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Content  of the Talk

• Merit of the Polarized Fusion
• Our past challenge to the confirmation 

of the merit
• Possible future plan to the confirmation



Realization of nuclear fusion

• Controllable fusion
fundamental research on fusion by test 

reactor
• Proof of controllable fusion by real equipment

Is it really feasible on size, long-time run 
etc.? 

• Estimation of economical aspect
Is the cost performance OK?

Nuclear Fusion: the most expected method 
to pull out the energy in the future



For the controllable fusion--ITER
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ITER:International Thermonuclear Experimental Reactor

ITER reactor



To the Effective Fusion
Possible Spin Polarized Fusion

R. M. Kulsrud, H. P. Furth, E.J. Valeo and 
M. Goldhaber

Physics Today(August, 1982)
PRL49(1982)1248-1251



Merit in Fusion Cross Section

+

n
p

+

D
3 He

 5 He*T
5 Li*

4 He
4 He

+ ×

1 1/2 3/2スピン :

この反応はスピン和が
3/2にならず、起こらない

In the case of D-T ( D-3He) 

By angular momentum Conservation

Intermediate Excited State
Spin

This process Is forbidden from the angular 
momentum conservation law

(σ0 : Cross section for unpol. Beam and Target )

Enhancement : σ↑↑ = 1.5 ・σ０



Intermediate Excited state
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2. In the case of D-D : σ↑↓ ～ (2 - 3) σ０

This process Is forbidden from the angular 
momentum conservation law

Spin

D + D  3He + n       3.27MeV



Cross section enhancement in the case of 
polarized D-D collision

ε(enhancement factor) ＝
9f1P0 +21f3P1

P0 + 7P1

P0, P1 : Penetration factor for Coulomb barrier at l=0, l=1 state

f1, f2 : weight factor for the final spin states

D-spin state f1 f3
+ 1/3 1/2

+ 1/3 0

0 0
+
+

E(keV)   P1/ P0 ε(α)    ε(b)    ε(c)

0        0.008    2.92    2.83     0

100 0.021    2.81    2.62      0

200     0.033    2.72    2.43     0

300      0.054    2.59    2.18     0

Efficiency gain in the case of Pol. Collision

a

b

c

Case

by Kulsrud et al. in Preprint

: spin direction of D before collision,

f –factor with spin direction

Enhancement :  (2.5 -3.0)



Status of the Experiments

• σ ：R.E.Brown et. al.
• iT11(polarization) :Y.Tagishi et. al(Tsukuba Univ.)

• Ayy(Pol. transfer)
• T20, T21, T22(Tensor analyzing power)

D-D Data in keV region

At Ed=30 - 90keV:

E(keV)

Fu
si

on
 c

ro
ss

 s
ec

tio
n 

（ba
rn

）

No Data on Double Spin Polarization!!

Analysis : Invariant amplitude method (by  M. Tanifuji et al.)

No clear conclusion on double spin reaction 



Possible pol. D-D Collision Experiment
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1. Pol. Beam / Fixed target

2. Pol. Beam / Pol. Beam collision

Problems
Low Temperatureー＞
Thermal shields、Vac. walls
Strong Mag. Fieldー＞
Beam deflection

Production of Thin Film 
Target

Pol. Measurement

Enough Beam Intensity

I～1016 (particles/s)

Pol. target

Pol. Ion source

Pol. Ion source

Accelerator

Accelerator Accelerator

Scattering Chamber

Scattering Chamber

Pol. Ion source

Detector

Detector

Detector



1. Challenge to D-beam and D-target
Pol. D-beam : Tsukuba Univ.  20MeV(Prof. Y.Tagishi) 
Pol. Target    : Nagoya Univ. + Miyazaki Univ.(Dr. I.Daito)

Ion source

Acce-
larator

SF6-room

Exp. Hall No.1 Exp. Hall No.2

1995- 2004

41.6 m

46.5 m

20MeV tandem accelerator



PT-System for DD-Collision

Inner structure of dilution cryostat

Still & Heat Exchanger
Helmholtz magnet 
with a gap 5mm

PT system



CD2-target and D-polarization

Irradiated CD2

TEMPO doped CD2

Target holder



Experimental Hall of Tsukuba Univ.

Scattering chamber



DD Reaction Spectrum

Proton separation from D(d,p)T
from other reactions was successful

Deuteron spectrum
θ(lab.) = 32.5

θ(lab.) = 32.5
Proton spectrum

But, we couldn’t reach the final goal !



2. Proposal for the D-Beams Collision 
Experiment

Estimation of the beam intensity
Collision Rate（particles/s) = σ・L

n1・n2

2・v・π1/2・σｙ・sinφ

For Ex.  Collision Condition
n1= n2 = 10
σy = 0.5 cm
φ = 5°

16

Ｅ（ｋｅＶ） ｖ(x108cm/s) L(x1024) σ(x10-24) σ・L

10 0.98 6.62 6.0x10-4 4.0x10-3

25 1.55 4.18 8.5x10-3 3.6x10-2

50 2.19 2.96 3.2x10-2 9.5x10-2

100 3.1 2.09 6.4x10-2 1.x10-1

No. of Collision/s

L ～

σ:Total Cross Section

Total cross section for particles

y

Collision region

Velocity of incident particle : v

Beam daiameter:σ

Collision angle : 10 deg.

energy

(barn)



Polarized Ion Source(Atomic beam type)
Example of RCNP Ion Source
(by Prof. K.Hatanaka)

Example of Pol. Ion Source in some Institutes

pumping system



The most intense Pol. Atomic Beam(at RHIC)

１．Improvement of Dissociator

２．Achievement of High Vacuum

3. Best positioning of 6-pole magnet

4. Improvement of ECR ionizer

5. Efficient beam extraction

Remarks in Construction 
of New Ion Source

I = 1.2 x 1017 (H/s)

From CERN courier vol.45, No.8,2005



Proposal for Basic Study on Spin 
Polarized D-D Collision

1. Condition for the Pol. Beam
Beam Intensity :         I >  1016 particles/s
Beam Polarization : P > 50%

2. Event Rate
E = 10 ~ 100keV Region

About  n> 10-2 (events/s)

3. Data acquisition
Statistical Error < 5% Confirmation of Effect of                   

Spin Pol. Collision



Estimation of Cost and Time
1. Cost :
＊Pol. Ion Source   : ¥ 328,000,000 (for 2 stations)
＊Beam Channel    :      28,000,000
＊Scattering Ch.+   :      40,000,000

Detectors
＊Comsumable :      51,000,000

matterials
＊Employment :      54,000,000
＊Travel Expenses : 11,000,000

512,000,000
2. Time schedule :

3 years : for Construction
1 year   : for tuning
1 year   : measurement



Summary

1. Pol. D-D Experiment by Pol. Beam will be feasible

2. 2 Ion sources with I>1016(p/s) has to be provided

3. It takes about 5 years to take data

4. About 0.5 billion yen should be prepared

０．Pol. Beam + Fixed D-target is extremely difficult

For the doubly polarized experiment

Many thanks to organizing committee and audience!


