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String Axions

Mostly based on 2203.08833 (with M. Cicoli, A. Hebecker, M. Wittner)
and
2102.00006 (with Wen Yin)
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String theory: Moduli and Axions foretoreia

+ String theory needs Extra Dimensions

v

Must compactify

+ Shape and size deformations
correspond to fields:

Connected to the fundamental
scale, here string scale

‘ Arxiv 1002.0329
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AXxions and Moduli THEORETISCHE PHYSIK

* Gauge field terms 1 N
L=—=F’+i0FF
g

+ Supersymmetry/supergravity

o

L = Re[f(®)|F° + Im[f(®)|FF

-~ \

Scalar ALP/moduli coupling + pseudoscalar
ALP coupling
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+ Gauge couplings always field dependent
(no free coupling constants)

» Axions + Moduli always present in String
theory



String Axions
General Features
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Need fOr' lar'ge VOlume THEORETISCHE PHYSIK

* Generically

VI p

faN
\

Volume in string units

= If we want sub-Planckian axion we need
large (even LARGE) volume



An underappreciated feature

Why?
- Actually do not result from the usual
spontaneous symmetry breaking
- Exist during inflation
(otherwise don't understand string inflation)

- Axion string tension expected to be higher
than string scale

- Too high temperature = Decompactification

[TF
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String Axions
Dark Radiation Hydra




Axionic/ALPy Dark Radiation L

* Many (string) models feature a

This reheats the Universe — S M

Significant branching ratio into axions/ALPs

These o are effective degrees relativistic of
freedom visible in BBN and CMB

d r Dark Radiati robl "
ften dan us ,Da adiation P m
M. Cieoli, J. P. Conlon, and F. Quevedo, “Dark radiation in LARGE volume models,” Al r, P. Mangat, F. Rompineve, and L. T. Witkowski, “Dark Radiation predictions

hys. Rev. D 87 ne 2013) 043520, arXiv:1208.3562 [hep-ph] f 1l Large Volume Scenarios,” JHEP 09 (2014 , arXiv:1403.6810 [hep-j

....... SRLERUN + . | | Fhttps://arxiv.org/pdf/2203.08833 pdf
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The dar‘k r‘ad ia*ion pr‘ob l em THEORETISCHE PRYSIK

+ String models usually have

. Reason: Long-lived volume modulus ®» dominates
the Universe before reheating it

Fqﬁ —aa 1
BRy, —qag ~ —————————— ~ ~ O(1
o Fb—>SM + Fb—>CLCL 1+ 222 (

ANy < 0.2 — 0.4 /,

But:
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SO I U'l'ion » Decay "'o H i ggse S THEORETISCHE PHYSIK

- SUSY breaking generates coupling to Higgses

. an actually not so long calculation. ..

https://arxiv.org/pdf/2203.08833.pdf
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SO I U'l'ion » Decay "'o H i ggse S THEORETISCHE PHYSIK

- SUSY breaking generates coupling to Higgses

. an actually not so long calculation. ..

= Problem solved!

https://arxiv.org/pdf/2203.08833.pdf
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° ° pISTIER
Or 'S 't? [HEORETISCHE PHYSIK

+ Well, it's a Hydra :-)
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In.ﬂa-l-on may be IOngeST'Iived mOdUIUS THEORETISCHE PHYSIK

+ Inflaton decay now slower than volume modulus

—4 2.5
I'infaton ~ V Z F(Z% Cloopv

May dominate Universe

R(inflaton — a + X) ~ n
T

https://arxiv.org/pdf/2203.08833.pdf
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In.ﬂa.'.on may be IongeS'ﬁved modulus THEORETISCHE PHYSIK

+ Inflaton decay now slower than volume modulus

—4 2.5
I'infaton ~ V Z FC}% CloopV

* May dominate Universe

R(inflaton — a + X) ~

1+ x

O(100)
Thanks to decays to MANY SM gauge bosons!

5‘5 =
» L s ¢
» = 4

https://arxiv.org/pdf/2203.08833.pdf



Dark Radiation
is useful
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We expeCf some dar‘k r‘adia'rion THEORETISCH PHYSIK

This dark radiation is made from axions.
A significant part is QCD axions

Detectable



- For

Physics potential of the International Axion Observatory (IAXO)

O Collaboration « E. A (IRFU, Saclay) et al. (Apr 19, 2019)

Published in: JCAP 06 (2019) 047 - e-Print: 1 55 [hep-ph]

CaB Landscape
E

S.
Gayy = YGayy

me < 1 neV

HAYSTAC

Cosmic axion background

d UC, Santa C:

, Berkeley and Tokyo U., |

* Might be interesting to think beyond scalar
photon couplings!
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New 1’00' to pr'Obe Rehea"‘i ng THEORETISCHEPHYSIK

+ This dark radiation may allow to get
access to information about reheating

[em 25~ sr~!

=
(]
)

~
<]
&
=2

=

S

1

logo[E/GeV]

Figure. 1. The differential flux of the messenger particle,
d*®/dlog,, EdQ). CASE A (¢ once dominated the Universe)
and CASE B (¢ never dominates the Universe and decay in
the radiation dominant epoch) are shown in red and black
lines, respectively. We also show the flux for CASE C where
a subdominant ¢ decays in the matter dominant era as the
blue dashed line. https://arxiv.org/pdf/2102.00006. pdf
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New 1’00' to pr'Obe Rehea"‘i ng THEORETISCHEPHYSIK

+ This dark radiation may allow to get
access to information about reheating

Measures
me

Te

logo[E/GeV]

Figure. 1. The differential flux of the messenger particle,
d*®/dlog,, EdQ). CASE A (¢ once dominated the Universe)
and CASE B (¢ never dominates the Universe and decay in
the radiation dominant epoch) are shown in red and black
lines, respectively. We also show the flux for CASE C where
a subdominant ¢ decays in the matter dominant era as the
blue dashed line. https://arxiv.org/pdf/2102.00006. pdf
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Measure reheati ng 'l'emper‘afur‘e THEORETISCHE PHYSIK

Heidelberg
University
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Figure. 2. The reheating flux dependence on the decoupling
effect: Ty = 400 MeV (red-solid line) and Ty, = 200 MeV

(blue-dashed line, CASE A). We take g4, gs+« temperature in-

https://arxiv.org/pdf/2102.00006.pdf



Probing Poincaré Violation

Rick S. Gupta (Durham U., IPPP and Tata Inst.), Joerg Jaeckel (U. Heidelberg, ITP), Michael Spannowsky (Durham U., IPPP)

(Nov 8, 2022)
e-Print: 2211.04490 [hep-ph]




Poincare Symmetry

* Lorentz Invariance (=»Kostelecky et al)

- Time Translation Invariance
= Energy Conservation

+ Space Translation Invariance
= Momentum Conbservation

/Tp STIUTHR

THEORETISCHE PHYSIK
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LOO k i ng 01. Pv QE D THEORETISCHE PRYSIK

-+ Simple implementation: Time varying couplings

Z(X) Z(a:)

L = &8, — m(zy — im(ayy ™ — o) F e — D e
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Loo k i ng 01. Pv QE D THEORETISCHE PHYSIK

-+ Simple implementation: Time varying couplings

Z(X) Z(a:)

L = &8, — m(zy — im(ayy ™ — o) F e — D e

* What's new?
- Consider broad range of time-variations (future)
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LOO k i ng a? Pv QE D THEORETISCHE PRYSIK

-+ Simple implementation: Time varying couplings

" - - Z(x Z ~
L = i, — m(@) — i)y’ — B — 2D g o
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Loo k i ng a? Pv QE D THEORETISCHE PRYSIK

-+ Simple implementation: Time varying couplings

" - - Z(x Z ~
L = i, — m(@) — i)y’ — B — 2D g o
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Breaks LO re n"'z invar‘ i ance , "‘oo THEORETISCHE PHYSIK

+ Time varying couplings have

0,0Z(x) # 0
* Non-vanishing Lorentz vector = Lorentz

symmetry is broken, too

> Need to specify rest frame
= We take CMB rest frame



LOO ks I ike (pseu d O- )Scalar‘ D M? U  HEORETCHEPHYSK

* One origin of oscillation could be scalar DM

0Z(t) ~ go(t) ~ goo(t) cos(mt)

- We want to be more general
(less constrained by reason)

- DM predicts specific do(t) ~a™??

vs. we consider ¢o(l) ~ const
- No gf‘GViTGTiOl’lal clumping (+fixed frequency spectrum)
- No particle excitations

=> astrophysical energy loss bounds gone
- No forces from a particle exchange

= no fifth forces
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THEORETISCHE PRYSIK
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Results

, INSTITUT FUR
[T THEORETISCHE PHYSIK

» Oscillating Forces in experiments moving with
repect to the rest frame (a la DM)

Quasars
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Pa r"r ic l es f r‘o m nOTh i ng THEORETISCHE PRYSIK

+ An 0Z ~ cos(wt) is like an oscillating driving
force for photons

=> Photon creation

(analog to resonant DM decay)

+ Visible Photons, too much energy created etc.



Results

, INSTITUT FUR
[T THEORETISCHE PHYSIK

» Particle creation from vacuum (foo much)
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Eﬂe I"gy ViO l 01. i on iﬂ SCG"""e r i ng eve n"' S THEORETISCHE PHYSIK

+ Energy violation in scattering possible

e+~ (E)—e+~vy (FE+omega)

+ Expect (because of phase space)
o(F - F—w)<o(F+w)

> Net energy gain on average

= For example Sun would ,gain" energy
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Results

+ Energy conservation in Sun is important for
the electron couplings...
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Conclusions
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CO“CIUSions THEORETISCHE PHYSIK

+ String axions have " pre-inflationary” cosmo

- Cosmic, ,Dark Radiation" of Axions used to be a
problem.

,lg3

\ gt 9

* Now: interesting for detection + probing cosrﬁﬁology

* Crazy Things like Poincare Violation/Energy
Violation/Momentum Violation should also occasionally
be tested

= Might be interesting to search for

variations/driving forces with non-
trivial spectrum



