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Abstract: It is known that the classical O(N) model in dimension d &gt; 3 at its bulk critical point admits three boundary universality classes. the
ordinary, the extraordinary and the special. The extraordinary fixed point corresponds to the bulk transition occurring in the presence of an ordered
boundary, while the special fixed point corresponds to a boundary phase transition between the ordinary and the extra-ordinary classes. While the
ordinary fixed point survivesind = 3, it isless clear what happens to the extraordinary and special fixed points when d = 3 and N is greater or equal
to 2. I'll show that formally treating N as a continuous parameter, there exists a critical value Nc &gt; 2 separating two distinct regimes. For N &t;
Nc the extra-ordinary fixed point survives in d = 3, abeit in a modified form: the long-range boundary order is lost, instead, the order parameter
correlation function decays as a power of log r. For N &gt; Nc there is no fixed point with order parameter correlations decaying slower than power
law. I'll discuss how these findings compare to recent Monte-Carlo studies of classical and quantum spin models.

Zoom link https://pitp.zoom.us/j/97209122334?pwd=UHQ20X R4bnVZREV 0S| JOY X phwWjh0QT09
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Boundary criticality

critical
(CFT)

1

iz — y|28

(O(2)0(y)) ~

* BCFT - not unique
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Classical O(N) model, d = 3

H=-> K;S;-S
(is)

Boundary Plane defect
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Boundary criticality: N=1

H=-Y K585 AN
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not ord.

surface order
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ordinary special extra-ordinary
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ordered
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Boundary criticality: N=1
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Boundary criticality: N=1
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Boundary criticality: N=1

H=-Y K;S-5, Ay
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[z —y[*4e
Bulk surface
not ord.
surface order
TC -— S S C]_
ordinary Spew extra-ordinary ( (m) (y)> ~ Co + |$ _ y|6
1 s
Bulk ~ =~
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Boundary criticality: N = 2

Tll
surface . -
Ml (S(x) - S(v)) ~ ———
not ord. |z — y|22
Surface:
quasi-long-range order
1.
ordinary  special extra-ordinary
Bulk
ordered

» K = Kl/K
Ke

* Mermin-Wagner-Hohenberg theorem: 2d + local interactions

(S(z)-S(y)) =0, |o—yl—o0
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Bulk surface (§(z)- Sy ~ — L * Extra-ordinary??
not ord. |z — y|?4
Surface:
quasi-long-range order
Te
ordinary  special extra-ordinary
Bulk
ordered
» K = Kl/K
’{’C
* Longrangeorderat 7, ? B
Deng, Blote, Nightingale, 2005 0
1.
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d =3, N = 2, extra-ordinary

T ,
Bulk surfac
Notiond, Surface:
T quasi-long-range order
© ordinary special extra-ordinary
Bulk
ordered -
Ke » n=ta/
S(z)- S0 ! “ dinary-log”
« (S(z)-S(0)) ~ log2)7 extra-ordinary-log
& MM, 2020.
q ~ 0.531(9) M. Hu, Y. Deng, J.-P. Ly, 2021

Francesco Parisen Toldin, MM 2021
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Boundary criticality: N=1
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N>2

T, T
Bulk
not ord.
T, oR T . ® .
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ordered
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N — 2%
Large finite N 1

(S(z) - 5(0)) ~ (logz)d

MM, 2020
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S0 =5 [ dx @iy Ay

29

-1

SzSord[ﬂ+Sn—§fd2xﬁ-$(i,z:0)

« g=0, n=(0,1) -flows to normal universality class
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“Normal” universality class
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Normal universality class

O(N) — O(N —1) Yy 4

@®
T,.(x)
* Protected boundary operators:
- Displacement:  T..(x,z — 0) = v/Cp D(x), Ap =3 z
- Tilt: iNi(x, z = 0) = st;i(x), i=1..N—-1, A;=2

Bray and Moore, 1977;
Burkhardt and Cardy, 1987.
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Ward identity
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Ix —x
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Ward identity
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MM, 2020. Jay Padayasi, Abijith Krishnan, MM, Ilya Gruzberg and Marco Meineri, 2021.

Pirsa: 23120051 Page 26/60



‘ PowerPoint File Edit View Insert Format Arrange Tools Slide St

H?Adding fluctuations

S:SOTd[ﬂ+Sn_§fd2Xﬁ._'(i’,z:()) -

— Shorm [q;] +S,—s / d?x Tt ¢

(%250 =st@,  ER0) =

O(N) rotation: nt— 7t o wi, Snorm — Snorm T /dQXWijiW(f)

MM, 2020. Jay Padayasi, Abijith Krishnan, MM, llya Gruzberg and Marco Meineri, 2021.
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MM, 2020. Jay Padayasi, Abijith Krishnan, MM, Ilya Gruzberg and Marco Meineri, 2021.
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Monte Carlo

N | aMC | omorm | Cnomm
2 | 0.27(1) | 0.300(5) 0.36
3 | 0.15(2) | 0.190(4) 0.22
4 0.13
5 0.02
10 -0.45

Francesco Parisen Toldin, 2021.

M. Hu, Y. Deng and J.-P. Lv, 2021.

Francesco Parisen Toldin, MM, 2021.

Jay Padayasi, Abijith Krishnan, MM, llya Gruzberg and Marco Meineri, 2021.
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W4 =

Jay Padayasi Marco Meineri Abijith Krishnan llya Gruzberg
(Ohio State) (U. Turin) (MIT) (Ohio State)

Jay Padayasi, Abijith Krishnan, MM, llya Gruzberg and Marco Meineri, 2111.03071.
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Plane defect, d = 3

H=-Y K;S;-5
(is)

S:Sinf+0/d2X€(X,Z:0), c~ K,— K,

c = (0 - special fixed point, exists for any N. A.). Bray, M.A. Moore, 1977
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A. Krishnan, MM, 2023.

Abijith Krishnan
(MIT)
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Plane defect, ordinary
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29 47I'bt
dg 5 ns? N —2 (N —1)g
—_— N — = 2 . — _—
T, ag -, o 5 o n >
1 :
Ot(N) - -, N-—o o A. Krishnan, MM, 2023
s

N=2,3 Monte Carlo: Y. Sun, M. Hu, J.-P. Lv, 2023
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Boundary entropy
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Boundary entropy, finite N

Tﬁ’ = ﬁd(mg(agd}? + btrkz) K. Jensen, A. O’Bannon (2015)

L
ordinary  special  extra-ordinary
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N 1 9
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A. Krishnan, MM, 2023 N-1 7 fields
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Boundary entropy, finite N
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Pirsa: 23120051 Page 56/60



.‘ PowerPoint File Edit View Insert Format Arrange

!
5]

Recent developments

* Can a continuous symmetry be spontaneously broken on a 2d defect in a (unitary) CFT?

- Generically, “No”!
- Generically, extra-ordinary-log is as close as you can get.

Spontaneous symmetry breaking on surface defects

Gabriel Cuomo,*? Shuyu Zhang®

@Simons Center for Geometry and Physics, SUNY, Stony Brook, NY 11794, USA
bC. N. Yang Institute for Theoretical Physics, Stony Brook University, Stony Brook, NY 11794, USA
¢ Department of Physics and Astronomy, Stony Brook University, Stony Brook, NY 11794, USA

31 May 2023
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Recent developments

» Study of 2d defects in O(N) model in general d.

Avia Raviv-Moshe and Siwei Zhong, 2305.11370
Maxime Trepanier, 2305.10486
Simone Giombi and Bowei Liu, 2305.11402
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Boundary

* Monte-Carlo
* Conformal bootstrap

 Quantum models
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Boundary

* Monte-Carlo
* Conformal bootstrap

 Quantum models
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