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Experimental Confirmation: 3-Body Reaction

17 MeV

1993, Kasagi, d+( d+d )—> P + a +n,
In Titanium 6.57\7eV

1997, Takahashi, d+(d+d)— He’ + T

)
(4.75MeV)  (4.75MeV)

p+(d+d)—> p + He'

19.1MeV 4.7/ MeV 4



d+d+e— *H" +v,_ (Electron Capture)
‘H™ — *He +v_+e
d+d— *He +v_+v,_,(Q=23.8MeV)

p+p—>D+v_+e" (Bethe's Solar Model)

d+d— *H +v_+e€" (Positron Emission)
‘H - *He' +v_+e

d+d— ‘He'+v, +v,+€" +e (Q=23.8MeV)

22 8MeV




p+d+e—T +v_ (Electron Capture)
T > °He +v_+e
p+d — °He +v_+v, (Q=5.494MeV)

p+d >T +v_+€ (Positron Emission)
T > °He +v_+e

p+d > He +v_+v_+€ +e (5.494MeV)
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Figure 1. # radiation from a preliminary run of April 21, 1992 {negligible nobles).
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Fig. 2. Bela spectrum of Pd cathode piece after D, O electrolysis and application of closed- B-Sp ect r u I I l

system analytical method.® Ordinate: Incremental counts per 5-channel interval in 20

manutes.
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Fig. 3 Beta spectrum of secondary tritium standard: Tritiated H,O (1000 dpm) 1 Beckman
scinfillation cocktail. Ordinate: Counts per 5 channels per minute.
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Fig. 4 Beta spectrum of water-free primary tritium standard supplied by Beckman. Ordinate:
Counts per 5 channels per minute.



Kamiokande---SuperKamiokande---KamLAND

»_Sensitivity.

»_Enerqy.

»_Purification of Scintillation Liquid

> Volume




Neutrino Emission—Feasibility of Detection
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FIG. 1: Schematic diagram of the KamLANID detector. w0



(1)Sensitivity.

neutrino flux of 10° /sec/ cm2.

The diameter of 13 meters.

a neutrino source intensity of 6x101%/sec.
“excess heat” power of 6 mMW.,

(the recoll energy due to the neutrino emission.)

11



(2)Energy.

solar neutrino,
the fission reactor neutrino,
the geo-neutrino;

If the energy of the unknown neutrino source is

greater then 5 MeV.
d+d— *He +v_+v_,(Q=23.8MeV)

p+d — *He +v_+v_,(Q=5.494MeV)
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Various Physics Targets
with wide energy range
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Neutrino Geophysics Neutrino Physics Neutrino Cosmotogy
verification of SSM verification of earth Precision measurement verification of
evolution model of osciflation parameters universe evolution
forthcoming Nature Vol 436 1st results Solar i/,
Znd phase #7050 499-503 PRL 90, 021802 (2003)

PRIL. 92, 071301 (2004)
2nd results

PRI1. 94, 081801 (2005)
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(3) Purification of Scintillation Liquid
impurity is at the level of 10°.

further reduced to 1077,
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(4)Volume

a factor of 10 to 100 just based on the volumetric
effect.
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» Neutron
» Gamma Rays
» Charged Particles
o,(Helium);
B,(X-rays);
» Neutrino
The Best Nuclear Radiation;
Confirmation of the Nuclear Origin;

Detectable. 17



Opportunity & Challenge for CMNS

500 Billions Euros, 7 years

10 Thematic Priorities
(Energy, Environment)

4 Countries in EU

1 EU Coordinator

1 Industry member

Volunteer Reviewers
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Strengthening the Strategic Research Partnership Between China and the EU
Towards the Seventh Framework Programme 2007-2013
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Figure 1. The 5 E) factor of did, pit for Ptat T =20 °C and 300 *C, with the deduced solubilities
¥ The curves through the data points include the bare 5 £) factor and the electron screening with
the given U, values.



Table 1. Summary of results®.

. Material TC) UL @VP  Solubility ¥ meg® e (Hall)d
Temperature Effect in —
Pt 20 675 4+70 006

Lo 53040 006

Electron Screening
300 465 +38 O

240 480 £ 70 O

Co 20 070 D4

200 480+ a0 002

T-dependence of Ti
Ti —10 =30 21
50 =50 1.1
Lo 250+ 40 026
150 295+£40 023
200 0 +65 020 L7077 441

Groups 3 and 4 and lanthanides

Sc 200 20450 Ol 2608 22404

Y 200 270475 Q09 26+ 14 27405

Zr 200 W5L70 Q3 L1E£07 (L1 £02)

Lu 200 (5470 Q08 22412 34407

Hf 200 070 QUM 40+ 1.5 3.2£006)

La 200 454+70 Q0w 24+14 29406

Ce 200 200450 Ol 1L5£07 (L2£02)

Md 200 19050 Q.08 14L£07 (224+04)

Sm 200 Jl4+a60 008 A5+ L3 102

Eu 200 120+ 60 Q.05 0.8 £ 0.8

Gd 200 MOLES Q08 42421 22404

To 200 M0+80 QU8 394+ L8

D 200 M0xX70 Q0w 4920 15£03

Ho 200 65+ 50 Q.07 0.9+ 0.5

Er 200 a0 80 Q.05 43+ 19 6%£1

Tm 200 (080 Q05 224+14 10402

Yh 200 1O+E40 Q13 0403 Dex£01)
Insulator

C 200 <50 015

* For details, see [11].

b Error contains no systematic uncertainty in the energy dependance of stopping power.

© Estimated uncertainty is about 20% for the determination of the absolute cross saction and thus
for the solubility.

4 From the observed Hall coefficient, with an assumed 20% error; the numbers in brackets are for
hole carriers.
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