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Let me introduce myself...
- I am a high-energy physics experimentalist

Study of CP violation in B meson system
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Background
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The RISP Project
• RISP: Rare Isotope Science Project in Korea

- Korea is building a rare isotope accelerator
- The construction is to be finished in 2017 
according to RISP people

- The key beam parameters 
- 600 MeV and 660 uA for proton beam (“continuous”)
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Several particle physicists in Korea are trying to 
utilize the RISP accelerator to do particle 
physics experiments
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Time Structure
- The key beam parameters 

- 600 MeV and 660 uA for proton beam (“continuous”)
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- Beam structure (related to thermalizing muon)

80 MHz = 125 ns

200 ps
: from private communication 
with E. S. Kim @RISP/KNU
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Our Activities
• Jan. 2012 - May 2012: particle physics Task Force

- We (particle physicists) investigated physics cases with 
RISP accelerator and made a report to RISP
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• Oct. 2012
- We had a symposium (under KPS) with Japan/US experts

Muon Science in the project X era (Bob Tschirhart/Fermilab)
Overview of Muon Physics at J-PARC (Naohito Saito/KEK)
Baseline Design of the RISP Accelerator Facility (Yongkyun Kim/RISP) 

MEG+COMET (Satoshi Mihara/KEK)
Charged Lepton Flavor Violation at Fermilab (Bob Bernstein/Fermilab)
DeeMee (Masaharu Aoki/Osaka)

The Next muon g-2 Experiment (Bob Bernstein/Fermilab)
Muon g-2/EDM (Tsutomu Mibe/KEK)
Mu HFS (Koichiro Shimomura/KEK)

HEP 
only
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Our Real Activities
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2012. Oct.  24
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KPS Symposium (Y. Kim/RISP)
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KPS Symposium (Y. Kim/RISP)
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KPS Symposium (Y. Kim/
RISP)
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Recent Activities
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• Nov. 2012: RISP asked us to design multiple muon 
beam lines
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beam lines
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Who are we? (all experimental high energy 
physicists)

Eunil Won, Suyong Choi, ByeongRok Ko (Korea Univ)
Seonho Choi (Seoul National Univ)
Hyunsoo Lee (Ewha Womans Univ)

• Nov. 2012: RISP asked us to design multiple muon 
beam lines



Eunil Won, Physics Department, Korea University2013 Feb. @ Fermilab

Organization
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muSR beam line

Eunil Won, ByeongRok Ko (Korea Univ)

HEP beam line

Suyong Choi,Yeonjeong No (Korea Univ)

HEP program

Hyunsu Lee (Ewha womans Univ)

Target

Seonho Choi (Seoul National Univ)

In reality, a lot of overlap exists
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Short Term Plan
• By Summer 2013
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- We would like to give inputs to RISP on muon beam lines 
performance, geometry, requirements for their TDR

- muon beam line for HEP
   physics case
   target, muon beam line design, collection efficiency, beam emittance

- muon beam line for muSR
   target, muon beam line design, collection efficiency, beam emittance
   moderation of surface muons
   ultra-cold muon beam transport for muSR 
   kicker, spin rotation
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Key Components

14

Muon 
production

~10-5 surface 
muons/proton
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Key Components
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Muon 
thermalization

ε(thermalize)~10-5

Muon 
production

~10-5 surface 
muons/proton

Muon transport

ε(transport)~O(1-0.1)ε(collection)~O(3x10-2)

4x1015 protons/s 104 thermalized muons/s
(660 uA)
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Surface muon Production
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Graphite target: 20 mm thick, incident angle 45 degree
- Max. momentum of surface muon ~ 29 MeV/c

E.Won/KU

htemp
Entries  3949
Mean    58.78
RMS     40.62
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surface muons 
(backward only)

G4beamline
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Surface muon beam line
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We are at very early stage of designing

Geombong Yu/KU

- Collection efficiency is one of  important parameters
- Usually normal conducting (only for this solenoid) due to radiation
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Surface muon beam line
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- CAD drawing work in progress
CAD drawing of the collecting solenoid

Unghee Lee/KU

Solid angle : 380 mSR
 - 60 cm from target

ε(collection)~0.38/
(4x3.14)~3%
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- Muon beam transport (“all solenoid option”)

G4beamline: Collection 
efficiency calculation in 
progress

Geombong Yu/KU

Surface muon beam line
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Geombong Yu/KU
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Geombong Yu/KU
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- Muon beam transport (CAD drawing)
Unghee Lee/KU

Surface muon beam line
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There are two ways so far:

Thermalizing Muons

- Low temp. moderation: PSI way

- Hot tungsten + laser resonant ionization of 
thermal Mu atom
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Generation of polarized epithermal muons  
by moderation 

D. Harshman et al., Phys. Rev. B36, 8850 (1987) 
E. Morenzoni et al.  J. Appl. Phys. 81, 3340  (1997). 

@ cryogenic 
temperature



Eunil Won, Physics Department, Korea University2013 Feb. @ Fermilab 24

~ 11000 µ+/s; accelerate 
up to 20 keV 

~1.9 • 108 µ+/s 

- UHV system, 10-10 mbar 

- some parts LN2 cooled 

Polarized Low Energy Muon 
Beam  
Energy:          0.5-30 keV 
!E,  !t:         400 eV,  5 ns 
Depth:            1 – 300 nm 
Polarization   ~100 % 
Beam Spot:    12 mm (FWHM) 

at sample:           
up to ~ 4500 µ+/s 

Sample environment: 

B = 0 – 0.3 T ! , 0 – 0.03 T " 
sample surface 
T = 2.5 – 320 K 

Beam spot at sample 

Spin-rotator 
(E x B) 

Conical lens 

Start detector 
(10 nm C-foil) 

Sample cryostat 
e+ detectors 

Electrostatic mirror 

Einzel lens 
(LN2 cooled) 

moderator 

Einzel lens 
(LN2 cooled) 

MCP detector 

“surface” !+ beam, ~4 MeV 

Spin 

Some of them can be explored 
by GEANT4 simulation

PSI transport system
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Ultra-cold μ-beam line
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- Ultra-cold Muon beam transport

We are trying to 
understand the PSI setup

ByeongRok Ko/KU

4 keV Gaussian 
smearing

PSI GEANT4

No E field in 
Einzel lens yet



Eunil Won, Physics Department, Korea University2013 Feb. @ Fermilab

Ultra-cold μ-beam line
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- Einzel lens design (CST)
Kyungmin Lee, Jihoon Choi/KU
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J-PARC option
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Laser resonant ionization @ RISP?
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- Beam structure (related to thermalizing muon)

80 MHz = 125 ns

200 ps

Repetition rate might be OK
but the laser power seems an issue
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Longer Term Plan
• There is no longer term plan yet

30

- After TDR, RISP plans to call for LoI on experiments

- We are trying to define the next step after TDR
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Discussion Items
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1) Plans on muSR in Korea

2) Fundamental physics experiments w/ muons at 
home or at foreign country
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HEP muon beam line
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- We think of a design that can be competitive to

µ → eee or muonium oscillation experiments

We feel that g-2, mu2e,                might be tough.µ → eγ

Lamb shift/Hyperfine structure/muon+ lifetime are other potential considerations (?)

We may end up with similar beam line as for the muSR experiment
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Short Term Plan
• By Summer 2013
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- We would like to give inputs to RISP on muon beam lines 
performance, geometry, requirements for their TDR

- muon beam line for HEP
   physics case
   target, muon beam line design, collection efficiency, beam emittance

- muon beam line for muSR
   target, muon beam line design, collection efficiency, beam emittance
   moderation of surface muons
   ultra-cold muon beam transport for muSR 
   kicker, spin rotation
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Longer Term Plan
• We would like to converge on (a) HEP program(s) 

for RISP

38

- Application to RISP call for LoI

- Eventually, we hope to join foreign muon HEP 
programs (under discussion)
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Summary
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- A baseline, “solenoid only” muon beam-line 
design for muSR in progress

- Presently, we are woking on the “PSI method” for 
the cooled muon transport

- HEP physics case under study

- Another muon beam-line for HEP under study



Eunil Won, Physics Department, Korea University2013 Feb. @ Fermilab

Comments
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- EW visited J-PARC on Jan. 30 2013
Met Yasuhiro Miyake (J-PARC MLF Muon section leader)

 We discussed a possibility of a workshop
 - Sometime in April/May(?) @ RISP/J-PARC?
 - Will inform you in case you are interested in


