
Local quartic interaction of scalars with 
higher spin gauge fields and tuning of 

cubic vertices 

Plan:
1. Motivation
2. Spin 2 test
3. Spin 4 case
6. Outlook

Paper in preparation
arXive 1412.????

R. Manvelyan
( in collaboration with  G. Poghosyan)

Moscow  10.12.2014



we construct quartic interaction of two scalar and two spin four 
fields using standard Noether’s procedure

Motivations :??:
1) How far we can go with Noether’s method after construction 

of cubic terms?
2) Is it possible to find some  local Quartic interactions?

Here we explore this two possibility 
Investigating the simplest case
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Spin two case: how it was with cubic ?

Let us construct:

Starting:

Obtaining:

From:

Using:

Important point
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Spin two case: Now quartic -- next order?

Equation:

Admitting that again 0=2Φδ
Equation to solve
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assumption about the form of first
order transformation of spin 2 gauge field: 
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Variation

Non intagrable part leads to the 
definition of transformation
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SOLUTION!

Spin two case: Now quartic -- next order?
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Spin four case: how it was with cubic ?

Starting point
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Noether’s Equation

Transformations



Important point: special field redefinition 
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2

hαµν
µ α νΦ →Φ+ ∂ ∂ Φ

Spin four case: how it was with cubic ?

Generalization:
• general spin S case 
• generalized Weyl invariance
R. M. and W. Rühl (2004), R.M., K. Mkrtchyan (2009)
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Spin four case: variation of cubic term

physical traceless and transfer gauge for our spin four field

Simplified task: Starting from single cubic term 

Prediction : We will loose all divergences and traces 
and possible terms coming from variation
of initial trace terms
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Integrable:

Variation of the trace is not expressed through trace terms, but ….
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and is ‘contracted’ with trace of current:

How it is in spin 2 case
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Spin four case: variation of cubic term
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Spin four case: variation of cubic term

1) we cannot integrate Noether’ s equation without introduction
of the cubic interaction for gauge field of spin 6 coupled to the spin 6 current :

(4)Jµνλρ terms arose with different weight 1/5 and 2/15. But  we will see below 
that they should come with same weight to complete integration for 
interaction terms. 

2)

3)   we have three unwanted
(2)Jµν terms . We should discover way to get rid of them
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Spin four case: tuning of cubic interaction

We can modify our initial interaction with higher spin currents adding gradients
of lower spin currents with some coefficients: 

And it works! 
We can prove for our constrained field and parameter several relations

First important relation
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Second important relation

Using these we can
• improve discrepancy in numbers 
• Cancel the first line with  spin two current. 

Finally we obtain the following expression for variation: 
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Third important relation

We will not do that

We prefer to keep initial spin 4 current unchanged and cancel last unnecessary
term by traceless Stueckelberg like transformation of the spin two gauge field from 
linear coupling with spin two current
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Spin four case: Integration and interaction

Now we start to integrate expression: 
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To extract interactions and linear on gauge field transformations
we can use the following important relations

0 0 0= ( )h h hh h hδ δ δ∂∂ + ∂∂ ∂∂
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Spin four case: Integration and interaction

Spin 6 part:

Spin 4 part:
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After all this manipulation we still have four remaining terms of two types:
First two remaining terms contain divergences of spin 4 current

Spin four case: Removing reminder
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We can cancel them introducing first order redefinition  of 

0 0h hµνλρ µνλρδ δ+



(4) (4)4 2
3

h J h Jα αβγ νλρµ β γ λρµν
µ β νλργ µν λρα α βγε ε− ∂ ∂ ∂ − ∂ ∂ ∂

1= ( )
2

A BC AB C ABC A BCµ
µ∂ ∂ − −  

Second two remainders contain contractions between derivatives
of gauge parameter and gauge fields

Using the following (up to total derivatives) identity:
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One more interaction term

we can transform 

exactly the trace of our spin 6 gauge field 
transformation 



Spin four case: interaction
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Spin four case: Outlook

What can be done

• “Degauging “ and “Off-Shelling”
• Generalization for spin  2, 4 ….S, S+2, .. and scalars
• Weyl Invariance?
• What's cooking  in the case of different spins?
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23


	Local quartic interaction of scalars with higher spin gauge fields and tuning of cubic vertices   
	we construct quartic interaction of two scalar and two spin four fields using standard Noether’s procedure
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Thank You for your attention!

