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The axion defining interaction

L = o ((T) + 6’) GG+ & (8 a(x),y, @, A ) + [5£Zeff(a(x) )]

3 a— 9 a invariant Absent or suppressed
a — a + const. U 7 A~ mp&d > 10



The axion defining interaction

L = " (% + 9) GG+ & (a a(x), y, @, A ) + 6L la(x), ...)]
U

. . Absent or suppressed

0t const 0,a— 0,a invariant Asz i mPS&pfl? Zsivo

1. 0 is removed via a shift of the axion fielda — a — O F
2. Minimum of the vacuum energy occurs for (a(x)) — 0: solves strong CP problem
3. The a GG interaction generates a mass term:

F2m2 = le4x(8—GG(x) S_GG(O)> = y <« “Topological susceptibility”
T T






Temperature dependent axion mass

In a hot plasma, at T >> T, free color charges screen the correlator: % =0

At T < T. color charges are confined in SU(3) singlets, no screening: # = (160 MeV)*
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Temperature dependent axion mass

In a hot plasma, at T >> T, free color charges screen the correlator: % =0

At T < T. color charges are confined in SU(3) singlets, no screening: # = (160 MeV)*

|

( > m2= m2(T) |

What is the T dependance? ma2(T)~ T [n~n(T)]

DIGA (lowest order): n=pPo-ns-4 = %N+%nf—4 n =8 (Qcd)

ITLM (more appropriate for T ~ Tos): h~6.68
[Interacting inst. liquid model: Shellard & Wanz, 2010]



Effective mass, lattice calculations

Lattice QCD: we can compute axion mass At high T (no mesons)
we can analytically compute potential (DIGA)
2 2
Mg fe = x(T) V(0) =—x(T)cos@
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Taking ma2 (T) ~ T, the conserv. law d(paa3) = — pada3
implies an effective E0S: pa=w pa with w=-n/6

If a dominates puniverse, => acceleration already for n> 2



Particles with ing mass: Effective Equation of State

Taking me2 (T) ~ T™, the conserv. law d(p,a’) = — p da’
implies an effective EoS: pa=w ps with w=-n/6

If a dominates puniverse, => acceleration already for n> 2

Could a PNGB b(x), coupled to a "dark" gauge group G, that
is undergoing a confining PT now (Av<To), explain the DE ?

No. Not enough energy density: pp < Ap* <To*~ prad <K ppE
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Take Go X b, Ga = SUB)aeo : G5 = SU(3) or SUER): Ab << A |
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J* Take Ga X Gb, Ga = SU(3)QCD Gb = SU(3) or SU(Z) /\b <« /\a
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y~(1,3), y~@3.3)



A mecnanism 170 DOOST P+

Take Go X b, Ga = SUB)aeo : G5 = SU(3) or SUER): Ab << A |

al 612

Zz y ~ YIYR (I)l + X1XR (I)z = YYRV€ T+ XLXRV2€ E
v~ (1,3), y~ (3,3)

,ThIS gener'a’res the po’ren’rlal F.F vy, focy,
| - A B & 4 o (pa ﬁ ) ¢, cosfp  sinf a; t
W V=A, [1 COS ( - )] + A} [1 COS (F’ + 7 )] <¢b>= <—sinﬂ cosp (a2> |
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A+3HA+ M*A =0

2 2
A= (%>; M2 = 2( 1 ”(T)); m o=2e oy 2 S

“© F m

Assumption: at T=0 m, = Al% /f > m, [f«F,ie. vi<«vz]



o

Equations of motion

e —— e ———

A4 3HA+ MPA=0 5

2 , of 1 enD\ A my(T) f f
A= (%) “ (6 r(T) r(T) >’ e —,r(_ m,  © _F’ ‘

Assumption: at T=0 m,, = Al% /f > m, [f«F,i.e. vi<< V2]
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Thls |mp||es a Level Crossmg mb(TLC) =m, (wudTh FLC ~ 38) |
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wher'e QCD axions g, can par"rlally convert into b-axions s |
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Dynamics of Level Crossing

Adiabatic
Ma (8 TLC) >> 1

Plot: [etLc ma=D0]
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Dynamics of Level Crossing

Adiabatic
Mqa (8 TLC) >> 1
Plot: [etLc ma=D0]

Diabatic

Mqa (8 TLC) S 1
Plot: [etLc mq=1]







[Plot not to scale]




Severe Constraining Conditions

3
A T A2
m(Te) ~— | = | =m,=—*
f \ TLc F

f>Tic>Tor > Ty > A

[Plot not to scale]
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Severe Constraining Conditions

3
A2 [ T A?
my(Tio) ~ = | == ) =my ==
I \Tic I

f>Tic>Tpg > Ty > A\,
Which imply a pre-inflation scenario

F>10"GeV, [m,$6-10%eV], 0, S6%

And a non-adiabatic level crossing

2
10-25 A,  160MeV
€ ~Y
10—4eV A

da

te=100yr, [gce~5] = mt- <107
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Severe Constraining Conditions

3
A T A2
m(Te) ~— | = | =m,=—*
f \ TLc F

f>Tic>Tor > Ty > A
Which imply a pre-inflation scenario

F>10"GeV, [m,$6-10%eV], 0, S6%

And a non-adiabatic level crossing

2
. 10_25( Ay, 16OMeV) Non-adiabatic LC is in fact required !

10-4eV A I 3
PDE + ZDE

= —2E ) ~1%-2%
te=107yr, [zc~5] = m tic S 107 P, 1 + 21 ¢ : :

{ LC

da







- A coupled 2 axions system can generate DE from DM, and explain both phenomena
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- It can shed light on the "why now ?" puzzle

- If the QCD axion constitutes the DM, there is not much freedom for model building.
Only viable for pre-inflationary axion scenarios.
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