
Francesco Sgarlata 
SISSA/ISAS & INFN Trieste 

Beyond Positivity Bounds of Scattering Amplitudes 

Based on PRL 120 (2018) no.16, 161101  (B.Bellazzini, F.Riva, J. Serra, FS) 
and working in progress
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Does any EFT admit consistent UV completion?IR question:
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dRGT Massive Gravity
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Massive higher spin EFTs
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m ⇠ 1.5GeV

⇤QCD ⇠ 400MeV

• Natural question : can we find the EFT for these particles?

Preliminary results for massive spin-3
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As we send                
the interactions die      

m ! 0 We recover no-go theorems
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Beyond Positivity Bounds
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Assumptions: analyticity, locality, crossing symmetry, unitarity

Conclusion :       coefficient is strictly positives2

“Can any EFT be UV completed?”
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Galileon
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Can the mass deformation be arbitrarily small? 

The massless limit is not smooth. As                the interactions switch off.    m ! 0



Beyond Positivity Bounds
• Galileon theories, dRGT massive gravity

• Effective theory of massive higher spins?

PRL 120 (2018) no.16, 161101 
B.Bellazzini, F.Riva, J.Serra, FS

Work in progress
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dRGT massive gravity
We explicitly break diff-invariance by adding a mass term to the Einstein Hilbert action
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dRGT massive gravity
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The experimental bound on the graviton mass is m < 10�32eV g⇤ < 4.5 · 10�10

In the literature it is assumed O(1) coupling, or                                         ⇤3 = (m2MPl)
1/3 = ⇤ Such scenario is ruled out!



The fate of massive gravity
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The computation shown so far has been performed in flat space-time.  

What about physics around massive bodies?

rV =
1

⇤3

✓
M�
MPl

◆1/3

Non linearities 

Gravitational potential for a test massive body
✓
M� mtest

M2
Pl

◆
1

r


1 +

⇣rV
r

⌘3
+ . . .

�



The fate of massive gravity
1

⇤
' rmoon

⇣ g⇤
4.5 · 10�10

⌘�1/3 ⇣ m

10�32 eV

⌘�2/3

The computation shown so far has been performed in flat space-time.  

What about physics around massive bodies?

rV =
1

⇤3

✓
M�
MPl

◆1/3

Non linearities 

Gravitational potential for a test massive body

x

(@/⇤)2n
quantum corrections

Vainshtein screening breaks at r ⇠ 1

⇤

? (1 +
1

r⇤
+ ...)

1

⇤
⇡ 103÷4 1

⇤3
⇡ (1÷ 10) rmoon

The angular precession of the perihelion of the Moon gets modified   

��exp
��
moon

⇠ 10�11

⇣
��⇡

��
r=1/⇤

⇠
⌘
⇡

✓
r

rV

◆3/2

⇠ 10�11 ÷ 10�10

✓
M� mtest

M2
Pl

◆
1

r


1 +

⇣rV
r

⌘3
+ . . .

�



EFT for massive higher spins
• In flat space, massless spin s>=1 (s >= 2) cannot couple minimally to EM (gravity)    (Weinberg-Witten theorem)  

• No obstruction for (charged) massive higher spin particles: they do exists!  

• Natural question : can we find the EFT for these particles?
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M. Porrati, R. Rahman (2009)

As               the cutoff must go to zero            no-go theorems       m ! 0

m ⇠ 1.5GeV

⇤QCD ⇠ 400MeV

Bound without coupling the higher spin to external fields?



Attempts for massive spin 3

Elementary 
sector

Goldstone 
sector

• We consider a sector of a massless interacting spin-3 particle irrelevant interactions (super soft)
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Attempts for massive spin 3
• The goldstone sector induces gauge-symmetry breaking interactions Lint = ✏ �4 +
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Scaling of amplitudes

Table 1: Scalings of amplitudes
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Gauging of the goldstone sector
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Gauging of the goldstone sector
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Gauging of the goldstone sector
Equation of the motion in the gauge Hµ⌫ =
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