Anomalies, inflow and holography

with |. Bah, F. Bonetti & E. Nardoni



M-theory basics:

11D theory with 32 supercharges:
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Supersymmetric flux backgrounds (G # 0, dG = 0):
e FR: AdS; x S* max susy (SO(5) symmetry)

e AdSs solutions
¢ GM, BBBW:
(squashed) S* fibered over 3, — at least U(1)? symmetry
8 or 16 supercharges

o GMSW:
Mink, x ., C(M(;) =  AdS; x Mg
Mg — compact complex — S? bundle over Kéhler K4



M-theory - strong coupling limit of type |IA strings

Higher derivative terms in string theory (o’ and g, expansion) ~ R3*! [iftto 11D

Special CP-odd couplings: = (O A Xg
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> 5pt function at one-loop
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o X = 1= (8x +p1(TM)? — 4po(TM))
> Needed for string dualities

= solutions of M-theory # solutions of D=11 sugra



M5-branes

Classical soliton of 11D sugra
o the metric: ds?, = eM“(Nds2(W))) + eN2v(")(ds?) | (r - distance away from M5)
e the four-form : G4 ~ x, du(r)
dG4 = 05(r)
e zero-mode expansion G4 — GO + hz A du(r) + - - -

d*G4NG4/\G4 = hgz—*th

e (2,0) tensor multiplet

e (b ,¥%z%) a=1,..,4;,a=1,..,5
e S50(5) R-symmetry

e ADF classification - non-Abelian M5

Theory on M5 < <




Symmetries of the theory without M5 (CANGANG+CA[3p3(TM) — pa(TM)]]

e L

e shift: C3 — C3 + dA
e diffeomorphisms
With M5 i : Wy — My,
¢ 5(fpr,, CAGAG) — [, i*(ANG)

x M5 coupling fwﬁ hs N i*C
*x 0hg = 1*(dA) .... relative cohomology (dh = i*G)

e diffeomorphisms and [ C' A Xg ?
« Xz - (made of) characteristic class(es)... X5 = dX” and 6X” = dx{"
x assume trivial normal bundle (p;(T'M)|w = p;(TW))
*d [CNANXg — fW6Xé1)

* anomaly inflow



M5 ANOMALY

(2,0) tensor multiplet:

e Woldvolume chiral 2-form

o Ig = == (16p1 (TW)? — 112po(TW)) ~ L(TW)
e Worldvolume fermions

o Ip = L A(TW)chS(N)

o for trivial normal bundle:

1 ~ 1
— —A(TW) = —— (14p (TW)? — T
ID 4 x 2A< W) 5760 ( pl( W) 8p2( W))

o Total anomaly: Tws = 35 (501 (TW)? — po(TW))

e Cancelled via inflow from a bulk coupling ~ C5 A Xg(T M)
G0X" = np(MB)XS)(TM)  «  d7'6d )

e Nontrivial normal bundle... C A G A G is NOT ... diff invariant!



Non-trivial normal bundle

(single) M5 worldvolume :

e Chiral 2-form

o Ig = z=5 (16p1 (TW)? — 112po(TW)) ~ L(TW)
e Fermions
o Ip = L A(TW)chS(N)

o chS(N) =4+ $p1(N) + 5ep1(N)? + o p2(N) + ...

= (14p1 (TW)? — 8p2(TW)) +

e Jotal anomaly'
Ivs = 35 (1 (21(TW)? 4+ p1(N)? = 2p1 (TW)p1(N)) — p2(TW)+p2(N))

e Anomaly from the bulk (using pi (TM|w) = p1 (TW) + p1(N), ...)

ow =~ (F 0 (TW) + 5y (N2 = 2 (TW)ps () = polTW) (V) )

e Theresult: I s+ I, = % "



Non-singular p-branes
Brane worldvolume W, (d =p+ 1) locatedaty* =0(a=1,....,.D —d) in Mp
S.(Wy) - SP~4=1 gphere bundle - boundary of tubular neighbourhood of rad ¢, D (W)

e Magnetic source:
o dGp_g_1 =275(yY)..0( P Hdyt A ... AdYyPY = 27Dp_y4

® d(p(?“)egn_l/2) 2n—1=D—-—d—-1

Thomclassof N &p_, =
e dp(r)es,/2 2n=D —d—1

ep_q—1 - global angular form

e rank(N) = 2n - sphere bundle has fibers S%"~!
o dezp—1 = —7"(x(V)) X(N) € H*"(M,Z)

e rank(N) = 2n + 1 - sphere bundle has fibers 52"
o dezn =0 (e2o=dep,) ;. deby; = ey o)

o cohomology class ez, : [e3,.] = 7 (pn(N))

o  at the level of differential forms : 7. (e3,) = T (€2, ™*Pp(N)) = 2p, (N)



M5 (W6 — M4 ) - 30(5) N bundle
so(5) = A%R5 - connectionon N: 0% = —@Q%

Define ¢ = y@/r; (Dg)® = dj® — ©%gb; Fab = dQ — @ac A @@

(o 4(0) = (Dg)™...(Dg)™s — 2F™%2( D) (Dfj)sa + Fara2 Fasca) jos
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Under gauge transformations: §0 = (Dg)e®, §¢ = £4%4°
In the presence of M5:
e G=dC — dC—2ndpnel”)2
o 0C = =2mdp A eél)/2
o Introduce o3: Gy — 2mpes/2 = d(Cs — 2mpel’) /2) = d(C; — 2703)

e CS couplings in presence of M5:

1
Scs = lim — C3 — 2 ANd(C3 — 2 ANd(C3 — 2
T 50 6(2m)2 /M11 D(W6)( s~ 2105) A d(Cs — 2mas) A d{Cs — 2m0s)



Remember m,(e3) = 7*p,(N)) = 2p2(N)
Under diffs (SO(5) transformations), S¢s varies....

o §((C5—27mo3) = —27Td(p€2 )/2)

1
5503 = lim — / (,062 )/2) N d(Cg — 27T0'3) A d(Cg — 27TO'3)
e—0 127 Mi1—D.(Wg)
2T €4 €4 eéU

= - A — A
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Anomaly cancellation!... and a key to non-Abelian (2, 0) theories
¢ I ys + 1 oy +05cs = 0

e () coincident M5 - symmetry enhancement to SU(Q)
o dG4 =2wQdpes/2

¢ no new ingredients in the anomaly cancellation

w (@) = QLis(Q =1) + L9ps(N)




(2,0) theories have ADE symmetry enhancement

e Ap_1
¢ remove a centre of mass (one free (2,0) multiplet) anomaly
10 = (Q — I w(Q =1) + L7%ps(N)

e Do
o R®/Z, fixed points
5 = QIu(Q = 1) + L EE 2, (N)

o I
¢ no direct calculation (brane picture), but ... using 5D gauge CS confirm
o ISP =raln(@Q=1)+ “SIepa(N)
o g, da, hf - rank, dimension, dual Coxeter

E-strings
o M5 inflow + HW
o HW: Gl = Is(1) ~ o JA(tr R2/2 — tr F2)

& [12(2) 214(2)/\X8—|—%14(2)/\]4(’1,)/\]4(’1,) (’L: 1,2), 112 2112(1)—|—]12(2)
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M-theory on a spacetime with non-trivial boundary:

o Sc(We) ~ My — D (W) : St — S (W) — W
Non-invariance of the action under diffeomorphisms:

o 38m =27 [g ey Tio

s dZy) =01y, dZy) =To

inflo
Ién W :/ 112
g4

Iénﬂow i IgFT i Igecoup — 0



Four-dimensional anomalies
M5 on a Riemann surface %, : We = Wy x X
e Space Mg (fixed by supersymmetry)
o 8% — Mg — 24,0
o MP=Y — S (Ws) — Wy
o SO(b) — SO(2) x SO(3) or SO(2) x SO(2)

° [eiinﬂow — fMé’sz 1'12 & Iénﬂow s IgFT 1 IgeCOUP — 0

Riemann surface with punctures Ygon:
o Mg = MMculJ'_, X¢
o St — Mpulk 5%
o X§& — geometry encoding puncture data
o [PV = [\ Ty = [PIO(S,0) + Sy IOV ()

© [(iinﬂow(zg,n) - fMgulk Lia = fzg,n I&i%nﬂow & IfisnﬂOW(Pa)



N =2class S SCFTs

1 1
Ig"" = (ny =) | 5 (1)” = 75 1 (TWa) | = ¢ 5’ — ki o] cha(Gr)

o Flavor symmetry Gr

o R-symmetry U(1), x SU(2)r

M5 geometry: TMulw=TWs TX,, dSO(2) &5S0(3)

T*X¥, » (hyper-Kahler)

o Chern root of SO(2) : n =n*+ fzg x(XBgn) =21+ (2(1 —g) — n)

inflow CFT __ _ free tensor 1
¢ Ty T Ty = Ny, (Zgao) — §X(Zg70>
< ° nihnﬂow s ngFT — n%ree tensor(zg’o) —0
inflow CFT _
L * ko) T Rsuk,) =0




S+ reduction to AdS-

o vacuum configuration: G = 27 Q Vol(S*)

o expand to include fluctuations - flux needs to be

> invariant under SO(5) gauge transformations
> dG =0
> quantisation [, G/2 = 2w Q

o G = 2mQey /2 + fluctuations in C5 works!
o [ CAGAG  — ~@Q [,,6 PV (A)

e “topological sector” - extension to AdSs reductions

e Scalars can be included
A\ a A\ ) %5 N\ a )%\ ~q
64n%cs — €aray  (—3(DG)M (DY) TLE 4 4(Dg)m..D (%) s

—9 Fa1az (Dg)ag (D:&)GA (g%); + Faraz [rasaq ?)%)

¢ consistent truncation of D=11 supergravity to D=7 fields

o T% = (II71 . I171)® - coset elements of SL(5)/SO(5)

o Deformations of GAF = Consistent truncations (!?)

o Note e5— SL(6) x SL(2) C Ejg & er — SL(8) — max subgroup of F~



AdSgy1 X M
(think of M5 with Ws = Wy x S6_q & S* < Myo_q — S¢_aq )

o Flux Gl,=c=21FE,
¢ FE4 Invariant under symmetries of Mig_q4

dE, =0
o . < Joa Es =N
E, — globally defined

¢ FE4 not uniquely fixed (yet)
e My_4 has isometries (killing vectors k;) and harmonic 2-forms w,:

¢ Isometries
* Lie algebra: £]kJE£kaJ: [k[,kj] :f[JKkK
x Gaugings: dé™m — DE™ =dEm + kT Al (forms: w — w8)
« Connections:  F! = dA! — 1 f;,c1 A7 AK
O Hz(Mlo_d)
* 03 — Ao‘wa , o = 1, ceny bQ(Mlo_d)
o ... but no NWVV fields (cf S7) - generally x(Mig_q) # 0



General parametrisation of Ey:

(87

o F
E4:V4q—|—%wgq—|—’y4

V4eq:V4g+FIw%+FIFJO'[J .
where < closed & gauge-inv.
W =we +2F! oy,

E,=VE+FY WS+ F Foxy +v for X=(I,a)

o o
FX=(FLLLFY), wx=wnhws), oxy=]| —~ 7
O Ja 0
( £xVi=0,  £xwy = fxy? £ = fxn? z
x Vi : xwy = fxy“wz , X0y, = fxvi?ozv, + fxv,7 oy, z
y dVy =0, txVyi+dox =0, L(wa)+dUXY:0
|+ £o=0 & 1,=0, fXYZ:{fIJKao}

° ’)/4—>O

® D=4: NaFa:O, (Na:fM6V4wa) e fM6V4w1:O



by

= equivariant class

e Action of G on Q*(My9—_q)

o g — Q*(Ml()_d)
X = alX)

x g2 X =Xt ({t;} - a basis of g)
O CY(X):V4+CU]XI—|—O'[JXIXJ
o «a(X) - homogeneous of degree 4  ([(dif. form) + 2 x (polynomial)|)

= can extend the Lie algebra g by adding new Abelian generators t,,
o X =X%tyx
* 1 =0, £,=0 (trivial action on forms)

= Invariance & closure of £y, <& deqa =10
o (deq)(X) =d(a(X)) + taa(X)
= Deformations: mod out «a(X) — a(X) + (deqB)(X)

Fixing leftover ambiguities
E?+2Xg=0  incohomology of Mig_g4

(cf. apys d* Ga = 3 e . )



EX: Mgz— GMSW

S? bundle over a product of 2 constant-curvature Riemann surfaces
ds*(Mg) = h3» ds*(S%) + hg ds* (2g) + h, dy® + hy, Dy?

* Y € [Ymin, Ymax) hsz, hx, hy, hy - functions of y only
= topology:
o Xy g=00rg=>2

o {y,v} -topologically S7,
o dDYp = —2Vg2 — x V5, (Vs2, V) — normalised volume forms

x  Fluxes (Ng2,Nx, M)
O NE = fEQXSQ¢ V4
& N52 = fSQXSQw V4
o M =1(Nx+Ng) =3 (fy:ymax Vit [, V4> (2, x S? integrals)
¢ constraint: Ny — Ngs+2 Ny, 4+ x Ng2 =0

* 3 independent harmonic 2-forms w, & constraint:

N,F*=NgF'+ Ny F24+ M F3 =0



The result in terms of F2, F3 and F¥ = dAY

o  AY 4d connection associated to the U(1),, isometry

. 1 1
(27-()3 Iénﬂovv — _ﬂ (XNS2 + 2N2)p1(TW4) FY + ﬂ Xpl(TW4) F?

N [Ngz (12M? 4+ 4xNg2Ns + x*Ng, — 12N2) 1

Ngz Y
24 (xNg» — 2N3) T g XVs ]P1(50(3))

1 1
— 1 M N2 p1(SO(3)) F? — - Ns= (xNsz + 2Nz) p1(SO(3)) F*

1
+ 2 (XNs2 +2Ng) (F7)°
n [_ NS2NZ (—QM—Xst +2NE) (QM—XNS2 —|—2N2) 1

. F@b 2F3
(2Ns — xNs2) 2 2X]( )
2 2072 2
L AMNs oo g AMP NG +ANG
QNE — XNSQ 2 (QNE — XNSQ)
1

M
F2 F32__ F33
B ()

FY (F3)?

NE 2\2 193
F F
+N52( ) i




Central charge ar large N
° FY —» R F?2 & 2 R F3 - g3 FR
o turn off the flavour SO(3)
e LargeN: Ng:~Ng~M~F?~F°~O(N)

e  maximise the coefficient of (F'})3:

: 1
(27‘(‘)3 Ié]FT _ (271')3 (_Iénﬂovv) _ 6 tr RS (FR)B

o a:c:g%trR3

_ 9N§2 NZ (4 N2 +2x Ng2 Ny +X2N§2 —3M2)3/2
- 4(2x Ng2 Ny, + 3 M?)?
B 9N§«2 NX% (2NE+XNSQ)<8N§2]+2XNSQ NE—|—2X2N§2 _9M2)

C

8(2x Ngz Ny, + 3 M?)?

e agreement with holographic calculation for M = 0 and X, = 5? (x = 2)
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Chern-Simons couplings in AdS;.11

X Xk >k

< Holographic computation of anomalies

Topology of M;¢_4 and E, determinant!

Extensionto IIB  (FEs5 is very different from E,!)

Beyond “topological deformations” ...

X %k >k



