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Boundary critical phenomena

In the vicinity of a second-order phase transitions:

@ Power-laws, universality
@ Renormalization Group:

K — R(K) = R(R(K))...

@ Real systems: surfaces d

@ RG: bulk vs surface couplings L

Cardy book (1996)
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@ Also defects (planes, line, ...)

Reviews: Binder (1983): biehi (1986)
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Quantum spin models
Bulk: classical O(3) universality class d = 2 + 1
Boundary: unexpected exponents
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Surface critical behavior of 3D O(N) model
not fully understood!




O(N) phase diagram d = 3: N = 1 (Ising)
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O(N) phase diagram d = 3: N = 2 (XY)
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@ New extraordinary-log phase: wetitski (2020)

(B(x) - (0)) ~ —

(logx)7

@ Ordinary UC: MC estimates rer pre 108, 1020404 (2023)



O(N) phase diagram d =3: 2 < N < N,

—BH = Kpuik Z§/§J + Ksurface Z §/§J
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@ New extraordinary-log phase: wetitski (2020)
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@ Ordinary UC: MC estimates rer pre 108, 1020404 (2023)

@ N = 3 surface fransition rer prL 126, 135701 (2021)



O(N) phase diagram d = 3: N = 2 (XY)
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@ Extraordinary-log phase: metiski 2020); krishnan, Metitski (2023)

1

(B(x) - (0)) ~ (logx)?

o Ordinory UC: MC estimates rer pra 108, 1020404 (2023)



O(N) phase diagram d = 3: N > 2
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@ Extraordinary-log phase: metiski 2020); krishnan, Metitski (2023)

1

(B(x) - (0)) ~ (logx)?

o Ordinory UC: MC estimates rer pra 108, 1020404 (2023)



Extraordinary-log phase

@ Boundary action:

1
P L o
dey = /d XZ_g (8;”’7) I’IZ =il

@ RG-flow of g hear g* =0
dg
a=¥

a(N) determined by universal boundary OPE of normal UC wetiski 020)

—B(9) = —ag® + 0(g°)

@ Log-power two-point function

(@) - 3(0)) ~ ~— u

A (logx)9 N 20

@ Values of o from MC of normal UC et metitsii, pRL 128, 215701 (2022)



Finite-Size Scaling in the Extraordinary-log phase

@ Logarithmic violation of FSS

2
Us—1ocl/(InL) MC results normal UC
(g/L)Z ~ A _|_ a/(N = 1) |n L FPT, Metlitski, PRL 128, 215701 (2022)
TL~A+4a/NInL open bc. o

& N  open BCs plane defect
TL~A+2a/NInL plane defect > 0.300(5) 3.600(10)

(U= 1) (e/1)" =~ % 3 0190(4)  0.540(8)

Us = (M2 /(MZ2)2: Binder ratio
&: finite-size correlation length
T: helicity modulus (spin stiffness)

@ On a standard fixed point: Uy, /L, TL ~ const



Model

@ ¢* N = 3 laftice model, L x L x L lattice, open b.c. or plane defect

H==B di-&—B6 > &- ¢J+Z[¢, + A& —1)7]

(i J) (i j)eo

3d bulk
bulk

o N= 2, 3 =N /mproved Hasenbusch (2020), FPT (2022)
— leading bulk scaling corrections suppressed

@ Fix A = \* 8 = B.(\*), and Ss in the extraordinary-log phase

(Goal: study FsS]




MC results: open b.c.
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Fits: (N =2) ~ 0.28 — 0.31 (N =3) ~ 0.18 — 0.19
Normal UC: a(N = 2) = 0.300(5) (N = 3) = 0.190(4)



MC results: plane defect
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Fits: a(N = 2) ~ 0.55 — 0.58 (N = 3) ~ 0.49 — 0.53
Normal UC: a(N = 2) = 0.600(10) a(N = 3) = 0.540(8)



MC results: combination of RG-invariants
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@ 3D O(N) with a 2D surface (N < N;) or plane defect (any N):
hew “Extraordinary-log” phase at strong boundary coupling

@ Power-log correlations and logarithmic Finite-Size Scaling
@ Field theory: universal parametfer a(N, b.c.) from the normal UC

@ MC simulations: good quantitative agreement with predicted
log-dependence of FSS quantities
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Thank you!



