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Moduli Cosmology

® String Theory compactifications
. . [Cicoli,Conlon,Quevedo ' 2],
come with O(100) moduli ¢ [Higaki, Takahashi *12]
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Moduli Cosmology

® String Theory compactifications
. . [Cicoli,Conlon,Quevedo ' 2],
come with O(100) moduli ¢ [Higaki, Takahashi *12]

® Get displaced from minimum
during inflation

 After inflation

® |ightest modulus comes to
dominate energy of the
universe since I'g ~ m;, /M,

Pmatter ™ a_g(t)
Pradiation ™ a,_4(t)
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Moduli Cosmology

String Theory compactifications
. . [Cicoli,Conlon,Quevedo ' 2],
come with O(100) moduli ¢ [Higaki, Takahashi *12]

Get displaced from minimum
during inflation

 After inflation

Lightest modulus comes to
dominate energy of the
universe since I'g ~ m;, /M,

Decay of lightest modulus starts ~ Pmatter ~ @ °(t)
big bang cosmology Pradiation ~ @~ *(t)
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Moduli Cosmology

String Theory compactifications
. . [Cicoli,Conlon,Quevedo ' 2],
come with O(100) moduli ¢ [Higaki, Takahashi *12]

Get displaced from minimum

during inflation ,

Lightest modulus comes to
dominate energy of the
universe since I'g ~ m;, /M,

Decay of lightest modulus starts
big bang cosmology
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A Cosmic Axion Background

[Conlon, Marsh ’| 3]

e Br(¢ — visibles) vs Br(¢ — hidden) decides
population of different sectors

® String compactifications typically come with light
hidden sectors (e.g. hidden gauge groups, ALPs)

® Hidden light fields contribute as Dark Radiation

- - . Planck: Ne = 3.30 = 0.27
(eXPerlmentaI hints: Planck + [:f;(): Neg = 3.62 £ 0.25 )

o ¢ — ALPs generally not suppressed (e.g. via kinetic
coupling to volume modulus in type lIB) [seeTaik by s.Angus]
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A Cosmic Axion Background

[Conlon, Marsh ’| 3]

e Br(¢ — visibles) vs Br(¢ — hidden) decides
population of different sectors

® String compactifications typically come with light
hidden sectors (e.g. hidden gauge groups, ALPs)

® Hidden light fields contribute as Dark Radiation

- - . Planck: Ne = 3.30 = 0.27
(eXPerlmentaI hints: Planck + ﬁot Neg = 3.62 £ 0.25 )

o ¢ — ALPs generally not suppressed (e.g. via kinetic
coupling to volume modulus in type lIB) [seeTaik by s.Angus]

= Dark Radiation/a CAB is a rather generic
prediction of String Theory Cosmology
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Properties of the CAB

® Modulus decay produces relativistic non-thermal

ALPs awith £, = m, /2

4/3
| 7 [ 4
® Energy density: PCAB = ANeffg 7) PomB
o 1/2
o CAB energy: Ea,now ~ Bainit (%)
1% now 1% init mo [see Talk by E.Dudas]

® For mg ~ 10° GeV ( = 10* GeV to avoid CMP)

[

(Ecap) ~ 200 eV (X-ray)

® Couples to photons via

1
LD —aklk B
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2. Soft X-ray Excess in Coma
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Galaxy Clusters and ALPs

® Galaxy Clusters are the largest gravitationally
bound objects in the universe

® Typically kpc scale coherent magnetic fields

B ~ O1)uG
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Galaxy Clusters and ALPs

® Galaxy Clusters are the largest gravitationally
bound objects in the universe

® Typically kpc scale coherent magnetic fields

B ~ O1)uG

—> Interesting “Labs” to
study the CAB via ALP to

bhoton conversion!
[Conlon, Marsh ’| 3]
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Soft X-ray Excess in Coma

® (Clusters are filled by hot gas which Hidhane
emits in X-rays via thermal R T
bremsstrahlung

® Soft Excess is observed by EUVE
and ROSAT in ~30% of 38 clusters

[Bonamente et al ’02]

ALP Conversion and the Soft X-Ray Excess in the Coma Cluster Markus Rummel 8 /16



Soft X-ray Excess in Coma

® (Clusters are filled by hot gas which Hidhane
emits in X-rays via thermal ok
bremsstrahlung

® Soft Excess is observed by EUVE
and ROSAT in ~30% of 38 clusters

[Bonamente et al ’02]
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Proposed astrophysical
explanations

® Thermal Bremsstrahlung from a ‘colder’ (T ~ 200
eV) gas: But associated emission lines not seen

® [nverse-Compton scattering of the CMB by
relativistic cosmic ray electrons: But no associated

gamma ray bremsstrahlung flux
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Proposed astrophysical
explanations

® Thermal Bremsstrahlung from a ‘colder’ (T ~ 200
eV) gas: But associated emission lines not seen

® [nverse-Compton scattering of the CMB by
relativistic cosmic ray electrons: But no associated

gamma ray bremsstrahlung flux

= Known astrophysical explanations not compelling

= Explore cosmological CAB explanation of the soft X-
ray excess!
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Qutline

3. ALP conversion in Coma
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ALP to photon conversion

° Convelrsion via |
> - "« Soft

L5 -aE-B > B \N\*> xray
o \/ > 10! GeV 3 i

[Brockway, Carlson, Raffelt '96,
Grifols, Masso, Toldra ’96]

\
D
\

A
. er .9 . 2
® Conversion probability: P(a — v) = sin®(260) sin <COS 29)

with § ~ %fa, A ~ ”EL (formg, = 0)
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ALP to photon conversion

® Conversion via |

1 7 - 7~ Soft
£>--aE B > li’ AVAVaa

o \/ > 10! GeV 3 i

[Brockway, Carlson, Raffelt '96,
Grifols, Masso, Toldra ’96]

A
. er .9 . 2
® Conversion probability: P(a — v) = sin®(260) sin <COS 29)

with § ~ %fa, A ~ ”EL (formg, = 0)

= Need magnetic field, electron density and coherence length
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Conversion parameters

® Electron density via X-ray

brightness profile
22\ ~28
ne(r)=mng |1+ —

2
Te

oq ¢

® Magnetic field via Faraday R gt

. € 0
rotation RM = 5 ne(l)BH(l)dl L S R L —
2TMs Ji o [Bonafede,Vazza,Bruggen,Murgia,
Govoni,Feretti,Giovannini,Ogrean’ | 3]
ne(r)\"
= B(r)=C"- By . (via simulation vs RM)

® Coherence Length p(L,z) ~ L" % or ~n L™ °
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Coma center results

Z

SN y-burst bound
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Coma outskirts results

[Conlon, Kraljic, MR "14]

Semi-analytical approach:

L= / / / EP(a —v; L, E,x) p(L,x) Coap E Xcap(F) dE dL dx*

M / GeV

L
mzn mzn
3.0x 1013 - - -
7 | Model A
[ _1 :
2.5x 107 - ’(/L X ne i .ModelB
i ! Model A
2.0%10'3 - | —
L centre
i Model B
1.5x 1013 - H centre
X const
1.0x 1013 . Model A | Model B
| Ain 2 kpc 2 kpc
H W Apaz | 34 kpe 100 kpc
5.0x10 B 11 n 17/3 4
1 By 4.7 uG 5.4 uG
0 B Y T T (S S SO S SR H S S S S 4N 0.5 0.7
0.10 0.15 0.20 0.25 0.30 0.35
<ECAB>/keV
ALP Conversion and the Soft X-Ray Excess in the Coma Cluster Markus Rummel 14/16




Coma outskirts results
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ALP parameter space

[Conlon, Kraljic, MR ’14]
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ALP parameter space

[Conlon, Kraljic, MR ’14]
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Conclusions

® Dark Radiation/a CAB is a generic prediction of
String Cosmology

® Soft X-ray excess is present in many clusters

® Cosmological vs astrophysical explanation:
One CAB to fit them all (M, (FEcap))

® Has to match both morphology and magnitud'e of
soft excess

® Coma Center M, Coma Outskirts IZ[, Other
clusters (?)
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Conclusions

® Dark Radiation/a CAB is a generic prediction of
String Cosmology

® Soft X-ray excess is present in many clusters

® Cosmological vs astrophysical explanation:
One CAB to fit them all (M, (FEcap))

® Has to match both morphology and magnitude of '
soft excess

® Coma Center M, Coma Outskirts L?J, Other
clusters (?)

Thank you for your attention!
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