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TOKYO

TSUKUBA

~50
 km

Tsukuba
Ø About 50 km away from Tokyo
Ø Known as the Tsukuba science city 

u Japan Aerospace Exploration Agency 
(JAXA)

http://www.jaxa.jp/projects/pr/
brochure/files/centers01.pdf

JAXA

u High Energy Accelerator Research 
Organization (KEK)

KEK

https://www.kek.jp/ja/PublicRelatio
ns/DigitalLibrary/2017_youran.pdf

u University of Tsukuba

and more

Univ. of Tsukuba
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Tandem Accelerator Complex (UTTAC)
Scientific studies with ion beams since 1975

Ø Nuclear physics
Ø Accelerator mass 

spectroscopy (AMS)
Ø Ion beam analysis and more..

http://www.tac.tsukuba.ac.jp/uttac/

Present facility

The original main tandem 
accelerator (1975-2011) 
was shut down because 
of the critical damage due 
to the giant earthquake 
occurred 10 years ago.

~20 m
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PIS was also reconstructed from 
the damage due to the giant 
earthquake.
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Breit-Rabi diagram of proton

Lamb-shift

mJ : Electron spin

mI : Nuclear spin

Y mI=+1/2
(a+ b+)

540 G

Y mI=－1/2
(a－ b－)

ØBy adjusting magnetic and electric fields appropriately, 
state of mI=+1/2 or mI=-1/2 (polarized beam) is 
obtained.

605 G

(G)

1609
MHz
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Y. Tagishi et al., NIM164(79)411

Production
of positive 
ion
Duoplas-
matoron

Selection of 
H0(2S1/2)

Cesium cell

H+ + Cs →
H0(2S1/2)+Cs+

Selection of 
spin state

RF-cavity inside 
solenoid coil

“Spin filter”

Ionization of 
2S1/2 selectively

Argon cell

H0(2S1/2) + Ar →
H-(2S1/2) + Ar+

①

①

②

②

③

③

④

④
①② ③ ④

It is possible to supply polarized proton and deuteron 
beams with highly polarization.

Beam

(~190 deg C)

Schematic cross section of the PIS

H+ H0
(2S1/2)

H0
(2S1/2)

mI =
+1/2 
or 

-1/2

H-
(2S1/2)

mI =
+1/2 
or 

-1/2
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measured by a 
faraday cup @ PIS 𝐼'()*

𝐼+),(
𝑃 =

𝐼!"#$ − 𝐼%#&"
𝐼!"#$

≈ 80% for proton

Polarization

≈ 60% for deuteron

Quenching method for the measurement of  
the polarization

2S1/2

Polarized beam

Polarization

Non-
polarization 1S

Beam current : 𝐼!"#$

Quench

Magnetic field
off resonance 1S

𝐼%#&"

Quenching beam

𝑃 =
𝐼!"#$ − 𝐼%#&"

𝐼!"#$

Polarization: 𝑃
(g.s) (g.s)
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p
12 MeV

SiLeft

SiRight

4He gas

4He(p, p)4He

Polarimeter

p

This polarimeter is based on
the p-4He elastic scattering.

Vanes
define a 
scattering 
angle of 112°
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𝑁!:Leftの数

Yield

Proton Energy (ch)

Spin-Up

𝐴 " 𝑃 =
𝑁! −𝑁"
𝑁! +𝑁"

𝑃: Polarization

𝐴: Analyzing power
𝐴 ≈ 1 (12 MeV proton)

NL

~60%
Polarization

Spin-DownYield

Proton Energy (ch)

~60%
Polarization

Polarization of p after acceleration

𝑁" (𝑁!): The number of elastically scattered 
proton detected by SiLeft (SiRight)

NR

NR

NL

The depolarization is found during the transport from PIS to 
the experimental course.
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An effective method to detect a nuclear magnetic resonance (NMR)
using asymmetry of emitted β rays.

b-NMR (Nuclear Magnetic Resonance)
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magnetic 
field : H0
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𝜔!: Larmor frequency
𝑔 : 𝑔 factor
𝜇" : Nuclear magneton
𝜇 : Nuclear magnetic moment
𝐼 : Nuclear spin
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An effective method to detect a nuclear magnetic resonance (NMR)
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⇩

𝑔 is obtained.
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− Polarized unstable nuclei were produced
in the stopper via the polarization-
transfer reaction with 𝑝⃗ and 𝑑 beams.

− The number of b-ray from unstable
nuclei were counted by up and down
plastic counters.
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/2321b-ray time spectrum
29P, 30P, 25Al

Stopper : nat.Si

29P : 𝑇 ⁄" # = 4.14 s

25Al : 𝑇 ⁄" # = 7.18 s

30P : 𝑇 ⁄" # = 149.88 s

d𝑝

nat.Si
29P

b

b

'(Si(𝑝, 𝑛)'(P

')Si(𝑝, 𝛾)'(P

')Si(𝑝, 𝛼)'*Al
d25Al

Production of unstable 
nuclei (29P, 30P, 25Al) in 
the beam stopper is 
confirmed.
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y 
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un
ts

Time (sec)
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𝐹 𝑡

RF-On (4.75 – 5.25 MHz)

RF-Off

22Result of b-NMR

29P 25Al

We observed the NMR of 29P and 25Al.
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• In the University of Tsukuba Tandem Accelerator Complex (UTTAC), 

the Lamb-shift polarized ion source (PIS) is used as one of the 
injections for the 6 MV Pelletron tandem accelerator. 

• Lamb-shift polarized ion source can supply polarized proton and 
deuteron beams with highly polarization. 

Polarization  : ~80% for proton
~60% for deuteron

• Using polarized beams from PIS, we confirmed the production of 
unstable nuclei (29,30P, 25Al) via the polarization-transfer reaction, 
and observed the nuclear magnetic resonance (NMR) with the b-
NMR method.

• We will measure the nuclear moments of unstable nuclei with 
polarized proton and deuteron beams.


