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the answer? the largest magnet ever to serve axion physics

IAXO Conceptual design report, Armengaud et al. JINST 9 T05002




1014 1013 102 101! 109 10° 108 107 10° 10° 10* 10° 10% 10!

el LIS JUEN LIS
- Axion DM scenarios

tuned (anthropic?))( ok )@une@

107 10° 10~° 10 103 102 107! 1 10 102 10° 10* 10° 10°
m,eV]

Pre inflation PO

80 ,ueV) 119

mq

QaDMh2 =~ (9% (

Wantz, Shellard 2010



AXION Q¢

falGeV]
1014 1013 102 101! 109 10° 108 107 10° 10° 10* 10° 10% 10!

el LIS JUEN LIS
- Axion DM scenarios

tuned (anthropic?))( ok )@une@

107 10° 10~° 10 103 102 107! 1 10 102 10° 10* 10° 10°

myleV]
Post-inflation PQ (N=1) Pre inflation PQ
strings+unstable DW’s Lapuah” == 0] (8075:\[)

Kawasaki, Saikawa, Sekiguchi 2014 Wantz, Shellard 2010



AXION Q¢

falGeV]
1014 1013 102 101! 109 10° 108 107 10° 10° 10* 10° 10% 10!

el LIS JUEN LIS
- Axion DM scenarios

tuned (anthropic?))( ok )@une@

107 10° 10~° 10 103 102 107! 1 10 102 10° 10* 10° 10°

myleV]
Post-inflation PQ (N=1) Pre inflation PQ
strings+unstable DW’s Lapuah” == 0] (8075:\[)

Kawasaki, Saikawa, Sekiguchi 2014 Wantz, Shellard 2010



1014 1013 1012 1011 1010

- Axion DM scenarios

AXION Qc

falGeV]
10° 10® 107 10° 10°

10* 10° 102 10!

tuned (anthropic?))( ok )@une@

107 10° 10~° 10 103 102 107! 1 10 107

myleV]

10° 10* 10° 106°

Post-inflation PQ (N=1)

strings+unstable DW's

Post inflation PQ (N>1)
strings+long-lived DWs

Pre inflation PO

80 ,ueV) 119

mq

QaDMhQ =~ (9% (

Kawasaki, Saikawa, Sekiguchi 2014

Wantz, Shellard 2010




1014 1013 1012 1011 1010

AXION Qc

falGeV]
10° 10® 107 10° 10°

10* 10° 102 10!

* wal UL JULN LIS
- Axion DM scenarios
excluded ) ? (tuned )

tuned (anthropic?))( ok )@une@

107 10° 10~° 10 103 102 107! 1 10 107

myleV]

10° 10* 10° 106°

Post-inflation PQ (N=1)

strings+unstable DW's

Post inflation PQ (N>1)
strings+long-lived DWs

Pre inflation PO

80 ,ueV) 119

mq

QaDMhZ =~ (9% (

Kawasaki, Saikawa, Sekiguchi 2014

Wantz, Shellard 2010




AXION Q¢

falGeV]
1014 1013 102 101! 109 10° 108 107 10° 10° 10* 10° 10% 10!

Hot—-DM / CMB / BBN

- Axion DM scenarios
D sn19e7a
@“ BB Globular Clusters (Gay)

excluded ) ? (tuned White Dwarfs (gae)

tuned (anthropic?))( ok )@une@

107 10° 10~° 10 103 102 107! 1 10 102 10° 10* 10° 10°

myleV]
SEEENTTRDN( ] (Post inflation PQ (N>1)| | Pre inflation PQ
strings+unstable DW’s strings+long-lived DWs | | Quowt® ~ i (80”/;:‘”)

Kawasaki, Saikawa, Sekiguchi 2014 Wantz, Shellard 2010



AXION Qc

JalGeV]

1014 1013 10?2 101! 101 10° 108 107 10° 10°

- Axion DM scenarios

... @m
_—

excluded ) ? (tuned |

|

tuned (anthropic?))( ok )@une@

107 10° 10~° 10 103 102 107! 1 10 107

Post-inflation PQ (N=1)

strings+unstable DW's

Kawasaki, Saikawa, Sekiguchi 2014

mqleV]

;D
| |
10° 10* 10° 10°

Post inflation PQ (N>1)
strings+long-lived DWs

Pre inflation PO

80 ,ueV) 119

mq

QaDMh2 =~ 9% (

Wantz, Shellard 2010




m(lon dark matter
R f2[GeV]

Dark Matter
huge parameter space'

)

mml
e

excluded

l

i
1007 10°° 10™° 10™* 10~ 10 107?
m,leV]

S ELETEON(ERY] (Post inflation PQ (N>1)| | Pre inflation PQ

strings+unstable DW's strings+long-lived DWs | | “aowh” =i (Somav)l :

Kawasaki, Saikawa, Sekiguchi 2014 Wantz, Shellard 2010



N i falGeV]
)2 ATT € 1023 107 10° 10° 10* 10° 102 10!
\} 2 nTn—|urrrn'|—||m1m—|mrrrr|—|nnTrn—||mﬂﬂ—||me—|mrrm

o 0@ Astro

excluded ) ? L meets

cosimo

tuned (anthropic?))( ok )@;\.s |

\

\

_I_LLLlHII_LLLllﬂll_LUlHlII_LLUJﬂll_LUlHl‘_I,,,JL ] LIJJlIJlILLLUlHLLLlJJlIIl_LUlHlLLLUJﬂll_LUlHJII_LLLlHIILU

1007 10°° 10 10 102 1O " 10-
m,leV]

ST EL N[ EFY] |Post inflation PQ (N>1)| | Pre inflation PO

strings+unstable DW's strings+long-lived DWs | | eow/ =0 (8075:\[)1.19

Kawasaki, Saikawa, Sekiguchi 2014 Wantz, Shellard 2010



; 0

= — - —_— —— e — ———

w?

excluded ) ? L

tuned (anthropic?))( ok )@;\.s |

_I_I.I.lIJJII_LLLllllll_LI_I.llIlLLLI.IJJJII_LI.LLlIlLIJ' *

1007 10°° 10 10 102 1© "

See va e
talk by = See talks by
Sushkov < _ Ortolan, Tobar, e
| éﬁmerzvilsllgl II))ka I cep
Riiceli .. " ) talksby

Geraci and
Shin

'. [ -
falGeV]
1023 107 10° 10° 10* 10° 102 10!
Y "Tfﬂ1‘|llﬂTFﬂ‘|lMﬂﬂ‘|lﬂTﬂTl_|mmﬂ—|lmﬂﬂ—|mnTﬂ_|lﬂTm-l

meets 1Cl

menLLLumLLuumLmeLuuunl_Lumd_LuumLu

10_
mgy[eV]

See

talks by
Raffeltand >
Mirizzi ¢



Hints, constraints and models ... any preference?

See also Giannotti’s talk!

Viaux, PRD 2011

White dwarf luminosity function —~ =(14£14) x 107"

Bertolami, JCAP 2014

Cassiopeia A: neutron star cooling -, = (3.8+3) x 107

fa,

Leinson, JCAP 2014

SN1987A = Oapf— <0.8x 10710

Raffelt Lec. Not. Phys. 2008 and ...  see Mirizzi’s talk on thursday!




Hints, constraints and models ... any preference?

See also Giannotti’s talk!
N

KSVZ (no RG, no WD, no pref.)

¥ e DED |DFSZ

1KSVZ

Preliminary |

f./10°GeV

DFSZ (no RG, no WD, 2 pref.),

v




Helioscopes

Sikivie PRL 1983

The Sun is a copious emitter of axions! convertinto X-rays ~ focus  detect

X-ray optics

Solar
axion

---------->
---—------>
---I------->

- - . l-------)

X-ray detectors

Shieldin
Movable platform ' ¢

g
Conversion probability




Axions from the Sun

JR, JCAP 2013
Hadronic axions (KSVZ)

Total
Primakoff x 50
FF

FB + BB

Compton
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typical of non-hadronic meV mass axions




CAST Helioscope

- 1~2 h tracking/day (sunset,dawn)
- 3 Detectors (2 bores)
CCD, Micromegas
- X-ray optics
- He gas for large masses

hadronic axins

simico

’
éun (c.)

_— 7L Sun (v)
Phase 5

/)" Sun (global
: ST r:"}&f‘;;'j\[;;‘—-..—-‘

107! | 10 102

non-hadronic axions

Phasel




Next generation (proposed) IAXO

Boost parameters to the maximum Large toroidal 8-coil magnet L = ~20 m
8 bores: 600 mm diameter each

8 x-ray optics + 8 detection systems

"NGAG paper JCAP 1106:015,2011 Rotating platform with services

-Conceptual design report IAXO 2014 JINST 9 T05002
-LOI submitted to CERN, TDR in preparation

-Possibility of Direct Axion DM experiments (cavities)
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Keystone Plate

Keystone Box

JAXO magnet (under development)

Thermal
Shield

Vessel

IAXO magnet concept presented in:

IEEE Trans. Appl. Supercond. 23 (ASC 2012)
Adv. Cryo. Eng. (CEC/ICMC 2013)

IEEE Trans. Appl. Supercond. (MT 23)

Property
Cryostat dimensions: Overall length (m)
Outer diameter (m)
Cryostat volume (m®)
Toroid size: Inner radius, R;, (m)
Outer radius, Roy: (m)
Inner axial length (m)
Outer axial length (m)
Conductor (tons)
Cold Mass (tons)
Cryostat (tons)
Total assembly (tons)
Number of racetrack coils
Winding pack width (mm)
Winding pack height (mm)
Turns/coil
Nominal current, I,, (kA)
Stored energy, E (MJ)
Inductance (H)
Peak magnetic field, B, (T)
Average field in the bores (T)
Conductor: Overall size (mm?)
Number of strands
Strand diameter (mm)
Critical current @ 5 T, I. (kA)
Operating temperature, 7, (K)
Operational margin
Temperature margin @ 5.4 T (K)
Heat Load: at 4.5 K (W)
at 60-80 K (kW)




JAXO optics

- IAXO optics conceptual design

AC Jakobsen et al, Proc. SPIE 8861 (2013) et ypernotords
- NuSTAR optics groups LLNL, Columbia U., /
DTU Denmark all in IAXO —_ .

o

Focal length

Telescopes 8
N, Layers (or shells) per telescope 123
Segments per telescope 2172
Geometric area of glass per telescope 0.38 m?
Focal length 5.0m
Inner radius 50 mm
Outer Radius 300 mm
Minimum graze angle 2.63 mrad
Maximum graze angle 15.0 mrad
Coatings W/B,C multilayers
Pass band 1—10 keV
[AXO Nominal, 50% EEF (HPD) 0.29 mrad
[AXO Enhanced, 50% EEF (HPD) 0.23 mrad
[AXO Nominal, 80% EEF 0.58 mrad
[AXO Enhanced, 90% EEF 0.58 mrad
FOV 2.9 mrad




JAXO detectors

10_7 — 10_8 history
keV cm?2 s

Goal background level for IAXO:

®  Classic/ Unshielded Bulk & Microbulk / Shielded

T TTTIT

- Small Micromegas-TPC chambers:
Shielding
Radiopure components
Offline discrimination

T TTTI

IAXO goals

Micromegas background (keV™' cm2s!)

III| T T TTTT

- 1 Il Il 1 1 1 1 1 ] 1 1 Il Il
11/2002 12/2006 01/2011 01/2015

| 10_7 date
- (in CAST 2014 result) oz g_fundergrn d at SC |

> SeetalkbyGarcia <
Active program of development. Clear roadmap for improvement < 7 wednesday! —

Already demonstrated: KoV cm?

SQUID loop

- Gridpix/InGrid, i A 4 - Low noise CCDs

———

- SeetalkbyDesch 2 <" See poster by
tomorrow — ~— Deschtomorrow _—




JAXO timeline

~ 3.5 y construction

~18 month TDR ~ 2.5 y integration/commisioning

—

3 a4 5 S

Design TO

Ti1-T8

3

Demo coil

Production

1215|118 |21 |294127 |30 |33 |36139|42|45|4851 |54]|57 |60 63 |66 |69 |72

Integration

Services

Optic design study

Prototype construction

Calibration

Finalize design

Build assembly machines

Procure mandrels & ovens

Build coating facilities

Slump glass

Deposit coatings

Assemble optics

Calibrate optics

Installation

Prototype

Construction (incl. spares)

Installation & commissioning




Physics reach: Axions (preliminary)

Hadronic axions (KSVZ) Non hadronic (DFSZ, e-coupling!)

fa|GeV] fa|GeV]
108

1072 101

Mg |eV]

Possibility to unveal the hints in DSFZ P1, P2!




Physics reach: Axions-like

Axion-like particles easing gamma-ray propagation across the universe?

108 | ||IIIII| | IIIIIII| | IIIIIII| I IIIIIII| I IIIIIII| | IIIIIII| | IIIIIII| | |||||||| \w
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JAXO will cover the exciting parameter space !




Physics case + : Betelgeuse goes bang

If Betelgeuse is the next galactic SN ...

- up to 5 104 a’s (E~80 MeV) in 10 sec

- Early warning (Si nu’s) to point

- check visibility

- 50-100 MeV detectors

- needs a boost ~30




Physics case + : Axion DM detectors @ IAXO

JR, talk at Patras 2014
DM detectors inside IAXO volume (see IR, talk at Patras 2014)

- huge magnetic volume - g b {%
- ¥ ;

T ¢ ——

Em 8 9 2.5¢

Dimensions [cm) hR=10021 hR*=2000,30 hR=920,2.2

VIl 140 2 8§ x 1700

P x |B*V [T?L] 9000 160 8 x 35000 2 x 1100

- Low masses -High masses: - Dielectric filters
long/flat cav’s, combine) '

S
>
>
el 2
>
>
>
>
>
>
>
>
>
>

+ back production and all reflexions ...

- Dish antenna (miniclusters)

See
N talks by
~" Tkacheyv, Sikivie,
T~ Prescod




JAXO costs

Item Cost (MCHF) Subtotals (MCHF)
Magnet 31.3
Eight coils based assembled toroid 28

Magnet services 3.3

Optics

Prototype Optic: Design, Fabrication, Calibration, Analysis
IAXO telescopes (8 + | spare)

Calibration

Integration and alignment

Detectors

Shielding & mechanics

Readouts, DAQ electronics & computing
Calibration systems

Gas & vacuum

Dome, base, services building and integration
Sum 56.8

Table 5: Estimated costs of the IAXO setup: magnet, optics and detectors. It does not include laboratory
engineering, as well as maintenance & operation and physics exploitation of the experiment.




Conclusions

- Extraordinary physics case
- meV axions (relevant in astrophysics?, (sub) dominant dark matter?)
- Axion-like particles and gamma-ray transparency
- Direct Axion DM detection (much to do!)
- Next galactic supernova?

- Others... HPs, M(CPs ...

- Doable!, built upon CAST experience
- key expertise covered (magnet, optics, detectors)

- New Physics case “white paper” soon

.We are a few ... but
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