ADMX
( + ABRACADABRA + CAST/IAXO )

&
=
@
m
jan]
=
=
]
Y
-/’/',

S8 AN I

20194 7H 6H
#TH] BE7E (F-HiEH)

¥—U Y —DEK=2019




SA

N—27 B8/ : BN DaxioniRFRRIA L EEDL E 21—

XD I %=

- ADMX

- ABRACADABRA
- CAST/IAXO



N
o|
o

LSW
VMB
(OSQAR) (PVLAS)
R 10-8 B
>
O
< S
. un
"= 1010 | Helioscopes (CAST)
<C Horizontal Branch Stars
O J
0 e
%_ , SN 1987A e
-1

S5 10 -
- ADMX ¥
C
[
: . i

10 - \l\%{lx

0{4
10-16 heV | 1e ‘ | keV | ey
10710 108 107° 107 1072 10"

Axion Mass m, (eV)




PRRIRE

DM Axion =iEE & HIRZER & B E— oY —F

WQW Background-Subtracted

Raw Spectra

ki

e
=
i

MWWMW\/WWWWMW

VAN MAAAMAAN AN VoM, AN UM A M

Single Spectrum SNR (offset)

!
Synthetic DFSZ Synthetic KSVZ

Signal , Signal
80 | l l
Optimally Filtered
r'Tz: 60 ' Combined Spectra
n
S 40 ¢ *
=
O
€ 20 .
o )
O [
-20

647.99 648 648.01
Frequency (MHz)

o 100 W (i51) (657) (06)(657) SR = (P KT, 100
8 (o.45 Gpei/cm‘%) (650]1;[Hz> (50%00)' ()




5

1996F (CLLNL TR, REET I b KICHEK,
2018F(CDFSZETIVICEE, 30 AHRIEDEER,
Washington, Florida, Berkeley, LLNL, LANL, PNNL, Fermilab,---




Frequency

R R 3 S - —— W TATE T e

Tuning Rod Angle

Gain (dB)

300 500 700 900

Frequency (MHz)

Microstrip SQUID Amplifier (MSA) <IGHzZ Wi &



https://indico.fnal.gov/event/17488/contribution/6/material/slides/0.pdf
https://indico.in2p3.fr/event/16579/contributions/60840/attachments/47276/59399/Moriond.pdf

PRL 120, 151301

Frequency (MHz)
660 670 680 690 700

Axion Line shape

— Maxwellian

— N-Body

N[ ] ] III:JIII‘III‘III‘

Axion Mass (ueV)

IS S T - [ Frequency (MH2)
Microstrip SQUID Amplifier (MSA) =S5l



https://indico.fnal.gov/event/17488/contribution/6/material/slides/0.pdf
https://indico.in2p3.fr/event/16579/contributions/60840/attachments/47276/59399/Moriond.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.151301

...................................................................................................................................................................................

Run year
2017
2018
2019
Fizne  2020-
EH R EE
202 X-

PR3 (DFSZRE)

27-2.8ueV 0.65-0.68GHz

.......................................................................................................................................

...................................................................................................................................................................................

H—JFHRh

Run 1A
(2017)

ssssssssssssss

& 20 8run

10

r*vEra

Single Cavity

14-Cavity
Photonic Bandgap

-16 : : : : : , :
625 650 675 700 7125 750 775 800 82°

eeeeeeeee (MHz)

BIR

Published

PRL 120, 151301

52 N


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.151301
https://absuploads.aps.org/presentation/upload/APR19/Z09/APR19-001282/presentation15404_ewgigcblmnhi.pdf
https://absuploads.aps.org/presentation/upload/APR19/Z09/APR19-001282/presentation15404_ewgigcblmnhi.pdf

4- QaV|ty (5-10ueV)

1@$p, ﬁ EEZ#llLDOD, FRMAINZHER,
S, TRy EfR:42cm ->160m x 4K
ADDHNZXESHTHEERT 5. HIRFEREBO—BHEE

Cavity Frequency (GHz)

/\Elprototype TD 7 X k 9 1 i

10
05T 7 —— ‘% (D 10710
' / / S 5 .
" / / - 1011 = ADMX|Sidecar
AG.O - / ,/ % =
E 1 S 12 E
O . ‘ / / - A — 10 =
=55 / 7 / © B & kl) J_h_L
= AN C o 1013 ADMX <
-
2 / pl1 £ < Ringwald (2018
o / g o = Borsanyi (2016
® 5.0 — 3 14 & [
v o 10°'" ¢ =
L / O : Bonati ( —
| / = II ooy (BGlesteros (2016)
4.5 = X 107 F KSVZ ’ BerkOW|tz (2015)
5 | di Cortona (2016)
10716 [ DFSZ Petreczky (2016)
4.0 . . . : : : f ~6—9 peV
0 5 10 15 20 25 30 1077 - — . S
1 10 100

Angle (deQ) _ |
APS Apr2019 slides& D Axion Mass ueV



https://absuploads.aps.org/presentation/upload/APR19/T04/APR19-001417/presentation15085_smljtmbcncms.pdf

Standard Quantum Limit (SQL)
BRI E B ORRAE : An- Agp > 1/2
SQL bkg. ~ aflk, « f

N

E5E xV~f

— SQLIEEEETK D FRAIC

) BE—itFHEE : 5IcQubit
— NMNEBEOZ YL E
o| =#2Z (C SQL[O]:6E

FRE2 EE Dt SE
SQL[o]& & DME—Dbkg.

il

i) 18

ADMXO)40ueVl«,{_I:0)$J2B§

10

DFSZ, 0.3 GeV/cc, 14T, C=1/2, Q=5x10*@1GHz, 143, crit.coup.

10°

dN/dt [Hz]
5 3

—h
&)
N

10

sQL bkgd

hN
X
5

9nay

...
O ]
.....
by
)
™
w
I

Slgnal shot noise limit 30, t=10% s

Potential
background
reduction

A

10

ﬂl f [GHZ]

SN —Di&hN : CavityDQfEX=E (or V,B)


https://indico.fnal.gov/event/17488/contribution/27/material/slides/0.pdf

SRFIRE)F+ AL D R (cavity + qubiti &)
Jaynes-Cummings Hamiltonian

_ oyt i
H/h =wa'a+ o0, — ya'ao,

TUEGT w—!ﬁ“ﬁm

= a)ccﬁa + (a)q — )(CZTCZ)(FZ

QubitZ W1 Y DR Fia

- FDEED. qubitDEBRRE#MZIT 59,
- SAIETHFHIENIL. (Quantum Non-Demolition)
— BHOOAE THEEZ LITFS5N 5,

s g _Qubit Spectroscopy

— —75.8 Wq — X Mn _ O>
n=1)

—-76.0

Wy — 2X
n = 2)

|
~
o
N

|
~
O
IN

Cavity Reflection (dB

I
~
o)
o)

I
~
o

oo
N
©

9.30 9.31 9.32 9.33 9.34 9.35 9.36
Qubit Frequency (GHz)

ETIAYE 71— DORlExRMTE

FermilabZEH AXionIEZRE A D

D Do

] D Efigf

7% (talk)

KH EwRTImD M Z Do
Joimfff, R : 2018, Nature physics letter
B, BEREKM 2016, Nature communication



https://www.nature.com/articles/s41567-018-0066-3.pdf
https://www.nature.com/articles/ncomms12303.pdf
https://indico.fnal.gov/event/17488/contribution/27/material/slides/0.pdf

16
32

v BT BRI (10ueV-)

575
575
897
1207
1899
2959
3983

402-575
575-908
897-1417
1207-1907
1899-3001
2959-4675
3983-6293

1.7-2.4
2.4-3.8

3.7-5.9
5-7.9
7.8-12
12-19
16-26

4-6 GHz

Future-Higher Frequency 6
Searches, >4 GHz & o oaiaren s vime

Orpheus: Tuesday, April 16, 4:18
Z09.00005, Raphael Cervantes

 R&D platforms for higher frequency

searches
e Difficult to design systems with a
large volume and small tuning
structures

e 6. 0 0 0 0 0 0 &

e @& ® O & o o o
‘e o oo 9o o o o
s e ® e 0 e e
® e 00600 e e

® @ ® & & ¢ & 9

“Pizza” Cavity (U. Florida) ~ Photonic Bandgap(LLNL) Comb cavity (FNAL)
4/16/2019 April APS APS Apr2019 slides


https://absuploads.aps.org/presentation/upload/APR19/Z09/APR19-001282/presentation15404_ewgigcblmnhi.pdf

N
o|
o

LSW W
(OSQAR) (PVLAS)

R 10-8 B

>

()

g Sun

. 1010 | “HeliesCopes (CAST)

<? Horizontal Branch Stars

O J HE

< i N DI

2 10712 . i
@)

O

c

O

<>E< 14 Nﬂ

10 - \l\%{lx -
0((4

—h
O
o

—
-
o
—h
-
(00
—r
-
(@))
—r
-
N
—r
-
N
—
-
-

Axion Mass m, (eV)



14

OE da
V xB = 57 — Javy (ExVa—Ba>

Jet = GayyV/ 20DM CO8(14t) By

“DQWQ::: 2 [H)vai%;2l32 — A

ayy max
7 8
- HIQ
| \
\ /
< / T, SQUID
mEgl L

2016F12E. 201 8FICHIFER
MITEE, #B2T5ADITRL —F —




/R L ER
h5lTmS
HREN 7 BED T &

(¥ a—71>%)

NbTi,1T

waRIL—7
BIERAIL—7




X

ILHN

-4

ABRA-10cm (2018)
- 1T, ¢~10cm

ABRA-1 OcmB&EHﬁ

- E_l'/: /]/ 9\\/XIZ RZ~
- %EEHJJTIIJF'J
CAST/L_.\ 132 % E\jcﬁ%ﬂi

- BT, ¢ ~40cm

- Readouttl&E : m, < 1ueV
- Resonant readoutd 3
ABRA-1mM
- o~1m

- SQLZEWEH R

(201 9);

@

—~—

= 10—14_

Jary |

102 10° 10? 105 106 107

10—10_

10—12_

10—16

10—18_

10—20 e

Frequency [Hz]

CAST Ilimit

Current ABRA-10cm | _

02 1000 100 107100

-- Broadband 50 Detection Threshold | CAST I Broadband 1o Expected Constraint
—— Broadband Expected Constraint Bl ADMX Broadband 20 Expected Constraint

QCD Axion 1 ADMX Projection APS A FZO] 9 SlideS



https://absuploads.aps.org/presentation/upload/APR19/X14/APR19-000703/presentation15372_sqeqiompsqjf.pdf

N
o|
o

LSW e
(OSQAR) (PVLAS)

~ 10°

>

O

Q)

— : Sun

"+ 10710 Helioscopes (CAST)

(5( ' Horizontal Branc ars

= a HESS

o |

k= SN 1987A erm!

%— 10-12 B

s (CAST/

C

O

<>E< 14

10 7
/ " OQ%/L
10-16 -10 I-8 -6 I-4 I-2 IO
10 10 10 10 10 10

Axion Mass m, (eV)

17



Axion Flux [lOgcm_zs_lkeV_l]
. : N T T A T
O DN = Lo L L U Ut N D 0 D \O

(U

)

v,

f f Solar

(R
<

IﬁlII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

oo _Ijllllllll

1R [RIE

< >

Sunrise
system

Sunset \
system

X-ray telescope

l

Shielding

X-ray detector

me < 0.02 [eV] D& =
N, x B*[*Aet x ¢*

531

18

B : %%
| - ERREFHOES € = €4 €, € - EFME, EICRER, EERR)
A : BRI O KT '

Bl
—>H
i

—

(mf

=

M

1

/||+

1|

g

2L




19
E% Slides@ European Strategy Granada

CAST@CERN Baby-IAXO@DESY? |JAXO

Cryostat Inclination Svst
- Support Frame
I'elescop . l \‘

‘ ’ . . “ Flexible Lines
-‘ q | l ‘ . " Rolaling Disk

—

! . - ‘ J==-
-
' .. ) - g

Rotation Svystem

Baby-IAXO IAXO
2023 - 202X (F7E) | 2030 (FFE)

......................................................................................................................................................................................................................................................................................................................................................................................................



https://indico.cern.ch/event/808335/contributions/3374006/attachments/1843784/3024173/ESPP_Granada_Irastorza_helioscopes.pdf

~2025

107° v | -
VMB )
(OSQAR) (PVLAS) 2
p &
~ 10° Q-
~ O
3 o
&) - .
"= 1010 | Helioscopes (CAST) | // -
(5( Horizontal Branch Stars
?C» Baby IAXO \»\
o 12| )
= 10 <
© S
S a
X <
< 4014 | k il
NK
ABRACADABRA ” &K
1077 -10 l-s -6 |-4 l-z lo
10 10 10 10 10 10

Axion Mass m, (eV)

20



N
o|
o

~2040 LSW —
(OSQAR) PVLAS)
~ 10° |
>
()
g Sun J
1010 | Helioscopes (CAST) /
(5): Horizontal Bfanch Stars
o ' IAXO /
Sorlura W] /3 ' _
o
© ADNIX | ©
S o M /
<>’:< 14
10 B \l\%Q/l/ / |
'/é’
10-16 l l ' | |
10= ° 107 102 10°

0 10
ABRACADABRAMt  p.:0n Mass my (eV)



& O

ADMX@UW

- DM QCD axionDiFEZR It

- <40 ueVEBDIHEZIHD
- >40 ueVEBIE D B it R A

ABRACADABRA@MIT
- sub-u eV axion 254

E— BT

- S (CCAST Limit X 2ZH>

CAST/IAXO@CERN/DESY?

- solar axion®DHiHh 5 &
- baby-IAXO/IAXOT
EXE [CIEREBHE ZIL AT E

Number of submits

©
=

80
70
60
50
40
30
20

10

hep-ex® b v MM/ E

— axion

WIMP

22






AXion + qubit detector

hig

“Pizza” Cavity (U. Florida)

&

h-Q cavity

FA

Heterodyne
detector

4

Transmon

Pump | ¢

D

Flux-driven JPA

e

0) |+)
<3O ]
2
1F
B
g 0
—1F
_2 | |
-2 - o 1 2
Re(a)
g 1) =)
&
2
1k
g OF—#%
—-1F
_9 | |
-2 -1 0 1 2
Re(a)

Probability

Probability

24

F=0.9844
1.0 [

0.8 |
0.6
0.4 |
0.2
0.0

01 2 3
Photon number

F=0.84

0.8 |
0.6
0.4 |
0.2 |
0.0

01 2 3
Photon number

quantum efficiency 84%



25

(b)

609980 Hz 610020 Hz

(©)

N
¥ ' o= -60.998 Hz Frequency [Hz] 61002 Hz
=N 09 _ [ | :
[S— 4 ' >:
5 . 08 1 e .
) 8 - Il I B = = .- Il BN N =
% 7 'n I = :
ol 10 - il I | f
» 1 ol e - [ i
= 10° - '
= N - - 9 L —— e ————’ — ] T B ™ -
% :_O" .... 3 ¥ = - = o= - ;I-----d_----l
,_o] 4 .. ~ =l M it
ﬁ 107 - '
c. ' ' ' ' ' ' ' o
4 5 6
10 10 10
Frequency [Hz]
— Ij_ —— ‘Aug L, 2018 2115051 - Aug 02, 2018 06:44:11 EDT, s = 10000000 MS/s, Af = 0.10 Fz, Nayg = 3200
%iﬂm;&@ t n 'HH 107 T ?13}11,])2028])10.1(;.31-] 131,2018 l9£%51EDT.fs 10000000 MS/s, Af=0.10 Hz, Nayg = 3200
:z — u 10" i E—
Accelerometer HBE ‘L A % t %E g J§ . ! :
loses sensitivity - E 10 LK A
0] \,\\NJ J above a few kHz g J <, /\\ d
3ETHA (REFE)
T 2-30 THA (FERH) 5
5] \ | 10° B
7J|]1_4 =T DAITE] | 3 Oo/ —? Frequency (H)
—> oDTF—Y0OR Y T
t a)tﬁ ng%y& Stly at hlgh frequencies 1410000 1420000 1430000 1440000 1450000

10"

107
Frequency (Hz)




CAST high mass limit

o H A EMEEE Teffectiveltm >0

20



BabylAXO optics BabylAXO detectors

. 2 detection lines in BabylAXO * Detectors (baseline option):

. Optics: — 2 “microbulk” Micromegas detectors . Beyond baseline:
. — “Discovery detectors” (priority to low i f i
— |AXO Custom segmented-glass optics backgrour)\/d) (P y — “high precision” detectors

(post-discovery?)
— Better threshold & resolution
— 2 low-background Micromegas setups
— R&D in several technologies:

GridPix, MMCs, TES, NTD, SSD.

and flight spare XMM optics from ESA
— Prototyping + physics considerations

— Risk reduction for final IAXO
segmented-glass optics

— XMM optics specs very close to IAXO
optics design

— ESA preliminary support to the use of
XMM optics in BabylAXO

(2 XMM optics exist)

— Experience in CAST

— Low background capability, radiopurity,
shielding.

ESSP Granada, 14-May-2019 Igor G. Irastorza 44 ESSP Granada, 14-May-2019 Igor G. Irastorza 45

BabylAXO magnet BabylAXO platform & infrastructure

« 159 : : « Existing CTA MST mount matches e HERA South hall: . | - e
* “Common coil” configuration chosen i BabylAXO specs remarkably well perfect site for :
— Minimal risk: conservative design choices éI BabylAXO - =
— Cost-effective: Best use of existing i -

infrastructure (tooling) at CERN

— Prototyping character: winding layout very
close to that of IAXO toroidal design.

ESSP Granada, 14-May-2019

ESSP Granada, 14-May-2019 Igor G. Irastorza 43
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