdRkUXQrD88ippVivBVcV/uCzXbvM4CnAKZ3ABAVxDDe6hDg0gIOAZXuHN096L9+59LFrXvHzmBP7A+/wBqHyQTw==</latexit>'2
<latexit sha1_base64="7DyvmyWbcZNmzY9vNPldGZo/nis=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegF29GMA9IljA76U3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWaQoMqrnQ7IgY4k9CwzHJoJxqIiDi0otHN1G89gTZMyQc7TiAUZCBZzCixTmp27wQMSK9c8av+DHiZBDmpoBz1Xvmr21c0FSAt5cSYTuAnNsyItoxymJS6qYGE0BEZQMdRSQSYMJtdO8EnTunjWGlX0uKZ+nsiI8KYsYhcpyB2aBa9qfif10ltfBVmTCapBUnni+KUY6vw9HXcZxqo5WNHCNXM3YrpkGhCrQuo5EIIFl9eJs2zanBR9e/PK7XrPI4iOkLH6BQF6BLV0C2qowai6BE9o1f05invxXv3PuatBS+fOUR/4H3+AGCDjv8=</latexit>

⌦
<latexit sha1_base64="6A2w7+8esSdOMECDiv+MvVZvlU4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK/YI2lM120y7dbOLuRCihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEikMuu63U1hb39jcKm6Xdnb39g/Kh0ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4bua3n7g2IlYNnCTcj+hQiVAwilbq9BojjrTv9csVt+rOQVaJl5MK5Kj3y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5vfOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MbPhEpS5IotFoWpJBiT2fNkIDRnKCeWUKaFvZWwEdWUoY2oZEPwll9eJa2LqndVdR8uK7XbPI4inMApnIMH11CDe6hDExhIeIZXeHMenRfn3flYtBacfOYY/sD5/AGdeY+w</latexit>

⇥1
<latexit sha1_base64="RHj9DoR+UD0FLCp0AAhs5P1kSHo=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4KklR9Fj04rFCv6ANZbOdtEs3m7g7EUron/DiQRGv/h1v/hu3bQ7a+mDg8d4MM/OCRAqDrvvtrK1vbG5tF3aKu3v7B4elo+OWiVPNocljGetOwAxIoaCJAiV0Eg0sCiS0g/HdzG8/gTYiVg2cJOBHbKhEKDhDK3V6jREg61f7pbJbceegq8TLSZnkqPdLX71BzNMIFHLJjOl6boJ+xjQKLmFa7KUGEsbHbAhdSxWLwPjZ/N4pPbfKgIaxtqWQztXfExmLjJlEge2MGI7MsjcT//O6KYY3fiZUkiIovlgUppJiTGfP04HQwFFOLGFcC3sr5SOmGUcbUdGG4C2/vEpa1Yp3VXEfLsu12zyOAjklZ+SCeOSa1Mg9qZMm4USSZ/JK3pxH58V5dz4WrWtOPnNC/sD5/AGe/Y+x</latexit>

⇥2
<latexit sha1_base64="6hT1zpL0JLqnfV9BLfA0wCeo5nA=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RTIwkyzI7mU2GzGOZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KU86M9f1vr7Syura+Ud6sbG3v7O5V9w/aRmWa0BZRXOlOjA3lTNKWZZbTTqopFjGnD/HoZuo/PFFtmJL3dpzSUOCBZAkj2DrpsUeGLMqjYBJVa37dnwEtk6AgNSjQjKpfvb4imaDSEo6N6QZ+asMca8sIp5NKLzM0xWSEB7TrqMSCmjCfHTxBJ07po0RpV9Kimfp7IsfCmLGIXafAdmgWvan4n9fNbHIV5kymmaWSzBclGUdWoen3qM80JZaPHcFEM3crIkOsMbEuo4oLIVh8eZm0z+rBRd2/O681ros4ynAEx3AKAVxCA26hCS0gIOAZXuHN096L9+59zFtLXjFzCH/gff4Ap6eQTw==</latexit>�1

<latexit sha1_base64="3EitPF9sNrRWhJZb4hrQ0on2/0Q=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ie0IWy2m3bp7ibsboQS+iu8eFDEqz/Hm//GbZqDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ373SeqNIvlg5km1Bd4JFnECDZWehyQMQuyoDELqjW37uZAq8QrSA0KtILq12AYk1RQaQjHWvc9NzF+hpVhhNNZZZBqmmAywSPat1RiQbWf5QfP0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UxNd+xmTSWqoJItFUcqRidH8ezRkihLDp5Zgopi9FZExVpgYm1HFhuAtv7xKOo26d1l37y9qzZsijjKcwCmcgwdX0IQ7aEEbCAh4hld4c5Tz4rw7H4vWklPMHMMfOJ8/qSyQUA==</latexit>�2

<latexit sha1_base64="xPjBkPT/81bXgWBqWRqueEKIeEM=">AAAB8HicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXRjcsK9iFtCJPppB06MwkzE6GEfIUbF4q49XPc+TdO2yy09cCFwzn3cu89YcKZNq777ZRWVtfWN8qbla3tnd296v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wfDv1O09UaRbLBzNJqC/wULKIEWys9NgnIxZkwXkeVGtu3Z0BLROvIDUo0AyqX/1BTFJBpSEca93z3MT4GVaGEU7zSj/VNMFkjIe0Z6nEgmo/mx2coxOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF72p+J/XS0107WdMJqmhkswXRSlHJkbT79GAKUoMn1iCiWL2VkRGWGFibEYVG4K3+PIyaZ/Vvcu6e39Ra9wUcZThCI7hFDy4ggbcQRNaQEDAM7zCm6OcF+fd+Zi3lpxi5hD+wPn8AaqxkFE=</latexit>�3

<latexit sha1_base64="d1G5i3I+dOopDXI/QIv+g5BvC+M=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ie0IWy2m3bp7ibsboQS+iu8eFDEqz/Hm//GbZqDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ373SeqNIvlg5km1Bd4JFnECDZWehyQMQuyoDELqjW37uZAq8QrSA0KtILq12AYk1RQaQjHWvc9NzF+hpVhhNNZZZBqmmAywSPat1RiQbWf5QfP0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UxNd+xmTSWqoJItFUcqRidH8ezRkihLDp5Zgopi9FZExVpgYm1HFhuAtv7xKOhd177Lu3jdqzZsijjKcwCmcgwdX0IQ7aEEbCAh4hld4c5Tz4rw7H4vWklPMHMMfOJ8/rDaQUg==</latexit>�4

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="LF+HG+B+z9UyHi1x9Et9Cc7DePE=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LGoB48V7Ae0oWy2m3btZjfsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLRzdRvPTFtuJIPOE5YEJOB5BGnBK3U7N4ygaRXrnhVbwZ3mfg5qUCOeq/81e0rmsZMIhXEmI7vJRhkRCOngk1K3dSwhNARGbCOpZLEzATZ7NqJe2KVvhspbUuiO1N/T2QkNmYch7YzJjg0i95U/M/rpBhdBRmXSYpM0vmiKBUuKnf6utvnmlEUY0sI1dze6tIh0YSiDahkQ/AXX14mzbOqf1H17s8rtes8jiIcwTGcgg+XUIM7qEMDKDzCM7zCm6OcF+fd+Zi3Fpx85hD+wPn8AWHejwA=</latexit>

�

<latexit sha1_base64="PNJnud1uZZwqVorGoqzI2E8zTDo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2A9pl5JNs21okg1JtlCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx41TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWju5nfGlNtWCIf7UTRUOCBZDEj2DrpqTvGWg1ZL+iVK37VnwOtkiAnFchR75W/uv2EpIJKSzg2phP4yoYZ1pYRTqelbmqowmSEB7TjqMSCmjCbHzxFZ07pozjRrqRFc/X3RIaFMRMRuU6B7dAsezPxP6+T2vgmzJhUqaWSLBbFKUc2QbPvUZ9pSiyfOIKJZu5WRIZYY2JdRiUXQrD88ippXlSDq6r/cFmp3eZxFOEETuEcAriGGtxDHRpAQMAzvMKbp70X7937WLQWvHzmGP7A+/wBpviQTg==</latexit>'1
<latexit sha1_base64="P6/rAnZy8SjqbXChgjW2AF1dkuk=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4KrtF0WPRi8cK9kPapWTTbBuaZEOSLZSlv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdgp7u7tHxyWjo6bJkk1oQ2S8ES3I2woZ5I2LLOctpWmWESctqLR3cxvjak2LJGPdqJoKPBAspgRbJ301B1jrYasV+2Vyn7FnwOtkiAnZchR75W+uv2EpIJKSzg2phP4yoYZ1pYRTqfFbmqowmSEB7TjqMSCmjCbHzxF507pozjRrqRFc/X3RIaFMRMRuU6B7dAsezPxP6+T2vgmzJhUqaWSLBbFKUc2QbPvUZ9pSiyfOIKJZu5WRIZYY2JdRkUXQrD88ippVivBVcV/uCzXbvM4CnAKZ3ABAVxDDe6hDg0gIOAZXuHN096L9+59LFrXvHzmBP7A+/wBqHyQTw==</latexit>'2

<latexit sha1_base64="3EitPF9sNrRWhJZb4hrQ0on2/0Q=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ie0IWy2m3bp7ibsboQS+iu8eFDEqz/Hm//GbZqDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ373SeqNIvlg5km1Bd4JFnECDZWehyQMQuyoDELqjW37uZAq8QrSA0KtILq12AYk1RQaQjHWvc9NzF+hpVhhNNZZZBqmmAywSPat1RiQbWf5QfP0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UxNd+xmTSWqoJItFUcqRidH8ezRkihLDp5Zgopi9FZExVpgYm1HFhuAtv7xKOo26d1l37y9qzZsijjKcwCmcgwdX0IQ7aEEbCAh4hld4c5Tz4rw7H4vWklPMHMMfOJ8/qSyQUA==</latexit>�2

<latexit sha1_base64="xPjBkPT/81bXgWBqWRqueEKIeEM=">AAAB8HicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXRjcsK9iFtCJPppB06MwkzE6GEfIUbF4q49XPc+TdO2yy09cCFwzn3cu89YcKZNq777ZRWVtfWN8qbla3tnd296v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wfDv1O09UaRbLBzNJqC/wULKIEWys9NgnIxZkwXkeVGtu3Z0BLROvIDUo0AyqX/1BTFJBpSEca93z3MT4GVaGEU7zSj/VNMFkjIe0Z6nEgmo/mx2coxOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF72p+J/XS0107WdMJqmhkswXRSlHJkbT79GAKUoMn1iCiWL2VkRGWGFibEYVG4K3+PIyaZ/Vvcu6e39Ra9wUcZThCI7hFDy4ggbcQRNaQEDAM7zCm6OcF+fd+Zi3lpxi5hD+wPn8AaqxkFE=</latexit>�3

<latexit sha1_base64="d1G5i3I+dOopDXI/QIv+g5BvC+M=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ie0IWy2m3bp7ibsboQS+iu8eFDEqz/Hm//GbZqDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ373SeqNIvlg5km1Bd4JFnECDZWehyQMQuyoDELqjW37uZAq8QrSA0KtILq12AYk1RQaQjHWvc9NzF+hpVhhNNZZZBqmmAywSPat1RiQbWf5QfP0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UxNd+xmTSWqoJItFUcqRidH8ezRkihLDp5Zgopi9FZExVpgYm1HFhuAtv7xKOhd177Lu3jdqzZsijjKcwCmcgwdX0IQ7aEEbCAh4hld4c5Tz4rw7H4vWklPMHMMfOJ8/rDaQUg==</latexit>�4

<latexit sha1_base64="lu10O1Rzj1+pqb8zabBCWRqJXOs=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqswURZdFNy4r2ge0Q8mkmTY0k4xJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uScniDnTxnW/ncLa+sbmVnG7tLO7t39QPjxqaZkoQptEcqk6AdaUM0GbhhlOO7GiOAo4bQfj28xvT6jSTIpHM42pH+GhYCEj2FjJ70XYjAjm6cOsX+uXK27VnQOtEi8nFcjR6Je/egNJkogKQzjWuuu5sfFTrAwjnM5KvUTTGJMxHtKupQJHVPvpPPQMnVllgEKp7BMGzdXfGymOtJ5GgZ3MQuplLxP/87qJCa/9lIk4MVSQxaEw4chIlDWABkxRYvjUEkwUs1kRGWGFibE9lWwJ3vKXV0mrVvUuq+79RaV+k9dRhBM4hXPw4ArqcAcNaAKBJ3iGV3hzJs6L8+58LEYLTr5zDH/gfP4AvCCSEg==</latexit>

S2

<latexit sha1_base64="7DyvmyWbcZNmzY9vNPldGZo/nis=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegF29GMA9IljA76U3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWaQoMqrnQ7IgY4k9CwzHJoJxqIiDi0otHN1G89gTZMyQc7TiAUZCBZzCixTmp27wQMSK9c8av+DHiZBDmpoBz1Xvmr21c0FSAt5cSYTuAnNsyItoxymJS6qYGE0BEZQMdRSQSYMJtdO8EnTunjWGlX0uKZ+nsiI8KYsYhcpyB2aBa9qfif10ltfBVmTCapBUnni+KUY6vw9HXcZxqo5WNHCNXM3YrpkGhCrQuo5EIIFl9eJs2zanBR9e/PK7XrPI4iOkLH6BQF6BLV0C2qowai6BE9o1f05invxXv3PuatBS+fOUR/4H3+AGCDjv8=</latexit>

⌦
<latexit sha1_base64="6A2w7+8esSdOMECDiv+MvVZvlU4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK/YI2lM120y7dbOLuRCihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEikMuu63U1hb39jcKm6Xdnb39g/Kh0ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4bua3n7g2IlYNnCTcj+hQiVAwilbq9BojjrTv9csVt+rOQVaJl5MK5Kj3y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5vfOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MbPhEpS5IotFoWpJBiT2fNkIDRnKCeWUKaFvZWwEdWUoY2oZEPwll9eJa2LqndVdR8uK7XbPI4inMApnIMH11CDe6hDExhIeIZXeHMenRfn3flYtBacfOYY/sD5/AGdeY+w</latexit>

⇥1
<latexit sha1_base64="RHj9DoR+UD0FLCp0AAhs5P1kSHo=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4KklR9Fj04rFCv6ANZbOdtEs3m7g7EUron/DiQRGv/h1v/hu3bQ7a+mDg8d4MM/OCRAqDrvvtrK1vbG5tF3aKu3v7B4elo+OWiVPNocljGetOwAxIoaCJAiV0Eg0sCiS0g/HdzG8/gTYiVg2cJOBHbKhEKDhDK3V6jREg61f7pbJbceegq8TLSZnkqPdLX71BzNMIFHLJjOl6boJ+xjQKLmFa7KUGEsbHbAhdSxWLwPjZ/N4pPbfKgIaxtqWQztXfExmLjJlEge2MGI7MsjcT//O6KYY3fiZUkiIovlgUppJiTGfP04HQwFFOLGFcC3sr5SOmGUcbUdGG4C2/vEpa1Yp3VXEfLsu12zyOAjklZ+SCeOSa1Mg9qZMm4USSZ/JK3pxH58V5dz4WrWtOPnNC/sD5/AGe/Y+x</latexit>

⇥2
<latexit sha1_base64="6hT1zpL0JLqnfV9BLfA0wCeo5nA=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RTIwkyzI7mU2GzGOZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KU86M9f1vr7Syura+Ud6sbG3v7O5V9w/aRmWa0BZRXOlOjA3lTNKWZZbTTqopFjGnD/HoZuo/PFFtmJL3dpzSUOCBZAkj2DrpsUeGLMqjYBJVa37dnwEtk6AgNSjQjKpfvb4imaDSEo6N6QZ+asMca8sIp5NKLzM0xWSEB7TrqMSCmjCfHTxBJ07po0RpV9Kimfp7IsfCmLGIXafAdmgWvan4n9fNbHIV5kymmaWSzBclGUdWoen3qM80JZaPHcFEM3crIkOsMbEuo4oLIVh8eZm0z+rBRd2/O681ros4ynAEx3AKAVxCA26hCS0gIOAZXuHN096L9+59zFtLXjFzCH/gff4Ap6eQTw==</latexit>�1

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="LF+HG+B+z9UyHi1x9Et9Cc7DePE=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LGoB48V7Ae0oWy2m3btZjfsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLRzdRvPTFtuJIPOE5YEJOB5BGnBK3U7N4ygaRXrnhVbwZ3mfg5qUCOeq/81e0rmsZMIhXEmI7vJRhkRCOngk1K3dSwhNARGbCOpZLEzATZ7NqJe2KVvhspbUuiO1N/T2QkNmYch7YzJjg0i95U/M/rpBhdBRmXSYpM0vmiKBUuKnf6utvnmlEUY0sI1dze6tIh0YSiDahkQ/AXX14mzbOqf1H17s8rtes8jiIcwTGcgg+XUIM7qEMDKDzCM7zCm6OcF+fd+Zi3Fpx85hD+wPn8AWHejwA=</latexit>

�

<latexit sha1_base64="mSTwgVRtwk2mJ8i52/dYse7dfdo=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWaKosuimy4r2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbmg9qgXHGqzgJ4nbg5qUCO5qD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSrlXd66rzcFWp3+V1FOEMzuESXLiBOjSgCS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8Aq1OSBw==</latexit>

H2
<latexit sha1_base64="c+HfibovVKewSOJz+7l10e1kimI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNRDx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1Fip3b1FYWjP65UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n83unZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTJ8nfa6QGTG2hDLF7a2EDamizNiISjYEb/HlZdI8q3oXVff+vFK7zuMowhEcwyl4cAk1uIM6NICBgGd4hTfn0Xlx3p2PeWvByWcO4Q+czx+K9o+k</latexit>

�1
<latexit sha1_base64="XQR7X0YH+SyaImQx9E361CjrIGs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzQOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKflgxwkNBR5IFjOCrZOa3Xs2ELhXrvhVfwa0TIKcVCBHvVf+6vYVSQWVlnBsTCfwExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauOrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCMHiy8ukeVYNLqr+3Xmldp3HUYQjOIZTCOASanALdWgAgUd4hld485T34r17H/PWgpfPHMIfeJ8/bLGPBw==</latexit>

⌃

<latexit sha1_base64="PNJnud1uZZwqVorGoqzI2E8zTDo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2A9pl5JNs21okg1JtlCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx41TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWju5nfGlNtWCIf7UTRUOCBZDEj2DrpqTvGWg1ZL+iVK37VnwOtkiAnFchR75W/uv2EpIJKSzg2phP4yoYZ1pYRTqelbmqowmSEB7TjqMSCmjCbHzxFZ07pozjRrqRFc/X3RIaFMRMRuU6B7dAsezPxP6+T2vgmzJhUqaWSLBbFKUc2QbPvUZ9pSiyfOIKJZu5WRIZYY2JdRiUXQrD88ippXlSDq6r/cFmp3eZxFOEETuEcAriGGtxDHRpAQMAzvMKbp70X7937WLQWvHzmGP7A+/wBpviQTg==</latexit>'1
<latexit sha1_base64="P6/rAnZy8SjqbXChgjW2AF1dkuk=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4KrtF0WPRi8cK9kPapWTTbBuaZEOSLZSlv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdgp7u7tHxyWjo6bJkk1oQ2S8ES3I2woZ5I2LLOctpWmWESctqLR3cxvjak2LJGPdqJoKPBAspgRbJ301B1jrYasV+2Vyn7FnwOtkiAnZchR75W+uv2EpIJKSzg2phP4yoYZ1pYRTqfFbmqowmSEB7TjqMSCmjCbHzxF507pozjRrqRFc/X3RIaFMRMRuU6B7dAsezPxP6+T2vgmzJhUqaWSLBbFKUc2QbPvUZ9pSiyfOIKJZu5WRIZYY2JdRkUXQrD88ippVivBVcV/uCzXbvM4CnAKZ3ABAVxDDe6hDg0gIOAZXuHN096L9+59LFrXvHzmBP7A+/wBqHyQTw==</latexit>'2

<latexit sha1_base64="3EitPF9sNrRWhJZb4hrQ0on2/0Q=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ie0IWy2m3bp7ibsboQS+iu8eFDEqz/Hm//GbZqDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ373SeqNIvlg5km1Bd4JFnECDZWehyQMQuyoDELqjW37uZAq8QrSA0KtILq12AYk1RQaQjHWvc9NzF+hpVhhNNZZZBqmmAywSPat1RiQbWf5QfP0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UxNd+xmTSWqoJItFUcqRidH8ezRkihLDp5Zgopi9FZExVpgYm1HFhuAtv7xKOo26d1l37y9qzZsijjKcwCmcgwdX0IQ7aEEbCAh4hld4c5Tz4rw7H4vWklPMHMMfOJ8/qSyQUA==</latexit>�2

<latexit sha1_base64="xPjBkPT/81bXgWBqWRqueEKIeEM=">AAAB8HicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXRjcsK9iFtCJPppB06MwkzE6GEfIUbF4q49XPc+TdO2yy09cCFwzn3cu89YcKZNq777ZRWVtfWN8qbla3tnd296v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wfDv1O09UaRbLBzNJqC/wULKIEWys9NgnIxZkwXkeVGtu3Z0BLROvIDUo0AyqX/1BTFJBpSEca93z3MT4GVaGEU7zSj/VNMFkjIe0Z6nEgmo/mx2coxOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF72p+J/XS0107WdMJqmhkswXRSlHJkbT79GAKUoMn1iCiWL2VkRGWGFibEYVG4K3+PIyaZ/Vvcu6e39Ra9wUcZThCI7hFDy4ggbcQRNaQEDAM7zCm6OcF+fd+Zi3lpxi5hD+wPn8AaqxkFE=</latexit>�3

<latexit sha1_base64="d1G5i3I+dOopDXI/QIv+g5BvC+M=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ie0IWy2m3bp7ibsboQS+iu8eFDEqz/Hm//GbZqDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ373SeqNIvlg5km1Bd4JFnECDZWehyQMQuyoDELqjW37uZAq8QrSA0KtILq12AYk1RQaQjHWvc9NzF+hpVhhNNZZZBqmmAywSPat1RiQbWf5QfP0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UxNd+xmTSWqoJItFUcqRidH8ezRkihLDp5Zgopi9FZExVpgYm1HFhuAtv7xKOhd177Lu3jdqzZsijjKcwCmcgwdX0IQ7aEEbCAh4hld4c5Tz4rw7H4vWklPMHMMfOJ8/rDaQUg==</latexit>�4

<latexit sha1_base64="lu10O1Rzj1+pqb8zabBCWRqJXOs=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqswURZdFNy4r2ge0Q8mkmTY0k4xJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uScniDnTxnW/ncLa+sbmVnG7tLO7t39QPjxqaZkoQptEcqk6AdaUM0GbhhlOO7GiOAo4bQfj28xvT6jSTIpHM42pH+GhYCEj2FjJ70XYjAjm6cOsX+uXK27VnQOtEi8nFcjR6Je/egNJkogKQzjWuuu5sfFTrAwjnM5KvUTTGJMxHtKupQJHVPvpPPQMnVllgEKp7BMGzdXfGymOtJ5GgZ3MQuplLxP/87qJCa/9lIk4MVSQxaEw4chIlDWABkxRYvjUEkwUs1kRGWGFibE9lWwJ3vKXV0mrVvUuq+79RaV+k9dRhBM4hXPw4ArqcAcNaAKBJ3iGV3hzJs6L8+58LEYLTr5zDH/gfP4AvCCSEg==</latexit>

S2

<latexit sha1_base64="7DyvmyWbcZNmzY9vNPldGZo/nis=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegF29GMA9IljA76U3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWaQoMqrnQ7IgY4k9CwzHJoJxqIiDi0otHN1G89gTZMyQc7TiAUZCBZzCixTmp27wQMSK9c8av+DHiZBDmpoBz1Xvmr21c0FSAt5cSYTuAnNsyItoxymJS6qYGE0BEZQMdRSQSYMJtdO8EnTunjWGlX0uKZ+nsiI8KYsYhcpyB2aBa9qfif10ltfBVmTCapBUnni+KUY6vw9HXcZxqo5WNHCNXM3YrpkGhCrQuo5EIIFl9eJs2zanBR9e/PK7XrPI4iOkLH6BQF6BLV0C2qowai6BE9o1f05invxXv3PuatBS+fOUR/4H3+AGCDjv8=</latexit>

⌦
<latexit sha1_base64="6A2w7+8esSdOMECDiv+MvVZvlU4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK/YI2lM120y7dbOLuRCihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEikMuu63U1hb39jcKm6Xdnb39g/Kh0ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4bua3n7g2IlYNnCTcj+hQiVAwilbq9BojjrTv9csVt+rOQVaJl5MK5Kj3y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5vfOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MbPhEpS5IotFoWpJBiT2fNkIDRnKCeWUKaFvZWwEdWUoY2oZEPwll9eJa2LqndVdR8uK7XbPI4inMApnIMH11CDe6hDExhIeIZXeHMenRfn3flYtBacfOYY/sD5/AGdeY+w</latexit>

⇥1
<latexit sha1_base64="RHj9DoR+UD0FLCp0AAhs5P1kSHo=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4KklR9Fj04rFCv6ANZbOdtEs3m7g7EUron/DiQRGv/h1v/hu3bQ7a+mDg8d4MM/OCRAqDrvvtrK1vbG5tF3aKu3v7B4elo+OWiVPNocljGetOwAxIoaCJAiV0Eg0sCiS0g/HdzG8/gTYiVg2cJOBHbKhEKDhDK3V6jREg61f7pbJbceegq8TLSZnkqPdLX71BzNMIFHLJjOl6boJ+xjQKLmFa7KUGEsbHbAhdSxWLwPjZ/N4pPbfKgIaxtqWQztXfExmLjJlEge2MGI7MsjcT//O6KYY3fiZUkiIovlgUppJiTGfP04HQwFFOLGFcC3sr5SOmGUcbUdGG4C2/vEpa1Yp3VXEfLsu12zyOAjklZ+SCeOSa1Mg9qZMm4USSZ/JK3pxH58V5dz4WrWtOPnNC/sD5/AGe/Y+x</latexit>

⇥2
<latexit sha1_base64="6hT1zpL0JLqnfV9BLfA0wCeo5nA=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RTIwkyzI7mU2GzGOZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KU86M9f1vr7Syura+Ud6sbG3v7O5V9w/aRmWa0BZRXOlOjA3lTNKWZZbTTqopFjGnD/HoZuo/PFFtmJL3dpzSUOCBZAkj2DrpsUeGLMqjYBJVa37dnwEtk6AgNSjQjKpfvb4imaDSEo6N6QZ+asMca8sIp5NKLzM0xWSEB7TrqMSCmjCfHTxBJ07po0RpV9Kimfp7IsfCmLGIXafAdmgWvan4n9fNbHIV5kymmaWSzBclGUdWoen3qM80JZaPHcFEM3crIkOsMbEuo4oLIVh8eZm0z+rBRd2/O681ros4ynAEx3AKAVxCA26hCS0gIOAZXuHN096L9+59zFtLXjFzCH/gff4Ap6eQTw==</latexit>�1

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="LF+HG+B+z9UyHi1x9Et9Cc7DePE=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LGoB48V7Ae0oWy2m3btZjfsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLRzdRvPTFtuJIPOE5YEJOB5BGnBK3U7N4ygaRXrnhVbwZ3mfg5qUCOeq/81e0rmsZMIhXEmI7vJRhkRCOngk1K3dSwhNARGbCOpZLEzATZ7NqJe2KVvhspbUuiO1N/T2QkNmYch7YzJjg0i95U/M/rpBhdBRmXSYpM0vmiKBUuKnf6utvnmlEUY0sI1dze6tIh0YSiDahkQ/AXX14mzbOqf1H17s8rtes8jiIcwTGcgg+XUIM7qEMDKDzCM7zCm6OcF+fd+Zi3Fpx85hD+wPn8AWHejwA=</latexit>

�

<latexit sha1_base64="mSTwgVRtwk2mJ8i52/dYse7dfdo=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWaKosuimy4r2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbmg9qgXHGqzgJ4nbg5qUCO5qD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSrlXd66rzcFWp3+V1FOEMzuESXLiBOjSgCS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8Aq1OSBw==</latexit>

H2
<latexit sha1_base64="c+HfibovVKewSOJz+7l10e1kimI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNRDx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1Fip3b1FYWjP65UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n83unZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTJ8nfa6QGTG2hDLF7a2EDamizNiISjYEb/HlZdI8q3oXVff+vFK7zuMowhEcwyl4cAk1uIM6NICBgGd4hTfn0Xlx3p2PeWvByWcO4Q+czx+K9o+k</latexit>

�1
<latexit sha1_base64="XQR7X0YH+SyaImQx9E361CjrIGs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzQOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKflgxwkNBR5IFjOCrZOa3Xs2ELhXrvhVfwa0TIKcVCBHvVf+6vYVSQWVlnBsTCfwExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauOrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCMHiy8ukeVYNLqr+3Xmldp3HUYQjOIZTCOASanALdWgAgUd4hld485T34r17H/PWgpfPHMIfeJ8/bLGPBw==</latexit>

⌃

<latexit sha1_base64="PNJnud1uZZwqVorGoqzI2E8zTDo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2A9pl5JNs21okg1JtlCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx41TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWju5nfGlNtWCIf7UTRUOCBZDEj2DrpqTvGWg1ZL+iVK37VnwOtkiAnFchR75W/uv2EpIJKSzg2phP4yoYZ1pYRTqelbmqowmSEB7TjqMSCmjCbHzxFZ07pozjRrqRFc/X3RIaFMRMRuU6B7dAsezPxP6+T2vgmzJhUqaWSLBbFKUc2QbPvUZ9pSiyfOIKJZu5WRIZYY2JdRiUXQrD88ippXlSDq6r/cFmp3eZxFOEETuEcAriGGtxDHRpAQMAzvMKbp70X7937WLQWvHzmGP7A+/wBpviQTg==</latexit>'1
<latexit sha1_base64="P6/rAnZy8SjqbXChgjW2AF1dkuk=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4KrtF0WPRi8cK9kPapWTTbBuaZEOSLZSlv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdgp7u7tHxyWjo6bJkk1oQ2S8ES3I2woZ5I2LLOctpWmWESctqLR3cxvjak2LJGPdqJoKPBAspgRbJ301B1jrYasV+2Vyn7FnwOtkiAnZchR75W+uv2EpIJKSzg2phP4yoYZ1pYRTqfFbmqowmSEB7TjqMSCmjCbHzxF507pozjRrqRFc/X3RIaFMRMRuU6B7dAsezPxP6+T2vgmzJhUqaWSLBbFKUc2QbPvUZ9pSiyfOIKJZu5WRIZYY2JdRkUXQrD88ippVivBVcV/uCzXbvM4CnAKZ3ABAVxDDe6hDg0gIOAZXuHN096L9+59LFrXvHzmBP7A+/wBqHyQTw==</latexit>'2

<latexit sha1_base64="3EitPF9sNrRWhJZb4hrQ0on2/0Q=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ie0IWy2m3bp7ibsboQS+iu8eFDEqz/Hm//GbZqDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ373SeqNIvlg5km1Bd4JFnECDZWehyQMQuyoDELqjW37uZAq8QrSA0KtILq12AYk1RQaQjHWvc9NzF+hpVhhNNZZZBqmmAywSPat1RiQbWf5QfP0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UxNd+xmTSWqoJItFUcqRidH8ezRkihLDp5Zgopi9FZExVpgYm1HFhuAtv7xKOo26d1l37y9qzZsijjKcwCmcgwdX0IQ7aEEbCAh4hld4c5Tz4rw7H4vWklPMHMMfOJ8/qSyQUA==</latexit>�2

<latexit sha1_base64="xPjBkPT/81bXgWBqWRqueEKIeEM=">AAAB8HicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXRjcsK9iFtCJPppB06MwkzE6GEfIUbF4q49XPc+TdO2yy09cCFwzn3cu89YcKZNq777ZRWVtfWN8qbla3tnd296v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wfDv1O09UaRbLBzNJqC/wULKIEWys9NgnIxZkwXkeVGtu3Z0BLROvIDUo0AyqX/1BTFJBpSEca93z3MT4GVaGEU7zSj/VNMFkjIe0Z6nEgmo/mx2coxOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF72p+J/XS0107WdMJqmhkswXRSlHJkbT79GAKUoMn1iCiWL2VkRGWGFibEYVG4K3+PIyaZ/Vvcu6e39Ra9wUcZThCI7hFDy4ggbcQRNaQEDAM7zCm6OcF+fd+Zi3lpxi5hD+wPn8AaqxkFE=</latexit>�3

<latexit sha1_base64="d1G5i3I+dOopDXI/QIv+g5BvC+M=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ie0IWy2m3bp7ibsboQS+iu8eFDEqz/Hm//GbZqDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ373SeqNIvlg5km1Bd4JFnECDZWehyQMQuyoDELqjW37uZAq8QrSA0KtILq12AYk1RQaQjHWvc9NzF+hpVhhNNZZZBqmmAywSPat1RiQbWf5QfP0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UxNd+xmTSWqoJItFUcqRidH8ezRkihLDp5Zgopi9FZExVpgYm1HFhuAtv7xKOhd177Lu3jdqzZsijjKcwCmcgwdX0IQ7aEEbCAh4hld4c5Tz4rw7H4vWklPMHMMfOJ8/rDaQUg==</latexit>�4

<latexit sha1_base64="lu10O1Rzj1+pqb8zabBCWRqJXOs=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqswURZdFNy4r2ge0Q8mkmTY0k4xJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uScniDnTxnW/ncLa+sbmVnG7tLO7t39QPjxqaZkoQptEcqk6AdaUM0GbhhlOO7GiOAo4bQfj28xvT6jSTIpHM42pH+GhYCEj2FjJ70XYjAjm6cOsX+uXK27VnQOtEi8nFcjR6Je/egNJkogKQzjWuuu5sfFTrAwjnM5KvUTTGJMxHtKupQJHVPvpPPQMnVllgEKp7BMGzdXfGymOtJ5GgZ3MQuplLxP/87qJCa/9lIk4MVSQxaEw4chIlDWABkxRYvjUEkwUs1kRGWGFibE9lWwJ3vKXV0mrVvUuq+79RaV+k9dRhBM4hXPw4ArqcAcNaAKBJ3iGV3hzJs6L8+58LEYLTr5zDH/gfP4AvCCSEg==</latexit>

S2

<latexit sha1_base64="7DyvmyWbcZNmzY9vNPldGZo/nis=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegF29GMA9IljA76U3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWaQoMqrnQ7IgY4k9CwzHJoJxqIiDi0otHN1G89gTZMyQc7TiAUZCBZzCixTmp27wQMSK9c8av+DHiZBDmpoBz1Xvmr21c0FSAt5cSYTuAnNsyItoxymJS6qYGE0BEZQMdRSQSYMJtdO8EnTunjWGlX0uKZ+nsiI8KYsYhcpyB2aBa9qfif10ltfBVmTCapBUnni+KUY6vw9HXcZxqo5WNHCNXM3YrpkGhCrQuo5EIIFl9eJs2zanBR9e/PK7XrPI4iOkLH6BQF6BLV0C2qowai6BE9o1f05invxXv3PuatBS+fOUR/4H3+AGCDjv8=</latexit>

⌦
<latexit sha1_base64="6A2w7+8esSdOMECDiv+MvVZvlU4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK/YI2lM120y7dbOLuRCihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEikMuu63U1hb39jcKm6Xdnb39g/Kh0ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4bua3n7g2IlYNnCTcj+hQiVAwilbq9BojjrTv9csVt+rOQVaJl5MK5Kj3y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5vfOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MbPhEpS5IotFoWpJBiT2fNkIDRnKCeWUKaFvZWwEdWUoY2oZEPwll9eJa2LqndVdR8uK7XbPI4inMApnIMH11CDe6hDExhIeIZXeHMenRfn3flYtBacfOYY/sD5/AGdeY+w</latexit>

⇥1
<latexit sha1_base64="RHj9DoR+UD0FLCp0AAhs5P1kSHo=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4KklR9Fj04rFCv6ANZbOdtEs3m7g7EUron/DiQRGv/h1v/hu3bQ7a+mDg8d4MM/OCRAqDrvvtrK1vbG5tF3aKu3v7B4elo+OWiVPNocljGetOwAxIoaCJAiV0Eg0sCiS0g/HdzG8/gTYiVg2cJOBHbKhEKDhDK3V6jREg61f7pbJbceegq8TLSZnkqPdLX71BzNMIFHLJjOl6boJ+xjQKLmFa7KUGEsbHbAhdSxWLwPjZ/N4pPbfKgIaxtqWQztXfExmLjJlEge2MGI7MsjcT//O6KYY3fiZUkiIovlgUppJiTGfP04HQwFFOLGFcC3sr5SOmGUcbUdGG4C2/vEpa1Yp3VXEfLsu12zyOAjklZ+SCeOSa1Mg9qZMm4USSZ/JK3pxH58V5dz4WrWtOPnNC/sD5/AGe/Y+x</latexit>

⇥2
<latexit sha1_base64="6hT1zpL0JLqnfV9BLfA0wCeo5nA=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RTIwkyzI7mU2GzGOZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KU86M9f1vr7Syura+Ud6sbG3v7O5V9w/aRmWa0BZRXOlOjA3lTNKWZZbTTqopFjGnD/HoZuo/PFFtmJL3dpzSUOCBZAkj2DrpsUeGLMqjYBJVa37dnwEtk6AgNSjQjKpfvb4imaDSEo6N6QZ+asMca8sIp5NKLzM0xWSEB7TrqMSCmjCfHTxBJ07po0RpV9Kimfp7IsfCmLGIXafAdmgWvan4n9fNbHIV5kymmaWSzBclGUdWoen3qM80JZaPHcFEM3crIkOsMbEuo4oLIVh8eZm0z+rBRd2/O681ros4ynAEx3AKAVxCA26hCS0gIOAZXuHN096L9+59zFtLXjFzCH/gff4Ap6eQTw==</latexit>�1

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="LF+HG+B+z9UyHi1x9Et9Cc7DePE=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LGoB48V7Ae0oWy2m3btZjfsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLRzdRvPTFtuJIPOE5YEJOB5BGnBK3U7N4ygaRXrnhVbwZ3mfg5qUCOeq/81e0rmsZMIhXEmI7vJRhkRCOngk1K3dSwhNARGbCOpZLEzATZ7NqJe2KVvhspbUuiO1N/T2QkNmYch7YzJjg0i95U/M/rpBhdBRmXSYpM0vmiKBUuKnf6utvnmlEUY0sI1dze6tIh0YSiDahkQ/AXX14mzbOqf1H17s8rtes8jiIcwTGcgg+XUIM7qEMDKDzCM7zCm6OcF+fd+Zi3Fpx85hD+wPn8AWHejwA=</latexit>

�

<latexit sha1_base64="mSTwgVRtwk2mJ8i52/dYse7dfdo=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWaKosuimy4r2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbmg9qgXHGqzgJ4nbg5qUCO5qD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSrlXd66rzcFWp3+V1FOEMzuESXLiBOjSgCS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8Aq1OSBw==</latexit>

H2

<latexit sha1_base64="c+HfibovVKewSOJz+7l10e1kimI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNRDx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1Fip3b1FYWjP65UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n83unZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTJ8nfa6QGTG2hDLF7a2EDamizNiISjYEb/HlZdI8q3oXVff+vFK7zuMowhEcwyl4cAk1uIM6NICBgGd4hTfn0Xlx3p2PeWvByWcO4Q+czx+K9o+k</latexit>

�1
<latexit sha1_base64="XQR7X0YH+SyaImQx9E361CjrIGs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzQOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKflgxwkNBR5IFjOCrZOa3Xs2ELhXrvhVfwa0TIKcVCBHvVf+6vYVSQWVlnBsTCfwExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauOrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCMHiy8ukeVYNLqr+3Xmldp3HUYQjOIZTCOASanALdWgAgUd4hld485T34r17H/PWgpfPHMIfeJ8/bLGPBw==</latexit>

⌃

<latexit sha1_base64="PNJnud1uZZwqVorGoqzI2E8zTDo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2A9pl5JNs21okg1JtlCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx41TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWju5nfGlNtWCIf7UTRUOCBZDEj2DrpqTvGWg1ZL+iVK37VnwOtkiAnFchR75W/uv2EpIJKSzg2phP4yoYZ1pYRTqelbmqowmSEB7TjqMSCmjCbHzxFZ07pozjRrqRFc/X3RIaFMRMRuU6B7dAsezPxP6+T2vgmzJhUqaWSLBbFKUc2QbPvUZ9pSiyfOIKJZu5WRIZYY2JdRiUXQrD88ippXlSDq6r/cFmp3eZxFOEETuEcAriGGtxDHRpAQMAzvMKbp70X7937WLQWvHzmGP7A+/wBpviQTg==</latexit>'1

<latexit sha1_base64="P6/rAnZy8SjqbXChgjW2AF1dkuk=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4KrtF0WPRi8cK9kPapWTTbBuaZEOSLZSlv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdgp7u7tHxyWjo6bJkk1oQ2S8ES3I2woZ5I2LLOctpWmWESctqLR3cxvjak2LJGPdqJoKPBAspgRbJ301B1jrYasV+2Vyn7FnwOtkiAnZchR75W+uv2EpIJKSzg2phP4yoYZ1pYRTqfFbmqowmSEB7TjqMSCmjCbHzxF507pozjRrqRFc/X3RIaFMRMRuU6B7dAsezPxP6+T2vgmzJhUqaWSLBbFKUc2QbPvUZ9pSiyfOIKJZu5WRIZYY2JdRkUXQrD88ippVivBVcV/uCzXbvM4CnAKZ3ABAVxDDe6hDg0gIOAZXuHN096L9+59LFrXvHzmBP7A+/wBqHyQTw==</latexit>'2

<latexit sha1_base64="3EitPF9sNrRWhJZb4hrQ0on2/0Q=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ie0IWy2m3bp7ibsboQS+iu8eFDEqz/Hm//GbZqDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ373SeqNIvlg5km1Bd4JFnECDZWehyQMQuyoDELqjW37uZAq8QrSA0KtILq12AYk1RQaQjHWvc9NzF+hpVhhNNZZZBqmmAywSPat1RiQbWf5QfP0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UxNd+xmTSWqoJItFUcqRidH8ezRkihLDp5Zgopi9FZExVpgYm1HFhuAtv7xKOo26d1l37y9qzZsijjKcwCmcgwdX0IQ7aEEbCAh4hld4c5Tz4rw7H4vWklPMHMMfOJ8/qSyQUA==</latexit>�2

<latexit sha1_base64="xPjBkPT/81bXgWBqWRqueEKIeEM=">AAAB8HicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXRjcsK9iFtCJPppB06MwkzE6GEfIUbF4q49XPc+TdO2yy09cCFwzn3cu89YcKZNq777ZRWVtfWN8qbla3tnd296v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wfDv1O09UaRbLBzNJqC/wULKIEWys9NgnIxZkwXkeVGtu3Z0BLROvIDUo0AyqX/1BTFJBpSEca93z3MT4GVaGEU7zSj/VNMFkjIe0Z6nEgmo/mx2coxOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF72p+J/XS0107WdMJqmhkswXRSlHJkbT79GAKUoMn1iCiWL2VkRGWGFibEYVG4K3+PIyaZ/Vvcu6e39Ra9wUcZThCI7hFDy4ggbcQRNaQEDAM7zCm6OcF+fd+Zi3lpxi5hD+wPn8AaqxkFE=</latexit>�3

<latexit sha1_base64="d1G5i3I+dOopDXI/QIv+g5BvC+M=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ie0IWy2m3bp7ibsboQS+iu8eFDEqz/Hm//GbZqDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ373SeqNIvlg5km1Bd4JFnECDZWehyQMQuyoDELqjW37uZAq8QrSA0KtILq12AYk1RQaQjHWvc9NzF+hpVhhNNZZZBqmmAywSPat1RiQbWf5QfP0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UxNd+xmTSWqoJItFUcqRidH8ezRkihLDp5Zgopi9FZExVpgYm1HFhuAtv7xKOhd177Lu3jdqzZsijjKcwCmcgwdX0IQ7aEEbCAh4hld4c5Tz4rw7H4vWklPMHMMfOJ8/rDaQUg==</latexit>�4

<latexit sha1_base64="lu10O1Rzj1+pqb8zabBCWRqJXOs=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqswURZdFNy4r2ge0Q8mkmTY0k4xJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uScniDnTxnW/ncLa+sbmVnG7tLO7t39QPjxqaZkoQptEcqk6AdaUM0GbhhlOO7GiOAo4bQfj28xvT6jSTIpHM42pH+GhYCEj2FjJ70XYjAjm6cOsX+uXK27VnQOtEi8nFcjR6Je/egNJkogKQzjWuuu5sfFTrAwjnM5KvUTTGJMxHtKupQJHVPvpPPQMnVllgEKp7BMGzdXfGymOtJ5GgZ3MQuplLxP/87qJCa/9lIk4MVSQxaEw4chIlDWABkxRYvjUEkwUs1kRGWGFibE9lWwJ3vKXV0mrVvUuq+79RaV+k9dRhBM4hXPw4ArqcAcNaAKBJ3iGV3hzJs6L8+58LEYLTr5zDH/gfP4AvCCSEg==</latexit>

S2

<latexit sha1_base64="7DyvmyWbcZNmzY9vNPldGZo/nis=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegF29GMA9IljA76U3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWaQoMqrnQ7IgY4k9CwzHJoJxqIiDi0otHN1G89gTZMyQc7TiAUZCBZzCixTmp27wQMSK9c8av+DHiZBDmpoBz1Xvmr21c0FSAt5cSYTuAnNsyItoxymJS6qYGE0BEZQMdRSQSYMJtdO8EnTunjWGlX0uKZ+nsiI8KYsYhcpyB2aBa9qfif10ltfBVmTCapBUnni+KUY6vw9HXcZxqo5WNHCNXM3YrpkGhCrQuo5EIIFl9eJs2zanBR9e/PK7XrPI4iOkLH6BQF6BLV0C2qowai6BE9o1f05invxXv3PuatBS+fOUR/4H3+AGCDjv8=</latexit>

⌦

<latexit sha1_base64="6A2w7+8esSdOMECDiv+MvVZvlU4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK/YI2lM120y7dbOLuRCihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEikMuu63U1hb39jcKm6Xdnb39g/Kh0ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4bua3n7g2IlYNnCTcj+hQiVAwilbq9BojjrTv9csVt+rOQVaJl5MK5Kj3y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5vfOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MbPhEpS5IotFoWpJBiT2fNkIDRnKCeWUKaFvZWwEdWUoY2oZEPwll9eJa2LqndVdR8uK7XbPI4inMApnIMH11CDe6hDExhIeIZXeHMenRfn3flYtBacfOYY/sD5/AGdeY+w</latexit>

⇥1
<latexit sha1_base64="RHj9DoR+UD0FLCp0AAhs5P1kSHo=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4KklR9Fj04rFCv6ANZbOdtEs3m7g7EUron/DiQRGv/h1v/hu3bQ7a+mDg8d4MM/OCRAqDrvvtrK1vbG5tF3aKu3v7B4elo+OWiVPNocljGetOwAxIoaCJAiV0Eg0sCiS0g/HdzG8/gTYiVg2cJOBHbKhEKDhDK3V6jREg61f7pbJbceegq8TLSZnkqPdLX71BzNMIFHLJjOl6boJ+xjQKLmFa7KUGEsbHbAhdSxWLwPjZ/N4pPbfKgIaxtqWQztXfExmLjJlEge2MGI7MsjcT//O6KYY3fiZUkiIovlgUppJiTGfP04HQwFFOLGFcC3sr5SOmGUcbUdGG4C2/vEpa1Yp3VXEfLsu12zyOAjklZ+SCeOSa1Mg9qZMm4USSZ/JK3pxH58V5dz4WrWtOPnNC/sD5/AGe/Y+x</latexit>

⇥2
<latexit sha1_base64="6hT1zpL0JLqnfV9BLfA0wCeo5nA=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RTIwkyzI7mU2GzGOZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KU86M9f1vr7Syura+Ud6sbG3v7O5V9w/aRmWa0BZRXOlOjA3lTNKWZZbTTqopFjGnD/HoZuo/PFFtmJL3dpzSUOCBZAkj2DrpsUeGLMqjYBJVa37dnwEtk6AgNSjQjKpfvb4imaDSEo6N6QZ+asMca8sIp5NKLzM0xWSEB7TrqMSCmjCfHTxBJ07po0RpV9Kimfp7IsfCmLGIXafAdmgWvan4n9fNbHIV5kymmaWSzBclGUdWoen3qM80JZaPHcFEM3crIkOsMbEuo4oLIVh8eZm0z+rBRd2/O681ros4ynAEx3AKAVxCA26hCS0gIOAZXuHN096L9+59zFtLXjFzCH/gff4Ap6eQTw==</latexit>�1

AdOps

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="LF+HG+B+z9UyHi1x9Et9Cc7DePE=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LGoB48V7Ae0oWy2m3btZjfsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLRzdRvPTFtuJIPOE5YEJOB5BGnBK3U7N4ygaRXrnhVbwZ3mfg5qUCOeq/81e0rmsZMIhXEmI7vJRhkRCOngk1K3dSwhNARGbCOpZLEzATZ7NqJe2KVvhspbUuiO1N/T2QkNmYch7YzJjg0i95U/M/rpBhdBRmXSYpM0vmiKBUuKnf6utvnmlEUY0sI1dze6tIh0YSiDahkQ/AXX14mzbOqf1H17s8rtes8jiIcwTGcgg+XUIM7qEMDKDzCM7zCm6OcF+fd+Zi3Fpx85hD+wPn8AWHejwA=</latexit>

�

<latexit sha1_base64="mSTwgVRtwk2mJ8i52/dYse7dfdo=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWaKosuimy4r2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbmg9qgXHGqzgJ4nbg5qUCO5qD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSrlXd66rzcFWp3+V1FOEMzuESXLiBOjSgCS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8Aq1OSBw==</latexit>

H2

<latexit sha1_base64="c+HfibovVKewSOJz+7l10e1kimI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNRDx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1Fip3b1FYWjP65UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n83unZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTJ8nfa6QGTG2hDLF7a2EDamizNiISjYEb/HlZdI8q3oXVff+vFK7zuMowhEcwyl4cAk1uIM6NICBgGd4hTfn0Xlx3p2PeWvByWcO4Q+czx+K9o+k</latexit>

�1
<latexit sha1_base64="XQR7X0YH+SyaImQx9E361CjrIGs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzQOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKflgxwkNBR5IFjOCrZOa3Xs2ELhXrvhVfwa0TIKcVCBHvVf+6vYVSQWVlnBsTCfwExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauOrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCMHiy8ukeVYNLqr+3Xmldp3HUYQjOIZTCOASanALdWgAgUd4hld485T34r17H/PWgpfPHMIfeJ8/bLGPBw==</latexit>

⌃

<latexit sha1_base64="PNJnud1uZZwqVorGoqzI2E8zTDo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2A9pl5JNs21okg1JtlCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx41TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWju5nfGlNtWCIf7UTRUOCBZDEj2DrpqTvGWg1ZL+iVK37VnwOtkiAnFchR75W/uv2EpIJKSzg2phP4yoYZ1pYRTqelbmqowmSEB7TjqMSCmjCbHzxFZ07pozjRrqRFc/X3RIaFMRMRuU6B7dAsezPxP6+T2vgmzJhUqaWSLBbFKUc2QbPvUZ9pSiyfOIKJZu5WRIZYY2JdRiUXQrD88ippXlSDq6r/cFmp3eZxFOEETuEcAriGGtxDHRpAQMAzvMKbp70X7937WLQWvHzmGP7A+/wBpviQTg==</latexit>'1
<latexit sha1_base64="P6/rAnZy8SjqbXChgjW2AF1dkuk=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4KrtF0WPRi8cK9kPapWTTbBuaZEOSLZSlv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdgp7u7tHxyWjo6bJkk1oQ2S8ES3I2woZ5I2LLOctpWmWESctqLR3cxvjak2LJGPdqJoKPBAspgRbJ301B1jrYasV+2Vyn7FnwOtkiAnZchR75W+uv2EpIJKSzg2phP4yoYZ1pYRTqfFbmqowmSEB7TjqMSCmjCbHzxF507pozjRrqRFc/X3RIaFMRMRuU6B7dAsezPxP6+T2vgmzJhUqaWSLBbFKUc2QbPvUZ9pSiyfOIKJZu5WRIZYY2JdRkUXQrD88ippVivBVcV/uCzXbvM4CnAKZ3ABAVxDDe6hDg0gIOAZXuHN096L9+59LFrXvHzmBP7A+/wBqHyQTw==</latexit>'2

<latexit sha1_base64="3EitPF9sNrRWhJZb4hrQ0on2/0Q=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ie0IWy2m3bp7ibsboQS+iu8eFDEqz/Hm//GbZqDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ373SeqNIvlg5km1Bd4JFnECDZWehyQMQuyoDELqjW37uZAq8QrSA0KtILq12AYk1RQaQjHWvc9NzF+hpVhhNNZZZBqmmAywSPat1RiQbWf5QfP0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UxNd+xmTSWqoJItFUcqRidH8ezRkihLDp5Zgopi9FZExVpgYm1HFhuAtv7xKOo26d1l37y9qzZsijjKcwCmcgwdX0IQ7aEEbCAh4hld4c5Tz4rw7H4vWklPMHMMfOJ8/qSyQUA==</latexit>�2

<latexit sha1_base64="xPjBkPT/81bXgWBqWRqueEKIeEM=">AAAB8HicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXRjcsK9iFtCJPppB06MwkzE6GEfIUbF4q49XPc+TdO2yy09cCFwzn3cu89YcKZNq777ZRWVtfWN8qbla3tnd296v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wfDv1O09UaRbLBzNJqC/wULKIEWys9NgnIxZkwXkeVGtu3Z0BLROvIDUo0AyqX/1BTFJBpSEca93z3MT4GVaGEU7zSj/VNMFkjIe0Z6nEgmo/mx2coxOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF72p+J/XS0107WdMJqmhkswXRSlHJkbT79GAKUoMn1iCiWL2VkRGWGFibEYVG4K3+PIyaZ/Vvcu6e39Ra9wUcZThCI7hFDy4ggbcQRNaQEDAM7zCm6OcF+fd+Zi3lpxi5hD+wPn8AaqxkFE=</latexit>�3

<latexit sha1_base64="d1G5i3I+dOopDXI/QIv+g5BvC+M=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ie0IWy2m3bp7ibsboQS+iu8eFDEqz/Hm//GbZqDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ373SeqNIvlg5km1Bd4JFnECDZWehyQMQuyoDELqjW37uZAq8QrSA0KtILq12AYk1RQaQjHWvc9NzF+hpVhhNNZZZBqmmAywSPat1RiQbWf5QfP0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UxNd+xmTSWqoJItFUcqRidH8ezRkihLDp5Zgopi9FZExVpgYm1HFhuAtv7xKOhd177Lu3jdqzZsijjKcwCmcgwdX0IQ7aEEbCAh4hld4c5Tz4rw7H4vWklPMHMMfOJ8/rDaQUg==</latexit>�4

<latexit sha1_base64="lu10O1Rzj1+pqb8zabBCWRqJXOs=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqswURZdFNy4r2ge0Q8mkmTY0k4xJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uScniDnTxnW/ncLa+sbmVnG7tLO7t39QPjxqaZkoQptEcqk6AdaUM0GbhhlOO7GiOAo4bQfj28xvT6jSTIpHM42pH+GhYCEj2FjJ70XYjAjm6cOsX+uXK27VnQOtEi8nFcjR6Je/egNJkogKQzjWuuu5sfFTrAwjnM5KvUTTGJMxHtKupQJHVPvpPPQMnVllgEKp7BMGzdXfGymOtJ5GgZ3MQuplLxP/87qJCa/9lIk4MVSQxaEw4chIlDWABkxRYvjUEkwUs1kRGWGFibE9lWwJ3vKXV0mrVvUuq+79RaV+k9dRhBM4hXPw4ArqcAcNaAKBJ3iGV3hzJs6L8+58LEYLTr5zDH/gfP4AvCCSEg==</latexit>

S2

<latexit sha1_base64="7DyvmyWbcZNmzY9vNPldGZo/nis=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegF29GMA9IljA76U3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWaQoMqrnQ7IgY4k9CwzHJoJxqIiDi0otHN1G89gTZMyQc7TiAUZCBZzCixTmp27wQMSK9c8av+DHiZBDmpoBz1Xvmr21c0FSAt5cSYTuAnNsyItoxymJS6qYGE0BEZQMdRSQSYMJtdO8EnTunjWGlX0uKZ+nsiI8KYsYhcpyB2aBa9qfif10ltfBVmTCapBUnni+KUY6vw9HXcZxqo5WNHCNXM3YrpkGhCrQuo5EIIFl9eJs2zanBR9e/PK7XrPI4iOkLH6BQF6BLV0C2qowai6BE9o1f05invxXv3PuatBS+fOUR/4H3+AGCDjv8=</latexit>

⌦
<latexit sha1_base64="6A2w7+8esSdOMECDiv+MvVZvlU4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK/YI2lM120y7dbOLuRCihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEikMuu63U1hb39jcKm6Xdnb39g/Kh0ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4bua3n7g2IlYNnCTcj+hQiVAwilbq9BojjrTv9csVt+rOQVaJl5MK5Kj3y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5vfOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MbPhEpS5IotFoWpJBiT2fNkIDRnKCeWUKaFvZWwEdWUoY2oZEPwll9eJa2LqndVdR8uK7XbPI4inMApnIMH11CDe6hDExhIeIZXeHMenRfn3flYtBacfOYY/sD5/AGdeY+w</latexit>

⇥1
<latexit sha1_base64="RHj9DoR+UD0FLCp0AAhs5P1kSHo=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4KklR9Fj04rFCv6ANZbOdtEs3m7g7EUron/DiQRGv/h1v/hu3bQ7a+mDg8d4MM/OCRAqDrvvtrK1vbG5tF3aKu3v7B4elo+OWiVPNocljGetOwAxIoaCJAiV0Eg0sCiS0g/HdzG8/gTYiVg2cJOBHbKhEKDhDK3V6jREg61f7pbJbceegq8TLSZnkqPdLX71BzNMIFHLJjOl6boJ+xjQKLmFa7KUGEsbHbAhdSxWLwPjZ/N4pPbfKgIaxtqWQztXfExmLjJlEge2MGI7MsjcT//O6KYY3fiZUkiIovlgUppJiTGfP04HQwFFOLGFcC3sr5SOmGUcbUdGG4C2/vEpa1Yp3VXEfLsu12zyOAjklZ+SCeOSa1Mg9qZMm4USSZ/JK3pxH58V5dz4WrWtOPnNC/sD5/AGe/Y+x</latexit>

⇥2
<latexit sha1_base64="6hT1zpL0JLqnfV9BLfA0wCeo5nA=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RTIwkyzI7mU2GzGOZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KU86M9f1vr7Syura+Ud6sbG3v7O5V9w/aRmWa0BZRXOlOjA3lTNKWZZbTTqopFjGnD/HoZuo/PFFtmJL3dpzSUOCBZAkj2DrpsUeGLMqjYBJVa37dnwEtk6AgNSjQjKpfvb4imaDSEo6N6QZ+asMca8sIp5NKLzM0xWSEB7TrqMSCmjCfHTxBJ07po0RpV9Kimfp7IsfCmLGIXafAdmgWvan4n9fNbHIV5kymmaWSzBclGUdWoen3qM80JZaPHcFEM3crIkOsMbEuo4oLIVh8eZm0z+rBRd2/O681ros4ynAEx3AKAVxCA26hCS0gIOAZXuHN096L9+59zFtLXjFzCH/gff4Ap6eQTw==</latexit>�1

<latexit sha1_base64="mSTwgVRtwk2mJ8i52/dYse7dfdo=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWaKosuimy4r2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbmg9qgXHGqzgJ4nbg5qUCO5qD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSrlXd66rzcFWp3+V1FOEMzuESXLiBOjSgCS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8Aq1OSBw==</latexit>

H2
<latexit sha1_base64="c+HfibovVKewSOJz+7l10e1kimI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNRDx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1Fip3b1FYWjP65UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n83unZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTJ8nfa6QGTG2hDLF7a2EDamizNiISjYEb/HlZdI8q3oXVff+vFK7zuMowhEcwyl4cAk1uIM6NICBgGd4hTfn0Xlx3p2PeWvByWcO4Q+czx+K9o+k</latexit>

�1
<latexit sha1_base64="XQR7X0YH+SyaImQx9E361CjrIGs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzQOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKflgxwkNBR5IFjOCrZOa3Xs2ELhXrvhVfwa0TIKcVCBHvVf+6vYVSQWVlnBsTCfwExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauOrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCMHiy8ukeVYNLqr+3Xmldp3HUYQjOIZTCOASanALdWgAgUd4hld485T34r17H/PWgpfPHMIfeJ8/bLGPBw==</latexit>

⌃



Is D6 sufficient? 

What are beyond D6? 

How to compute beyond D6?

A few queries:

Decoupling!  

EFT vs Full Theory! 
  

EFT Truncation!



η = 1 TeV, cosθ = 0.9607
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M = 1 TeV

η = 1 TeV, cosθ = 0.9659

η = 400 GeV, cosθ = 0.9949
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M = 1 TeV

A Sample Toy Example: SM + Real Singlet scalar EFT, Decoupling, Higgs Mixing and All That Jazz;        arXiv:2303.05224

Upalaparna Banerjee, JC, Christoph Englert, Wrishik Naskar, Shakeel  
Ur Rahaman, Michael Spannowsky

d6 correction

d6 + (d6)
2 + d8 correction

ηs = M = 700 GeV ηs = M = 1 TeV ηs = M = 5 TeV
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d6 correction

d6 + (d6)
2 + d8 correction

ηs = M = 700 GeV ηs = M = 1 TeV ηs = M = 5 TeV
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Impact of  D8 on observables 



Computation of D8 
operators from UV theories

  @ Tree-Level —trivial one, in presence of trilinear interaction e.g. HLL

From D6 part — Plugging in D6-EOM  in D6-Effective action

What about D8 One-loop Effective Action?



<latexit sha1_base64="L5UtUWDw3Ff0GMFnIvROosS78cE="></latexit>

Leff = cs tr[

Z 1

0

dt

t
K(t, x, x,�)]

<latexit sha1_base64="e9B7ogo00dGUTWusmVs2M7Dj8XM="></latexit>

L� = �†(D2 + U +M2)� = �†(�)�,

<latexit sha1_base64="rId+1zGITbogt1TYcdoNiJzHtk4=">AAACHXicbVDJSgNBEO1xjXGLevTSGISIIcxIXC6CqAfBi4IxQiYMPZ2apEnPQneNJIT8iBd/xYsHRTx4Ef/GznJQ44OCx3tVVNXzEyk02vaXNTU9Mzs3n1nILi4tr6zm1tZvdZwqDhUey1jd+UyDFBFUUKCEu0QBC30JVb99NvCr96C0iKMb7CZQD1kzEoHgDI3k5cqUuhICLLgJUyiY9HDXPQeJzOu4SjRbuHNZwGKn2C2O5J1ju+jl8nbJHoJOEmdM8mSMKy/34TZinoYQIZdM65pjJ1jvDTZyCf2sm2pIGG+zJtQMjVgIut4bften20Zp0CBWpiKkQ/XnRI+FWndD33SGDFv6rzcQ//NqKQZH9Z6IkhQh4qNFQSopxnQQFW0IBRxl1xDGlTC3Ut5iinE0gWZNCM7flyfJ7V7JOSjtX5fzJ6fjODJkk2yRAnHIITkhF+SKVAgnD+SJvJBX69F6tt6s91HrlDWe2SC/YH1+A/lEoJc=</latexit>

(@t +�x)K(t, x, y,�) = 0,

<latexit sha1_base64="Vr/7vqXKdYYUNWIqEzluKVNPx6E=">AAACFnicbVBLS0JBFJ5rL7PXrZZthiRQMLk3em0CqRaCG4N8gIrMHUcdnPtg5tzoIv6KNv2VNi2KaBvt+jeNehepfXDg4/vO4ZzzOYHgCizrx0gsLa+sriXXUxubW9s75u5eVfmhpKxCfeHLukMUE9xjFeAgWD2QjLiOYDVncDP2aw9MKu579xAFrOWSnse7nBLQUts8xqUM5B5zUa55ywSQ7FWpbU2VbBMXZ71820xbeWsCvEjsmKRRjHLb/G52fBq6zAMqiFIN2wqgNSQSOBVslGqGigWEDkiPNTT1iMtUazh5a4SPtNLBXV/q8gBP1L8TQ+IqFbmO7nQJ9NW8Nxb/8xohdC9bQ+4FITCPThd1Q4HBx+OMcIdLRkFEmhAqub4V0z6RhIJOMqVDsOdfXiTVk7x9nj+7O00XruM4kugAHaIMstEFKqAiKqMKougJvaA39G48G6/Gh/E5bU0Y8cw+moHx9QuuA5v5</latexit>

K(t, x, y,�) = K0(t, x, y) H(t, x, y,�).

Heat-Kernel and Effective Action  

<latexit sha1_base64="iSoSUlWceMsgCLiX7tS1oeumg/s=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFiEFmpJxNtGKOpCcFPBXqAJZTKZtkMnF2Ym0hC6cuOruHGhiFufwZ1v46TNQlt/GPj4zzmcOb8TMiqkYXxrc/MLi0vLuZX86tr6xqa+td0QQcQxqeOABbzlIEEY9UldUslIK+QEeQ4jTWdwldabD4QLGvj3Mg6J7aGeT7sUI6msjr4Hb4tGeViOy9Y1YRKVLqDlplAcHsaljl4wKsZYcBbMDAogU62jf1lugCOP+BIzJETbNEJpJ4hLihkZ5a1IkBDhAeqRtkIfeUTYyfiMETxQjgu7AVfPl3Ds/p5IkCdE7Dmq00OyL6ZrqflfrR3J7rmdUD+MJPHxZFE3YlAGMM0EupQTLFmsAGFO1V8h7iOOsFTJ5VUI5vTJs9A4qpinlZO740L1MosjB3bBPigCE5yBKrgBNVAHGDyCZ/AK3rQn7UV71z4mrXNaNrMD/kj7/AGXOJaw</latexit>

K(0, x, y,�) = �(x� y)

Effective Action

Heat Equation

Initial condition

Heat-Kernel

Free HK Interaction part

Degenerate masses



<latexit sha1_base64="3X63nKAVIlFEfTRq/1tDkQTUtK4="></latexit>

Leff =
cs

(4⇡)d/2

1X

k=0

Md�2k (�1)k

k!
�[k � d/2] tr[bk].

<latexit sha1_base64="D7Ltv/sUQX003oBTwN0I+exVfrM="></latexit>

H(t, x, y,�) =
X

k

(�t)k

k !
bk(x, y), K0(t, x, y) = (4⇡t)�d/2 Exp


z
2

4t
� tM

2

�
,

Heat-Kernel and Effective Action  

<latexit sha1_base64="Vr/7vqXKdYYUNWIqEzluKVNPx6E=">AAACFnicbVBLS0JBFJ5rL7PXrZZthiRQMLk3em0CqRaCG4N8gIrMHUcdnPtg5tzoIv6KNv2VNi2KaBvt+jeNehepfXDg4/vO4ZzzOYHgCizrx0gsLa+sriXXUxubW9s75u5eVfmhpKxCfeHLukMUE9xjFeAgWD2QjLiOYDVncDP2aw9MKu579xAFrOWSnse7nBLQUts8xqUM5B5zUa55ywSQ7FWpbU2VbBMXZ71820xbeWsCvEjsmKRRjHLb/G52fBq6zAMqiFIN2wqgNSQSOBVslGqGigWEDkiPNTT1iMtUazh5a4SPtNLBXV/q8gBP1L8TQ+IqFbmO7nQJ9NW8Nxb/8xohdC9bQ+4FITCPThd1Q4HBx+OMcIdLRkFEmhAqub4V0z6RhIJOMqVDsOdfXiTVk7x9nj+7O00XruM4kugAHaIMstEFKqAiKqMKougJvaA39G48G6/Gh/E5bU0Y8cw+moHx9QuuA5v5</latexit>

K(t, x, y,�) = K0(t, x, y) H(t, x, y,�).Heat-Kernel

Free HK Interaction part

Effective Action



Universal One-Loop Effective Action up to D8

<latexit sha1_base64="GHyR5htewr/BawU0cg/SV3FE4ZA="></latexit>
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How to Read it

1. One-loop Effective Action up to Dimension Eight: Integrating out Heavy Scalar(s)          
     Upalaparna Banerjee, Joydeep Chakrabortty, Shakeel Ur Rahaman, Kaanapuli Ramkumar
     e-Print: 2306.09103 [hep-ph].

2. One-loop Effective Action up to Dimension Eight: Integrating out Heavy Fermion(s)          
     Upalaparna Banerjee, Joydeep Chakrabortty, Shakeel Ur Rahaman, Kaanapuli Ramkumar
     e-Print: 2308.03849 [hep-ph].



Heat-Kernel and Effective Action:  Non-Degenerate Spectrum  
<latexit sha1_base64="Vr/7vqXKdYYUNWIqEzluKVNPx6E=">AAACFnicbVBLS0JBFJ5rL7PXrZZthiRQMLk3em0CqRaCG4N8gIrMHUcdnPtg5tzoIv6KNv2VNi2KaBvt+jeNehepfXDg4/vO4ZzzOYHgCizrx0gsLa+sriXXUxubW9s75u5eVfmhpKxCfeHLukMUE9xjFeAgWD2QjLiOYDVncDP2aw9MKu579xAFrOWSnse7nBLQUts8xqUM5B5zUa55ywSQ7FWpbU2VbBMXZ71820xbeWsCvEjsmKRRjHLb/G52fBq6zAMqiFIN2wqgNSQSOBVslGqGigWEDkiPNTT1iMtUazh5a4SPtNLBXV/q8gBP1L8TQ+IqFbmO7nQJ9NW8Nxb/8xohdC9bQ+4FITCPThd1Q4HBx+OMcIdLRkFEmhAqub4V0z6RhIJOMqVDsOdfXiTVk7x9nj+7O00XruM4kugAHaIMstEFKqAiKqMKougJvaA39G48G6/Gh/E5bU0Y8cw+moHx9QuuA5v5</latexit>

K(t, x, y,�) = K0(t, x, y) H(t, x, y,�).Heat-Kernel



Effective Action:  Non-Deg. Mass-> Deg. Mass -> Light-Heavy Mixing  

Non-Degenerate Masses  —>  Sub-Degeneracy: Just take the  “Limits”  (Mi —> Mk)

Non-Degenerate Masses  —>  Light-Heavy Mixing: Just take the  “Limits”  (mi —> 0) 

                      And ensure the theory is “IR”-safe

Features:  One-Loop 1PI Effective Action up to any mass dimension 

A Mathematica package will be attached.
Applicable for Scalars and Fermions both 

One-loop Effective Action up to any Mass-dimension for Non-degenerate Scalars and Fermions including 
Light-Heavy Mixing         
 Upalaparna Banerjee, Joydeep Chakrabortty, Shakeel Ur Rahaman, Kaanapuli Ramkumar 
   ArXiv: 2311.****



Take home messages❖  

HK: One-Loop Universal Effective Action up to any mass dimension

Equally Applicable for Scalars and Fermions as well.

Compact formula upto Dim-8 is provided — can be easily fed into CoDEx!

Can Deal with any number of non-degenerate fields.
             Mathematica Program is also developed.

Effective Action is IR-safe — Light-Heavy mixing is easily computed 
from general non-degenerate result as a limiting case


