Can the Higgs Boson be the Inflaton?

Hint: Remember Hinchliffe’s rule.

Michael Trott, Pl

Based on arXiv:0902.4465 with C.P Burgess and Hyun Min Lee




Inflation basics

We can be somewhat confident that inflation
occurred as it is consistent with CMB
measurements and it efficiently addresses the:

® flatness,
e homogeneity, isotropy,
e horizon and
® undesired relic problems.
(string modulii, monopoles, gravitinos,etc)

WMAP 05

Some mechanism constructed to produce a slow roll inflationary scheme, generally with a scalar
coupled to gravity.

2 ! 2 " " /
Recall the slow roll parameters: ¢(¢) = ]\épl (“//((;b))) n(¢) = M, (“//(—((Z;)> C(¢) = M (v V)év )

So longas |n(¢)| < 1 and €(¢) <1

: : a : ,
Scale factor of the universe accelerating — > 0 ie Inflation occurs
a

' Vv 3 _
Also recall the defns: H = g — ]\yb)/ M, = (87G) ™2 = 2.4 x 10'® GeV
pl
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General EFT construction

Consider the general Lagrangian of scalers 6 coupled to the metric:

L. . MZ L
- \/—f_]!; = vV 5 {W(‘g) Ry + Gij(0) 0,0°0,0 }
FAWO)00)" + B B+ CO) R (09)* + 20 (9)° 4 T

All possible invariants involving one Riemann / f

tensor and two derivatives acting on §°

R3_|_...

M that makes up the dimensions is characteristic of

whatever underlying microscopic physics has been All possible 3 Riemann tensor invariants, or two
integrated out, generally M < M, = (87 G)—l/ 2 Riemann tensors and two covariant derivatives
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General EFT construction

Consider the general Lagrangian of scalers 6 coupled to the metric:

Less  _ Jay g M, WAV (0) R, + G (6) 0,00, 67
—L = V(O + G W) By + Gy (0) 0,00,
E(9)
M2

F(6)

Ve R34 ...

+A(0)(00)* + B(0) R* + C(0) R(06)* + (00)° +

Expand around a classical background solution

¢' (x)

0" (x) = 9" (z) + M,

and g, ()

The EFT is an expansion in i ~ (
M2

H
LESSON 1I: For these theories to have any hope of making sense i <1 “Adiabatic constraints”
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Power Counting

hyw
Power counting is simple for L;,, = M* M Z ( ; J\; )
pl pl

® Number of loops in a connected graph L =1+1— Z Vi

e Conservation of ends in a connected graph 271 + ¢ = Z N, V, just topology

® For a graph with V,, vertices get a factor Mil—u—ﬁ H [Cn M2—dn} Vi

For an arbitrary graph regulated with dim reg:

Cor dd H pdV
A§<E>:M§l 2L—¢ CnM2 n / /( d) P2 .)I

o (M%l)ﬁ (i) e 1 e ()| 11 [ (1

d,, =2 d,,=0 dp >

This is a powerfull egn for studying scalar field inflation models.
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Constraints

Power counting formula

sam e () () e T o

dn=2

Power counting constraints:
& <1
47rMpl

LESSON 2: Power counting constraints

£\2/ 41 for a sane expansion.
dn <—> (_> < 1

My ) \ M

A particular model in an EFT will also have a cut off on I that above which unitarity will be violated.

This constraint on £ will supply an upper bound on M for unitarity to be preserved.

LESSON 3: Unitarity violation constraints set an upper bound
on £ and thus on M.
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Higgs Inflation Basics

How does Higgs inflation work?

1) Minimal coupling case (¢ = 0) doesn’t work.

'U2 ’
Ly = (D, H)'(D" H) = A (HT H — ?) Gauge rotation H' =

1

@A) & — () 6 — ()

4

f

As (@) > v during inflation this term is totally dominant

Ly = (0.9)(0"9)

2
End of inflation is defined as when the slow roll conditions is violated ¢ ~ & —? ~

Interested in the slow roll parameters when cosmologically interesting scales are
leaving the horizon.The earlier field value is related to the number of e-folds:

1 [PV —
P end

Slow roll conditions and amplitude of density pert for these field values:

A% = TE=RTIw at k* = 0.002 Mpc ™!
p
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Higgs Inflation Basics

How does Higgs inflation work?

1) Minimal coupling case (¢ = 0) doesn’t work.

'U2 ’
Ly = (D, H)'(D" H) = A (HT H — ?) Gauge rotation H' =

1

Lo = (0,0)(0"0) = 52Auv*) ¢* — (A v) ¢° — (%H)cb‘l

Slow roll conditions and amplitude of density pert for these field values:

B V
24 72 M;}l €

A% at k* = 0.002 Mpc ™!

WMAP gives A% = (2.445 £ 0.096) x 1077 trivially one finds:

2y N? 9 —13 —4
ol (2.445 £ 0.096) x 10 Ag ~ 1077, my ~ 107% GeV

NOT the SM Higgs

Conclusion: VERY FLAT potentials are hard to come by for
scalar field inflation models, usually a lot of tuning is involved.
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Higgs Inflation Basics

How does Higgs inflation work?

2) Non-Minimal coupling case: the Lagrangian is

ANH

5= [a'ov=g |0,6)0"6) 520 *) & — o) &° — (1

2
§¢2R—%R

4
) - :

Not too offensive a term.

To minimize suffering everyone uses the Weyl rescaling to the Einstein frame:
i, = h 2_ 1,89 Vi(¢)
9uv 9uv Where Q=142 and Vg(¢) =

M? $2 \2
pl (1+€M§z)

The Higgs field has a non-canonical kinetic term so perform a field redefinition:

dx _ \/Q2+652 ¢ /My, ﬂ dx _ VM,
do Q1 6> M/ /€ ¢
E>1 My N X
¢_ \/g P (\/éMpl>

The Einstein frame potential in terms of the canonical field makes the exponential flatness manifest:

A M]‘jl _2
Ve(x) 5— [1+ Aexp(—ax/Mp)]
§ EXPONENTIALLY FLAT

4
l M (3 bRl ’
PLI1 — 2Aexp(—ax/My)] potential “naturally” comes about!

52
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Higgs Inflation Basics

How does Higgs inflation work?
2) Non-Minimal coupling case: the Lagrangian is

2

- My - Ag M* |
S = /d433\/§ [(@L X) (0" x) — TMR — VE(X)| where  Vg(x) ~ ng PL 11— 2A exp(—ax /M)

The slow roll parameters for can be worked out and one can compare to experiment (WMAP)

Higgs inflation WMAPO5/BAO/SN

ns =~ 0.968 ns = 0.960 & 0.013
r~3.0x 10| r <0.22
« negligible  |—0.032700%3

Further WMAPOQ5/BAO/SN gives A% = (2.445 £ 0.096) x 10~

V mp
d A= ~ 5 x 10% ( )
an R ™ 9p 2 _]\{;lle * § V2 v

Condition for this to work classically
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Higgs Inflation Basics

How does Higgs inflation work?

3) Non-Minimal coupling case quantum corrections

Inflation is happening at energies much higher than the SM energies, we should run our parameters.

In Higgs Inflation the running gives a relationship between the following parameters:

0990 ——

X Mg

Real science, predictions!

Spectral inde

Wilczek,deSimone,Hertzberg
1 0812.4946

122 124 126 128 130 132 134 136
Higgs mass my; (GeV)

Similar results for running of spectral index and the tensor to scalar ratio.
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Power Counting vs Higgs Inflation

‘ M
For Higgs inflation the Hubble scale is H=2— ‘gyb)/S H >~/ )\HTpl
a pl

As & ~5x10* (\%ﬁ}) largest dependence on & is probably the origin of scattering that violates unitarity.

2 5 2L
The power counting gives A, (FE) ~ (M—) (4 - > Hgvn
pl T LVIp] n

Also it gives ) (N, —2)V,, =2+ 2L

n

Strongest dependence on £ comes from multiple 3 field insertions

_ fE 2 fE 2L
Au(B) = (M—pz) (wpz)

Insisting on unitarity ie o oc 1/E* we find

M,
Unitarity gives: £ < Emaz — M <

§

My
§

People got the cut off wrong when they didn’t power count!
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Power Counting vs Higgs Inflation

So we have a small window of validity of this as an EFT
1> i > /Ay  all approximations valid, unitarity + adiabaticity

H
I > Vi > 0.02 including the 2 loop running to the high scale

It gets worse: ® Higgs inflation relies on V o (HTH)? and a non minimal coupling (H"H) R

M2
True in Higgs inflation when HTH > Tpl > 02

Can’t forbid by internal symmetries: g(H'H) (x"x)

The window is sensitive to massive particles integrated out.

g°(H'H) g°(H'H)

A
(4 M )2 (4rdl)z S

<€

X
\/7Mpl

M.
® The cut off is Mpt but the exponentially flat potential was for ¢ =~ TM exp (

Recall Vg(y) ~

So we don’t know the potential for the field values where inflation is said to occur
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Conclusions

On the plus side:

Higgs inflation, or something like it, is very promising in that an
exponentially flat potential is somewhat “natural’.

The Higgs inflation proposal (or something like it) has the potential to relate
WMAP data to the properties of the scalars measured in accelerators.

On the minus side:

The large non minimal coupling constants lead to the theories of this
type having cut offs far below the planck scale and below the
slow roll region of the potential.

The tuning on the cut off scale can be found by power counting
which finds the most problematic unitarity constraint.

1> % > /A Higgs inflation region of validity

Very small tuned windows of validity as an EFT, that require no other new physics,
and you don’t actually know the potential during inflation.




