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Massless fields
Metric versus frame-like — bosons

@ Metric formulation — symmetric double traceless tensor ®,,, .,
Gauge transformations:

OPpuy.ps = a(m 5,“2---/15)’ 9" s 4 =0

@ Frame-like formulation — symmetric traceless one form ¢, a1
and aucxiliary field Q%31 Gauge transformations:

5¢ua1...as,1 — aﬂ£a1,..as,1 + na1...35,1l“ n(a1...35,1,b) — O
59'“81...35,1,[) — aﬂna1 ...ds_1 ,b

Massless Lagrangian:

£0 _ {ZZ}[Q“a(s—Z),cQVb(s—Z),c_i_ 1 1QM(S_1)’aQV(S_1)’b] o

. { uya} Qua(SfZ),bal/(DaC(SfQ) éj(q

abc
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Massless fields
Metric versus frame-like — fermions

@ Metric formulation — symmetric triple ~ transverse spin-tensor
V., ..us- Gauge transformations:

6w#1~+‘s = 8(M §u2~-~us)’ 7/“ §N1-~Vs—1 =0

@ Frame-like formulation — symmetric ~ transverse one form
v, &--3-1 Gauge transformations and massless Lagrangian:

5\““31...65_1 = 6#531'"35_1 + 7731...35_1‘“, (75)32~~~as—1 =0

abc

Lo = é{;wa}[\Tju(s—1),ya,yb,ycaywa(s—1)_

—6(S o 1)\Tfﬂa(3_2)7b8,,\llac(s_2)]
Sy
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Massive fields
Gauge invariance for massive fields

@ Bosons:

k=0

5O ~ OF + 1 + M,

@ Fermions:

6Q ~ An + mn + mP¢

S
L~ (100, A+ mUW + 10y Wy _y)]

Wk ~ O1€k—1) + Mliv1€k—1) + Ek + G2bk—2)]

Ps

bg 1

Yu. M. Zinoviev (IHEP, Protvino)

L) q)k

s
L~ Z[QKQK + QeOPy + M(QPr_1 + Q_1Py) + m2d>k¢k

Py
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Partially massless fields
(Partially) massless limits
@ Minkowski space

CDS ¢s—1 oo ¢k ¢k—1

@ Anti de Sitter space

¢S q)s_1 e o o (Dk ¢k_1

@ De Sitter space

CDS ¢s—1 oo ¢k ¢k—1
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Massless fields
Metric versus frame-like — bosons

@ Metric formulation

> Mixed symmetry tensor ®,, . .0r...
» Two gauge transformations: &,,,. ...y @NA Cuy o010y
» Reducibility: X, 101011

@ Frame-like formulation
» Traceless two forms:

¢Mya1~-ak—1,b1~-b/—1, Q#Va«nak—nbrub/—nc
» Gauge transformations:
5¢Mya1...ak_1,b1...b,_1 — 6[H€V]a1...ak_1,b1...b,_1 +n[ua1...ak_1,b1...b,_1 u]

59#1/31 c8k—1,b1...b—1,C0 _ a[unuléh @k_1,b1...b_1,C

» Lagrangian:

Lo~ QANQ+QANOND g
Dcy
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Massless fields
Metric versus frame-like — fermions

@ Metric formulation

» Mixed symmetry spin-tensor V,,, ., ...y
» Two gauge transformations: &, vr...0p_; @NA Cuy iy o1
» Reducibility: X, ... 101001

@ Frame-like formulation
» ~-transverse two form:

\Uuya1~-3k—1,b1~--b/—1
» Gauge transformations:
6¢Hya1~~ak—1vb1-~bl—1 _ allugy]aruakq,b1-~-b/71 _|_77[“31-~ak717b1~~b/71y]

» Lagrangian:

Lo~VAIAVY

Sy
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Mixed symmetry (spin-)tensors

General massive theory

Wy Vi 00 o —— Vg R
) ) ) }
Wy -1 Vg g o o o — W4 4 V)1
I ' I '

J J J J
Wy 1 Uy g1 000 —— V) 44 v
) } ) }
7 Py g e o0 ——— Dy b,
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Mixed symmetry (spin-)tensors Partially massless fields

Unitary (partially) massless limit in anti de Sitter space

Wy Vi 00 o —— Vg R
) ) ) )
Wy -1 Wk g0 0 o —— W14 4 V)
I ' I '

J } J J
Wy 1 Uy g1 000 —— V) 44 v
) } ) }
Py Ppg [0 00— By o

Sy
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Mixed symmetry (spin-)tensors

Partially massless limits in anti de Sitter space

wa —> © ®& & —» \Um’/ \Um_‘],/—» e o o —» R’,/
. . . .
(] . ] .
. ] ] .

(Dk ——> o © o —» (Dm ¢m_1 ——> o o & —» CD,
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Mixed symmetry (spin-)tensors

(Partially) massless limit in de Sitter space

wkl > & & & ——> Rl’l

Vi qf——> oo —— V4 Ri—1,-1
L] ° L]
L] ° L]
o ) L]
(Dk > o o ¢ — > d)/ ¢/—1
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Mixed symmetry (spin-)tensors

wa —> © & & —» R/J

Vpnitt——> o e o — W) 54

P
3

,n > & & 0 —» wlyn \Uli‘ln_P. e 0 —>

-]
® 0 0 <«

(Dk ——> o © o —» (D/ ¢/_1—>ooc—> (Dn

Yu. M. Zinoviev (IHEP, Protvino) Frame-like formulation for mixed fields



Conclusion

@ Frame-like formalism provides an elegant and convenient
framework for mixed symmetry (spin-)tensors as well as for
completely symmetric (spin-)tensors.

Sy
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Conclusion

@ Frame-like formalism provides an elegant and convenient
framework for mixed symmetry (spin-)tensors as well as for
completely symmetric (spin-)tensors.

@ In all cases investigated gauge invariant formulation for massive
fields works equally well both in flat Minkowski space as well as in
(anti) de Sitter spaces and allows us investigate all possible
massless and partially massless limits
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Conclusion

@ Frame-like formalism provides an elegant and convenient
framework for mixed symmetry (spin-)tensors as well as for
completely symmetric (spin-)tensors.

@ In all cases investigated gauge invariant formulation for massive
fields works equally well both in flat Minkowski space as well as in
(anti) de Sitter spaces and allows us investigate all possible
massless and partially massless limits

@ Main objective — search for the mechanism of spontaneous
symmetry breaking deforming interacting massless theories in anti
de Sitter space into massive ones in the Minkowski space
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