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Why is the cosmological constant so small?????



Within EFT, renormalised couplings of 
relevant operators CANNOT be predicted, 

must be measured! 

Big, small, who cares? Just measure them. 

But NATURALNESS requires  measured 
couplings to be RADIATIVELY STABLE
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Within EFT, renormalised couplings of 
relevant operators CANNOT be predicted, 

must be measured! 

Big, small, who cares? Just measure them. 

But NATURALNESS requires  measured 
couplings to be RADIATIVELY STABLE

Why is the cosmological constant so small?????

naturalness ensures that low energy EFTs agree on  
low energy couplings.



More on NATURALNESS

electron mass should be larger than its EM energy of electron   

but if EM energy ~ α/r, suggests electron is larger than nucleus!



More on NATURALNESS

electron mass should be larger than its EM energy of electron   

but if EM energy ~ α/r, suggests electron is larger than nucleus!

positrons help preserve  
naturalness  

EM energy ~ αmlog(mr)



At one loop, Vvac = V tree
vac + V 1loop

vac �M4
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At two loops, Vvac = V tree
vac + V 1loop
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At three loops, ....

tune Λbare to great precision

REtune Λbare to same precision

 The cosmological constant is radiatively UNstable 
(and badly so)
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How can we make the cosmological constant  
radiatively stable?

Within particle physics, SUSY would do the job, but not in a 
way that is compatible with pheno.

Look to gravity:  
perhaps the radiative corrections are there, but they simply 

don’t gravitate.  
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Vacuum energy drops out at each and every loop order 
!

No hidden equations — this is everything!

Λeff  has nothing to do with vacuum energy 
!
It is radiatively stable 
!
OK to fix it empirically



How big is Λeff? 

�
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�
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where lifetime tage � 1
Hage

� 13.7 Gyrs

���
� � � �age � energy density at largest size < �c

For standard matter, space-time integrals dominated by 
time when universe is largest

0Λeff is not dark energy … too small!



Observational consequences?



Universe has finite spacetime volume
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if �! 0 particle masses go to zero

Universe has finite spacetime volume

Ends in a crunch
w=-1 is transient 
Ωk>0

circles in the sky? 
possible correlation 
between 1+w and Ωk
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COLLAPSE TRIGGER DARK ENERGY=

Linear potential V=m3φ        form protected by shift symmetry, 
size of m3 technically natural

If φin >Mpl, then when scalar dominates, does so in 
SLOW ROLL until collapse time        

t
collapse

⇠
r

M
pl

m3



Radiatively stable choice of collapse time?
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Radiatively stable choice of collapse time?

Radiatively stable choice of φin?

Yes, thanks to m3

Yes, thanks to shift symmetry 

But its not even a “choice”.... <R>=0 picks out precisely 
those solutions with φin >Mpl !!!!!!!
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WHY NOW?

 Why is it nigh?

Because the end is nigh!!!

Because the radiatively stable parameter 
m3~ Mpl H02

Prediction: 1+w ~ ΩΚ
2



Stuff I don’t have time to talk about?

Symmetries 
Phase transitions 
Inflation 
Particle Physics Phenomenology 
Corrections to Planck mass 

and plenty more........ 



Summary 

Found a way to cancel SM vacuum energy at any order in loops 
!
!
Locally theory looks just like GR with a small Λ 
!
!
Small Λ is radiatively stable & determined by a global boundary condition 
!
!
Universe is doomed



 The End 
(of the talk)
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Renormalized vacuum energy:

Depends on arbitrary subtraction scale so cannot be predicted...must be measured!



Symmetries?

Approximate scaling 

Approximate shift 
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Phase transitions?
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Inflation?

In slow roll approximation,
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Particle Physics Phenomenology

Do not solve hierarchy problem, but compatible with other solutions

To avoid hierarchy between physical masses and bare masses, desire � ⇠ O(1).

Then if we take µ = |Vvac|1/4r�1
for �(z) ⇠ ez

we have

� ⇠ eO(r4) Hage

|Vvac|1/4
r

So generally, for large Vvac & TeV, we only require r ⇠ few to get � ⇠ O(1).



Corrections to Planck mass?
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λM is total finite renormalization of Mpl which remains after subtracting the infinities. 

...the larger and older the universe, the smaller λ, so easy to ensure λM< Mpl



Weinberg No Go
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Assume translation invariant solution for ANY vacuum energy:

On shell field eqns:
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=� ��L

�gµ⇥

���
g,⇤=const

=
1
2
gµ⇥�L

���
g,⇤=const

�Lg,⇡=const

= �V
0

p
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