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Branching ratio
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- Rei=1.450(11)

- resonant formation in J=1 state only +_
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R="{*He)/((t+p)

Measurements of branching ratio R
as a function
of temperature in D, and HD.

ddp nonresonant formation in J=1 and J=0 states

—_————

- R=0.901(12)

~.. nonresonant formation in J=0 state only -]
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Targets
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14 MeV Intense Neutron Source Based On Muon Catalyzed Fusion

11
< d,2GeV, 12mA

| - deutron beam chanel; 2 - primary target; 3 - converter; 4 - superconductive solenoid;
5 - magnetic mirrors; 6 - synthesizer; 7 - specimens area; 8 - systems of tritium fuel loop;
9 - insert of synthesizer; 10 - shielding; 11 - magnetic screen




Hot Fusion uCF Fusion
d+t— “He+n w +(D/T) — dut— 4He+n+p

n (14.1 MeV) + “He (3.5 MeV)

Plasma m u - molecule
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Cycling rate

Ac
p-atom
formation

transfer

p-molecule

) formation
fusion

pCF evele i DT mixtures.

Number of cycles:

A

c

c:
2«0 +ws'2«c




Relativistic and other corrections (meV) to the
nonrelativistic energies £ ‘of muonic molecular ions

1992

2001

ddp

dtp

ddp dep

Nonrelativistic energy

-1974.82

-660.17

-1974.985  -660.336

Vacuum polarization

Electromagnetic structure

of nuclei

Relativistic shift

Finite size corrections (Ke)

Nuclear polarization

Total shift

Total energy




Binding energy of the weakly bound dtu(11)
molecular ion

E’I’L’I”
Vinitsky et al 0.64(5)
Gocheva et al 0.656
Frolov, Efros 0.60719
Hu 0.628
Korobov 0.65889
Korobov 0.65968
Szalewicz 0.66001
Kamimura 0.660104
0.660264*
Haywood, Monkhorst, Alexander 0.660178
Frolov 0.660332*
Korobov 0.66017864
0.66033840"
0.66033550*"

* calculated with CODATA-86 recommended values:
** calculated with CODATA-98 recommended values.




ddu resonant formation rates

dds FORMATION RATES, us™

(du)e +D, — [(ddu)dee]
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] {0n 200 400
T, K

FIT PARAMETERS THEORY FIT TO EXPERIME




pi-molecule nonrelativistic binding energies =g, eV of

the states (Jv)*

Molecule' (Jv)

(00)

(01)

(10)

()

(20)

(30)

PEp
pud
put
dyud
dpit
tpt

253.152
221.549
213.540
325.074
19,140
362910

35.844
34.834
83.771

107256
97.498
99.127
2606.682
232.472
289.142

1.975
0.660
45,206

86.454
102,643
172,526

48.70

* The total binding energies of the loosely bhound states (J=v=1) of muonic
molecules dpd and dpet, taking into acconnt all the relativistic and other corrections

are equal £y (ddp) = 1965 eV and oy (dip) = 0.631 V.




The main characteristics of uC'F-processes®

Numerical
value,

A 108 st

at = = 0.04eV

Reaction

Remarks

~ 07

p-+Ho— pu+ H+e™

Collision energy dependent:

1.6- 107
7.1 10?
2.5 102

ppt+d — dp+p
pp it —=tp
dpp +t — tp +d

at £ = leV
at £ = leV
at £ = 0.1eV

L7107
37
1.2.10%

(pit)p=1 +p — (1) p=o +p
(d}-‘)F’::!/‘Z +d— (dﬂ)ﬁ'zljﬂ +d
(tp)p=1 + 1t — (tp) p=a + 1

at £ = leV
at £ = 0.1eV
at £ = leV

1.8
5.6
G.4
2.6

pir -+ Hy — [(ppp)pe]™ +e”
dp + Hy — Jippd)pe]t + o~
tp+ Ha — [(pptipe] ™ + e
tp+ T — [(tpt)te]t +e~

ol
B

dpp + Dy — [(dpd)de] ™ + e~
tp 4 Dy — i dpt et 4 e

2.7

dp + HID — [{dpdjpec]”
dpp 4 Da — [idpd )dee]
dp + DT — [(dpd)tee]

Temperature and energy dependent

tp+ HID — [[dutipee]”
tp+ Dy — [(dut)dee]”
ti+ DT — [(dpt)tee]”

pied — p*He + 5

pirt — ptHe 4+

dpd — p3He +n

dppd — pt +p

Branching ratio of mirror channels
ﬁ:af—;ﬂ=1.46atT} 150 K
The effective striking probability

whi = Togwits = 0.078

dpt — p*He+n+n

tput — ptHe+n+n

0.3

B /‘ dHE+d+”_
pHe +d — N Ie t dp
S fHe+d+po

ptHe +d — { et d

at liguid hydrogen density

* All the rates are normalized to the lignid hydrogen density wg = 4.25 - 1022 em
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Figure 5 Scheme of pCF processes in H/D/T mixtures.



Ref 33

Molecular formation rates (106s~1)
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TABLE V. Results of the fit to &, ,, and A5, and theoretical values.

50 100 150
Temperature (K)

Quantity Fit

Calculation

€y (meV) —1966.1(2)

—1966.2°

Ay (us™h 0.044(5)4
Ay eV lus™h <1.0 i

X (@=1.0) 31433) |
X (@=0.5) (ws™) 386(51) :
A, (@=0.36) 461(87)

*Includes an estimated dd finite-size correctioniof +

TABLE XIII: Relativistic and other corrections (meV) to the
non-relativistic binding energy 77 of the (J=1,v = 1) level

in the ddp molecule [50].

Vacuum polarization

8.720

Electromagnetic structure of nuclei

-1.675

Relativistic

1.650

Finite size correction

1.46

Nuclear polarization

0

Total shift

10.16

- o
Non-relativistic energy €7}

-1974.985 [26]

Total energy <11

-1964.83







Gershtein-Wolfenstein
effect

Relative population of ut hfs
levels is a function of
g tritium concentration C,

ut (F=1) Spin-flip ; pt(F=0)
| T [

Relative population
of put hfs levels is
a function of C,










