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Yesterday: lattice gauge theories.
Can we prove confinement 2?77
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When the system confines, we have a “trivial theory”
below the gap
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.. but the “trivial theory”™ can be a non-trivial TQFT,
once we have a theta-angle

Gaiotto-Kapustin-Komargodski-Seiberg ‘17



Different topological sectors in 4d pure SU(N) YM:
weighted by the 0 -angle

Callan-Dashen-Gross ‘76



Consider 4d SU(N) pure YM theory + 6 -angle
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Instanton Analysis t Hooft 76
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Instanton Analysis t Hooft 76
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I_a rge N 't Hooft '73,--+, Witten ‘80

7}

I |
;\)D,\,gLZT}[:/\K‘:+@7?F,\'3 H N’«ﬂ.
1
~ N <5!_‘N—{I»FA9‘F:\;A%7;F’\F)
N l’

fixed



I_a rge N 't Hooft '73,:-+, Witten ‘80
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mUItIple braﬂCheS Witten ‘80; cf. Dashen ‘71
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Witten ‘80; cf. Dashen 71



Finite N7



Expectation for large but finite N

Based on several papers by MY and collaborators
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Expectation for large but finite N

Based on several papers by MY and collaborators
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Expectation for large but finite N

Based on several papers by MY and collaborators
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Expectation for large but finite N

Based on several papers by MY and collaborators

L/ inflatien <

Nomura-Watari-MY ‘17
A - | plateau

‘—

DR \WAY

claim: /\/ branches

Yonekura-MY ‘17, cf. Witten ‘80



4d vs. 2d

MY + Yonekura, MY ‘17

CUd SO pure M ([ center sym.

1
2 Looijenga 77, ‘80
T S\)U\/) N —|
o 2,
y of. Atiyah ‘84 L/UL_QM (T > ~
—l-CSu'Y\é«AlWH’fGS)

{] B %
r2d O = wode| (Zu Paver sm.)



Small N ? SU(2)??
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4d vs. 2d

MY + Yonekura, MY ‘17
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Small N 7 SU(2)77
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In view of the remarkable similarities between the sigma model and four-dimen-
sional SU(2) Yang—Mills theory, it seems very likely that the latter 1s also massless
at 0 = 7.



Computer Simulations




-+ reguires computational resources
(and several years of my research timel)

Oakforest-PACS in Kashiwa Cygnus in Tsukuba




“Just do 1It” on the lattice?
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Practical solution: smearing
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"Just do it” on the lattice”? However:--
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Subvolume method \ Kitano-Yamada ‘Matsudo MY "21
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Sub
VOIU me methOd Kitano-Yamada-Matsudo-MY ’21
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Linear extrapolation works for subvolume!

Kitano-Yamada-Matsudo-MY 21
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a* f0) x 10°

Let's also not tforget to extrapolate In
the smearing steps

Kitano-Yamada-Matsudo-MY 21
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Kitano-Yamada-Matsudo-MY 21
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We can also try T>Tc
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Consistent with high T expectation,
Gross-Pisarsky-Yaffe ‘81
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We can now explore (T, &)~ plane |
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check of universality class
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