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Non-Lorentzian Physics

Structure of spacetime

Spacetime is foliated and Approach

described by two degener-

ate metrics.
e Derivation methods: Limits, expan-
sions, null-reduction...
Time e Limits allow us to inspect corners of

Lorentzian theories.
Space



Non-Lorentzian Physics

Structure of spacetime

Spacetime is foliated and Non-Relativistic type |l supergravity
described by two degener-
ate metrics.
e Non-relativistic limits of AdS/CFT?
e Non-relativistic quantum gravity?
Ti e Can non-relativistic theories be used to
me

learn more about ordinary string the-

-
Space ory!



Non-Lorentzian Physics

Structure of spacetime

described by two degener-

DEE UREHES: e Non-relativistic Type Il supergravity
o 10D
o String foliation
Time

o Democratic formulation

Space e Find solutions



1.INTRODUCTION



String foliation

Vielbein formalism

A B
8w = E"LE"unp

Index convention

W,V ... 10-dim curved index

0 PPN

T A, B, ... 10-dim flat index (A = {A, a})
A, B, ... Longitudinal flat index (A =0,1)

1
T
a,b,... Transversal flat index (a =2,...,9)



Type Il Supergravity in Democratic Formulation

0B = d¥y),
o NSNS sector: describes the 5
geometry of the space time. 6Can-1) = dXiNe”,
E. A B, ® SEA, = A SEB,
=0

e RR sector: All potentials!

Cen-1) Field Strengths

where n < 5 in massive IIA H=dB,
and n=1/2...9/2 in lIB.

Gny = dCpn_1) — dB A Cian_3) + me®



Type Il Supergravity in Democratic Formulation

§B = dq),

e NSNS sector: describes the

B
geometry of the space time. 0Can-1) = dX A e”,

E/,LAyB,u,ua(I) 5EAP': AABEBN‘

e RR sector: All potentials!

Can—1) Field Strengths

where n < 5 in massive IIA H=dB,
and n=1/2...9/2 in |IB.
/2--9/ Geny = dCpn—1) — dB A Cian—3) B

Stueckelberg
term! 5/24



Type Il Supergravity in Democratic Formulation

Bosonic action

Democratic formulation of the RR sector unifies all p-form gauge fields
into a single structure. As a result, there are no Chern—-Simons terms.
The bosonic action is:

Spz = dx\/—g (e% [R + 40D — —HW,,H‘“"’]

1 1
2k? 2.3l

=3 (qgmgy Gov-an G 40)



1.NON-RELATIVISTIC LIMIT



Non-Relativistic Limit

1. Redefinition of the relativistic fields in terms of non relativistic ones
by introducing a dimensionless parameter c.

2. Substitute the ansatze in the relativistic expression.

3. Limit ¢ — oo

Careful!: Transformations must be finite for the limit to be well-defined.



Einstein-Hilbert gravity

Sen = /leX\/fg R

de? = Aabeb =+ ABBTB

EETTEEES era—

EHA = CTIAAv
E.’°=¢.’, 1
12 22 R — _CZZtabAtabA 4 O(CO)
Aas = s,
tp" =2e", €%, a[MTl,]A
Aab == )\ab

—1
Apa=c A

Divergent action as ¢ — oo

9/24




NSNS Supergravity [Bergshoeff et al, 2021]

1 _ 1 .
Snsns = —ﬁ/dlox —ge® [R + 4(0®)* — HHHVPHH p}

P=¢+Inc
B, = C2TAMTBV €aB + buy dbp) = 2\ e ATBeag + do
Houw = 3¢"tip 1% € + 300 by 3¢ =0

Y=o



NSNS Supergravity [Bergshoeff et al, 2021]

1 _
Snsns = —ﬁ/dlox —ge ** [R +4(09)* —

P=¢+Inc
B, = C2TAMTBV €aB + buy
Hopw = 3¢? t[pMAT,,]BGAB +30,bu)

Y=o

1

2.3l H“””HW}

1 v 1 2 a
— 5 gy How H = 7 ¢ tavat A+ 0(°).

The divergences from R cancel against
those from H?. The final NS-NS action
scales as O(c )



Type Il Supergravity in Democratic Formulation

Bosonic action

= 1 10 1 K1 pn
Si = Snsns — ﬁ/d xﬁg(— me”'u(zn)G 1 ))

Con-1) = 7 AT.B A kipn—3jeas + kan—1)

c® order cancels in mas-
sive [IA and IIB supergrav-

ity due to the recursive sum
- . i i
Finite transformation rules! SR o i dereaEte

A 5 formulation. For massless
Okan-1) = = 2X"g €" AT" A k@an-3)€aB 1A, m = 0 after the limit.

+ doAe’

11/24



Type Il Supergravity in Democratic Formulation

Bosonic action

= 1 10 1 K1 pn
Si = Snsns — ﬁ/d xﬁg(— me”'u(zn)G 1 ))

Con-1) = 7 AT.B A kipn—3jeas + kan—1)

— - No Chern-Simmons — no
Finite transformation rules! problem!

5/((2,7,1) =— 2)\Ad N A k(2n,3)6AB
+ doAe’

11/24



Type Il Supergravity in Democratic Formulation

Equations of Motion [P+] [Bergshoeff et al. 2021]

The expressions can be combined before e The contributions at order
the limit to reduce the ¢ dependence: ¢ and ¢° cancel. At or-
der ¢ 2, there appears

5 Poisson-like term:
[V4]aa =2[Glas £ [B]” a€a8

AB Ma Vaa &,b
[P+] =2[G]a" F [Bage™” € €€ a0u0vbas

R. — ° lation at order CO
[ i]al...a(z,, 1) 2[C(2n71)]al4..a(2n—1) he cancel )
Ollly occurs in the presence

A of a dilatation symmetry

+ [C(2n+1)]ABal.4.a(2n,1) €

12/24



Type Il Supergravity in Democratic Formulation

Equations of Motion [R+] (only present in 11B)

The expressions can be combined before
the limit to reduce the ¢ dependence:

e Orders ¢ and ¢ vanish. At
order ¢, there is
Poisson-like term:

2
2

[V4]as =2[Glaa = [B]BaEAB
AB ae aa a kAB
[P4] =2[G]a" ¥ [Blasc®
e The presence of 2 Poisson-
R.l. =2[Cian_1]a like terms may be led by the
[Reclos oy =21 Cern]os e internal SL(2, R) symmetry

+ [C(2n+1)]ABal"'2(2’171)6*‘3 of the theory.

12/24



Type Il Supergravity in Democratic Formulation

Transformation under Lorentz Boosts: NS-NS sector

(=2)
[P+]

(-1)
Vila,

g

(0) (0) (0)
[Cliapy [Cl., [Bl.s

\/

(+1)
[V—]Aa

(+2)

[E.Bergshoeff, 2021]



Type Il Supergravity in Democratic Formulation

Transformation under Lorentz Boosts: R-R sector

(=2)
[R(2n—1) +] (0]2n—1)

(=1)
[C(2"+1) ](1\2,,)

0
[Rzn-3) 7](0‘2,,,3)

0)
[R(2ﬂ*1) *](0\21771)

13/24



3. SOLUTIONS



Solutions

e Asymptotically flat solutions: > 5 A B v
recover Minkowskian geometry ds” =c'nap 7" T dx"dx

at space infinity. + 6.0 €, e, dx" dx”
e Dp-solutions?

15/24



D1-D3’ intersection [Lambert, 2024]

Dp-branes are p-dimensional
surfaces. Intersections combine
harmonic functions with power
1/2 in transverse directions and
power —1/2 in worldvolume di-
rections.

D1 | x| x

D3 | x XX

1

2 — _1 9 _1 1 2
ds” = Hp, 2Hp,  2dt" — Hp, 2 Hp,2dy
1 _1 42 1 1. 2
— HD12HD3 dep —HD12H932dX87p
1
6_2(I> = HD12
—1
Cipi2,3 = (HD3 — 1)

ny - HDl_l

hD17D3
%o oo 7

Hp,p, =1+

16/24



D1-D3’ intersection [Lambert, 2024]

The charge density from D1 is 2 2( -1 0 1 2)
ds® =c”| Hpz™ 2dt” — Hp32d|
spread through the other direc- ‘ b3 ps=ay
tions — Hp, can be considered L .
to be constant: —c ° (HD37E d2;32 + Hp3? d)‘(ig,pz)
HD1 = C74
e g2
-1
t|ly| zi...zs X1...X5 Cinr23 = (HD3 - 1)
D1 | x| x Cy = &
D3 | x XX




D1-D3’ intersection [Lambert, 2024]

2 0 -1 .2 L2
The charge density from D1 is ds® =c (HD3 2dt” — HD32dy>
spread through the other direc-
tions — Hp, can be considered —_ C*Z(HD(% d2',,2 + HD3% d;@fﬁ)
to be constant:

4
Hp, = ¢ —20 > 2
! e =c e

Ctzlzzz3 = (HD3_1 - 1)

4
D1 | x | x Cy=c

D3 | x XX

Not a solution of our theory!



F1-Dp intersection

For Dp-F1 intersections, the
harmonic function Hf, scales
with power 41 in transverse di-
rections and —1 in worldvolume
directions.

ds’ :HDpi%HFildtz - HD,;%H;rfldy2

1 1
1 2 1., 2
*HDp 2de 7HDp2dX37p

_ _ (p—=3)
e 2¢:e 2¢HDp 2 Hf:l7

C(p+1)tzl...z/J = eiqs(HDPi1 - 1)7

t Yy Z1...2p X1 Xg—p
F1 | x| x By = HFl_l -1,
Dp | x XX _ hpp, F1
Hpp, Fr1 =1+ FANETN

18/24



F1-Dp intersection

HF, can be completely smeared: ds? :CQ(HDP,%dtQ B HDp%dyz)

-2
HF1 =C

1 1
. 1.
— Hpy, 2dZz,” — Hpp2dXs—p

_ 2 _ (p=3)
e =c’e®Hp "2
t z Z, X Xg— _ _
. cleh,, p:e¢(”op1—1)
F1 | x| x
Bty—C—l
Dp | x XX

19/24



Solution to Non-Relativistic Type Il Supergravity

Matching the previous result

with ds? and imposing vielbein Tyl = Hp \/*
. P
orthonormality reveals a solu-
; 2 1 —1/4
tion. €y == ezpp+ = Hp, /
p+2 10 _ 1/4
ex = =eqs_, =Hp, /

tly | zn zp, | x1 Xg—p
cor e’¢(HDp’1 _ 1)
F1 | x| x
_ 2 _
Dp | x XX By =c -1

20/24



Substituting this solution into the 0 _ g 1/
equations of motion with no prior ?

assumptions on Hp, leads to: Tyl = Hp, '/*
3
2 ptl —1/4
eyl = =e P = Hp,
Y 050, Hp, =0 i’

) pt2 _ _ 10 _ 1/4
o e ==y, = Hp, /

—20 2 2

e =c e

Ct212223 = ei¢<HD371 - 1)
F1 | x | x

By=c -1
Dp | x XX v

21/24



4. CONCLUSIONS &
FUTURE PROSPECTS



Conclusions and future prospects

Conclusions

v Consistent magnetic limit in democratic (massive) I1A and IIB supergravity.

o No lagrange multipliers
o |IB supergravity: two Poisson equations

o Independent transformations under boosts

v' Dp-solutions

Next steps

e Other solutions

o Near Horizon limit

o Other asymptotic limits

e Fermions
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Type Il Supergravity in Democratic Formulation

Equations of motion can be combined before the limit to reduce the dependence
on c. Let us consider two equations, [X] = 0 and [Y] = 0, with the same leading
order terms in the ¢ expansion.

" ) o) =) (0-2) .
X = 1+ =0 4 o4 X1+ =2X] + < (1 + Y] + 0 )

) (n=2) L (=2 (n=2) L
Y= X+ <" Y] + 0" ) Xl - 1= (X - ) + o)

25/24
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