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•  OVERVIEW	
  	
  
–  Axion	
  &	
  Dark	
  MaHer	
  
–  CAPP’s	
  Axion	
  programs	
  
–  R&D	
  projects	
  

•  CULTASK	
  (CAPP’s	
  Ultra	
  Low	
  Temperature	
  Axion	
  Search	
  in	
  Korea)	
  	
  	
  	
  

2016	
  with	
  Two	
  BlueFors	
  DRs	
  	
  
–  Cavity	
  Development	
  &	
  RF	
  TesUng	
  
–  Engineering	
  Run	
  (complete	
  RF	
  chain)	
  in	
  2016	
  	
  

•  Plans	
  beyond	
  2016	
  
–  Low	
  VibraUon	
  Pads	
  (LVP)	
  with	
  Four	
  more	
  DRs	
  in	
  2016	
  
–  Major	
  improvements	
  by	
  2018	
  

•  Summary	
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•  Peccei	
  and	
  Quinn	
  (1977)	
  postulated	
  an	
  elegant	
  soluUon	
  by	
  adding	
  a	
  new	
  
global	
  symmetry	
  to	
  resolve	
  the	
  Strong	
  CP	
  Problem	
  in	
  Standard	
  Model	
  

•  Axion	
  is	
  an	
  excellent	
  (and	
  aHracUve)	
  dark	
  maHer	
  candidate	
  
–  Pseudo	
  Goldstone	
  Boson	
  
–  No	
  Electric	
  Charge	
  
–  Small	
  Mass	
  (1μeV<ma<10meV)	
  
–  Extremely	
  Weakly	
  InteracUng	
  	
  
–  Local	
  Halo	
  Density	
  of	
  0.45	
  GeV/cm3	
  
–  β	
  ~	
  10-­‐3	
  	
  à	
  Qa	
  ~	
  10-­‐6	
  

•  DetecUon	
  scheme	
  by	
  P.	
  Sikivie	
  (PRL	
  51:1415	
  1983)	
  :	
  Haloscopy	
  
–  Axions	
  will	
  convert	
  to	
  photons	
  in	
  a	
  strong	
  magneUc	
  field	
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CULTASK	
  

CAPP/CAST	
  

ARIADNE	
  

Large	
  Toroid	
  

Lead:	
  Woohyun	
  Chung	
  
2	
  DRs	
  installed	
  and	
  operaUonal	
  
Complete	
  RF	
  chain	
  (w/	
  DAQ)	
  soon	
  	
  
4	
  more	
  frig.	
  in	
  Nov.	
  at	
  LVP	
  

Lead:	
  Lino	
  Miceli	
  
First	
  installaUon	
  at	
  CAST	
  

Lead:	
  Yunchang	
  Shin	
  
NMR	
  based	
  
R&D	
  in	
  progress	
  

Lead:	
  Beongrok	
  Ko	
  
Requires	
  big	
  collaboraUon	
  
R&D	
  in	
  progress	
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axion	
  

Virtual	
  photon	
  

photon	
  

	
  	
  	
  
	
  	
  	
  	
  	
  Axion	
  Conversion	
  Power	
  (~10-­‐24W):	
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  to	
  Noise	
  Ra?o:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Scan	
  rate:	
  

SQUID	
  Amplifier	
  
Outsourced	
  Research	
  from	
  KRISS	
  

High	
  Field	
  SC	
  Magnet	
  
25T	
  and	
  then	
  35T	
  or	
  40T	
  
BNL	
  (HTS	
  Technology)	
  Design	
  

High	
  Q	
  Tunable	
  Cavity	
  
SuperconducUng	
  CoaUng	
  
Prof.	
  Jhinhwan	
  Lee	
  of	
  KAIST	
  

Cryogenics	
  
<100mK	
  
Prof.	
  Hyoungsoon	
  Choi	
  of	
  KAIST	
  

To	
  RF	
  Receiver	
  

(Reverse)	
  Primakoff	
  Effect	
  

!!
Pa→γγ = gaγγ

2 ρa
ma

B2VCmnpmin(QL ,Qa)

!!
SNR ≡

Psignal
Pnoise

=
Pa→γγ

kBTsyst

t int
Δfa !! 

df
dt
∼B4V 2C2QLTsyst

−2

P.	
  Sikivie’s	
  Haloscope:	
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R&D	
  for	
  
Axion	
  

Research	
  

SC	
  Magnets	
   SC	
  High	
  Q	
  Cavity	
  

SQUID	
  Amp	
   MulUple	
  CaviUes	
  

HTS	
  25T-­‐10cm	
  (-­‐>35T	
  or	
  40T)	
  by	
  BNL	
  
HTS	
  21T-­‐5cm	
  (SuNAM)	
  
HTS	
  26T-­‐3.5cm	
  (SuNAM:WR)	
  
LTS	
  12T-­‐35	
  cm	
  (Oxford)	
  
Small	
  Toroid	
  12T,	
  V=80	
  L	
  
Giant	
  Toroid	
  5T,	
  V=9900	
  L	
  

Jhinhwan	
  Lee	
  and	
  Wonjun	
  Jang	
  
Equipment	
  setup	
  in	
  progress	
  
First	
  SpuHering	
  Sc	
  coaUng	
  

Yong-­‐ho	
  Lee	
  of	
  KRISS	
  
Delivery	
  in	
  3	
  years	
  
In	
  parallel	
  :	
  JPA	
  /	
  SLUG	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  commercial:ez-­‐SQUID	
  	
  

SungWoo	
  Youn	
  
Higher	
  Freq.	
  
Phase	
  locking	
  
R&D	
  in	
  progress	
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BF3:RF	
  and	
  	
  
Cavity	
  test	
  

BF4:Complete	
  	
  
RF	
  readout	
  
with	
  DAQ	
  
+	
  HEMT	
  
+	
  10cm	
  Cu	
  	
  
	
  	
  	
  	
  	
  cavity	
  
+	
  FTS	
  

BF5	
   BF6	
   DRS-­‐1000	
   JANIS-­‐He3	
  

NbTi	
  	
  
8T-­‐10cm	
  

NbTi	
  	
  
8T-­‐15cm	
  

NbTi	
  	
  
8T-­‐10cm	
  

HTS	
  
25T-­‐10cm	
  
From	
  BNL	
  

HTS	
  
21T-­‐5cm	
  
SuNAM	
  

LTS	
  
12T-­‐35cm	
  
Oxford	
  

HTS	
  
26.4T-­‐3.5cm	
  
SuNAM	
  -­‐	
  WR	
  RF	
  Room	
   LVP	
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By	
  Won-­‐Jun	
  Jang	
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 2.050 (M2.5) 

AA

* Part Name: Split SC Cavity
* Material: OFHC
* Quantity: 2 
  (nearly identical except for 6 mating holes)
* Contact: Jhinhwan Lee
* Phone: 010-8584-6580
* email: jhinhwan@kaist.ac.kr

Two nearly identical cavity parts are to 
be mated with 6 screw holes.
One part has M3 threaded holes.
The other has M3 flathead screw holes.
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FEB	
   MAR	
   APR	
   MAY	
   JUN	
   JUL	
  

Two	
  BlueFors	
  DiluUon	
  Refrigerators	
  were	
  delivered,	
  installed	
  and	
  are	
  operaUonal	
  now!	
  

Delivered	
  

Installed	
  
Test	
  and	
  Training	
  

Cavity	
  Development	
  w/	
  pure	
  Cu	
  and	
  Al	
  
Noise	
  Figure	
  Measurement	
  w/	
  HEMT	
  amp	
  

2016	
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BF3	
   BF4	
  
Model	
   BlueFors	
  LD400	
   BlueFors	
  LD400	
  

Magnet	
   None	
   8T	
  (AMI),	
  12cm	
  ID	
  

RF	
  lines	
   24	
   8	
  

DC	
  lines	
   72	
   72	
  

Cool	
  down	
  
to	
  <10	
  mK	
  

20	
  ~	
  24	
  hours	
   40	
  ~	
  48	
  hours	
  

Base	
  temp	
  
at	
  MXC	
  

9	
  mK	
   7	
  mK	
  
w/	
  SC	
  magnet	
  

MXC	
  temp	
  
w/	
  Load	
  

11	
  mk	
  w/	
  Al	
  cavity	
  (4cm	
  id)	
  
and	
  HEMT	
  amp	
  	
  

30	
  mk	
  w/	
  10	
  kg	
  OFHC	
  copper	
  
support	
  structure	
  and	
  cavity	
  
+	
  HEMT	
  amp	
  
+	
  Network	
  Analyzer	
  
+	
  Piezo	
  Controller	
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BF3	
  

BF4	
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BF3	
   BF4	
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OFHC	
  Support	
  Structure	
  and	
  
Frequency	
  Tuning	
  System	
  
	
  
•  Cu	
  Cavity	
  of	
  10cm	
  OD	
  
•  Modular	
  design	
  	
  
•  Sapphire	
  tuning	
  rod,	
  1cm	
  OD	
  
•  RotaUonal	
  piezo	
  for	
  tuning	
  
•  Linear	
  piezo	
  for	
  antenna	
  
•  Piezo	
  holder	
  thermally	
  linked	
  	
  
	
  	
  	
  	
  	
  	
  to	
  1K	
  plate	
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High	
  Q-­‐Factor	
  Cavity	
  Development:	
  
	
  

•  Variety	
  of	
  samples	
  (OFHC	
  Cu,	
  5N	
  Al,	
  6N	
  Al	
  with	
  sizes	
  and	
  
different	
  types	
  of	
  lids	
  were	
  tested	
  	
  

•  Beginning	
  to	
  use	
  Annealing	
  Furnace	
  to	
  invesUgate	
  annealing	
  
temp.	
  and	
  duraUon	
  

•  SuperconducUng	
  Al:	
  
•  Al	
  becomes	
  superconducUng	
  below	
  1.2K	
  
•  Q-­‐factor	
  grows	
  to	
  >200,000	
  for	
  TM010	
  	
  
•  TE011	
  mode	
  (no	
  contact	
  problem:	
  Fritz’s	
  suggesUon)	
  	
  
	
  	
  	
  	
  	
  	
  Q-­‐factor	
  :	
  ~2M	
  at	
  ~800	
  mK	
  and	
  ~20M	
  at	
  11	
  mK	
  	
  
	
  

•  Split	
  cavity	
  	
  <	
  -­‐-­‐-­‐	
  >	
  	
  diffusion	
  bonding	
  
•  Q-­‐factor	
  of	
  cavity	
  cut	
  in	
  half	
  stays	
  the	
  same	
  –	
  verified	
  
•  It	
  could	
  eliminate	
  contact	
  problem	
  between	
  lids	
  and	
  wall	
  
•  Will	
  be	
  useful	
  for	
  superconductor	
  coaUng	
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Complete	
  RF	
  chain	
  with	
  DAQ	
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•  New	
  Lab	
  space	
  in	
  
–  KAIST	
  Munji	
  Campus	
  CreaUon	
  Hall	
  (RF	
  room)	
  completed	
  

•  Two	
  BlueFors	
  DRs	
  (one	
  w/	
  8T	
  SC	
  magnet)	
  	
  
–  RF	
  Room	
  infrastructure	
  done	
  (esp.	
  electricity	
  and	
  chiller)	
  
–  Delivered	
  and	
  	
  installed:	
  end	
  of	
  Feb.	
  
–  Design	
  10	
  cm	
  cavity	
  (~2.5	
  GHz)	
  and	
  support	
  structure	
  with	
  
frequency	
  tuning	
  system	
  

–  Cryo	
  RF	
  noise	
  figure	
  measurement	
  
–  Complete	
  RF	
  chain	
  set-­‐up	
  with	
  DAQ	
  
–  Fake	
  axion	
  signal	
  injecUon	
  (blind	
  test?)	
  
–  Take	
  reasonable	
  sensiUvity	
  DATA	
  in	
  2016	
  

•  4	
  More	
  DRs	
  and	
  2	
  magnets	
  in	
  Oct.	
  (LVP)	
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Axion	
  Lab	
  with	
  7	
  Low	
  VibraUon	
  Pads	
  in	
  KAIST	
  Munji	
  campus	
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2015	
   2016	
   2017	
   2018	
   2019	
  

Lab	
  Space	
  
Munji	
  Campus	
  

Design	
  &	
  
RenovaUon	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  LVP	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  OccupaUon	
  

High	
  Field	
  
Magnet	
  

Prototype,	
  
tesUng	
  of	
  

SuperC	
  cables	
  

25T-­‐10cm	
  design	
  
21T-­‐5cm	
  delivery	
  

15T-­‐35	
  cm	
  producUon	
  
Magnet	
  Delivery	
  

SC	
  Cavity	
  
Developme

nt	
  

Procure	
  Equip.	
  
Study	
  res.	
  and	
  	
  

geom.	
  

Development	
  of	
  
high	
  Q	
  SC	
  
resonator	
  

ProducUon	
  of	
  high	
  Q	
  resonator	
  

SQUID	
  
Amplifier	
  

Design	
  and	
  producUon	
  of	
  
prototype	
  SQUID	
  for	
  1-­‐10	
  GHz	
  

Acquire	
  JPA	
  and	
  test	
  

SQUID	
  delivery	
  from	
  KRISS	
  
Develop	
  higher	
  freq.	
  amplifier	
  

Axion	
  Cavity	
  
Experiment	
  

Building	
  
infrastructure.	
  
Engineering	
  Run	
  

at	
  KAIST	
  

Experimental	
  Setup	
  at	
  Munji	
  
Test	
  Runs	
  

High	
  Field	
  Magnet	
  +	
  SQUID	
  +	
  	
  
SC	
  Cavity	
  

Cryogenics	
   Setup	
  plan,	
  
acquisiUon	
  

4	
  Dry	
  DRs	
  +	
  
Wet	
  He3	
  DR	
  +	
  

Wet	
  DR	
  

Main	
  DR	
  and	
  
He	
  liquefier	
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•  State	
  of	
  the	
  Art	
  Axion	
  Research	
  at	
  CAPP/IBS	
  in	
  Korea	
  
•  Major	
  R&D	
  Efforts	
  	
  

–  Higher	
  B	
  Field:	
  HTS	
  (21T,	
  25T…)	
  +	
  LTS	
  (12T-­‐35cm)	
  
–  Higher	
  Q	
  Factor	
  with	
  B	
  Field:	
  Factor	
  of	
  	
  >10	
  Improvement	
  
–  Larger	
  Volume:	
  Toroidal	
  Cavity	
  	
  
–  R&D	
  for	
  Higher	
  Frequencies	
  (	
  >10	
  GHz)	
  

•  CULTASK	
  2016	
  ready	
  to	
  build	
  a	
  complete	
  experiment	
  
–  Cavity	
  R&D	
  and	
  Cryo-­‐RF	
  tes?ng	
  
–  Could	
  reach	
  close	
  to	
  QCD	
  Axion	
  Sensi?vity	
  soon!	
  

•  Major	
  improvement	
  in	
  Axion	
  Experiment	
  	
  
	
  	
  	
  	
  as	
  early	
  as	
  in	
  5	
  years	
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  Thank	
  You	
  For	
  Your	
  AHenUon!	
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