
Physics activities at CAPP 
Yannis Semertzidis, CAPP/IBS and KAIST, Korea 

Strong CP-Problem 
•  Axion dark matter search:  

•  State of the art axion dark matter experiment in 
Korea.  State of the art axion search. 

•  Collaborate with ADMX, CAST… 
•  Proton Electric Dipole Moment Experiment 

•  Storage ring Proton EDM (probe NP ~103 TeV) 
•  Muon g-2 (J-PARC, FNAL), muon to electron, etc. 1 
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Center for Axion and Precision Physics 
Research: CAPP/IBS at KAIST, Korea 

•  Four groups, goal: 50-60 people within 3 years 
•  15 research fellows, ~20 graduate students 
•  10 junior/senior staff members, Visitor program 
•  Engineers, Technicians 
•  Future: IBS building at KAIST 3 



Temp.: Munji campus existing 
Bldg. (KAIST) 
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Plans to rectify the Bldg.: 
3-storey bldg., w/ 7 pits, vibr. Isol., 

2-with Magnetic shielding 
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Harry Themann at CAPP 



Rotational velocities in galaxies 



More evidence 



Cosmological inventory 



Strong CP-problem and neutron EDM 
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Order of magnitude estimation of the neutron EDM: 
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M. Pospelov, 
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Why is theta so small? à PQ symmetry 



The θQCD problem 

Peccei-Quinn: 2013 J.J. Sakurai Prize 



Axions decay 
to two photons 
with very long 
lifetime.  In a 

strong Electric 
or Magnetic 

field they can 
convert to one 

photon. 



Energy loss from stars 

AXIONS? 



Prof. Jihn Kim: “Invisible” Axions, 1989 
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 ALPS / DESY  

CAST  

à ADMX 

Excellent dark matter candidates 
Axion mass range: 1µeV – 1meV  
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Axion (Higgslet) dark matter: Imprint on the 
vacuum since soon after the Big-Bang! 

Animation by Kristian Themann 16 



Animation by Kristian Themann 
J. Hong, J.E. Kim, S. Nam, YkS 
hep-ph: 1403.1576 
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Axion dark matter is partially converted to a 
very weak flickering Electric (E) field in the 

presence of a strong magnetic field (B). 



P. Sikivie’s method: Axions convert into 
microwave photons in the presence of a 
DC magnetic field (Primakov effect) 
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The conversion power on resonance 
a γ  →  
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The axion to photon conversion power is 
very small, a great challenge to 
experimentalists.  
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Axions, the CAPP plan 

•  Axion dark matter in the mass range ~1µeV to 
100µeV.  Plan to either detect or exclude 
axions down to 10% of dark matter. 

•  Axion long-range interactions (no dark matter 
requirement), up to ~1meV axion mass. 
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What’s there to improve over ADMX? 

•  B2, energy density  

•  Q, resonator quality factor  

•  B-field/resonator volume V 

•  Ampl. noise/physical temperature, S/N 21 
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B-field possibilities 

 
•  Magnetic field B:  

– Develop 25T magnet. 

– 35T magnet based on high Tc. 
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(CAPP) Axion dark matter plan 

•  We have started an R&D program with BNL for 
new magnets: goal 25T; then 35T.  Currently all 
axion experiments are using <10T. 

•  Based on high Tc cables (including SuNAM, a 
Korean high Tc cable company).  ~5 year 
program. 
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R. Gupta, BNL 



Magnet Development 
SuNAM cable 

Already signed an agreement for a prototype magnet  
development between CAPP/IBS and BNL.  Duration 1 year. 
Goal: Determine the cable for the final design.  
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Magnet Development 
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Under development by CAPP 

•  Multiple cavities in-phase (tried by ADMX in 
90’s) 

– Using cryo-piezo actuators for large volume, large 
B-field 

– Dr. Youn Sung Woo has received an IBS Young-
Scientist award with CAPP to develop this system  

– YS Program duration: five years. 



CAPP: High quality factor cavities 
 
•  We have started an R&D program to achieve 

large Q in the presence of large B-fields. 

•   Presently: Q~105 for copper cavities. axion Qa: 
~1.5x106 

•  CAPP goal: Q: ~107, potential gain factor: 15.  
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Under development by ADMX 



  

Under development by CAPP 
•  High quality factor with SC walls including top/

bottom plates 
– Acquiring the equipment to develop SC cavities 
– Program length two to three years from now 
 

•  Toroidal shape cavity 
– Large volume 
– B-field tangential to cavity walls (<1 mrad) 
– 10-year program 



CAPP:	
  Proposal	
  of	
  Cryogenic	
  STM	
  Research	
  Group	
  
(Jhinhwan	
  Lee/KAIST	
  and	
  CAPP)	
  

Enhancement	
  of	
  the	
  High	
  Tc	
  Superconductors	
  by	
  Novel	
  Vortex	
  Engineering	


Lorentz Microscopy 
Visualization of Distributed 
Vortices on BSCCO 	


Special Anodized Alumina 
Masks are to be used 
for Ion Implantation	


Our Idea: Each Ion Implantation Site 
Designed to Hold Multiple Vortices  
for High Field Applications	
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CAPP: Toroidal shape cavities 
   Large volume for low frequencies (e.g., 

Tokamaks).  Critical issue is temperature.  Very 
expensive.  Opportunity for large collaborations. 

Electric field simulation of a TM010 mode in a toroidal cavity, 
Lino Miceli, et al. 
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KSTAR Tokamac in Korea 
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KSTAR specs 

•  Major radius: 1.8m 
•  Minor radius:  0.5m 
•  B-field: 3.5T 
•  Field alignment: 0.1mrad 

•  Ideal! 
•  Too busy with ~100 proposals/year 
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Toroidal magnet 
•  Most effective use of B2V 
•  Large volume 
•  Super-conducting cavity walls 
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R. Gupta 

Woohyun Chung at CAPP 



Toroidal magnet 

•  Major radius R0:    2m 
•  Minor radius r0:   0.5m 
•  Volume:            9900L 
•  Central B-field:       5T 
•  Cavity loaded Q:   107 
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Where else are they used? 
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Muon to electron  
Experiments  
(MyeonJae. Lee) 



Cryo Development plan 
(Yonuk Chong, KRISS) 
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Axion exp. development plan 
2014 2015 2016 2017 2018 

Magnet Prototype, testing of 
cable characteristics. 

25T, 3cm  
inner bore 
design 

Work on 
35T, 3cm 
inner bore 
construction 

Magnet 
delivery; 
design of 25T, 
10cm bore 

Lab space Temporary building. 
Design of new build. 

Constr. of new building 
 

Delivery of 
new building 

Axion dark 
matter 

Proc. 
Equipment 
Study res. 
geom.  

Development of high Q 
resonators  

Production of high-Q 
resonators 

Electronics, 
amplifiers 

Establ. 
Collabor. 
w/ KRISS 

Design for 1-10GHz 
Obtain JPAs, test. 
Develop higher freq. 
ampl. 

Ampl. deliveries from KRISS 

Axion cavity 
Exp. 

Design of exp., procure 
a low field magnet 

Experimental setup. First 
test run. 

Swap 
magnets 40 
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Within 2015 we plan to  
install the coldest 
Axion dark matter experiment. 
Shooting for <50mK 

KAIST Hyoungsoon Choi/KAIST 
and CAPP 



ADMX goals and CAPP plan 

Current  
plan,  
low T 

B-field 

High-Q 

B-field 
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ADMX “Gen 2”: Science 
Prospects"

ADMX Gen 2 Proposal: Science Prospects!

17!

Timeline with Dilution Refrigerator!
!

Patras/CERN 30Jun14  LJR      
43 



Axion mediated long range forces 

44 

A. Arvanitaki, A. A. Geraci, arXiv:1403:1290 

Yun-chang Shin at CAPP 

Axion field gradient creates 
effective B-field 



Axion mediated long range forces 
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A.  Arvanitaki, 
Patras Workshop, 2014 



Total noise of (65) commercially available 
SQUID gradiometers at KRISS 
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From YongHo Lee’s group 
at KRISS 



Axion mediated long range forces 
6µeV 60µeV 600µeV 6meV 

Current nEDM 
limit 

EW CPV phase, ϑ~10-16 



Axion mediated long range forces 
6µeV 60µeV 600µeV 6meV 



Dipole Moments in Storage 
Rings: 
a. Muon g-2/EDM experiments 
 (J-PARC, FNAL) 
b. Storage ring EDM experiments 
(proton, deuteron) 



The Storage Ring Proton EDM experiment at 10-29e�cm 
 

Proton EDM 

•  We are in systems development phase for    
10-29 e�cm. 

•  Projected final sensitivity of method: 10-30 e�cm 

•  Improvement on ϑ by more than four orders of 
magnitude 50 



Marciano from CM9/Korea, last week 
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Marciano from CM9/Korea, last week 
Outlook: 
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Matter-antimatter asymmetry points 
to BSM CP-violation 

€ 

nB
nγ

≈ 6.08 ± 0.14( ) ×10−10

nB
nγ
=10−18

We see: 

From the SM: 
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SACLAY, 7 July 2008 

Effect of Radial Electric Field 

•  Low energy particle 

•  …just right 

•  High energy 
particle 

Spin vector 

Momentum vector 



Spin Precession in EDM Ring 
(Top View) 

µ	



0=aω
!

Momentum 
vector 

Spin vector 



Yannis Semertzidis, CAPP/IBS, KAIST 

The proton EDM uses an ALL-ELECTRIC ring: 
spin is aligned with the momentum vector 

0=aω
!

Momentum 
vector 

Spin vector 

E 

E E 

E 

d!s
dt
=
!
d ×
!
E

at the magic momentum 

p = m
a
= 0.7 GeV/c

As in muon g-2  
experiment at  
BNL and FNAL 
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Two different labs could host the 
storage ring EDM experiments 

•  AGS/BNL, USA: proton 
“magic” (simpler) ring 

•  COSY/IKP, Jülich/Germany: 
deuteron or a combination 
ring 
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dEDM@PAC, 29 March, 
2007 

Yannis K. Semertzidis, BNL 

The proton EDM in the AGS tunnel at BNL 

Circumference: 800m 
Max E-field: 45kV/cm 



Major characteristics of a successful 
Electric Dipole Moment Experiment 

•  Statistical power:  
– High intensity beams 
– Long beam lifetime 
– Long Spin Coherence Time 

•  An indirect way to cancel B-field effect 

•  A way to cancel geometric phase effects 

•  Control detector systematic errors 59 



What has been accomplished? 
ü Polarimeter systematic errors (with beams at 

KVI, and stored beams at COSY). 
ü Precision beam/spin dynamics tracking. 
ü Stable lattice, IBS lifetime: 104 s. 
ü Spin coherence time 103 s; role of sextupoles 

understood (using stored beams at COSY). 
ü Feasibility of required electric field strength       

5 MV/m, 3cm plate separation (JLab, FNAL)  
ü Analytic estimation of electric fringe fields and 

precision beam/spin dynamics tracking. Stable! 
ü (Paper already published or in progress.) 60 



Technically driven pEDM timeline 

•  Two years systems development (R&D); Ring design; 
Installation. 

•  Cost (2011, 2012 engineering cost): $70M + tunnel. 
•  Proposed cost-sharing with AGS tunnel: 

–  Owned by DOE-HEP; DOE-NP partner with running costs. 

•  Foreign contributions: electric field plates, vacuum 
chambers, SQUID-based magnetometers 

2014 15 16 17 18 19 20 21 22 23 
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Axion mediated long range forces 
6µeV 60µeV 600µeV 6meV 

Current nEDM 
limit 

EW CPV phase, ϑ~10-16 

pEDM final sensitivity 
              at 10-30e-cm. 



http://capp.ibs.re.kr/html/capp_en/ 
 

 

Center for Axion and Precision Physics (CAPP) 
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The team at CAPP, students 
•  Hyoungsoon Choi, Yonuk Chong, Woohyun 

Chung, Martin Gaisser, Selcuk Haciomeroglu, 
Sookyung Jung, Mi Ran Kim, Yong-Ho Lee, 
Young-Im Kim, Jhinhwan Lee, MyeongJae Lee, 
Soohyung Lee, Yujung Lee, Lino Miceli, 
Seongtae Park, Yannis Semertzidis, Yunchang 
Shin, Harry Themann, John Vergados, Eunil 
Won, Hyeran Yoon 

•  Seungpyo Chang, Dongok Kim, Young Geun 
Kim, Doyu Lee, Bayu Adi Nugraha Putra, 
BeomKi Yeo  



Summary-1 
•  Major R&D effort on improving the axion dark 

matter experiment: 
•  Higher B-field: 25 T and then 35 T 
•  Higher Q-value with B-field present (factor of 

>10 improvement) 
•  Toroidal cavity geometry: Volume ~10 
•  Detect axions in the 1-100µeV even at 10% DM 

by 2018-2020. 
•  Monopole-dipole forces sensitive to large range 

of axion masses well into meV.  No dark-matter 
needed. 65 



Summary-2 
•  The storage ring proton EDM method has been 

developed.  The breakthrough?  Statistics! 
•  Best sensitivity hadronic EDM method. 
•  pEDM first goal 10-29 ecm.  

•  Complementary to LHC; probes New Physics  
>103 TeV. 

•  Important role in the muon g-2/EDM 
experiments 
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