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b Introduction

- Axion dark matter is a candidate of dark P N o N LTV A o A L

matter to solve the strong CP problem § oo
- Pseudo Goldstone Boson -
- No electric charge o+ Eron e
- Very weakly interacting o oA
- Small mass (expected to be O(peV)) ol
-
- Axion theoretically decays into a photo and a -t
virtual photon under B field B 2w v
- Resonant cavity can detect the signal!”/ Tt e et e e W e

- Conversion power (a—vY)

_ —23 gy \? Pa Ja B\’ |4 Co1o QL
_ Scarfara_téw < 1077 W) (0.—37) (0.45 GeV/CC) <6 GHZ> (8_T> (0.18 L) ( 0.6 > (1_06>
df; 14 MHz / g, \ Py N/ BN/ V N [/Coio\’Qr [/ 4 \°[45K)\"
dt ~ year (@) (0.45 GeV/cc> (6 GHZ> <8_T> (0.18 L) < 0.6 ) Q. (SNR) ( Thve >

[1] P. Sikivie, Phys. Rev. Lett. 51, 1415 (1983)
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L3 CULTASK Experiment

» CULTASK (cAPP ultra-Low Temperature Axion Search in Korea) IS @ NEW axion search experiment
- To maximize the scan rate:

%:14MHZ(Q_7)4 0u U F N B\ V N (Coo\ Qr [ 4 45K\
dt year 0.97 0.45 GeV/cc 6 GHz 8T 0.18 L 0.6 ). \ SNR Tsys

df 4 1 To lower the system temperature (Tsys = Tcavity + Tamplifier):
—, X 5  Cryogenics: Dilution refrigerator (< 100 mK)
Sys  Low-noise amplifi

/ Input coil
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1 CULTASK Experiment

» CULTASK (cAPP ultra-Low Temperature Axion Search in Korea) IS @ NEW axion search experiment
- To maximize the scan rate:

dfd B 14 MHz ( g~ )4 Pa ° f ° B ! V ’ 001() . QL 4 ° 4.5 K °
dt  year \0.97/ \0.45 GeV/cc 6 GHz 8T 0.18 L 0.6 /) | Q. |\ SNR Tiys
df 4 1 To lower the system temperature (Tsys = Tcavity + Tamplifier):

7, X 5 * Cryogenics: Dilution refrigerator (< 100 mK)
.. Sys * Low-noise amplifier: SQUID (< 1 K)
Amplifier df

Y« Q To maximize the quality factor of the cavity:
L * Ultra-pure materials for a good residual resistivity ratio (RRR)
 Superconducting cavity

Refrigerator
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1 CULTASK Experiment

» CULTASK (cAPP ultra-Low Temperature Axion Search in Korea) IS @ NEW axion search experiment
- To maximize the scan rate:

%:14MHZ(Q_7)4 0u O N BNV N/ Cowo\ QL[ 4\ [45K\"
dt year 0.97 0.45 GeV/cc 6 GHz 8T 0.18 L 0.6 ). \ SNR Tsys

df 4 1 To lower the system temperature (Tsys = Tcavity + Tamplifier):
— X 5  Cryogenics: Dilution refrigerator (< 100 mK)
SNE  Low-noise amplifier: SQUID (< 1 K)

Q; To maximize the quality factor of the cavity:

Amplifier df,;

dt > * Ultra-pure materials for a good residual resistivity ratio (RRR)
e Superconducting cavity
% ~ B2 To maximize the magnetic field:
dt ° I-_Iigh field superconducting magnet (>25 T) with a large bore
size

Refrigerator
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1 CULTASK Experiment

+ CULTASK (CAPP Ultra-Low Temperature Axion Search in Korea) IS @ new axion search experiment
- To maximize the scan rate:

%:14MHZ(Q_7)4 0u O N BNV N/ Cowo\ QL[ 4\ [45K\"
dt year 0.97 0.45 GeV/cc 6 GHz 8T 0.18 L 0.6 ). \ SNR Tsys

df 4 1 To lower the system temperature (Tsys = Tcavity + Tamplifier):
— X 5  Cryogenics: Dilution refrigerator (< 100 mK)
SNE  Low-noise amplifier: SQUID (< 1 K)

Q; To maximize the quality factor of the cavity:

Amplifier df,;

dt > * Ultra-pure materials for a good residual resistivity ratio (RRR)
 Superconducting cavity
% ~ B2 To maximize the magnetic field:
dt ° I-_Iigh field superconducting magnet (>25 T) with a large bore
size

Resonant frequency of the cavity is tuned with a rotating tuning rod

Refrigerator
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1Loa CULTASK Experiment

- Microwave cavity is connected to two paths; to network e [Qo]

TO-6 Backup Syster

analyzer and spectrum analyzer ) = — )
‘ -—

A R —- — -
Storage Server

- Network analyzer is used for measurlngmam o St g
the cavity performance ‘

Mobile phone

- Spectrum analyzer takes the aanet Gontroler @ @ D & @
real data =g [ N l__"______~,
- Two paths are switched with S’ + T mage cton i ||
mechanical RF switch | el N
- Tuning rod is rotated by Piezo e
actuator N
ok

- Dilution refrigerator cools down
the cavity to ~O(10) mK

REFRIGERATOR

- 8T magnet is installed

Refrigerator
Control
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1 CULDAQ: Design

Utility modules

-------------------------------------------------- - Parameter

T i
. : : Logger (Python)
' EquipmentNetworkAnalyzerXXXX EquipmentMagnetControllerXXXX inputs (JSON) :
T e Y AN - RunManager
: EquipmentSpectrumAnalyzerXXXX EquipmentTemperatureControllerXXXX Run scripts (Python) | ' g WatchDog
: : ; EquipmentSwitchMatrixXXXX runCULTASK "' Database OutputServer
; EquipmentPiezoControllerXXXX \ : :
: _ EquipmentSignalGeneratorXXXX . . equipmentTest S i’ -I;C-)E):I'
1 EQuipment modules (Python) ', . dat
P om o omomomomomomom o mom om omomomomomomomonfmomomomomomomomomomom omlmomomomomomomomomomomomomomomomom ' : ( ) dlad
: dummyTest : ] @
. ; N

ce modules ' R s N——
' 1 Web components (PHP/JS) Database Storage
(

-
: thon/C++) MariaDB) (HDD)
: : : Dashboard Logbook : / \Backup
: E gl CavityDB ¥ pstastore E
LTO-6 Tape
R|Lak NOFT et 31 e End USerS

Extendable to other protocols EN=SS Nl i
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CULDAQ: Control Flow

Parameter
inputs (JSON) NSO

Providing input
parameters in
JSON format

-
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b CULDAQ: Control Flow

--------------------------------------------------- Parameter
inputs (JSON)

' Run scripts (Python),

runCULTASK .
equipmentTest :

Input parameters
are parsed with
python.json‘module

EquipmentSpectrumAnalyzerXXXX EquipmentTemperatureControllerXXXX

EquipmentSwitchMatrixXXXX

dummyTest

Job scripts prowdes the parameters
to components accordingly

090

End-users
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b CULDAQ: Control Flow

-----ﬂ

Job sequences are
defined in the script

' Run scripts (Python), :

runCULTASK
equipmentTest

EquipmentSpectrumAnalyzerXXXX EquipmentTemperatureControllerXXXX

dummyTest

\ 4
- r eqmpment is c:ontrolled

End-users
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b CULDAQ: Data Flow

Utility modules

Jaialeiialeiieieiieieiuieiieii A Al (Python)
: EquipmentNetworkAnalyzerXXXX EquipmentMagnetControllerXXXX
E EquipmentSpectrumAnalyzerXXXX EquipmentTemperatureControllerXXXX :
: . . B | . Database
: EquipmentPiezoControllerXXXX EquipmentSwitchMatrix i OutputServer
: EquipmentSignalGeneratorXXXX :
| Equipment modules (Python) |t oS Snapshot data is handled by Database module
LR L L f """"""""" 1"Raw” data is handled by OutputServer module
el et et Sl et ol ittt
+  AbstractGPIB AbstractRS232 Data from equipment is acquired
: by modules on,demand
E AbstractGPIBPython AbstractUSB :
e °§~f~"*
e §§ '-3‘2
TN T T

End-users
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fmmm e # ..........

Utility modules
(Python)

Database OutputServer

Modules store data into data
either DB (snapshot) or [~ {@\
storage (raw) ~—
Database Storage
(MariaDB) (HDD)

Raw data is back
up in LTO-6 tapes

090

¥3ackup

LTO-6 Tape

End-users
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CULDAQ: Data Flow
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Web components display
online monitoring

Snapshot data is used
for online monitoring

eb components (PHP/JS) *

Dashboard Logbook

CavityDB B patastore

------1

CUL DAQ B

Database
(MariaDB)

&

Storage
(HDD)

kl][l

LTO-6 Tape

A End-users
End-users analyze data
with ROOT
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1 CULDAQ: Monitoring

- \Web modules are developed with:

- PHP5 (Codelgniter!), JavaScript (jquery!4, D3.js!*/, NVD3.js4), HTMLS5,

(HTML KickStartl”/, FontAwesomel!®/), SQL (MariaDB!"/)

U L DAQ CULTASK Data Axquisiton Software

CSS3

@ Dashboard [ Equipment [EZLogbook & DataStore ([ Cavily DB
- Cu rrently It monitors: Refrigerator (BF3) Magnet Room Temperatures  Network Analyzer  Network Analyzer
50K-plate [¢h.1] Healthy Near-door (BF3) (BF3) (B [:4)
. ¢K-plate [ch.2] IIEKZELSR Y- Near-door (EF4) S no 1 p—
» Room temperatures in the lab sipioe 05 BOEHTE " \iogres 02004 reck 6 MRS "Gt oo Gred 0w
- " Refrigerator (BF4) Magnet 0.000 V Near BF3 IEZE Bandv(f;: ggrgE;?:; Bandufi: °§°i2"§;
»  Cryo-temperatures in refrigerators ok st BTy ol i
. £K-plate | ch:2§ gsxs& 0.000 A Sound-proof room
» Variables related magnet Stigus o EETRT S 00 g 000y
MXC [ch.6] ' . Capééifﬁng J ni
» snapshot data from network analyzers
» Variables from piezo controller B e I e I Ty e
g 10 3 ,.»\ RIS | & o) - | — —w:;
- Variables and plots are self-
refreshing individually with jquery e e e d T
s 11052407 - Frequency (TMOIC] —4 10100 & & ge Fraquercy [TM210] 1503 3
- More vVa nables and plots on the Way ‘*“ :
[1] www.codeigniter.com [2] www.jquery.com [3] www.d3)s.org [4] www.nvd3.0rg

[5] www.99lime.com [6] www.fontawesome.io
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http://www.codeigniter.com
http://www.jquery.com
http://www.d3js.org
http://www.nvd3.org
http://www.99lime.com
http://fontawesome.io
http://www.mariadb.com

b CULDAQ): Extra Features

- More functions are supported on the same framework (mostly under development)

CULm CULTASK D=tz Acquisition Soffwars
FOYRECIGEIGM & Experiments [ Equipment

B3 Logbook & DataStore [ Cavity DB

’ g Wielcoms Scoyung Lewl [Lugou]
BF-‘J Sesuch
| | |
- Automatic logging the parameters, e —
] - = Identi T, T,
Loagec dentificr Py P, Py Py P Pe Teak Tix - T T L T Pew  Phigh
. o e wator
r frl r r r I n 20158 Warm up
K RF3 121E-  1O5E-1l  AE0=~l  NTUEAL  785E-2 GAPE-1  A2UCESL  AZ0UEN 65L0E40 730UE40 190  2ED 660 37.0 ©OGU  30LOD
156 23 Suby  mba mia mbwn ke Il K K K ¥ °C o °C °C isi I~i
= 3 n 201658 Cool down 10 4K
A AF3 LT0E-l  G.00S-0 6.00E+2 7.£8E-2 LOTE+3 298CEs2 180 17.0 200 200 300 22300
- 16:41 37 mha miw mbwn e Il K C Lo ‘C °C -
A165-U6 teet
3 BF3
emcerare plate goes dowr 100 Elawl orversac around Z8C
3F3 20F . 2 40F A0 QF+2 1.40F+ nc F +0 1.630 180 3E.C' 710 4 77
VRSB - 6mbar mbar mt bar mt moar K K K K T “C e
M10-05 temp sersor calltramk on
® &  Bhe 515F. *65F 4F ATIF+0 4. 130F¢°  3200F+0 200 180 2.0 0 370 A
£t 6mbar mbar mt bar mt maar K K K K T “C C e
01G-05 slarl PPC
n u A Bkd 206 2.90F1 7.2 =] e W o =8| CGOCEs:  Croar:n -0 8 a0 ] 4
132845 wbar mbar
- roviaesS an organized way 10 access dadla taken s s wivceeT
9 BF3 OS5kl A0
149 4 mbar mtar
'rl " N165-U% evacuation OR
rO e eX e r” I le n 9~ ©BF 200EHC 510
sk mbar nta
fart condensotion
2 BF3 - [rdE-l  3.E3

- Cavity database
- Database of all the cavities fabricated

- Alert system (Telegram)
- Alarm system for critical events, e.g., exceptional
temperatures of refrigerator, magnet quench, etc
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1Loa CULDAQ Tes\tbed

- MiniCircuit -
o USB-2SPDT-A18 =

- ‘ e
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MiniCircuit
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| _ Cavity , e Keysight
Keysight A== N9010A
NS5232A =l

B\ . ‘ : Lm0 ;
| =
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b CULDAQ Testbed

\ N

v
-

MiniCircuit -
USB-2SPDT-A18 ==

5
d P

O B B .-

MiniCircuit
| USB-2SPDT-A18

Keysight

| Keysight N9010A

N5232A : "N mimy N gm- T.
R |II'F"" -

* Measures power spectra and Smith chart from reﬂectlon [
Keysight
E82/75D

(S11) and transmission (S21)

* One measurement takes ~20s with a certain configuration

* Resonant frequency (TMo10), quality factor, and loss of the
test cavity are also taken

* Observables are measured at every 100 measurements

i ‘ K3
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b CULDAQ Testbed

el T L ‘ |\/||n|C|rcu|t | —

= = E e e USB-2SPDT-A18 = ?_

v pma s s P
-

i} "\ /|
) MiniCircuit

* Measures power spectra from the cavity
l USB-2SPDT-A18 * One measurement takes ~1s with a certain configuration
, = - Keysight |§ * Observables are measured at every measurement
' Keysight l |

""“ == N901OA
N5232A

’ -
1
q \ 4 _—aee
S LA AR
.
.

Fh =bhul!tmfro

 Measures power spectra anc
(S11) and transmission (S21) |

* One measurement takes ~20s

« Resonant frequency (TMo1o)
test cavity are also taken

* Observables are measured at
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b CULDAQ Testbed

— \

* Cryo- temperatures are measured at every 10 measurements

-

—

I\/I|n|C|rCU|t | ;
USB-2SPDT-A18 ==
-

. Swrtchrng betweeanavrty NA and Cavity - SA

< \m
- i
. >
\ >
——

* Observables (B field, currents and voltages of magnet and
power supply) are measured at every 50 measurements

==

I
B -

v pma s s P
-

AMI Model 430

the cavity
with a certain configuration

MiniCircuit
l USB-2SPDT-A18

: - _ Keysight 3t every measurement
' Keysight l ~rn =2 N901OA '
N5232A Eibae
|M‘ | .::::‘ |
* Measures power spectra anc Fh%ln!!-fro
(S11) and transmission (S21) | By, L

« One measurement takes ~20s

« Resonant frequency (TMo1o)
test cavity are also taken

 Observables are measured at

: Keysight
E8275D

* Provides LO signal to mixer for down-conversion §
of frequency from the electronics chain 3

[ |
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operation of CULDAQ)

Data from the Test

* No cool-down, no magnetic field (engineering run to test electronics chain and
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b Data Size Breakdowns

- Raw data of a run with 10,000 measurements: ~ 670 MB

Network analyzer (S21)
# of entries File size 1%
Run metadata 10,000 ~17 kB Network analyzer (S11)
Cryo-temperatures 1,000 ~ 7 kB
Magnet data 200 ~ 3 kB
Network analyzer data 100 measurements * 10,001 ~ 12 MB
[Reflection (S11)] sweep points = 1,000,100
Network analyzer data =~ 100 measurements * 10,001 ~ 5 MB
[Transmission (S21)] sweep points = 1,000,100
10,000 measurements * 10,001 N
Spectrum analyzer data sweep points = 100,010,000 655 MB

. o Spectrum analyzer
- As the experiment gets more realistic, the 97%

breakdowns will change
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b Status and Plans

+ The experiment is still in R&D stage
- Essential functions of CULDAQ are functioning

- The experiment may require additional features, but it won’t be challenging in the
current configurations

- Extra features are under development

- Developments of offline processing and data analysis are also being planned and
considered

- Experiment at a single frequency under 8T magnet will starts in a month
- Higher magnets (>20T) are coming in years
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1 Summary

- CULTASK is a new experiment to search axion dark matter
In R&D stage for the moment
- To reach the sensitivity we desire, all the parameters of the experiment are being
studied and developed

- CULDAAQ is DAQ software for the CULTASK experiment

- Beyond the data acquisition, it also provides further useful features
- Essential parts have developed and more features are on the way

+ CULTASK is about to start its first run
- As the development goes, better sensitivity will be achieved
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