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Some Examples:

• Boundaries (space-time ends on them) 

• Interfaces (for instance between different phases) 

• Line defects: for example Wilson lines  

• Topological Defects (symmetries and generalised symmetries)

Local operators are not enough

• To distinguish groups with same algebra but different global structure 

• SPT phases and phases with topological order 

• Strings and Branes

Defects



Extended objects that break part of the translational symmetry 
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• The stress energy tensor is no longer conserved:

• If we ask for maximal symmetry preserved: “flat” defect

• We mainly focus on conformal field theories
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SO(d+ 1, 1) �! SO(d+ 1� p, 1)⇥ SO(q)

= displacement operator

• New non-trivial correlators: one-point functions

• Localised contribution to anomalies: i.e. defect Weyl anomalies

Defects
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D̂⌫

protected dimension  p+1

• p=dimension of defect space-time, q=d-p is the codimension

• Localised on submanifolds of the spacetime
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Correlators in defect CFTs
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Bulk correlators:

Bulk-defect correlators:

Defect correlators:
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i, j, k, · · · = orthogonal

a, b, c, · · · = parallel

[Billò, Gonçalves, Lauria, Meineri, 2016]
[Herzog, Shrestha, 2020]
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RG flows
• We can deform the theory by turning on relevant deformations

• Two possible deformations:

UV fixed point

IR fixed point

Bulk deformations: Defect-localised deformations:
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Z
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• Modify both the bulk and the defect • Only affects the defect theory
• Same bulk primary operators
• Defect monotonicity theorems



Example: Boundary CFT
• Action of free massless scalar field:

• Conformal Boundary conditions:
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Dirichlet b.c.

Neumann b.c.

Correlators:
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For the free scalar with a boundary:
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(Bulk) Weyl Anomaly
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• Action invariant under Weyl rescaling (classical)
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• Effective action is not invariant: Weyl anomaly (quantum effect)
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• Local quantity of dimension 
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d

• Bulk anomalies absent in odd dimensions

curvature invariantsanomaly coefficients

“central charges”

• QFT on curved space-time
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2 dimensions:

4 dimensions:

6 dimensions:
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cUV � cIR

<latexit sha1_base64="PbhdrvacuxEpS8zLi/XLwse3Ogw=">AAACFHicbVDLSgNBEJz1GeMr6tHLYBAEIexKUI9BL3qLYh6QhDA76SRDZmeXmV4xLPsRXvwVLx4U8erBm3/j5HHQxIJuiqpuZrr8SAqDrvvtLCwuLa+sZtay6xubW9u5nd2qCWPNocJDGeq6zwxIoaCCAiXUIw0s8CXU/MHlyK/dgzYiVHc4jKAVsJ4SXcEZWqmdO2btpInwgLYLNaSVaprSZg/ojH59m6btXN4tuGPQeeJNSZ5MUW7nvpqdkMcBKOSSGdPw3AhbCdMouIQ024wNRIwPWA8alioWgGkl46NSemiVDu2G2pZCOlZ/byQsMGYY+HYyYNg3s95I/M9rxNg9byVCRTGC4pOHurGkGNJRQrQjNHCUQ0sY18L+lfI+04yjzTFrQ/BmT54n1ZOCd1oo3hTzpYtpHBmyTw7IEfHIGSmRK1ImFcLJI3kmr+TNeXJenHfnYzK64Ex39sgfOJ8/o3yfMg==</latexit>

aUV � aIR

<latexit sha1_base64="+NdF0L1Jg4ON5wVs+drp6nVILy8=">AAACE3icbVC7TgJBFJ3FF+ILtbSZSEzAguwaohZqiDaWmPBKWCSzwyxMmH1k5q6BLPyDjb9iY6ExtjZ2/o3Do1DwJPfm5Jx7M3OPEwquwDS/jcTS8srqWnI9tbG5tb2T3t2rqiCSlFVoIAJZd4higvusAhwEq4eSEc8RrOb0bsZ+7YFJxQO/DIOQNT3S8bnLKQEttdLHtmAuXOBytp/TzcxhW/JOF67wJbZdSWhMR/GwP7wvjFrpjJk3J8CLxJqRDJqh1Ep/2e2ARh7zgQqiVMMyQ2jGRAKngo1SdqRYSGiPdFhDU594TDXjyU0jfKSVNnYDqcsHPFF/b8TEU2rgOXrSI9BV895Y/M9rROCeN2PuhxEwn04fciOBIcDjgHCbS0ZBDDQhVHL9V0y7RCcBOsaUDsGaP3mRVE/y1mm+cFfIFK9ncSTRATpEWWShM1REt6iEKoiiR/SMXtGb8WS8GO/Gx3Q0Ycx29tEfGJ8/BPacbw==</latexit>

hT (x)T (0)i = c

|x|4

<latexit sha1_base64="hZGNXxsJILksQ8uycSjRyqbJ5Qc="></latexit>

Tµ
µ =

1

(4⇡)3
(aE6 + c1I1 + c2I2 + c3I3)

<latexit sha1_base64="PbhdrvacuxEpS8zLi/XLwse3Ogw=">AAACFHicbVDLSgNBEJz1GeMr6tHLYBAEIexKUI9BL3qLYh6QhDA76SRDZmeXmV4xLPsRXvwVLx4U8erBm3/j5HHQxIJuiqpuZrr8SAqDrvvtLCwuLa+sZtay6xubW9u5nd2qCWPNocJDGeq6zwxIoaCCAiXUIw0s8CXU/MHlyK/dgzYiVHc4jKAVsJ4SXcEZWqmdO2btpInwgLYLNaSVaprSZg/ojH59m6btXN4tuGPQeeJNSZ5MUW7nvpqdkMcBKOSSGdPw3AhbCdMouIQ024wNRIwPWA8alioWgGkl46NSemiVDu2G2pZCOlZ/byQsMGYY+HYyYNg3s95I/M9rxNg9byVCRTGC4pOHurGkGNJRQrQjNHCUQ0sY18L+lfI+04yjzTFrQ/BmT54n1ZOCd1oo3hTzpYtpHBmyTw7IEfHIGSmRK1ImFcLJI3kmr+TNeXJenHfnYzK64Ex39sgfOJ8/o3yfMg==</latexit>

aUV � aIR (conjectured)
<latexit sha1_base64="AMNsiHvz8DJWv1BFM6IX5OXTR1Y="></latexit>

hTµ⌫(x)T⇢�(0)i /
c3
|x|4 Iµ⌫,⇢�(x)

<latexit sha1_base64="+3UosPokvJnBBUU0UNVdZnGVhV8="></latexit>

hTµ⌫(x)T⇢�(0)i /
c

|x|4 Iµ⌫,⇢�(x)

(Bulk) Weyl Anomaly

[Cardy, 1988]
[Komargodski, Schwimmer, 2011]

[Zamolodchikov, 1986]

<latexit sha1_base64="7DilEyFRRPCXmbWGIjKSavWajbc=">AAACD3icbVDLSgMxFM3UV62vUZdugkURhDJTRF2IFN24rNAXdIYhk2ba0MyD5I5QSv/Ajb/ixoUibt26829Mp7PQ1htyOZxzL8k5fiK4Asv6NgpLyyura8X10sbm1vaOubvXUnEqKWvSWMSy4xPFBI9YEzgI1kkkI6EvWNsf3k719gOTisdRA0YJc0PSj3jAKQFNeeaxI1gAV7iRHUfy/gCusZPIOIEYU8/Gp7pXPbNsVays8CKwc1BGedU988vpxTQNWQRUEKW6tpWAOyYSOBVsUnJSxRJCh6TPuhpGJGTKHWd+JvhIMz0cxFLfCHDG/t4Yk1CpUejryZDAQM1rU/I/rZtCcOmOeZSkwCI6eyhIBdZWp+HgHpeMghhpQKjk+q+YDogkFHSEJR2CPW95EbSqFfu8Yt+flWs3eRxFdIAO0Qmy0QWqoTtUR01E0SN6Rq/ozXgyXox342M2WjDynX30p4zPHysFmjY=</latexit>

hTTT i / c1 + c2



<latexit sha1_base64="FSrt8kCpiSho7OXBc1wJJvNqoqY="></latexit>

�W = �1

2

Z

Md

ddx
p
g �gµ⌫ hTµ⌫i � 1

2

Z

⌃p

dpy
p
ḡ
⇣
�gµ⌫hTµ⌫ |⌃p

i+ 2�Xi(ya)hDii
⌘

• In the presence of a p-dimensional defect:

<latexit sha1_base64="2zVxkFCbQ6WjbpINfDfeEXZ2Cf0="></latexit>

Tµ
µ = Tµ

µ

��
Md

+ �(q)(x?)T
µ
µ

��
⌃p

<latexit sha1_base64="Je05bahfM5vGzmSIrKWHv+eEaeY="></latexit>

DµT
µi = �(q)(x?)Di

• Defect-localised contribution to Weyl anomaly 

<latexit sha1_base64="ay5+AsH818n6KTN7cjtkf7/3ZuU=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VwUUpSiroRim4ENxX7giaGyXTSDp1JwsxEKDE/4cZfceNCEbeCO//G6WOhrQfu5XDOvczc48eMSmVZ30ZuaXlldS2/XtjY3NreMXf3WjJKBCZNHLFIdHwkCaMhaSqqGOnEgiDuM9L2h5djv31PhKRR2FCjmLgc9UMaUIyUljyz1LhzeJJmnu4PXurc0j5Hnp3Bc+gEAuEUZ6ldcWKaOaVrzyxaZWsCuEjsGSmCGeqe+eX0IpxwEirMkJRd24qVmyKhKGYkKziJJDHCQ9QnXU1DxIl008lVGTzSSg8GkdAVKjhRf2+kiEs54r6e5EgN5Lw3Fv/zuokKztyUhnGiSIinDwUJgyqC44hgjwqCFRtpgrCg+q8QD5AOQ+kgCzoEe/7kRdKqlO2TcvWmWqxdzOLIgwNwCI6BDU5BDVyBOmgCDB7BM3gFb8aT8WK8Gx/T0Zwx29kHf2B8/gA0x57U</latexit>

Tµ
µ|⌃1 =

c

12⇡
K• For one-dimensional boundary is “trivial”

Defect Weyl Anomaly



• For two-dimensional defects

<latexit sha1_base64="0bZcHeACaCv7YVbCaByKJ3n+780="></latexit>

E4|@M = �abcdef

⇣
2Kd

aR
ef

bc +
8

3
Kd

aK
e
bK

f
c

⌘

<latexit sha1_base64="b/n9aFkO3nXeKziNN7GTfMVHQ9s="></latexit>

Tµ
µ

��
⌃3

=
1

16⇡2

⇣
aME4|@M + b1K̊

3 + b2K̊
abW c

acb

⌘• For three-dimensional boundaries

<latexit sha1_base64="djdjereGzgUG2VLngPAqkInRaZw=">AAACFHicbVDLSgNBEJz1GeMr6tHLYBAEIexKUI9BL3qLYh6QhDA76SRDZmeXmV4xLPsRXvwVLx4U8erBm3/j5HHQxIJuiqpuZrr8SAqDrvvtLCwuLa+sZtay6xubW9u5nd2qCWPNocJDGeq6zwxIoaCCAiXUIw0s8CXU/MHlyK/dgzYiVHc4jKAVsJ4SXcEZWqmdO/bbSRPhAW0Xakgr1TSlzR7QGf36Nk3bubxbcMeg88SbkjyZotzOfTU7IY8DUMglM6bhuRG2EqZRcAlpthkbiBgfsB40LFUsANNKxkel9NAqHdoNtS2FdKz+3khYYMww8O1kwLBvZr2R+J/XiLF73kqEimIExScPdWNJMaSjhGhHaOAoh5YwroX9K+V9phlHm2PWhuDNnjxPqicF77RQvCnmSxfTODJknxyQI+KRM1IiV6RMKoSTR/JMXsmb8+S8OO/Ox2R0wZnu7JE/cD5/AKbAnzQ=</latexit>

bUV � bIR

<latexit sha1_base64="pLLpa8qcg0MTsTPAm/mF6OE8BU8="></latexit>

ḡab = eµae
⌫
b gµ⌫ (induced metric)

⇧i
ab = D̄ae

µ
b (second fundamental form)

<latexit sha1_base64="kSSWcICPfEBbb1CXzGDCBuM5XKw=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZmRom6EohuXFewDOmPJpJk2NMkMSUYoQ8GNv+LGhSJu/Ql3/o2Z6Sy09UDg5Jx7b3JPEDOqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqyiRmLRwxCLZDZAijArS0lQz0o0lQTxgpBOMrzO/80CkopG405OY+BwNBQ0pRtpIffuA3Hs86SN4Cb0YSU0RM5duLtpVp+bkgIvELUgVFGj27S9vEOGEE6ExQ0r1XCfWfppNxYxMK16iSIzwGA1Jz1CBOFF+mu8whcdGGcAwkuYIDXP1d0eKuFITHphKjvRIzXuZ+J/XS3R44adUxIkmAs8eChMGdQSzQOCASoI1mxiCsKTmrxCPkERYm9gqJgR3fuVF0j6tuWe1+m292rgq4iiDQ3AEToALzkED3IAmaAEMHsEzeAVv1pP1Yr1bH7PSklX07IM/sD5/AOuBlxM=</latexit>

eµa = @aX
µ <latexit sha1_base64="EDYaQrxO2q9rDuwtz6tNCPA9Ve8=">AAACFHicbVBNSyNBFOxR14/sqnE9emkMC4oQZiSoR9m9eFQwGsnE0NPzJjZ294zdr8Uw5Efsxb/ixYMiXj1489/YiTn4VdBQVNXj9aukkMJiGL4EE5NTP6ZnZucqP3/NLyxWl34f2dwZDk2ey9y0EmZBCg1NFCihVRhgKpFwnJz/G/rHl2CsyPUh9gvoKNbTIhOcoZe61Y3Waazc2kmXrdP44sKxlMYIV1iCSiBNhe7RzGk+DA+61VpYD0egX0k0JjUyxn63+hynOXcKNHLJrG1HYYGdkhkUXMKgEjsLBePnrAdtTzVTYDvl6KgB/eOVlGa58U8jHanvJ0qmrO2rxCcVwzP72RuK33lth9lOpxS6cAiavy3KnKSY02FDNBUGOMq+J4wb4f9K+RkzjKPvseJLiD6f/JUcbdajrXrjoFHb/TuuY5askFWyRiKyTXbJHtknTcLJf3JD7sh9cB3cBg/B41t0IhjPLJMPCJ5eAcs1nrY=</latexit>

Xµ(Ya) embedding function
<latexit sha1_base64="hqkabQVPx+dWKTu/XGGQcYf/mfY=">AAAB8nicbVBNSwMxEJ31s9avqkcvwSLUS9mVoh6LXjxWsB+yXUs2zbahSXZJskJZ+jO8eFDEq7/Gm//GtN2Dtj4YeLw3w8y8MOFMG9f9dlZW19Y3Ngtbxe2d3b390sFhS8epIrRJYh6rTog15UzSpmGG006iKBYhp+1wdDP1209UaRbLezNOaCDwQLKIEWys5HceuyKtPPTwGeqVym7VnQEtEy8nZcjR6JW+uv2YpIJKQzjW2vfcxAQZVoYRTifFbqppgskID6hvqcSC6iCbnTxBp1bpoyhWtqRBM/X3RIaF1mMR2k6BzVAvelPxP89PTXQVZEwmqaGSzBdFKUcmRtP/UZ8pSgwfW4KJYvZWRIZYYWJsSkUbgrf48jJpnVe9i2rtrlauX+dxFOAYTqACHlxCHW6hAU0gEMMzvMKbY5wX5935mLeuOPnMEfyB8/kDA3WQbw==</latexit>

Xµ(Ya)

<latexit sha1_base64="EjVSq80nx1zeG03XUewWH7kJ7wI=">AAACOHicjVC7SgNBFJ2Nrxhfq5Y2g0GwCrsS1EIkqIWdEcwDsiHMTmaTIbO7w8xdISz5LBs/w05sLBSx9QucTVJoYuGBgcM59zL3HF8KrsFxnq3cwuLS8kp+tbC2vrG5ZW/v1HWcKMpqNBaxavpEM8EjVgMOgjWlYiT0BWv4g8vMb9wzpXkc3cFQsnZIehEPOCVgpI594wkWwBn2+gRSLyTQp0SkV6PRfxRP8V4fzrEnVSwhxn7H7dhFp+SMgeeJOyVFNEW1Yz953ZgmIYuACqJ1y3UktFOigFPBRgUv0UwSOiA91jI0IiHT7XQcfIQPjNLFQazMiwCP1Z8bKQm1Hoa+mczO1rNeJv7ltRIITtspj2QCLKKTj4JEYBMyaxF3uWIUxNAQQhU3t2LaJ4pQMF0XTAnubOR5Uj8qucel8m25WLmY1pFHe2gfHSIXnaAKukZVVEMUPaAX9IberUfr1fqwPiejOWu6s4t+wfr6BhbPrmA=</latexit>D
D̂D̂D̂

E
/ b1

Defect Weyl Anomaly

<latexit sha1_base64="y078PSsu9s1A7tGbO6Azku+1dIw="></latexit>

Tµ
µ|⌃2 =

1

24⇡
(b R̄+ d1⇧̊

2 + d2W
ab

ab)
<latexit sha1_base64="zJBpF2KoVA8+wzyV3hAHjJR9BQw="></latexit>

hTµ⌫i /
d2

|x?|d

[Henningson, Skenderis, 1999] 
[Schwimmer, Theisen, 2008]

[Jensen, O’Bannon, 2015]

[Herzog, Huang, Jensen, 2015 - 2017]

from defect sphere free energy
<latexit sha1_base64="LwriUfHACZfCgCreFTjD5aM8fSo="></latexit>D
D̂i(�)D̂j(0)

E
/ d1

�ij
|�|6

<latexit sha1_base64="NyxCp/tfH8CFHQqn228q+DdZ754="></latexit>D
D̂(�)D̂(0)

E
/ b2

1

|�|8



<latexit sha1_base64="656rfl/IHcBvzIbL60nb9AwpkH4="></latexit>

J1 =
1

d� 1
R⇧̊i

ab⇧̊
ab
i � 1

d� 2
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i
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ab + ⇧̊iabDiW
c
acb �
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2
⇧iTr ⇧̊i⇧̊
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1

16
⇧i⇧iTr ⇧̊

j⇧̊j

+
2

9
D

b
⇧̊i

abD
c
⇧̊ic

a

<latexit sha1_base64="GAIxkJI+kncpd7G8YHrF5uscUy0="></latexit>

J2 =
d� 4

d� 2
Wab

abNµ⌫Rµ⌫ � d� 4

d� 1
RWab

ab +
4(d� 5)

3(d� 2)
RabWc

acb

� 5(d� 4)

48
Wab

ab⇧i⇧i +
2(d� 5)

3
W c

icaD
b
⇧̊i

ab +
4(d+ 1)

9
⇧̊iabDiW

c
acb

� 1

3
Wic

acDa⇧
i � 2(d� 5)

3
⇧iTr ⇧̊i⇧̊

j⇧̊j +
(d� 10)

12
⇧iDiWab

ab +
1

3
DiDiWab

ab ,

• Full Weyl anomaly for p=4 dimensional defects and codimension q>1

Related to two-point function of displacement operator Related to one-point function of the stress tensor

• 2 “non-trivial” invariants

4d Defect Weyl Anomaly

<latexit sha1_base64="uGsbZoULu3HOq6kj5TMnh5HMMck="></latexit>

Tµ
µ|⌃4
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1

(4⇡)2

⇣
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c
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a
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b

+ d13Wab
ab⇧̊i

cd⇧̊
cd
i + d14W

a
bij⇧̊

i
ac⇧̊

jbc + d15W
a
ibj⇧̊

i
ac⇧̊

jbc

+ d16W
abcd⇧̊i

ac⇧̊ibd + d17Wa
bac⇧̊i

bd⇧̊ic
d + d18W

c
icj⇧̊

i
ab⇧̊

jab

+ d19Tr ⇧̊
i⇧̊i⇧̊

j⇧̊j + d20Tr ⇧̊
i⇧̊j⇧̊i⇧̊j + d21(Tr ⇧̊

i⇧̊i)
2 + d22(Tr ⇧̊

i⇧̊j)(Tr ⇧̊i⇧̊j)
⌘

[Chalabi, Herzog, O’Bannon, Robinson, JS, 2021]

<latexit sha1_base64="HL4+tJaLzzctiOZMs2GfwavlTNs=">AAACInicbVDJSgNBEO2Je9yighcvjUHwFGY8uNxEL3pzywKZEHo6ldjY0zN014hhmG/x4tW/0IsHRT0J4rfYWQ4afVDweK+KqnpBLIVB1/1wcmPjE5NT0zP52bn5hcXC0nLFRInmUOaRjHQtYAakUFBGgRJqsQYWBhKqwdVhz69egzYiUhfYjaERso4SbcEZWqlZ2GPN1D8XnZBRH+EGUx+F6tJyJcuo3wH6v318lmXNQtEtuX3Qv8QbkuL+6umXuD94OGkW3vxWxJMQFHLJjKl7boyNlGkUXEKW9xMDMeNXrAN1SxULwTTS/osZ3bBKi7YjbUsh7as/J1IWGtMNA9sZMrw0o15P/M+rJ9jebaRCxQmC4oNF7URSjGgvL9oSGjjKriWMa2FvpfySacbRppq3IXijL/8lla2St13aPrVpHJABpskaWSebxCM7ZJ8ckRNSJpzckkfyTF6cO+fJeXXeB605ZzizQn7B+fwG4v2oNw==</latexit>

a⌃UV � a⌃IR defect a-theorem [Wang, 2021]from defect sphere free energy



Free Scalar Fields with defects
• Action of the free scalar field:

<latexit sha1_base64="jHKqSQL3kfaTrBg4WpvKsRYBIE8=">AAACGHicbVDLSgMxFM3UV62vqks3wSJUKHWmSHUjFN24rGgf0GlLJpNpQzOZIcmIZZjPcOOvuHGhiNvu/BszbRfaeuDC4Zx7k3uPEzIqlWl+G5mV1bX1jexmbmt7Z3cvv3/QlEEkMGnggAWi7SBJGOWkoahipB0KgnyHkZYzukn91iMRkgb8QY1D0vXRgFOPYqS01M+f5e7hFbQpV3bJ7blP0C5B2xMIx1YSV5KiHSKhKGJ2OKSnvQrs5wtm2ZwCLhNrTgpgjno/P7HdAEc+4QozJGXHMkPVjdNXMSNJzo4kCREeoQHpaMqRT2Q3nh6WwBOtuNALhC6u4FT9PREjX8qx7+hOH6mhXPRS8T+vEynvshtTHkaKcDz7yIsYVAFMU4IuFQQrNtYEYUH1rhAPkY5F6SxzOgRr8eRl0qyUrWq5endeqF3P48iCI3AMisACF6AGbkEdNAAGz+AVvIMP48V4Mz6Nr1lrxpjPHII/MCY/YnueLQ==</latexit>

S =

Z
ddx

1

2
(@�)2

<latexit sha1_base64="fXLxhucEDp7jhfvvtq6Fu5qkSeo=">AAACJHicbVBJSwMxFM641rpVPXoJFkEQy0wRFUQoevFmBbtApx0ymdcaTGbGJCOWoT/Gi3/FiwcXPHjxt5guoLY+CHzLe7y8z485U9q2P62p6ZnZufnMQnZxaXllNbe2XlVRIilUaMQjWfeJAs5CqGimOdRjCUT4HGr+zVnfr92BVCwKr3Q3hqYgnZC1GSXaSF7uOFCtIj7BAXYV6whiyK4h954bg4wH7AcH7oWADvHS2z2n1yp6ubxdsAeFJ4EzAnk0qrKXe3ODiCYCQk05Uarh2LFupkRqRjn0sm6iICb0hnSgYWBIBKhmOjiyh7eNEuB2JM0LNR6ovydSIpTqCt90CqKv1bjXF//zGoluHzVTFsaJhpAOF7UTjnWE+4nhgEmgmncNIFQy81dMr4kkVJtcsyYEZ/zkSVAtFpyDwsHlfr50OoojgzbRFtpBDjpEJXSOyqiCKHpAT+gFvVqP1rP1bn0MW6es0cwG+lPW1zdPE6I2</latexit>

ds2 = d�2 + dx2
? + x2

?d⌦
2
q�1

<latexit sha1_base64="ThauFuUGulkX6Pa58XVgxknmiEc=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VQkJKIVDdC0Y3LCvYBTQyT6aQdOpnEmYm0hHyDG3/FjQtF3Lpy5984bbPQ1gMXDufcy733+DGjUlnWt1FYWFxaXimultbWNza3zO2dpowSgUkDRywSbR9JwignDUUVI+1YEBT6jLT8wdXYbz0QIWnEb9UoJm6IepwGFCOlJc88GnpOTEQML6Aj74VKh146FZxjSDOY23c088yyVbEmgPPEzkkZ5Kh75pfTjXASEq4wQ1J2bCtWboqEopiRrOQkksQID1CPdDTlKCTSTScvZfBAK10YREIXV3Ci/p5IUSjlKPR1Z4hUX856Y/E/r5Oo4NxNKY8TRTieLgoSBlUEx/nALhUEKzbSBGFB9a0Q95FAWOkUSzoEe/bledI8qdjVSvXmtFy7zOMogj2wDw6BDc5ADVyDOmgADB7BM3gFb8aT8WK8Gx/T1oKRz+yCPzA+fwAH5Z25</latexit>
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• We use cylindrical coordinates:

• Equation of motion:

• Ansatz:

• Solution in terms of Bessel functions:

regular modes singular modes

[Bashmakov, JS, 2024]
(see also [Lauria, Liendo, van Rees, Zhao, 2021])

<latexit sha1_base64="OUEMnqoD8l8saBqXy58nB0hP2cw=">AAAB7XicbZC7SgNBFIbPxltcb1FLm8UgWIVdi2gjBm0sI5gLJEuYncwmY+ayzMwKYck72FgoYmPho9jbiG/j5FJo4g8DH/9/DnPOiRJGtfH9bye3tLyyupZfdzc2t7Z3Crt7dS1ThUkNSyZVM0KaMCpIzVDDSDNRBPGIkUY0uBrnjXuiNJXi1gwTEnLUEzSmGBlr1dua9jjqFIp+yZ/IW4RgBsWLD/c8eftyq53CZ7srccqJMJghrVuBn5gwQ8pQzMjIbaeaJAgPUI+0LArEiQ6zybQj78g6XS+Wyj5hvIn7uyNDXOshj2wlR6av57Ox+V/WSk18FmZUJKkhAk8/ilPmGemNV/e6VBFs2NACworaWT3cRwphYw/k2iME8ysvQv2kFJRL5Ru/WLmEqfJwAIdwDAGcQgWuoQo1wHAHD/AEz450Hp0X53VamnNmPfvwR877D/94kms=</latexit>�

• Regular or singular in the                  limit<latexit sha1_base64="2J7XMZGENQO8XCnG3IChhKD9030=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURqS6LblxWsA9oQphMJ+nQyUyYmaglFDf+ihsXirj1K9z5N07bLLT1wIXDOfdy7z1hyqjSjvNtlZaWV1bXyuuVjc2t7R17d6+tRCYxaWHBhOyGSBFGOWlpqhnpppKgJGSkEw6vJn7njkhFBb/Vo5T4CYo5jShG2kiBffAQeCmRKfSY4LGk8UAjKcU9dAK76tScKeAicQtSBQWagf3l9QXOEsI1Zkipnuuk2s+R1BQzMq54mSIpwkMUk56hHCVE+fn0hTE8NkofRkKa4hpO1d8TOUqUGiWh6UyQHqh5byL+5/UyHV34OeVppgnHs0VRxqAWcJIH7FNJsGYjQxCW1NwK8QBJhLVJrWJCcOdfXiTt05pbr9VvzqqNyyKOMjgER+AEuOAcNMA1aIIWwOARPINX8GY9WS/Wu/Uxay1Zxcw++APr8wdKMJdf</latexit>

x? �! 0



<latexit sha1_base64="hAwaEIyeLclAf92ls98O2l2XxQ4="></latexit>
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• We can recast the solution in terms of defect operators, which are defect primaries

with conformal dimensions

where the operators 

resum the descendant

Unitarity constraint:
 are always allowed

<latexit sha1_base64="M7f3A2kAeUEYP0YmjHkwRhNFTvM=">AAAB7nicbVBNSwMxEJ31s9avqkcvoa0gCGW3h+qx6MVjBfsB7dJm02wbmk2WJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdb2djc2t7Zze3l98/ODw6LpyctrRMFKFNIrlUnQBrypmgTcMMp51YURwFnLaDyd3cbz9RpZkUj2YaUz/CI8FCRrCxUrs8GFwVy6hfKLkVdwG0TryMlCBDo1/46g0lSSIqDOFY667nxsZPsTKMcDrL9xJNY0wmeES7lgocUe2ni3Nn6MIqQxRKZUsYtFB/T6Q40noaBbYzwmasV725+J/XTUx446dMxImhgiwXhQlHRqL572jIFCWGTy3BRDF7KyJjrDAxNqG8DcFbfXmdtKoVr1apPVRL9dssjhycQxEuwYNrqMM9NKAJBCbwDK/w5sTOi/PufCxbN5xs5gz+wPn8AUtjjj4=</latexit>

“ + ”

  are allowed if:<latexit sha1_base64="dxC0hH54LRKRUJBTLCjbly2u+4A=">AAAB7nicbVA9TwJBEJ3zE/ELtbTZACY2kjsKtCTaWGIiHwlcYG/Zgw17u5fdPRNy4UfYWGiMrb/Hzn/jAlco+JJJXt6bycy8IOZMG9f9djY2t7Z3dnN7+f2Dw6PjwslpS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTuY3M399hNVmknxaKYx9SM8EixkBBsrtcuDwVWxjPqFkltxF0DrxMtICTI0+oWv3lCSJKLCEI617npubPwUK8MIp7N8L9E0xmSCR7RrqcAR1X66OHeGLqwyRKFUtoRBC/X3RIojradRYDsjbMZ61ZuL/3ndxIQ3fspEnBgqyHJRmHBkJJr/joZMUWL41BJMFLO3IjLGChNjE8rbELzVl9dJq1rxapXaQ7VUv83iyME5FOESPLiGOtxDA5pAYALP8ApvTuy8OO/Ox7J1w8lmzuAPnM8fTnGOQA==</latexit>

“� ”
<latexit sha1_base64="CW4rqJ340QUQNtFs7U6VEW74HSc=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKibYtGNy4r2Au1QMmmmDc0kQ5IRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzwoQzbTzv28ktLa+sruXX3Y3Nre2dwu5eXctUEVojkkvVDLGmnAlaM8xw2kwUxXHIaSMcXI3zxj1VmklxZ4YJDWLcEyxiBBtr3fKy1ykUvZI3EVoEfwbFiw+3nLx9udVO4bPdlSSNqTCEY61bvpeYIMPKMMLpyG2nmiaYDHCPtiwKHFMdZJNRR+jIOl0USWWfMGji/u7IcKz1MA5tZYxNX89nY/O/rJWa6DzImEhSQwWZfhSlHBmJxnujLlOUGD60gIlidlZE+lhhYux1XHsEf37lRaiflPzT0umNV6xcwlR5OIBDOAYfzqAC11CFGhDowQM8wbPDnUfnxXmdluacWc8+/JHz/gMnU5C5</latexit>

l = 0

<latexit sha1_base64="RJyeyV2cu6t/Ci7O/kpfwO1wEVk=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKibYtGNy4r2Au1QMmmmDc0kQ5IRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzwoQzbTzv28ktLa+sruXX3Y3Nre2dwu5eXctUEVojkkvVDLGmnAlaM8xw2kwUxXHIaSMcXI3zxj1VmklxZ4YJDWLcEyxiBBtr3fKy3ykUvZI3EVoEfwbFiw+3nLx9udVO4bPdlSSNqTCEY61bvpeYIMPKMMLpyG2nmiaYDHCPtiwKHFMdZJNRR+jIOl0USWWfMGji/u7IcKz1MA5tZYxNX89nY/O/rJWa6DzImEhSQwWZfhSlHBmJxnujLlOUGD60gIlidlZE+lhhYux1XHsEf37lRaiflPzT0umNV6xcwlR5OIBDOAYfzqAC11CFGhDowQM8wbPDnUfnxXmdluacWc8+/JHz/gMo15C6</latexit>

l = 1

<latexit sha1_base64="+98ObYrA4S9TbNChYfNrAKNCOb4=">AAAB6nicbVC7SgNBFL0bXzG+opaKDAbBKuwGiRYWQRvLBM0DkiXMTmaTIbOz68ysEJaUljYWitj6EfkOO7/Bn3DyKDTxwIXDOfdy7z1exJnStv1lpZaWV1bX0uuZjc2t7Z3s7l5NhbEktEpCHsqGhxXlTNCqZprTRiQpDjxO617/euzXH6hULBR3ehBRN8BdwXxGsDbS7f3lWTubs/P2BGiRODOSKx2OKt+PR6NyO/vZ6oQkDqjQhGOlmo4daTfBUjPC6TDTihWNMOnjLm0aKnBAlZtMTh2iE6N0kB9KU0Kjifp7IsGBUoPAM50B1j01743F/7xmrP0LN2EiijUVZLrIjznSIRr/jTpMUqL5wBBMJDO3ItLDEhNt0smYEJz5lxdJrZB3ivlixaRxBVOk4QCO4RQcOIcS3EAZqkCgC0/wAq8Wt56tN+t92pqyZjP78AfWxw/A5ZEr</latexit>

q < 4
<latexit sha1_base64="635cm/wam5HRLV4rfvON3gHLy5U=">AAAB6nicbVC7SgNBFL0bXzE+ErVUZDAIVmE3RbSwCNpYJmgekCxhdjKbDJmdXWdmhbCktLSxUMTWj8h32PkN/oSTR6GJBy4czrmXe+/xIs6Utu0vK7Wyura+kd7MbG3v7GZze/t1FcaS0BoJeSibHlaUM0FrmmlOm5GkOPA4bXiD64nfeKBSsVDc6WFE3QD3BPMZwdpIt/eXxU4ubxfsKdAyceYkXz4aV78fj8eVTu6z3Q1JHFChCcdKtRw70m6CpWaE01GmHSsaYTLAPdoyVOCAKjeZnjpCp0bpIj+UpoRGU/X3RIIDpYaBZzoDrPtq0ZuI/3mtWPsXbsJEFGsqyGyRH3OkQzT5G3WZpETzoSGYSGZuRaSPJSbapJMxITiLLy+TerHglAqlqknjCmZIwyGcwBk4cA5luIEK1IBAD57gBV4tbj1bb9b7rDVlzWcO4A+sjx+93ZEp</latexit>

q < 2
<latexit sha1_base64="7cJr96HIcR8HpIsOP0dNGve7FdA=">AAAB7nicbVDLSgNBEJyNrxhfUY+KDAbBU9jNIXoMevGYgHlAsoTZSW8yZHZ2mJkVwpKjH+DFgyJe/YR8hze/wZ9w8jhoYkFDUdVNd1cgOdPGdb+czNr6xuZWdju3s7u3f5A/PGroOFEU6jTmsWoFRANnAuqGGQ4tqYBEAYdmMLyd+s0HUJrF4t6MJPgR6QsWMkqMlZoSd/qAS918wS26M+BV4i1IoXI6qX0/nk2q3fxnpxfTJAJhKCdatz1XGj8lyjDKYZzrJBokoUPSh7algkSg/XR27hhfWKWHw1jZEgbP1N8TKYm0HkWB7YyIGehlbyr+57UTE177KRMyMSDofFGYcGxiPP0d95gCavjIEkIVs7diOiCKUGMTytkQvOWXV0mjVPTKxXLNpnGD5siiE3SOLpGHrlAF3aEqqiOKhugJvaBXRzrPzpvzPm/NOIuZY/QHzscPHJOSfA==</latexit>

p � 2if
<latexit sha1_base64="CW4rqJ340QUQNtFs7U6VEW74HSc=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKibYtGNy4r2Au1QMmmmDc0kQ5IRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzwoQzbTzv28ktLa+sruXX3Y3Nre2dwu5eXctUEVojkkvVDLGmnAlaM8xw2kwUxXHIaSMcXI3zxj1VmklxZ4YJDWLcEyxiBBtr3fKy1ykUvZI3EVoEfwbFiw+3nLx9udVO4bPdlSSNqTCEY61bvpeYIMPKMMLpyG2nmiaYDHCPtiwKHFMdZJNRR+jIOl0USWWfMGji/u7IcKz1MA5tZYxNX89nY/O/rJWa6DzImEhSQwWZfhSlHBmJxnujLlOUGD60gIlidlZE+lhhYux1XHsEf37lRaiflPzT0umNV6xcwlR5OIBDOAYfzqAC11CFGhDowQM8wbPDnUfnxXmdluacWc8+/JHz/gMnU5C5</latexit>

l = 0

<latexit sha1_base64="kFh10CiELgG3CCuF176hdArnL2c=">AAAB7HicbVC7SgNBFL0bXzG+opaKDAbBKuwqRAuLoI1lAm4SSJYwO5lNhszOrjOzQlhSWttYKGLrN+Q77PwGf8LJo9DEAxcO59zLvff4MWdK2/aXlVlaXlldy67nNja3tnfyu3s1FSWSUJdEPJINHyvKmaCuZprTRiwpDn1O637/ZuzXH6hULBJ3ehBTL8RdwQJGsDaSe4+u0Hk7X7CL9gRokTgzUigfjqrfj0ejSjv/2epEJAmp0IRjpZqOHWsvxVIzwukw10oUjTHp4y5tGipwSJWXTo4dohOjdFAQSVNCo4n6eyLFoVKD0DedIdY9Ne+Nxf+8ZqKDSy9lIk40FWS6KEg40hEaf446TFKi+cAQTCQztyLSwxITbfLJmRCc+ZcXSe2s6JSKpapJ4xqmyMIBHMMpOHABZbiFCrhAgMETvMCrJaxn6816n7ZmrNnMPvyB9fEDa+CRfg==</latexit>

q < 3 if
<latexit sha1_base64="nTcDWwwqPJB3VIkXmtCjUso1iIQ=">AAAB7HicbVA9SwNBEJ2LXzF+RS0VWQyCVbiziDZC0MYyAS8JJEfY2+wlS/b2jt09IRwprW0sFLH1N+R32Pkb/BNucik08cHA470ZZub5MWdK2/aXlVtZXVvfyG8WtrZ3dveK+wcNFSWSUJdEPJItHyvKmaCuZprTViwpDn1Om/7wduo3H6hULBL3ehRTL8R9wQJGsDaSG6Nr5HSLJbtsz4CWiTMnperxpP79eDKpdYufnV5EkpAKTThWqu3YsfZSLDUjnI4LnUTRGJMh7tO2oQKHVHnp7NgxOjNKDwWRNCU0mqm/J1IcKjUKfdMZYj1Qi95U/M9rJzq48lIm4kRTQbJFQcKRjtD0c9RjkhLNR4ZgIpm5FZEBlphok0/BhOAsvrxMGhdlp1Ku1E0aN5AhD0dwCufgwCVU4Q5q4AIBBk/wAq+WsJ6tN+s9a81Z85lD+APr4wdo1pF8</latexit>

p = 1

Free Scalar Fields with defects

[Lauria, Liendo, van Rees, Zhao, 2021]



<latexit sha1_base64="+jaln+J5rx6niNrxRf8PYVzEHaE="></latexit>
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<latexit sha1_base64="5j7b9rM8wweJoa0jESpUhKHubRo=">AAACC3icbVC7TsMwFHV4lvIqMLJYrZDaoVUSVaULUgULY5HoQ2pD5DhOa9VxIttBVFF3Fn6FhQGEWPkBNv4G9zFAy5Hu1dE598q+x4sZlco0v4219Y3Nre3MTnZ3b//gMHd03JZRIjBp4YhFoushSRjlpKWoYqQbC4JCj5GON7qa+p17IiSN+K0ax8QJ0YDTgGKktOTm8r5rwwtY7gcC4dSapPVJ0S/bJd2qpTsb9h+omyuYFXMGuEqsBSmABZpu7qvvRzgJCVeYISl7lhkrJ0VCUczIJNtPJIkRHqEB6WnKUUikk85umcAzrfgwiIQuruBM/b2RolDKcejpyRCpoVz2puJ/Xi9RQd1JKY8TRTiePxQkDKoIToOBPhUEKzbWBGFB9V8hHiKditLxZXUI1vLJq6RtV6xapXZTLTQuF3FkwCnIgyKwwDlogGvQBC2AwSN4Bq/gzXgyXox342M+umYsdk7AHxifP07ZmBE=</latexit>

d2 = �1

8
(d� 2)(d� 4)2⇠

• We consider only the   minus mode<latexit sha1_base64="CW4rqJ340QUQNtFs7U6VEW74HSc=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKibYtGNy4r2Au1QMmmmDc0kQ5IRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzwoQzbTzv28ktLa+sruXX3Y3Nre2dwu5eXctUEVojkkvVDLGmnAlaM8xw2kwUxXHIaSMcXI3zxj1VmklxZ4YJDWLcEyxiBBtr3fKy1ykUvZI3EVoEfwbFiw+3nLx9udVO4bPdlSSNqTCEY61bvpeYIMPKMMLpyG2nmiaYDHCPtiwKHFMdZJNRR+jIOl0USWWfMGji/u7IcKz1MA5tZYxNX89nY/O/rJWa6DzImEhSQwWZfhSlHBmJxnujLlOUGD60gIlidlZE+lhhYux1XHsEf37lRaiflPzT0umNV6xcwlR5OIBDOAYfzqAC11CFGhDowQM8wbPDnUfnxXmdluacWc8+/JHz/gMnU5C5</latexit>

l = 0

• The propagator:

where
<latexit sha1_base64="p5iHAnJEWV4J972pHrDf5plNpOU="></latexit>
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• For quadratic theories:   
<latexit sha1_base64="aLSZD/Am5M/wDc54Juz/BkNGlvk=">AAAB8XicbVDLSgNBEOyNrxhfUY+KDAbBg4TdHKIXIejFYwLmgckSZiezyZDZ2WVmVgxLjv6BFw+KePUH8h3e/AZ/wsnjoIkFDUVVN91dXsSZ0rb9ZaWWlldW19LrmY3Nre2d7O5eTYWxJLRKQh7KhocV5UzQqmaa00YkKQ48Tute/3rs1++pVCwUt3oQUTfAXcF8RrA20l3rgaFLZKMzp53N2Xl7ArRInBnJlQ5Hle/Ho1G5nf1sdUISB1RowrFSTceOtJtgqRnhdJhpxYpGmPRxlzYNFTigyk0mFw/RiVE6yA+lKaHRRP09keBAqUHgmc4A656a98bif14z1v6FmzARxZoKMl3kxxzpEI3fRx0mKdF8YAgmkplbEelhiYk2IWVMCM78y4ukVsg7xXyxYtK4ginScADHcAoOnEMJbqAMVSAg4Ale4NVS1rP1Zr1PW1PWbGYf/sD6+AEe5ZL3</latexit>

⇠ = 0, 1

• With interactions, unitarity gives:   

• Stress-tensor one-point function:
<latexit sha1_base64="BrvpH8688T6A36h5qLo+Dxs3hXE="></latexit>
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For
<latexit sha1_base64="O7jXNBsEwp3/59WKe39ebinXZdA=">AAAB6nicbVC7SgNBFL0bXzG+opaKDAbBKuymiDZC0MYyQfOAZAmzk9lkyOzsMjMrhCWlpY2FIrZ+RL7Dzm/wJ5xNUmjigQuHc+7l3nu8iDOlbfvLyqysrq1vZDdzW9s7u3v5/YOGCmNJaJ2EPJQtDyvKmaB1zTSnrUhSHHicNr3hTeo3H6hULBT3ehRRN8B9wXxGsDbSXXRV6uYLdtGeAi0TZ04KleNJ7fvxZFLt5j87vZDEARWacKxU27Ej7SZYakY4Hec6saIRJkPcp21DBQ6ocpPpqWN0ZpQe8kNpSmg0VX9PJDhQahR4pjPAeqAWvVT8z2vH2r90EyaiWFNBZov8mCMdovRv1GOSEs1HhmAimbkVkQGWmGiTTs6E4Cy+vEwapaJTLpZrJo1rmCELR3AK5+DABVTgFqpQBwJ9eIIXeLW49Wy9We+z1ow1nzmEP7A+fgC93JEp</latexit>

p = 2

Free Scalar Fields with defects

<latexit sha1_base64="vvKraI3Le7kvjr2zrifiDjm5M+k="></latexit>

⌘ ⌘ 2x?x0
?

x2
? + x02

? + |�a|2cross-ratio:

<latexit sha1_base64="q740tEKZLG9gB6a/QRXcYHs7LOc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBg5RESvVY9OKxgv2AJJbNdtMu3WzC7kYtof/DiwdFvPpfvPlv3LY5aOuDgcd7M8zMCxLOlLbtb6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJRtdTv/NApWKxuNPjhPoRHggWMoK1ke6R98SQxwRy7TPH75UrdtWeAS0TJycVyNHslb+8fkzSiApNOFbKdexE+xmWmhFOJyUvVTTBZIQH1DVU4IgqP5tdPUEnRumjMJamhEYz9fdEhiOlxlFgOiOsh2rRm4r/eW6qw0s/YyJJNRVkvihMOdIxmkaA+kxSovnYEEwkM7ciMsQSE22CKpkQnMWXl0n7vOrUq/XbWqVxlcdRhCM4hlNw4AIacANNaAEBCc/wCm/Wo/VivVsf89aClc8cwh9Ynz9gMZEm</latexit>

⇠ 2 [0, 1]



Scalar Free Fields with defects

<latexit sha1_base64="vFDNAHVGm1tvmDUWNFEEKX4yXvI="></latexit>

ˆ̃
O

�
l=0 ⌘ limx?!0x

q�2
? � ,

⇣
ˆ̃
O

+
l=1

⌘i

⌘ limx?!0@
i
�

<latexit sha1_base64="yiWkQZ0aTTui5XLzQGe+b9dXD3U="></latexit>

D̂
i ⌘ D̂

ˆ̃
O

�
l=0

⇣
ˆ̃
O

+
l=1

⌘i <latexit sha1_base64="UE1Kjmpnis9e5RSKuSLfY289T7M="></latexit>

D̂ = �4⇡q/2�1 sin (⇡q/2)� (2� q/2)

<latexit sha1_base64="X/hdWtcaEH7ofHfKY6dncm9i8EQ="></latexit>

CD̂ =
1

⇡p+1
(2� q)�

✓
d

2

◆
sin

⇣
⇡
q

2

⌘
�

✓
p� q

2
+ 1

◆
⇠

<latexit sha1_base64="nDlPqctDyBDAi1J3Y2HntwCaXCk=">AAACDHicbVC9TsMwGHT4LeWvwMhiUSG1A1VSqsKCVMHCWCT6IzWhchynteo4ke0gqigPwMKrsDCAECsPwMbb4LYZoOUkW6e7+2R/50aMSmWa38bS8srq2npuI7+5tb2zW9jbb8swFpi0cMhC0XWRJIxy0lJUMdKNBEGBy0jHHV1N/M49EZKG/FaNI+IEaMCpTzFSWuoXil7fghendkRtXyCclLyTallftfJdNU2semo/UJ0yK+YUcJFYGSmCDM1+4cv2QhwHhCvMkJQ9y4yUkyChKGYkzduxJBHCIzQgPU05Coh0kukyKTzWigf9UOjDFZyqvycSFEg5DlydDJAaynlvIv7n9WLlnzsJ5VGsCMezh/yYQRXCSTPQo4JgxcaaICyo/ivEQ6RLUbq/vC7Bml95kbSrFateqd/Uio3LrI4cOARHoAQscAYa4Bo0QQtg8AiewSt4M56MF+Pd+JhFl4xs5gD8gfH5A/uumRM=</latexit>

d1 = 3⇡
(d� 2)(d� 4)2

16
⇠

• The displacement operator:

• The free coefficient is fixed by a Ward identity

• The two-point function reads:
<latexit sha1_base64="ud2mgKZFsWhBUM9sofdvT1hNYQM="></latexit>

hD̂i(�)D̂j(0)i =
CD̂

|�|2p+2
�ij

• From this we can extract the anomaly coefficient:

<latexit sha1_base64="BfiDbd+kH7QvYzk+4iNh2pgPcXw="></latexit>

Tµ
µ|⌃2 ⇠ 1

24⇡
d1⇧̊

2 <latexit sha1_base64="O7jXNBsEwp3/59WKe39ebinXZdA=">AAAB6nicbVC7SgNBFL0bXzG+opaKDAbBKuymiDZC0MYyQfOAZAmzk9lkyOzsMjMrhCWlpY2FIrZ+RL7Dzm/wJ5xNUmjigQuHc+7l3nu8iDOlbfvLyqysrq1vZDdzW9s7u3v5/YOGCmNJaJ2EPJQtDyvKmaB1zTSnrUhSHHicNr3hTeo3H6hULBT3ehRRN8B9wXxGsDbSXXRV6uYLdtGeAi0TZ04KleNJ7fvxZFLt5j87vZDEARWacKxU27Ej7SZYakY4Hec6saIRJkPcp21DBQ6ocpPpqWN0ZpQe8kNpSmg0VX9PJDhQahR4pjPAeqAWvVT8z2vH2r90EyaiWFNBZov8mCMdovRv1GOSEs1HhmAimbkVkQGWmGiTTs6E4Cy+vEwapaJTLpZrJo1rmCELR3AK5+DABVTgFqpQBwJ9eIIXeLW49Wy9We+z1ow1nzmEP7A+fgC93JEp</latexit>

p = 2

<latexit sha1_base64="3aFrpUSpDg/d3mEV9AGIGKQDqcA="></latexit>

@µ T
µ⌫ = D̂⌫ �q (⌃)



Scalar Free Fields with defects

<latexit sha1_base64="+Le8x+tbM3nAIgVjgMFR+e1nLcs=">AAACFXicbVBNSwMxFMzW7/pV9eglWAQPWnZF1Isg6kFvKtYK3VKy6Wsbms0uyVuxLP0TXvwrXjwo4lXw5r8xbfegrQMJw8w8kjdBLIVB1/12chOTU9Mzs3P5+YXFpeXCyuqtiRLNocwjGem7gBmQQkEZBUq4izWwMJBQCTqnfb9yD9qISN1gN4ZayFpKNAVnaKV6YdtvM6T+GUhk9dRHeEB7C9WlF9e9Hj2i8U4/kQUKRbfkDkDHiZeRIslwWS98+Y2IJyEo5JIZU/XcGGsp0yi4hF7eTwzEjHdYC6qWKhaCqaWDrXp00yoN2oy0PQrpQP09kbLQmG4Y2GTIsG1Gvb74n1dNsHlYS4WKEwTFhw81E0kxov2KaENo4Ci7ljCuhf0r5W2mGUdbZN6W4I2uPE5ud0vefmn/aq94fJLVMUvWyQbZIh45IMfknFySMuHkkTyTV/LmPDkvzrvzMYzmnGxmjfyB8/kD8kOesQ==</latexit>

�̂IR = p� �̂

<latexit sha1_base64="DDC6qLbmClhPeORNe/Y2D9rd5J0="></latexit>8
><

>:

⇣
Ô

+
l=0

⌘2
relevant if q < 2

⇣
Ô

�
l=0

⌘2
relevant if 2 < q  4

<latexit sha1_base64="FfyugFCoOHcjL0vPT5+30I27NCg=">AAAB7nicbVDLSgNBEOzxGeMr6lGRwSB4Crseohch6MVjAuYByRJmJ7PJkNnZZWZWDEuOfoAXD4p49RPyHd78Bn/CyeOgiQUNRVU33V1+LLg2jvOFlpZXVtfWMxvZza3tnd3c3n5NR4mirEojEamGTzQTXLKq4UawRqwYCX3B6n7/ZuzX75nSPJJ3ZhAzLyRdyQNOibFSvfXA8RV22rm8U3AmwIvEnZF86WhU+X48HpXbuc9WJ6JJyKShgmjddJ3YeClRhlPBhtlWollMaJ90WdNSSUKmvXRy7hCfWqWDg0jZkgZP1N8TKQm1HoS+7QyJ6el5byz+5zUTE1x6KZdxYpik00VBIrCJ8Ph33OGKUSMGlhCquL0V0x5RhBqbUNaG4M6/vEhq5wW3WChWbBrXMEUGDuEEzsCFCyjBLZShChT68AQv8Ipi9Ize0Pu0dQnNZg7gD9DHD+xTklw=</latexit>

⇠ = 0
<latexit sha1_base64="oEok5XZV15JZNVtOAp1JLCoK4P4=">AAAB7nicbVDLSgNBEOzxGeMr6lGRwSB4Crseohch6MVjAuYByRJmJ7PJkNnZZWZWDEuOfoAXD4p49RPyHd78Bn/CyeOgiQUNRVU33V1+LLg2jvOFlpZXVtfWMxvZza3tnd3c3n5NR4mirEojEamGTzQTXLKq4UawRqwYCX3B6n7/ZuzX75nSPJJ3ZhAzLyRdyQNOibFSvfXA8RV227m8U3AmwIvEnZF86WhU+X48HpXbuc9WJ6JJyKShgmjddJ3YeClRhlPBhtlWollMaJ90WdNSSUKmvXRy7hCfWqWDg0jZkgZP1N8TKQm1HoS+7QyJ6el5byz+5zUTE1x6KZdxYpik00VBIrCJ8Ph33OGKUSMGlhCquL0V0x5RhBqbUNaG4M6/vEhq5wW3WChWbBrXMEUGDuEEzsCFCyjBLZShChT68AQv8Ipi9Ize0Pu0dQnNZg7gD9DHD+3Xkl0=</latexit>

⇠ = 1
<latexit sha1_base64="FfyugFCoOHcjL0vPT5+30I27NCg=">AAAB7nicbVDLSgNBEOzxGeMr6lGRwSB4Crseohch6MVjAuYByRJmJ7PJkNnZZWZWDEuOfoAXD4p49RPyHd78Bn/CyeOgiQUNRVU33V1+LLg2jvOFlpZXVtfWMxvZza3tnd3c3n5NR4mirEojEamGTzQTXLKq4UawRqwYCX3B6n7/ZuzX75nSPJJ3ZhAzLyRdyQNOibFSvfXA8RV22rm8U3AmwIvEnZF86WhU+X48HpXbuc9WJ6JJyKShgmjddJ3YeClRhlPBhtlWollMaJ90WdNSSUKmvXRy7hCfWqWDg0jZkgZP1N8TKQm1HoS+7QyJ6el5byz+5zUTE1x6KZdxYpik00VBIrCJ8Ph33OGKUSMGlhCquL0V0x5RhBqbUNaG4M6/vEhq5wW3WChWbBrXMEUGDuEEzsCFCyjBLZShChT68AQv8Ipi9Ize0Pu0dQnNZg7gD9DHD+xTklw=</latexit>

⇠ = 0
<latexit sha1_base64="oEok5XZV15JZNVtOAp1JLCoK4P4=">AAAB7nicbVDLSgNBEOzxGeMr6lGRwSB4Crseohch6MVjAuYByRJmJ7PJkNnZZWZWDEuOfoAXD4p49RPyHd78Bn/CyeOgiQUNRVU33V1+LLg2jvOFlpZXVtfWMxvZza3tnd3c3n5NR4mirEojEamGTzQTXLKq4UawRqwYCX3B6n7/ZuzX75nSPJJ3ZhAzLyRdyQNOibFSvfXA8RV227m8U3AmwIvEnZF86WhU+X48HpXbuc9WJ6JJyKShgmjddJ3YeClRhlPBhtlWollMaJ90WdNSSUKmvXRy7hCfWqWDg0jZkgZP1N8TKQm1HoS+7QyJ6el5byz+5zUTE1x6KZdxYpik00VBIrCJ8Ph33OGKUSMGlhCquL0V0x5RhBqbUNaG4M6/vEhq5wW3WChWbBrXMEUGDuEEzsCFCyjBLZShChT68AQv8Ipi9Ize0Pu0dQnNZg7gD9DHD+3Xkl0=</latexit>

⇠ = 1

• Long-distance limit of the defect two-point function:

• Defect sphere free energy and Euler Anomalies:
<latexit sha1_base64="O7jXNBsEwp3/59WKe39ebinXZdA=">AAAB6nicbVC7SgNBFL0bXzG+opaKDAbBKuymiDZC0MYyQfOAZAmzk9lkyOzsMjMrhCWlpY2FIrZ+RL7Dzm/wJ5xNUmjigQuHc+7l3nu8iDOlbfvLyqysrq1vZDdzW9s7u3v5/YOGCmNJaJ2EPJQtDyvKmaB1zTSnrUhSHHicNr3hTeo3H6hULBT3ehRRN8B9wXxGsDbSXXRV6uYLdtGeAi0TZ04KleNJ7fvxZFLt5j87vZDEARWacKxU27Ej7SZYakY4Hec6saIRJkPcp21DBQ6ocpPpqWN0ZpQe8kNpSmg0VX9PJDhQahR4pjPAeqAWvVT8z2vH2r90EyaiWFNBZov8mCMdovRv1GOSEs1HhmAimbkVkQGWmGiTTs6E4Cy+vEwapaJTLpZrJo1rmCELR3AK5+DABVTgFqpQBwJ9eIIXeLW49Wy9We+z1ow1nzmEP7A+fgC93JEp</latexit>

p = 2
<latexit sha1_base64="7QzphzfAU5mf4oVKBlD9T2qiOMM=">AAAB6nicbVDLSgNBEOyNrxhfqx4VGQyCp7ArEr0IQS8eEzQPSJYwO5lNhszOLjOzQlhy9OjFgyJe/Yh8hze/wZ9w8jhoYkFDUdVNd5cfc6a043xZmaXlldW17HpuY3Nre8fe3aupKJGEVknEI9nwsaKcCVrVTHPaiCXFoc9p3e/fjP36A5WKReJeD2LqhbgrWMAI1ka6i6/O23beKTgToEXizki+dDiqfD8ejcpt+7PViUgSUqEJx0o1XSfWXoqlZoTTYa6VKBpj0sdd2jRU4JAqL52cOkQnRumgIJKmhEYT9fdEikOlBqFvOkOse2reG4v/ec1EB5deykScaCrIdFGQcKQjNP4bdZikRPOBIZhIZm5FpIclJtqkkzMhuPMvL5LaWcEtFooVk8Y1TJGFAziGU3DhAkpwC2WoAoEuPMELvFrcerberPdpa8aazezDH1gfP8DkkSs=</latexit>

p = 4

<latexit sha1_base64="xYAVM+vDFKsEww0tT2zOnPgTuZg="></latexit>

D
Ô�̂(�1)Ô�̂(�2)

E
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=
�(�̂)(p� 2�̂) sin
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⇣
p
2 � �̂

⌘⌘
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2⇡p+1

1

h2
c

1

|�|2(p��̂)
+O

✓
1

h3
c

◆

<latexit sha1_base64="Mgzw6GEou3TfY018HkrHgpkok2Q="></latexit>

�b = (�̂� 1)3 =

(
� (4�d)3

8 if 2 < d < 4
(4�d)3

8 if 4 < d  6

<latexit sha1_base64="Sl7OHRiIv6TKXi2llQdB9FQFY74="></latexit>

�a⌃ =

(
� (d�6)3(3(d�12)d+88)

23040 if 4 < d < 6
(d�6)3(3(d�12)d+88)

23040 if 6 < d  8

<latexit sha1_base64="j5AJ3fdNxQkPsmzSdFcVoDMIHns="></latexit>

�Spert = hc

Z
d
p
�

⇣
Ô�̂

⌘2



Scalar Free Fields with defects interactions

<latexit sha1_base64="Ky8nEl/Xw3qgmOgFVZuGKc9SMc0="></latexit>

S = SDCFT +

Z
dp�

X

k

g0,k Ôk

<latexit sha1_base64="6/xDcIBFFe7NalH04Pz8neNhBKs="></latexit>

�gi = �✏ �igi +
⇡p/2

�
�p
2

� 1

Ni

X

k,l

Cikl gkgl

<latexit sha1_base64="Kth5ERRiXGE69rPrwzzmHWSAohs="></latexit>

�SD =

Z
dpx g0,1 �̂ Ô1 +

Z
dpx g0,2 Ô2

<latexit sha1_base64="mQVM+aFbHoI8BjoXmBS4WCxU+FY=">AAACD3icbZDLSsNAFIYn9VbjLerSzWCxiEhJilQ3QtGNywr2Ak0Ik8m0HTq5dGYilNA3cOOruHGhiFu37nwbJ20Ebf1h4Oc753Dm/F7MqJCm+aUVlpZXVteK6/rG5tb2jrG71xJRwjFp4ohFvOMhQRgNSVNSyUgn5gQFHiNtb3id1dv3hAsahXdyHBMnQP2Q9ihGUiHXKOvlMuy7qQVPJvASmtA+hfZolCA/o9Uf6hols2JOBReNlZsSyNVwjU/bj3ASkFBihoToWmYsnRRxSTEjE91OBIkRHqI+6SobooAIJ53eM4FHiviwF3H1Qgmn9PdEigIhxoGnOgMkB2K+lsH/at1E9i6clIZxIkmIZ4t6CYMyglk40KecYMnGyiDMqforxAPEEZYqQl2FYM2fvGha1YpVq9Ruz0r1qzyOIjgAh+AYWOAc1MENaIAmwOABPIEX8Ko9as/am/Y+ay1o+cw++CPt4xuFJpf1</latexit>

g1⇤ = 0 g2⇤ = 0

<latexit sha1_base64="ZDiVWH1Zc4PeP5KudzgK5qln5I8="></latexit>

g1⇤ = 0 , g2⇤ =
C

Ô2
�
�p
2

�

⇡p/2C
Ô2Ô2Ô2

�2 ✏

<latexit sha1_base64="Zyh0zifExzQG+wJqIyEc8uBNhn4="></latexit>

g1⇤ = ±

q
�1CÔ1

�
�p
2

�q
2C

Ô1Ô1Ô2
�2C2 � C

Ô2Ô2Ô2
�1CÔ1

2⇡p/2C1/2
�/@�C

3/2

Ô1Ô1Ô2

✏, g2⇤ =
C

Ô1
�
�p
2

�
�1 ✏

2⇡p/2C
Ô1Ô1Ô2

<latexit sha1_base64="Sq+u7DKHy/HnZF+YM6lFvxSGJSY="></latexit>

2C
Ô1Ô1Ô2

�2CÔ2

C
Ô2Ô2Ô2

�1CÔ1

> 1

• We can consider a generic deformation localised on the defect:

marginal operator slightly relevant operator

• We can apply conformal perturbation theory:

operator normalisation

Example: Coupling to a lower dimensional CFT

Trivial fixed point

Decoupled fixed point

Coupled fixed point

• Solution to the beta functions:

<latexit sha1_base64="AmXPZ+86Yby1eQHcyLUlCEWhRbE=">AAACOHicbVDLSgNBEJz1bXxFPXoZDIKnsCuiHkUvnnyAUSEbQu+kk4zOzi4zvUJY9rO8+BnexIsHRbz6BU7WHHwVDBRV3fRURamSlnz/0Rsbn5icmp6ZrczNLywuVZdXLmySGYENkajEXEVgUUmNDZKk8Co1CHGk8DK6ORz6l7dorEz0OQ1SbMXQ07IrBZCT2tWTUIHuKeRhHygPY6C+AJWfFEU7l8U/4nXBQ1OuhFbG/Lgc66AicOy6aFdrft0vwf+SYERqbITTdvUh7CQii1GTUGBtM/BTauVgSAqFRSXMLKYgbqCHTUc1xGhbeRm84BtO6fBuYtzTxEv1+0YOsbWDOHKTwxD2tzcU//OaGXX3WrnUaUaoxdehbqY4JXzYIu9Ig4LUwBEQRrq/ctEHA4Jc1xVXQvA78l9ysVUPduo7Z9u1/YNRHTNsja2zTRawXbbPjtgpazDB7tgTe2Gv3r337L1571+jY95oZ5X9gPfxCTjgr7A=</latexit>

hÔiÔji ⇠ Ni�ij
<latexit sha1_base64="QCTWQen+OKVHOz8iwnHgd8jXzFo=">AAACRXicbVA7T8MwGHTKq5RXgZHFokJiqhKECmNFFzaKRB9SE0VfXLd16ziR7SBVUf4cCzsb/4CFAYRYwX0M0PYkS6e7++zPF8ScKW3br1ZubX1jcyu/XdjZ3ds/KB4eNVWUSEIbJOKRbAegKGeCNjTTnLZjSSEMOG0Fo9rEbz1SqVgkHvQ4pl4IfcF6jIA2kl90XQ6izyl2B6BTNwQ9IMDTuyzzU5atEIfZqujIqHJ6katYiGtmeDjK/GLJLttT4GXizEkJzVH3iy9uNyJJSIUmHJTqOHasvRSkZoTTrOAmisZARtCnHUMFhFR56bSFDJ8ZpYt7kTRHaDxV/06kECo1DgOTnOyuFr2JuMrrJLp37aVMxImmgswe6iUc6whPKsVdJinRfGwIEMnMrpgMQALRpviCKcFZ/PIyaV6UnUq5cn9Zqt7M68ijE3SKzpGDrlAV3aI6aiCCntAb+kCf1rP1bn1Z37NozprPHKN/sH5+AbpjtVw=</latexit>

hÔiÔjÔki ⇠ Cijk

3-point function

<latexit sha1_base64="0RqOrc65BhLzGLnCgHtAlMzV6qc=">AAAB/3icbVC7SgNBFJ31GeMrKtgoMhgEG8OuRbQRglpYJmAekCzL7GSSDJmdXWbuCmFNYeGP2FgoYhl/w85v8CecPApNPHDhcM693HuPHwmuwba/rLn5hcWl5dRKenVtfWMzs7Vd0WGsKCvTUISq5hPNBJesDBwEq0WKkcAXrOp3r4Z+9Y4pzUN5C72IuQFpS97ilICRvMxudNLoEEga10wA6XtJt48vsO1lsnbOHgHPEmdCsoX9Qen78WBQ9DKfjWZI44BJoIJoXXfsCNyEKOBUsH66EWsWEdolbVY3VJKAaTcZ3d/HR0Zp4laoTEnAI/X3REICrXuBbzoDAh097Q3F/7x6DK1zN+EyioFJOl7UigWGEA/DwE2uGAXRM4RQxc2tmHaIIhRMZGkTgjP98iypnOacfC5fMmlcojFSaA8domPkoDNUQDeoiMqIonv0hF7Qq/VgPVtv1vu4dc6azOygP7A+fgDusJkc</latexit>

p� �̂k = 0
<latexit sha1_base64="aYxDJ14N4+qhXV9m2gjK12v9/ss=">AAACEnicbVBNS8NAEN34WetX1aOXxSIoaElEqhdB1INHBVsLTQib7dQu3WzC7kQoob/Bi3/FiwdFvHry5r9xU3vw68HA470ZZuZFqRQGXffDmZicmp6ZLc2V5xcWl5YrK6tNk2SaQ4MnMtGtiBmQQkEDBUpopRpYHEm4jvqnhX99C9qIRF3hIIUgZjdKdAVnaKWwsu13QCIL8/6Q+jvUh9QImaijdNfvMcz9s8IdFnZYqbo1dwT6l3hjUiVjXISVd7+T8CwGhVwyY9qem2KQM42CSxiW/cxAynif3UDbUsViMEE+emlIN63Sod1E21JIR+r3iZzFxgziyHbGDHvmt1eI/3ntDLuHQS5UmiEo/rWom0mKCS3yoR2hgaMcWMK4FvZWyntMM442xbINwfv98l/S3Kt59Vr9cr96fDKOo0TWyQbZIh45IMfknFyQBuHkjjyQJ/Ls3DuPzovz+tU64Yxn1sgPOG+fgQGeCQ==</latexit>

�k ✏ = p� �̂k



Scalar Free Fields with defects interactions

<latexit sha1_base64="uONwRkomSnJW2TihENXEXk8Srqk="></latexit>

⌦
�2(x?)

↵
D
=

g21
2

Z
dp�1d

p�2

D
�2(x?)Ô1(�1)�̂(�1)Ô1(�2)�̂(�2)

E

0,c
+ Ô(g21g2)

<latexit sha1_base64="55+kyOYvgKrrLm8X9vRqKX5vnxw="></latexit>

⌦
�2(x?)

↵
D
= g21⇤CÔ1

�(d�p�2
2 )�(p2 )�(

d�2
2 )

16⇡d�p�(p)

1

|x?|
d�2

+ Ô(✏2)

• Perturbative one-point function:

• We obtain at the first non-trivial order:
<latexit sha1_base64="HzoqTzIXxpstSkDIpMWrWgf2w9U="></latexit>

⇠ = g21⇤CÔ1

⇡
d
2�q+1

2(2� q)�
�
d

2 � q + 1
�
sin

�
⇡q

2

�

• Anomalous dimensions of the operator        ?    No, it is protected by
<latexit sha1_base64="ZuwhNQ/i3xCMJGj25CAIUPzwF0M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi1WXRjTsr2Ac0IUymk3bo5MHMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45fsKZVJb1bSwtr6yurVc2qptb2zu75t5+R8apILRNYh6Lno8l5SyibcUUp71EUBz6nHb98XXhdx+okCyO7tUkoW6IhxELGMFKS5556IywypwQqxHBPLvNc89Gnlmz6tYUaJHYJalBiZZnfjmDmKQhjRThWMq+bSXKzbBQjHCaV51U0gSTMR7SvqYRDql0s2n6HJ1oZYCCWOgXKTRVf29kOJRyEvp6sogp571C/M/rpyq4dDMWJamiEZkdClKOVIyKKtCACUoUn2iCiWA6KyIjLDBRurCqLsGe//Ii6ZzV7Ua9cXdea16VdVTgCI7hFGy4gCbcQAvaQOARnuEV3own48V4Nz5mo0tGuXMAf2B8/gB0x5U8</latexit>

Ô1

<latexit sha1_base64="L0SMfenk3novKQ2I97cDd+RlZck="></latexit>

⇤� = g1⇤Ô1 �d�p(y)

• Anomalous dimensions of the operator        :      
<latexit sha1_base64="VYzTVNz7X5g6P/mP3J83EeyBuCQ=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqS6LbtxZwT6gCeFmOm2HTh7MTIQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48ecSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9HyQlLOQthVTnPZiQSHwOe36k+vc7z5QIVkU3qtpTN0ARiEbMgJKS5555IxBpU4AakyAp7dZ5tWxZ1atmjUDXiZ2QaqoQMszv5xBRJKAhopwkLJvW7FyUxCKEU6zipNIGgOZwIj2NQ0hoNJNZ+kzfKqVAR5GQr9Q4Zn6eyOFQMpp4OvJPKZc9HLxP6+fqOGlm7IwThQNyfzQMOFYRTivAg+YoETxqSZABNNZMRmDAKJ0YRVdgr345WXSqdfsRq1xd15tXhV1lNExOkFnyEYXqIluUAu1EUGP6Bm9ojfjyXgx3o2P+WjJKHYO0R8Ynz92TJU9</latexit>

Ô2
<latexit sha1_base64="5oeYS3uW1SSjdsUqqUx7YkxWlz4="></latexit>D
Ô2(�)

ren
Ô2(0)

ren
E

D

=
C

Ô2

|�|2�
(0)
2

(1 + 2�2 log |�|)�
4⇡p/2g2⇤CÔ2Ô2Ô2

�
�p
2

�
|�|2�̂

(0)
2

log(µ|�|)

<latexit sha1_base64="1nuTMd0iwp+GjF86AcFhkPbBJ8A="></latexit>

�ren
2 = �̂2 + �̂2g2⇤ = �̂2 +

C
Ô1

C
Ô2Ô2Ô2

C
Ô2

C
Ô1Ô1Ô2

�1 ✏



Scalar Free Fields with defects interactions
<latexit sha1_base64="l4mbJ42h48ffeGTYasyJjaLxOCg="></latexit>

S = SDCFT +

Z
dp �

X

k

gk Ôk

<latexit sha1_base64="RAIFpPSuKVUSxjwmOhRfvCRiHDw="></latexit>

�F = � log

����
Z(gi,0)

Z(0)

���� =
1X

n=1

X

i1,...,in

(�1)ngi1 ...gin
n!

Z
dp�1

p

G...

Z
dp�N

p

G
D
Ôi1(�1)...Ôin(�n)

E

• Deformation:

• Anomaly when the defect dimension is p even

• Perturbative correction to the defect sphere free energy:

<latexit sha1_base64="vI02lnaYpR5UNPO4RvYmjy3lu3M="></latexit>

�F |anom = (�1)
p
2+1 2⇡p

3� (p+ 1)

X

i

Ni �i ✏
�
gi⇤
�2

<latexit sha1_base64="97Tdv98Ac4AQblUV8atNJXfKEKQ="></latexit>

�F |anom = (�1)
p
2+1 �

�p
2

�

12�(p+ 1)
✏3Free scalar:

<latexit sha1_base64="pGhg/SX4YBBQcF8aSkx7JNnzWyE="></latexit>

�F = �
⇡p+1

sin
�⇡p

2

� 1

3� (p+ 1)

X

i

Ni �i ✏
�
gi⇤
�2

+O(✏4)

<latexit sha1_base64="BauTcILCa9VlO3oWvQFoMw624Aw="></latexit>

�b = �⇡2
X

i

Ni �i ✏
�
gi⇤
�2  0 , p = 2

<latexit sha1_base64="wQf3Iq/vHdVkRmuMTZ/yCQPM1jc="></latexit>

�a = �⇡4

9

X

i

Ni �i ✏
�
gi⇤
�2  0 , p = 4



<latexit sha1_base64="bHip2UdVgpmx5tjfBtjZBUPlWFg="></latexit>

h = h̄ =
((p+ 1)m� pn)2 � 1

4p(p+ 1)

<latexit sha1_base64="mhbjHYgfgkoslBpfSxb+ZFmEOv8=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYhA8xGVXJHoRgl48RjAP2CxhdjKbDJnHMtMrhJDP8OJBEa9+jTf/xkmyB00saCiquunuilPODPj+t7Oyura+sVnYKm7v7O7tlw4Om0ZlmtAGUVzpdowN5UzSBjDgtJ1qikXMaSse3k391hPVhin5CKOURgL3JUsYwWClUNz4Fc/zKul50C2Vfc+fwV0mQU7KKEe9W/rq9BTJBJVAODYmDPwUojHWwAink2InMzTFZIj7NLRUYkFNNJ6dPHFPrdJzE6VtSXBn6u+JMRbGjERsOwWGgVn0puJ/XphBch2NmUwzoJLMFyUZd0G50//dHtOUAB9Zgolm9laXDLDGBGxKRRtCsPjyMmleeEHVqz5clmu3eRwFdIxO0BkK0BWqoXtURw1EkELP6BW9OeC8OO/Ox7x1xclnjtAfOJ8/i/6PfQ==</latexit>

m = 0, ..., p� 1
<latexit sha1_base64="qVA82euCcpuOc+WoCaNNRnUDDhs=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4KMuuSPUiFL14rGA/pF1KNs22oUl2SbJCWforvHhQxKs/x5v/xrTdg7Y+GHi8N8PMvDDhTBvP+3ZWVtfWNzYLW8Xtnd29/dLBYVPHqSK0QWIeq3aINeVM0oZhhtN2oigWIaetcHQ79VtPVGkWywczTmgg8ECyiBFsrPQor72K67qVpFcqe643A1omfk7KkKPeK311+zFJBZWGcKx1x/cSE2RYGUY4nRS7qaYJJiM8oB1LJRZUB9ns4Ak6tUofRbGyJQ2aqb8nMiy0HovQdgpshnrRm4r/eZ3URFdBxmSSGirJfFGUcmRiNP0e9ZmixPCxJZgoZm9FZIgVJsZmVLQh+IsvL5PmuetX3er9Rbl2k8dRgGM4gTPw4RJqcAd1aAABAc/wCm+Ocl6cd+dj3rri5DNH8AfO5w+wlI8M</latexit>

n = 0, ..., p

<latexit sha1_base64="eqJJNYiAt/dD/pWEoe9btr3zCEk=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIVI9FLx4r2A9oQtlsN+3SzSbsTtQQ+le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBFcg+N8W6W19Y3NrfJ2ZWd3b//APqx2dJwqyto0FrHqBUQzwSVrAwfBeoliJAoE6waTm5nffWBK81jeQ5YwPyIjyUNOCRhpYFcTT/HRGIhS8aPHZQjZwK45dWcOvErcgtRQgdbA/vKGMU0jJoEKonXfdRLwc6KAU8GmFS/VLCF0Qkasb6gkEdN+Pr99ik+NMsRhrExJwHP190ROIq2zKDCdEYGxXvZm4n9eP4Xwys+5TFJgki4WhanAEONZEHjIFaMgMkMIVdzciumYKELBxFUxIbjLL6+SznndbdQbdxe15nURRxkdoxN0hlx0iZroFrVQG1H0hJ7RK3qzptaL9W59LFpLVjFzhP7A+vwB58uVBQ==</latexit>

p ! 1
<latexit sha1_base64="8DiqlV3XcjzMZ/TqEoVsxMEqahA="></latexit>

� = h+ h̄ =
(m� n)2

2
+O(1/p)

<latexit sha1_base64="P7q+xWwIrcnypsP7R7gCt5p2vvA=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMqulOpFKHrxWMFtC+1Ssmm2DU2yS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4pQn8Q8Vp0Qa8qZpL5hhtNOoigWIaftcHw389tPVGkWy0czSWgg8FCyiBFsrOTLG3Hh9csVt+rOgVaJl5MK5Gj2y1+9QUxSQaUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSiQXVQTY/dorOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xjc10XWQMZmkhkqyWBSlHJkYzT5HA6YoMXxiCSaK2VsRGWGFibH5lGwI3vLLq6R1WfXq1fpDrdK4zeMowgmcwjl4cAUNuIcm+ECAwTO8wpsjnRfn3flYtBacfOYY/sD5/AH+6Y4r</latexit>

n = m+ 1

<latexit sha1_base64="3EHxb558jqlo3lcSXU4h5AzUAWE="></latexit>

�Sd=3 =

Z
d2x g1�̂(1,2)@y�̂ + g2�̂(1,3)

Scalar Free Field coupled to minimal models
Example with d=3 and p=2:

Minimal models  <latexit sha1_base64="u/gv69ZIOnMfC5A1IR7X/YyYits=">AAAB/HicbVDLSgMxFM3UV62v0S7dBItQUcqMSHVZdONGqGAf0A4lk2ba0EwmJBlhGOqvuHGhiFs/xJ1/Y6adhbYeCBzOuZd7cnzBqNKO820VVlbX1jeKm6Wt7Z3dPXv/oK2iWGLSwhGLZNdHijDKSUtTzUhXSIJCn5GOP7nJ/M4jkYpG/EEngnghGnEaUIy0kQZ2uR8iPcaIpXfTqjiD4tQ9GdgVp+bMAJeJm5MKyNEc2F/9YYTjkHCNGVKq5zpCeymSmmJGpqV+rIhAeIJGpGcoRyFRXjoLP4XHRhnCIJLmcQ1n6u+NFIVKJaFvJrOoatHLxP+8XqyDKy+lXMSacDw/FMQM6ghmTcAhlQRrlhiCsKQmK8RjJBHWpq+SKcFd/PIyaZ/X3Hqtfn9RaVzndRTBITgCVeCCS9AAt6AJWgCDBDyDV/BmPVkv1rv1MR8tWPlOGfyB9fkDHjeTyA==</latexit>

M(p, p+ 1)

• Scaling dimension

• We take the limit
<latexit sha1_base64="BnUi08ntrWszerepzp3zhcw0nCI=">AAACDHicbVC7SgNBFJ2NrxhfUQsRm8EgRIS4myKmEYJa2BnBPCAbwuxkNhkyO7vMzAph2Q+w8VdsLBSxtRY7bWz9DGeTFBo9MHA451zm3uMEjEplmu9GamZ2bn4hvZhZWl5ZXcuub9SlHwpMathnvmg6SBJGOakpqhhpBoIgz2Gk4QxOE79xTYSkPr9Sw4C0PdTj1KUYKS11sjn7jDCFjm1XIBxZcVSMD2wPqT5GLLqI89ZhsK9TZsEcAf4l1oTkKuXP162Pr+1qJ/tmd30ceoQrzJCULcsMVDtCQlHMSJyxQ0kChAeoR1qacuQR2Y5Gx8RwTytd6PpCP67gSP05ESFPyqHn6GSyp5z2EvE/rxUqt9yOKA9CRTgef+SGDCofJs3ALhUEKzbUBGFB9a4Q95GuRen+MroEa/rkv6ReLFilQulSt3ECxkiDHbAL8sACR6ACzkEV1AAGN+AOPIBH49a4N56M53E0ZUxmNsEvGC/fDpiewA==</latexit>

� =
1

2
+O(1/p)

• We choose: <latexit sha1_base64="IlWSqQeU2cqrWFjFPswHruwY+kQ=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKibYtGNy4r2Au1QMmmmDU0yQ5IRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzwoQzbTzv28ktLa+sruXX3Y3Nre2dwu5eXcepIrRGYh6rZog15UzSmmGG02aiKBYhp41wcDXOG/dUaRbLOzNMaCBwT7KIEWysdSvKfqdQ9EreRGgR/BkULz7ccvL25VY7hc92NyapoNIQjrVu+V5iggwrwwinI7edappgMsA92rIosaA6yCajjtCRdbooipV90qCJ+7sjw0LroQhtpcCmr+ezsflf1kpNdB5kTCapoZJMP4pSjkyMxnujLlOUGD60gIlidlZE+lhhYux1XHsEf37lRaiflPzT0umNV6xcwlR5OIBDOAYfzqAC11CFGhDowQM8wbPDnUfnxXmdluacWc8+/JHz/gMqXZC7</latexit>

m = 1
<latexit sha1_base64="BzoFG6mwzLURS/jxEU3iyK2yhZ8=">AAAB/3icbVC7SkNBEN3rM4mvqGBjsxgEG8O9KaKNENTCMoJ5YG4IezeTZMneB7tzxRBT+Bm2NhaK2vobdn6Nbh6FJh4YOJwzw8wcL5JCo21/WXPzC4tLy4lkamV1bX0jvblV1mGsOJR4KENV9ZgGKQIooUAJ1UgB8z0JFa97NvQrN6C0CIMr7EVQ91k7EC3BGRqpkd5xOwypew4S2Unu0IVICzk0MnbWHoHOEmdCMoVk9HD9dvtdbKQ/3WbIYx8C5JJpXXPsCOt9plBwCYOUG2uIGO+yNtQMDZgPut4f3T+g+0Zp0laoTAVIR+rviT7zte75nun0GXb0tDcU//NqMbaO630RRDFCwMeLWrGkGNJhGLQpFHCUPUMYV8LcSnmHKcbRRJYyITjTL8+Sci7r5LP5S5PGKRkjQXbJHjkgDjkiBXJBiqREOLkjj+SZvFj31pP1ar2PW+esycw2+QPr4wcupJlR</latexit>

�̂ = 2� ✏

<latexit sha1_base64="x0TNxBzFCk3VdjX57nm+To5dA1A=">AAACDnicbVDLSgMxFM34rPU16tJNsAgVsc4oaDei6EKXCrYWOkPJpJkazCQhyYhl6Be48VfcuFDErVvdufJXTB8LbT1w4XDOvdx7TyQZ1cbzvpyx8YnJqencTH52bn5h0V1armqRKkwqWDChahHShFFOKoYaRmpSEZREjFxFNydd/+qWKE0FvzRtScIEtTiNKUbGSg13PSBSUyY4PIBBrBDOdjvZDpQduAlF0d+WGwFjfsMteCWvBzhK/AEpHB1+f9xtlU/PG+5n0BQ4TQg3mCGt674nTZghZShmpJMPUk0kwjeoReqWcpQQHWa9dzpw3SpNGAtlixvYU39PZCjRup1EtjNB5loPe13xP6+emrgcZpTL1BCO+4vilEEjYDcb2KSKYMPaliCsqL0V4mtkQzE2wbwNwR9+eZRUd0r+XmnvwqZxDPrIgVWwBorAB/vgCJyBc1ABGNyDR/AMXpwH58l5dd76rWPOYGYF/IHz/gOOF52H</latexit>

✏ =
3

2p
+ o(1/p) ⌧ 1

<latexit sha1_base64="pGTRlbA8oqzFG5mvpbCWESQ57p0="></latexit>

�̂(1,2) =
1

2
� 3

2p
+ o(1/p)

<latexit sha1_base64="4UazgdjYGP2csMrYqPJBISMkL+4=">AAACDXicbVDLSsNAFJ3UV62vqEs3wSpU1JLUUt0IRV24rGAf0JQymU7aoZMHMzdCCfkBN/6KGxeKuHXvzr9x2mahrQcuHM65l3vvcULOJJjmt5ZZWFxaXsmu5tbWNza39O2dhgwiQWidBDwQLQdLyplP68CA01YoKPYcTpvO8HrsNx+okCzw72EU0o6H+z5zGcGgpK5+YA8wxPYN5YCTblywTs6OksvSqe0KTOJyEofHVtLV82bRnMCYJ1ZK8ihFrat/2b2ARB71gXAsZdsyQ+jEWAAjnCY5O5I0xGSI+7StqI89Kjvx5JvEOFRKz3ADocoHY6L+noixJ+XIc1Snh2EgZ72x+J/XjsC96MTMDyOgPpkuciNuQGCMozF6TFACfKQIJoKpWw0ywCoHUAHmVAjW7MvzpFEqWpVi5a6cr16lcWTRHtpHBWShc1RFt6iG6oigR/SMXtGb9qS9aO/ax7Q1o6Uzu+gPtM8frxGasQ==</latexit>

�̂(1,3) = 2� 4

p+ 1

<latexit sha1_base64="CQJWQ+3gRPSaxCgiXJ2RUdRCG64="></latexit>

S ⇠ 1

2

Z
d3x (@�)2 +

Z
d2� �̂(m,m+1)@?�̂



Scalar Free Fields coupled to minimal models

<latexit sha1_base64="d1Kog7r+ie11HwSvR6KDzg5P+qA=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiRFqhuhqAuXFewDmlAm00k7dPJw5kYoIV/gxl9x40IRt67d+TdO2yy09cC9HM65l5l7vFhwBZb1bRRWVtfWN4qbpa3tnd09c/+graJEUtaikYhk1yOKCR6yFnAQrBtLRgJPsI43vpr6nQcmFY/CO5jEzA3IMOQ+pwS01DcrGDvXTADpp04cZBc13R1fEpo66l5CWs+yNM76ZtmqWjPgZWLnpIxyNPvmlzOIaBKwEKggSvVsKwY3JRI4FSwrOYliMaFjMmQ9TUMSMOWms3MyXNHKAPuR1BUCnqm/N1ISKDUJPD0ZEBipRW8q/uf1EvDP3ZSHcQIspPOH/ERgiPA0GzzgklEQE00IlVz/FdMR0WGATrCkQ7AXT14m7VrVrlfrt6flxmUeRxEdoWN0gmx0hhroBjVRC1H0iJ7RK3oznowX4934mI8WjHznEP2B8fkDrnyckg==</latexit>

�± = 2±
p
6

p

<latexit sha1_base64="2nNdYoi91czbwrGjV6vdt79iOKM="></latexit>

�Sd=5

Z
d2x g1�̂(1,2)�̂ + g2�̂(1,3)

<latexit sha1_base64="3EHxb558jqlo3lcSXU4h5AzUAWE="></latexit>

�Sd=3 =

Z
d2x g1�̂(1,2)@y�̂ + g2�̂(1,3)

<latexit sha1_base64="Qj35FNU2JXxYC6ABtIEYAnGV6qc="></latexit>

g1 = ±
1

⇡p

s
2

C@y�̂

+O(1/p), g2 = �

p
3

2⇡p
+O(1/p2)

<latexit sha1_base64="geP0NedzDDmtX+5gZHC54o+QypM="></latexit>

g1 = 0 +O(1/p2), g2 = �

p
3

⇡p
+O(1/p2)

Coupled fixed point

Decoupled fixed point

• System of beta functions:

• Anomalous dimension of the      operator 

• Similar analysis for <latexit sha1_base64="pdrf+mFGzLFkqcDewlgZbySTaKw=">AAAB6nicbZDLSsNAFIZP6q3GW9Wlm8EiuCqJYHVTLLpxWdFeoA1lMpm0QyeTMDMRSugjuHGhiEt9F/duxLdxello6w8DH/9/DnPO8RPOlHacbyu3tLyyupZftzc2t7Z3Crt7DRWnktA6iXksWz5WlDNB65ppTluJpDjyOW36g6tx3rynUrFY3OlhQr0I9wQLGcHaWLdB5bRbKDolZyK0CO4MihcfdiV5+7Jr3cJnJ4hJGlGhCcdKtV0n0V6GpWaE05HdSRVNMBngHm0bFDiiyssmo47QkXECFMbSPKHRxP3dkeFIqWHkm8oI676az8bmf1k71eG5lzGRpJoKMv0oTDnSMRrvjQImKdF8aAATycysiPSxxESb69jmCO78yovQOCm55VL5xilWL2GqPBzAIRyDC2dQhWuoQR0I9OABnuDZ4taj9WK9Tktz1qxnH/7Iev8BIreQtg==</latexit>

d = 5

<latexit sha1_base64="xJ+dvb7wzW+yrIHOCOLrcHSzr/w=">AAAB6nicbVDLSsNAFL2pr1pfVZeKDBbBVUlcVJdFNy5btA9oQ5lMJ+nQySTMTIQSunTpxoUibv2Ifoc7v8GfcJp2oa0HLhzOuZd77/FizpS27S8rt7K6tr6R3yxsbe/s7hX3D5oqSiShDRLxSLY9rChngjY005y2Y0lx6HHa8oY3U7/1QKVikbjXo5i6IQ4E8xnB2kh3Qc/pFUt22c6AlokzJ6Xq8aT+/XgyqfWKn91+RJKQCk04Vqrj2LF2Uyw1I5yOC91E0RiTIQ5ox1CBQ6rcNDt1jM6M0kd+JE0JjTL190SKQ6VGoWc6Q6wHatGbiv95nUT7V27KRJxoKshskZ9wpCM0/Rv1maRE85EhmEhmbkVkgCUm2qRTMCE4iy8vk+ZF2amUK3WTxjXMkIcjOIVzcOASqnALNWgAgQCe4AVeLW49W2/W+6w1Z81nDuEPrI8f4kyRQQ==</latexit>g1



Monodromy defects

• Co-dimension 2 operator which implements a flavour symmetry rotation 

• In a Lagrangian theory it can be achieved by “gauging” the global 
symmetry by coupling to an external potential 

x• Simplest case: U(1) rotation

<latexit sha1_base64="ko4vPwLgi+0kJ8dV0FA5nWG+zmU=">AAAB/3icbVDLSgNBEJz1GeMrKnjxMhgEDxJ2JagXIerFYwTzgGwIvZPZ7JDZBzO9Qog5+CtePCji1d/w5t84m+SgiQUNRVU33V1eIoVG2/62FhaXlldWc2v59Y3Nre3Czm5dx6livMZiGaumB5pLEfEaCpS8mSgOoSd5w+vfZH7jgSst4ugeBwlvh9CLhC8YoJE6hf0rekldkEkA1D2hXRcDjpDvFIp2yR6DzhNnSopkimqn8OV2Y5aGPEImQeuWYyfYHoJCwSQf5d1U8wRYH3q8ZWgEIdft4fj+ET0ySpf6sTIVIR2rvyeGEGo9CD3TGQIGetbLxP+8Vor+RXsooiRFHrHJIj+VFGOahUG7QnGGcmAIMCXMrZQFoIChiSwLwZl9eZ7UT0vOWal8Vy5Wrqdx5MgBOSTHxCHnpEJuSZXUCCOP5Jm8kjfryXqx3q2PSeuCNZ3ZI39gff4AP/OUWA==</latexit>

A = ↵ d✓

<latexit sha1_base64="4BBgmAvhbIRBWIzijHj3QyjfwKA=">AAACGnicbVDLSgMxFM34rPVVdekmWARBKTNS1GXVjbiq1D6g05ZMJjMNzSRDklHL0O9w46+4caGIO3Hj35g+Ftp6IORwzr3ce48XM6q0bX9bc/MLi0vLmZXs6tr6xmZua7umRCIxqWLBhGx4SBFGOalqqhlpxJKgyGOk7vUuh379jkhFBb/V/Zi0IhRyGlCMtJE6OacCXSZ4KGnY1UhKcQ8r8BC6lGvot/0H6B7B67YbJfC8k5pvADu5vF2wR4CzxJmQPJig3Ml9ur7ASUS4xgwp1XTsWLdSJDXFjAyybqJIjHAPhaRpKEcRUa10dNoA7hvFh4GQ5pmVRurvjhRFSvUjz1RGSHfVtDcU//OaiQ7OWinlcaIJx+NBQcKgFnCYE/SpJFizviEIS2p2hbiLJMLapJk1ITjTJ8+S2nHBOSkUb4r50sUkjgzYBXvgADjgFJTAFSiDKsDgETyDV/BmPVkv1rv1MS6dsyY9O+APrK8fueqfbQ==</latexit>

S �! S +

Z
ddxJµAµ

• This is a pure gauge everywhere but at the origin
<latexit sha1_base64="MIsbPuMD+/DrdkYWro/9bH/VLbc=">AAACFnicbZDLSsNAFIYnXmu9RV26GSxCC7UkpagboSiIywr2Ak0MJ9NpO3RyYWYiDaFP4cZXceNCEbfizrcxvSy09YeBj/+cw5nzuyFnUhnGt7a0vLK6tp7ZyG5ube/s6nv7DRlEgtA6CXggWi5IyplP64opTluhoOC5nDbdwdW43nygQrLAv1NxSG0Pej7rMgIqtRz95NpJhvEIX+CyFTJsFbEFPOzDhDqUK7hP8uXCKD8sxoWso+eMkjERXgRzBjk0U83Rv6xOQCKP+opwkLJtGqGyExCKEU5HWSuSNAQygB5tp+iDR6WdTM4a4ePU6eBuINLnKzxxf08k4EkZe27a6YHqy/na2Pyv1o5U99xOmB9GivpkuqgbcawCPM4Id5igRPE4BSCCpX/FpA8CiEqTHIdgzp+8CI1yyTwtVW4ruerlLI4MOkRHKI9MdIaq6AbVUB0R9Iie0St60560F+1d+5i2LmmzmQP0R9rnD7FZnJE=</latexit>

Fxy = 2⇡ ↵ �(2)(x, y)

<latexit sha1_base64="uHpGQn7aLjDemYrLgrNu2d/tXSU=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJexKUI9BLx4jmAckS5idTJIhs7PrTK8YlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXEEth0HW/nZXVtfWNzdxWfntnd2+/cHDYMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMbqZ+85FrIyJ1j+OY+yEdKNEXjKKVWp2aEaWnM9ItFN2yOwNZJl5GipCh1i18dXoRS0KukElqTNtzY/RTqlEwySf5TmJ4TNmIDnjbUkVDbvx0du+EnFqlR/qRtqWQzNTfEykNjRmHge0MKQ7NojcV//PaCfav/FSoOEGu2HxRP5EEIzJ9nvSE5gzl2BLKtLC3EjakmjK0EeVtCN7iy8ukcV72LsqVu0qxep3FkYNjOIESeHAJVbiFGtSBgYRneIU358F5cd6dj3nripPNHMEfOJ8/8wWPRA==</latexit>

 (x)

<latexit sha1_base64="wEI8JztgPf6N92x6CusVkC/0LZg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oUy2m3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKrR6KZIT9csWtunOQVeLlpAI5Gv3yV28Q0zRi0lCBWnc9NzF+hspwKti01Es1S5COcci6lkqMmPaz+bVTcmaVAQljZUsaMld/T2QYaT2JAtsZoRnpZW8m/ud1UxNe+xmXSWqYpItFYSqIicnsdTLgilEjJpYgVdzeSugIFVJjAyrZELzll1dJ66LqXVZr97VK/SaPowgncArn4MEV1OEOGtAECo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AI5vjyE=</latexit>↵
<latexit sha1_base64="16APY6rZ8sZNDJ9jDS8ZsbxXTMM=">AAACHHicbVDLSsNAFJ34rPEVdelmsAh1YUmqqMuiG5cV7AOaWG6mk2bo5MHMRC2hH+LGX3HjQhE3LgT/xqStoK0HBg7nnMude9yYM6lM80ubm19YXFourOira+sbm8bWdkNGiSC0TiIeiZYLknIW0rpiitNWLCgELqdNt3+R+81bKiSLwms1iKkTQC9kHiOgMqljHOl2TTJcuj/AtmA9X4EQ0R2mN+khrtgxwwxjG3jsw/AnqHeMolk2R8CzxJqQIpqg1jE+7G5EkoCGinCQsm2ZsXJSEIoRToe6nUgaA+lDj7YzGkJApZOOjhvi/UzpYi8S2QsVHqm/J1IIpBwEbpYMQPly2svF/7x2orwzJ2VhnCgakvEiL+FYRThvCneZoETxQUaACJb9FRMfBBCV9ZmXYE2fPEsalbJ1UraujovV80kdBbSL9lAJWegUVdElqqE6IugBPaEX9Ko9as/am/Y+js5pk5kd9Afa5zd+358k</latexit>

 (x) ! e�2⇡i↵ (x)

[Bianchi, Chalabi, Prochazka, Robinson, JS, 2021]
[Giombi, Helfenderer, Ji, Khanchandani, 2021]

<latexit sha1_base64="p7NjpPA7CnNNQXHnfMaZVMBaYxM=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5REpHosevFYwdpCG8pku2mXbjZhd1Moof/EiwdFvPpPvPlv3H4ctPXBwOO9GWbmhang2njet1NYW9/Y3Cpul3Z29/YP3MOjJ51kirIGTUSiWiFqJrhkDcONYK1UMYxDwZrh8G7qN0dMaZ7IRzNOWRBjX/KIUzRW6rpuB0U6QNLhkrS9Cz/oumWv4s1AVom/IGVYoN51vzq9hGYxk4YK1Lrte6kJclSGU8EmpU6mWYp0iH3WtlRizHSQzy6fkDOr9EiUKFvSkJn6eyLHWOtxHNrOGM1AL3tT8T+vnZnoJsi5TDPDJJ0vijJBTEKmMZAeV4waMbYEqeL2VkIHqJAaG1bJhuAvv7xKni4rfrVSfbgq124XcRThBE7hHHy4hhrcQx0aQGEEz/AKb07uvDjvzse8teAsZo7hD5zPH7wzknA=</latexit>

↵ 2 [0, 1]



<latexit sha1_base64="4cMxbcL8XnBE8lltLdNyFLFBSJU="></latexit>

Iscalar =

Z
ddx

p
g


1

2
gµ⌫(rµ � ieAµ)'(r⌫ + ieA⌫)'

† +
d� 2

8(d� 1)
R|'|2

�• Complex Scalar free theory

• Similar discussion for fermions

<latexit sha1_base64="qoopEdZMvlvnXhLX/msiug8pQuo="></latexit>

' = '0 +
1X

m=1

'm�↵z
m�↵ +

1X

m=1

'm+↵z̄
m+↵

<latexit sha1_base64="q00QSvnMzeFYuJGfOlhLrh+Dovg="></latexit>

'0 =

(
'↵ z̄↵

'�↵ z�↵

• Mode expansion and regularity conditions
regular mode
singular mode

<latexit sha1_base64="ko4vPwLgi+0kJ8dV0FA5nWG+zmU=">AAAB/3icbVDLSgNBEJz1GeMrKnjxMhgEDxJ2JagXIerFYwTzgGwIvZPZ7JDZBzO9Qog5+CtePCji1d/w5t84m+SgiQUNRVU33V1eIoVG2/62FhaXlldWc2v59Y3Nre3Czm5dx6livMZiGaumB5pLEfEaCpS8mSgOoSd5w+vfZH7jgSst4ugeBwlvh9CLhC8YoJE6hf0rekldkEkA1D2hXRcDjpDvFIp2yR6DzhNnSopkimqn8OV2Y5aGPEImQeuWYyfYHoJCwSQf5d1U8wRYH3q8ZWgEIdft4fj+ET0ySpf6sTIVIR2rvyeGEGo9CD3TGQIGetbLxP+8Vor+RXsooiRFHrHJIj+VFGOahUG7QnGGcmAIMCXMrZQFoIChiSwLwZl9eZ7UT0vOWal8Vy5Wrqdx5MgBOSTHxCHnpEJuSZXUCCOP5Jm8kjfryXqx3q2PSeuCNZ3ZI39gff4AP/OUWA==</latexit>

A = ↵ d✓
<latexit sha1_base64="1aFG+ZALZI4QTrqWxwRW7gEzvs4=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0WoICWRoh6LXjxWsB/QhLLZbtulm03Y3Sgl9qd48aCIV3+JN/+NmzYHbX0w8Hhvhpl5QcyZ0o7zba2srq1vbBa2its7u3v7dumgpaJEEtokEY9kJ8CKciZoUzPNaSeWFIcBp+1gfJP57QcqFYvEvZ7E1A/xULABI1gbqWeXPMzjEUYeE6jinLmnxZ5ddqrODGiZuDkpQ45Gz/7y+hFJQio04VipruvE2k+x1IxwOi16iaIxJmM8pF1DBQ6p8tPZ6VN0YpQ+GkTSlNBopv6eSHGo1CQMTGeI9Ugtepn4n9dN9ODKT5mIE00FmS8aJBzpCGU5oD6TlGg+MQQTycytiIywxESbtLIQ3MWXl0nrvOpeVGt3tXL9Oo+jAEdwDBVw4RLqcAsNaAKBR3iGV3iznqwX6936mLeuWPnMIfyB9fkDV6OSGw==</latexit>

↵ 2 (0, 1)

• Propagator as sum of hypergeometric functions

<latexit sha1_base64="RwV3xYsVmzqsL90stPuK9wz3AJQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2ANpTNdtIu3WzC7kYsoT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791iMqzWP5YMYJ+hEdSB5yRo2VWt0nTq6J2ytX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOyEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd+xmWSGpRsvihMBTExmf5O+lwhM2JsCWWK21sJG1JFmbEJlWwI3uLLy6R5VvUuqt79eaV2k8dRhCM4hlPw4BJqcAd1aACDETzDK7w5ifPivDsf89aCk88cwh84nz/9uo6w</latexit>

⇠ = 0
<latexit sha1_base64="fRUOzMkjSxFR1JMLe+TfRDjHbZ0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2ANpTNdtMu3WzC7kQsoT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqtx65NiJWDzhOuB/RgRKhYBSt1Oo+CXJNvF654lbdGcgy8XJSgRz1Xvmr249ZGnGFTFJjOp6boJ9RjYJJPil1U8MTykZ0wDuWKhpx42ezcyfkxCp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2d9IXmDOXYEsq0sLcSNqSaMrQJlWwI3uLLy6R5VvUuqt79eaV2k8dRhCM4hlPw4BJqcAd1aACDETzDK7w5ifPivDsf89aCk88cwh84nz//Po6x</latexit>

⇠ = 1

Monodromy defects

<latexit sha1_base64="EYye2xG8jwG4QOYgLbrlkUEf5Kk="></latexit>

⌦
�(x)�†(0, x0

?)
↵
=

✓
1

x?x0
?

◆ d
2�1

 
X

s2Z�↵

c+s F�̂+,s(⌘, ✓) + c��↵ F�̂�,�↵(⌘, ✓)

!

<latexit sha1_base64="NPRpHKfxDclE01pfb8ia6i7Ng4w="></latexit>

c
�Ô

+
s
=

s
�
�
d

2 � 1 + |s|
�

4⇡d/2� (1 + |s|)

<latexit sha1_base64="Gu0Pj6i9sTU0xzh5WKniUB5XD0k="></latexit>

c
�Ô

�
�↵

=

s

⇠
�
�
d

2 � 1� ↵
�

4⇡d/2� (1� ↵)

<latexit sha1_base64="+cOXDm5Tjt+PbuqZSCHfcZTCe9I=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjNFqhuh6MadFewDOtMhk2ba0CQzJBmhTPsBbvwVNy4UcesHuPNvTNtZaOuBwOGcc7m5J4gZVdq2v63cyura+kZ+s7C1vbO7V9w/aKookZg0cMQi2Q6QIowK0tBUM9KOJUE8YKQVDK+nfuuBSEUjca9HMfE46gsaUoy0kfxiCfuq68YcXsIx9lM3HlDoDpCGt3N9Mu5WTMou2zPAZeJkpAQy1P3il9uLcMKJ0JghpTqOHWsvRVJTzMik4CaKxAgPUZ90DBWIE+Wls2Mm8MQoPRhG0jyh4Uz9PZEirtSIBybJkR6oRW8q/ud1Eh1eeCkVcaKJwPNFYcKgjuC0GdijkmDNRoYgLKn5K8QDJBHWpr+CKcFZPHmZNCtlp1qu3p2ValdZHXlwBI7BKXDAOaiBG1AHDYDBI3gGr+DNerJerHfrYx7NWdnMIfgD6/MHuJ6azQ==</latexit>

c±
s
= |c

�Ô
±
s
|2

<latexit sha1_base64="KBaPpcgiTdrr+n7+nwwGe+aGInQ="></latexit>

F�̂,s(⌘, ✓) =
⇣⌘
2

⌘�̂s

2F1

 
�̂s

2
,
�̂+ 1

2
; �̂s + 2� d

2
; ⌘2
!
eis✓

<latexit sha1_base64="vvKraI3Le7kvjr2zrifiDjm5M+k="></latexit>

⌘ ⌘ 2x?x0
?

x2
? + x02

? + |�a|2

<latexit sha1_base64="Dtwp/tw6rXj6b6m5ts0RALH8qq4="></latexit>

c
�Ô

+
�↵

=

s

(1� ⇠)
�
�
d

2 � 1 + ↵
�

4⇡d/2� (1 + ↵)

<latexit sha1_base64="epQ4S3N02ZmDDqzlVL0NKrrp9k4=">AAACAXicbVDJSgNBEO1xjXEb9SJ4aQyCBwkzItGLEPTiMYJZIBNDT6eSNOlZ6K4R4xAv/ooXD4p49S+8+Td2loMmPih4vFdFVT0/lkKj43xbc/MLi0vLmZXs6tr6xqa9tV3RUaI4lHkkI1XzmQYpQiijQAm1WAELfAlVv3c59Kt3oLSIwhvsx9AIWCcUbcEZGqlp7z6c3ze9GFRMvSMKt6nwsAvIBk075+SdEegscSckRyYoNe0vrxXxJIAQuWRa110nxkbKFAouYZD1Eg0x4z3WgbqhIQtAN9LRBwN6YJQWbUfKVIh0pP6eSFmgdT/wTWfAsKunvaH4n1dPsH3WSEUYJwghHy9qJ5JiRIdx0JZQwFH2DWFcCXMr5V2mGEcTWtaE4E6/PEsqx3m3kC9cn+SKF5M4MmSP7JND4pJTUiRXpETKhJNH8kxeyZv1ZL1Y79bHuHXOmszskD+wPn8AB5+WpQ==</latexit>

z = x? ei✓



<latexit sha1_base64="5BxMLeDsozEfr+H47b1YmSVG7pc="></latexit>

d1 = d2 =
3

2

⇥
(1� ↵)2↵2 + 4⇠↵3

⇤

<latexit sha1_base64="2jLsjuDAno+xq3WOnF2jBOQDv80=">AAACIHicbZDLSsNAFIYn9VbrLerSzWARKmJJarFuhKIblxXsBZq2TKaTduhkEmYmYgl5FDe+ihsXiuhOn8Zpm4W2/jDw8Z9zOHN+N2RUKsv6MjJLyyura9n13Mbm1vaOubvXkEEkMKnjgAWi5SJJGOWkrqhipBUKgnyXkaY7up7Um/dESBrwOzUOScdHA049ipHSVs+suPASQscTCMewYJ86iIVDdNwtwRlBTSewDJ0HmjrdsyQuJT0zbxWtqeAi2CnkQapaz/x0+gGOfMIVZkjKtm2FqhMjoShmJMk5kSQhwiM0IG2NHPlEduLpgQk80k4feoHQjys4dX9PxMiXcuy7utNHaijnaxPzv1o7Ut5FJ6Y8jBTheLbIixhUAZykBftUEKzYWAPCguq/QjxEOiylM83pEOz5kxehUSra58XybTlfvUrjyIIDcAgKwAYVUAU3oAbqAINH8AxewZvxZLwY78bHrDVjpDP74I+M7x8sTp/1</latexit>

b =
(1� ↵)2↵2 + 4⇠↵3

2

<latexit sha1_base64="8ljMEL60ks2hGq8hUnDVABB0YBQ="></latexit>

a⌃ =
↵2
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(1� ↵)2(3 + ↵� ↵2) +

↵3

360
(5� 3↵2)⇠

<latexit sha1_base64="9HEXjeR1PeLVnQUnNJhe29ha3H4="></latexit>

d1 = 2d2 = �↵(1� ↵2)(2� ↵)
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2� ↵

i
d=4 d=6

d=4 d=6

Monodromy defects
<latexit sha1_base64="gaXW9zQ9Sa7FRR/jW9nt/+B/aVU="></latexit>
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<latexit sha1_base64="BonIwS0vlRc9bp9Q8aL4Q2U+1Bc="></latexit>

D̂z = Ô
�
�↵Ô

+†
1+↵ , D̂z̄ = Ô

�†
�↵Ô

+
1+↵

<latexit sha1_base64="ZuC5lddnpb23aOYS4rmtc1LhcJE=">AAACJHicbVDLSgMxFM34tr5GXboJFqEuLDMiKohQdONSobVCpw6Z9E4NZjJDkpGWYT7Gjb/ixoUPXLjxW0ynXWjrgYTDOeeS3BMknCntOF/W1PTM7Nz8wmJpaXlldc1e37hWcSopNGjMY3kTEAWcCWhopjncJBJIFHBoBvfnA7/5AFKxWNR1P4F2RLqChYwSbSTfPvE4EV0OuO5nXgIyKa680tv15NA4xXteKAnNiF/Ps55fBG6zTp77dtmpOgXwJHFHpIxGuPTtd68T0zQCoSknSrVcJ9HtjEjNKIe85KUKEkLvSRdahgoSgWpnxZI53jFKB4exNEdoXKi/JzISKdWPApOMiL5T495A/M9rpTo8bmdMJKkGQYcPhSnHOsaDxnCHSaCa9w0hVDLzV0zviGlEm15LpgR3fOVJcr1fdQ+rh1cH5drZqI4FtIW2UQW56AjV0AW6RA1E0SN6Rq/ozXqyXqwP63MYnbJGM5voD6zvH/cOpaw=</latexit>

hT??(x)i = � aT
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?

<latexit sha1_base64="lS/ktRgit/pyOwm7MoYWHHjKmE0="></latexit>
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• One-point functions:

• Stress-energy tensor

• Displacement operator

• Current and defect sphere free energy:



• The singular and regular modes are connected by RG flow:
<latexit sha1_base64="gQ3D+Q9ktmmNSl2i+ZOqJpyIs+E=">AAACEXicbVC7SgNBFJ2Nrxhfq5Y2g0FIFXZDUBshaGNhEcE8ILuGu7OTZMjsg5lZISz5BRt/xcZCEVs7O//GyWYLTTwwcDjnXO7c48WcSWVZ30ZhZXVtfaO4Wdra3tndM/cP2jJKBKEtEvFIdD2QlLOQthRTnHZjQSHwOO1446uZ33mgQrIovFOTmLoBDEM2YASUlvpmxeE67AO+wM5Nxu7TmgM8HsEUOx4InAf6ZtmqWhnwMrFzUkY5mn3zy/EjkgQ0VISDlD3bipWbglCMcDotOYmkMZAxDGlP0xACKt00u2iKT7Ti40Ek9AsVztTfEykEUk4CTycDUCO56M3E/7xeogbnbsrCOFE0JPNFg4RjFeFZPdhnghLFJ5oAEUz/FZMRCCBKl1jSJdiLJy+Tdq1qn1brt/Vy4zKvo4iO0DGqIBudoQa6Rk3UQgQ9omf0it6MJ+PFeDc+5tGCkc8coj8wPn8AFl2ckw==</latexit>

� = ⇤2↵�̄ relevant deformation
<latexit sha1_base64="XPEdwFW22wl0+c8ha4B1uqkT6Mo="></latexit>
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<latexit sha1_base64="q00QSvnMzeFYuJGfOlhLrh+Dovg="></latexit>
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regular mode
singular mode

<latexit sha1_base64="8ljMEL60ks2hGq8hUnDVABB0YBQ="></latexit>

a⌃ =
↵2

720
(1� ↵)2(3 + ↵� ↵2) +

↵3

360
(5� 3↵2)⇠

<latexit sha1_base64="MGSEmt6sdRZd/lx2ZLsogwUU+Fs=">AAACJ3icbVDLSgMxFM3UV62vqks3wSLUTZkRUVdSdKM7X61Cp5ZMetsGM5khuSOWoX/jxl9xI6iILv0T01pQWw8EDuecy809QSyFQdf9cDITk1PTM9nZ3Nz8wuJSfnmlaqJEc6jwSEb6KmAGpFBQQYESrmINLAwkXAY3h33/8ha0EZG6wG4M9ZC1lWgJztBKjfw+u06LPsIdpj4K1aWVam+z1/DPRTtk1G8DpaOJ47OfRCNfcEvuAHSceENSIEOcNPLPfjPiSQgKuWTG1Dw3xnrKNAouoZfzEwMx4zesDTVLFQvB1NPBnT26YZUmbUXaPoV0oP6eSFloTDcMbDJk2DGjXl/8z6sl2Nqrp0LFCYLi34taiaQY0X5ptCk0cJRdSxjXwv6V8g7TjKOtNmdL8EZPHifVrZK3U9o+3S6UD4Z1ZMkaWSdF4pFdUiZH5IRUCCf35JG8kFfnwXly3pz372jGGc6skj9wPr8AAgGmCA==</latexit>

a(UV)
⌃ � a(IR)⌃

<latexit sha1_base64="Pr+8+jym+WaF/uHHYzxed14KXyA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2ANpTNdtIu3WzC7kYsoT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791iMqzWP5YMYJ+hEdSB5yRo2VWt0nTq6J1ytX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOyEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd+xmWSGpRsvihMBTExmf5O+lwhM2JsCWWK21sJG1JFmbEJlWwI3uLLy6R5VvUuquf355XaTR5HEY7gGE7Bg0uowR3UoQEMRvAMr/DmJM6L8+58zFsLTj5zCH/gfP4AAEOOtA==</latexit>

⇠ = 1
<latexit sha1_base64="+JSeoTpEy/v+DJl3P9wWuQ63MJE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2ANpTNdtIu3WzC7kYsoT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791iMqzWP5YMYJ+hEdSB5yRo2VWt0nTq6J2ytX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOyEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd+xmWSGpRsvihMBTExmf5O+lwhM2JsCWWK21sJG1JFmbEJlWwI3uLLy6R5VvUuquf355XaTR5HEY7gGE7Bg0uowR3UoQEMRvAMr/DmJM6L8+58zFsLTj5zCH/gfP4A/rCOsw==</latexit>

⇠ = 0
x

• The Euler anomaly decreases

<latexit sha1_base64="+d2/13Si1/yVymcyY0fK56Y7j8Q=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIqMuiG5cV7AOaUCbTSTp0HmFmotRQ/BU3LhRx63+482+ctllo64ELh3Pu5d57opRRbTzv2yktLa+srpXXKxubW9s77u5eS8tMYdLEkknViZAmjArSNNQw0kkVQTxipB0Nryd++54oTaW4M6OUhBwlgsYUI2OlnnsQaJpwBANFk4FBSskH6PXcqlfzpoCLxC9IFRRo9NyvoC9xxokwmCGtu76XmjBHylDMyLgSZJqkCA9RQrqWCsSJDvPp9WN4bJU+jKWyJQycqr8ncsS1HvHIdnJkBnrem4j/ed3MxJdhTkWaGSLwbFGcMWgknEQB+1QRbNjIEoQVtbdCPEAKYWMDq9gQ/PmXF0nrtOaf1/zbs2r9qoijDA7BETgBPrgAdXADGqAJMHgEz+AVvDlPzovz7nzMWktOMbMP/sD5/AEUbpT7</latexit>

� ! 0

<latexit sha1_base64="iSEY61ULo98JqTxmX3AHCJuE6G4=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNgFXZF1DJoYxnBPCAbwuxkNhkyM7vM3FXCJoWNv2JjoYitH2Hn3zh5FJp44MLhnHu5954wEdyA5307uZXVtfWN/GZha3tnd8/dP6ibONWU1WgsYt0MiWGCK1YDDoI1E82IDAVrhIPrid+4Z9rwWN3BMGFtSXqKR5wSsFLHLY4Cw3uSjHCgea8PROv4AQdcRTDsuCWv7E2Bl4k/JyU0R7XjfgXdmKaSKaCCGNPyvQTaGdHAqWDjQpAalhA6ID3WslQRyUw7mz4xxsdW6eIo1rYU4Kn6eyIj0pihDG2nJNA3i95E/M9rpRBdtjOukhSYorNFUSowxHiSCO5yzSiIoSWEam5vxbRPNKFgcyvYEPzFl5dJ/bTsn5f927NS5WoeRx4V0RE6QT66QBV0g6qohih6RM/oFb05T86L8+58zFpzznzmEP2B8/kDXhaYjw==</latexit>

|�| ! 1

<latexit sha1_base64="4qQrhcu+7WZZjjhEJ0/m2qrZmoQ=">AAAB73icbVBNSwMxEJ34WetX1aOXYBE8lV0R9Vj04rGC/YB2Kdk024Ym2TXJCmXbP+HFgyJe/Tve/Dem7R609cHA470ZZuaFieDGet43WlldW9/YLGwVt3d29/ZLB4cNE6easjqNRaxbITFMcMXqllvBWolmRIaCNcPh7dRvPjFteKwe7ChhgSR9xSNOiXVSa9wxvC/JuFsqexVvBrxM/JyUIUetW/rq9GKaSqYsFcSYtu8lNsiItpwKNil2UsMSQoekz9qOKiKZCbLZvRN86pQejmLtSlk8U39PZEQaM5Kh65TEDsyiNxX/89qpja6DjKsktUzR+aIoFdjGePo87nHNqBUjRwjV3N2K6YBoQq2LqOhC8BdfXiaN84p/WfHvL8rVmzyOAhzDCZyBD1dQhTuoQR0oCHiGV3hDj+gFvaOPeesKymeO4A/Q5w9mBJA1</latexit>

|�|

<latexit sha1_base64="Tt7ntKCAfEPhJjID84iW7KfxEyc="></latexit>
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<latexit sha1_base64="AEbHVtxjm+sE4TvBCnnBGg5VDFU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBS0tSRD0WvXisYGshDWWy2bRLN7thdyOU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhSln2rjut1NaW9/Y3CpvV3Z29/YPqodHXS0zRWiHSC5VLwRNORO0Y5jhtJcqCknI6WM4vp35j09UaSbFg5mkNEhgKFjMCBgr+VG9WW/2gacjGFRrbsOdA68SryA1VKA9qH71I0myhApDOGjte25qghyUYYTTaaWfaZoCGcOQ+pYKSKgO8vnJU3xmlQjHUtkSBs/V3xM5JFpPktB2JmBGetmbif95fmbi6yBnIs0MFWSxKM44NhLP/scRU5QYPrEEiGL2VkxGoIAYm1LFhuAtv7xKus2Gd9nw7i9qrZsijjI6QafoHHnoCrXQHWqjDiJIomf0it4c47w4787HorXkFDPH6A+czx8HXJBy</latexit>

d� 2� 2↵

<latexit sha1_base64="u2eZu2ycPE7h36UZpCTqZdVF1Lc=">AAAB8nicbVBNS8NAEN34WetX1aOXxSIIYkmKqMeiF48V7AekoWw2m3bpZjfsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBXcgOt+Oyura+sbm6Wt8vbO7t5+5eCwbVSmKWtRJZTuhsQwwSVrAQfBuqlmJAkF64Sju6nfeWLacCUfYZyyICEDyWNOCVjJjy7q5/UeEemQ9CtVt+bOgJeJV5AqKtDsV756kaJZwiRQQYzxPTeFICcaOBVsUu5lhqWEjsiA+ZZKkjAT5LOTJ/jUKhGOlbYlAc/U3xM5SYwZJ6HtTAgMzaI3Ff/z/AzimyDnMs2ASTpfFGcCg8LT/3HENaMgxpYQqrm9FdMh0YSCTalsQ/AWX14m7XrNu6p5D5fVxm0RRwkdoxN0hjx0jRroHjVRC1Gk0DN6RW8OOC/Ou/Mxb11xipkj9AfO5w8ERpBw</latexit>

d� 2 + 2↵
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<latexit sha1_base64="IVT5ej1Su+4t9YIeJlLb6Tgs4W8="></latexit>D
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<latexit sha1_base64="31e/vuoJU0RmRiavxkMDFPGd2g8="></latexit>D
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defect a-theorem
[Wang, 2021]

Monodromy defects
<latexit sha1_base64="1IFUqL6adFi5HOeR6SLkHf609Us=">AAACFnicbVBNS8NAEN34WetX1KOXxSIIYkmKqBdB1IPHClYLTSyT7cYu3XywOxFK6K/w4l/x4kERr+LNf+O2zUGrDwYe780wMy9IpdDoOF/W1PTM7Nx8aaG8uLS8smqvrV/rJFOMN1giE9UMQHMpYt5AgZI3U8UhCiS/CXpnQ//mnistkvgK+yn3I7iLRSgYoJHa9p7XBaTeOZcIbQ9k2oXbXXpMvVAByzt7tUFeG9BdOrbadsWpOiPQv8QtSIUUqLftT6+TsCziMTIJWrdcJ0U/B4WCST4oe5nmKbAe3PGWoTFEXPv56K0B3TZKh4aJMhUjHak/J3KItO5HgemMALt60huK/3mtDMMjPxdxmiGP2XhRmEmKCR1mRDtCcYaybwgwJcytlHXBBIImybIJwZ18+S+5rlXdg+rB5X7l5LSIo0Q2yRbZIS45JCfkgtRJgzDyQJ7IC3m1Hq1n6816H7dOWcXMBvkF6+Mbzm2d6A==</latexit>
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<latexit sha1_base64="RlMHiMQy7h2cAjiWzpKXlUvX8BA=">AAACFnicbVDJSgNBEO1xjXGLevTSGAQvCTNBohchqAePEcwCmRhqOj1Jk56F7hohDPkKL/6KFw+KeBVv/o2d5aCJDwoe71VRVc+LpdBo29/W0vLK6tp6ZiO7ubW9s5vb26/rKFGM11gkI9X0QHMpQl5DgZI3Y8Uh8CRveIOrsd944EqLKLzDYczbAfRC4QsGaKROruD2Aal7zSVCxwUZ9+G+QC+o6ytgabdQGqWlES3QqdXJ5e2iPQFdJM6M5MkM1U7uy+1GLAl4iEyC1i3HjrGdgkLBJB9l3UTzGNgAerxlaAgB1+108taIHhulS/1ImQqRTtTfEykEWg8Dz3QGgH09743F/7xWgv55OxVhnCAP2XSRn0iKER1nRLtCcYZyaAgwJcytlPXBBIImyawJwZl/eZHUS0WnXCzfnuYrl7M4MuSQHJET4pAzUiE3pEpqhJFH8kxeyZv1ZL1Y79bHtHXJms0ckD+wPn8A1L2d7A==</latexit>

�̂�
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d� 2

2
� ↵



Monodromy defects with self interactions

<latexit sha1_base64="XUZU2Iz2IAIJm4UQB8V/ZLgvxO4="></latexit>
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⌘n <latexit sha1_base64="esTp26ykSO5m8ykVKipXnunqe8g=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4aZ0pUt0IRV24rGAf0BnLnUzahmYeJBmhDPMBbvwVNy4UcesHuPNvTNtZaOuBwMk555Lc40acSWWa30ZuaXlldS2/XtjY3NreKe7utWQYC0KbJOSh6LggKWcBbSqmOO1EgoLvctp2R1cTv/1AhWRhcKfGEXV8GASszwgoLfWKJfuacgX3STntJWUbeDSEFF9g76RatrK7TpkVcwq8SKyMlFCGRq/4ZXshiX0aKMJByq5lRspJQChGOE0LdixpBGQEA9rVNACfSieZLpPiI614uB8KfQKFp+rviQR8Kce+q5M+qKGc9ybif143Vv1zJ2FBFCsakNlD/ZhjFeJJM9hjghLFx5oAEUz/FZMhCCBK91fQJVjzKy+SVrVi1Sq129NS/TKrI48O0CE6RhY6Q3V0gxqoiQh6RM/oFb0ZT8aL8W58zKI5I5vZR39gfP4AaOuZ8g==</latexit>

��
�↵ = d/2� 1� ↵

<latexit sha1_base64="6YnSpVRkhhFlflFwuV+sJIcvjhc="></latexit>

↵ > ↵̄, ↵̄ ⌘ (n� 1)(d� 2)

2n

<latexit sha1_base64="rK6bzHJ3wz5AxW3phojmhsVVmRQ="></latexit>
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<latexit sha1_base64="uCkXg3MZxaavgtR8ejr6yGAasH8="></latexit>
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<latexit sha1_base64="rwQAilg00uqVll12D/ki3FDiMJg="></latexit>

Cnnn =
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(n� k)!
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• Starting from 
<latexit sha1_base64="cZEbBqMTBOShDSZvbxJap3Cj0Bs=">AAAB7XicbVC7SgNBFL0bXzG+opaKDAbBKuxaRBshaGOZgHlAsoTZySQZMzuzzMyKYUlpb2OhiK2/kO+w8xv8CSePQhMPXDiccy/33hNEnGnjul9Oaml5ZXUtvZ7Z2Nza3snu7lW1jBWhFSK5VPUAa8qZoBXDDKf1SFEcBpzWgv712K/dU6WZFLdmEFE/xF3BOoxgY6Vq84GhS6+Vzbl5dwK0SLwZyRUPR+Xvx6NRqZX9bLYliUMqDOFY64bnRsZPsDKMcDrMNGNNI0z6uEsblgocUu0nk2uH6MQqbdSRypYwaKL+nkhwqPUgDGxniE1Pz3tj8T+vEZvOhZ8wEcWGCjJd1Ik5MhKNX0dtpigxfGAJJorZWxHpYYWJsQFlbAje/MuLpHqW9wr5QtmmcQVTpOEAjuEUPDiHItxACSpA4A6e4AVeHek8O2/O+7Q15cxm9uEPnI8flq+SMw==</latexit>

⇠ = 1 we can deform the monodromy defect through the coupling

Relevant if:

• We take 
<latexit sha1_base64="stZsM+bZh1fQc8ZeCjzXRMHYRO4=">AAACCHicbVDLSgMxFM34bOur6tKFwSIIQplxUd0IRTcuK9gHdoZyJ03b0MxMSDJiGbp04x/4DS50oYhbP8GdX6OZtgttPRA4Oedcknt8wZnStv1lzc0vLC4tZ7K5ldW19Y385lZNRbEktEoiHsmGD4pyFtKqZprThpAUAp/Tut8/T/36DZWKReGVHgjqBdANWYcR0EZq5Xdd4KIH+BS7Pkg8uR1ilwrFeJoo2EV7BDxLnAkplLPi4frp9rvSyn+67YjEAQ014aBU07GF9hKQmhFOhzk3VlQA6UOXNg0NIaDKS0aLDPG+Udq4E0lzQo1H6u+JBAKlBoFvkgHonpr2UvE/rxnrzomXsFDEmoZk/FAn5lhHOG0Ft5mkRPOBIUAkM3/FpAcSiDbd5UwJzvTKs6R2VHRKxdKlaeMMjZFBO2gPHSAHHaMyukAVVEUE3aFH9IJerXvr2Xqz3sfROWsys43+wPr4AffRnG0=</latexit>

↵ = ↵̄+ ✏

• The beta function reads

with <latexit sha1_base64="BIKybVyAQIxZElstMRcy0GXfTi4=">AAAB+XicbVA9SwNBEN2LXzF+nVraLAbBKtxZRAvBoI1lBPMBuRD2NnPJkr3dY3cvEI78ExsLRWz9J3b+FDs3lxSa+GDg8d4MM/PChDNtPO/LKaytb2xuFbdLO7t7+wfu4VFTy1RRaFDJpWqHRANnAhqGGQ7tRAGJQw6tcHQ381tjUJpJ8WgmCXRjMhAsYpQYK/Vc17sOINGMS4EDzrHfc8texcuBV4m/IOWb7yhHved+Bn1J0xiEoZxo3fG9xHQzogyjHKalINWQEDoiA+hYKkgMupvll0/xmVX6OJLKljA4V39PZCTWehKHtjMmZqiXvZn4n9dJTXTVzZhIUgOCzhdFKcdG4lkMuM8UUMMnlhCqmL0V0yFRhBobVsmG4C+/vEqaFxW/Wqk+eOXaLZqjiE7QKTpHPrpENXSP6qiBKBqjJ/SCXp3MeXbenPd5a8FZzByjP3A+fgAL1pZV</latexit>

0 < ✏ ⌧ 1

<latexit sha1_base64="qJYf3YQdaHkKe7Bu3iXkpWb4zYU="></latexit>

⇠ = 1�
4⇡ n3 �2

�
d
2 � 1

�
csc (⇡ ↵̄)

Fr2n (n� 1)�
�
d�2
2n + 1

�
�
�
↵̄+ d

2 � 1
�✏2

• We get the same propagator but with 

[Bashmakov, JS, 2024]

<latexit sha1_base64="hfPF5j1ru3kgegQ79jUHmDyrKeg=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSBEkLArEj0GvXiMYB6QhNA7mSRDZmeXmdlAWPInXjwo4tU/8ebfOEn2oIkFDUVVN91dQSy4Np737aytb2xubed28rt7+weH7tFxXUeJoqxGIxGpZoCaCS5ZzXAjWDNWDMNAsEYwup/5jTFTmkfyyUxi1glxIHmfUzRW6rpuG0U8RNLmkhS9S/+i6xa8kjcHWSV+RgqQodp1v9q9iCYhk4YK1Lrle7HppKgMp4JN8+1EsxjpCAesZanEkOlOOr98Ss6t0iP9SNmShszV3xMphlpPwsB2hmiGetmbif95rcT0bzspl3FimKSLRf1EEBORWQykxxWjRkwsQaq4vZXQISqkxoaVtyH4yy+vkvpVyS+Xyo/XhcpdFkcOTuEMiuDDDVTgAapQAwpjeIZXeHNS58V5dz4WrWtONnMCf+B8/gAfS5IJ</latexit>

↵ 2 (0, 1)

<latexit sha1_base64="YQG/aQ6bWmX1n105Bp/tWj3Nn/E=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5RESvVY9OKxgv2AJJTNdtMu3Wzi7qZYQn+HFw+KePXHePPfuG1z0NYHA4/3ZpiZFyScKW3b31ZhbX1jc6u4XdrZ3ds/KB8etVWcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjG5nfmdMpWKxeNCThPoRHggWMoK1kXzviSGPCeTaF47fK1fsqj0HWiVOTiqQo9krf3n9mKQRFZpwrJTr2In2Myw1I5xOS16qaILJCA+oa6jAEVV+Nj96is6M0kdhLE0Jjebq74kMR0pNosB0RlgP1bI3E//z3FSH137GRJJqKshiUZhypGM0SwD1maRE84khmEhmbkVkiCUm2uRUMiE4yy+vkvZl1alX6/e1SuMmj6MIJ3AK5+DAFTTgDprQAgKP8Ayv8GaNrRfr3fpYtBasfOYY/sD6/AEJFZD8</latexit>

⇠ 2 [0, 1]x



Monodromy defects coupled to Minimal Models
<latexit sha1_base64="OvKkj1DLvyz+UJwDAyQshPtfElc="></latexit>
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• We can couple to Minimal Models:

• Slightly relevant if

• Beta function and fixed point:

• An anomalous dimension:

• Propagator:

• Examples:
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Three-State Potts Model

Tricritical Ising Model



Conclusion and Outlook

• We discussed the possible defect CFTs in the case of bulk free scalar fields 

• In the quadratic case we can admit singularities leading to non-trivial DCFTs 

• We found perturbative fixed points where the bulk field is coupled to lower dimensional CFTs 

• Similarly, we studied the case of monodromy defects with defect interactions 

• Extension to theories with both bulk and defect interactions 

• Fermionic theories


• Relaxing the assumption of unitarity (higher-derivative theories)

Outlook

Summary



Thank you for your attention!


