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Main theme:

• Two-dimensional theories with finite global 1-form symmetries                                  
=   disjoint union of theories with no 1-form symmetry (`universes’).

This is Decomposition

• Gauging the 1-form symmetry = projection onto components. 

(Hellerman et al ’06)

(ES 1911.05080)



Secondary theme:

Two-dimensional theories with global 1-form symmetries have several descriptions:

• Gauge theory w/ trivially-acting subgroup

• Restriction on instanton sectors

• Sigma models on gerbes
= fiber bundles with fibers = G(1) = BG

• Coupling a QFT to a TQFT

We’ll see in this talk how decomposition (into ‘universes’)  

implements a projection on nonperturbative sectors (``multiverse interference effect’’), 

relating some of these pictures.



Outline:

• Brief overview of 1-form symmetries in 2d theories

• Brief review of decomposition of 2d theories w/ (finite, global) 1-form symmetries

For the rest of the talk, I want to focus on one (or if time, two) simple concrete examples:

1. An orbifold with a 1-form symmetry 

2. Pure nonsusy SU(2) Yang-Mills

• Explicit description of decomposition
• Explicitly gauge the 1-form symmetry

• Explicit description of decomposition
• Explicitly gauge the 1-form symmetry

This only scratches the surface —  

there are more ex’s, more kinds of ex’s,  

and fun applications, 

but only time in this talk for a few basics.



What is a one-form symmetry?

Often described in terms of actions on defects, 

but in this talk, we’ll focus on them in local QFTs.

For this talk, intuitively, this will be a `group’ that exchanges nonperturbative sectors.

Example:      gauge theory in which massless matter inv’t under G
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K ✓ G
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Then, nonperturbative sectors are invariant under

(     assumed finite & abelian)K
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That group is denoted         orBK
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K(1)
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2-groups

This is the symmetry, involving an action of `group’ of       bundles. K−

(G� bundle) 7! (G� bundle)⌦ (K � bundle)

<latexit sha1_base64="gcDbB8ayc5og1jkVXlPu3qcN/xs="></latexit>

A 7! A+A0
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Suppose you have a 2d QFT w/ a finite global 1-form symmetry.

such theories decompose into disjoint unions of theories w/o 1-form symmetry.
An old result:

Let’s make that concrete….

(Hellerman et al ’06)



Decomposition in 2d gauge theories

S’pose have        gauge theory,     semisimple, with finite               acting trivially.  

For simplicity, assume      is in the center.

G�
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K ✓ G
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K
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G
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Has         symmetry.BK
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QFT(       gauge theory)  =G�
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QFT (G/K−gauge theory w/ discrete theta angles)

Example:  pure SU(2) = SO(3)+ + SO(3)�

<latexit sha1_base64="iNxHHDZ23JWn78aQJ2zZ2PqE2lM=">AAACHnicbZDLSgMxFIYz9VbrrerShcEitBTLTC14AaEgiDsrtRdoh5JJ0zY0kxmSjDCULn0P9271FdyJW30DH8NMOwvbeiDh4//P4SS/4zMqlWl+G4ml5ZXVteR6amNza3snvbtXl14gMKlhj3mi6SBJGOWkpqhipOkLglyHkYYzvI78xiMRknr8QYU+sV3U57RHMVJa6qQPq7VsMQfbl/Aquqp32dNcJw/zMZ100hmzYE4KLoIVQwbEVemkf9pdDwcu4QozJGXLMn1lj5BQFDMyTrUDSXyEh6hPWho5com0R5OPjOGxVrqw5wl9uIIT9e/ECLlShq6jO12kBnLei8T/vFageuf2iHI/UITj6aJewKDyYJQK7FJBsGKhBoQF1W+FeIAEwkpnN7Ml9ALeV8gZp3Q01nwQi1AvFqxS4eK+lCnfxCElwQE4AllggTNQBregAmoAgyfwAl7Bm/FsvBsfxue0NWHEM/tgpoyvXwoVnjY=</latexit>

One effect is a projection on nonperturbative sectors:

=

<latexit sha1_base64="3ZplJo4RkcKeZbzOKN8iTyX2hDQ=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoB6EgCAeEzAPSJYwO5lNhszOLDO9wrIEvHvVX/AmXv0V/8DPcJLswSQWNBRV3XR3BbHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2M76Z++4lpw5V8hDRmfkSGkoecErBS47ZfrrhVdwa8SrycVFCOer/80xsomkRMAhXEmK7nxuBnRAOngk1KvcSwmNAxGbKupZJEzPjZ7NAJPrPKAIdK25KAZ+rfiYxExqRRYDsjAiOz7E3F/7xuAuG1n3EZJ8AknS8KE4FB4enXeMA1oyBSSwjV3N6K6YhoQsFms7AlVYkcAgkmJRuNtxzEKmldVL3L6k3jslK7z0MqohN0is6Rh65QDT2gOmoiihh6Qa/ozXl23p0P53PeWnDymWO0AOfrFykMljU=</latexit>

(Hellerman et al ’06)

X

✓2K̂

Z
[DA] exp(�S) exp


✓

Z
!2(A)

�

<latexit sha1_base64="fAiv9rfO1tkfXv+Nw43Ht+5wnXc="></latexit>

Z
[DA] exp(�S)

0

@
X

✓2K̂

exp


✓

Z
!2(A)

�1

A

<latexit sha1_base64="ZqjmO8EnCbEIPUFaM0+CUEforfU="></latexit>

This is an old story, but sometimes not appreciated, so I’ll review….

where  denote discrete theta angles (w2)±

Disjoint sum

projection operator

a

char0s K̂

<latexit sha1_base64="HZrPS3ht0WqTHlDXBOZWON9hhLg=">AAACIHicbZDLSgMxFIYz9VbrrerSTbSIrsqMFLysCoIIbirYC3RKyaRpG5pJhuSMUIZZ+x7u3eoruBOX+gQ+hullYVt/CPz85xzOyRdEghtw3S8ns7S8srqWXc9tbG5t7+R392pGxZqyKlVC6UZADBNcsipwEKwRaUbCQLB6MLge1euPTBuu5AMMI9YKSU/yLqcEbNTOH/pURVp12kni6xDTPtEnJsX+Ffb7BJK7NG3nC27RHQsvGm9qCmiqSjv/43cUjUMmgQpiTNNzI2glRAOngqU5PzYsInRAeqxprSQhM61k/JUUH9ukg7tK2ycBj9O/EwkJjRmGge0MCfTNfG0U/ldrxtC9aCVcRjEwSSeLurHAoPCIC+5wzSiIoTWEam5vHcMgFCy9mS1DFcsekCDNWTTePIhFUzsreqXi5X2pUL6ZQsqiA3SETpGHzlEZ3aIKqiKKntALekVvzrPz7nw4n5PWjDOd2Uczcr5/Aao6o+A=</latexit>

Gauge theory version:

(Another version exists for NLSMs.)



Since 2006, decomposition has been checked in many examples in many ways.  Examples:

• Susy gauge theories w/ localization
• Nonsusy pure Yang-Mills ala Migdal

• Orbifolds:  partition f’ns, massless spectra, elliptic genera
• Open strings, K theory

• Plus version for 4d theories w/ 3-form symmetries (Tanizaki, Unsal, 1912.01033)

• Approximate 1-form symmetries used to understand phases of some GLSMs
(Caldararu et al 0709.3855, Hori ’11, …)

• GLSM’s:  mirrors, quantum cohomology rings (Coulomb branch)
(T Pantev, ES, hep-th/0502053)

(ES 1404.3986)

(T Pantev, ES ’05)

(Hellerman et al hep-th/0606034)

Decomposition in 2d gauge theories

• Predictions for Gromov-Witten theory (checked by H-H Tseng, Y Jiang, etc starting ’08)

Applications:

• Moduli spaces (Donagi et al, ’17…)



A recent computation:  vacua of pure susy gauge theories (Gu, ES, Zou 2005.10845)

For pure           gauge theory, get susy vacua for one discrete theta angle; susy broken for others.G/K

<latexit sha1_base64="AihUQp50Lw6y16g4sGm1r5S+CDY=">AAACAHicbVDLSsNAFJ3UV62vqks3g0VwVRMpqLuCoIKbivYBbSiT6SQdOpmEmRshhG7cu9VfcCdu/RP/wM9w2mZhqwcuHM65l3vv8WLBNdj2l1VYWl5ZXSuulzY2t7Z3yrt7LR0lirImjUSkOh7RTHDJmsBBsE6sGAk9wdre6HLitx+Z0jySD5DGzA1JILnPKQEj3V+f3PbLFbtqT4H/EicnFZSj0S9/9wYRTUImgQqiddexY3AzooBTwcalXqJZTOiIBKxrqCQh0242PXWMj4wywH6kTEnAU/X3REZCrdPQM50hgaFe9Cbif143Af/czbiME2CSzhb5icAQ4cnfeMAVoyBSQwhV3NyK6ZAoQsGkM7cljRIZAPHGJRONsxjEX9I6rTq16sVdrVK/ykMqogN0iI6Rg85QHd2gBmoiigL0jF7Qq/VkvVnv1sestWDlM/toDtbnD0c2ls0=</latexit>

For that one value, IR same as pure     gauge theoryG

<latexit sha1_base64="LDO+CNjXGtRAx01uSXtwkTn+kZY=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN4CgnpMwDwgWcLsZDYZMjuzzPQKyxLw7lV/wZt49Vf8Az/DSbIHk1jQUFR1090VxIIbcN1vp7C2vrG5Vdwu7ezu7R+UD49aRiWasiZVQulOQAwTXLImcBCsE2tGokCwdjC+nfrtJ6YNV/IR0pj5ERlKHnJKwEqN+3654lbdGfAq8XJSQTnq/fJPb6BoEjEJVBBjup4bg58RDZwKNin1EsNiQsdkyLqWShIx42ezQyf4zCoDHCptSwKeqX8nMhIZk0aB7YwIjMyyNxX/87oJhNd+xmWcAJN0vihMBAaFp1/jAdeMgkgtIVRzeyumI6IJBZvNwpZUJXIIJJiUbDTechCrpHVR9S6rN43LSu0uD6mITtApOkceukI19IDqqIkoYugFvaI359l5dz6cz3lrwclnjtECnK9fORCWPw==</latexit>

Consistent w/ decomposition: G =
a

✓2K̂

(G/K)✓
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Examples:

Group Theta IR tw’ chiral R charges

2, 3, 4, …, k

2k; 2, 4, 6, …, 4k - 2

2k+1; 2, 4, 6, …, 4k

2, 4, 6, …, 2k

2, 5, 6, 8, 9, 12

2, 6, 8, 10, 12, 14, 18

SO(4k)/ℤ2

SO(4k + 2)/ℤ2 2k(2k − 1) mod 4

k(2k − 1) mod 2, 0 mod 2

Decomposition in 2d gauge theories



Next, I will walk through a simple example, 

first to demonstrate decomposition explicitly, 

then to describe gauging of the one-form symmetry.

Example: Orbifold in which the       center acts trivially.

— has          (1-form) symmetry

so this is closely related to a                 orbifold

Decomposition predicts

Let’s check this explicitly….

Suffice to say, decomposition is well-established.

(consequence of a general formula.)



Example, cont’d
Compute the partition function of [X/D4]

<latexit sha1_base64="W0ZntxSSmu7Ma4SB9+O2kbhHgCY=">AAACCHicbVDLSgNBEJz1GeMr6tHLYBA8xV0JqLeAIh4jmAdsljA7mSRDZmeWmV5hWfID3r3qL3gTr/6Ff+BnOEn2YBILGoqqbrq7wlhwA6777aysrq1vbBa2its7u3v7pYPDplGJpqxBlVC6HRLDBJesARwEa8eakSgUrBWObiZ+64lpw5V8hDRmQUQGkvc5JWAl38dtfI5vu1UcdEtlt+JOgZeJl5MyylHvln46PUWTiEmgghjje24MQUY0cCrYuNhJDIsJHZEB8y2VJGImyKYnj/GpVXq4r7QtCXiq/p3ISGRMGoW2MyIwNIveRPzP8xPoXwUZl3ECTNLZon4iMCg8+R/3uGYURGoJoZrbWzEdEk0o2JTmtqQqkQMg4bhoo/EWg1gmzYuKV61cP1TLtbs8pAI6RifoDHnoEtXQPaqjBqJIoRf0it6cZ+fd+XA+Z60rTj5zhObgfP0CaryY8g==</latexit>

D4 = {1, z, a, b, az, bz, ab, ba = abz}

<latexit sha1_base64="zsCn0kZXcVzyJ0mTJf9Gzma9avA="></latexit>

D4/Z2 = Z2 ⇥ Z2 = {1, a, b, ab}

<latexit sha1_base64="YX3myC6gneWijce2r/6lyjxBW/I="></latexit>

where     generates the       center.z

<latexit sha1_base64="D12U8AzLL/+xJ/wMeHXvu8MERtY=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN4CgnhMwDwgWcLspDcZMjuzzMwK6xLw7lV/wZt49Vf8Az/DSbIHk1jQUFR1090VxJxp47rfTmFtfWNzq7hd2tnd2z8oHx61tEwUhSaVXKpOQDRwJqBpmOHQiRWQKODQDsa3U7/9CEozKR5MGoMfkaFgIaPEWKnx1C9X3Ko7A14lXk4qKEe9X/7pDSRNIhCGcqJ113Nj42dEGUY5TEq9RENM6JgMoWupIBFoP5sdOsFnVhngUCpbwuCZ+nciI5HWaRTYzoiYkV72puJ/Xjcx4bWfMREnBgSdLwoTjo3E06/xgCmghqeWEKqYvRXTEVGEGpvNwpZUJmJoSDAp2Wi85SBWSeui6l1WbxqXldpdHlIRnaBTdI48dIVq6B7VURNRBOgFvaI359l5dz6cz3lrwclnjtECnK9fir6Wcg==</latexit>

Z2

<latexit sha1_base64="qJSYjg+AdaskNSROczABB6KIAkQ=">AAACCnicbVDLSgMxFM3UV62vqks3wSK4KjOloO4KgrisYB/YDiVJM21oJhmTjFCG+QP3bvUX3Ilbf8I/8DPMtLOwrQcuHM65l3s4OOJMG9f9dgpr6xubW8Xt0s7u3v5B+fCorWWsCG0RyaXqYqQpZ4K2DDOcdiNFUYg57eDJdeZ3nqjSTIp7M42oH6KRYAEjyFjJT/ohMmOM4UM6qA3KFbfqzgBXiZeTCsjRHJR/+kNJ4pAKQzjSuue5kfETpAwjnKalfqxphMgEjWjPUoFCqv1kFjqFZ1YZwkAqO8LAmfr3IkGh1tMQ280so172MvE/rxeb4NJPmIhiQwWZPwpiDo2EWQNwyBQlhk8tQUQxmxWSMVKIGNvTwpepjMXIIJyWbDXechGrpF2revXq1V290rjJSyqCE3AKzoEHLkAD3IImaAECHsELeAVvzrPz7nw4n/PVgpPfHIMFOF+/U2ebPQ==</latexit>

where a = {a, az}

<latexit sha1_base64="tAi8r80t+GbiZ2PF3TQKSxRC+Ns=">AAACGXicbVDLSgMxFM3UV62vqjvdBIvgQsqMFNSFUBDEZQX7gE4pd9K0Dc0kQ5IR6jDgf7h3q7/gTty68g/8DNPHwrYeCBzOuYd7c4KIM21c99vJLC2vrK5l13Mbm1vbO/ndvZqWsSK0SiSXqhGAppwJWjXMcNqIFIUw4LQeDK5Hfv2BKs2kuDfDiLZC6AnWZQSMldr5A19ae5ROIMVX2E8wnGJ4xH7azhfcojsGXiTelBTQFJV2/sfvSBKHVBjCQeum50amlYAyjHCa5vxY0wjIAHq0aamAkOpWMv5Dio+t0sFdqewTBo/Vv4kEQq2HYWAnQzB9Pe+NxP+8Zmy6F62EiSg2VJDJom7MsZF4VAjuMEWJ4UNLgChmb8WkDwqIsbXNbBnKWPQMBGnOVuPNF7FIamdFr1S8vCsVyjfTkrLoEB2hE+Shc1RGt6iCqoigJ/SCXtGb8+y8Ox/O52Q040wz+2gGztcv3NWgMQ==</latexit>

etc

where g

<latexit sha1_base64="0YB1cWgb9gqq2OpxEuUa1lrZSY8=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiRSUHcFQVxWsQ9oQ5lMJ+nQySTMTIQQunDvVn/Bnbj1U/wDP8NJm4VtPXDhcM693HuPF3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUUVEiCW2TiEey52FFORO0rZnmtBdLikOP0643ucn97hOVikXiUacxdUMcCOYzgrWRHoLKsFqz6/YMaJU4BalBgdaw+jMYRSQJqdCEY6X6jh1rN8NSM8LptDJIFI0xmeCA9g0VOKTKzWaXTtGZUUbIj6QpodFM/TuR4VCpNPRMZ4j1WC17ufif10+0f+VmTMSJpoLMF/kJRzpC+dtoxCQlmqeGYCKZuRWRMZaYaBPOwpY0SkSgsTfNo3GWg1glnYu606hf3zdqzdsipDKcwCmcgwOX0IQ7aEEbCPjwAq/wZj1b79aH9TlvLVnFzDEswPr6BaG1lnM=</latexit>

h

<latexit sha1_base64="NoY9u0E3XTmWX6nB8OaVY8PgKLM=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FBPEYxTwgWcLsZDYZMjuzzMwKYcnBu1f9BW/i1U/xD/wMZ5M9mMSChqKqm+6uIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2MbzK//USVZlI8mklM/QgPBQsZwcZKD6NSv1xxq+4MaJV4OalAjka//NMbSJJEVBjCsdZdz42Nn2JlGOF0WuolmsaYjPGQdi0VOKLaT2eXTtGZVQYolMqWMGim/p1IcaT1JApsZ4TNSC97mfif101MeOWnTMSJoYLMF4UJR0ai7G00YIoSwyeWYKKYvRWREVaYGBvOwpaJTMTQ4GCaReMtB7FKWhdVr1a9vq9V6rd5SEU4gVM4Bw8uoQ530IAmEAjhBV7hzXl23p0P53PeWnDymWNYgPP1C6NQlnQ=</latexit>

Zg,h =

<latexit sha1_base64="Nu4LNwubupPs6RS6ObwVaBEK86U=">AAACBnicbVDLSsNAFJ3UV62vqks3g0VwISWRgroQCoK4rGAf2oYymU7aofMIMxMhhOzdu9VfcCdu/Q3/wM9w2mZhqwcuHM65l3vvCSJGtXHdL6ewtLyyulZcL21sbm3vlHf3WlrGCpMmlkyqToA0YVSQpqGGkU6kCOIBI+1gfDXx249EaSrFnUki4nM0FDSkGBkr3T/00+HJKIOX/XLFrbpTwL/Ey0kF5Gj0y9+9gcQxJ8JghrTuem5k/BQpQzEjWakXaxIhPEZD0rVUIE60n04PzuCRVQYwlMqWMHCq/p5IEdc64YHt5MiM9KI3Ef/zurEJz/2Uiig2RODZojBm0Eg4+R4OqCLYsMQShBW1t0I8QgphYzOa25LIWAwNCrKSjcZbDOIvaZ1WvVr14rZWqV/nIRXBATgEx8ADZ6AObkADNAEGHDyDF/DqPDlvzrvzMWstOPnMPpiD8/kD2WeZUQ==</latexit>

is symmetric under multiplication by 
Since     acts trivially,

g

<latexit sha1_base64="0YB1cWgb9gqq2OpxEuUa1lrZSY8=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiRSUHcFQVxWsQ9oQ5lMJ+nQySTMTIQQunDvVn/Bnbj1U/wDP8NJm4VtPXDhcM693HuPF3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUUVEiCW2TiEey52FFORO0rZnmtBdLikOP0643ucn97hOVikXiUacxdUMcCOYzgrWRHoLKsFqz6/YMaJU4BalBgdaw+jMYRSQJqdCEY6X6jh1rN8NSM8LptDJIFI0xmeCA9g0VOKTKzWaXTtGZUUbIj6QpodFM/TuR4VCpNPRMZ4j1WC17ufif10+0f+VmTMSJpoLMF/kJRzpC+dtoxCQlmqeGYCKZuRWRMZaYaBPOwpY0SkSgsTfNo3GWg1glnYu606hf3zdqzdsipDKcwCmcgwOX0IQ7aEEbCPjwAq/wZj1b79aH9TlvLVnFzDEswPr6BaG1lnM=</latexit>

h

<latexit sha1_base64="NoY9u0E3XTmWX6nB8OaVY8PgKLM=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FBPEYxTwgWcLsZDYZMjuzzMwKYcnBu1f9BW/i1U/xD/wMZ5M9mMSChqKqm+6uIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2MbzK//USVZlI8mklM/QgPBQsZwcZKD6NSv1xxq+4MaJV4OalAjka//NMbSJJEVBjCsdZdz42Nn2JlGOF0WuolmsaYjPGQdi0VOKLaT2eXTtGZVQYolMqWMGim/p1IcaT1JApsZ4TNSC97mfif101MeOWnTMSJoYLMF4UJR0ai7G00YIoSwyeWYKKYvRWREVaYGBvOwpaJTMTQ4GCaReMtB7FKWhdVr1a9vq9V6rd5SEU4gVM4Bw8uoQ530IAmEAjhBV7hzXl23p0P53PeWnDymWNYgPP1C6NQlnQ=</latexit>

Zg,h =

<latexit sha1_base64="Nu4LNwubupPs6RS6ObwVaBEK86U=">AAACBnicbVDLSsNAFJ3UV62vqks3g0VwISWRgroQCoK4rGAf2oYymU7aofMIMxMhhOzdu9VfcCdu/Q3/wM9w2mZhqwcuHM65l3vvCSJGtXHdL6ewtLyyulZcL21sbm3vlHf3WlrGCpMmlkyqToA0YVSQpqGGkU6kCOIBI+1gfDXx249EaSrFnUki4nM0FDSkGBkr3T/00+HJKIOX/XLFrbpTwL/Ey0kF5Gj0y9+9gcQxJ8JghrTuem5k/BQpQzEjWakXaxIhPEZD0rVUIE60n04PzuCRVQYwlMqWMHCq/p5IEdc64YHt5MiM9KI3Ef/zurEJz/2Uiig2RODZojBm0Eg4+R4OqCLYsMQShBW1t0I8QgphYzOa25LIWAwNCrKSjcZbDOIvaZ1WvVr14rZWqV/nIRXBATgEx8ADZ6AObkADNAEGHDyDF/DqPDlvzrvzMWstOPnMPpiD8/kD2WeZUQ==</latexit>

h

<latexit sha1_base64="NoY9u0E3XTmWX6nB8OaVY8PgKLM=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FBPEYxTwgWcLsZDYZMjuzzMwKYcnBu1f9BW/i1U/xD/wMZ5M9mMSChqKqm+6uIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2MbzK//USVZlI8mklM/QgPBQsZwcZKD6NSv1xxq+4MaJV4OalAjka//NMbSJJEVBjCsdZdz42Nn2JlGOF0WuolmsaYjPGQdi0VOKLaT2eXTtGZVQYolMqWMGim/p1IcaT1JApsZ4TNSC97mfif101MeOWnTMSJoYLMF4UJR0ai7G00YIoSwyeWYKKYvRWREVaYGBvOwpaJTMTQ4GCaReMtB7FKWhdVr1a9vq9V6rd5SEU4gVM4Bw8uoQ530IAmEAjhBV7hzXl23p0P53PeWnDymWNYgPP1C6NQlnQ=</latexit>

g

<latexit sha1_base64="0YB1cWgb9gqq2OpxEuUa1lrZSY8=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiRSUHcFQVxWsQ9oQ5lMJ+nQySTMTIQQunDvVn/Bnbj1U/wDP8NJm4VtPXDhcM693HuPF3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUUVEiCW2TiEey52FFORO0rZnmtBdLikOP0643ucn97hOVikXiUacxdUMcCOYzgrWRHoLKsFqz6/YMaJU4BalBgdaw+jMYRSQJqdCEY6X6jh1rN8NSM8LptDJIFI0xmeCA9g0VOKTKzWaXTtGZUUbIj6QpodFM/TuR4VCpNPRMZ4j1WC17ufif10+0f+VmTMSJpoLMF/kJRzpC+dtoxCQlmqeGYCKZuRWRMZaYaBPOwpY0SkSgsTfNo3GWg1glnYu606hf3zdqzdsipDKcwCmcgwOX0IQ7aEEbCPjwAq/wZj1b79aH9TlvLVnFzDEswPr6BaG1lnM=</latexit>

This is the          1-form symmetry.

Z([X/D4]) =
1

|D4|
X

g,h2D4,gh=hg

Zg,h

<latexit sha1_base64="cRKPcz6LvoQaz/xUKPTYDmrmkts="></latexit>

z
1

z
1

z
z



Example, cont’d
Compute the partition function of [X/D4]

<latexit sha1_base64="W0ZntxSSmu7Ma4SB9+O2kbhHgCY=">AAACCHicbVDLSgNBEJz1GeMr6tHLYBA8xV0JqLeAIh4jmAdsljA7mSRDZmeWmV5hWfID3r3qL3gTr/6Ff+BnOEn2YBILGoqqbrq7wlhwA6777aysrq1vbBa2its7u3v7pYPDplGJpqxBlVC6HRLDBJesARwEa8eakSgUrBWObiZ+64lpw5V8hDRmQUQGkvc5JWAl38dtfI5vu1UcdEtlt+JOgZeJl5MyylHvln46PUWTiEmgghjje24MQUY0cCrYuNhJDIsJHZEB8y2VJGImyKYnj/GpVXq4r7QtCXiq/p3ISGRMGoW2MyIwNIveRPzP8xPoXwUZl3ECTNLZon4iMCg8+R/3uGYURGoJoZrbWzEdEk0o2JTmtqQqkQMg4bhoo/EWg1gmzYuKV61cP1TLtbs8pAI6RifoDHnoEtXQPaqjBqJIoRf0it6cZ+fd+XA+Z60rTj5zhObgfP0CaryY8g==</latexit>

D4 = {1, z, a, b, az, bz, ab, ba = abz}

<latexit sha1_base64="zsCn0kZXcVzyJ0mTJf9Gzma9avA="></latexit>

D4/Z2 = Z2 ⇥ Z2 = {1, a, b, ab}

<latexit sha1_base64="YX3myC6gneWijce2r/6lyjxBW/I="></latexit>

Z([X/D4]) =
1

|D4|
X

g,h2D4,gh=hg

Zg,h

<latexit sha1_base64="cRKPcz6LvoQaz/xUKPTYDmrmkts="></latexit>

where     generates the       center.z

<latexit sha1_base64="D12U8AzLL/+xJ/wMeHXvu8MERtY=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN4CgnhMwDwgWcLspDcZMjuzzMwK6xLw7lV/wZt49Vf8Az/DSbIHk1jQUFR1090VxJxp47rfTmFtfWNzq7hd2tnd2z8oHx61tEwUhSaVXKpOQDRwJqBpmOHQiRWQKODQDsa3U7/9CEozKR5MGoMfkaFgIaPEWKnx1C9X3Ko7A14lXk4qKEe9X/7pDSRNIhCGcqJ113Nj42dEGUY5TEq9RENM6JgMoWupIBFoP5sdOsFnVhngUCpbwuCZ+nciI5HWaRTYzoiYkV72puJ/Xjcx4bWfMREnBgSdLwoTjo3E06/xgCmghqeWEKqYvRXTEVGEGpvNwpZUJmJoSDAp2Wi85SBWSeui6l1WbxqXldpdHlIRnaBTdI48dIVq6B7VURNRBOgFvaI359l5dz6cz3lrwclnjtECnK9fir6Wcg==</latexit>

Z2

<latexit sha1_base64="qJSYjg+AdaskNSROczABB6KIAkQ=">AAACCnicbVDLSgMxFM3UV62vqks3wSK4KjOloO4KgrisYB/YDiVJM21oJhmTjFCG+QP3bvUX3Ilbf8I/8DPMtLOwrQcuHM65l3s4OOJMG9f9dgpr6xubW8Xt0s7u3v5B+fCorWWsCG0RyaXqYqQpZ4K2DDOcdiNFUYg57eDJdeZ3nqjSTIp7M42oH6KRYAEjyFjJT/ohMmOM4UM6qA3KFbfqzgBXiZeTCsjRHJR/+kNJ4pAKQzjSuue5kfETpAwjnKalfqxphMgEjWjPUoFCqv1kFjqFZ1YZwkAqO8LAmfr3IkGh1tMQ280so172MvE/rxeb4NJPmIhiQwWZPwpiDo2EWQNwyBQlhk8tQUQxmxWSMVKIGNvTwpepjMXIIJyWbDXechGrpF2revXq1V290rjJSyqCE3AKzoEHLkAD3IImaAECHsELeAVvzrPz7nw4n/PVgpPfHIMFOF+/U2ebPQ==</latexit>

where a = {a, az}

<latexit sha1_base64="tAi8r80t+GbiZ2PF3TQKSxRC+Ns=">AAACGXicbVDLSgMxFM3UV62vqjvdBIvgQsqMFNSFUBDEZQX7gE4pd9K0Dc0kQ5IR6jDgf7h3q7/gTty68g/8DNPHwrYeCBzOuYd7c4KIM21c99vJLC2vrK5l13Mbm1vbO/ndvZqWsSK0SiSXqhGAppwJWjXMcNqIFIUw4LQeDK5Hfv2BKs2kuDfDiLZC6AnWZQSMldr5A19ae5ROIMVX2E8wnGJ4xH7azhfcojsGXiTelBTQFJV2/sfvSBKHVBjCQeum50amlYAyjHCa5vxY0wjIAHq0aamAkOpWMv5Dio+t0sFdqewTBo/Vv4kEQq2HYWAnQzB9Pe+NxP+8Zmy6F62EiSg2VJDJom7MsZF4VAjuMEWJ4UNLgChmb8WkDwqIsbXNbBnKWPQMBGnOVuPNF7FIamdFr1S8vCsVyjfTkrLoEB2hE+Shc1RGt6iCqoigJ/SCXtGb8+y8Ox/O52Q040wz+2gGztcv3NWgMQ==</latexit>

etc

where g

<latexit sha1_base64="0YB1cWgb9gqq2OpxEuUa1lrZSY8=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiRSUHcFQVxWsQ9oQ5lMJ+nQySTMTIQQunDvVn/Bnbj1U/wDP8NJm4VtPXDhcM693HuPF3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUUVEiCW2TiEey52FFORO0rZnmtBdLikOP0643ucn97hOVikXiUacxdUMcCOYzgrWRHoLKsFqz6/YMaJU4BalBgdaw+jMYRSQJqdCEY6X6jh1rN8NSM8LptDJIFI0xmeCA9g0VOKTKzWaXTtGZUUbIj6QpodFM/TuR4VCpNPRMZ4j1WC17ufif10+0f+VmTMSJpoLMF/kJRzpC+dtoxCQlmqeGYCKZuRWRMZaYaBPOwpY0SkSgsTfNo3GWg1glnYu606hf3zdqzdsipDKcwCmcgwOX0IQ7aEEbCPjwAq/wZj1b79aH9TlvLVnFzDEswPr6BaG1lnM=</latexit>

h

<latexit sha1_base64="NoY9u0E3XTmWX6nB8OaVY8PgKLM=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FBPEYxTwgWcLsZDYZMjuzzMwKYcnBu1f9BW/i1U/xD/wMZ5M9mMSChqKqm+6uIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2MbzK//USVZlI8mklM/QgPBQsZwcZKD6NSv1xxq+4MaJV4OalAjka//NMbSJJEVBjCsdZdz42Nn2JlGOF0WuolmsaYjPGQdi0VOKLaT2eXTtGZVQYolMqWMGim/p1IcaT1JApsZ4TNSC97mfif101MeOWnTMSJoYLMF4UJR0ai7G00YIoSwyeWYKKYvRWREVaYGBvOwpaJTMTQ4GCaReMtB7FKWhdVr1a9vq9V6rd5SEU4gVM4Bw8uoQ530IAmEAjhBV7hzXl23p0P53PeWnDymWNYgPP1C6NQlnQ=</latexit>

Zg,h =

<latexit sha1_base64="Nu4LNwubupPs6RS6ObwVaBEK86U=">AAACBnicbVDLSsNAFJ3UV62vqks3g0VwISWRgroQCoK4rGAf2oYymU7aofMIMxMhhOzdu9VfcCdu/Q3/wM9w2mZhqwcuHM65l3vvCSJGtXHdL6ewtLyyulZcL21sbm3vlHf3WlrGCpMmlkyqToA0YVSQpqGGkU6kCOIBI+1gfDXx249EaSrFnUki4nM0FDSkGBkr3T/00+HJKIOX/XLFrbpTwL/Ey0kF5Gj0y9+9gcQxJ8JghrTuem5k/BQpQzEjWakXaxIhPEZD0rVUIE60n04PzuCRVQYwlMqWMHCq/p5IEdc64YHt5MiM9KI3Ef/zurEJz/2Uiig2RODZojBm0Eg4+R4OqCLYsMQShBW1t0I8QgphYzOa25LIWAwNCrKSjcZbDOIvaZ1WvVr14rZWqV/nIRXBATgEx8ADZ6AObkADNAEGHDyDF/DqPDlvzrvzMWstOPnMPpiD8/kD2WeZUQ==</latexit>

D4

<latexit sha1_base64="W/RRJGv0/eCTbFFqYUF/Pk0g4kI=">AAACAHicbVDLSgNBEOz1GeMr6tHLYBA8hV0JqLeAIh4jmgckS5idzCZDZmeWmVlhWXLx7lV/wZt49U/8Az/DSbIHk1jQUFR1090VxJxp47rfzsrq2vrGZmGruL2zu7dfOjhsapkoQhtEcqnaAdaUM0EbhhlO27GiOAo4bQWj64nfeqJKMykeTRpTP8IDwUJGsLHSw02v2iuV3Yo7BVomXk7KkKPeK/10+5IkERWGcKx1x3Nj42dYGUY4HRe7iaYxJiM8oB1LBY6o9rPpqWN0apU+CqWyJQyaqn8nMhxpnUaB7YywGepFbyL+53USE176GRNxYqggs0VhwpGRaPI36jNFieGpJZgoZm9FZIgVJsamM7cllYkYGByMizYabzGIZdI8r3jVytV9tVy7zUMqwDGcwBl4cAE1uIM6NIDAAF7gFd6cZ+fd+XA+Z60rTj5zBHNwvn4BapyW4w==</latexit>

Each       twisted sector that appears is the same as a                 twisted sector, 

appearing with multiplicity                   , 

Z2 ⇥ Z2

<latexit sha1_base64="kgHq5oVrr8jz5gb6ZasWwiMKZgs=">AAACIXicbVDLSsNAFJ34rPUVdelmaBFclaQU1F1BEJcV7APbUibTSTt0MgkzN0II3fsf7t3qL7gTd+IP+BlO2ixs64GBwzn3cu4cLxJcg+N8WWvrG5tb24Wd4u7e/sGhfXTc0mGsKGvSUISq4xHNBJesCRwE60SKkcATrO1NrjO//ciU5qG8hyRi/YCMJPc5JWCkgV1KewGBsefhh+mginvAA6bxgjiwy07FmQGvEjcnZZSjMbB/esOQxgGTQAXRuus6EfRTooBTwabFXqxZROiEjFjXUElMZD+d/WWKz4wyxH6ozJOAZ+rfjZQEWieBZyazG/Wyl4n/ed0Y/Mt+ymUUA5N0HuTHAkOIs2LwkCtGQSSGEKq4uRXTMVGEgqlvISUJYzkC4k2Lphp3uYhV0qpW3Frl6q5Wrt/kJRXQKSqhc+SiC1RHt6iBmoiiJ/SCXtGb9Wy9Wx/W53x0zcp3TtACrO9foqKjyw==</latexit>

|Z2|2 = 4

<latexit sha1_base64="VrGLmDm2uybnaaNba1PNXC1Sbvs=">AAACFnicbVDLSsNAFJ3UV62vqAsXbgaL4KokpaAuhIIgLivYB7YxTKaTduhkEmYmQkjzH+7d6i+4E7du/QM/w2mbhW09cOFwzr3ce48XMSqVZX0bhZXVtfWN4mZpa3tnd8/cP2jJMBaYNHHIQtHxkCSMctJUVDHSiQRBgcdI2xtdT/z2ExGShvxeJRFxAjTg1KcYKS255tEYpr0AqaHnwYfMrcLxYxVewZprlq2KNQVcJnZOyiBHwzV/ev0QxwHhCjMkZde2IuWkSCiKGclKvViSCOERGpCuphwFRDrp9IEMnmqlD/1Q6OIKTtW/EykKpEwCT3dObpWL3kT8z+vGyr9wUsqjWBGOZ4v8mEEVwkkasE8FwYolmiAsqL4V4iESCCud2dyWJIz5QCEvK+lo7MUglkmrWrFrlcu7Wrl+k4dUBMfgBJwBG5yDOrgFDdAEGGTgBbyCN+PZeDc+jM9Za8HIZw7BHIyvX3MAnks=</latexit>

a

<latexit sha1_base64="oNUe/tTt6LWbi0iJyvll6IwD1CM=">AAACCXicbVDLSsNAFJ3UV62vqks3wSK4KokI6q4giMsK9gFNKJPppB06mQkzN0II+QL3bvUX3Ilbv8I/8DOctFnY1gMXDufcw72cIOZMg+N8W5W19Y3Nrep2bWd3b/+gfnjU1TJRhHaI5FL1A6wpZ4J2gAGn/VhRHAWc9oLpbeH3nqjSTIpHSGPqR3gsWMgIBiN5njRmkc1wPqw3nKYzg71K3JI0UIn2sP7jjSRJIiqAcKz1wHVi8DOsgBFO85qXaBpjMsVjOjBU4IhqP5v9nNtnRhnZoVRmBNgz9W8iw5HWaRSYzQjDRC97hfifN0ggvPYzJuIEqCDzQ2HCbZB2UYA9YooS4KkhmChmfrXJBCtMwNS0cCWViRgDDvKaqcZdLmKVdC+a7mXz5uGy0borS6qiE3SKzpGLrlAL3aM26iCCYvSCXtGb9Wy9Wx/W53y1YpWZY7QA6+sXpKCbfw==</latexit>

b

<latexit sha1_base64="mmkA/dN8us/C94bOHT2P0km48gI=">AAACCXicbVDLSsNAFL2pr1pfVZdugkVwVRIR1F1BEJcV7AOaUCbTSTt0MhNmJkII+QL3bvUX3Ilbv8I/8DOctFnY1gMXDufcw72cIGZUacf5tipr6xubW9Xt2s7u3v5B/fCoq0QiMelgwYTsB0gRRjnpaKoZ6ceSoChgpBdMbwu/90SkooI/6jQmfoTGnIYUI20kzxPGLLJZkA/rDafpzGCvErckDSjRHtZ/vJHASUS4xgwpNXCdWPsZkppiRvKalygSIzxFYzIwlKOIKD+b/ZzbZ0YZ2aGQZri2Z+rfRIYipdIoMJsR0hO17BXif94g0eG1n1EeJ5pwPD8UJszWwi4KsEdUEqxZagjCkppfbTxBEmFtalq4koqEjzUK8pqpxl0uYpV0L5ruZfPm4bLRuitLqsIJnMI5uHAFLbiHNnQAQwwv8Apv1rP1bn1Yn/PVilVmjmEB1tcvpjubgA==</latexit>

a

<latexit sha1_base64="oNUe/tTt6LWbi0iJyvll6IwD1CM=">AAACCXicbVDLSsNAFJ3UV62vqks3wSK4KokI6q4giMsK9gFNKJPppB06mQkzN0II+QL3bvUX3Ilbv8I/8DOctFnY1gMXDufcw72cIOZMg+N8W5W19Y3Nrep2bWd3b/+gfnjU1TJRhHaI5FL1A6wpZ4J2gAGn/VhRHAWc9oLpbeH3nqjSTIpHSGPqR3gsWMgIBiN5njRmkc1wPqw3nKYzg71K3JI0UIn2sP7jjSRJIiqAcKz1wHVi8DOsgBFO85qXaBpjMsVjOjBU4IhqP5v9nNtnRhnZoVRmBNgz9W8iw5HWaRSYzQjDRC97hfifN0ggvPYzJuIEqCDzQ2HCbZB2UYA9YooS4KkhmChmfrXJBCtMwNS0cCWViRgDDvKaqcZdLmKVdC+a7mXz5uGy0borS6qiE3SKzpGLrlAL3aM26iCCYvSCXtGb9Wy9Wx/W53y1YpWZY7QA6+sXpKCbfw==</latexit>

ab

<latexit sha1_base64="8Jjy2FcDBPwbSpg9D7BL7kUd8Dw=">AAACCnicbVDLSgMxFM3UV62vqks3wSK4KjNSUHcFQVxWsA9oh5JJ0zY0k4zJHWEY+gfu3eovuBO3/oR/4GeYaWdhWw9cOJxzD/dygkhwA6777RTW1jc2t4rbpZ3dvf2D8uFRy6hYU9akSijdCYhhgkvWBA6CdSLNSBgI1g4mN5nffmLacCUfIImYH5KR5ENOCVjJ7ylrZtmUBNN+ueJW3RnwKvFyUkE5Gv3yT2+gaBwyCVQQY7qeG4GfEg2cCjYt9WLDIkInZMS6lkoSMuOns6en+MwqAzxU2o4EPFP/JlISGpOEgd0MCYzNspeJ/3ndGIZXfsplFAOTdH5oGAsMCmcN4AHXjIJILCFUc/srpmOiCQXb08KVRMVyBLaZkq3GWy5ilbQuql6ten1fq9Rv85KK6ASdonPkoUtUR3eogZqIokf0gl7Rm/PsvDsfzud8teDkmWO0AOfrF2uxm+s=</latexit>

b

<latexit sha1_base64="mmkA/dN8us/C94bOHT2P0km48gI=">AAACCXicbVDLSsNAFL2pr1pfVZdugkVwVRIR1F1BEJcV7AOaUCbTSTt0MhNmJkII+QL3bvUX3Ilbv8I/8DOctFnY1gMXDufcw72cIGZUacf5tipr6xubW9Xt2s7u3v5B/fCoq0QiMelgwYTsB0gRRjnpaKoZ6ceSoChgpBdMbwu/90SkooI/6jQmfoTGnIYUI20kzxPGLLJZkA/rDafpzGCvErckDSjRHtZ/vJHASUS4xgwpNXCdWPsZkppiRvKalygSIzxFYzIwlKOIKD+b/ZzbZ0YZ2aGQZri2Z+rfRIYipdIoMJsR0hO17BXif94g0eG1n1EeJ5pwPD8UJszWwi4KsEdUEqxZagjCkppfbTxBEmFtalq4koqEjzUK8pqpxl0uYpV0L5ruZfPm4bLRuitLqsIJnMI5uHAFLbiHNnQAQwwv8Apv1rP1bn1Yn/PVilVmjmEB1tcvpjubgA==</latexit>

ab

<latexit sha1_base64="8Jjy2FcDBPwbSpg9D7BL7kUd8Dw=">AAACCnicbVDLSgMxFM3UV62vqks3wSK4KjNSUHcFQVxWsA9oh5JJ0zY0k4zJHWEY+gfu3eovuBO3/oR/4GeYaWdhWw9cOJxzD/dygkhwA6777RTW1jc2t4rbpZ3dvf2D8uFRy6hYU9akSijdCYhhgkvWBA6CdSLNSBgI1g4mN5nffmLacCUfIImYH5KR5ENOCVjJ7ylrZtmUBNN+ueJW3RnwKvFyUkE5Gv3yT2+gaBwyCVQQY7qeG4GfEg2cCjYt9WLDIkInZMS6lkoSMuOns6en+MwqAzxU2o4EPFP/JlISGpOEgd0MCYzNspeJ/3ndGIZXfsplFAOTdH5oGAsMCmcN4AHXjIJILCFUc/srpmOiCQXb08KVRMVyBLaZkq3GWy5ilbQuql6ten1fq9Rv85KK6ASdonPkoUtUR3eogZqIokf0gl7Rm/PsvDsfzud8teDkmWO0AOfrF2uxm+s=</latexit>

which do not appear.except for the sectors

Restriction on nonperturbative sectors



Example, cont’d
Compute the partition function of [X/D4]

<latexit sha1_base64="W0ZntxSSmu7Ma4SB9+O2kbhHgCY=">AAACCHicbVDLSgNBEJz1GeMr6tHLYBA8xV0JqLeAIh4jmAdsljA7mSRDZmeWmV5hWfID3r3qL3gTr/6Ff+BnOEn2YBILGoqqbrq7wlhwA6777aysrq1vbBa2its7u3v7pYPDplGJpqxBlVC6HRLDBJesARwEa8eakSgUrBWObiZ+64lpw5V8hDRmQUQGkvc5JWAl38dtfI5vu1UcdEtlt+JOgZeJl5MyylHvln46PUWTiEmgghjje24MQUY0cCrYuNhJDIsJHZEB8y2VJGImyKYnj/GpVXq4r7QtCXiq/p3ISGRMGoW2MyIwNIveRPzP8xPoXwUZl3ECTNLZon4iMCg8+R/3uGYURGoJoZrbWzEdEk0o2JTmtqQqkQMg4bhoo/EWg1gmzYuKV61cP1TLtbs8pAI6RifoDHnoEtXQPaqjBqJIoRf0it6cZ+fd+XA+Z60rTj5zhObgfP0CaryY8g==</latexit>

Z([X/D4]) =
|Z2 ⇥ Z2|

|D4|
|Z2|2 (Z([X/Z2 ⇥ Z2]) � (some twisted sectors))

<latexit sha1_base64="FyCDSIb51uEYzalgKuuE06IHIF4="></latexit>

= 2 (Z([X/Z2 ⇥ Z2]) � (some twisted sectors))

<latexit sha1_base64="bV5kJiby2eF3Aj2kExWl7TyA0u8="></latexit>

Different theory than                 orbifold



Example, cont’d
Compute the partition function of [X/D4]

<latexit sha1_base64="W0ZntxSSmu7Ma4SB9+O2kbhHgCY=">AAACCHicbVDLSgNBEJz1GeMr6tHLYBA8xV0JqLeAIh4jmAdsljA7mSRDZmeWmV5hWfID3r3qL3gTr/6Ff+BnOEn2YBILGoqqbrq7wlhwA6777aysrq1vbBa2its7u3v7pYPDplGJpqxBlVC6HRLDBJesARwEa8eakSgUrBWObiZ+64lpw5V8hDRmQUQGkvc5JWAl38dtfI5vu1UcdEtlt+JOgZeJl5MyylHvln46PUWTiEmgghjje24MQUY0cCrYuNhJDIsJHZEB8y2VJGImyKYnj/GpVXq4r7QtCXiq/p3ISGRMGoW2MyIwNIveRPzP8xPoXwUZl3ECTNLZon4iMCg8+R/3uGYURGoJoZrbWzEdEk0o2JTmtqQqkQMg4bhoo/EWg1gmzYuKV61cP1TLtbs8pAI6RifoDHnoEtXQPaqjBqJIoRf0it6cZ+fd+XA+Z60rTj5zhObgfP0CaryY8g==</latexit>

Z([X/D4]) =
|Z2 ⇥ Z2|

|D4|
|Z2|2 (Z([X/Z2 ⇥ Z2]) � (some twisted sectors))

<latexit sha1_base64="FyCDSIb51uEYzalgKuuE06IHIF4="></latexit>

= 2 (Z([X/Z2 ⇥ Z2]) � (some twisted sectors))

<latexit sha1_base64="bV5kJiby2eF3Aj2kExWl7TyA0u8="></latexit>

Discrete torsion is                                               , 

and acts as a sign on the twisted sectors

H
2(Z2 ⇥ Z2, U(1)) = Z2

<latexit sha1_base64="ETm5QLpikL0fIAg6+aRUwcKL7n0="></latexit>

a

<latexit sha1_base64="oNUe/tTt6LWbi0iJyvll6IwD1CM=">AAACCXicbVDLSsNAFJ3UV62vqks3wSK4KokI6q4giMsK9gFNKJPppB06mQkzN0II+QL3bvUX3Ilbv8I/8DOctFnY1gMXDufcw72cIOZMg+N8W5W19Y3Nrep2bWd3b/+gfnjU1TJRhHaI5FL1A6wpZ4J2gAGn/VhRHAWc9oLpbeH3nqjSTIpHSGPqR3gsWMgIBiN5njRmkc1wPqw3nKYzg71K3JI0UIn2sP7jjSRJIiqAcKz1wHVi8DOsgBFO85qXaBpjMsVjOjBU4IhqP5v9nNtnRhnZoVRmBNgz9W8iw5HWaRSYzQjDRC97hfifN0ggvPYzJuIEqCDzQ2HCbZB2UYA9YooS4KkhmChmfrXJBCtMwNS0cCWViRgDDvKaqcZdLmKVdC+a7mXz5uGy0borS6qiE3SKzpGLrlAL3aM26iCCYvSCXtGb9Wy9Wx/W53y1YpWZY7QA6+sXpKCbfw==</latexit>

b

<latexit sha1_base64="mmkA/dN8us/C94bOHT2P0km48gI=">AAACCXicbVDLSsNAFL2pr1pfVZdugkVwVRIR1F1BEJcV7AOaUCbTSTt0MhNmJkII+QL3bvUX3Ilbv8I/8DOctFnY1gMXDufcw72cIGZUacf5tipr6xubW9Xt2s7u3v5B/fCoq0QiMelgwYTsB0gRRjnpaKoZ6ceSoChgpBdMbwu/90SkooI/6jQmfoTGnIYUI20kzxPGLLJZkA/rDafpzGCvErckDSjRHtZ/vJHASUS4xgwpNXCdWPsZkppiRvKalygSIzxFYzIwlKOIKD+b/ZzbZ0YZ2aGQZri2Z+rfRIYipdIoMJsR0hO17BXif94g0eG1n1EeJ5pwPD8UJszWwi4KsEdUEqxZagjCkppfbTxBEmFtalq4koqEjzUK8pqpxl0uYpV0L5ruZfPm4bLRuitLqsIJnMI5uHAFLbiHNnQAQwwv8Apv1rP1bn1Yn/PVilVmjmEB1tcvpjubgA==</latexit>

a

<latexit sha1_base64="oNUe/tTt6LWbi0iJyvll6IwD1CM=">AAACCXicbVDLSsNAFJ3UV62vqks3wSK4KokI6q4giMsK9gFNKJPppB06mQkzN0II+QL3bvUX3Ilbv8I/8DOctFnY1gMXDufcw72cIOZMg+N8W5W19Y3Nrep2bWd3b/+gfnjU1TJRhHaI5FL1A6wpZ4J2gAGn/VhRHAWc9oLpbeH3nqjSTIpHSGPqR3gsWMgIBiN5njRmkc1wPqw3nKYzg71K3JI0UIn2sP7jjSRJIiqAcKz1wHVi8DOsgBFO85qXaBpjMsVjOjBU4IhqP5v9nNtnRhnZoVRmBNgz9W8iw5HWaRSYzQjDRC97hfifN0ggvPYzJuIEqCDzQ2HCbZB2UYA9YooS4KkhmChmfrXJBCtMwNS0cCWViRgDDvKaqcZdLmKVdC+a7mXz5uGy0borS6qiE3SKzpGLrlAL3aM26iCCYvSCXtGb9Wy9Wx/W53y1YpWZY7QA6+sXpKCbfw==</latexit>

ab

<latexit sha1_base64="8Jjy2FcDBPwbSpg9D7BL7kUd8Dw=">AAACCnicbVDLSgMxFM3UV62vqks3wSK4KjNSUHcFQVxWsA9oh5JJ0zY0k4zJHWEY+gfu3eovuBO3/oR/4GeYaWdhWw9cOJxzD/dygkhwA6777RTW1jc2t4rbpZ3dvf2D8uFRy6hYU9akSijdCYhhgkvWBA6CdSLNSBgI1g4mN5nffmLacCUfIImYH5KR5ENOCVjJ7ylrZtmUBNN+ueJW3RnwKvFyUkE5Gv3yT2+gaBwyCVQQY7qeG4GfEg2cCjYt9WLDIkInZMS6lkoSMuOns6en+MwqAzxU2o4EPFP/JlISGpOEgd0MCYzNspeJ/3ndGIZXfsplFAOTdH5oGAsMCmcN4AHXjIJILCFUc/srpmOiCQXb08KVRMVyBLaZkq3GWy5ilbQuql6ten1fq9Rv85KK6ASdonPkoUtUR3eogZqIokf0gl7Rm/PsvDsfzud8teDkmWO0AOfrF2uxm+s=</latexit>

b

<latexit sha1_base64="mmkA/dN8us/C94bOHT2P0km48gI=">AAACCXicbVDLSsNAFL2pr1pfVZdugkVwVRIR1F1BEJcV7AOaUCbTSTt0MhNmJkII+QL3bvUX3Ilbv8I/8DOctFnY1gMXDufcw72cIGZUacf5tipr6xubW9Xt2s7u3v5B/fCoq0QiMelgwYTsB0gRRjnpaKoZ6ceSoChgpBdMbwu/90SkooI/6jQmfoTGnIYUI20kzxPGLLJZkA/rDafpzGCvErckDSjRHtZ/vJHASUS4xgwpNXCdWPsZkppiRvKalygSIzxFYzIwlKOIKD+b/ZzbZ0YZ2aGQZri2Z+rfRIYipdIoMJsR0hO17BXif94g0eG1n1EeJ5pwPD8UJszWwi4KsEdUEqxZagjCkppfbTxBEmFtalq4koqEjzUK8pqpxl0uYpV0L5ruZfPm4bLRuitLqsIJnMI5uHAFLbiHNnQAQwwv8Apv1rP1bn1Yn/PVilVmjmEB1tcvpjubgA==</latexit>

ab

<latexit sha1_base64="8Jjy2FcDBPwbSpg9D7BL7kUd8Dw=">AAACCnicbVDLSgMxFM3UV62vqks3wSK4KjNSUHcFQVxWsA9oh5JJ0zY0k4zJHWEY+gfu3eovuBO3/oR/4GeYaWdhWw9cOJxzD/dygkhwA6777RTW1jc2t4rbpZ3dvf2D8uFRy6hYU9akSijdCYhhgkvWBA6CdSLNSBgI1g4mN5nffmLacCUfIImYH5KR5ENOCVjJ7ylrZtmUBNN+ueJW3RnwKvFyUkE5Gv3yT2+gaBwyCVQQY7qeG4GfEg2cCjYt9WLDIkInZMS6lkoSMuOns6en+MwqAzxU2o4EPFP/JlISGpOEgd0MCYzNspeJ/3ndGIZXfsplFAOTdH5oGAsMCmcN4AHXjIJILCFUc/srpmOiCQXb08KVRMVyBLaZkq3GWy5ilbQuql6ten1fq9Rv85KK6ASdonPkoUtUR3eogZqIokf0gl7Rm/PsvDsfzud8teDkmWO0AOfrF2uxm+s=</latexit>

which were omitted above.

Z([X/D4]) = Z([X/Z2 ⇥ Z2]w/o d.t.) + Z([X/Z2 ⇥ Z2]d.t.)

<latexit sha1_base64="bQcPJrKVumnPOTSvghjQB3ZnQvM="></latexit>

Adding the components projects out some sectors — interference effect.



Example, cont’d
Compute the partition function of [X/D4]

<latexit sha1_base64="W0ZntxSSmu7Ma4SB9+O2kbhHgCY=">AAACCHicbVDLSgNBEJz1GeMr6tHLYBA8xV0JqLeAIh4jmAdsljA7mSRDZmeWmV5hWfID3r3qL3gTr/6Ff+BnOEn2YBILGoqqbrq7wlhwA6777aysrq1vbBa2its7u3v7pYPDplGJpqxBlVC6HRLDBJesARwEa8eakSgUrBWObiZ+64lpw5V8hDRmQUQGkvc5JWAl38dtfI5vu1UcdEtlt+JOgZeJl5MyylHvln46PUWTiEmgghjje24MQUY0cCrYuNhJDIsJHZEB8y2VJGImyKYnj/GpVXq4r7QtCXiq/p3ISGRMGoW2MyIwNIveRPzP8xPoXwUZl3ECTNLZon4iMCg8+R/3uGYURGoJoZrbWzEdEk0o2JTmtqQqkQMg4bhoo/EWg1gmzYuKV61cP1TLtbs8pAI6RifoDHnoEtXQPaqjBqJIoRf0it6cZ+fd+XA+Z60rTj5zhObgfP0CaryY8g==</latexit>

Z([X/D4]) =
|Z2 ⇥ Z2|

|D4|
|Z2|2 (Z([X/Z2 ⇥ Z2]) � (some twisted sectors))

<latexit sha1_base64="FyCDSIb51uEYzalgKuuE06IHIF4="></latexit>

= 2 (Z([X/Z2 ⇥ Z2]) � (some twisted sectors))

<latexit sha1_base64="bV5kJiby2eF3Aj2kExWl7TyA0u8="></latexit>

Discrete torsion is                                               , 

and acts as a sign on the twisted sectors

H
2(Z2 ⇥ Z2, U(1)) = Z2

<latexit sha1_base64="ETm5QLpikL0fIAg6+aRUwcKL7n0="></latexit>

a

<latexit sha1_base64="oNUe/tTt6LWbi0iJyvll6IwD1CM=">AAACCXicbVDLSsNAFJ3UV62vqks3wSK4KokI6q4giMsK9gFNKJPppB06mQkzN0II+QL3bvUX3Ilbv8I/8DOctFnY1gMXDufcw72cIOZMg+N8W5W19Y3Nrep2bWd3b/+gfnjU1TJRhHaI5FL1A6wpZ4J2gAGn/VhRHAWc9oLpbeH3nqjSTIpHSGPqR3gsWMgIBiN5njRmkc1wPqw3nKYzg71K3JI0UIn2sP7jjSRJIiqAcKz1wHVi8DOsgBFO85qXaBpjMsVjOjBU4IhqP5v9nNtnRhnZoVRmBNgz9W8iw5HWaRSYzQjDRC97hfifN0ggvPYzJuIEqCDzQ2HCbZB2UYA9YooS4KkhmChmfrXJBCtMwNS0cCWViRgDDvKaqcZdLmKVdC+a7mXz5uGy0borS6qiE3SKzpGLrlAL3aM26iCCYvSCXtGb9Wy9Wx/W53y1YpWZY7QA6+sXpKCbfw==</latexit>

b

<latexit sha1_base64="mmkA/dN8us/C94bOHT2P0km48gI=">AAACCXicbVDLSsNAFL2pr1pfVZdugkVwVRIR1F1BEJcV7AOaUCbTSTt0MhNmJkII+QL3bvUX3Ilbv8I/8DOctFnY1gMXDufcw72cIGZUacf5tipr6xubW9Xt2s7u3v5B/fCoq0QiMelgwYTsB0gRRjnpaKoZ6ceSoChgpBdMbwu/90SkooI/6jQmfoTGnIYUI20kzxPGLLJZkA/rDafpzGCvErckDSjRHtZ/vJHASUS4xgwpNXCdWPsZkppiRvKalygSIzxFYzIwlKOIKD+b/ZzbZ0YZ2aGQZri2Z+rfRIYipdIoMJsR0hO17BXif94g0eG1n1EeJ5pwPD8UJszWwi4KsEdUEqxZagjCkppfbTxBEmFtalq4koqEjzUK8pqpxl0uYpV0L5ruZfPm4bLRuitLqsIJnMI5uHAFLbiHNnQAQwwv8Apv1rP1bn1Yn/PVilVmjmEB1tcvpjubgA==</latexit>

a

<latexit sha1_base64="oNUe/tTt6LWbi0iJyvll6IwD1CM=">AAACCXicbVDLSsNAFJ3UV62vqks3wSK4KokI6q4giMsK9gFNKJPppB06mQkzN0II+QL3bvUX3Ilbv8I/8DOctFnY1gMXDufcw72cIOZMg+N8W5W19Y3Nrep2bWd3b/+gfnjU1TJRhHaI5FL1A6wpZ4J2gAGn/VhRHAWc9oLpbeH3nqjSTIpHSGPqR3gsWMgIBiN5njRmkc1wPqw3nKYzg71K3JI0UIn2sP7jjSRJIiqAcKz1wHVi8DOsgBFO85qXaBpjMsVjOjBU4IhqP5v9nNtnRhnZoVRmBNgz9W8iw5HWaRSYzQjDRC97hfifN0ggvPYzJuIEqCDzQ2HCbZB2UYA9YooS4KkhmChmfrXJBCtMwNS0cCWViRgDDvKaqcZdLmKVdC+a7mXz5uGy0borS6qiE3SKzpGLrlAL3aM26iCCYvSCXtGb9Wy9Wx/W53y1YpWZY7QA6+sXpKCbfw==</latexit>

ab

<latexit sha1_base64="8Jjy2FcDBPwbSpg9D7BL7kUd8Dw=">AAACCnicbVDLSgMxFM3UV62vqks3wSK4KjNSUHcFQVxWsA9oh5JJ0zY0k4zJHWEY+gfu3eovuBO3/oR/4GeYaWdhWw9cOJxzD/dygkhwA6777RTW1jc2t4rbpZ3dvf2D8uFRy6hYU9akSijdCYhhgkvWBA6CdSLNSBgI1g4mN5nffmLacCUfIImYH5KR5ENOCVjJ7ylrZtmUBNN+ueJW3RnwKvFyUkE5Gv3yT2+gaBwyCVQQY7qeG4GfEg2cCjYt9WLDIkInZMS6lkoSMuOns6en+MwqAzxU2o4EPFP/JlISGpOEgd0MCYzNspeJ/3ndGIZXfsplFAOTdH5oGAsMCmcN4AHXjIJILCFUc/srpmOiCQXb08KVRMVyBLaZkq3GWy5ilbQuql6ten1fq9Rv85KK6ASdonPkoUtUR3eogZqIokf0gl7Rm/PsvDsfzud8teDkmWO0AOfrF2uxm+s=</latexit>

b

<latexit sha1_base64="mmkA/dN8us/C94bOHT2P0km48gI=">AAACCXicbVDLSsNAFL2pr1pfVZdugkVwVRIR1F1BEJcV7AOaUCbTSTt0MhNmJkII+QL3bvUX3Ilbv8I/8DOctFnY1gMXDufcw72cIGZUacf5tipr6xubW9Xt2s7u3v5B/fCoq0QiMelgwYTsB0gRRjnpaKoZ6ceSoChgpBdMbwu/90SkooI/6jQmfoTGnIYUI20kzxPGLLJZkA/rDafpzGCvErckDSjRHtZ/vJHASUS4xgwpNXCdWPsZkppiRvKalygSIzxFYzIwlKOIKD+b/ZzbZ0YZ2aGQZri2Z+rfRIYipdIoMJsR0hO17BXif94g0eG1n1EeJ5pwPD8UJszWwi4KsEdUEqxZagjCkppfbTxBEmFtalq4koqEjzUK8pqpxl0uYpV0L5ruZfPm4bLRuitLqsIJnMI5uHAFLbiHNnQAQwwv8Apv1rP1bn1Yn/PVilVmjmEB1tcvpjubgA==</latexit>

ab

<latexit sha1_base64="8Jjy2FcDBPwbSpg9D7BL7kUd8Dw=">AAACCnicbVDLSgMxFM3UV62vqks3wSK4KjNSUHcFQVxWsA9oh5JJ0zY0k4zJHWEY+gfu3eovuBO3/oR/4GeYaWdhWw9cOJxzD/dygkhwA6777RTW1jc2t4rbpZ3dvf2D8uFRy6hYU9akSijdCYhhgkvWBA6CdSLNSBgI1g4mN5nffmLacCUfIImYH5KR5ENOCVjJ7ylrZtmUBNN+ueJW3RnwKvFyUkE5Gv3yT2+gaBwyCVQQY7qeG4GfEg2cCjYt9WLDIkInZMS6lkoSMuOns6en+MwqAzxU2o4EPFP/JlISGpOEgd0MCYzNspeJ/3ndGIZXfsplFAOTdH5oGAsMCmcN4AHXjIJILCFUc/srpmOiCQXb08KVRMVyBLaZkq3GWy5ilbQuql6ten1fq9Rv85KK6ASdonPkoUtUR3eogZqIokf0gl7Rm/PsvDsfzud8teDkmWO0AOfrF2uxm+s=</latexit>

which were omitted above.

Z([X/D4]) = Z([X/Z2 ⇥ Z2]w/o d.t.) + Z([X/Z2 ⇥ Z2]d.t.)

<latexit sha1_base64="bQcPJrKVumnPOTSvghjQB3ZnQvM="></latexit>

Matches prediction of decomposition



Example, cont’d

At the level of operators, one reason for this is that the theory admits projection operators:

Let  denote the (dim ) twist field associated to the trivially-acting :̂ı 0 ℤ2

Π± =
1
2 (1 ± ̂i)

Π2
± = Π± Π±Π∓ = 0

Massless spectra….



Example, cont’d

Massless spectra for X = T6

Massless spectrum of       orbifoldD4

<latexit sha1_base64="W/RRJGv0/eCTbFFqYUF/Pk0g4kI=">AAACAHicbVDLSgNBEOz1GeMr6tHLYBA8hV0JqLeAIh4jmgckS5idzCZDZmeWmVlhWXLx7lV/wZt49U/8Az/DSbIHk1jQUFR1090VxJxp47rfzsrq2vrGZmGruL2zu7dfOjhsapkoQhtEcqnaAdaUM0EbhhlO27GiOAo4bQWj64nfeqJKMykeTRpTP8IDwUJGsLHSw02v2iuV3Yo7BVomXk7KkKPeK/10+5IkERWGcKx1x3Nj42dYGUY4HRe7iaYxJiM8oB1LBY6o9rPpqWN0apU+CqWyJQyaqn8nMhxpnUaB7YywGepFbyL+53USE176GRNxYqggs0VhwpGRaPI36jNFieGpJZgoZm9FZIgVJsamM7cllYkYGByMizYabzGIZdI8r3jVytV9tVy7zUMqwDGcwBl4cAE1uIM6NIDAAF7gFd6cZ+fd+XA+Z60rTj5zBHNwvn4BapyW4w==</latexit>

2
0 0

54 00
2 54 54 2

54 00
0 0

2

Signals mult’ components / 

cluster decomp’ violation

=

1
0 0

0 51 0
1

0
3 3 1

051
0 0

1

1
0 0

0
51

0
1

0

3

3
1

0
51

0 0
1

spectrum of                 orb’ 

w/o d.t.

spectrum of                 orb’ 

w/ d.t.

matching the prediction of decomposition

(T Pantev, ES ’05)



Example, cont’d

Next:  gauge 

In broad brushstrokes,

Here,

g

<latexit sha1_base64="0YB1cWgb9gqq2OpxEuUa1lrZSY8=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiRSUHcFQVxWsQ9oQ5lMJ+nQySTMTIQQunDvVn/Bnbj1U/wDP8NJm4VtPXDhcM693HuPF3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUUVEiCW2TiEey52FFORO0rZnmtBdLikOP0643ucn97hOVikXiUacxdUMcCOYzgrWRHoLKsFqz6/YMaJU4BalBgdaw+jMYRSQJqdCEY6X6jh1rN8NSM8LptDJIFI0xmeCA9g0VOKTKzWaXTtGZUUbIj6QpodFM/TuR4VCpNPRMZ4j1WC17ufif10+0f+VmTMSJpoLMF/kJRzpC+dtoxCQlmqeGYCKZuRWRMZaYaBPOwpY0SkSgsTfNo3GWg1glnYu606hf3zdqzdsipDKcwCmcgwOX0IQ7aEEbCPjwAq/wZj1b79aH9TlvLVnFzDEswPr6BaG1lnM=</latexit>

h

<latexit sha1_base64="NoY9u0E3XTmWX6nB8OaVY8PgKLM=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FBPEYxTwgWcLsZDYZMjuzzMwKYcnBu1f9BW/i1U/xD/wMZ5M9mMSChqKqm+6uIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2MbzK//USVZlI8mklM/QgPBQsZwcZKD6NSv1xxq+4MaJV4OalAjka//NMbSJJEVBjCsdZdz42Nn2JlGOF0WuolmsaYjPGQdi0VOKLaT2eXTtGZVQYolMqWMGim/p1IcaT1JApsZ4TNSC97mfif101MeOWnTMSJoYLMF4UJR0ai7G00YIoSwyeWYKKYvRWREVaYGBvOwpaJTMTQ4GCaReMtB7FKWhdVr1a9vq9V6rd5SEU4gVM4Bw8uoQ530IAmEAjhBV7hzXl23p0P53PeWnDymWNYgPP1C6NQlnQ=</latexit>

sum over  

(banded) gerbes

phase 

(analogue of d.t.)
sector twisted by gerbe



Example, cont’d

g

<latexit sha1_base64="0YB1cWgb9gqq2OpxEuUa1lrZSY8=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiRSUHcFQVxWsQ9oQ5lMJ+nQySTMTIQQunDvVn/Bnbj1U/wDP8NJm4VtPXDhcM693HuPF3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUUVEiCW2TiEey52FFORO0rZnmtBdLikOP0643ucn97hOVikXiUacxdUMcCOYzgrWRHoLKsFqz6/YMaJU4BalBgdaw+jMYRSQJqdCEY6X6jh1rN8NSM8LptDJIFI0xmeCA9g0VOKTKzWaXTtGZUUbIj6QpodFM/TuR4VCpNPRMZ4j1WC17ufif10+0f+VmTMSJpoLMF/kJRzpC+dtoxCQlmqeGYCKZuRWRMZaYaBPOwpY0SkSgsTfNo3GWg1glnYu606hf3zdqzdsipDKcwCmcgwOX0IQ7aEEbCPjwAq/wZj1b79aH9TlvLVnFzDEswPr6BaG1lnM=</latexit>

h

<latexit sha1_base64="NoY9u0E3XTmWX6nB8OaVY8PgKLM=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FBPEYxTwgWcLsZDYZMjuzzMwKYcnBu1f9BW/i1U/xD/wMZ5M9mMSChqKqm+6uIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2MbzK//USVZlI8mklM/QgPBQsZwcZKD6NSv1xxq+4MaJV4OalAjka//NMbSJJEVBjCsdZdz42Nn2JlGOF0WuolmsaYjPGQdi0VOKLaT2eXTtGZVQYolMqWMGim/p1IcaT1JApsZ4TNSC97mfif101MeOWnTMSJoYLMF4UJR0ai7G00YIoSwyeWYKKYvRWREVaYGBvOwpaJTMTQ4GCaReMtB7FKWhdVr1a9vq9V6rd5SEU4gVM4Bw8uoQ530IAmEAjhBV7hzXl23p0P53PeWnDymWNYgPP1C6NQlnQ=</latexit>

g

<latexit sha1_base64="0YB1cWgb9gqq2OpxEuUa1lrZSY8=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiRSUHcFQVxWsQ9oQ5lMJ+nQySTMTIQQunDvVn/Bnbj1U/wDP8NJm4VtPXDhcM693HuPF3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUUVEiCW2TiEey52FFORO0rZnmtBdLikOP0643ucn97hOVikXiUacxdUMcCOYzgrWRHoLKsFqz6/YMaJU4BalBgdaw+jMYRSQJqdCEY6X6jh1rN8NSM8LptDJIFI0xmeCA9g0VOKTKzWaXTtGZUUbIj6QpodFM/TuR4VCpNPRMZ4j1WC17ufif10+0f+VmTMSJpoLMF/kJRzpC+dtoxCQlmqeGYCKZuRWRMZaYaBPOwpY0SkSgsTfNo3GWg1glnYu606hf3zdqzdsipDKcwCmcgwOX0IQ7aEEbCPjwAq/wZj1b79aH9TlvLVnFzDEswPr6BaG1lnM=</latexit>

h

<latexit sha1_base64="NoY9u0E3XTmWX6nB8OaVY8PgKLM=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FBPEYxTwgWcLsZDYZMjuzzMwKYcnBu1f9BW/i1U/xD/wMZ5M9mMSChqKqm+6uIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2MbzK//USVZlI8mklM/QgPBQsZwcZKD6NSv1xxq+4MaJV4OalAjka//NMbSJJEVBjCsdZdz42Nn2JlGOF0WuolmsaYjPGQdi0VOKLaT2eXTtGZVQYolMqWMGim/p1IcaT1JApsZ4TNSC97mfif101MeOWnTMSJoYLMF4UJR0ai7G00YIoSwyeWYKKYvRWREVaYGBvOwpaJTMTQ4GCaReMtB7FKWhdVr1a9vq9V6rd5SEU4gVM4Bw8uoQ530IAmEAjhBV7hzXl23p0P53PeWnDymWNYgPP1C6NQlnQ=</latexit>

The are gerbe-twisted orbifold twisted sectors

For    in the center of the orbifold group,

g

<latexit sha1_base64="0YB1cWgb9gqq2OpxEuUa1lrZSY8=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiRSUHcFQVxWsQ9oQ5lMJ+nQySTMTIQQunDvVn/Bnbj1U/wDP8NJm4VtPXDhcM693HuPF3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUUVEiCW2TiEey52FFORO0rZnmtBdLikOP0643ucn97hOVikXiUacxdUMcCOYzgrWRHoLKsFqz6/YMaJU4BalBgdaw+jMYRSQJqdCEY6X6jh1rN8NSM8LptDJIFI0xmeCA9g0VOKTKzWaXTtGZUUbIj6QpodFM/TuR4VCpNPRMZ4j1WC17ufif10+0f+VmTMSJpoLMF/kJRzpC+dtoxCQlmqeGYCKZuRWRMZaYaBPOwpY0SkSgsTfNo3GWg1glnYu606hf3zdqzdsipDKcwCmcgwOX0IQ7aEEbCPjwAq/wZj1b79aH9TlvLVnFzDEswPr6BaG1lnM=</latexit>

h

<latexit sha1_base64="NoY9u0E3XTmWX6nB8OaVY8PgKLM=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FBPEYxTwgWcLsZDYZMjuzzMwKYcnBu1f9BW/i1U/xD/wMZ5M9mMSChqKqm+6uIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2MbzK//USVZlI8mklM/QgPBQsZwcZKD6NSv1xxq+4MaJV4OalAjka//NMbSJJEVBjCsdZdz42Nn2JlGOF0WuolmsaYjPGQdi0VOKLaT2eXTtGZVQYolMqWMGim/p1IcaT1JApsZ4TNSC97mfif101MeOWnTMSJoYLMF4UJR0ai7G00YIoSwyeWYKKYvRWREVaYGBvOwpaJTMTQ4GCaReMtB7FKWhdVr1a9vq9V6rd5SEU4gVM4Bw8uoQ530IAmEAjhBV7hzXl23p0P53PeWnDymWNYgPP1C6NQlnQ=</latexit>

so    preserved.

(More generally, modular transformations map     to a conjugate.)

The phases         form a group homomorphism:
(consistent with multiloop factorization)



Example, cont’d

g

<latexit sha1_base64="0YB1cWgb9gqq2OpxEuUa1lrZSY8=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiRSUHcFQVxWsQ9oQ5lMJ+nQySTMTIQQunDvVn/Bnbj1U/wDP8NJm4VtPXDhcM693HuPF3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUUVEiCW2TiEey52FFORO0rZnmtBdLikOP0643ucn97hOVikXiUacxdUMcCOYzgrWRHoLKsFqz6/YMaJU4BalBgdaw+jMYRSQJqdCEY6X6jh1rN8NSM8LptDJIFI0xmeCA9g0VOKTKzWaXTtGZUUbIj6QpodFM/TuR4VCpNPRMZ4j1WC17ufif10+0f+VmTMSJpoLMF/kJRzpC+dtoxCQlmqeGYCKZuRWRMZaYaBPOwpY0SkSgsTfNo3GWg1glnYu606hf3zdqzdsipDKcwCmcgwOX0IQ7aEEbCPjwAq/wZj1b79aH9TlvLVnFzDEswPr6BaG1lnM=</latexit>

h

<latexit sha1_base64="NoY9u0E3XTmWX6nB8OaVY8PgKLM=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FBPEYxTwgWcLsZDYZMjuzzMwKYcnBu1f9BW/i1U/xD/wMZ5M9mMSChqKqm+6uIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2MbzK//USVZlI8mklM/QgPBQsZwcZKD6NSv1xxq+4MaJV4OalAjka//NMbSJJEVBjCsdZdz42Nn2JlGOF0WuolmsaYjPGQdi0VOKLaT2eXTtGZVQYolMqWMGim/p1IcaT1JApsZ4TNSC97mfif101MeOWnTMSJoYLMF4UJR0ai7G00YIoSwyeWYKKYvRWREVaYGBvOwpaJTMTQ4GCaReMtB7FKWhdVr1a9vq9V6rd5SEU4gVM4Bw8uoQ530IAmEAjhBV7hzXl23p0P53PeWnDymWNYgPP1C6NQlnQ=</latexit>

g

<latexit sha1_base64="0YB1cWgb9gqq2OpxEuUa1lrZSY8=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiRSUHcFQVxWsQ9oQ5lMJ+nQySTMTIQQunDvVn/Bnbj1U/wDP8NJm4VtPXDhcM693HuPF3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUUVEiCW2TiEey52FFORO0rZnmtBdLikOP0643ucn97hOVikXiUacxdUMcCOYzgrWRHoLKsFqz6/YMaJU4BalBgdaw+jMYRSQJqdCEY6X6jh1rN8NSM8LptDJIFI0xmeCA9g0VOKTKzWaXTtGZUUbIj6QpodFM/TuR4VCpNPRMZ4j1WC17ufif10+0f+VmTMSJpoLMF/kJRzpC+dtoxCQlmqeGYCKZuRWRMZaYaBPOwpY0SkSgsTfNo3GWg1glnYu606hf3zdqzdsipDKcwCmcgwOX0IQ7aEEbCPjwAq/wZj1b79aH9TlvLVnFzDEswPr6BaG1lnM=</latexit>

h

<latexit sha1_base64="NoY9u0E3XTmWX6nB8OaVY8PgKLM=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FBPEYxTwgWcLsZDYZMjuzzMwKYcnBu1f9BW/i1U/xD/wMZ5M9mMSChqKqm+6uIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2MbzK//USVZlI8mklM/QgPBQsZwcZKD6NSv1xxq+4MaJV4OalAjka//NMbSJJEVBjCsdZdz42Nn2JlGOF0WuolmsaYjPGQdi0VOKLaT2eXTtGZVQYolMqWMGim/p1IcaT1JApsZ4TNSC97mfif101MeOWnTMSJoYLMF4UJR0ai7G00YIoSwyeWYKKYvRWREVaYGBvOwpaJTMTQ4GCaReMtB7FKWhdVr1a9vq9V6rd5SEU4gVM4Bw8uoQ530IAmEAjhBV7hzXl23p0P53PeWnDymWNYgPP1C6NQlnQ=</latexit>

ordinary partition function
= 2 (Z([X/Z2 ⇥ Z2]) � (some twisted sectors))

<latexit sha1_base64="bV5kJiby2eF3Aj2kExWl7TyA0u8="></latexit>

Only contributing sectors are (plus perm’s from 

mult’ by    ’s)

a
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This reproduces the sectors excluded from the                 orbifold:



Example, cont’d

g
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h

<latexit sha1_base64="NoY9u0E3XTmWX6nB8OaVY8PgKLM=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FBPEYxTwgWcLsZDYZMjuzzMwKYcnBu1f9BW/i1U/xD/wMZ5M9mMSChqKqm+6uIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2MbzK//USVZlI8mklM/QgPBQsZwcZKD6NSv1xxq+4MaJV4OalAjka//NMbSJJEVBjCsdZdz42Nn2JlGOF0WuolmsaYjPGQdi0VOKLaT2eXTtGZVQYolMqWMGim/p1IcaT1JApsZ4TNSC97mfif101MeOWnTMSJoYLMF4UJR0ai7G00YIoSwyeWYKKYvRWREVaYGBvOwpaJTMTQ4GCaReMtB7FKWhdVr1a9vq9V6rd5SEU4gVM4Bw8uoQ530IAmEAjhBV7hzXl23p0P53PeWnDymWNYgPP1C6NQlnQ=</latexit>

Put this together:

the partition function of the                 orbifold without discrete torsion.

where in all cases

partition function of the                 orbifold 

with discrete torsion



Example, cont’d

the partition function of the                 orbifold without discrete torsion.

Recall decomposition in this case:

Result:  gauging the 1-form symmetry has projected onto the components

Furthermore, this is a general story — we’ll see another example next.

partition function of the                 orbifold 

with discrete torsion



Another example of decomposition:
Pure nonsusy 2d SU(2) Yang-Mills

Decomposition:

(Migdal, Rusakov)

Sum over all SU(2) reps

Sum over all SO(3) reps

due to global          center symmetry

(Tachikawa ’13)

Sum over all SU(2) reps 

that are not SO(3) reps

Result:

In fact, this is easy to generalize…



Another example of decomposition:

Pure nonsusy 2d  Yang-MillsG

More generally, if  has center ,  

a pure 2d nonsusy gauge theory has  symmetry, 

and decomposes as

G K

G− BK

G =
a

✓2K̂

(G/K)✓

<latexit sha1_base64="RAHXjFetnLkLfmYjLvPQ7Adma+4="></latexit>

where the  are discrete theta angles, 

coupling to analogues of Stiefel-Whitney classes.

θ

Hilbert spaces…



Another example of decomposition:

Next, I’ll outline how to gauge  to project onto decomposition components.BK

Hilbert spaces:

The Hilbert space of a pure  YM theory is L2 class f’ns on G ℋ(G) = G

Pure nonsusy 2d  Yang-MillsG

These decompose under action of center: f(gz) = θ(z)f(g)

ℋ ((G/K)θ) = L2 class f’ns on  such thatG f(gz) = θ(z)f(g)

As a result, ℋ(G) = ∑
θ∈K̂

ℋ ((G/K)θ)

G =
a

✓2K̂

(G/K)✓

<latexit sha1_base64="RAHXjFetnLkLfmYjLvPQ7Adma+4="></latexit>

which is consistent with decomposition:



Another example of decomposition:

Broadly speaking, the partition function of a        -gauged theory has the form

We’ll define           next….

where           is the partition f’n in sector twisted by    -gerbe   , 

and ϵ(z) is a phase

ϵ(z) = exp (−iλz)We’ll write for λ ∈ K̂

Pure nonsusy 2d  Yang-MillsG



To define the gerbe-twisted gauge theory partition f’n, we’ll need `twisted caps.’
Ordinary cap:

Twisted cap:

Another example of decomposition:

χR(zU) = exp(iw(R)(z))χR(U)where w = `n-ality’ of representation R

Pure nonsusy 2d  Yang-MillsG



Another example of decomposition:

Putting this together,
Z(G/BK,�) =

1

|K|
X

z2H2(K)=K

✏(z)Z(z)

<latexit sha1_base64="bBurW1OcIEucpKj9MEg8YlfU7hI="></latexit>

=
X

R

 
1

|K|
X

z2K

exp(i(w(R)� �)(z))

!
(dimR)2�2g exp(�AC2(R))

<latexit sha1_base64="YMiKNuEp+uBHHQQO9Yhv5TudzSE="></latexit>

projects onto rep’s of n-ality λ

=
X

R,w(R)=�

(dimR)2�2g exp(�AC2(R))

<latexit sha1_base64="yFsHTXd1u1MCx2s6XIKpQOnKAw8="></latexit>

= Z ((G/K)�)

<latexit sha1_base64="DDeUzD5A94a29q9Xq2oJSP+kMmc="></latexit>

= Z ((G/K)�)

<latexit sha1_base64="DDeUzD5A94a29q9Xq2oJSP+kMmc="></latexit>

Thus, gauging  w/ phase determined by  selects one component of the decompositionBK λ
G =

a

✓2K̂

(G/K)✓

<latexit sha1_base64="RAHXjFetnLkLfmYjLvPQ7Adma+4="></latexit>

Pure nonsusy 2d  Yang-MillsG



So far:
I’ve reviewed decomposition, 

a property of 2d QFTs with finite global 1-form symmetry, 

and the gauging of that 1-form symmetry.

What about QFTs in other dimensions?

• 4d theories w/ finite global 3-form symmetries — Tanizaki, Unsal, 1912.01033

• Conjecture same for QFTs in d dims w/ finite global (d-1)-form symmetries, d > 1



So far:

• Conjecture same for QFTs in d dims w/ finite global (d-1)-form symmetries, d > 1

To that end,

1. Involves a (d-1)-form, which couples to a domain wall 

2. Consistent with reduction on circle:

(analogous to Bousso-Polchinski ’00, …)

The (d-1)-dim theory has a (d-2)-form symmetry, 

as expected: 

if the d-dim’l theory decomposes, its reduction on a circle should decompose too.

Is there any math here?….



Mathematical interpretation:

So far I’ve just talked abstractly about 2d theories & 1-form symmetries.

This has a mathematical interpretation:  “gerbes”

A       gerbe is a fiber bundle whose fibers are copies of 

A sigma model on a       gerbe has a global         symmetry, 

just as a sigma model on a        bundle has a global      symmetry, 

from translations on the fibers.

G�

<latexit sha1_base64="5aLQU3rmDH5p7XdGXUKzjMrVxUM=">AAAB/3icbVDLSgNBEJyNrxhfUY9eBoPgxbArAfUWENRjFPOAZAmzk9lkyOzMMtMrLCEH7171F7yJVz/FP/AznCR7MIkFDUVVN91dQSy4Adf9dnIrq2vrG/nNwtb2zu5ecf+gYVSiKatTJZRuBcQwwSWrAwfBWrFmJAoEawbD64nffGLacCUfIY2ZH5G+5CGnBKz0cHvWLZbcsjsFXiZeRkooQ61b/On0FE0iJoEKYkzbc2PwR0QDp4KNC53EsJjQIemztqWSRMz4o+mlY3xilR4OlbYlAU/VvxMjEhmTRoHtjAgMzKI3Ef/z2gmEl/6IyzgBJulsUZgIDApP3sY9rhkFkVpCqOb2VkwHRBMKNpy5LalKZB9IMC7YaLzFIJZJ47zsVcpX95VS9SYLKY+O0DE6RR66QFV0h2qojigK0Qt6RW/Os/PufDifs9ack80cojk4X7+mY5Z2</latexit>

G

<latexit sha1_base64="LDO+CNjXGtRAx01uSXtwkTn+kZY=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN4CgnpMwDwgWcLsZDYZMjuzzPQKyxLw7lV/wZt49Vf8Az/DSbIHk1jQUFR1090VxIIbcN1vp7C2vrG5Vdwu7ezu7R+UD49aRiWasiZVQulOQAwTXLImcBCsE2tGokCwdjC+nfrtJ6YNV/IR0pj5ERlKHnJKwEqN+3654lbdGfAq8XJSQTnq/fJPb6BoEjEJVBBjup4bg58RDZwKNin1EsNiQsdkyLqWShIx42ezQyf4zCoDHCptSwKeqX8nMhIZk0aB7YwIjMyyNxX/87oJhNd+xmWcAJN0vihMBAaFp1/jAdeMgkgtIVRzeyumI6IJBZvNwpZUJXIIJJiUbDTechCrpHVR9S6rN43LSu0uD6mITtApOkceukI19IDqqIkoYugFvaI359l5dz6cz3lrwclnjtECnK9fORCWPw==</latexit>

Furthermore,

so whenever a group acts trivially,  

you should expect a gerbe structure (1-form symmetry) somewhere.



Mathematical interpretation:

Twenty years ago, I was interested in studying 

`sigma models on gerbes’ as possible sources of new string compactifications.

Potential issues, since solved:
construction of QFT; cluster decomposition; moduli;  

mod’ invariance & unitarity in orbifolds; potential presentation-dependence.

What we eventually learned was that these theories are well-defined, 

but, 

are disjoint unions of ordinary theories, at least in (2,2) susy cases, 

because of decomposition.

Not really new compactifications, but instead:   GW predictions, GLSM phases.



Finally, let me conclude with a schematic of gauging       , 

and why it should result in an ordinary theory:

Mathematical interpretation:



Summary:

• Brief overview of 1-form symmetries in 2d theories

• Brief review of decomposition of 2d theories w/ 1-form symmetries

Some simple concrete examples:

1. An orbifold with a 1-form symmetry 

2. Pure nonsusy SU(2) Yang-Mills

• Explicit description of decomposition
• Explicitly gauge the 1-form symmetry

• Explicit description of decomposition
• Explicitly gauge the 1-form symmetry



Last but not least, we’re running an online workshop on GLSMs 

on August 17-21, 2020: 

https://indico.phys.vt.edu/e/glsms2020 

Thank you!

https://indico.phys.vt.edu/e/glsms2020
https://indico.phys.vt.edu/e/glsms2020


In what sense is the `group’ of        bundles,        , a group?K�
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(     abelian)K
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Let          be two        bundles with transition functionsK�
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g↵� , h↵�

<latexit sha1_base64="1DVXnWmA2wBng5ZMJl3x7TCcT10=">AAACJXicbVDJSgNBEO1xjXGLevTSGBQPEmYk4HIKCOIxglkgE0JNp5M06ekZumuEMOQP/A/vXvUXvIngyaufYWc5mMQHBY/3qqiqF8RSGHTdL2dpeWV1bT2zkd3c2t7Zze3tV02UaMYrLJKRrgdguBSKV1Cg5PVYcwgDyWtB/2bk1x65NiJSDziIeTOErhIdwQCt1MqddFupDzLuAfUDjjA8o/41zfbm1FYu7xbcMegi8aYkT6Yot3I/fjtiScgVMgnGNDw3xmYKGgWTfJj1E8NjYH3o8oalCkJumun4nyE9tkqbdiJtSyEdq38nUgiNGYSB7QwBe2beG4n/eY0EO5fNVKg4Qa7YZFEnkRQjOgqHtoXmDOXAEmBa2Fsp64EGhjbCmS2DKFFdhGCYtdF480Eskup5wSsWru6L+dLtNKQMOSRH5JR45IKUyB0pkwph5Im8kFfy5jw7786H8zlpXXKmMwdkBs73LzdxpRg=</latexit>

Product: P ⌦Q

<latexit sha1_base64="EqEmZYvtVsjtCmdxsL98BKH85CQ=">AAACCXicbVDLSgMxFM3UV62vqks3wSK4KjNSUHcFQVy2YB/QGUomTdvQTDIkd4Rh6Be4d6u/4E7c+hX+gZ9h2s7Cth64cDjnXs7lhLHgBlz32ylsbG5t7xR3S3v7B4dH5eOTtlGJpqxFlVC6GxLDBJesBRwE68aakSgUrBNO7mZ+54lpw5V8hDRmQURGkg85JWAlv4F9BTxiBjdxv1xxq+4ceJ14OamgHI1++ccfKJpETAIVxJie58YQZEQDp4JNS35iWEzohIxYz1JJbE6QzX+e4gurDPBQaTsS8Fz9e5GRyJg0Cu1mRGBsVr2Z+J/XS2B4E2RcxgkwSRdBw0RgUHhWAB5wzSiI1BJCNbe/YjommlCwNS2lpCqRIyDhtGSr8VaLWCftq6pXq942a5X6fV5SEZ2hc3SJPHSN6ugBNVALURSjF/SK3pxn5935cD4XqwUnvzlFS3C+fgHAwJpU</latexit>

⇠

<latexit sha1_base64="wvkcYJWRroEBXIrgEVBPk+aZeUI=">AAACAnicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG8FQTxWMG2hDWWz3bRLdzdhdyKU0Jt3r/oXvIlX/4j/wJ/hps3Btj4YeLw3w8y8MBHcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMnGqKfNpLGLdCYlhgivmAwfBOolmRIaCtcPxbe63n5g2PFaPMElYIMlQ8YhTAlbye4bLSr9ac+vuDHiVeAWpoQLNfvWnN4hpKpkCKogxXc9NIMiIBk4Fm1Z6qWEJoWMyZF1LFZHMBNns2Ck+s8oAR7G2pQDP1L8TGZHGTGRoOyWBkVn2cvE/r5tCdB1kXCUpMEXni6JUYIhx/jkecM0oiIklhGpub8V0RDShYPNZ2DKJUzUEEk7zaLzlIFZJ66LuXdZvHi5rjbsipDI6QafoHHnoCjXQPWoiH1HE0Qt6RW/Os/PufDif89aSU8wcowU4X78RyZfP</latexit>

g↵�h↵�

<latexit sha1_base64="u+AqYBTYOihyI1Z3Tlv/fn6MacY=">AAACIXicbVDLSsNAFJ3UV62vqks3Q4vgqiQiqLuCIC4r2Ae0IdxMJ+nQySTM3AgldO9/uHerv+BO3Ik/4GeYPha29cCFwzn3cu89fiKFQdv+sgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1xwfDpVC8iQIl7ySaQ+RL3vaHNxO//ci1EbF6wFHC3QhCJQLBAHPJK1dCL+uBTAZAez5HGNPBklDyylW7Zk9BV4kzJ1UyR8Mr//T6MUsjrpBJMKbr2Am6GWgUTPJxqZcangAbQsi7OVUQceNm01/G9DRX+jSIdV4K6VT9O5FBZMwo8vPOCHBglr2J+J/XTTG4cjOhkhS5YrNFQSopxnQSDO0LzRnKUU6AaZHfStkANDDM41vYMopTFSL402ic5SBWSeu85lzUru8vqvXbeUhFckIq5Iw45JLUyR1pkCZh5Im8kFfyZj1b79aH9TlrLVjzmWOyAOv7FxOcpA4=</latexit>

Well-defined? g↵� ⇠ s↵(g↵�)s
�1
�

<latexit sha1_base64="Mxq9KD5l1AfmpxF/xY40XyefRAM="></latexit>

so g↵�h↵� ⇠ s↵(g↵�)s
�1
� (h↵�)

<latexit sha1_base64="B14VuDmM8Fy1/Qp67veG+M20AaE="></latexit>

= s↵(g↵�h↵�)s
�1
�

<latexit sha1_base64="0gOCRuINPdaqolXSvrD7SyVL1HY="></latexit>

if      is abelian.K

<latexit sha1_base64="cv1BUS7No027Y4fpdrSzPiGScWk=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN4CggheEjAPSJYwO5lNhszOLDO9wrIEvHvVX/AmXv0V/8DPcJLswSQWNBRV3XR3BbHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2Mb6d++4lpw5V8hDRmfkSGkoecErBS46FfrrhVdwa8SrycVFCOer/80xsomkRMAhXEmK7nxuBnRAOngk1KvcSwmNAxGbKupZJEzPjZ7NAJPrPKAIdK25KAZ+rfiYxExqRRYDsjAiOz7E3F/7xuAuG1n3EZJ8AknS8KE4FB4enXeMA1oyBSSwjV3N6K6YhoQsFms7AlVYkcAgkmJRuNtxzEKmldVL3L6k3jslK7y0MqohN0is6Rh65QDd2jOmoiihh6Qa/ozXl23p0P53PeWnDymWO0AOfrFz94lkM=</latexit>

So, as long as K abelian, have a well-defined product.

Inverses, identity, etc follow similarly.

Just one catch:  everything only holds up to isomorphism.
P ⌦ P�1 ⇠= I, P ⌦ I ⇠= P,

<latexit sha1_base64="p5EfAxDrkneUHDVEv3XO/eVkYp8="></latexit>

etc

Not quite an ordinary group; instead, is ``2-group’’



Aside:

More general 2-groups than just         exist.BK

<latexit sha1_base64="SntBCjWcDDjCeS0RfO89DlpGdP4=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FBRG8RDEPSJYwO5lNhszOLDOzQlhy8O5Vf8GbePVT/AM/w0myB5NY0FBUddPdFcScaeO6305uZXVtfSO/Wdja3tndK+4fNLRMFKF1IrlUrQBrypmgdcMMp61YURwFnDaD4fXEbz5RpZkUj2YUUz/CfcFCRrCx0sPVXbdYcsvuFGiZeBkpQYZat/jT6UmSRFQYwrHWbc+NjZ9iZRjhdFzoJJrGmAxxn7YtFTii2k+nl47RiVV6KJTKljBoqv6dSHGk9SgKbGeEzUAvehPxP6+dmPDCT5mIE0MFmS0KE46MRJO3UY8pSgwfWYKJYvZWRAZYYWJsOHNbRjIRfYODccFG4y0GsUwaZ2WvUr68r5SqN1lIeTiCYzgFD86hCrdQgzoQCOEFXuHNeXbenQ/nc9aac7KZQ5iD8/ULzmiWjw==</latexit>

Example:  extensions

1 �! BU(1) �! \SU(2) �! SU(2) �! 1

<latexit sha1_base64="+Ul84XhRtcxtchnbZzCT5sXR0/g="></latexit>

\SU(2)

<latexit sha1_base64="F/ap0qcYLhP++AYBIyiYTklJ4cQ=">AAACEnicbVDLSsNAFJ34rPVV7dLNYBHqpiSloO4KgrisaNpCG8pkOm2HTiZh5kYJoX/h3q3+gjtx6w/4B36G0zYL23rgwuGcezmX40eCa7Dtb2ttfWNzazu3k9/d2z84LBwdN3UYK8pcGopQtX2imeCSucBBsHakGAl8wVr++Hrqtx6Z0jyUD5BEzAvIUPIBpwSM1CsUcfeJ99mIQIrv3XL1HE9wr1CyK/YMeJU4GSmhDI1e4afbD2kcMAlUEK07jh2BlxIFnAo2yXdjzSJCx2TIOoZKEjDtpbPnJ/jMKH08CJUZCXim/r1ISaB1EvhmMyAw0sveVPzP68QwuPRSLqMYmKTzoEEsMIR42gTuc8UoiMQQQhU3v2I6IopQMH0tpCRhLIdA/EneVOMsF7FKmtWKU6tc3dVK9ZuspBw6QaeojBx0geroFjWQiyhK0At6RW/Ws/VufVif89U1K7spogVYX7+I7pzC</latexit>

Possible extensions               classified by k 2 H
3(SU(2))

<latexit sha1_base64="QjaheD68f3DmZiwpBymuNqtWLfM=">AAACEXicbVDLTsJAFJ36RHxVXLqZSExgQ1okUXckJoYlRgskUMl0mMKE6bSZmRqbhq9w71Z/wZ1x6xf4B36GA3Qh4ElucnLOvTk3x4sYlcqyvo219Y3Nre3cTn53b//g0DwqtGQYC0wcHLJQdDwkCaOcOIoqRjqRICjwGGl74+up334kQtKQ36skIm6Ahpz6FCOlpb5ZGMMe5bDxcF6Cd06pWoblvlm0KtYMcJXYGSmCDM2++dMbhDgOCFeYISm7thUpN0VCUczIJN+LJYkQHqMh6WrKUUCkm85+n8AzrQygHwo9XMGZ+vciRYGUSeDpzQCpkVz2puJ/XjdW/qWbUh7FinA8D/JjBlUIp0XAARUEK5ZogrCg+leIR0ggrHRdCylJGPOhQt4kr6uxl4tYJa1qxa5Vrm5rxfpNVlIOnIBTUAI2uAB10ABN4AAMnsALeAVvxrPxbnwYn/PVNSO7OQYLML5+AQPJm0Y=</latexit>

This is the 2-group underlying WZW models.

Return






