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Motivation

A lot has been learned about the dynamics of multiple D-branes in the last
past years:

e U(1)N — U(N) symmetry enhancement
o effective actions describing the non-Abelian dynamics

e many applications of non-Abelian effects in modern string theory
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Motivation

A lot has been learned about the dynamics of multiple D-branes in the last
past years:

e U(1)N — U(N) symmetry enhancement
o effective actions describing the non-Abelian dynamics
e many applications of non-Abelian effects in modern string theory

Question: Is the action (dynamics) gauge invariant?

— U(N) invariance is straight forward.
— Background gauge invariance is less obvious.

Answer: Yes!

Price/Reward: New symmetry 0.X ~ | X, X|
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Outlook

1.Introduction:
— Non-Abelian physics of multiple D-branes

2. Problems with background gauge invariance
— solution for R-R gauge transformations

3. Problems with NS-NS gauge invariance
— derivation of NS-NS transformations of fields
— invariance of action
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1. Non-Abelian physics of multiple parallel branes

The physics of N separated parallel Dp-branes is very different from physics
of N coinciding Dp-branes.

o separated: — Abelian theory

e coinciding: — non-Abelian theory
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1. Non-Abelian physics of multiple parallel branes

The physics of N separated parallel Dp-branes is very different from physics
of N coinciding Dp-branes.

o separated: — Abelian theory
e coinciding: — non-Abelian theory

This non-Abelian character has numerous manifestations in modern string

theory:
e Dielectric effect [Myers]
e Gravity duals of (confining) gauge theories [Polchinsky, Strassler]
e Enhancons [Johnson]
e Matrix models in non-trivial backgrounds [Berenstein, Maldacena, Nastase]
e Microscopic description of giant gravitons [B.J., Lozano, Rodriguez]
[
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Difference in degrees of freedom

e separated: N U(1) vector fields V!, (9 — p)N scalars X*
— Abelian worldvolume action

e coinciding: 1 U(N) Yang-Mills vector V!, N adjoint scalars X*
— non-Abelian worldvolume action
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Difference in degrees of freedom

e separated: N U(1) vector fields V!, (9 — p)N scalars X*
— Abelian worldvolume action

e coinciding: 1 U(N) Yang-Mills vector V!, N adjoint scalars X*
— non-Abelian worldvolume action

Extra degrees of freedom come from massless strings stretched between
coinciding strings: [Witten]

.

strings between same brane: m ~ 0

strings between different branes: m ~ L

As L — 0:

— N + N(N — 1) = N* degrees of freedom
— U(1)" — U(N) gauge enhancement
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Difference in degrees of freedom

e separated: N U(1) vector fields V!, (9 — p)N scalars X

e coinciding: 1 U(N) Yang-Mills vector V!, N adjoint scalars X*

— Abelian worldvolume action

— non-Abelian worldvolume action

Extra degrees of freedom come from massless strings stretched between

coinciding strings:

strings between same brane: m ~ 0

strings between different branes: m ~ L

As L — 0:

—> N + N(N — 1) = N* degrees of freedom
— U(1)" — U(N) gauge enhancement

Different degrees of freedom and different symmetries

—> different dynamics
— different worldvolume action
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Difference in worldvolume actions

e X*": Abelian scalars — Scalars in adjoint of U(N)
= | X", X"] #0
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Difference in worldvolume actions
e X*": Abelian scalars — Scalars in adjoint of U(N)

= [ X", X" #0

e V,: N Born-Infeld vectors — 1 Yang-Mills vector
Fop = 28[@%] — 7 Lgp = 28[0,%] T i[vaa %]
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Difference in worldvolume actions

e X*": Abelian scalars — Scalars in adjoint of U(N)
= | X", X"] #0

e V,: N Born-Infeld vectors — 1 Yang-Mills vector
Fop = 2a[a‘/;)] — 7 Lgp = Qa[a%] T i[vaa %]

e Background fields: ¢ = ®(z) — & = (X))

e (I)(XA) = En %aul ...QMCI)(QUA)\xxzoXﬂl...X“n [Douglas][Garousi, Myers]
— Symmetrized trace prescription [Tseytlin]
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Difference in worldvolume actions

e X*": Abelian scalars — Scalars in adjoint of U(N)
= [ X", X" #0

e V,: N Born-Infeld vectors — 1 Yang-Mills vector
Fop = 28[@%] — 7 Lgp = 28[0,%] T i[vaa %]

e Background fields: ¢ = ®(z) — & = (X))

e (I)(XA) = En %aul ...(%n(I)(xA)\xxzoXﬂl...X“n [Douglas][Garousi, Myers]
— Symmetrized trace prescription [Tseytlin]

e U(N) covariant pullbacks: 9, X" — D, X" = 0, X" + i[V,, X*|
— o0V, = D,x, 0X" =[xy, X, 0D X" =iy, D, X"]  [Dorn][Hull]
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Difference in worldvolume actions

e X*": Abelian scalars — Scalars in adjoint of U(N)
= | X", X"] #0

e V,: N Born-Infeld vectors — 1 Yang-Mills vector
Fop = 2a[a‘/;)] — 7 Lgp = Qa[a%] T i[vaa %]

e Background fields: ¢ = ®(z) — & = (X))

e (I)(XA) = En %aul ...QMCI)(QUA)\xxzoXﬂl...X“n [Douglas][Garousi, Myers]
— Symmetrized trace prescription [Tseytlin]

e U(N) covariant pullbacks: 9, X" — D, X" = 0, X" + i[V,, X*|
— o0V, = D,x, 0X" =[xy, X, 0D X" =iy, D, X"]  [Dorn][Hull]

e Non-Abelian couplings, proportional to [ X*, X"|:
— Ly ~ STr{ Gy D XF Dy XY +i[XP, X|Cpaypn DX P DX |

— STI'{P[CQ] -+ %ZP[(IXIX)CAL] } [Taylor, van Raamsdonk][Myers]
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T-duality origin of non-Abelian couplings
T-duality in worlvolume direction z:

Dp-brane — D(p — 1)-brane
(V&7Yi) - (Va,Xi)
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T-duality origin of non-Abelian couplings
T-duality in worlvolume direction z:

Dp-brane — D(p — 1)-brane
(V&7Yi) - (Va,Xi)

Matching of degrees of freedom: [Bergshoeff, de Roo]
V, — Vi, Y — X,
V, — X2 Y® =
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T-duality origin of non-Abelian couplings
T-duality in worlvolume direction z:

Dp-brane — D(p — 1)-brane
(V&7Yi) - (Va,Xi)

Matching of degrees of freedom: [Bergshoeff, de Roo]
V, — Vi, Y — X,
V, — X2 Y® =

Field strengths, Abelian case:

0,Y" — 0, X", 0,Y" =0, 0, YL =/",
Faa: —>8an7 Fab—>Fab-
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T-duality origin of non-Abelian couplings
T-duality in worlvolume direction z:

Dp-brane — D(p — 1)-brane
(‘A/&in) - (VQ,X’Z)

Matching of degrees of freedom: [Bergshoeff, de Roo]
Vo — Vi, Y — X,
V, — X%, Ye =

Field strengths, Abelian case:

0,Y" — 0, X", 0,Y" =0, 0, YL =/",
Faw —>8an7 Fab—>Fab-
Field strengths, non-Abelian case: [Myers]
D,Y' — DX, D,Y' =i[V,, Y] — i[X% X7, 0, YL ="
Fax—>DaX£7 Fab—>Fab-
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Dielectric terms:

CowD,YPD,Y" = CupuD Y" +C,D,Y"D,Y"
—  CuD X" +i[ X% XV]C e Do X*
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Dielectric terms:
CowD,YPD,Y" = CupuD Y" +CWD, Y D, Y"
—  CuD X" +i[ X% XV]C e Do X*
Non-Abelian action:

e Born-Infeld part : highly non-trivial problem

e Chern-Simons part: Concentrate here
Spp = Tp/STr{P_e(iXiX)(CeB)} eF}

- Tp/STr{P'Cﬁcp2(F+B)+...}

4P :(iXiX) <Cp+2 +C,B + )

+P |(ixix) (Cp + CpaB + . ) | F

4P :(iXiX)Q (Cp+4 +ChyaB + )} + }
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2. Problems with background gauge invariance

R-R gauge transformation: 0C,, = J;, A\,
0C wpr = a[uAvpk]

64 Cou DX Dy X" b = {00, D XDy X" |
# 0.4 A Dy X"}
5{ X7, X”]OWPXDGXPD;)XA} _ {[X”, XM A DaX“DbX”}

4 {[X”, XM A, DbX”}
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2. Problems with background gauge invariance

R-R gauge transformation: 0C,, = J;, A\,
0C wpr = a[uAvpk]

64 Cou DX Dy X" b = {00, D XDy X" |
# 0.4 A Dy X"}
5{ X7, XM]OWDGXPD,)XA} _ {[X”, XM A DaX“DbX”}

4 {[X”, XM A, DbX”}

NS-NS gauge transformations: 05, = 0,2,
O0Vy = =2, Dy X*

5F,y = (5(Fab n P[B]ab) —0, S([X", X")Buw) = [X", X"]0,5,)
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2. Problems with background gauge invariance

R-R gauge transformation: 6C,, = J;, A\,
0C wpr = a[uAvpk]

64 Cou DX Dy X" b = {00, D XDy X" |
# 0.4 A Dy X"}
5{ XV, X“]CWPADGXPDZ)XA} _ {[X”, XM, Ay DaX“DbX”}

4 {[X”, XM Ay DbX”}

NS-NS gauge transformations: 05, = 0,2,
0V, = =2, D, X*

§F,, = 5(Fab + P[B]ab) — 0, 5([X*, X"|B,) = [X", X*]8, 50,

—> Naive substitution does not give a total derivative !
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R-R gauge transformations

First addressed by [Ciocarlie] in 2001.
— Very complex, incomplete

Systematic appraoch by [Adam, Gheerardyn, BJ., Lozanol:
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R-R gauge transformations

First addressed by [Ciocarlie] in 2001.
— Very complex, incomplete

Systematic appraoch by [Adam, Gheerardyn, BJ., Lozanol:

P|C,| is gauge invariant under 0C, = 0\, iff

e total derivative: 0 {P[Cp]} = c‘%{...}
) 5{P[Cp]} is a scalar under U(N)

o for [X, X] = 0: 6{P[Cp]} — {P[aAp—l]}
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R-R gauge transformations

First addressed by [Ciocarlie] in 2001.
— Very complex, incomplete

Systematic appraoch by [Adam, Gheerardyn, BJ., Lozanol:

P|C,] is gauge invariant under 6C), = JA,_; iff

e total derivative: 0 {P[Cp]} = (%{...}
) 5{P[Cp]} is a scalar under U(N)

o for [X, X] = 0: (5{P[Cp]} = {P[aAp—l]}

— Modify way to implement gauge transformations
in non-Abelian action

B. Janssen WGASB 06, Santiago de Compostela, 8-11 February 2006
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Definition:

o 5{P[Cp]} -~ 8{P[Ap_1]} - {DP[Ap_l]}

{ PloA, 1] + PIA, 1 J31F, X}

B. Janssen
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Definition:

. {5P[(1X1X)7“Cp]} = {DP[(iXiX)’“Ap_l]}

B. Janssen
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Definition:

. 5{P[Cp]} = a{P[Ap—l]} = DP[Ap—l]}
= { Plor, ) + P[A, 1 J4(F, X}

. {5P[(1X1X)7“Op]} = {DP[(iXiX)TAp—l]}

e general case 0C, = JAe”:
5{P[(1X1X)0]} — {DP[iXiXA]P[eB] + DPixA]P[ixe?]

+ DP[A]P[iXiXeB]}

— (Ce” is invariant under 0C), = 0Ae” (Abelian case)
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Definition:

. 5{P[Cp]} = a{P[Ap—l]} = DP[Ap—l]}
— {P[aAp—l] + P[Ap—l]%[Fa X]}
. {5P[(1X1X)7“Op]} = {DP[(iXiX)TAp—l]}
e general case 0C, = JAe”:
5{P[(1X1X)0]} — {DP[iXiXA]P[eB] + DPixA]Piye"]
+ DP[A]P[iXiXeB]}

— (Ce” is invariant under 0C), = 0Ae” (Abelian case)

— Pl[(ixix)"(CeP)] is invariant under 6{P[(iXiX)tC]}
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Definition:

. 5{P[Cp]} = a{P[Ap—l]} = DP[Ap—l]}
= { Plor, ) + P[A, 1 J4(F, X}

o {5P[(1X1X)r0p]} — {DP[(iXiX)TAp_l]}
e general case 0C, = JAe”:
5{P[(1X1X)0]} — {DP[iXiXA]P[eB] + DPixA]P[ixe?]
+ DP[A]P[iXiXeB]}
— (Ce” is invariant under 0C), = 0Ae” (Abelian case)
— P[(ixix)(Ce?)] is invariant under §{ P[(ixix)C]]

— S =T, f{P[edXiX)(CeB)} eF} is invariant under 5{P[(1X1X)SC]}
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3. Problems with NS-NS gauge transformations
5By = 20,5, §Vy = =X, Dy X"

—s §P[B] = 2D P[5, §F,, = —2DP[Y]

— §F = 5(F + P[B]) — 0.
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3. Problems with NS-NS gauge transformations
5B, = 20,5, 5V, = —%, D, X"
— §P[B] = 2DP[3)], 5Fy, = —2DP[Y)]
— §F = 5(F + P[B]) — 0.
Rewrite Dp-brane action: [Adam, Gheerardyn, B.]., Lozano]
(ixix) (ceB) — (ixixC)e® + (ixC)(ixB)e”
+ C(ixB)(ixB)e” + Cl(ixixB)e”
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3. Problems with NS-NS gauge transformations
5B, = 20,5, 5V, = —%, D, X"
— §P[B] = 2DP[3), 5Fy, = —2DP[S]
— §F = 5(F + P[B]) — 0.
Rewrite Dp-brane action: [Adam, Gheerardyn, B.J., Lozano]
(ixix) (ceB) — (ixixC)e® + (ixC)(ixB)e”
+ C(ixB)(ixB)e” + Cl(ixixB)e”

— S = T / {P[(iXiXO)ef + (ixO)(ix B)e”

+ CO(ixB)(ixB)e” + C(iXiXB)ef”

What happens to terms of the type (ix B) and (ixixB)?
—— Extra non-Abelian variations which have not been taken in account?

B. Janssen WGASB 06, Santiago de Compostela, 8-11 February 2006
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T-duality on gauge transformations

T-duality in worlvolume direction z:

Dp-brane — D(p — 1)-brane
(‘A/&?Yi) - (Va,Xi)

e Matching of degrees of freedom:

A

V, — V,, Yt — X!

V, — X% Y® =

B. Janssen
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T-duality on gauge transformations
T-duality in worlvolume direction z:

Dp-brane — D(p — 1)-brane
(‘A/C%Yi) - (Va,Xi)

e Matching of degrees of freedom:

A

vV, — V., Y — X

V, — X2, ye =

e Role played by fields in Dp-brane action is the same as role of fields in
D(p — 1)-brane action.
Fields in both actions transform in the same way under:

— Worldvolume general coordinate transformations ¢
— U(1) or U(N) transformations y

— Target space general coordinate transformations

B. Janssen WGASB 06, Santiago de Compostela, 8-11 February 2006
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T-duality on gauge transformations: Abelian case
T-duality in worlvolume direction z:

Dp-brane — D(p — 1)-brane
(V&7Yi) - (Va,Xi)
T-dual variation of BI vector:
5‘7(3 = 66(93‘7@ + 8&53‘7,; + Jyy —

A

Va—>‘/a

B. Janssen WGASB 06, Santiago de Compostela, 8-11 February 2006
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T-duality on gauge transformations: Abelian case
T-duality in worlvolume direction z:

Dp-brane — D(p — 1)-brane
(V&7Yi) - (Va,Xi)

T-dual variation of BI vector:

5V, = 6603‘7(3 + 8&56% + 0aX —

V, — V,
—— 5Va — ébﬁbva + aaéb% + aaé:xvx + 80)2 N
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T-duality on gauge transformations: Abelian case
T-duality in worlvolume direction z:

Dp-brane — D(p — 1)-brane
(V&7Yi) - (Va,Xi)

T-dual variation of BI vector:

5V, = CAB((?B‘A/gL + 8&56% + 0aX —

V, — V,
—— 5Va — ébﬁbva + aaéb% + aaé:xvx + 80)2 N

— POV, + 0.8V + 0.3, X, + O\ —

B. Janssen WGASB 06, Santiago de Compostela, 8-11 February 2006
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T-duality on gauge transformations: Abelian case
T-duality in worlvolume direction z:

Dp-brane — D(p — 1)-brane
(V&7Yi) - (Va,Xi)

T-dual variation of BI vector:

5‘7(1 = 6683‘7@ + 8&53‘7,; + Jyy —

Vo — VW
— Vo = "OVa + 0uC"Viy + 0uC"Ve + DX —
— CPWVa + 0uCVi + 0.5 X, + OuX —
Field redefinition: y = y — >, X*
= ("0Va + 0uC"Vhy + Oux —

oV,

B. Janssen WGASB 06, Santiago de Compostela, 8-11 February 2006
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T-duality on gauge transformations: Abelian case
T-duality in worlvolume direction z:

Dp-brane — D(p — 1)-brane
(V&7Yi) - (Va,Xi)
T-dual variation of BI vector:
5‘7(3 = 66(93‘7@ + 8&53‘7,; + Jyy —

A

Ve — XE

B. Janssen WGASB 06, Santiago de Compostela, 8-11 February 2006
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T-duality on gauge transformations: Abelian case
T-duality in worlvolume direction z:
Dp-brane — D(p — 1)-brane
(VoY) — (o, X7)
T-dual variation of BI vector:
Vi = C,Va + 0.C°V; + 0% —

A

Ve — XE

AN

= 0V, = (P9,V, —

B. Janssen WGASB 06, Santiago de Compostela, 8-11 February 2006
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T-duality on gauge transformations: Abelian case
T-duality in worlvolume direction z:

Dp-brane — D(p — 1)-brane
(V&7Yi) - (Va,Xi)
T-dual variation of BI vector:
5‘7(3 = 66(93‘7@ + 8&53‘7,; + Jyy —

A

Ve — XE

AN

— 6V, = (PO, V, —
— (o XE — 2

= 0X*%
— X* behaves as a scalar in worldvolume and coordinate in target space.

L SXP = (P X — e

B. Janssen WGASB 06, Santiago de Compostela, 8-11 February 2006
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T-duality on gauge transformations: Abelian case
T-duality in worlvolume direction z:

Dp-brane — D(p — 1)-brane
(‘A/&?Yi) - (Va,Xi)

T-dual variation of embedding scalars:
yi =gy n — g
YHE s XK

B. Janssen WGASB 06, Santiago de Compostela, 8-11 February 2006
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T-duality on gauge transformations: Abelian case
T-duality in worlvolume direction z:

Dp-brane — D(p — 1)-brane
(‘A/&vyi) - (Va,Xi)

T-dual variation of embedding scalars:
Vi — gf)agyﬂ — R

YHE s XK

— Y = (oY — gm

B. Janssen WGASB 06, Santiago de Compostela, 8-11 February 2006
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T-duality on gauge transformations: Abelian case
T-duality in worlvolume direction z:

Dp-brane — D(p — 1)-brane
(‘A/&vyi) - (Va,Xi)

T-dual variation of embedding scalars:
Vi — gf)agyﬂ — R

YHE s XK

— Y = (oY — gm

N Cb@qu — A

= oX*

B. Janssen WGASB 06, Santiago de Compostela, 8-11 February 2006
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T-duality on gauge transformations: non-Abelian case
T-duality in worlvolume direction z:

Dp-brane — D(p — 1)-brane
(V&7Yi) - (Va,Xi)
T-dual variation of BI vector:
5V, = 6603‘7(3 + 8&56% + Dax —

A

Va—>‘/a
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T-duality on gauge transformations: non-Abelian case
T-duality in worlvolume direction z:

Dp-brane — D(p — 1)-brane
(V&7Yi) - (Va,Xi)
T-dual variation of BI vector:
5V, = CAB((?B‘A/gL + 8&56% + Dax —

Va — Vva
= 0V, = CPO,V, + 0,V + 0,(*V, + D,y —
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T-duality on gauge transformations: non-Abelian case
T-duality in worlvolume direction z:

Dp-brane — D(p — 1)-brane
(V&7Yi) - (Va,Xi)

T-dual variation of BI vector:

5V, = 6603‘7@ + 8&56% + Dax —

Va — V;L
= 0V, = CPO,V, + 0,V + 0,(*V, + D,y —

— POV, + 0.V + 0.2, X, + Doy —
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T-duality on gauge transformations: non-Abelian case
T-duality in worlvolume direction z:
Dp-brane — D(p — 1)-brane
Ve, V') — (Vo, X7)
T-dual variation of BI vector:

5V, = 6603‘7@ + 8&56‘7{) + ﬁa)% -

va — ‘/a
— 5‘7a — ébabva + aaéb‘z) + aaé\xf/x + ﬁa)% —

— POV, + 0.V + 0.2, X, + Doy —

Field redefinition: y = y — >, X*

Cbabva + aaCb% + Da)% _

= 0V,

— |/ — a behaves as a vector in worldvolume, U (V) Yang-Mills vector and
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T-duality on gauge transformations: non-Abelian case
T-duality in worlvolume direction z:

Dp-brane — D(p — 1)-brane
(V&7Yi) - (Va,Xi)
T-dual variation of BI vector:
5V, = 6603‘7(3 + 8&56% + Dax —

A

Ve — XE
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T-duality on gauge transformations: non-Abelian case
T-duality in worlvolume direction z:

Dp-brane — D(p — 1)-brane
(V&7Yi) - (Va,Xi)
T-dual variation of BI vector:
5V, = 6603‘7(3 + 8&56% + Dax —

Ve — XE
— 6V, = POV, + iV ] — _
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T-duality on gauge transformations: non-Abelian case
T-duality in worlvolume direction z:

Dp-brane — D(p — 1)-brane
(V&7Yi) - (Va,Xi)

T-dual variation of BI vector:

5V, = 6603‘7@ + 8&58% + Dax —

Ve — XE
— 6V, = POV, + iV ] — _

— T, + (X% ] - — ¢

— §X=

— X% behaves as a scalar in worldvolume, adjoint scalar under U(N),
coordinate in target space and has

— 6XP = ChA, X 4 i[XF, ] — — &
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T-duality on gauge transformations: non-Abelian case
T-duality in worlvolume direction z:

Dp-brane — D(p — 1)-brane
(‘A/&vyi) - (Va,Xi)

T-dual variation of embedding scalars:
SY R = CbaY P 4 i[YF y] — — ¢h
YHE s XK
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T-duality on gauge transformations: non-Abelian case
T-duality in worlvolume direction z:

Dp-brane — D(p — 1)-brane
(V&7Yi) - (Va,Xi)

T-dual variation of embedding scalars:

SY R = CbaY P 4 i[YF y] — — ¢h
YM SN XM
— SV = PO Y 4 i[VF, y] — — &
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T-duality on gauge transformations: non-Abelian case
T-duality in worlvolume direction z:

Dp-brane — D(p — 1)-brane
(‘A/&vyi) - (Va,Xi)

T-dual variation of embedding scalars:

OY" = POV + i[YF x| — — &P

Y# — XH

= 0Y* = oY+ i[YF )] — - &

— CPAXM+ i[X ] — s

= oX*#

—— X" has extra non-Abelian Y variations
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NS-NS transformations of the fields

NS-NS gauge invariance much more complicated,

as everything starts transforming:

0 F
0D, X"

SIXH, XV

5B(X)

[Xp > Fab] + Za [XU X'O]F — 20[GZP]D[QX"DZ,]XP,
i[X7,5,DaX"] + 10,5, [X7, X7] Dy X"

+ 20,3, D X [XP, X1,

i[XP 5 [XH, XY + 0,2, (X7, XP][X*, X"]

— 20,5, (X7, X"|[X*, X",

i[XP,8,8(X)] + i0,5,[X7, X]D(X).
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NS-NS transformations of the fields

NS-NS gauge invariance much more complicated,
as everything starts transforming:

0F,, = [Xp > Fab] + Za [XU X'O]F — 20[GZP]D[QX"DZ,]XP,

SD X" = i[X?,%,D,X"] + i0,%,[X7, X*|D, X"
+ 20,5, D, X°[X?, X,
SIXM XY = i[XP, 5, (X" XY]] + i0,5,[X7, XP][X*, X"]
— 20,5, X7, X*[X*, X"],
JO(X) = i[XP,0,8(X)] + i8,5,[X7, X |D(X).

General rule:

07 =1|X?,3,Z] + 10,,X,[X?,X?|Z + possible correction terms
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NS-NS transformations of the fields

NS-NS gauge invariance much more complicated,
as everything starts transforming:

0F, = i[X7, S, Fp] + i0,5,[X7, XP|Fyp — 20,5, D;u X" Dy X7,
SD X" = i[X?,%,D,X"] + i8,%,[X’, X"|D, X"
+ 20,5, D, X°[X?, X,
SIXM XY = i[XP, 5, (X" XY]] + i0,5,[X7, XP][X*, X"]
— 2i0,%,[X7, X[ X", XV,
SO(X) = (X7, 5,0(X)] + i0,5,[X7, XP)P(X).

General rule:

07 =1|X?,3,Z] + 10,,X,[X?,X?|Z + possible correction terms

5(2.2:) = i[X?,5,(Z12:)] + 10,5, [ X7, X?)(Z12,)

+ possible Z; correction terms + possible Z; correction terms
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Invariance of the action

Typical term: £ ~ {P[(ixix)r (CeBﬂeF}
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Invariance of the action

Typical term: £ ~ {P[(ixix)r (CeBﬂeF}

— 5L ~ {z’[XP, 3,0 + P[(iXiX)T<CeBZ?Z)}eF
_ P[(iXiX)T<CeB>6Z} eF P[(iXiX)T“(CeB@Z)}eF
+P [(iXiX)T“ <CeB> az} eF}.
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Invariance of the action

Typical term: £ ~ {P[(ixix)r (CeBﬂeF}

— 5L ~ {z’[XP, 3,0 + P[(iXiX)T<CeBZ?Z)}eF
_ P[(iXiX)T<CeB>6Z} eF P[(iXiX)T“(CeB@Z)}eF
+P [(iXiX)T“ <CeB> az} eF}.

Total action: £ = {P [ (xlx) (Ce )} }

In the variation, all terms cancel, except the ones with maximum value r = R:

5L ~ { X7, 5,0] + P[(1X1X)R+1 ((JeBazﬂe - P[(lXiX)RH <CeB>62} eF}
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Invariance of the action

Typical term: £ ~ {P[(ixix)r (CeBﬂeF}

— 5L ~ {z’[XP, 3,0 + P[(iXiX)T<CeBé’Z)}eF
_ P[(iXiX)T<OeB>6’Z} eF P[(iXiX)T“(CeBé’Z)}eF
+P [(iXiX)T“ <CeB> az} eF}.

Total action: £ = {P[e(ixiX)(CeB)}eF }

In the variation, all terms cancel, except the ones with maximum value r = R:

5L ~ {@'[Xp, $,0]+ P [(iXiX)R+1 ((JeBazﬂ eF — P [(iXiX)R+1 <CeB> az} eF}
=0

as {Z[X 29 pﬁ]} is a trace over a single commutator

as (ixiy)®! <CeB 82) involves more X* as transverse directions to D-brane
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Different prescription for R-R and NS-NS transformations?

R-R: modified gauge variations
NS-NS: substitution of different variations

SP[Cs] = 2P[OA)] — iA[X, F] = DP[A]
SP[By] = 2P[0%] — 2iP|(ixixdX)B] — 8iP[(ix0%)(ixB)]

— What about S-duality?
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Different prescription for R-R and NS-NS transformations?

R-R: modified gauge variations
NS-NS: substitution of different variations

SP[Cs] = 2P[OA)] — iA[X, F] = DP[A]
SP[By] = 2P[0%] — 2iP|(ixixdX)B] — 8iP[(ix0%)(ixB)]

— What about S-duality?
There exists an alternative description of R-R variations: [Adam]
o L ~ {P[CQ]} is consistent truncation with ¢, = B=V =0

— 0L = {DP[Al]} - {P[@Al]} since ' = 0

e For F £ 0 = [ ~ {P[(JQ] + P[(iXiX)Cg]F}
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Different prescription for R-R and NS-NS transformations?

R-R: modified gauge variations
NS-NS: substitution of different variations

SP[Cs] = 2P[OA)] — iA[X, F] = DP[A]
SP[By] = 2P[0%] — 2iP|(ixixdX)B] — 8iP[(ix0%)(ixB)]

— What about S-duality?

There exists an alternative description of R-R variations:
o L~ {P[CQ]} is consistent truncation with C, = B =V =0
— 5L = {DP[Al]} - {P[@Al]} since F' = 0
e For F £ 0 = [ ~ {P[(JQ] + P[(iXiX)Cg]F}

—> Naive substitution yields results similar to NS-NS case

—> R-R gauge invariance also possible through naive sustitution

[Adam]

B. Janssen WGASB 06, Santiago de Compostela, 8-11 February 2006

22



Conclusions

e R-R background gauge invariance 0C' = JA can be achieved through the
implementation 5{P[(1X1X)O]} :{DP[(iXiX)A]}

e Demanding that fields play same role before and after T-duality
—> new symmetry 6.X* =¥, | X", X"

e taking in account this new symmetry: D-brane action invariant

o 0 XM =73,]X" X" usefull in construction of non-Abelian Born-Infeld

actions or in covariant formulation of non-Abelian actions?
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