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Scott MelvilleLow Energy? Think Positive!

- Big Picture

- Positivity Constraints

- SMEFT

- Massive Gravity

… and this gives us constraining power!

Only some EFTs have sensible UV completions

bounds on dimension-8 operators for VBS

Outline

hep-th/0602178 Adams et al
1702.06134       SM et al
1706.02712       SM et al

1608.02942 Cheung et al
1710.02539   Bellazzini
1710.09611   SM et al
1804.10624   SM et al

1808.00010 Zhang et al

Deriving bounds:

Applying bounds:

requires enhanced cutoff and weak coupling
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UV

IR

ℒ	
 �        ? Unitary, Causal, Local, …
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(1) Many operators 
=>  Many constraints

(2) Can infer UV properties from IR measurements
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Λ� ��
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Can constrain every $ and 6 derivative of �345!

Can constrain ?mno, the scale of new physics!
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Positivity in Practice

Positivity Constraints

ℒ � ℒpqorpm �  st�t
Λ� � sg�g

Λ& � s#(�#(
Λt � ⋯

��� � �( � �#$ � �� st�, sg $� � �d $d �  … 

�� Bounds
!∗ Coupling

�� Bounds
!∗ Coupling
�, Mass of New States
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SMEFT
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SMEFT
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SMEFT

v&Fu,(/Λ&

v&
Λ& Fu,#

Fu,(

Fu,#

Fu,( Tr �SΦ ���Φ �  

Fu,# Tr �SΦ ��SΦ �  

[Zhang, Zhou, 1808.00010]

Fu,( � Fu,# + 0
Fu,( + 0
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Cosmological Constant (Problem)

The Universe is accelerating… 
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Massive Gravity

Massive Graviton Interactions

E >&� %! �l� � ! % ���1! % !̅2   

� ℎ � ℎ� % ℎ �

��# ℎd � ���ℎ���ℎ�
�># ℎ& � >� ℎ� �

ℎS�  →   "S"�A
���l

� "1S��2
� �l

� ℎS�
�l

Pros Cons

Small �� technically natural

Regulates IR divergences

More free parameters

Strongly coupled at Λ� � �&�l #/�

� ����
Λ�#( ""A & � �d

Λdt
""A dℎ � ⋯

�l���� ℎ � ��ℎ� � �� � " …
� :�

Λ��
""A d � :d

Λdd
""A �ℎ � ⋯
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Massive Gravity

Pros Cons

Small �� technically natural

Regulates IR divergences

More free parameters

Strongly coupled at Λ� � �&�l #/�
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�
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A
ℎ

A

�

�

ℎ

ℎ

ℎ

A
A �

A A
ℎ

�

�

�

ℎ

ℎ

ℎ

� :d
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Pros Cons

Small �� technically natural

Regulates IR divergences
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Strongly coupled at Λ� � �&�l #/�
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A

�

A
A

A
A

�
A
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Λdt
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Massive Gravity

ℒ345 → #
�∗H

ℒ���!∗ℎ� � :�
Λ��

�d A, �, ℎ � ��
Λ�#( �& A, �, ℎ� !∗:d

Λdd
�′d A, �, ℎ � !∗��d

Λdt
�′& A, �, ℎ

�d

:d

ℒ345 � ℒ�� � :�
Λ��

�d A, �, ℎ � ��
Λ�#( �& A, �, ℎ� :d

Λdd
�′d A, �, ℎ � �d

Λdt
�′& A, �, ℎ

!∗& � 10I� �
eV

!∗& � 10Ig �
eV

!∗& � 10It �
eV



Scott MelvilleLow Energy? Think Positive!

Summary



Scott MelvilleLow Energy? Think Positive!

Summary

#
�∗H

ℒ345��∗�
h , �

h ; ���



Scott MelvilleLow Energy? Think Positive!

Summary

Positivity Constraints

";<� $ VJT( + E >? :< $, ? X ? + 0

#
�∗H

ℒ345��∗�
h , �

h ; ���
0



Scott MelvilleLow Energy? Think Positive!

Summary

Positivity Constraints

";<� $ VJT( + E >? :< $, ? X ? + 0

#
�∗H

ℒ345��∗�
h , �

h ; ���



Scott MelvilleLow Energy? Think Positive!

Summary

Positivity Constraints

";<� $ VJT( + E >? :< $, ? X ? + 0
"J";<� $, 6 +    �<D#

hH ";<�1$, 62

#
�∗H

ℒ345��∗�
h , �

h ; ���



Scott MelvilleLow Energy? Think Positive!

Summary

Positivity Constraints

SMEFT

Fu,( Tr �SΦ ���Φ �  
Fu,# Tr �SΦ ��SΦ �  

";<� $ VJT( + E >? :< $, ? X ? + 0
"J";<� $, 6 +    �<D#

hH ";<�1$, 62

#
�∗H

ℒ345��∗�
h , �

h ; ���



Scott MelvilleLow Energy? Think Positive!

Summary

Positivity Constraints

SMEFT

Massive Gravity

Fu,( Tr �SΦ ���Φ �  
Fu,# Tr �SΦ ��SΦ �  

�d

:d

:� � 0
�� � 0

";<� $ VJT( + E >? :< $, ? X ? + 0
"J";<� $, 6 +    �<D#

hH ";<�1$, 62

#
�∗H

ℒ345��∗�
h , �

h ; ���


