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Embedding tensor formalism

Part 2. Generalized gaugings - the embedding tensor formalism

[de Wit, Samtleben, Trigiante]

>

Central object: embedding tensor ©,“

It determines the decomposition of gauge generators into generators of the rigid symmetry
group (da):
Xy =Y Ou*da

It characterizes the gauging completely (i.e. covariant derivatives, masslike terms, scalar
potential), e.g.:

Dut = (0, — AMOu8a) ¢ with AM = (

AN — electric
«—— magnetic

Aun
= Both electric and magnetic vectors appear.

@
Conventional gaugings: only coupling to electric vectors: © > = ( @8 )

Generalized gaugings appear in

e Flux compactifications with electric and magnetic fluxes,

e Scherk-Schwarz reductions,

O oo
The deformation parameters (such as flux parameters) appear as components of the
embedding tensor.
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Problems solved...

In the conventional gauging procedure, we encountered two main drawbacks:

Q Possible gauge groups depend on the selected duality frame. Is there a systematic way to
find all possibilities?

@ s there a way to maintain duality invariance?
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Embedding tensor formalism

Problems solved...
In the conventional gauging procedure, we encountered two main drawbacks:

0 Possible gauge groups depend on the selected duality frame. Is there a systematic way to
find all possibilities?

@ Is there a way to maintain duality invariance?

The embedding tensor formalism provides a positive answer:

o Admissible embedding tensors can be characterized and determine all possible gaugings.
This requires solving the constraints:

X P
> Closure of the gauge algebra: [Xu, Xn] = —Xun" Xp

ANag, 8] —
> Locality: 2787 On v

. . X4 Qpyg =0
> Linear constraint: WG—=pye

In chiral N = 1 theories, anomaly cancellation can be achieved by changing this
constraint to X(MNQQP)Q = OyopnPop do 3~ [Schmidt, Trigiante, Van Proeyen, Zagermann,
DR]. The tensor d,, g, characterizes the anomaly.

9 The formalism restores duality covariance (as long as we treat ©y,“ as a spurious object).
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Extra complications...

The covariant treatment causes some difficulties:
Closure constraint: [Xy, Xy] = —Xun" Xp

> Consistency requires that Xgun)"Xp =0 = Xun® = Xpum® + Xum)”
» The Jacobi identity is violated:

X[MN]P)([QP]R + cyclic = —% ()([MN]PX(QP)R + cyclic)
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> Consistency requires that Xgun)"Xp =0 = Xun® = Xpum® + Xum)”
» The Jacobi identity is violated:
X[MN]P)([QP]R + CyCIiC = —% (X[MN]PX(QP)R + CyCliC)

Solution:

» Extra gauge transformations:

SAM = DUAM — X ) M=), NP
» Extra 2-forms, with gauge transformations:
6By, 1MN] = 5, = TMN]

Invariant action:

> Kinetic terms: FM A «FN

» Topological terms: BIMN] A BIPQ]

» Chern-Simons terms: AM A AN A dAP
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Tensor hierarchy

So far we have introduced the fields A," and B,,,""! with gauge transformations
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Tensor hierarchy

So far we have introduced the fields A," and B,,,""! with gauge transformations
SAM = DAY — Xwp)=,N

5BHV[MNJ = 8[MEV] [MN] +... + yMN] [p[QHJJq)MU[P[QRJJ

This list can be extended to higher order tensors C,,,.,/M"PIl . with gauge
transformations:
5CHyp[M|-NPJJ = a[u(bup][M[NP“ +..., etc.

This is the TENSOR HIERARCHY.

» Different versions of the hierarchy exist. The field content depends on whether we
implement the constraints or not.

e without linear constraint:  [MN]| ~ (MN) — B, (MN)

€9 o  with linear constraint: [MN] ~ « —  Bu.“

» 3-, 4-forms appear in the action as Lagrange multipliers for the constraints.
» Gauge transformations that leave the action invariant lead to an open (on-shell) algebra.
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Gauge algebra: properties

Non-zero commutators:

[6(A1), 6(A)IAM = 6(A3)AM + 6(Z5)AM

- 0S5\ [MN]
[5(A1), 5(A1B MM = 5(A3)Bu MM +-6(25)B, M) + (£ T2

oB

pv
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Gauge algebra: properties

Non-zero commutators:

[6(A1), 5(AIAM = 6(Aa)ALM + 8(Z3)Au
500 SAIB ™ = 5(A5) BT + 6(=)B,., MM + (£ 52) ™
» terms proportional to the field equations = OPEN ALGEBRA
> A3 and =5 are field dependent = SOFT ALGEBRA
Gauge transformations: e.g. s(AAM = AV (5yALM)
§EAM = IV (5 AM)

Then there exist tensors V, W # 0 such that
» NP
(owAuM) VN + (8fe  AM) WINPT = 0

The gauge transformations are not independent = REDUCIBLE ALGEBRA

» Wecall VN, WLNPJ, ... zero modes.

> VNand W,ENPJ also have zero modes = zero modes for zero modes, etc.
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Part 3. the field-antifield formalism

The algebra has a complicated structure: open, soft and reducible.
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Part 3. the field-antifield formalism

The algebra has a complicated structure: open, soft and reducible.

These are the properties for which the field-antifield
(Batalin-Vilkovisky) formalism was developed atain vikovisky-1983].

Main features:

» The formalism was originally constructed as an extension of the BRST formalism for
quantization.

» Unphysical fields (such as ghosts, ghosts for ghosts, etc.) are introduced to compensate
for the effects of gauge invariance.

» It is convenient to have these features already at the classical level. (We will add extra
terms to the classical action that depend on the unphyiscal fields.)

» The extended action, subject to one equation (the classical master equation), wiLL
INCORPORATE ALL THE PROPERTIES OF THE GAUGE THEORY.
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Ingredients of the field-antifield formalism (1)

parity
Fields ®A: fields: ¢ +
every gauge parameter — ghost: C(o)ao -
every zero mode — ghost for ghost: C(1)a1 +
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The field-antifield formalism

Ingredients of the field-antifield formalism (1)

Fields ®*: fields: &
every gauge parameter — ghost: Ciy®
l every zero mode — ghost for ghost:  C(1)®
AntiFields ®7:  for fields: #F
for ghosts: C(*O) i
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l every zero mode — ghost for ghost: C(1)a1 + 2 0
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ghosts for ghosts: | C)MNI | ¢,

We have a hierarchy, both horizontally (1-forms, 2-forms, ...) and vertically

(ghosts, ghosts for ghosts, ...).
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parity | ghost# | antifield #
Fields ®A: fields: ¢ + 0 0
every gauge parameter — ghost: C(o)aﬂ - 1 0
l every zero mode — ghost for ghost: C(1)a1 + 2 0
AntiFields ®7:  for fields: o7 - -1
for ghosts: C(*O) 2 + ) 2
fields: AuM BW[MNJ g
ghosts: C(O)M C(O)NW’VJ ke
a -
ghosts for ghosts: Cmf.MNJ C(1)HWWPJJ 5 + AntiFields
: : : S
=
Ending: ?? =

We have a hierarchy, both horizontally (1-forms, 2-forms, ...) and vertically

(ghosts, ghosts for ghosts, ...).
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Ingredients of the field-antifield formalism (2)
Extended action: S[®#4, ®4] = Sp[¢'] + ...

» Expansion in order of antifields

» gh(S)=0, parity(S)=

> S[oA % =0] =

P (proper) solution of the classical master equation:

89S 8S
(5,9) _22 IBA 9d%
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Ingredients of the field-antifield formalism (2)

Extended action: S[®#4, ®4] = Sp[¢'] + ...
» Expansion in order of antifields
» gh(S)=0, parity(S)=
> S[oA % =0] =
P (proper) solution of the classical master equation:

(ss—zz S 8S _

A 9o,
We propose the following form: . —
S[oA, 5] = Slé] + ¢ RLCo® 1
. a 1 -4
+ Clya (2(1)a?c(1>a‘ + 2 T, CO™C)® + - ) 2
* 4k (1 ij 1 )i
+ 076} (Y Con™ + fEnnC0®Co™) 2
+
Up to now, RQO, 2(1):‘1’, ... are arbitrary tensors.
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Ingredients of the field-antifield formalism (2)

Extended action: S[®#4, ®4] = Sp[¢'] + ...
» Expansion in order of antifields
» gh(S)=0, parity(S)=
> S[oA o =0] =S
P (proper) solution of the classical master equation:

(ss—zz 9 9S _

SPA o7
We propose the foIIowmg form: ' —
S[oA, 5] = Slé] + ¢ RLCo® 1
o a 1 &
o C(O)ao (Z(1)E$C(1)a1 +3 Tb:COC(O)bOC(o)CU P oo > 2
* 0% (1 ij 1 i
+ 076} (Y Con™ + fEnnC0®Co™) 2
+
Up to now, RQO, 2(1):?, ... are arbitrary tensors.

Next: if we impose the master equation, S contains all the relevant
information about the gauge structure.
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Solving the master equation...

S[eA, ®3] = Sol#] ¢} Ri,C(0)™

. a
Clo) (2(1)a?c<1)a‘ + 3 T, Co)®Coy® + - )

+
+
+ o707 (3vinkcon™ + 1EL 5,C0®Ci0))
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Solving the master equation...

S[eA, ®3] = Sol#] ¢} Ri,C(0)™

* a 114
Cloya (2(1)a?c<1)a1 + 3 T, COPCOY® + - )

* 1% (1 j 1 i
9787 (FVinhCn® + 1B, Co1*Co)™)

+

+

+

+

If we impose the master equation (S, S) = 0, we have
> Fn'go: gauge transformations

Z1)2: zero modes

E' dependence of the algebra on the equations of motion

S
> T.%,: structure functions
0
> aobo *

>
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Solving the master equation...

S[eA, ®3] = Sol#] ¢} Ri,C(0)™

. a
Cloy a (2(1)a‘{c<1)a1 + 3T Co ™ Co® + )

* 1% (1 j 1 i
9787 (FVinhCn® + 1B, Co1*Co)™)

+
+
+
+
If we impose the master equation (S, S) = 0, we have
> RQO: gauge transformations
Z1)2: zero modes
ap . .
Ty, - Structure functions

E' dependence of the algebra on the equations of motion

| 2
| 4
> aghp
»

Conclusion: all information about the gauge algebra is contained in the
tensors that form the extended action S.
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Summary and conclusions

» Conventional gaugings break duality covariance since only electric charges are
turned on. This makes it hard to classify all possible gaugings.

» The embedding tensor formalism cures this problem by introducing magnetic
vectors, such that duality covariance is restored. Solving the constraints on the
embedding tensor leads to the classification of all possible gaugings.

» The formulation in terms of the embedding tensor leads to an open, soft and
reducible algebra. These are the features for which the field-antifield formalism
was designed.

» We found a hierarchy in fields, but also in ghosts, ghosts for ghosts, etc.

» The master equation (S, S) = 0 reproduces the entire gauge structure, such as
structure functions, Jacobi identity, etc.
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