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Then, what happens if a trivial field is added ? 
 

This is not my case. My question is  
“what happens if a trivial (non-interacting) field is added to the model?” 

Hybrid Inflation + trivial field 
Easiest way to catch the point is.. 

To avoid confusion, remember that Lyth’s model of “generating curvature perturbation  
at the end” uses 𝜎𝜎2𝜒𝜒2-interaction to create 𝛿𝛿𝜙𝜙𝑒𝑒 ∝ 𝛿𝛿𝜒𝜒 

𝜙𝜙𝑐𝑐 ≡
𝜆𝜆𝜆𝜆
𝑔𝑔

 

If one introduces “light 𝜒𝜒”  
with the same interaction 

one will find 𝜙𝜙𝑒𝑒2 + 𝜒𝜒2 = 𝜆𝜆𝜆𝜆
𝑔𝑔
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Then the end 𝜙𝜙𝑒𝑒 is modulated as 

𝛿𝛿𝜙𝜙𝑒𝑒 = −
𝑔𝑔𝜒𝜒
𝜆𝜆𝜆𝜆 𝛿𝛿𝜒𝜒 

𝑚𝑚𝜒𝜒 ∼ 𝐻𝐻 is possible 



Changed Nothing ? 
No! Difference appears in the scale dependence 

Simple example : Hybrid inflation plus one 
T.Matsuda  JCAP 1204, 020 (2012)  arXiv:1204.0303 

Short (slow) 

Long (faster) 

Identical because of the similar triangle 
Intuitively no change in δN. 

Initially small 

compensated 

*Equal mass is just for simplicity 



Hybrid inflation plus one: Scale dependence 

1. Spectral index is different (The same reason as the original Lyth’s) 

2. 𝜖𝜖𝐻𝐻 ≡ − 𝐻𝐻
𝐻𝐻2
̇ = 𝜖𝜖𝜙𝜙 + 𝜖𝜖𝜒𝜒  is different because 𝜖𝜖𝜒𝜒 ≠ 0 

3. Original Hybrid inflation predicts blue spectrum 𝑛𝑛𝑠𝑠 − 1 ≃ 2𝜂𝜂𝜙𝜙 > 0  
     This can be cured if 𝜖𝜖𝜒𝜒 > 𝜂𝜂𝜙𝜙….???  

“replacement” could be possible, but it requires 

𝜖𝜖𝜒𝜒 > 𝜂𝜂𝜙𝜙 requires 𝜒𝜒
𝜆𝜆𝑝𝑝

>
2 𝜂𝜂𝜙𝜙
𝜂𝜂𝜒𝜒

 

𝜖𝜖𝜙𝜙 ≪ 𝜖𝜖𝜒𝜒 for 𝜃𝜃 ∼ 𝜋𝜋/2 → 𝜖𝜖𝜒𝜒 can dominate 𝑛𝑛𝑠𝑠  

Note: 
Trivial scalar field cannot change the spectrum  
    but it can change the scale-dependence 

𝑛𝑛𝑠𝑠 − 1 ≃ −2𝜖𝜖𝐻𝐻 + 2𝜂𝜂𝜙𝜙 for “fast 𝜒𝜒” and 𝑛𝑛𝑠𝑠 − 1 ≃ −6𝜖𝜖𝐻𝐻 + 2𝜂𝜂𝜙𝜙 for “slow 𝜒𝜒” 



Now we consider  Single field inflation plus one 

Previous “hybrid inflation plus one” is indeed a multi-field model of inflation 

You may easily find that other inflationary models may have similar property 
when the original model uses 𝑉𝑉 = 𝑉𝑉0 + 𝑉𝑉 𝜙𝜙  

𝜙𝜙 

𝜒𝜒 

𝜙𝜙𝑒𝑒 
𝜙𝜙 

𝜙𝜙𝑒𝑒 

𝜒𝜒 

𝜙𝜙 

𝑉𝑉(𝜙𝜙) 

𝜙𝜙 
𝑉𝑉(𝜙𝜙) 

𝜂𝜂𝜒𝜒 > 0 𝜂𝜂𝜒𝜒 > 0 

Initial curvature perturbation is smaller than the original  if �̇�𝜒 > �̇�𝜙. 
It can be compensated at the end 



Single field inflation plus one (another possibility) 

Intuitively N is determined by the motion of 𝜙𝜙 

𝜙𝜙 

𝜒𝜒 

𝜙𝜙𝑒𝑒 𝜙𝜙 𝜙𝜙𝑒𝑒 

𝜒𝜒 
�̇�𝜒∗ ≫ �̇�𝜙∗ �̇�𝜒∗ ≫ �̇�𝜙∗ 

One can define the evolution as 

In the above cases R finally recovers ∼ 𝐻𝐻 𝛿𝛿𝜙𝜙
�̇�𝜙

 

Compensated during inflation 
Scale dependence changed 

𝜒𝜒 decays fast 
No effect on 𝜙𝜙𝑒𝑒 



The index is calculated as 

𝜖𝜖𝐻𝐻 ≃ 𝜖𝜖𝜒𝜒 ≫ 𝜖𝜖𝜙𝜙 

𝜖𝜖𝐻𝐻 ≃ 𝜖𝜖𝜙𝜙 ≫ 𝜖𝜖𝜒𝜒 

Although the shift of 𝑛𝑛𝑠𝑠is not significant, slow 𝜒𝜒 is not trivial  
since higher runnings can be dominated by 𝜒𝜒. 

Fast 𝜒𝜒, Changes are obvious 
The same as hybrid 

For this scenario running of 𝑛𝑛𝑠𝑠 changes =>  Δ𝛼𝛼𝑠𝑠 ∼ 12𝜂𝜂𝜒𝜒𝜖𝜖𝜒𝜒 

This could be large/negative.  𝜂𝜂𝜒𝜒 is not bounded by the spectral index 

Small 𝜒𝜒, Small shift  
The same as hybrid 



Single inflation plus “nothing” 
“Deviation from the slow-roll velocity”  
may change the scale dependence of the spectrum 

Even if the inflaton stops during inflation  
(velocity deviates from the slow-roll velocity defined at 𝜙𝜙∗) 

 �̇�𝜙 ≠ �̇�𝜙𝑠𝑠 ≡ − 𝑉𝑉𝜙𝜙 𝜙𝜙∗
3𝐻𝐻

,  
the curvature perturbation can converge 
𝐻𝐻 𝛿𝛿𝜙𝜙

�̇�𝜙
→ 𝐻𝐻 𝛿𝛿𝜙𝜙

�̇�𝜙𝑠𝑠
 before the end of inflation. 

Remember a model 

Similar to the previous models 
What about the scale dependence? 

If one uses 𝑑𝑑 ln𝑘𝑘 = 𝐻𝐻𝑑𝑑𝐻𝐻, the deviation changes the result 

𝜖𝜖�̇�𝜙 = �̇�𝜙
𝑑𝑑𝜖𝜖𝜙𝜙
𝑑𝑑𝜙𝜙 ≡ 1 + 𝑅𝑅𝐷𝐷 �̇�𝜙𝑠𝑠

𝑑𝑑𝜖𝜖𝜙𝜙
𝑑𝑑𝜙𝜙𝑠𝑠

 

Without deviation 

ns − 1 = 1 + RD (𝑛𝑛𝑠𝑠0 − 1 − 6𝜖𝜖𝜙𝜙𝑅𝑅𝐷𝐷)  
1 + 𝑅𝑅𝐷𝐷 = 0 when inflaton stops 

Can reverse the sign! 



Initially the inflationary Universe may have many dynamical fields. 

Our CMB is generated somewhere between  

We have seen that 
Just one trivial field can change the scale-dependence of the spectrum,  

while the scale dependence is now being used to discriminate inflationary models. 

The ambiguity must be removed by future observations 

This talk is aimed to explain how to remove this ambiguity 

Sorry about such a long preamble  
We have seen that trivial field 

may not change the spectrum but 
may change the scale dependence Main part of this talk 

Inflation starts here 

inflaton 

? Our CMB 



How to measure the “shift” 

Trivial 𝜒𝜒 does not change this ratio 

Think about running of the tensor mode 
             𝑛𝑛𝑡𝑡 ≡

𝑑𝑑 log 𝑃𝑃𝑇𝑇
𝑑𝑑 log 𝑘𝑘

= −2𝜖𝜖𝐻𝐻 = −2𝜖𝜖𝜙𝜙 − 2𝜖𝜖𝜒𝜒 
nt shifted when 𝜖𝜖𝜒𝜒 ≠ 0 

𝑟𝑟 + 8𝑛𝑛𝑡𝑡 = 0 is exact for standard single-field inflation 
𝑟𝑟 + 8𝑛𝑛𝑡𝑡 = −16𝜖𝜖𝜒𝜒≠ 0 is the sign of trivial remnant 𝜒𝜒 

Think about 𝑟𝑟 + 8𝑛𝑛𝑡𝑡  

We need 𝑛𝑛𝑡𝑡! 

More specifically, if 𝑟𝑟 + 8𝑛𝑛𝑡𝑡 ≃ 8 𝑛𝑛𝑠𝑠 − 1 ≃ −0.28 is found (𝑛𝑛𝑡𝑡≃ 𝑛𝑛𝑠𝑠 − 1 ≃ −0.035 , 𝑟𝑟 ≃ 0)   
it means 𝜒𝜒 is initially the adiabatic field. The index is 

𝑛𝑛𝑠𝑠 − 1 = −2𝜖𝜖𝐻𝐻 + 2𝜂𝜂𝜙𝜙 ≃ −2𝜖𝜖𝜒𝜒 

If 𝑟𝑟 + 8𝑛𝑛𝑡𝑡 ≠ 8(𝑛𝑛𝑠𝑠 − 1) but still  𝑟𝑟 + 8𝑛𝑛𝑡𝑡 ≠ 0,  
  𝑛𝑛𝑠𝑠 − 1 is shifted by Δ 𝑛𝑛𝑠𝑠 − 1 ≃ −6𝜖𝜖𝜒𝜒 ≃ 0.4 𝑟𝑟 + 8𝑛𝑛𝑡𝑡   

Case with fast 𝜒𝜒(�̇�𝜒 > 𝜙𝜙 ̇ )  

Case with  slow 𝜒𝜒 (�̇�𝜒 < �̇�𝜙)  

In both cases the shift of the index can be fixed by the tensor mode 



*Of course the relation is violated (by definition) when the source of the  
  curvature perturbation is the curvaton 𝜎𝜎  or modulation (e.g. modulated reheating).   

Other possibilities 

The original curvaton expects 𝑟𝑟 ≃ 𝜖𝜖𝜎𝜎 ≃ 𝜂𝜂𝜎𝜎 ≃ 0. 
In that simplest case one can expect 

𝑟𝑟 + 8𝑛𝑛𝑡𝑡 = −16𝜖𝜖𝜙𝜙≃ 8 𝑛𝑛𝑠𝑠 − 1 ≃ −0.28 
i.e. 

𝑛𝑛𝑡𝑡 ≃ −0.035 
(Same with “fast 𝜒𝜒”) 

Of course we cannot see 𝑛𝑛𝑡𝑡 when 𝑟𝑟 ≃ 0. The tensor mode is unseen. 
* I am not claiming that 𝑛𝑛𝑡𝑡 ≃ −0.035 is the sign of the curvaton  

Tensor mode is important only when 𝑟𝑟 is observable. 
Important for the “mixed” curvaton models. 



What if 𝜖𝜖𝜒𝜒 is coming from radiation? 
“𝜒𝜒” could be “gas (radiation)” or “matter” 
These can contribute 𝜖𝜖𝜒𝜒 in the same way 

Suppose that  
𝑟𝑟 + 8𝑛𝑛𝑡𝑡 = −16𝜖𝜖𝜒𝜒≠ 0  
could be observed. 
How can we identify the source? 

1. If the remnant is radiation or matter, it decays fast 
�̇�𝜌𝜒𝜒 = −3 1 + 𝑤𝑤 𝐻𝐻𝜌𝜌𝜒𝜒 

2. Then we find 

𝜖𝜖𝜒𝜒 =
3 1 + 𝑤𝑤

2
𝜌𝜌𝜒𝜒
𝜌𝜌𝜙𝜙

 

Δ𝛼𝛼𝑠𝑠 ≃ 18 1 + 𝑤𝑤 𝜖𝜖𝜒𝜒 
3. Suppose upper bound 𝛼𝛼𝑠𝑠 < 𝛼𝛼�𝑠𝑠 we find 
                            𝜖𝜖𝜒𝜒 < 1

18(1+𝑤𝑤)
𝛼𝛼�𝑠𝑠  and    

𝜌𝜌𝜒𝜒
𝜌𝜌𝜙𝜙

< 𝛼𝛼�𝑠𝑠
27 1+𝑤𝑤 2 

4. Since 𝜌𝜌𝜒𝜒 ≤ 𝜌𝜌𝜙𝜙 at the beginning, our CMB exits when 
      𝑁𝑁 > 5       for   𝛼𝛼�𝑠𝑠 ≃ 10−5  

No suppression 

Seeing higher running we can see that 
Extra “Gas” or “matter” is a negligible source of the scale dependence 



Summary 

 As far as I know the effect of a trivial scalar field has been disregarded,  
(probably) since it does not change the spectrum. 

However such trivial field can change the scale dependence of the spectrum. 
Tensor mode can measure such extra contribution. 

We need 𝑛𝑛𝑡𝑡 
Higher Running of the spectrum may reveal the source. 

|Δ𝛼𝛼𝑠𝑠| could be large since 𝜂𝜂𝜒𝜒 is not bounded by the spectral idex. 
Negative 𝜂𝜂𝜒𝜒 is possible and generates Δ𝛼𝛼𝑠𝑠 < 0 

We need more precise 𝛼𝛼𝑠𝑠 to determine the source 

Excluding inflationary models using the current data could be 
“fast and sloppy”. “Something else” could be there at the very 
beginning of inflation, and it can change the scale-dependence 
of the inflationary spectrum. We must (1) identify the component 
or (2) confirm that “something else” is already gone away. 

Inflation starts here 

inflaton 

? Our CMB 
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