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* Windings are a key stringy ingredient of T-duality.

* DFT aims to incorporate stringy T-duality in an effective field theory.

compact momentum P <Y compact coordinate
winding p <=y New dual coordinate
D=d+2n
T(x,Y)=T(z,y,9) O(n,n) tensor

* However DFT requires constraints:

Strong constraint Oy ®05; =0— ¢(z,y)
Generalized Scherk-Schwarz q)(x, Y) — CD(:E)T(y, ?j) Twist of KK zero mode

* Windings have not been clearly included in DFT, yet
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Circle compactification r=e

Y(2,2) =y(2) +9y(Z2) > Y(z,2) + 27pR

|

Y(2,2) =y(z) —4(2) = Y(2,2) + 27pR Dual radius
Left \ Right N
- _ - R=d /R
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Ny=1,N,=1,p=p=0 KK massless vector boson  U(1)p,

~

choose N, =1,N, =0 Massive vector boson
choose p=p==1 Level matching
Slideto R =R =+ = R, Self dual radius

2 new massless vector bosons

Same for Right sector, extra massless scalars..
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U(l)L X U(l)R %SU(Q)L X SU(Q)R

2d vectors 6d vectors

1 massless KK scalar -
(+ “slightly” massive states) R— R 9 massless scalars (3’ 3)

+
d?  Universal gravity sector G, B

+

Massive statg§+tachyons |

d? +2d + 1 = dim ~{dtLdrl) — d2 + 6d + 9 = dim =2d+3.d+3)
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DFT description?



PLAN



PLAN

* String: (3-point) scattering amplitudes for R = R and R =~ R

Derivation of Effective gauge field theory action



PLAN

* String: (3-point) scattering amplitudes for R = R and R =~ R
Derivation of Effective gauge field theory action

* DFT: Brief introduction. Frame formulation.



PLAN

* String: (3-point) scattering amplitudes for R = R and R =~ R
Derivation of Effective gauge field theory action

* DFT: Brief introduction. Frame formulation.
Derivation of generic Effective DFT gauge field theory action.



PLAN

* String: (3-point) scattering amplitudes for R = R and R =~ R
Derivation of Effective gauge field theory action

* DFT: Brief introduction. Frame formulation.
Derivation of generic Effective DFT gauge field theory action.



PLAN

* String: (3-point) scattering amplitudes for R = R and R =~ R
Derivation of Effective gauge field theory action

* DFT: Brief introduction. Frame formulation.
Derivation of generic Effective DFT gauge field theory action.

* Build up a specific frame and compare with strings results.



PLAN

* String: (3-point) scattering amplitudes for R = R and R =~ R
Derivation of Effective gauge field theory action

* DFT: Brief introduction. Frame formulation.
Derivation of generic Effective DFT gauge field theory action.

* Build up a specific frame and compare with strings results.



PLAN

* String: (3-point) scattering amplitudes for R = R and R =~ R
Derivation of Effective gauge field theory action

* DFT: Brief introduction. Frame formulation.
Derivation of generic Effective DFT gauge field theory action.

* Build up a specific frame and compare with strings results.

* Compactification space Geometry (more with Mariana Grana)



PLAN

* String: (3-point) scattering amplitudes for R = R and R =~ R
Derivation of Effective gauge field theory action

* DFT: Brief introduction. Frame formulation.
Derivation of generic Effective DFT gauge field theory action.

* Build up a specific frame and compare with strings results.

* Compactification space Geometry (more with Mariana Grana)



PLAN

* String: (3-point) scattering amplitudes for R = R and R =~ R
Derivation of Effective gauge field theory action

* DFT: Brief introduction. Frame formulation.
Derivation of generic Effective DFT gauge field theory action.
* Build up a specific frame and compare with strings results.

* Compactification space Geometry (more with Mariana Grana)

* Conclusions and Outlook



PLAN

* String: (3-point) scattering amplitudes for R = R and R =~ R
Derivation of Effective gauge field theory action

* DFT: Brief introduction. Frame formulation.
Derivation of generic Effective DFT gauge field theory action.
* Build up a specific frame and compare with strings results.

* Compactification space Geometry (more with Mariana Grana)

* Conclusions and Outlook



String theory action



String vertex operators



String vertex operators

V (2, 2) ~: B(edy, DX )l HFIEI K (242 ()] = P(edy, X )elipY (D +5Y (52 ik X () .

, k=

mixes Left and Right

sl
=3 =3



String vertex operators
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String vertex operators

V (2, 2) ~: ®(edy, 0X) el THFIGN K 212 .= $(edy, 9X )elPY (22 1PV (2:2)] il X (2.2) .
k=24 P p_k_P | |
“RTR R R mixes Left and Right

Level matching

pp=kk—kk=N-—N

Oy 03V = (0,0, — 0505)V =p.pV = (N — N)V

.e. p=p=1 pp=1

VE(2,2) =iV2 ‘/910/2 e, : 0X"e X expldimy(2)]exp[Eim_g(Z)] :

m_ = R'-R'=-(R-—R),

Q\| — Q\| —

m, = R'+R'==-(R+R).



String vertex operators

V(z,2) ~: ®(edy, 0X )elkv()HHFIRN K (1) 42N .= §(edy, 9.X )elPY (52 +PY (2,2 giK X (2,2)
A
“RTR R R mixes Left and Right

Level matching

pp=kk—kk=N-—N

Oy 03V = (0,0, — 0505)V =p.pV = (N — N)V

.e. p=p=1 pp=1

ge i : _
VE(2,2) =iV2 NIV u  OXHFe R explEimoy(2)|exp[Eim_g(2)] :

B 1 -
_ —1 -1 _
Massive vector my =m_ — 0 m- = R~ -R"=—(R-R),
. I T
R— R— Vo my = RUHRT =Z(R+R).
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String vertex operators :

® Massless Left gauge bosons  SU(2).,

N, =1,N, =1 p=p=0(k=Fk=0) V3(2,2) = iv/23z €3 1 J3(2)0X 1K X | ABdgr
N, =1 p= p==+1 (k= i%,k =0) | V*(z,2) z\/ia,gfémef L JE(2)0X e X | AL dat




String vertex operators :

R=R=+Vd
® Massless Left gauge bosons  SU(2).
N,=1,N, =1 p=p=0(k=Fk=0) V3(2,2) = iv2 ;912/262 L J2(2)0X e | AD dyt
N, =1 p= p=+=+ (k:i\fa—,,k:m VE(2,2) = iv?2 ,910/2 e 1 JE(2)0X e X | Ak dat

® Massless Right gauge bosons

SU(2)r
N,=1,N, =1 p=p=0(k=Fk=0) V3(2,2) = iv/2-2e5e3 : J3(2)0X 1 KX | A3 dpr
N, =1 p=-—p==x1(k=0k= i\/Qa—,) VE(2,2) = iV?2 ,912/2 ljf JE(2)0XHetX /_lffda:“




String vertex operators  r-z-va

® Massless Left gauge bosons  SU(2).,

k=0) V3(2,2) = iv2 ;qlé/2 el : J3(2)0X e X | A3 dat

N, =1 p= p=x1 (k=172 .k=0) | VE(2,2) =iv2- 9. e 1 JE(2)0X e X | Ak dat

® Massless Right gauge bosons  SU(2)g

N,

V3(2,2) = iV2 ,912/263 J3(2)0X e EX | AS dat

N - p=—p—=+1 (

( )
k=0k=4-22) | V¥ (z,2) =1 2- i e JF(2)0XHet KX /_lffda:“

o
Massless scalars (3,3) SU2)r x SU2)r
N,=1,N,=1] p=p=0 M33
N,=1,N,=0| p=—p==%1 | M**
N,=0,N,=1| p=p==£1 | M Vs(2,2) = gLV2M®P(K) : J%(2)J0(2)e! KX
N,=0,N,=0 | p=42,p=0 | M**
_ \T _ ~ :|::|:
N,=0,N,=0 | p=0,p==42 | M
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CFT Currents V(z,2) = iVv2 ge € (K) 1 J(2)0X e KX dzdz

oll/2 H

J2(2) = 0,y(z), JE(2) =: exp(£2ia/~2y(2)) :




CET Currents (. 5 — v 9 (k). Jo(2)0X1em X dzdz

oll/2 €

J(2) = 0,y(z), JE(2) =: exp(£2ia/~2y(2)) :

J(2)J00) ~ B + L ge(0) > SU2)L

11/2 —1/2

AT (2)dz = (Atet2iod” Tu(x) 4 A= e=2i0"" "u(2))dz + A3dy(z)



CET Currents (. 5 — v 9 (k). Jo(2)0X1em X dzdz

oll/2 €

J(2) = 0,y(z), JE(2) =: exp(£2ia/~2y(2)) :

J(2)J00) ~ B + L ge(0) > SU2)L

A*J%(2)dz = (A+e+2io‘/1/2y(z) + A_e_Qia/_l/Qy(z))dz + A’dy(2)

Mode expansion



CFT Currents V(z,2) = 75\/5&‘/910/2 e (K) : JU2)0X e X dzdz

J2(2) = 0,y(z), JE(2) =: exp(£2ia/~2y(2)) :

J(2)J00) ~ B + L ge(0) > SU2)L

—1/2

AT J(2)dz = (Atet2ia” Py(=) 4 A—e=2i0 " Pu() gz 4 ABdy(2)

Mode expansion

A(z,Y) = p—p p) AP ()Y +level matching PP=pp=1=0dy.0y =1

Y = (y,9)



CFT Currents V(z,2) = 75\/5&‘/910/2 e (K) : JU2)0X e X dzdz

J(2) = 0,y(z), JE(2) =: exp(£2ia/~2y(2)) :

J(2)J00) ~ B + L ge(0) > SU2)L

—1/2

AT J(2)dz = (Atet2ia” Py(=) 4 A—e=2i0 " Pu() gz 4 ABdy(2)

Mode expansion

A(z,Y) = p—p p) AP ()Y +level matching PP=pp=1=0dy.0y =1

Y = (y,9)

J Internal base



CFT Currents V(z,2) = 75\/5&‘/910/2 e (K) : JU2)0X e X dzdz

J(2) = 0,y(z), JE(2) =: exp(£2ia/~2y(2)) :

J(2)J00) ~ B + L ge(0) > SU2)L

—1/2

AT J(2)dz = (Atet2ia” Py(=) 4 A—e=2i0 " Pu() gz 4 ABdy(2)

Mode expansion

A(z,Y) = p—p p) AP ()Y +level matching PP=pp=1=0dy.0y =1

Y = (y,9)

Oy.0y =0

J Internal base



CFT Currents V(z,2) = 73\/5&‘/916/2 e (K) : JU2)0X e X dzdz

J(2) = 0,y(z), JE(2) =: exp(£2ia/~2y(2)) :

J(2)J00) ~ B + L ge(0) > SU2)L

—1/2
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Mode expansion
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CFT Currents V(z,2) = 73\/5&‘/916/2 e (K) : JU2)0X e X dzdz

J2(2) = 0,y(z), JE(2) =: exp(£2ia/~2y(2)) :

J(2)J00) ~ B + L ge(0) > SU2)L

—1/2

AT J(2)dz = (Atet2ia” Py(=) 4 A—e=2i0 " Pu() gz 4 ABdy(2)

Mode expansion

A(z,Y) = p—p p) AP ()Y +level matching PP=pp=1=0dy.0y =1

Y = (y,9)
X

J¢ Internal base :
No strong constraint



String 3-point amplitudes

(GGG)

(VVG)+(Vvv)

<V5VSG> + <VVSVS>
(VsVsVs)

(VVVs)

gravity sector

gauge kinetic terms

scalar kinetic terms

cubic scalar potetial

mixings



Effective action R=R=ao

1 L.
—L = R— - o HWP
V9 ( 0ud)” - 12 Huwr
1Fa Farvy 1Fa Fa,ul/ 1D _]‘[aaD ad ,u;/
4 214 4 [12% 9 M

1 _
—  detM — §MaaF/iLI/FCL'UJV R

a abc Ab pc a abé oAb AC
F,uy — 28[ f A/J,AI/ 3 F — 28[,“ f AMAI/ ;
DMMaa _ 8MMaa fabcAb Mca fabcAb Mac
H,Lu/p — aMByp + AﬁuFl/ap + fabcAZAgAz
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String vertex operators

Only field that are masslesat R =R = \/a

M3= M*37

scalars m2 vectors m2
M? 0 Ve 0
T 4 3
M Em_ V 0
M=% | =m_ V= m?
-1 Hr—1 1~
m_. = R'-R'=-(R-R)
o
1 -
m, = R'+R'=—(R+R)
«



String vertex operators  r#R

3 scalars vectors | m
Only field that are masslesat R =R = ,/a’ M33 & 0
M=* | Zm_ Vs 0
MS:I: M:I:B? M:I::F %m_ V:t m2_
m_ = R '-R1'= é(R—R)
m, — RI4R = §<R+R>

l.e. ! _ .
VE(z,2) =ivV?2 /910/2 eff c OXHFe X exp[Eim oy (2)]exp|Eim_7(Z)] :
o)




String vertex operators  r#R

3 scalars vectors | m
Only field that are masslesat R = R = /o' M33 V3 0
M=* | Zm_ Vo 0
MS:I: M:I:B? M*F %m_ v+ m2_
m_ = R '-R1'= l(R—R)
«
” , m. — R4+R'=2(B+R)
o +/ = : 9e + . avu iK-X : L .
VE(z,2) = Z\/ioéll/Q e, - 0X"e exp|timy(z)]|exp|Eim_gy(z)] :

T(z)V(0) ~ k- e %5+ V(0)2 anomalous



String vertex operators  r#R

3 scalars 2 vectors | m
Only field that are masslesat R = R = /o' M33 V3 0
M=* | Zm_ Vo 0
MS:I: M:I:B? M*F %m_ V= m2_
m_ = R '-R1'= l(R—R)
«
” , m. — R4+R'=2(B+R)
T Ut 5\ 9e + . avp iK-X : S @
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String vertex operators  r#R

3 scalars vectors | m
Only field that are masslesat R = R = /o' M33 V3 0
M=* | Zm_ Vo 0
MS:I: M:I:B? M*F %m_ V= m2_
m_ = R '-R1'= l(R—R)
«
” , m. — R4+R'=2(B+R)
o +/ = : 9e + . avu iK-X : L .
VE(z,2) = 7’\/50/1/2 e, - 0X"e exp|timy(z)]|exp|Eim_gy(z)] :

TV (0) m><+— SVOL anomalous

/

+.3 =\ e
V=2(2,2) = GV

ViE=VE _yE3 Massive vector boson

ei,Bg?j(z)eiimweiim_yeiK-X . Goldstone boson




String vertex operators  r#R

3 scalars vectors | m?
Only field that are masslesat R =R = \/a M33 V3 0
M=* | Zm_ Vo 0
M3E ME3? M*F %m_ V= m?
m_ = R '-R1'= l(R—R)
«
” , m, = R‘1+R‘1:é(R+R)
T _ : 9. A iK- ) : _
VE(z2,2) = 7,\/50/1/2 eff c OXHFe X exp[Eim oy (2)]exp|Eim_7(Z)] :

TV (0) m><+— SVOL anomalous

/

+.3 =\ e
V=2(2,2) = GV

ViE=VE _yE3 Massive vector boson

ei,Bg?j(z)eiimweiim_yeiK-X . Goldstone boson

K-eEFém_et3 =0 Anomaly cancellation, longitudinal polarization

O, A £ i&m_M*3 =0 't Hooft gauge fixing



Effective action R+ R

1 1 1
—R— ~(0,0)* — —H,,,H"""?
2k 4( k®) 19 THP
1 3 v3 ]‘_3 a3
ZF/“/FM N 1F/WFM
1

I+ ’1/— 2 / / v 1_‘|‘_,LLV— o0 =1 % y
§F BT =mZ A A GHY §F//LVF, —m? A, AL G

1
§8MM338MM33 4+ DILLM:I:,:ED,UJM:Fa:F + DMM:l:,:FD,uJM:F;t

. g \/am+A/+uA/_V1

/ , , 1

Vo o 2 27 ol 2 9" K
. g \/aer iy —/_Vl —3 . g \/am_ 4 —/_Vl 3
ZW 5 ATYA ZFW + z\/_/ 5 ATHA QFW

(87 (87
9 \/g_/ m—|—2\/JA/:t,MAZZZM33m_ 4+ 9 \/g_/ m—I—Q\/JA/:bNAZFM?’Sm_
(87 (87
lF/‘i‘F/‘i‘,U/VM_,_ _ lF/‘FF/—/JVM—,-f- . 1F3 F3/J,VM3,3
2 Qv 2 uv 9 ny
2 2
4 / 4 /
—%MJ“_M_’JFM?’?’(@) _ _€M+,+M—,—M33(\/07)
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'+ 4 . .
by 8[MA] :FZ\/J 9 [ 0] :FZ\/J 9 [ 0]
—/ . -/ . g \/Jm+ 13 -/ . \/Jm_ 3 -/
FNV = (9[HA] :FZ\/J 5 A[MAI/] + 29 5 A[MAI/]

3 3
F/JJV — @[MAV]

/ /

D,M*®F = [0, +i(+)g \/E_Ai — z(i)g%Ai]Mi +

/ r
D ,M*>T = [8M+i(i)g\/g_Ai—i(i)g\/g_Ai]Mi’qc

Effective theory with massless and “slightly massive” states

“Hidden” T-duality symmetry



can be understood from Higgs mechanism

M33_|_€

Same degrees of freedom as in de

Full dependence on R (m—,)

R=vVd exp(—ie) =Va/(1 — te+ O(?)) .

Indicates contributions coming from higher order “non renormalizable” terms



Symmetry breaking...

1 1 1 1
R =Vda exp(—3¢) = Va/(1 — 3¢+ O(e?)) . —m_ = —(e—1)= —(e+ =€ +...
R a’ o’ 2
1 N 1
— = MmM_ -
R R
1 g o
+.4+17—,— 2733 _ A Y Aaqtt : 33
—4gM M M ﬁ = 4a’M M M
R
Indicates

—4L[g(M?3 +0) + *5 (M3 +v)2 + ¢35 (M3 + )3+ MM~

AMP MM~ (v+ 302 + 0 +...) =mi Mt M~

: 2 _ 4
with mi, = zm-



DFT action
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General Effective DFT gauge field theory action

* warming up KK circle reduction U(l), xU(1)g

* Generalization to describe enhancingto SU(2)r x SU(2)r

. SU2)L x SU(2)r  Effective DFT gauge field theory action
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* coordinates

p* < Yi P’ o & dual coordinates
1=1,...,n
Py = (pi,0") & Y= (v %) internal, fundamental representation of ~ O(n,n)
*fields

T(x,Y)=T(x,y,y) restrictto Hyn(X),d(X)

Generalized metric

dilaton
9”7 —g"" by
H — ] - O _D7 D 6_2d — —2¢
o (bikgkj 9ij — bmg“bm) (D, D) Ve
* Symmetries VAN
Ly Vi = Ly Ve + YR onVipVy? = ViIPopV — viPap v + 07 Vi p VM

+ closure constraints ie. OyOM...=0, Oy---OM...=0,



Frame formulation: D FT

Geissbuhler, (2011)
V=v+¢ vectors+forms Marques, Nufiez, Penas,
G.A, Marques, Nuiiez (2014)

La=L"% Eq generalized frame €O(D,D)/H
AeH=0(1,D—-1)x0(D—1,1)
nun = E* v nap EP n
Hun =E4 Sag EBN generalized metric

can be parametrized as
ey’ e4b; s 0
EA — a a “jt S —

with gi; = €%sape’; and  sgp = diag(— + - - - +)



DFT

Generalized (dynamical) fluxes ~ Fisc(X)

ﬁé’EAM — fpaPEAM + (3M§P - anM) EAP transforms as a vector
in particular
Lp,Es" = Fap“Ec" Fluxes (dynamical)

6eFapc = EPOpFapc+ AcFapc

scalar if closure is satisfied AeFape = EoyAe(Lp,Es™) =0
A



DFT action

Sprr = dee_QD R

1 1 1
R = FABC Foer ZSADnBE'nC’F . ESADSBESCF . 677141D77BE77C’F



Scherk-Schwarz dimensional reductions

D =d +n G. A, Baron, Marques, Nufiez, (2011)
Geissbuller

Ealz,y) = U~ () E'y (1) frame twist
gauged
Fapc(xz) = 3Qupq
Fapc(x,y) = Fapc(®)— frixUa'Usg’Uc™ Vapo(U) = Ual0;Us"Uc,y
Lp,EM = fi,0Eg™ Qrix(B) = BErMomEsY Exn
N —
frok = 3Q[IJK] constant fiunt fopt =0, Quadratic
constraints
A— (1)
~ Guor = 30ubpx) — fIJKAIuAJpAK/\ + 36[MAIPA>\]J
Fapc () Flo, = 0,AT,—0,AT, — f,;xTA7, AK,
(DyH)rg = OuH)rs+ R erAi s+ 5 LrAi Mg -



DFT Effective action

1

Seff = /ddx\/ge_% (A+R+48”906Mg0— EHWPHWP

1 5 1
_ZHIJFIM F[L],/ =+ g(DMH)[J(D'LLH)IJ

1
_EfIJKfLMN (HILHJMHKN . SHILnJMnKN + 277[L77JM77KN))

His(@) = Sp.rUr" (@)U, () scalars



Is there a DF T frame

Ea(z,y) = Ua® (z)Ey (y)

?
Ea(z,y) = Us™ () Ely (1) SUR)L x SU(2)r
Lr,(WEM(y) = fr/8Ex™(y) — J17K = €ijk D Eijik
Hrj(z) = Sy U U — M1
Al — Aty & A%,

D=d+3=d+1+2




Warming up D=d+1 M=0,....d—1;d

KK reduction on a circle

GMN — G,uw G,uda Gdd

Byn — B,ud



Circle KK reduction D=d+1

Generalized frame

E; eqg — le, B ~ G
EAE<E&>:< I > . A= (a,*) a=(0,...

A& e?
(& _
(qﬁ(dy + V1)> Vi = V,dz#

5 _ (€~ Lea V10
a — ¢—1ay

By = By + By A (dy + V)

E, = eq— (te,V1)0y — (te,B1)dy — 1, C*
Eq = ¢ '(8y+ B1)
EY = ¢(dy+W)

E* = g°



Circle reduction

Internal frame Scherk-Schwarz

Eq o=t 0\ (0, + B ¢ = exp(—+ M??).
Ed 0 ¢ dy + Vl .
M33 Metric fluctuations
TSt ¢ T*5!

CLdC

A = "+h U1 x U(1)g
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E(xz,y) =UE'
scalar matrix
14 0 0 0
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O(d+1)xO(d+1
0 U~ U+ 0 E ( =+ )X ( + )

0 0 0 1q



Circle reduction  p_ 441

E(z,y) =UL
scalar matrix

14 0 0 0

0 Ut U= 0 c

0O -U- U*T 0

0 0 0 14
E! €q — Leaz_zlj — e, AT —te CF
E-| J-—A
E+| J+ A
E' e

O(d+1,d+1)

O(d+1)xO(d+1)

U =3(pto 1)

J =0, +dy
J =0, —dy



Circle reduction  p_ 441

E(z,y) =UL
scalar  matrix
1Od U«O_|_ _8«_ 8 O(d+1,d+1)
O(d+1)xO(d+1
0 U~ U—|- 0 E ( =+ )X ( + )
0 0 0 14
E! €q — Leaz_zlj — e, AT —ter CT
E-| J—A Ut =3(+¢")
E+| J+ A ‘
E'o e T = 8y n dy
J =0, —dy

Hrig(z) = Sy Ul U



Circle reduction  p_ 441

E(xz,y)=UEFE’
scalar  matrix
1Od U«O_|_ _8_ 8 O(d+1,d+1)
O(d+1)x0O(d+1
0 U~ U—|- 0 E ( + )X ( + )
0 0 0 14
E! €q — Leaz_zlj — e, AT —te CF
E-| J—A Ut =3(+¢")
E* ] J+ A ’
E'a ed j _ 8y n dy
J =0, —dy
B I’ J’ ¢ — (_1M33)
Hrij(z) =SppUr Uy CXp(—3 '
B cosh(M33)  —sinh(M33) N 1 —M33 3319
fte = <— sinh(M33)  cosh(M33) )~ \ —M33 1 + O™



Enhancing D=d+3 E(z,y) = UE'

scalars matrix

o U/ -Uy 0 O(d+3,d+3)
. 2 d+3
0 —ui Ob c O(d+3)x O(d=+3)
0 0 0 14
EC,L €a — (Lealej)jj — (LeaAj)jj _Le&C_F
E'Ri T — A
E'Li - TI 4+ A
Ela ea
Sufficient information
SU((2)L SU(2)r
- [T, T =0 ) -
A=A17J’. A = AJ)

(Jt, J9] = ek gk T4 T = v T



Recap

= 04¢ e TMp & T, D

vovee v Od+1,d+1)
V =0+l + x4 +¢ € TMg& (TS'+T*S") & Tyd
V=v+ (AT + A JT) +¢ € TMy® (su(2)r ®su(2)r) ®Txd

O(d +1+2,d + 1+2)

EVl — Lvl U2 + (L’Ul AQ - L’U2A1 + [A17 AQ]) —I_ Lv1§2 - L’Ugd€1

LoV = LnVa + VG onVipVy — fRoVITVY



Scalars o St
His(x) =Sp Ul U7 € O(d + 3) x O(d + 3)

h—1 —h~1b c.C c.C
1J _ HE+C+ HO+
H (bh_l h — bh_1b> /Héj — (RHRT)AB — (HC_C+ fHC_C_> 9
1
HE O = (RO = S+ A7)+ (BTTo—bhTh) = bh e,
1
HE+C- = (HC-CH)T = -3 [(h—h™ )+ (R 1D+ bh™ 1) — bh™10] .
h~1s+ho, b~0s+bo as in Ul xUQ)g case

13, —M
e = (—]\ZT 15 )

MY 9 scalars
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Needed ingredients

v frame E(z,y)
U
v SS splitting E(z,y) =UE' o
Lp,Es™ = Fap“EcM
v fluxes )
Fapc(x,y) = Fapco(®)— frixUa'Ug’ UM

v scalars His(x) = Spp U Us» HE = (-CJS\ZJ’?? —é\g”



DFT Effective action

1
Seff :/ddw Vg e (A+R+48“gp8ugo— 5 O : el

1 v
- ZHIJFI'M F,uJI/

1
+ gl W H) 1 (D*H)
1

— EfIJKfLMN (HILHJMHKN L SHILUJMUKN 4+ 2nIL77JM,'7KN)>



Gauge kinetic terms
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Gauge kinetic terms

1 I J
— g H FTRE,
_ 52’3
i = (Mﬁ
_15 Fv I
4 %] U
Ly e
4 Im 1%

1 -
— 5 My F,



Gauge kinetic terms

1 Tuv opJd

1 UV g
Ly e
4 Im 1%

1 -
— 5 My F,



Scalars kinetic terms

(D H) 1 (D*H)Y

(DyH)rg = (OuH)rs+ fKLIA;IJjHKJ + fKLJAﬁHIK :



Scalars kinetic terms

(D H) 1 (D*H)Y

(DyH)rg = (OuH)rs+ fKLIA;IJjHKJ + fKLJAﬁHIK :

5 M.
Yy, — [ O w>
Y (M:iz' 0ij



Scalars kinetic terms

(D H) 1 (D*H)Y

(DyH)rg = (OuH)rs+ fKLIA;I;HKJ + fKLJAﬁHIK :

S M.
U, = @] w>
" (sz- 0

(DuH)ij = (0uM)ij + fliwALM,; + f'je Al M,



Scalars kinetic terms

(D H) 1 (D*H)Y

(DyH)rg = (OuH)rs+ fKLIA;I;HKJ + fKLJAﬁHIK :

S M.
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Scalar potential
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_ (% My
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det M -+ const.



DFT effective action

l

String effective action (r=k=vo) .



Old+1,d+1) Az; A3 TMg® (TS +T*SY) @ T;,d

O(d+ 142,d + 1+2) As, AL Ay, AT E~TM;® (RORORY) @ T*My=TM; ®RS @ T My

Generalized (non geometric) frame

i = cos (ZyL/RSd> t' + sin (ZyL/RSd) t2
Ef = —sin (QyL/RSd) t' + cos (QyL/RSd) t2
EL = dy"

Ei = cos (QyR/RSd) 3 + sin (QyR/de) t
E), = —sin(2y"/Rsa)t® + cos (2y"/Rsq) t*
By = dyf

Depends on ¥YL;Yr



L By,

Dy = (t1, 2, dyt, 3, ¢, dyf)T

= 3[E4FopERM — ERPop EWM + nMNnpodn B4 P E®] Da

dp = (0, 0, &z, 0, 0, yr)

:Ei7 Ej:

Ei,Ej
Ez'7 _j

E;]

1
= ‘CEiEj — \/——/eijk:Ek:
(87
_ 1 _
= Leky = =k
— [Ezan} —

Reproduces the needed

J =Vo'E!,

su(2)p xsu(2)g algebra

7! =B,



Summary and Outlook

* Analysis of string amplitudes in D=d+1, to identify key ingredients for
a DFT description.

» Built up a consistent DFT that captures winding information and reproduces string
effective action at self dual point.

* Level matching is satisfied but not the strong constraint. An explicit
dependence in ¥ and vy is needed to achieve enchancing.

O(d+3,d + 3)
O(d+3) x O(d+ 3)

* Hints for an internal geometry (M.G. talk)



Higher dimensional compactifications ?

Symmetry breaking at DFT level. Can “slightly massive” states be incorporated?



» Higher dimensional compactifications ?

* Symmetry breaking at DFT level. Can “slightly massive” states be incorporated?

Thank you
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