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* Unifying framework to describe global symmetries & anomalies: SymTFT
[Gaiotto/Kulp '20, Apruzzi et al 21, Freed/Moore/Teleman 22, ...]

> Democratic description of charged objects and symmetry generators.
> Gauging and quantum-dual symmetries via boundary conditions.

 Less explored extreme case: p = — 1 — related to #-angles and axions.

e Quantum-dual (d-1)-form symmetry — “decomposition” [Pantev/Sharpe '05,
Hellerman et al '06]



Decomposition from topological point operators

[Sharpe 22 (review) + references therein]



Decomposition from topological point operators

[Sharpe 22 (review) + references therein]

» Theories with topological point operators W (x) = W , i.e., (d-1)-form
symmetry, have projection operators 11, = ZU yr(w) W , such that



Decomposition from topological point operators

[Sharpe 22 (review) + references therein]

» Theories with topological point operators W (x) = W , i.e., (d-1)-form
symmetry, have projection operators 11, = ZU yr(w) W , such that

> ZR [1, =1d, [Ilz, O] = 0 for all (codim > 2) operators O, 11, 11¢ = 0xl 1.



Decomposition from topological point operators

[Sharpe 22 (review) + references therein]

» Theories with topological point operators W (x) = W , i.e., (d-1)-form
symmetry, have projection operators 11, = ZU yr(w) W , such that

> ZR [1, =1d, [Ilz, O] = 0 for all (codim > 2) operators O, 11, 11¢ = 0xl 1.

. Consequence: # = @ # i, (0,...0,) =Y (OF...0F), OF =11x0,,
Z = ZR :ZOR — ZR <HR>



Decomposition from topological point operators

[Sharpe 22 (review) + references therein]

» Theories with topological point operators W (x) = W , i.e., (d-1)-form
symmetry, have projection operators 11, = ZU yr(w) W , such that

> ZR [1, =1d, [Ilz, O] = 0 for all (codim > 2) operators O, 11, 11¢ = 0xl 1.

. Consequence: # = @ # i, (0,...0,) =Y (OF...0F), OF =11x0,,

Z = ZR:ZORZ ZR<HR>

= decomposition into “universes” [Komargodski et al '20]; T ¢~ = 1.7



Decomposition from topological point operators

[Sharpe 22 (review) + references therein]

» Theories with topological point operators W (x) = W , i.e., (d-1)-form
symmetry, have projection operators 11, = ZU yr(w) W , such that

> ZR [1, =1d, [Ilz, O] = 0 for all (codim > 2) operators O, 11, 11¢ = 0xl 1.

. Consequence: # = @ # i, (0,...0,) =Y (OF...0F), OF =11x0,,
Z = ZR :ZOR — ZR <HR>

= decomposition into “universes” [Komargodski et al '20]; T ¢~ = 1.7

o “Stronger” than super-selection: universes separated by infinite-energy
domain walls (“eternal false vacua” [Cherman/Jacobson "20]).
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. d=2 G Yang—Mills: Z(Z,A) = ), dim(R)"*8exp(—cy,(R)A) = )
[Witten '91, Tachikawa ’13].

Z1(G/Z),]

n<|Z|

> Due to non-invertible V,; invertible for U € Z = Z(G). [Nguyen/Tanizaki/Unsal '21]

< d=4 generalization: G-YM with instanton restriction [Seiberg 10, Tanizaki/Unsal *19]:

» Yang—Mills[d] + top. sector i [ b(Tr(F*) — 2—]\;d/13) = [Tr(F*) =0 mod N.
. Topological point ops ¢”¥) = Z[0] = ij\:ol ZF Mg + 27:%].

° Many more examples In orbifold models [Sharpe + collaborators, ’'06 — now].
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» Inserting [T = >, xr(k) W, projects onto universe labelled by y; = R,
corresponds to gauging the (d-1)-form sym with discrete torsion yy [Sharpe *19].

« Expectation: 9 p,’'s haved — (d — 1) — 2 = (—1)-form symmetry;
described for orbifolds In [Vandermeulen ’22].

« Equivalently: gauging (-1)-form symmetry = “summing” over J .
e (-1)-form symmetry “acts on labels (couplings [Codorva/Freed/Lam/Seiberg *19]) R”.

= As guantum-dual pairs of symmetry, should have natural description in
Symmetry TFT (SymTFT).
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e Relationship to anomaly theory [Freed '14]: if B>™ is a gapped interface, then
“RHS” is anomaly theory; without BY™: B8PS js “relative” theory.

A —p A

§Bphys Bsym Q ET
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o Bulk: Sy =i z—ﬂdb +1 A Cq_py, Operators W(Z,, ) = exp(i¢, b,,,) and

V(sg_p_1) = exp(i c ) With W(£)V(s) = exp (%f . s) V(s)W(Z) .

e Dirichlet b.c. forc,_, |/ V: Spyikeo = Ul

iN n
> Id+1db/\c+2—ﬂfz%b/\(c+d/1)

> €.0.M.’S = |y =¢+ (—1)"dA,
A= /Id_p_z dynamical (topological) “Stlckelberg field” on boundary.

» After interval reduction, 4,_, , dynamical Z, gauge field in d-dim. theory
— exp(i p4) “charged object” of (d — p — 2)-form symmetry.

« B.c.’s are states [B,,,; ¢) of SymTFT; analogous description of |8 - b).

Sym?

8



Changing boundary conditions

b and c are canonically conjugate variables of the (d+1)-dim SymTFT
[Freed/Moore/Teleman ‘22, Kaidi/Ohmori/Zheng '22]

. ‘ sBsym. l;p+1> X Zceif%lg/\c | sBsym. C> and ‘ sBsym. 6d—p—1> o zbeif%b/\é ‘ sBsym. b)



Changing boundary conditions

b and c are canonically conjugate variables of the (d+1)-dim SymTFT
[Freed/Moore/Teleman ‘22, Kaidi/Ohmori/Zheng '22]

« B D, ) o X et BIYMc) and | BI™ ¢, ) & X, etlubn?| B p)
o ZP)[b] = (B/PYS | BYM: ))



Changing boundary conditions

b and c are canonically conjugate variables of the (d+1)-dim SymTFT
[Freed/Moore/Teleman ‘22, Kaidi/Ohmori/Zheng '22]

. ‘ sBsym. l;p+1> X Zce”%l;/\c | sBsym. C> and ‘ sBsym. 6d—p—1> o zbeif%b/\é ‘ sBsym. b)

o Z(P)[[;] — <%phys ‘ %sym; [;> X Zceif%lg/\c Z(d—p—2)[c] _ Zyeifygjg[¢, b]e—S[¢’b;C]

(¥ = Vp+1 = PD“(c))



Changing boundary conditions

b and c are canonically conjugate variables of the (d+1)-dim SymTFT
[Freed/Moore/Teleman ‘22, Kaidi/Ohmori/Zheng '22]

. ‘ sBsym. l;p+1> X zceif23 bAC | sBsym. C> and ‘ sBsym. 6d—p—1> o Zb eif23 bAC ‘ sBsym. b)
. (P — /9rphys | sym. 7 i [ DAC Z(d—p=2)[ ] — if, b _S[¢p.b:c]
Z\P[b] = (3BPWY | BV h) Zce BN/ [C] Zye JQZ[gb, ble

[ (d-p-2)-form sym-transf. ] (y = YVprl = PDYW(¢))



Changing boundary conditions

b and c are canonically conjugate variables of the (d+1)-dim SymTFT
[Freed/Moore/Teleman ‘22, Kaidi/Ohmori/Zheng '22]

. ‘ sBsym. l;p+1> X zceif23 bAC | sBsym. C> and ‘ sBsym. 6d—p—1> o Zb eif23 bAC ‘ sBsym. b)
. (P — /9rphys | sym. 7 i [ DAC Z(d—p=2)[ ] — if, b _S[¢p.b:c]
Z\P[b] = (3BPWY | BV h) Zce BN/ [C] Zye JQZ[gb, ble

[ (d-p-2)-form sym-transf.] = Z}, eifbe@qﬁ W(}/)_1 e OlPie=01  (y = Vo1 = PDY(c))



Changing boundary conditions

b and c are canonically conjugate variables of the (d+1)-dim SymTFT
[Freed/Moore/Teleman ‘22, Kaidi/Ohmori/Zheng '22]

. ‘ sBsym. l;p+1> X zceif23 bAC | sBsym. C> and ‘ sBsym. 6d—p—1> o Zb eif23 bAC ‘ sBsym. b)
. (P — /9rphys | sym. 7 i [ DAC Z(d—p=2)[ ] — if, b _S[¢p.b:c]
Z\P[b] = (3BPWY | BV h) Zce BN/ [C] Zye JQZ[gb, ble

[ (d-p-2)-form sym-transf.] = Z}, eifbe@qﬁ W(}/)_1 e OlPie=01  (y = Vo1 = PDY(c))

i| b _
= (e W) Nd—p-2)



Changing boundary conditions

b and c are canonically conjugate variables of the (d+1)-dim SymTFT
[Freed/Moore/Teleman ‘22, Kaidi/Ohmori/Zheng '22]

‘ sBsym. l;p+1> X zceif23 bAC | sBsym. C> and ‘ sBsym. 6d—p—1> o Zb eif23 bAC ‘ sBsym. b)
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27T JSd
. “Standard” YM: Sgym = 2%: fb Ac, ~ Siq= Syp+ JISTI‘(F )

. Gauglng 7Y c U= by tOp[b A3) =i[b[Tr(F?) — (413 + &)
=> — E Z and JTI‘(Fz) = J (d/13 + C4) — J Al C4 IIlOd N[Tanlzakl/UnsaI '19].

» Project back: S,,,[b, 43, ¢,] = i [b[Tr(F*) — (d/13 +e)l+[2 2—ﬂc4, and path-

integrate over ¢, = b = b and fTr(F %) = jz—ﬂ(al/l3 + ¢,) can be any integer.
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Example 1: Instanton-restriction in 4d Yang—Mills

0 —>60+bofdd YM is U(l)(_l) symmetry [Codorva/Freed/Lam/Seiberg *19].

e Ssym = SO | gt [ HTH(F?) + =

yi

b /\ dC4 + S%sym —~ S4d — S + St()p

SBphys 2 ISd

. “Standard” YM: Sgym = 2%: fb Ac, ~ Siq= Syp+ JISTI‘(F )

. Gauge full U(1)™" (flat) by S, [b, 73] = j b (Tr(F?%) — (dry + ¢,))
= [Tr(F*) = [(dry + ¢,) = [ ¢4, s0 no mstanton sum at all!

» Conveniently describes mixed anomaly / 4-group with 1-form symmetry:

X
Shulk 2 . | db A B, A B,, incorporates / generalizes findings of [Tanizaki/Unsal *19]
JU
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° On52:C3=C1/\V0152, 2=52/\1+(ﬂ/\V0152,]C2—]?2/\1+b/\V0152

= Opylk = J3d (2,,(31 Ada+—- fz ANdp +— ﬂz AdapAf)

. b=b € Z Nardoni et al *24]: Zgz x U(1)'") global symmetry in 2d

« What about shifts of »? ~ non-invertible O-form in 2d?
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Summary & Outlook

« SymTFT naturally incorporates (-1)-form symmetries and decomposition with
all bells and whistles.

> May enhance symmetry category (4d — 2d example).

> Dynamical gauging of (-1)-form gives axions = new approach to Strong-CP-
problem? [see also Aloni/Garcia-Valdecasas/Reece/Suzuki '24]

> Topological point operators omnipresent in geometric engineering of string
theory, but not studied so far...
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