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NON-RIEMANNIAN GEOMETRY

) Covariantization of non-Lorentzian symmetries

) We will focus on three particular examples of non-riemannian geometries
1. Torsional Newton Cartan (Non-relativistic with Galilean symmetry)
2. Carrol (Ultra relativistic with Carroll symmetry)

3. String Newton Cartan (Non-relativistic with String-Galilean symmetry)



NON-RIEMANNIAN GRAVITY

) NR-geometries have notions of distance (degenerate metric),curvature, etc

For SNC there are two temporal directions
hH*Y Ty

spatial degenerate  |ock one form
: KV —
Inverse metric - : h*“T1, =0 A A A
(temporal vielbein) % {F,uw R PUL I F[,LLV]}
v o__ pv __ v _ SH
, ) B =0 hoph T,U° = 0
3% U Parallel transport, curvature
spatial degenerate Inverse temporal ) a—— | And torsion
metric vielbein H

) We want to look at the dynamics of these NR geometric objects: equations of motion
and possibly action principles. Many possible applications.



PATHS TO NON-RIEMANNIAN GRAVITY

) Using symmetries 1505.05011 Hartong, 1807.04765 Hansen et al.

) NR limits of Lorentz action/equations of motion
Ex1. ¢ or c— 0 limits 1810.09387 Bergshoeff et al. , 1604.08054 Hartong et al.

Ex 2. 1/c expa NSIiON 1703.03459 Van den Bleeken, 2001.10277 Hansen et al. , 2102.06974 Bergshoeff et al.

) Embedding in known models
Ex 1. Null reduction
Ex2. DFT (Doubled gravity) 2012.07765 Gallegos et al.

) Other approaches

Beta functions 1905.07315 Gomis et al., 1906.01607 Gallegos et al.



WHY DFT?

) There exist a relation between T-duality, null isometries and non-riemannian theories
1806.06071 Bergshoeff et al.

) DFT provides a T-duality invariant formulation of supergravity
0904.4664 Hull & Zwiebach, 1109.1782 Zwiebach, many more

) DFT is a natural playground to study these theories in a unified way
1508.01121 Moon Ko et al. , 1707.03713 Morand and Park



Contact with NR . .
Geometry Non-Riemannian

- Double Field Theory =——————  Pparametrization

T-duality invariance

NS-NS Supergravity
(9.B.9)

Stands by itself

Doubled Gravity =" NS-NS Non-Riemannian

Supergravity
(h,T1,B,...)

Equations of motion
and “action principles”



DOUBLED GRAVITY



NS-NS SUPERGRAVITY

) The basic fields are (g,B,?$) and are subject to the equations of motion

1
Ruy + 2V, V06 — S H, P  Hypy = 0

V,HPH — 2V ,pHP* =

) The equations of motion can be derived from the action

1
12

S:/ddxe R+ 4V ,¢oVH¢

pvp




NS-NS SUPERGRAVITY AND T-DUALITY

) The D-dimensional theory exhibits a T-duality symmetry (large compact dimensions
are dual to small compact dimensions)

) This symmetry is geometrized into an O(D,D) symmetry.

) The elements of O(D,D) can be defined as the set of 2Dx2D matrices # that preserve
the O(D,D) invariant metric nNmn

HMPWPQHQN — )M N

_ (0 9



NS-NS SUPERGRAVITY AND T-DUALITY

) The theory should be rewritten in terms of O(D,D) covariant objects
) We should double the coordinates M _— (X*, X,)
) To recover NS-NS gravity we need to impose independence of dual coordinates

) (g,B) are captured by a single O(D,D) tensor and ¢ is captured by a tensor density d

9uv — Bup9” bov  —g"" By,
H = e 2 = e~y
—g"" B, gHv

Generalized Metric Generalized Dilaton



A DFT FORMULATION OF GRAVITY

1003.5027. Hohm et al. 1006.4823 Hohm et al.

) We can rewrite the action in terms of O(D,D) objects

SDFT — / dDXdDXG_ZdR Reduces to NS-NS action

R = AHMN 91 0nd — Oy OnHMY — AHMN 1, dONd + 40, HMY Ond

DFT Ricci Scalar

1 1
+ gHMNc’?MHKLc?N’HKL — §HMN8MHKL8K’HNL

) From the variation of the generalized metric we find the equations of motion

DFT Ricci Tensor RMN =

R =0



A DFT FORMULATION OF GRAVITY

) The same action can be constructed in the same way the Einstein-Hilbert actionis

constructed by using O(D,D) symmetry instead of Lorentz symmetry.
1105.6294 Jeon et al.

) A notion of generalized diffeomorphisms needs to be introduced and from there
parallel transport, curvature, torsion can be constructed.

) DFT action stands on its own without referencing its NS-NS origins.



Juv — Bup9” bov  —g"" By,
1Y —
—g"* B, g

NS-NS Supergravity

- Double Field Theor
(9.8, ) Y

Doubled Gravity
ShFT = / d°XdP Xe 2R

R = AHMN 91, 0nd — OngONHMN — AHMN 90, dONd + 400, HM N Ond

1 1
+ é?{MN@MHKLc‘?NHKL — §HMN(9M”HKL8KHNL



DFT AND
NON-RIEMANNIAN
GEOMETRY




GENERAL PARAMETRIZATION
OF THE GENERALIZED METRIC

1707.03713 Morand and Park
) The Riemann parametrization of the generalized metric is not the most general one

Juv — Bup9” bov  —g"" By,
H =
—g"* B, g

) The most general parametrization has been worked out to be of the form

ey _ K,LW - BupH'OUBUV + 2 (ZT)ZL BV)p _HVPBW T ZZ v .0 _ —q
M —H"B,, + Z" HM

{0<i<n0<i<n} st. n+n<D

) There are two symmetric tensors (K,v,H"v), an antisymmetric two form B,,, and four
sets of vectors {x,X.,y.V}.



GENERAL PARAMETRIZATION
OF THE GENERALIZED METRIC

1707.03713 Morand and Park
Y The parametrization is characterized by the pair of integers (n,7), their sum is equal

to the number of null eigenvectors {x,x} and {y,y} of the symmetric tensors

H" ! = H™ !, = 0 Kuwy; = Ky =0
) The difference of these integers is an O(D,D) invariant

Har = 2(n —n)
) The fields are subject to the completeness relation

H""K,, +y! z! —I—y— Tl = §¥

| 74 | 74

{ylad = o), gzl = &), yl'el, = gzl = 0}

) These fields are reminiscent of the usual TNC or SNC metrics



SYMMETRIES OF THE PARAMETRIZATION

1707.03713 Morand and Park

) The parametrization has a GL(n)xGL(bar n) local symmetry and a generalize Milne
shift symmetry

= K - 2, K0, VI = 220, K0,V + (2, Voi + 7, Vi) (2, VY + 2, V)
(Buv)” = By = 2$f“VV]Z T 2$[MVV]@ T 237%# ]] (Y2 Vo5 + 9oV + Vi V)

> This shift symmetry will reduce to the known Galilean and Carroll boosts



SOME EXAMPLES

) The (0,1) or (1,0) theory can be identified with TNC (without the U(1) central extension)

HM = R {z} = 7,,7, =0}
K,UJ/ — h,uV {yii — _U,uagg — O}

) The (D-1,0) or (0,D-1) theory can be identified with Carroll

=1,...D _1 a b _
H'LLV — fU'u"UV {sz p— QZ,[L‘L p— O} 6M6V5ab — h,uy
_ H N ) ]
K,Lu/ — TuTy {yqul,”,D — eaayg — O} 65655“1’ = hH*

) SNC can be identified with the (1,1) parametrization

) Riemann geometry is identified with (0,0) parametrization



(SMALL DETOUR) STRING COUPLED TO DFT BACKGROUND

) For reference it will be convenient to write down the coupling of a string with a DFT
background parametrized this way 1707.03713 Morand and Park, 1908.00074 Blair

1 1
S = / d*o —5\/?7%61(”,,0&)(“85)(” - §eO‘BBW8aX“6’5X”

+50ﬂ'5’32 (’V 7> — eaﬁ) Op X" — Baifi (\/—7770‘5 + 60‘5) (%XM]
Lagrange multiplier Lagrange multiplier

There will be n+bar n Lagrange multipliers enforcing
Hamilltonian constraints

) This action will correspond to the Polyakov action of a string. On the appropriate
parametrization it reduces to the known NR-Polyakov actions for TNC and SNC



Contact with NR
Geometry General

Double Field Theory =%  Parametrization

Hyun = (KW — BupyH? Boy + 2 (ZT)

Stands by itself

o - . .
Doubled Gravity NS-NS Non-Riemannian
Supergravity

SDFT = / dP X dP Xe 4R (h,T,B,...)

R = AHMN 9y 0Ond — OnfONHMY — AHMN G, dOnd + 400, HM N Ond

1 1
+ gHMN(‘?M”HKL(S’NHKL — §HMN8MHKL6KHNL

—H"B,, + ZZ

"B

(1

v)p

~HYPB,, + 2"
HH

|



TORSIONAL NEWTON
CARTAN GRAVITY




GENERAL CONSIDERATIONS

) Recall that there is a transverse metric h,y and a longitudinal clock one form t,

h*Ph,, —vfT, =0} v, = —1 h*“ 71, = h,,v" =0
Wy = eZegéab
) The theory has intrinsic torsion defined via 2009.01948 Figueroa-o°Farrill
F =dr

) The theory is locally invariant under Galilean Boosts

a a
(56M—)\ Ty

) We can add a U(1) central extension by adding the one form U(1) connection m

om,, = )\aez + 0,0



GENERAL CONSIDERATIONS

) It us useful to introduce Galilean boost invariant objects

ot = ot — h*m,,

1
Newton's potential P = —Upmp -+ §h’00mpmg

) We will assume there is non-vanishing torsion and fix the connection to be
compatible with (z,,h#v)

D,h*" =0 Tprﬁw] = Oty = L

DpT,u =0 Acceleration (1), — UMF,uV



EMBEDDING INTO DFT

) TNC with U(1) extension can be embedded into a relativistic metric with a null
isometry

By T 0 0 - | W 0 0 Ty
T 0 0 0 /D) rotation 0 20 -9 0
= | — = :
Han 0 0~ —0H Han 0 —o* hv 0
0 0 —or 20 . 0 0 0

(0,0) parametrization
From here we can read the following

_(hu, O - hv () (0 —my

Both K and H have two null eigenvectors, so we are dealing with a (1,1) parametrization

The U(1) central extension is inherited from the 1-form symmetry of the B-field



EMBEDDING INTO DFT (ADDING MATTER)

) We can add a two form field B,y and a one form field N, they have the interpretation
of the KK-components of the d+1-dimensional relativistic B-field.

~(hu O mn [ h* hHPR B Bw/ —my,
K= ("0 0) B = (e, e e) B (o 0
xm:L(TM_Nu>, xm:L<TM+NM>7
V2 1 v2 \ -1
m ]_ —’U/’L —m ]_ _fUFL
g _ﬁ 1 — N, ] g _ﬁ —1 —vHN, -

) There is an additional U(1) symmetry associated to N, we have chosen B, such that it
is invariant under Galilean boosts but not under this additional U(1) transformation



EMBEDDING INTO DFT (ADDING MATTER)

) It is convenient to define the field strengths and the electric field e

H = dB
b = dN

AP
c = U bpu

) The “standard” dilation can also be added via the identification

deth
—2d _ —2¢
c \/ 2¢ ¢




ACTION

) Using the DFT generalized metric we find the action

[ 1 1 1
S :/ddaze R + —a"a, + 56“% —4a" D, +4D" 9D, ¢ T

9 H"""H

1 1 _
—iﬁpHprW —3 (F*YF,, +0"b,,) ®

) We will obtain the same action from null reducing the NS-NS action

) Due to the identity 7,7v0h#v=0 the action will be missing one equation (Newton'’s law)



EQUATIONS OF MOTION AND COMPARISON WITH TNC BETA
FUNCTIONS

) The TNC beta function computation was performed under some assumptions/
restrictions

The twistless constraint was imposed from the onset
F L F" =0 FAT=0

U(1) invariance was imposed, rather than derived

) Using DFT (or directly the null reduction of the NS-NS sector) we can generalize to
arbitrary torsion



EQUATIONS OF MOTION AND COMPARISON WITH TNC BETA
FUNCTIONS

) From the 0® variation the generalization of the twistless constraint shows up

“Raised indices"” is short hand notation for F F,uV — b b,w/ Only the “magnetic piece” of b
contraction with the inverse metric h i i sources twist

The equivalent of this expressions follows from the beta function associated to the
Lagrange multipliers

0{(BB) = b, b" =0

Obtained TNC beta function - twistless torsion was imposed FILWF'LW =0 FAT=0



EQUATIONS OF MOTION AND COMPARISON WITH TNC BETA
FUNCTIONS

) From the variation of the matter fields {0¢,0B,d0N} we find the equations

1
D,D"¢+ a"D,¢ — 2D, ¢ D" ¢ = §e2 T

Dilaton equation - Beta function computation involves two loops and has not been done

1 1 1
H,,,H"? — 5 ™ H y 0 DY — §FWFW<I>

DPH, +a”Hppy — 2DP¢ Hpyyy = 2D 0,0 — 20™ Dby, + 2aq,e,) + 4b°
+ (20D, — D,0°) b,
Maxwell Equation - Same as the computed TNC beta function for B (when torsion is twistless)

1
D”b,, —2D"¢b,, = §F00Hp(w

Equation for N - Same as the computed TNC beta function for N (when torsion is twistless)

[MF'/]'O(I)



EQUATIONS OF MOTION AND COMPARISON WITH TNC BETA
FUNCTIONS

) From the variation 6 we find the vector equation

1
DPFyyu + a Fpyy = 2DP$Fp = 50" Hpop + 2 ¢by,

Equation for z, when the electric field is zero it matches the TNC beta functions.
Otherwise there seems to be a factor of 2 mismatch

) When torsion has twist we need the factor appearing in the DFT computation to preserve
the U(1) mass invariance

) During the TNC beta function computation we are forced to make torsion twistless to
keep the computation covariant.

) U(1) invariance was imposed, rather than derived, on the TNC beta function
computation. There is the possibility that we missed some terms that are U(1) invariant

when torsion is twistless.



THE MISSING EQUATION

) The variation of the TNC metrics {0v,0h} and the missing equation (Newton'’s law) can
be combined into the Einstein equation

| a,a, — ¢, e, .
R(lﬂ/) 2D(,UJDV)¢ - th h)\ H,LLP)\HI/O'K, = £ 9 - UIOD(MFI/

— (FupFLoh?? —b,,byshP7) ®

0™ hP7b

Hl/))\a

)p p (1

Einstein equation - It matches the bar h TNC beta function (twistless limit)

) The missing equation (Newton’s law) can be read directly from the DFT equations of
motion but not from a variation of the action Function of extrinsic curvature

D*D,® + 3a"D,® + mg® — 2F,,, F'"®° = pxc + pm,

Time-time projection of Einstein equation \

Function of H and dilaton
Function of torsion and matter



WHY IS IT MISSING?

) Relativistic perspective: The null reduction sets gu,=0 off-shell so its equation of
motion is missing.

) Symmetry perspective: Possible emergence of a dilation symmetry (inherited from
its SNC embedding).

) DFT perspective: This is a known DFT phenomenon due to the fixing of (n, bar n).
1909.10711 K. Cho and J-H Park

Analysis of the DFT fluctuations show that nn equations change the type of non-
Riemannianity. Fixing (n,bar n) removes this equations.

) We should think of these sectors of DFT as particular solutions rather than
independent theories.



CARROLL



GENERAL CONSIDERATIONS

) The metric structure is the same as in TNC (same notation as well)
h*Ph,, —vfT, =0} v, = —1 h*“ 71, = h,,v" =0
Wy = eZegéab
) The theory has intrinsic torsion defined through 2009.01948 Figueroa-o'Farrill
1
ICM,/ — —§£Uh,u,/

) The theory is locally invariant under Carroll Boosts

5chu — >‘,u7 5ch’u’/ — th(’uvu))\p
) A contravariant vector M can be added (in a similar fashion as m was for TNC)

oM*" = hH Ay

From the nature of the embedding there is no additional symmetry associated to M



GENERAL CONSIDERATIONS

) It us useful to introduced Boost invariant objects

AN . 1
Ty = Ty — M,

WY = hv 2 M () 4 2P0k = B 200t

1 1
D= M7y + S MMM = =M"7, — S hyy MPMY

) We will consider a connection satisfying

D, h*? = —4K, b Pu) @,
D,7, = —2K,,®

) The intrinsic torsion of Carroll is associated with the extrinsic curvature instead of F



EMBEDDING INTO DFT (COMPARISON WITH TNC)

) Carrol with U(1) extension can be embedded into a relativistic metric with a null
isometry

hyw —7, 0 0 w0 0 ok
_ 7 2(13 0 0 O(D,D) rotation 0 2P _7A-V 0
HCaer = ,U' 1 L # (HCarroll) % A
( ! ) MN 0 ht U'LL We swapped all M 0 T h’“”/ 0
() VM directions VY 0 0 0
. e e aenen Some identifications can
omparison with TNC m=0 and M=0 be made between TNC
and Caroll

,Lu/ T h,uy 0 0 T

o T,u O O 0 O(D,D) rotati o O Qq) _?}V O

(HTNC)MN — 0 0 RHY Ok o on' (%TNC)MN — 0 BT R N T 0

0 0 — DM 2D We only swapped null T, 0 0 0

directions



TNC AND CARROLLL IDENTIFICATION

) By comparing TNC and Carroll generalized metric we can map one to the other after
the identification

7 UV 1 (TNC ~(C ~ L C TNC
C = v L . TNC 7‘[“ = TNC

This identification has been made before in 1505.05011

) DFT makes this evident and seems to imply Carroll and TNC might be related through
a T-duality transformation, equivalenttoa c -> 1/c rule.

) We have not explored this further



CAROLL ACTION AND EQUATIONS OF MOTION

) The action for Carroll is given by

1 1 _ _ _ _
S = / dize | R+ §a“au -+ §e“eu —4a" D, ¢ +4D"pD, ¢ + 4v*v" D, ¢ D, P
_ 1 1 _
—8PKvP D, 12HWPH“’”’0 + §bWUPHWp

) There is also a missing equation, the corresponding Newton’s law is

L T — B B 1 1 1
D¥D,® — a* D@ = 2D"¢ Dy® = - (F* Fluy — b*by )

) There are no constraints on F, the equivalent Carroll torsion constraints will be
constraints on the extrinsic curvature that follow from the 0® variation



QUICK GLANCE AT THE EQUATIONS OF MOTION

) Torsion constraints

_ 1 _
R vfv” = ZUPUGH’LWPHW/J — 20" D, D, ¢

) Equations for t, and Einstein equation

. . 1 . .
DPE,, +a’F,, —2D ¢ F,, = §bp"pr +¢’b,, +2D°K,, —2KD, P
+20v°D,D,® — 4v”"D,¢ D, P

_ _ 1 - ApGy — €uly
Ruv) +2DDy¢ — 1 H, "7 Hypy = ———F—— + D(uay) — F|

_ D,®
—|—4(I)U’0 (DIOIC'LW—/CICW/ | (,I.; IC,LW)

,uplcl/)p -+ /Upb(/fHV>p0'




QUICK GLANCE AT THE EQUATIONS OF MOTION

) Equations for the matter fields

L _ L 1 1 1
D, D"+ a*Dyu¢ — 2D, D¢ = 200" Dy @Dy — S HO Hypy + S eey + S0PV Hyy,
1

Dby, — 2DP @by = o F*° Hyp + 20° D70 Hyg,

D’ Hppp + a” Hppyy — 2DP¢ Hppy = 20 "K 1y — Kby + 07 (Dpbyy — 2Dy by + 207 Dy ® Hyp))

|



STRING NEWTON CARTAN



GENERAL CONSIDERATIONS

) Recall that there are two longitudinal directions with a Lorentz structure

M)L_M — oM p_B _ B Appp _ MHp L
h*Fh, Tt = §H VAT, = —04, T, W' =vih, =0
Indices are raised with
/ / [ ] (] (]
h,uz/ _ Elzjl EI/B 5A’B’ Minkowski metric

) We can define torsion as
FA = 20y, A 4 2eA BW[uT ]B QV[MJ]l

) Galilean boosts become String Galilean boosts

ot = —EH, 24, Sn B = —rAvd SEY, = dsm =0

) A U(1) mass symmetry, called the Zxn symmetry, is usually included by the addition of a
gauge field m

A _ A A _ pA'vA
52771'u —DIUJO' 5gm“ _E,u PR



LET'S TALK ABOUT Za

) For a classical SNC theory (string in SNC background) to have arbitrary torsion and
preserve Zainvariance we need a B-field that transforms as 1907.01663 Harmark et al.

0B, = QGABT[ﬁDV]OB

) We can use m to write down Boost invariant (but no Za invariant) fields

}_Luu — hi_y + QUABméLTSa
u'y = vl + h*Pm, 4,

PAB — ZUP(AmpB) — h“’”m;‘mf — —u“Au”B}_LW,

) The Zasymmetry is part of a larger Stueckelberg symmetry

This shift symmetry is related to the DFT generalized shift symmetry

(W_LW — QT(IfDV)O'A, 0B, = QEABT[ﬁDV]OB,

) m can be gauge away but B will not longer be Boost invariant this choice has been used in 2102.06974

were they derived SNC equations from a 1/c expansion



DFT EMBEDDING

) We got the DFT embedding by matching the SNC Polyakov and DFT Polyakov actions

Hap = ((1) lf) (?—F f.r) (-13 (1)>

_ wo__ uwA__B
Ky = hyy + (I)ABTA B Z;, = —€ABUTT,,
1
Uy __ 7 v A B

) We can reduce SNC to TNC by comparing the generalized metrics and assuming an
isometry along a longitudinal compact direction 1907.01663 Harmark et al.

vy =0, vy =1,
- o = VN,
hisney = Moy hisney = 7Ry,
(SNC’) — HPON NO-, B/SSVNC) _ Bé’.l;NC’)
B(iNC) = —my,.

ma =0, 70 =0, 7l =1, EA =0



ACTION AND EQUATIONS OF MOTION

) The SNC action is found to be Acceleration, defined by the contraction of F and u
[ 1
S :/dD:Ue R — a“AB(aM(AB) — 577ABCLM) + (a" — 2D*¢) (a,, — 2D, ¢)
1 uvA B 1 b 1 pA ,ul/BH 1 HPH H _

Spatial piece of acceleration

) There is also a missing equation /

1 3 3
Y Ry +-2ut ' y D, D, — Zu“Au’/AHWJHV” = 5spf“BDpcp ap — 70" D, ®

3
— ZCL’UJCL'UJ(I) =+ S'LLABSMAC(I)BC — QfAfA =+ EAB AaB

\ Totally antisymmetric longitudinal piece of
torsion

) It agrees with the SNC beta functions computed at zero torsion (foliation constraint)



QUICK GLANCE AT THE EQUATIONS OF MOTION

) Torsion constraint
FPAF, 4 =0

) We could not combine the u equation into a single expression, we only found its
projections

1 o)
DPFY A+ a, FMy = 2F', \D’¢ = CeapF*" " HY,

1
DPS AP +aPS AP — 28P48 D ¢ = —ZF“”AFﬁ@ 2¢ 4 FBIC




QUICK GLANCE AT THE EQUATIONS OF MOTION

) The same happened for Einstein equations

R +2DWD") ¢ — iH“ H""? = DWE VA + SrABSY,

AB 1° FP(:“J HV) o lF,upAFVA(I)
) P

1 1
h“pu"AR(pa)+2upAD“Dp¢ 4 a“upADp¢ _ ZHMPJHAPUUAA P00 5D, F. uB upBDuap(AB) 4+ upAD“ap
1 1 1 1
— iupBDpa‘éA + iupADpa“ — ZaM[AB]uPBngb — a“upAngb — §a“lCA + ia“BA/CB

1

1 1
— F* PR ) ol PR 94T 1 S0 E A 4 CFP D00 — CFHAD, @

AB
+ PP,



QUICK GLANCE AT THE EQUATIONS OF MOTION

) The matter equations look slightly nicer
DPH ™ +a’H " —2DP¢ H M = 20" + e o pHM AP

1 1 1
D"Dy¢ — 5 D"ay + 2a,D"¢ — 2D"¢ Dy — S a0t = ZEABupAF“”BHpW

1
12

pUY



COMPARISON WITH 1/C EXPANSION OF NS-NS GRAVITY

2102.06974 Bergshoeff et al.

) The actions match after imposing the m=0 gauge

) The missing equation is explained by an emergent dilatation symmetry

57";4 — >\D7-;L4 5¢ — )\D 5(I)AB — —QAD(I)AB

) This symmetry is, of course, present in the action we computed



CONCLUSIONS/SUMMARY



) DFT unifies many Non-Riemannian geometries into a single framework

) We used this framework to write down gravitational equations for various non-
Riemannian geometries

) Some interesting relations between non-Riemannian geometries can be infer (Carroll
and TNC/ TNC and SNC)

) We can try to push this further into understand non-Riemannian notions of “Entropy”
or thermal states

1608.04734 A. Arvanitakis and C. Blair

We only have to understand it once



FUTURE DIRECTIONS

) Repeat an analogous computation to the Exceptional Field Theory case

) ExXFT unifies not only 10d supergravity but also 11d M-theory, and has been shown to
admit Non-Riemannian parametrizations ..., 01267 Berman et. al.

) We are pushing to write 11d Non-Riemannian actions as well as writing other
supergravity sectors

Work in progress with Natale, Chris, and Umut



