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Introduction and aim

@ There is the general problem of construction of the consistent higher-spin fields
theory

@ To present time free Lagrangian formulation for higher-spin fields theory is studied
well enough and developed the different formalisms: metric-like, frame-like,
geometric approach, BRST approach.

@ It is known that construction the interacting Lagrangian for higher-spin fields is
consistent in AdS space. However, if one exclude gravitational interaction of gauge
higher-spin fields one can construct the consistent cubic interaction vertices in flat
space.

@ In the framework of such consideration we study some aspects of interaction when
higher-spin fields coupling to external electromagnetic field.

Aim: The construction of cubic interaction vertex for massless arbitrary integer spin
fields coupling to external e/m field

The problem is formulated and discussed in collaboration with
Yu.M. Zinoviev, |.L. Buchbinder
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The gauge-invariant description as basic for the investigation of

interactions

@ For the massless fields the gauge-invariant description is the only possibility to
work in manifestly lorenz-covariant form

@ The requirement of saving gauge invariance (albeit modified) after including
interaction strongly restricts possible form of interaction Lagrangian.

@ The gauge-invariant description, which being combined with the perturbation
theory in external field, gives a constructive approach to the construction of

consistent interaction
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Constructive approach to the construction of interaction

@ Lagrangian can be represented as series in electromagnetic field strength:
L=Lo+ L1+ Lo+ ...
@ Analogically for gauge transformations :
0=2080+ 01+ ...
@ Then the variation of Lagrangian
0L=(o+01+..)(Lo+ L1+ L2+ ...)
is decomposed into the series and demands equality to zero in each order

00Lo =0
00L1+61Lo=0
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Free theory for massless charged field

We will work with the real fields, to describe the charged spin-s field we introduce

doublet of the symmetric rank-s double traceless tensors @, b,i=0,i= 1,2.
Compact notation

i i i __ oMl i & i M2 i
P, = q)ulug...us s (6@)371 =0 (I‘Mlsfl s b2 =n cbulugsf2

w12

n :diag(+7_7_7_7“')

@ Free Lagrangian is well known and has the form

Lo = (=1)"3[0"®> "0, Ps" — s(0P)° ™ {(9D)s—1" +
+5(s5 — 1)(0D)11°72 19, b, — LTV GrPsT219, b, —

_3(3711(572) (a&))s—S, i(a('l'))573i} (1)

@ It is invariant under ordinary gauge transformations

60®s" = 0,1y’ €%as—3 =0
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Cubic electromagnetic interaction

@ The most general anzac for cubic Lagrangian can be written

L1 = (—1)35“F0‘B[a18”<1>a5_1’ i@,ﬂ)ﬁsflj + az(@@)as_Q’ i(8¢)5872j +
+030aP5° 1 1(0D) 517 + as(0D) a2 1 Ds_o? +
+a5(0D) 0157319, Bpe_3” + agd  Po "> 10, Pps 57 +
+a70aD5° "> 1 (0D)s—s7 + as(09)a" ! (9D) ps—4] (2

@ Linear correction to the gauge transformations
51CI)sZ - ’75”9(/41;12Fa'66a£/33—2)a

€" is the antisymmetric symbol

@ The requirement of gauge invariance in linear approximation over F),,

OL = (60 +01)(Lo + L1) = 60Lo + (J0L1 + 01Lo) +61L1 =0
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The gauge invariance in linear approximation

@ Thus we have condition for gauge invariance in linear approximation over F,,
00L1+01Lo =0

that give us the system of algebraic linear equations. The solution of this system is
1
as = 2a1 = 5’78(d + 25 —6)
ays = —2az = %vs(s —1)(d+2s —6)
as = —2a¢ = 2a7 = i'ys(s —1)(s —2)(d+2s —6)

ag = —1—1673(8 —1)(s —2)(s — 3)(d+ 25— 6)

@ ~ is the arbitrary parameter.
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@ Thus, using gauge invariant description, we have constructed consistent interaction
for massless arbitrary integer spin field with external electromagnetic field in linear
approximation.

@ Lagrangian can be written in the form
L= ['free + Eint (3)

Lree is free lagrangian (1), Lin: - cubic interacting Lagrangian in external
electromagnetic field (2).

50, = 8(#155—1)i + 'YEijg(uwzFaﬁaaf&*?)j

In a similar manner can be constructed interaction for massive higher-spin fields theory,

where the discussed above vertex play the crucial role

T. Snegirev (TSPU) cubic interaction vertex for higher-spin fie Dubna, 2011 8/9



THANKS FOR ATTENTION!
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