Generalized Yang-Mills Fields and
Gauge fields in (A)dS,

E.D. Skvortsov

Lebedev Institute, Moscow

SFT, April 17, 2009



Gravity as a Gauge Theory

a,b

a
g’uy — h w'u

M’



Gravity as a Gauge Theory

a,b

a
g’uy — h w'u

M’

Yang-Mills field Aydat = (Pah% + L yooy ") dat



Gravity as a Gauge Theory

a,b

a
gMV — h w'u

#7
Yang-Mills field Aydat = (Pah% + L yooy ") dat
Pa, Pyl = +£X%L,, A2 >0 so(d, 1)

Algebra [L., Lc] = Lanp. — Lynae X2 = 0 iso(d — 1,1)
Lapy Leal = Laanpe + - A2 <0 s0(d — 1 2)




Gravity as a Gauge Theory

a,b

a
gMV — h w'u

#1
Yang-Mills field Aydat = (Pah% + L yooy ") dat
Pa, Pyl = £X°Ly, A2 > 0 so(d, 1)

Algebra [L,p, Le] = Lanp. — Lynac A2 = 0 iso(d — 1,1)
Loy Legl = Lognpe + ... A2 <0 so(d—1,2)

Field strength R = dA+ [A,AA] = PyR%+ L, ,R%

Torsion R% = dh® 4+ =™, A =0
Curvature RY = deo®b 4+ % A b £ AN2hEARY =0
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TABC
TAB
TA TAB,C’ + TBC',A + TC’A,B =0
TAB + TBA =0

TABC 4 TBAC = g
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Yang-Mills Connection

Wih B dah

one-form in adjoint= EI

U

Generalized Yang-Mills Connection

g-from in arbitrary module A

A ABC...U 4,11 L
Wq = Wiy da" L AL A datd
AIB|C
A= of so(d,1) orso(d —1,2)
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What theory does W2 describe?
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What should we expect?

Simplest gauge fields

massless spin-2

partially-massless spin-2
(Deser, Nepomechie)

massless spin-s
(Fronsdal,Vasiliev)

partially-massless spin-s
(Deser, Waldron, Higuchi)
(Witten, Zinoviev)

5¢,LW — D,ufl/ + Dl/g,u
p.d.o.f.=+2, 41,0

5¢w/ — D,uDV§ + )\QQW/f
p.d.o.f.=4+2,4+1,0

Sbuy..ps = Dpi&pon...ns + PErmutations
p.d.o.f.=+s,£(s—1),...,0

Ouy...us = Dpq - Dpgpuyy 1..ops + -
p.d.o.f.=+s,...,+(s—t),£(s—t—-1),...,0



Higher-Spin fields

String theory o/ 00, higher-spin fields

(Gross, Klebanov, Sundborg, Sezgin, Bengtsson, Sagnotti, Francia, Bonelly)

S~ I

e
Breaking HS symmetries

6) = bpy...us(@)aly .07 ]0)

o 1....a¥,; - mixed-symmetry fields



What should we expect?

General case

(Alkalaev,Skvortsov,Metsaev, Vasiliev)

Spin of the field Spin of the gauge parameter
So S1
51 51
Sqg—1 Sg—1
Sq Sqg—t | i
Sq+1 Sq+1
Sn Sn

t
§¢50 =D..DES1 4 ..

Gauge Fields in (A)dS; < (S,q,t)
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frame-like

A,B
Wi

AB A.B

Lorentz-covariant
frame-like

A=H ,g=1

Simplest cases

ha
—_—
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Lorentz-covariant
metric-like
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T he way 1t works

Simplest cases

(A)dS, -covariant | v4 | Lorentz-covariant | rfy | Lorentz-covariant

—_— —_—

frame-like frame-like he, metric-like

A=H ,g=1

Wi4’B Puy = W;i’.hcz/ + W57.hcu
WP = Dagl” 6duv = Dyéy + Dy
§p = E%he
s—1

A=y —a=1

a..c,e...e

Bpigopis = W b gy +

0bpy..ps = Dpq - Dpg€pyyg.pus T -
__ ¢Q..ce...0.0. .0

£,UJ1---,UJ8—t — ga haﬂl"‘hcﬂs—t



Gauge Fields vs. Gauge Connections

Lorentz metric-like Connection
so(d—1,1) so(d,1) or so(d —1,2)
.. X
Sg—1 Sg—1 — 1 X
sq |X[X Sqg— 1 X
Sq+1 Sqg — 1
Sq_|_1
Sn
Sp
¢
—
5§50 =D..DEST 4 .. SWE = DngA_l
extremely complicated Ré—kl = DoWa

Great simplifications



Conclusions

(A)dS,;-Gauge Fields

!

Yang-Mills Connections

Manifest gauge invariance
Manifest (A)dS; covariance

Manifest general covariance

Nonlinear theory??

—

String theory



