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N
A = YA cET +//tJ'de D, (x) +Z yinDx Odi(x) +Z ainDx 05i(x)
¢ RV, VY,

RG fixed point Relevant operator Marginal Operator Irrelevant Operator
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A = AT +ﬂ[deCDA(x)

v

RG fixed point Relevant operator
A<D

UV complete theory
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N
A = *QYCFT + Z I/l-"dDX Odi(x)
/—\/ i N
RG fixed point Marginal Operator
d.=D

UV complete theory @ Conformal Theory
(RG fixed manifold)
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aQ[ — ﬂCFT + Z ai[de Oéi(x)
RG fixed point Irrelevant Operator
0, > D
UV complete theory @ Conformal Theory Effective theory

(RG fixed manifold) (hon-UV complete)
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NYU DEFORMATIONS OF QFTS AND THE SPACE OF THEORIES
aQ[ — ﬂCFT + Z ai[de Oéi(x)
RG fixed point Irrelevant Operator
/ 0, > D
UV complete theory | Conformal Theory Effective theory
(RG fixed manifold) (hon-UV complete)

Finite number Infinite number
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Wilson & Kogut, 74
2 =1 A\D] | A\ P] = [ d°x L[D(x), 6ﬂCI>(x), dﬂﬁyd)(x), o]

A M
Space of "quasi-local” field theories UV cutoff Local density
JJ (only depends on a space-time point x)

non-localityrange < e = A™!

Stefano Negro | CCPP, NYU February 6th, 2023 | Les Diablerets




TOPOLOGICAL GAUGING AND NON-RELEVANT DEFORMATIONS OF QUANTUM FIELD THEORIES
|
NYU DEFORMATIONS OF QFTS AND THE SPACE OF THEORIES

Wilson & Kogut, 74
f I {QYA[QD] A N[ D] = [ d°x L[D(x), 6ﬂCI>(x), dﬂﬁyd)(x), o] }
o
Space of "quasi-local” field theories UV cutoff Local density
JJ (only depends on a space-time point x)

non-localityrange < e = A™!
dloge > 0 = IR, no pathology

On 2, RGisaflow: dloge <0 = UV, pathology!

T QiAzB{QiA} : B{QYA} e TX Intrinsic UV scale A, of , &€ 2, VA > A,
0g € o
° ! A« = 00 = UV complete QFT
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Here Be Dragons

Here Be Dragons

Here Be Dragons
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NYU DoOUBLE CURRENT DEFORMATIONS: TT

__ | _ 9) up vo(a) (@) Smirnov, Zamolodchikov 16
T'T flow: aa‘Q[ [(I)] = |d"x "¢ T (X)T ( ) Cavaglia, Negro, Szécsényi, Tateo ‘16

|
— (05) ()T(a) _ @a)?2
Important: aﬂflﬂ' =0 k/——-) det T, o< T'T ®

2
Well-defined through point-splitting
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NYU DoOUBLE CURRENT DEFORMATIONS: TT

Cavaglia, Negro, Szécseényi, Tateo ‘16

TT flow: iﬂ [(I)] _ szx SﬂpeyaT(a)(x)T(a)( ) Smirno_\{, Zamolodchiko}v'1_6

oo ‘
1
— (a) T@T(@) _ @@ 2
7 — K/”‘" = —det T X
Important: 0°7,,, = 0 2w
Well-defined through point-splitting
Irrelevant but controllable at all scales E (R, 0) E (R, ) E (R, )
Solvable, e.g. Burgers equation _ R | R R
p P 1 TS~ FR 7 S~ g [\ TS F.R
—FE (R,a) + E (R, a)—E (R,a) +—P, (R)” = . y
aa R R —orC / \
| 'LR LR
o =0 a >0 a < 0

Cavaglia, Negro, Szécsenyi, Tateo ‘16
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NYU DoOUBLE CURRENT DEFORMATIONS: TT

Cavaglia, Negro, Szécseényi, Tateo ‘16

TT flow: iﬂ [(I)] _ sz SﬂpeyaT(a)(x)T(a)( ) Smirno_\{,Zamolodchiko}v'1_6

oo ‘
1 _
_ (a) x T@T@ _ @@)?2
Important: 0°7,,, = 0 2w
Well-defined through point-splitting
Irrelevant but controllable at all scales E (R, 0) E (R, ) E(R, )
Solvable, e.g. CDD deformation _ R | R R
TTS=<_ FR A S rr [\ TS F.R
—iam?* sinh @ / T / I \ B
S (0)=e Sy(0) . /
6R // \
| 'LR \‘([l<
Cavaglia, Negro, Szécsenyi, Tateo ‘16 a =0 a > 0 a < 0

Dubovsky, Gorbenko, Mirbabayi ‘17
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Universal in 2D

Connection to String Theory

(free boson — Nambu Goto)
TT

Cavaglia, Negro, Szecsényi, Tateo ‘16

Conti, Negro, Tateo ‘18

Connection to (Quantum) Gravity | | , |
Dubovsky, Gorbenko, Mirbabayi ‘17 | Dubovsky, Gorbenko, Hernandez-Chifflet ‘18

Al. Zamolodchikov 91
2 — 1 Mussardo, Simonetti ‘00
| — Dubovsky, Flauger, Gorbenko 12
Caselle, Fioravanti, Gliozzi, Tateo ‘13

CDD deformations § = @5, |CI>

Generalisations 1

Conti, Negro, Tateo ‘19
: . Hernandez-Chifflet, Negro, Sfondrini 20
Double current deformations 0,/ = JJ AJ Camilo, Fleury, Léncses, Negro,

/ Zamolodchikov '21
This talkl Dubovsky, Negro, Porrati '23 Cdrdova, Negro, Schaposnik ‘21
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0
Double-current flow: — <, [(I)] = |d’x ¢ Dé'abfg(x | C()JII;()C | o) Dubovsky, Negro, Porrati '22
o ) s J (see also Cardy '19)
> =" (@) Aj@)
d’x %JZ‘ =d*xJ, =0 Well-defined through point-splitting
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NYU DOUBLE CURRENT DEFORMATIONS
Double-current flow: — <, [(I)] = | d’x eﬂygabjg(x | C()JII;()C | o) Dubovsky, Negro, Porrati '22
o ) J (see also Cardy '19)
s =" I (@) A (@)
d’x aﬂjg =d*xJ,=0 Onlytrueata = 0! Well-defined through point-splitting
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0
Double-current flow: — <, [(I)] = |d’x ¢ DRang(X | a)]l’;(x | o) Dubovsky, Negro, Porrati '22
o ) s J (see also Cardy '19)
\ > =R J(a) AJy(a)
d’x %JZ‘ =d*xJ, =0 TrueVaifw = R~'is a 2-cocycle Well-defined through point-splitting
O, ==y, , [l + 1, L0+ [ wpy =0 /., :struct. const. of symmetry algebra
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0
Double-current flow: — <, [CD] = | d’x € DR“ng(x\a)Jl’;(x\a) Dubovsky, Negro, Porrati '22

o s J (see also Cardy '19)

\ > =R J(a) AJy(@)
d’x %JZ‘ =d*xJ, =0 TrueVaifw = R~'isa2-cocycle Well-defined through point-splitting
O, ==y, , [l + 1, L0+ [ wpy =0 /., :struct. const. of symmetry algebra
y 0
Define currents invariantly: /4 [(D] — [(D \A] ; Sy (X) = — o [(D ‘A]
0Af(x) A=
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Infinitesimally <, [CD] — [CI)] = aJe“bJa AN+ O (az)
Hubbard-Stratonovich e~ €A — J’[DA]e%J £apANAT= [ JAKAC
Current definition |, [CI) | aA] =g, [CI)] + aJ]a A XA+ O (0{2)

1 a b
— e‘ﬂa[q’] ~ J'[DA]e“QfO[(D|A]+Hf‘gab‘é1 A Valid at first order in a
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&: __ E— e — E— E— e — R

Quantum definition :e‘ﬂa[‘l’] — J[DA]e‘%I‘I’|A]+%J"8abA”/\A”

L R L e E— e L

to all orders In a

Reproduces the flow equation classically

° o (@A

A =2ae? x J (), J(a)=-—
0A“ A1=2ae%xJ, ()

A [CD] = A, [CID | 2ae?’ % Jb(a)] — ae“bJJa(a) A J ()

a

d
— [CI)] = et J'Ja(a) A (Jb(a) +
da

dJ,(a)

04

dJ,(a)

do

) — g% J]a(a) A (Jb(a) + 2 ) = g% JJa(a) A J ()
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— ]
Quantum definition |¢ 7« ®) = [[DA DX e~ %ol ®14l+%! 8ab(an‘Aa)A(de‘Ab): to all orders in a
R 1
Stueckelberg fields
Reproduces the flow equation classically Gauge invariance
A% = 2ae™ x J(a) , J () = — &iaﬁi [CI) \A]
A1=2ae%xJ, ()

A

a

[CD] - A, [CID | 2ae?’ % Jb(a)] — ae? J]a(a) A J ()

dJ,(a)

04

dJ,(a)

do

dinga | = Ze“bJJa(a) A (Jb(a) + o ) — e“bJJa(a) A (Jb(a) + 2a ) = &% Jfa(a) A Jp(a)
a
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———
— 1 a__Aa b__AD
| DA DX e | 1A]+3g [ (dX~ADNEX A)H to all orders in a

R

Quantum definition e‘ﬂa[q)] — [

R S R e R R e I e e — e e tJ

In empty, featureless space-time
A=db%,  db®=2ae? x J,(a)

Fix X = 0 (gauge choice)

A

a

(@] = o, [®@|db] - 4i ab[dba Adb’ = [e—iqffl’)f db“cb]
a

A [e—iqafdba(p]

Z = [[ch]e—%[‘l’] = J[D@]e = J[Dc’is]e—%[‘i’] = Z,
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- ]
[DA DX]e_‘QfO [(D |A] +%f£ab(dX“—Aa)/\(de_Ab)

A

el _ J

R S R e R R e I e e — e e

|

Suppose anomalies are present

[DD]e~TlPIA] s [DP]e~TolPIA] o Copln“dA”
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e
ie_‘da [(D] — J' [DA DX]B_‘Q[() [CI) |A] +CabeadAb+%fé‘ab(an—Aa)/\(de_Ab)

Ll R I e R A e I R R e R e e

Suppose anomalies are present

[DD]e~TlPIA] s [DP]e~TolPIA] o Copln“dA”
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—_—-s - o
ie_%[@] B J[DA DX e~ PIA|=Cyp [ XA 35 [ e (dX =ADAAX"=A)

Ll R I e R A e I R R e R e e

Suppose anomalies are present

[DD]e~TlPIA] s [DP]e~TolPIA] o Copln“dA”

Saddle point for Stueckelberg has singular points a..

1
[Cab - — ab] dA’=0 = 4a’Det(C)+2aTr(eC)+1=0
20
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2
Example: compact boson Aolep] = '62 qua Axdyp, @~@+2n
. L , |
Currents: shift and winding Jg=pdp, Jy=—*%dp
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2
Example: compact boson Aolep] = '62 qua Axdyp, @~@+2n
. L , |
Currents: shift and winding Jg=pdp, Jy= Py * do
TT
ini i ” S S 1 S W
Minimal coupling Aolp] = —(d(p B>) A % (dp — B®) + 2_(d¢ B>) A B
T
. . pla)” T

Deformation easily found A @] = > do A *xdp , [la) = ‘ | D

oa—T7
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NYU TOPOLOGICAL GAUGING: ANOMALIES
0 O
Mixed anomaly! (shift BY) Cor=1 1 0
2T
1
Singular value Detlc — 8] =0 = a.=x
2a,
iNi ' ” S S 1 S \\
Minimal coupling Aolp] = 7(d(p — B) A % (dp — B>) + 2—(dgo — B>)AB
T
p(a)”

Deformation easily found A @] = quo AXxdy , [la)= - p

ja — 7|

2
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Redefinition of fundamental fields ®(x) — CTD(;/XO_)X) = e 2N D(x), w*=e? [ *x J,

}/XO —X

Yy, ON constant-time slice and xg — _ oo

—> total b-charge to the left of x
Operators!

f (> total b-charge to the right of x

Fix constant s.t. y( :l a b+ — OP
toyi(x) 28 A [Q<(x) Q>(x)]

Creation operators get dressed a;;(xi) s el Q<) - Qﬁ(xi»ai;(l(xi)

_; a b
In (and out) states get dressed {xi}> — € lagabZKJ R {xi}>

1n

1n
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2
QQ[O [¢] — Z [dzx laﬂ¢;aﬂ¢al = szx laﬂpaaﬂpa T pgaﬂeaaﬂga] ) ¢a — paeiga

a=1

Consider the phase rotation symmetries  J, =i (gb;dﬂgba — gbadﬂgbg) = — 2,036”6’“

2 t
Minimal coupling: |, [¢ \A] = Z Idzx [(0ﬂ¢a + iAﬁ%) (aﬂéba + iAﬁ%)]
a=1
| " O 2
Solve —eabS””Ay = — <Q70 [éb \A] — Jg — ZAg ¢a

2a BAG
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The result is a non-linear o-model with B-field

o) 2 M 2 .2
paa Haa 6’a Sa
o, [p,6] = [dzx D | 0 ps+ ———— | - 7 1522 ~£10,0,0,0,
— 1 + 16a-pips 1 + 16a-pips

tis a TST transformation of metric ds* = dp; + dp; + pd07 + psdf;  Lunin, Maldacena ‘05

T-duality /\ | B
(«91, (92) (6’1, 62) Obtained by dualising the

—> . .
radius of 0,-circle
TST S-transform Buscher ‘88 | Rocek, Verlinde ‘92
(0,0, + ab,) ¢————(6,,6, + ab), )
T-duality the deformed system is a CFT.

—> €9 A J, is atruly marginal operator, even though J, are not properly CFT fields!
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NYU

0

Follow the same procedure to get

e e e e e e e

o=, [®] _ I[DA DX]e—QfO[QD|A]+%JT1‘[X0)(9A)]+%JT1'[A/\a)(A)ﬂ

R

R

These are Deformed T-Dual models  Borsato, Wulff 17

= to Yang-Baxter deformations of &/, [(D] @ ([A’B] ) B [a) (A)’B] T [A, w (B)]

usz_l

generalise TST to non-abelian symmetry [R (A), R (B)] — R ( [R (A), B] + [A, R (B)] )
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U TT, CENTRALLY-EXTENDED POINCARE AND NON-COMMUTATIVE MINKOWSKI
Consider i30(2): it allows a central extension P, P,| =, =ne, K.P,| =¢,P,
Proceed as before in 1st order formalism AM = e/j’Pa + ng\ > Spin connection
(_ ———— 3 Tetrad
The deforming term is JT gravity Dubovsky, Gorbenko, Hernandez-Chifflet ‘18
H H H
—— | e, dXAne’ +— | e,e? Ae’ =—¢,, (dX“ — e“) A (de — eb)
20 4o 4o
[IT is = to &, on non-commutative Minkowski space—tim;]
Same dressing of scattering matrix Same correlation functions
Grosse, Lechner ‘07 Shyam, Yargic ‘22
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: I — : : : Topological gauging of Virasoro subalgebras?
To be done: fit the "higher T'T" deformations in this framework Higher%pin grav?ty? °

Extension to discrete and non-invertible symmetries d — XA{/cI)\—? Wilson line

Abelian seems possible: €, =, AT A - AA™

Extension to higher dimensions What about non-abelian?

Weak “conservation” breaking dxJ=¢, |p| <1

Stefano Negro | CCPP, NYU February 6th, 2023 | Les Diablerets
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DOUBLE CURRENT DEFORMATIONS: THE INTEGRABLE CASE

0
Higher'TTbar flow: gﬂa [(D] — szx gﬂpgl/dT(S)(x ‘ OC)T(?(X ‘ 0{) Hernandez-Chifflet, Negro, Sfondrini ‘19

Well-defined through point-splitting

(5) 1, ()

oMU
f_\/-> i pl,//tp
Factorized S-matrix known exactly: S (0) = p —iam?/s sinh SHSO(H) pj(;) — (cosh s¢; , sinh 56})
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NYU DOUBLE CURRENT DEFORMATIONS: THE INTEGRABLE CASE
Higher-T Tbar flow: a—ﬂa [(I)] — szx EﬂpSUGT//(tSU)(X | OC)TE?(X )  Hernandez-Chifflet, Negro, Sfondrini ‘19
a

Well-defined through point-splitting

f\/-) Higher-spin charge
Factorized S-matrix known exactly: S (0) = g ~iam’ls sinh SHSO(H)
1 d :

am
log $,(0) = @y(0) — > cosh s@
T

Access to TBA equations. Kernel: ¢ (0) = —
2mi dO

e(0) = rcosh @ — Jd&” @, (0 — log[1 + e~¢)] I = Jd@eise log[1 + e~¢¥

Driving term
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NYU DOUBLE CURRENT DEFORMATIONS: THE INTEGRABLE CASE

am?* ,
£(6) = rcosh 9 + (JFF+ 7,)coshsf — [d@’ 000 — O)log[1 + e~ ]

JT

—

Modified driving term ——> Different thermal bath = Twisted boundary conditions

e(0) = rcosh @ — Jd&” @, (0 — log[1 + e~¢)] I = Jd@eise log[1 + e~¢¥

Driving term
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NYU DOUBLE CURRENT DEFORMATIONS: THE INTEGRABLE CASE

am?* ,
£(6) = rcosh 9 + (JFF+ 7,)coshsf — [d@’ 000 — O)log[1 + e~ ]

JT

—

Modified driving term ——> Different thermal bath = Twisted boundary conditions

Generalize: Consider an arbitrary superposition of deformations

igzi CID] = | d%x e’ TO (x| )T (x | a)
oor a o Uv X po %4

() = Z v (el +y_(F)e™| — Jdé” @o(0 — Olog[1 + e=5)]

- > 4

GGE
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NYU DOUBLE CURRENT DEFORMATIONS: THE INTEGRABLE CASE

Knowledge of the undeformed GGE TBA yields results for the deformed theory

0 0 0
— I “)J + (7, 0) 5 Jy.0)=0 < JF(r.0)=I(r+aF(7 a),0)

Hernandez-Chifflet, Negro, Sfondrini ‘20

Generalize: Consider an arbitrary superposition of deformations

igzi CID] = | d%x e’ TO (x| )T (x | a)
oor a o Uv X po %4

() = Z v (el +y_(F)e™| — Jd@’ @o(0 — Olog[1 + e=5)]

- 4

GGE

Stefano Negro | CCPP, NYU January 24th, 2023 | Torino




