Based on:
arXiv:2104.07579 with D. Gallegos, N. Zinnato

Work in progress with E. Bergshoeff, J. Lahnsteiner, J. Rosseel

1/13


http://arxiv.org/abs/arXiv:2104.07579

Based on:
0c arXiv:2104.07579 with D. Gallegos, N. Zinnato

€ Work in progress with E. Bergshoeff, J. Lahnsteiner, J. Rosseel

1/13


http://arxiv.org/abs/arXiv:2104.07579

My focus is supergravity in 11
dimensions

Unique maximal supergravity in maximal dimension (11)

Field content: G Cuvp v,
a
or E°,

2/13



My focus is supergravity in 11
dimensions

Unique maximal supergravity in maximal dimension (11)

Field content: G Cuvp v,
a
or E°,

S= /\/ )+ C A F A\ F + fermionic
0B =&V, 6cCup =3V, 0V = Duetsg(vuF—3F,)e
Dimensional reductions: maximal SUGRA in lower dimensions

2/13



My focus is supergravity in 11
dimensions

Unique? maximal supergravity in maximal dimension (11)

Field content: G Cuvp v,
a
or E°,

S= /\/ )+ C A F A\ F + fermionic
0B =&V, 6cCup =3V, 0V = Duetsg(vuF—3F,)e
Dimensional reductions: maximal SUGRA in lower dimensions

2/13



11-d SUGRA is the low energy limit
of M-theory

11-dimensional supergravity

Type IIA Eg x Eg heterotic

Type IIB ~ SO(32) heterotic

Type I

A portrait of the theory as a young M
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Other limits give other ways of
exploring M-theory
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space, spectrum, symmetries
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Other limits give other ways of
exploring M-theory

This talk: non-relativistic string/brane limits

Decoupling limits — strings/branes with non-relativistic target
space, spectrum, symmetries

Why study?
— Quantum Gravity (aka M-theory) via its non-relativistic corner
— non-rel versions of AdS/CFT (previous talk)

— related by duality to other limits of M-theory (early 2000s) e.g.
DLCQ, non-commutative open string/brane theories
— curved non-Lorentzian (Newton-Cartan) geometries (recently)
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Non-relativistic limit of strings }

Following [Gomis, Ooguril: A,B=0,1and a,b=2,...,8
ds? = c?nagdXAdXPB + 6,,dX%dXP B = —1c%eagdX? A dXE
Worldsheet action:

S= / d%o c? (nABaaanaxB - eABeO‘ﬂ(?aXAOQXB) + 0 X?0%X,
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Following [Gomis, Ooguril: A,B=0,1and a,b=2,...,8

ds? = c?nagdXAdXPB + 6,,dX%dXP B = —1c%eagdX? A dXE
Worldsheet action:

S= / d%o c? (nABaaanaxB - eABeaﬁaaanng) + 0 X?0%X,

2c2

RS / d?0 5500 A% 4 + Aaa (1 Bepcd® XE — P95 XA) + 0nX20% X,

i / d?0 Moa(Bepcd® X — @BsXA) 4 0, X20%X,
lightcone coordinates in both
= /d20 )\+87X+ + )\,&FX_ + 6aX38aXa worldsheet and target space:

L 5 XA become chiral/antichiral
— non-relativistic spectrum E ~ P

— boost invariant §X? = Aa?XA, 6XA =0
(X' =x+vt) OAg = —NL70+ X,
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Non-relativistic limit of membranes J

Similar limits for any p — 1 brane using associated p-form potential

M-theory: membrane non-relativistic limit (also possible: five-brane)
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Non-relativistic limit of membranes J

Similar limits for any p — 1 brane using associated p-form potential
M-theory: membrane non-relativistic limit (also possible: five-brane)

Curved geometry version: A=0,1,2and a=3,...,10
G = CZTAN,TBI,UAB + Cile"’,,eb,,éab
Chovp = —C36AgcTAMTBVTCp + Cuvp
Two types of (orthogonal) vielbeins: longitudinal (‘time’) 74,
transverse (‘space’) e,
TA,uT'uB = 5§ e? ety =0p TAMTVA +e?ue”a =4,

A a
76t s =0="1"pe%,
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This gives a ‘membrane
Newton-Cartan geometry’

B -1 b A B _C
Guw = CZTA“T vnag +c e e’ o Cuvp = fc3eABcT uT vT p+ Cuvp

Geometric objects:
— Intrinsic torsion: T,,” = 28[M7'1,]A
— Field strength: Flupo = fupe — 6T 78,70 fivpe = 40,6000

— Connection s.t. V74 =0 = V(et,e"?)
— curvature R, torsion I'[W]p ~ TP 4 TWA
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This gives a ‘membrane
Newton-Cartan geometry’

2_A B —1 b 3 A B C
G‘LV =c T uT unaB + € ea‘ue v0ab C/,u_/p = —C €ABCT uT vT p+ Cuvp

Geometric objects:
— Intrinsic torsion: T,,” = 2(9[M7'1,]A

— Field strength: Flupo = fupe — 6T 78,70 fuvpe = 40,6000

— Connection s.t. V74 =0 = V(et,e"?)

— curvature R, torsion I'[ PPy TWA

uv]

— Measure Q = cv—G
— Define fopcq = e'uaeybepceodfuupax fabea = e'uaeybechUAf;u/pax
etc.
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Expand 11-d SUGRA (bosonic part)J

G = CZTAuTBUnAB + c’leauebyéab Cuvp = 7C3€ABCTAMTBVTCP + Cuvp
Expanding the action
5:/\/—GR—%F/\*F—%C/\F/\F
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Expand 11-d SUGRA (bosonic part)}

G = CZTAuTBUnAB + c’leauebyéab Cuvp = 7C3€ABCTAMTBVTCP + Cuvp
Expanding the action

5:/\/—GR—%F/\*F—%C/\F/\F
s ped () f;Ll/pa = 48[/1, Cupo)
- /7%’((_)3 “Mobed T’ = 28[/L7—1/]A

+ CO/Q(R’ - T Taas) + %TaAA T.6” — %fabCAfabcA
+ %EABCfABabTabC) +ia AN
+0(c™?)
At O(c3):

— T2 terms from R and F? cancel
— Non-zero term from F2 and CFF involving (anti-)self-dual field

+
strengths fa(ba)i = %(f;’;bcd + %tfabcdefghfefgh)
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Possible divergences can be
removed using Lagrange multiplier
trick

Introduce Lagrange multiplier field A pcq to remove c3 term

550 [ friomer)

9/13



Possible divergences can be
removed using Lagrange multiplier
trick

Introduce Lagrange multiplier field A pcq to remove c3 term
3 [ @ f(—)abed £(—)
Soc /fﬂf( Jabed ')
v 0 /Q%)\abcdf(*)abcd + c3 / Q%/\abcd)\abcd

_ 3.0)
eom sets Aaped = € fop
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Take the non-relativistic limit }

For ¢3 — oo get [CB, Gallegos, Zinnato]

Snon-rel = /Q(R — T8 Ta(AB) + %TaAA TaBB - %fabCAfabcA

+ LeapcFABPT,C — 2N peqf (7)) 4 taaANfa Ny
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+ LeapcFABPT,C — 2N peqf (7)) 4 taaANfa Ny

Non-relativistic symmetries:
— local rotations SO(1,2) on A, B and SO(8) on a, b

— boosts (x' = x+w)
(5TAM = 0, 5eau = /\aATAM, 5C;wp = —36AB(:/\aAea[MTB,,TCp]
OAabed = a.s.d. part of 4/\A[aﬂA|de]

— emergent dilatations local parameter «

(57‘Au = —i—OéTA#, (56‘9# = —%ae"#, 5CIWP =0, 0\sbed = —OAaped
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Now include SUSY

Non-relativistic expansion of all 11-d fields:

5 _ (A _—1/2_.a _ 3 A _B _C
E?, = (cm"y,c /e“) Cuvp = —Co€ABCT uT 0T p + Cuup

W, =c Mo, + My, Nipa, =ve, Ne=3(1+90m0)

Action with 1) terms: Lagrange multiplier trick still works

SUSY transformations of bosons are finite for ¢ — oo
S = T Ge€’ = B+ E Vi
3QCuvp = 6€+€A357A¢+[HTB,/T5 + 3€_wab¢,[ueauebp]

+6 (€+7Aa¢—[u7'AVeaP] + E*’VAad]HMTAVeap])
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Now include SUSY

Non-relativistic expansion of all 11-d fields:

5 A _—1/2 3 A _B _C
E?, = (cm"y,c / e?,) Cup=—CoeaBcT uT 0T p+ Cuup

-1, 1/2 _1
V,=c Yy +c / Yoy Nitpe, =1, Ni=35(1%9012)

Action with 1) terms: Lagrange multiplier trick still works

SUSY transformations of bosons are finite for ¢ — oo
SUSY transformations of fermions 1)+ contain c* terms
— have to impose geometric constraints s.t. these vanish:

TabA =0 Ta{AB} =0 f(+)abcd =0 anbc =0
more precisely ‘super-covariant’ versions of these tensors
Constraints ensure SUSY invariance of non-rel action
Presence of ¢ terms reveals emergent fermionic shift symmetry
cf. N'=1 in 10d [Bergshoeff, Lahnsteiner, Romano, Rosseel, Simsek]
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Fermionic symmetries have an
explanation in expansion

Expand action S = ¢3S3 4+ %Sy + ¢ 353+ ...

Expand SUSY transformation § = ¢33 + c%g + ¢ 36_3 + . ..
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Fermionic symmetries have an
explanation in expansion

Expand action S = ¢3S3 4+ %Sy + ¢ 353+ ...

Expand SUSY transformation § = ¢33 + c%g + ¢ 36_3 + . ..

If S5 =0, 65 = 0 then [3350 — 0 6050 + 3555 — 0| before

C — X0

= form of §3 gives emergent fermionic shift symmetry
5577/)4-# = TA,upAJr - %eau’)’an— 5S¢—p = TA;L'YAW—

= After limit (no S_3) need d3 = 0 for 6pSp =0

So¥-p = Ve + e uvel Der Soviy = Vaey — S77%maker — JeuXvee
Ve = (0u + %wuab%b + %WMAB’YAB - %bu)ef
Vyer = (0p + %Wuab%b + %WMAB'YAB + bu)ey + %WAB'VA#—
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What have we found? }

— Non-relativistic 11-dimensional supermultiplet

A a . 4
T uw € u Cuvp Aabed LJ‘/}—HL ‘/}—,u

together with constraints (vanishing of geometric tensors)
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T ea/x, Cuvp Aabcd li’—O—y, (1 m
together with constraints (vanishing of geometric tensors)

— Transformations of A, determined implicitly by expansion
— Vary constraints — more constraints... closure? Solve by gauge
fixing? (in progress)

— Equations of motion: due to emergent symmetries not all eom
follow from action (Poisson equation + fermionic counterparts)

- Brane solutions Thanks for listening!

— Repeat for M5 non-relativistic limit using dual six-form?
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