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SUGRA

» closed strings in D-dim. flat space with momentum p’
» truncate all massive excitations

» match scattering amplitudes of strings with EFT

Sns = / dPx /ge=2? <R +49;¢0' ¢ — 112H,-ij’/k>

WO
O O




SUGRA

» closed strings in D-dim. flat space with momentum p’
» truncate all massive excitations

» match scattering amplitudes of strings with EFT

Sns = / dPx /ge=2? <R +49;¢0' ¢ — 112H,-ij’/k>

o O




SUGRA

» closed strings in D-dim. flat space with momentum p’
» truncate all massive excitations

» match scattering amplitudes of strings with EFT

Sns = / dPx \/ge 27 <R + 40,00’ — %2 ,,kafk>




DFT (Double Field Theory) [Siegel, 1993,Hull and Zwiebach, 2009,Hohm, Hull, and Zwiebach, 2010]

» closed strings on a flat torus with momentum p’ and winding w;
» combine conjugated variables x; and X' into XM = (x; x)

» repeat steps from SUGRA derivation

Sprr = /dzDX e_ZdR(HMN, d)

» fields are constrained by strong constraint 8M8M =0
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Key questions

» Is DFT more general than SUGRA?

» Is DFT really background independent?

» Can we relax the strong constraint?
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S%, my elephant in the room

switch on H-flux, solve eom

no T2 but S8

strong constraint
action

symmetries

twist gen. Scherk-Schwarz

genuinely non-geometric backgr.

¢ winding?



Outline

1. Deriving DFTyzw from CSFT 1410.6374
2. Generalized metric formulation 1502.02428
3. Flux formulation 1507.?2?7?7?7

4. Summary and outlook



DFTwzw = DFT on group manifolds

\ |/ Use group manifold instead of a torus to derive DFT!
TP = u(1)P

S =sU(2)

+ CFT exactly solvable

+ flux backgrounds with const. fluxes

CFT — DFTwzw
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DFTwzw = DFT on group manifolds

\ |/ Use group manifold instead of a torus to derive DFT!
TP = u(1)P

S =sU(2)

+ CFT exactly solvable

+ flux backgrounds with const. fluxes

4 + includes {

» treat left and right mover independently

Double Field Theory =
A Y » 2D independent coordinates
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DFTwzw = DFT on group manifolds

\ |/ Use group manifold instead of a torus to derive DFT!

= ~ D D
_ — _ T =U(1)
4 + includes ¢ .
\v S :SU(Z) Xi:—(X1£+X1£
v + CFT exactly solvable V2
+ flux backgrounds with const. fluxes = % — L\/—(Xu — Xpj
2

» treat left and right mover independently

Double Field Theory =
A Y » 2D independent coordinates
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DFTwzw = DFT on group manifolds

\ |/ Use group manifold instead of a torus to derive DFT!

= ~ D D
_ - . T =U(1)
\\ (" + includes & = sU()
- x'=—(x + X
5 + CFT exactly solvable \/5( bR
+ flux backgrounds with const. fluxes = % — L\/—(Xu — Xy))
2

» treat left and right mover independently

Double Field Theory =
A Y » 2D independent coordinates

Questions about DF Ty
» What are the covariant objects?
» How is it connected to DFT? not trivial
» Does it make non-abelian duality manifest?

CFT — DFTwzw
©000000



WZW model & Kaé-Moody algebra [Witten, 1983,Walton, 1999]

» g € G, a compact simply connected Lie group

1 2 1 15
Swzw——zm, /M d“zK(g9~'09,9 '9g) + Swz(9)
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WZW model & Kaé-Moody algebra [Witten, 1983,Walton, 1999]

» g € G, a compact simply connected Lie group
1 _
Swaw = 5 / a?zK(9 99,9 '09) + Swz(9)
T M
» metric and 3-form flux in flat indices
Nab ‘= ’C(taa tb) and  Fgpe = K([tah tb]: zLc)

» D chiral and D anti-chiral Noether currents (=2D indep. currents)

2 _ .o 2 4=
K(9gg',t;) and Jé(Z):—J’C(Q 99, tz)

Oé/

Ja(2)
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WZW model & Kaé-Moody algebra [Witten, 1983,Walton, 1999]

» g € G, a compact simply connected Lie group
1 _
Swaw = 5 / a?zK(9 99,9 '09) + Swz(9)
T M
» metric and 3-form flux in flat indices
Nab ‘= ’C(taa tb) and  Fgpe = K([tah tb]: tc)

» D chiral and D anti-chiral Noether currents (=2D indep. currents)

2 _ .o 2 4=
K(9gg',t;) and Jé(Z):—J’C(Q 99, tz)

Ja(2) = o
» radial quantization

N o 1 1 .
Ja(2)jp(w) = T2(z- W)277ab + 2 WFabC./c(Z) +...

CFT — DFTwzw H-formulation F-formulation Summary
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Action

» tree level action in CSFT [zwiebacn, 1993]

(2k%)S = s <<wyco—o|\u> + %{w,w, Vo + .. >

CFT — DFTwzw ‘H-formulation F-formulation Summary
00®0000 0000000 00000



Action
» tree level action in CSFT [zwiebacn, 1993]

2

(2k%)S = = (<\UCO‘Q\\IJ> + %{w,w, Vo + .. >

» string field for massless excitations [Hui and zwiebach, 2009)
/ -

v =3 [%eab(ﬂ)ja_1j5_1c1 & + e(R)cic_1 + B(R)CiC_1+
R

/ —
%(fa(R)CJCdaq + fb(R)C(TEUBq)} [¢R)

» R is highest weight of g x g representation

CFT — DFTwzw
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Action

» tree level action in CSFT [zwiebacn, 1993]

(2k%)S = s (<\UC0—Q\\|/> + %{w,w, Vo + .. >

» string field for massless excitations [Hui and zwiebach, 2009)

/ -
v =3 [%eab(ﬂ)ja_1j5_1c1 & + e(R)cic_1 + B(R)CiC_1+
R

/ —
%(fa(R)CJCdaq + fb(R)C(TEUBq)} [¢R)

» R is highest weight of g x g representation
» BRST operator (L, from Sugawara construction)

Q= Z( C_mlm: +; : C,mL‘(,Jnh :) 4+ anti-chiral
m

CFT — DFTwzw
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Geometric representation of primary fields (k — ~)

> flat derivative |D,=e.0; with e, =K(g '9'g, t.)

operator algebra geometry (ja0 — Da)

Lolr) = jaoidlér) = halér) | DaD?Yr(X') = hgYr(X')

Uao: joo] = Fab®leo [Da, Dp] = Fap®Do
>_e(R)ior) >_e(R)Ya(x) = e(x)
R R
CFT — DFTwzw Ur—formg\fmom f:formu\at\on Summary
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Geometric representation of primary fields (k — ~)

> flat derivative |D,=e.0; with e, =K(g '9'g, t.)

operator algebra geometry (jao — Da)

Lolr) = jaoidlér) = halér) | DaD?Yr(X') = hgYr(X')

[ja0:jbo]l = Fablco [Da, Dp] = Fap°De
> e(R)l¢r) > e(R)Ya(x') := e(x')
R R

esd 0 0 0
El:<3 _‘> S :2<nab ) :2<77ab )
A 0 e AB 0 s NAB 0 iy

CFT — DFTwzw H-formulation F-formulation Summary
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Weak constraint (level matching), later strong constraint

» level matched string field (Lg — Lo)|V) = 0 requires

(DaD? — D;D?)- =0 with - € {e® e &, 2, b}
> rewritten in terms of "8 and Dy = (D2 D)

"BDaDg- = DAD*- =0

CFT — DFTwzw H-formulation F-formulation
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Weak constraint (level matching), later strong constraint

» level matched string field (Lg — Lo)|V) = 0 requires
(DaD? — DaD?)- =0 with - € {2, e, &, 13, 0}

> rewritten in terms of 8 and Dy = (Da D)
"BDaDg- = DAD*- =0

» change to curved indices using E4V

(OyM—20yd0M):- =0 with  d=¢— % 109 /G

> W term which is absent in DFT — adsorb in cov. derivative

VoM. =0| with VyV¥=oyVN +TiMNVE,  TyM = —20kd

CFT — DFTwzw ‘H-formulation F-formulation Summary
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Results (leading order k—1)

» calculate quadratic and cubic string functions
» integrate out auxiliary fields f@ and fb
» perform field redefinition
(2k%)S = / d?PXVH H%Deah
1 - _ _
*ZEaB(FaCdDeEdbGCé + FbCaDeeadeea)
]

bdf
_ﬁFaceF Eabecaeef—f—...}

> NEWIterms e.g. potential

» vanish in abelian limit Fzpc — 0 and Fzz — 0

CFT — DFTwzw H-formulation F-formulation
0000000 0000000 00000
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Gauge transformations

» tree level gauge transformation in CSFT (zwiebach, 193]
oA[W) = QIA) + [A Vo + - -

» string field for gauge parameter (Hui and zwiebach, 2009]

N = 3 [N (RYarer — o X(RYs &+ u(R)G; |Iom)
R

CFT — DFTwzw H-formulation F-formulation Summary
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Gauge transformations

» tree level gauge transformation in CSFT (zwiebach, 193]
oA[W) = QIA) + [A Vo + - -

» string field for gauge parameter (Hui and zwiebach, 2009]

N = 3 [N (RYarer — o X(RYs &+ u(R)G; |Iom)
R

» after field redefinition and p gauge fixing
1
5)\6{:15 :D[)/\a + = [Da)\CEC[, - DCAaECB + /\CDCEaB—‘rFaCd)\CEdB]

2
1 _ _ _ S
Da)‘B + E [DB)\Ceaa — DC)‘BEac_: + )\EDCEaB"’FBad)‘CEaE/]
1 1 1 .
6)\d - — ZDa)\a + é)\aDad - ZDQ)\a + %)\éDad

CFT — DFTwzw

{-formulation F-formulation Summary
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Doubled objects

promising results, but bulky

—

\ / _ Rewrite action/gauge trafo in terms of doubled object
: — + simplifies expressions considerably
(7 + extrapolation from cubic to all order in fields
=

H-formulation
9000000



Doubled objects

object | doubled version
Nab 0 nab 0

s NaF =2 Spap=2

Nab nab TIAB < o _7735> AB ( o 7725
- 0
i A E,l = €a -

€a, €a A ( 0 eé,)

Da, Da DA = (Da Dé) = EA’8, with 8/ = (8, 6;)

H-formulation
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Doubled objects

object | doubled version

Nab 0 Nap 0O
Nabs Nzp naB = 2 ( 8 —7755> Sig =2 ( 8 )

. ead O
ea, &3’ EAI_< 2 '-)

0 eg'
Da, Dg DA = (Da Dé) = EA’8, with 8/ = (8, 6;)
g, ¢ ¢=(¢ &)
Fabc
Fab®, Fap® | Fag®l =< Fy5° [Da, Dg] = Fag®Dc
0 otherw.

H-formulation
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Gauge transformations

» “doubled” version of fluctuations ¢

_.ab
6AB:< Oéb (e) ) with e — (¢T)ba
—€

» generate generalized metric (Hohm, Hul, and zwiebach, 2010]

1
HAB =SB L AB EeACSCDeDB + .- = exp("B)

with the defining property HACycpH PP = AP

H-formulation

F-formulation
0®00000 o
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Gauge transformations

» “doubled” version of fluctuations ¢

_.ab _
AB _ ( Oéb (e) ) with e — (¢T)ba
—€

» generate generalized metric (Hohm, Hul, and zwiebach, 2010]

1
HAB =SB L AB EeACSCDeDB + .- = exp("B)

with the defining property HACycpH PP = AP

> generalized Lie derivative [Hull and Zwiebach, 2009,Grana and Marques, 2012]

LAHAB = XCDHAB + (D*A¢ — DeX*)eB+
(D®PAc — DeAPYHAC + FACpACHPE + FBopACHAP

H-formulation
0Oe00000



» setting 6, S*8 := 0 and using

(5)\€AB = ,CASAB + ,CAEAB + ,C)\S(Acss)DECD .

resultsin |0\ HAB = Ly HAB + O(e?)

» similar for the generalized dilaton d

H-formulation
00e0000



setting §,S*8 := 0 and using

(5)\6AB = ,CASAB + ,CAEAB + ,C)\S(Acss)DECD .

resultsin |0\ HAB = Ly HAB + O(e?)

similar for the generalized dilaton d
introduce covariant derivative

1/:BAC ve

VaVB=D,VvB + 3

NEW! generalized Lie derivative, e.g. for vector
LAVA=XBUVA L (VAAg — VM) VB  instead of
LV =Xo, v+ (8'N — o,V in traditional DFT

H-formulation
00e0000



Gauge algebra

» CSFT to cubic order fulfills
OO, — On 0N, = Ony, with A2 = [A2, Ao

> after field redefinition and  fixing A, = [X2, A¢]2 with

1
A1 22l8 = APV, — 5ATV N5 — (1 42 2)

CFT — DFTwzw H-formulation JF-formulation
[ [e]e} 000@000 00000
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Gauge algebra

» CSFT to cubic order fulfills
OO, — On 0N, = Ony, with A2 = [A2, Ao

> after field redefinition and  fixing A, = [X2, A¢]2 with
1
A1 22l8 = APV, — 5ATV N5 — (1 42 2)

» algebra closes up to a trivial gauge transformation if
1. fluctuations and parameter fulfill wgwt strong constraint DDA
2. background fulfills Jacobi identity
FeasFEcp =0
» no strong constraint required for background

CFT — DFTwzw H-formulation F-formulation Summary
[ [e]e} 000@000 00000



Covariant derivative (cederwar, 2014]

» non-vanishing torsion and Riemann curvature

[Va, VBV = Ragc®Vp — TPagVp Ve  with

1 P
TAgc = —§FABC and  Ragc® = §FABEFECD

CFT — DFTwzw H-formulation JF-formulation
0000000
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Covariant derivative (cederwar, 2014]

» non-vanishing torsion and Riemann curvature

[Va, VBV = Ragc®Vp — TPagVp Ve  with

1 2
T"gc = —gFABc and  Ragc” = §FABEFECD
» compatible with E4, nag and Ssg

VeEd = Venas =VcSas =0
» compatible with partial integration

/ a?PXe 2 Uvy VM = - / a?PXe 24V UV

H-formulation
0000e00



Covariant derivative (cederwar, 2014]

» non-vanishing torsion and Riemann curvature

[Va, VBV = Ragc®Vp — TPagVp Ve  with

1 2
T"gc = —gFABc and  Ragc” = §FABEFECD
» compatible with E4, nag and Ssg

VeEd = Venas =VcSas =0
» compatible with partial integration

/ d?PXe 2Uvy VM = — / d?PXe-2vuvM
» non-vanishing generalized torsion

H-formulation
0000e00



Action
X! = (Xi X7>

S= / 2P X e 29R(Hyn, d)

CFT — DFTwzw H-formulation F-formulation Summary
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Action
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Action

X/:<xi xi>\ /da;bg\/n

S= / 2P X e 29R(Hyn, d)

R =4HMNT ,Vnd = Vi VANHMN — 44MN dV vd + 4 3 HMNY d

1 1 1
+ §HMNVMHKLVNHKL — E”HMNVN’H,KLVLHMK + 6FMKLFNKLH’WV

CFT — DFTwzw H-formulation F-formulation Summary
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Action

R =4HMNT ,Vnd = Vi VANHMN — 44MN dV vd + 4 3 HMNY d

1 1 1
+ g’HMNVM”HKLVNHKL — E”HMNVN’HKLVLHMK + 6FMKLFNKLH’WV

» lower indices with nyn = EAyEBNNAB # cOnst.

» H,y = EAyEBNSas background generalized metric

Vyd = oyd

VMHKL = 8MHKL + FMJKHJL + FMJL”HKJ

CFT — DFTwzw H-formulation F-formulation Summary
0000000 00000@0 [




Symmetries
» generalized diffeomorphisms (only under strong constraint)
5£HMN E&HMN
1
ded = Lcd = MViyd + 5 Ve

New! 2D-diffeomorphisms (always)

S HMY = LHMN = oM 1 1N oM 4 H Mo

se 2 = Lee72T = 9(¢'e )

e—2d

> R } transform as {

+1 desity

} under gen. and 2 D-diff.
scalar

H-formulation
0O00000e



Flux formulation

[Geissbuhler, 2011,Aldazabal, Baron, Marques, and Nunez, 2011,Geissbuhler, Marques, Nunez, and Penas, 2013,...]

\ | 7/ Connect results to flux formulation of traditional DFT
1. introduce generalized vielbein EAB for fluctuations with

= nag = ECaEPgnsp, and Hag = ECAEPpS;;
2. combine it with background
| _ EBE
A= Eﬁ\ Eg

3. find covariant fluxes
4. rewrite action

CFT — DFTwzw H-formulation JF-formulation Summary
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Flux formulation

[Geissbuhler, 2011,Aldazabal, Baron, Marques, and Nunez, 2011,Geissbuhler, Marques, Nunez, and Penas, 2013,...]

\ | 7/ Connect results to flux formulation of traditional DFT
1. introduce generalized vielbein EAB for fluctuations with

= nag = ECpEPgnsp and Hag = EC4EPES,
2. combine it with background
5}2\/ — Eﬁ\BEBI

3. find covariant fluxes

4. rewrite action
absent in traditional DFT

O(D) x O(D)

CFT — DFTwzw H-formulation JF-formulation Summary
) C oo ©0000




Covariant fluxes
» covariant flux in DFT
Fasc =(Le,Es")Ec

Fa=—(Lge?)e

CFT — DFTwzw H-formulation F-formulation
0000000 0000000 00000
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Covariant fluxes
» covariant flux in DFT and in DFTwzw
Fasc =(Le,Eg')Ec 256 =(Le, €8s

Fa= *(EEA6_2d)62d Ja= f(ﬁg;‘e_2d)62d

CFT — DFTwzw H-formulation F-formulation Summary
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Covariant fluxes
» covariant flux in DFT and in DFTwzw
Fasc =(Le,Eg')Ec Fase =(Le,€8")Eq)

Fa= *(EEA6_2d)62d Ja= f(ﬁg;‘e_2d)62d

» scalars under generalized and u/;w! 2D-diffeomorphisms

» splitinto background and fluctuation part, e.g.

Fabe = Fase +  Fase

F-formulation
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Covariant fluxes
» covariant flux in DFT
Fasc =(Le,Es")Ec

Fa= *(EEA6_2d)62d

and

in DFTWZW
Fase =(Le, 86,

Fp=—(Le,e %)

» scalars under generalized and u/;w: 2D-diffeomorphisms

» splitinto background

= Fous

F; ABC

ABC
Jacobi identity

full O(D, D) gaugings
Fasc = 2Qag)c
Qasc = DaEg'Eg

and

+

fluctuation part, e.g.

ABC

sC

only GL(D) x A, € O(D, D)
a8 = 3

Qnn = D,ELPE

F-formulation
00000



Covariant fluxes
» covariant flux in DFT
Fasc =(Le,Es")Ec

Fa= *(EEA6_2d)62d

and

in DFTWZW
Fase =(L2,€8')E0

Fp=—(Le,e %)

» scalars under generalized and u/;w! 2D-diffeomorphisms

» splitinto background

= Fous

F; ABC

ABC
$4E Jacobi identity

full O(D, D) gaugings

Fasc = 2Qag)c
Qasc = DaEg'Eg

and

+

fluctuation part, e.g.

BC
SC
only GL(D) x A, € O(D, D)
a8e = 3asey
B
Qe = DaBs Eep

F-formulation
00000



Action

PN 1 PN PN
S= / 020X 62 (SMB R, Fy 4 Faop o0 678
1

2B oCD oEF
— 357 aceFepe ST STST)

» looks like traditional flux formulation

BUT remember covariant fluxes are different

F-formulation
00e00



Action

PN 1 PN PN
S= / 020X 62 (SMB R, Fy 4 Faop o0 678
1

AB oCD oEF
— 357 aceFepe ST STST)
» looks like traditional flux formulation
BUT remember covariant fluxes are different
» manifestly invariant under generalized and 2D-diffeomorphisms

» also invariant under double Lorentz transformations

F-formulation
00e00



Action

PN 1 PN PN
S= / 020X 62 (SMB R, Fy 4 Faop o0 678
1

2B oCD oEF
— 357 aceFepe ST STST)

» looks like traditional flux formulation
BUT remember covariant fluxes are different
» manifestly invariant under generalized and 2D-diffeomorphisms
» also invariant under double Lorentz transformations
» SC violating term %FAB@F;‘QC absent
v consistent with CFT with vanishing central charges

Ciot — Crot = %FACB FABC _

F-formulation
00e00



Extended strong constraint

v What are the covariant objects?
» How is it connected to traditional DFT?

Questions:

CFT — DFTwzw H-formulation F-formulation Summary
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Extended strong constraint

v What are the covariant objects?
» How is it connected to traditional DFT?

Questions:

Two approaches:
1. set E4' = const. — Fage = 0 and

Fage = 30

; O _ / J
A with QAAC = 52\ 8/5@ 5&;

[ABC]

CFT — DFTwzw H-formulation JF-formulation Summary
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Extended strong constraint

v What are the covariant objects?
» How is it connected to traditional DFT?

Questions:

Two approaches:
1. set E4' = const. — Fage = 0 and

~ _ |
=30pe With  Qage = £,'0/E8 E@J
2. pull background part into the fluctuation part, requires

» E, €O(D, D) c GL(2D)

» extended strong constraint

linking background fields b with fluctuations f

F-formulation
00000



Extended strong constraint

v What are the covariant objects?
v/ How is it connected to traditional DFT?

Questions:

Two approaches:
1. set E4' = const. — Fage = 0 and

=30ae With Qupe = £4/0/E57E5,
2. pull background part into the fluctuation part, requires

» E4' €O(D, D) c GL(2D)
» extended strong constraint DFT C DFTWZW
linking background fields b with fluctuations f

both break 2D-diffeomorphism invariance

CFT — DFTwzw H-formulation F-formulation Summary
[ oo 0000000 000e0




Scherk-Schwarz ansatz [Scherk and Schwarz, 1979,Geissbuhler, 2011,...]

DFT | DFTwzw
EqM = ExN(X)UNM(Y) E4M = E3B(X)EgM(Y)
CFT — DFTwzw H-formulation F-formulation Summary
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Scherk-Schwarz ansatz [Scherk and Schwarz, 1979,Geissbuhler, 2011,...]

DFT

|

DFTwzw

EaM = EAN(X)UNM(Y)

&M = E;B(X)EgM(Y)

restrictions

UM € O(D, D)
strong constraint

Fuk = 3UyMoyU,N Uy

CFT — DFTwzw H-formulation
0000000 0000000

EsM € GL(2D)

Fasc = 2EjaMomEg N Ecn

F-formulation Summary
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Scherk-Schwarz ansatz [Scherk and Schwarz, 1979,Geissbuhler, 2011,...]

DFT | DFTwow
Eq = EAN(X)UnM(Y) &M = E3B(X)EgM(Y)
: WANTEB restrictions
,‘176 o(D,D) ~ EsM € GL(2D)
strong con‘étraint L -
FIJ; =3y MopUN UK]:N Fasc = 2EjaMomEg N Ecn

" REWARD -
" Dead or Alive :

» no explicit construction of DFT twists for arbitrary embeddings

CFT — DFTwzw H-formulation JF-formulation Summary
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Scherk-Schwarz ansatz [Scherk and Schwarz, 1979,Geissbuhler, 2011,...]

DFT | DFTwow
Eq = EAN(X) UM (V) &M = E3B(X)EgM(Y)
: WANTEB restrictions
,TNME o(D,D) ~ EsM € GL(2D)
strong Conystraint A -
FIJ; =3y MopUN UKjN Fasc = 2EjaMomEg N Ecn

RUS =

» no explicit construction of DFT twists for arbitrary embeddings
» in DFTwzw one takes left invariant Maurer-Cartan form

CFT — DFTwzw H-formulation F-formulation Summary
0000000 0000000 ooooe



Summary

DFTwzw is a generalization of DFT

Summary



Summary

DFTwzw is a generalization of DFT

» basic: idea go beyond the torus
NEW! strong constraint, symmetries, action

% genuinely non-geometric backgrounds and twist

» DFT arises under the optional extended strong constraint

Summary



Summary

DFTwzw is a generalization of DFT

» basic: idea go beyond the torus
NEW! strong constraint, symmetries, action

% genuinely non-geometric backgrounds and twist
» DFT arises under the optional extended strong constraint
Todo
» find solutions of the new strong constraint
— key to understand T-duality in DF Twzw
» o corrections (here k=2, k=3, ...) (Hohm, Siegel, and zwiebach, 2013]

» coset and orbifold CFTs

Summary



Thank you for your attention. Are there any questions?

Summary



Embedding tensor

| 1D ‘ Mo/ cos o ;ﬂ””‘/ sin o range of « | gauging |
SO(4) , z,
1| diag(1,1,1,1) diag(1,1,1,1) |- <a <% (), a3
S0@3), a=1.
2 diag(1,1,1, —1) diag(1,1,1,—-1) T <oz} SO(3,1)
’ - 2,2), I,

[Dibitetto, Fernandez-Melgarejo, Marques, and Roest, 2012]

» fluxes for embedding one

Fabe = V2eapc(cosa+sina) and  Fyupr = V2eap0(COS a — sin Q)

CFT — DFTwzw H-formulation F-formulation Summary




Embedding tensor

| 1D ‘ Mo/ cos o ;ﬂ””‘/’ sin o range of « | gauging |
SO(4) , z,
1| diag(1,1,1.1) diag(1,1,1,1) |- <a <% ), a7 3
S0@3E), a=1%.
2 diag(1.1,1, 1) diag(l,1,1,-1) | -f <a <% SO(3,1)
’ - 2,2), I,
NG \\L/\L/VW\//

[Dibitetto, Fernandez-Melgarejo, Marques, and Roest, 2012]

» fluxes for embedding one
Fabe = V2eapc(cosa+sina) and  Fyupr = V2eap0(COS a — sin Q)
» DFT strong constraint holds only for

FABcFABCZGSin(za):O —)a:gn nez

» Jacobi identity holds always

Summary



