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Polarized Target R&D at Japan

● Motivation
● Polarized proton induced Drell-Yan experiment

– Spin structure of the proton
– Orbital motion of parton inside the proton
– TMD ( e.g., Sivers for the sea quark )

● PPT applications
– Spin filter for the neutron beam at J-PARC, material science

● “Reuse” of Michigan PPT system @ KEK
● Target material R&D 

● 3He + 4He dilution cryo., and 2.5 T DNP & NMR system 
@ Yamagata University

● Replacement of NH
3
 and LiH

1 K 4He Cryo

5 T DNP&NMR

1 K 4He Cryo

5 T DNP&NMR
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PPT System @ KEKPPT System @ KEK

2013.01 @ KEK
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Michigan PPT System D.G. Crabb et al., PRL64, 2627 (1990) 
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Michigan PPT System

1 K 4He cryo.1 K 4He cryo.

5 T NMR system

Larmor Freq. 213 MHz (proton)

Microwave Freq. ~140 GHz

5 T NMR system

Larmor Freq. 213 MHz (proton)

Microwave Freq. ~140 GHz

Target sizeTarget size

3.2 cm

2.0 cm

BEAM

D.G. Crabb et al., PRL64, 2627 (1990) 
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Michigan PPT System

BEAM

D.G. Crabb et al., PRL64, 2627 (1990) 

Irradiated NH
3

Irradiated NH
3
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Michigan PPT system

Low temperature: 1 K

High magnetic field: 5 T

Cryostat & MagnetCryostat & Magnet

Transfer polarization 

From electrons to protons

Microwave (DNP)Microwave (DNP)

Polarization measurement

NMRNMR

TargetTarget
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PPT system development at KEK, Japan

2007 Michigan PPT system shipped to KEK

PPT system setup started

2010 April 

2011 March Earthquake 

2012 1K 4He and 5 T Magnet system test re-started

2013 Feb. Magnet (5T) test 

2013 March TE signal (F and H) measurement

??? DNP test  
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Michigan PPT system

Cryostat & MagnetCryostat & Magnet

Microwave (DNP)Microwave (DNP)

NMRNMR

TargetTarget

To KEK

W/O control

monitor system

W/O control

monitor system

W/O control

monitoring system

W/O control

monitoring system
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PPT system development at KEK, Japan

2007 Michigan PPT system shipped to KEK

PPT system setup started

2010 April 

2011 March Earthquake 

2012 1K 4He and 5 T Magnet system test re-started

2013 Feb. Magnet (5T) test 

2013 March TE signal (F and H) measurement

??? DNP test  



22/05/2013 OPPORTUNITIES FOR POLARIZED PHYSICS AT FERMILAB 12

YAMAGATA UNIVERSITY

PPT system development at KEK, Japan

2007 Michigan PPT system shipped to KEK

PPT system setup started

2010 April 

2011 March Earthquake 

2012 1K 4He and 5 T Magnet system test re-started

2013 Feb. Magnet (5T) test 

2013 March TE signal (F and H) measurement

??? DNP test  
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PPT system was fine,

but the counter hall had some damaged.

PPT system was fine,

but the counter hall had some damaged.
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PPT system development at KEK, Japan

2007 Michigan PPT system shipped to KEK

PPT system setup started

2010 April 

2011 March Earthquake 

2012 1K 4He and 5 T Magnet system test re-started

2013 Feb. Magnet (5T) test 

2013 March TE signal (F and H) measurement

??? DNP test  
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1 K 4He Cryostat and 5 T Magnet

2012.10 Pre-cooling with Liq. N
2

2012.11 Cooling with Liq. 4He 

(Reached to ~1.5 K)

Magnet test (10 A)

2012.12 Stable operation ~ 1 K 2012.12.20

Cryostat temperature

1 K

2013.2 Magnet test 

Quench at 16 A, 63 A

2013.3 Reached to 5 T 

( I = 65.965 A )

2013.02.21

I = 63.48 AI = 63.48 A
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PPT system development at KEK, Japan

2007 Michigan PPT system shipped to KEK

PPT system setup started

2010 April 

2011 March Earthquake 

2012 1K 4He and 5 T Magnet system test re-started

2013 Feb. Magnet (5T) test 

2013 March TE signal (F and H) measurement

??? DNP test  

200 MHz NMR @ Yamagata
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200 MHz NMR system

ADCADC

Liverpool Q-meterLiverpool Q-meter

Signal ConditionerSignal Conditioner

PTS250PTS250

2012.10 Setup+Test@Yamagata

2013.1 Setup+Test@KEK

2012.10 Setup+Test@Yamagata

2013.1 Setup+Test@KEK

mailto:Setup+Test@Yamagata
mailto:Setup+Test@Yamagata
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PPT system @ KEK, NOW!!

What is next?What is next?

1 K Cryo. & 5 T Magnet1 K Cryo. & 5 T Magnet

Pump systemPump system

200 MHz NMR200 MHz NMR

Monitoring &

Control

Monitoring &

Control
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TE signal test
Thermal Equivalent Signal

Natural spin polarization with Zeeman splitting

Thermal Equivalent Signal

Natural spin polarization with Zeeman splitting

“TE signal” is reference of 

polarization measurement (i.e., calibration)

“TE signal” is reference of 

polarization measurement (i.e., calibration)

Teflon & F-coilTeflon & F-coil

Polyethylene & H-coilPolyethylene & H-coil

2013.3

TE test (1 K, 5 T)

F-signal
H-signal
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5T DNP system: 140 GHz Microwave

EIO: delivered 2012.3

PS for EIO: delivered 2013.5

Microwave system design started.

DNP test in this FYDNP test in this FY

in preparationin preparation
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Target Material R&DTarget Material R&D

@Yamagata Univ.@Yamagata Univ.
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Target material R&D: history

Present candidate for pol. DY experiment

(e.g., COMPASS II DY)

Present candidate for pol. DY experiment

(e.g., COMPASS II DY)

Polymer: 

better cooling (foil/powder)?

Polymer: 

better cooling (foil/powder)?
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Irradiation setup Irradiation setup 

Irradiation with 2 MeV electrons

SampleSample

Several types of polyethylene

Foil (ENGAGE® 8003),

String, texture, ・・・・ 

Several types of polyethylene

Foil (ENGAGE® 8003),

String, texture, ・・・・ 

@ the electron acceleration 

facility in Takasaki Advanced 

Radiation Research Institute, 

Japan Atomic Energy Agency

@ the electron acceleration 

facility in Takasaki Advanced 

Radiation Research Institute, 

Japan Atomic Energy Agency

2 MeV electrons

Dose: 1014 ~ 1016 electrons/cm2

2 MeV electrons

Dose: 1014 ~ 1016 electrons/cm2

Cu stageCu stage Samples are indirectly 

cooled down with Liq. N2

Samples are indirectly 

cooled down with Liq. N2
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Spin density of the irradiated sample

Re-produce general tendency

Variation due to re-combination

during the irradiation

T. Kumada et al.

J. Magn. Reson. 218, 59 (2012)

ENGAGE® 8003ENGAGE® 8003

2E+19 spins/g
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ESR signals at 77 K

1.4E+191.4E+19

6.9E+196.9E+19

3.3E+203.3E+20

ENGAGE® 8003ENGAGE® 8003
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Relaxation time, @ 1.4 K & 2.5 T

DNP with 

2.5 T system @ Yamagata

DNP with 

2.5 T system @ Yamagata 7E+19 spins/g7E+19 spins/g

To be tested with 5 T system @ KEKTo be tested with 5 T system @ KEK

t=5.7min
1.3 K1.3 K

ENGAGE® 8003ENGAGE® 8003
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Summary

● PPT system @ KEK
● Re-use of Michigan PPT system
● Shipped to KEK on 2007
● Cryo., Magnet, and NMR system ready

– TE signal measurement at 5 T successfully done.
● 140 GHz Microwave system in preparation for DNP

● Target material R&D @ Yamagata
● Polyethylene samples were irradiated with 2 MeV 

electron
● Spin density, ESR spectrum, Spin relaxation time were 

measured
● DNP test with 5 T system @ KEK
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Frequency scan test: 2.5 T, 1.3 K

ENGAGE® 8003ENGAGE® 8003
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Recombination
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Cu stage for the irradiation
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