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❯♣❞❛t❡ ♦❢ t❤❡ ❇■P▼ ❝♦♠♣❛r✐s♦♥

❇■P▼✳❘■✭■■✮✲❑✶✳▲✉✲✶✼✼ ♦❢ ❛❝t✐✈✐t② ♠❡❛s✉r❡♠❡♥ts ♦❢

t❤❡ r❛❞✐♦♥✉❝❧✐❞❡ 177▲✉ t♦ ✐♥❝❧✉❞❡ t❤❡ ✷✵✷✹ r❡s✉❧t ♦❢ t❤❡

▲◆❊✲▲◆❍❇ ✭❋r❛♥❝❡✮ ❛♥❞ t❤❡ ✷✵✷✺ r❡s✉❧t ♦❢ t❤❡ ■❘❆

✭❙✇✐t③❡r❧❛♥❞✮

❘♦♠❛✐♥ ❈♦✉❧♦♥1✱ ❈❛r✐♥❡ ▼✐❝❤♦tt❡1✱ ❙❛♠♠② ❈♦✉rt❡1✱

▼❛♥✉❡❧ ◆♦♥✐s1✱ ❱✐♥❝❡♥t ●r❡ss✐❡r1✱ ❋r❡❞❡r✐❝ ❏✉❣❡t2✱

❚❡r❡s❛ ❉✉rá♥ 2✱ ❈❤r✐st♦♣❤❡ ❇♦❜✐♥3✱ ▼❛r✐❡✲◆♦ë❧❧❡ ❆♠✐♦t3

1 ❇✉r❡❛✉ ■♥t❡r♥❛t✐♦♥❛❧ ❞❡s P♦✐❞s ❡t ▼❡s✉r❡s✱ P❛✈✐❧❧♦♥ ❞❡ ❇r❡t❡✉✐❧✱ ❋✲✾✷✸✶✷ ❙è✈r❡s

❈❡❞❡①✱ ❋r❛♥❝❡✳
2 ■♥st✐t✉t ❞❡ ❘❛❞✐♦♣❤②s✐q✉❡ ✭■❘❆✮✱ ▲❛✉s❛♥♥❡✱ ❙✇✐t③❡r❧❛♥❞✳
3 ❯♥✐✈❡rs✐té P❛r✐s✲❙❛❝❧❛②✱ ❈❊❆✱ ▲✐st✱ ▲❛❜♦r❛t♦✐r❡ ◆❛t✐♦♥❛❧ ❍❡♥r✐ ❇❡❝q✉❡r❡❧

✭▲◆❊✲▲◆❍❇✮✱ ❋✲✾✶✶✷✵ P❛❧❛✐s❡❛✉✱ ❋r❛♥❝❡✳

❊✲♠❛✐❧✿ ❝♠✐❝❤♦tt❡❅❜✐♣♠✳♦r❣

❆❜str❛❝t ❙✐♥❝❡ ✷✵✵✵✱ ✽ ❧❛❜♦r❛t♦r✐❡s ❤❛✈❡ s✉❜♠✐tt❡❞ ✶✵ s❛♠♣❧❡s ♦❢ 177▲✉ t♦

t❤❡ ■♥t❡r♥❛t✐♦♥❛❧ ❘❡❢❡r❡♥❝❡ ❙②st❡♠ ✭❙■❘✮ ❢♦r ❛❝t✐✈✐t② ❝♦♠♣❛r✐s♦♥ ❛t t❤❡ ❇✉r❡❛✉

■♥t❡r♥❛t✐♦♥❛❧ ❞❡s P♦✐❞s ❡t ▼❡s✉r❡s ✭❇■P▼✮✱ ✇✐t❤ ❝♦♠♣❛r✐s♦♥ ✐❞❡♥t✐✜❡r ❇■P▼✳❘■✭■■✮✲

❑✶✳▲✉✲✶✼✼✳ ❘❡❝❡♥t❧②✱ t❤❡ ▲◆❊✲▲◆❍❇ ✭❋r❛♥❝❡✮ ❛♥❞ t❤❡ ■❘❆ ✭❙✇✐t③❡r❧❛♥❞✮ ♣❛rt✐❝✐♣❛t❡❞

✐♥ t❤❡ ❝♦♠♣❛r✐s♦♥ ❛♥❞ t❤❡ ❦❡② ❝♦♠♣❛r✐s♦♥ r❡❢❡r❡♥❝❡ ✈❛❧✉❡ ✭❑❈❘❱✮ ❤❛s ❜❡❡♥ ✉♣❞❛t❡❞✳

❚❤❡ ❞❡❣r❡❡s ♦❢ ❡q✉✐✈❛❧❡♥❝❡ ❜❡t✇❡❡♥ ❡❛❝❤ ❡q✉✐✈❛❧❡♥t ❛❝t✐✈✐t② ♠❡❛s✉r❡❞ ✐♥ t❤❡ ❙■❘ ♦r

❧✐♥❦❡❞ t♦ t❤❡ ❙■❘ ❢r♦♠ t❤❡ ❈❈❘■✭■■✮✲❑✷✳▲✉✲✶✼✼ ❝♦♠♣❛r✐s♦♥ ❛♥❞ t❤❡ ✉♣❞❛t❡❞ ❑❈❘❱

❤❛✈❡ ❜❡❡♥ ❝❛❧❝✉❧❛t❡❞ ❛♥❞ t❤❡ r❡s✉❧ts ❛r❡ ❣✐✈❡♥ ✐♥ t❤❡ ❢♦r♠ ♦❢ ❛ t❛❜❧❡✳ ❆ ❣r❛♣❤✐❝❛❧

r❡♣r❡s❡♥t❛t✐♦♥ ✐s ❛❧s♦ ❣✐✈❡♥✳

✶✳ ■♥tr♦❞✉❝t✐♦♥

❚❤❡ ❙■❘ ❢♦r ❛❝t✐✈✐t② ♠❡❛s✉r❡♠❡♥ts ♦❢ γ✲r❛②✲❡♠✐tt✐♥❣ r❛❞✐♦♥✉❝❧✐❞❡s ✇❛s ❡st❛❜❧✐s❤❡❞ ✐♥

✶✾✼✻✳ ❊❛❝❤ ♥❛t✐♦♥❛❧ ♠❡tr♦❧♦❣② ✐♥st✐t✉t❡ ✭◆▼■✮ ♠❛② r❡q✉❡st ❛ st❛♥❞❛r❞ ❛♠♣♦✉❧❡ ❢r♦♠

t❤❡ ❇■P▼ t❤❛t ✐s t❤❡♥ ✜❧❧❡❞ ✇✐t❤ ✸✳✻ ❣ ♦❢ t❤❡ r❛❞✐♦❛❝t✐✈❡ s♦❧✉t✐♦♥✳ ❊❛❝❤ ◆▼■ ❝♦♠♣❧❡t❡s

❛ s✉❜♠✐ss✐♦♥ ❢♦r♠ t❤❛t ❞❡t❛✐❧s t❤❡ st❛♥❞❛r❞✐③❛t✐♦♥ ♠❡t❤♦❞ ✉s❡❞ t♦ ❞❡t❡r♠✐♥❡ t❤❡ ❛❜✲

s♦❧✉t❡ ❛❝t✐✈✐t② ♦❢ t❤❡ r❛❞✐♦♥✉❝❧✐❞❡ ❛♥❞ t❤❡ ❢✉❧❧ ✉♥❝❡rt❛✐♥t② ❜✉❞❣❡t ❢♦r t❤❡ ❡✈❛❧✉❛t✐♦♥✳

❚❤❡ ❛♠♣♦✉❧❡s ❛r❡ s❡♥t t♦ t❤❡ ❇■P▼ ✇❤❡r❡ t❤❡② ❛r❡ ❝♦♠♣❛r❡❞ ✇✐t❤ st❛♥❞❛r❞ s♦✉r❝❡s ♦❢
226❘❛ ✉s✐♥❣ ♣r❡ss✉r✐③❡❞ ✐♦♥✐③❛t✐♦♥ ❝❤❛♠❜❡rs✳ ❉❡t❛✐❧s ♦❢ t❤❡ ❙■❘ ♠❡t❤♦❞✱ ❡①♣❡r✐♠❡♥t❛❧

s❡t✲✉♣ ❛♥❞ t❤❡ ❞❡t❡r♠✐♥❛t✐♦♥ ♦❢ t❤❡ ❡q✉✐✈❛❧❡♥t ❛❝t✐✈✐t② Ae✱ ❛r❡ ❛❧❧ ❣✐✈❡♥ ✐♥ ❬✶❪✳



❋✐♥❛❧ r❡♣♦rt ✲ ❏✉♥❡ ✷✵✷✻ ✷

❋r♦♠ ✐ts ✐♥❝❡♣t✐♦♥ ✉♥t✐❧ ✸✶ ❉❡❝❡♠❜❡r ✷✵✷✺✱ t❤❡ ❙■❘ ❤❛s ❜❡❡♥ ✉s❡❞ t♦ ♠❡❛s✉r❡ ✶✵✼✹

❛♠♣♦✉❧❡s t♦ ❣✐✈❡ ✽✷✼ ✐♥❞❡♣❡♥❞❡♥t r❡s✉❧ts ❢♦r ✼✸ ❞✐✛❡r❡♥t r❛❞✐♦♥✉❝❧✐❞❡s✳ ❚❤❡ ❙■❘ ♠❛❦❡s

✐t ♣♦ss✐❜❧❡ ❢♦r ♥❛t✐♦♥❛❧ ❧❛❜♦r❛t♦r✐❡s t♦ ❝❤❡❝❦ t❤❡ r❡❧✐❛❜✐❧✐t② ♦❢ t❤❡✐r ❛❝t✐✈✐t② ♠❡❛s✉r❡✲

♠❡♥ts ❛t ❛♥② t✐♠❡✳ ❚❤✐s ✐s ❛❝❤✐❡✈❡❞ ❜② t❤❡ ❞❡t❡r♠✐♥❛t✐♦♥ ♦❢ t❤❡ ❡q✉✐✈❛❧❡♥t ❛❝t✐✈✐t②

♦❢ t❤❡ r❛❞✐♦♥✉❝❧✐❞❡ ❛♥❞ ❜② ❝♦♠♣❛r✐s♦♥ ♦❢ t❤❡ r❡s✉❧t ✇✐t❤ t❤❡ ❦❡② ❝♦♠♣❛r✐s♦♥ r❡❢❡r❡♥❝❡

✈❛❧✉❡ ✭❑❈❘❱✮ ❞❡t❡r♠✐♥❡❞ ❢r♦♠ t❤❡ r❡s✉❧ts ♦❢ ♣r✐♠❛r② st❛♥❞❛r❞✐③❛t✐♦♥s✳ ❚❤❡s❡ ❝♦♠♣❛r✲

✐s♦♥s ❛r❡ ❞❡s❝r✐❜❡❞ ❛s ❇■P▼ ❝♦♥t✐♥✉♦✉s ❝♦♠♣❛r✐s♦♥s ❛♥❞ t❤❡ r❡s✉❧ts ❢♦r♠ t❤❡ ❜❛s✐s ♦❢

t❤❡ ❇■P▼ ❦❡② ❝♦♠♣❛r✐s♦♥ ❞❛t❛❜❛s❡ ✭❑❈❉❇✮ ♦❢ t❤❡ ❈♦♠✐té ■♥t❡r♥❛t✐♦♥❛❧ ❞❡s P♦✐❞s ❡t

▼❡s✉r❡s ▼✉t✉❛❧ ❘❡❝♦❣♥✐t✐♦♥ ❆rr❛♥❣❡♠❡♥t ✭❈■P▼ ▼❘❆✮ ❬✷❪✳ ❚❤❡ ❝♦♠♣❛r✐s♦♥ ❞❡s❝r✐❜❡❞

✐♥ t❤✐s r❡♣♦rt ✐s ❦♥♦✇♥ ❛s t❤❡ ❇■P▼✳❘■✭■■✮✲❑✶✳▲✉✲✶✼✼ ❦❡② ❝♦♠♣❛r✐s♦♥✳

❚❤❡ r❡s✉❧ts ♦❢ ❡❛r❧✐❡r ♣❛rt✐❝✐♣❛t✐♦♥s ✐♥ t❤✐s ❦❡② ❝♦♠♣❛r✐s♦♥ ✇❡r❡ ♣✉❜❧✐s❤❡❞ ♣r❡✈✐✲

♦✉s❧② ❬✸✕✻❪✳

❙✉❝❝❡ss❢✉❧ ♣❛rt✐❝✐♣❛t✐♦♥ ✐♥ t❤✐s ❝♦♠♣❛r✐s♦♥ ❜② ❛ ❧❛❜♦r❛t♦r② ♠❛② ♣r♦✈✐❞❡ ❡✈✐❞❡♥t✐❛❧

s✉♣♣♦rt ❢♦r ❈❛❧✐❜r❛t✐♦♥ ❛♥❞ ▼❡❛s✉r❡♠❡♥t ❈❛♣❛❜✐❧✐t② ✭❈▼❈✮ ❝❧❛✐♠s ❢♦r 177▲✉ ♠❡❛s✉r❡❞

✉s✐♥❣ t❤❡ ❧❛❜♦r❛t♦r②✬s ♠❡t❤♦❞✭s✮ ✉s❡❞ ✐♥ t❤❡ ❝♦♠♣❛r✐s♦♥ ♦r ♠❡t❤♦❞s ❝❛❧✐❜r❛t❡❞ ❜② t❤♦s❡

✉s❡❞ ❢♦r t❤❡ ❝♦♠♣❛r✐s♦♥✳ ❚❤✐s ❝♦♠♣❛r✐s♦♥ ♠❛② ❛❧s♦ ❜❡ ✉s❡❞ t♦ s✉♣♣♦rt ❈▼❈ ❝❧❛✐♠s

❢♦r t❤♦s❡ r❛❞✐♦♥✉❝❧✐❞❡s ♠❡❛s✉r❡❞ ✐♥ t❤❡ ❧❛❜♦r❛t♦r② ✉s✐♥❣ t❤❡ s❛♠❡ ♠❡t❤♦❞ ❛♥❞ ❤❛✈✐♥❣

❛ ❞❡❣r❡❡ ♦❢ ❞✐✣❝✉❧t② ❛t ♦r ❜❡❧♦✇ t❤❛t ♦❢ t❤❡ r❛❞✐♦♥✉❝❧✐❞❡ ♠❡❛s✉r❡❞ ✐♥ t❤✐s ❝♦♠♣❛r✐s♦♥

❛s ✐♥❞✐❝❛t❡❞ ✐♥ t❤❡ ❝✉rr❡♥t ▼❡❛s✉r❡♠❡♥t ▼❡t❤♦❞s ▼❛tr✐① ✭▼▼▼✮ ❬✼❪✳

✷✳ P❛rt✐❝✐♣❛♥ts

▲❛❜♦r❛t♦r② ❞❡t❛✐❧s ❛r❡ ❣✐✈❡♥ ✐♥ ❚❛❜❧❡ ✶✱ ✇✐t❤ t❤❡ ❡❛r❧✐❡r s✉❜♠✐ss✐♦♥s ❜❡✐♥❣ t❛❦❡♥

❢r♦♠ ❬✸✕✻❪✳ ❚❤❡ ❞❛t❡s ♦❢ ♠❡❛s✉r❡♠❡♥t ✐♥ t❤❡ ❙■❘ ❣✐✈❡♥ ✐♥ ❚❛❜❧❡ ✶ ❛r❡ ✉s❡❞ ✐♥ t❤❡

❑❈❉❇ ❛♥❞ ❛❧❧ r❡❢❡r❡♥❝❡s ✐♥ t❤✐s r❡♣♦rt✳

❚❛❜❧❡ ✶✿ ❉❡t❛✐❧s ♦❢ t❤❡ ♣❛rt✐❝✐♣❛♥ts ✐♥ t❤❡ ❇■P▼✳❘■✭■■✮✲❑✶✳▲✉✲✶✼✼✳

◆▼■ ♦r

❧❛❜♦r❛✲

t♦r②

Pr❡✈✐♦✉s

❛❝r♦♥②♠s

♦r ♦t❤❡r

✐♥st✐✲

t✉t❡s

❋✉❧❧ ♥❛♠❡ ❈♦✉♥tr② ❘❡❣✐♦♥❛❧

▼❡tr♦❧♦❣②

❖r❣❛♥✐✲

③❛t✐♦♥

✭❘▼❖✮

❉❛t❡ ♦❢
❙■❘ ♠❡❛✲
s✉r❡♠❡♥t
yyyy-mm-dd

❈▼■ ❯❱❱❱❘✱

❈▼■✲■■❘

❈③❡❝❤ ▼❡tr♦❧♦❣② ■♥st✐t✉t❡ ❈③❡❝❤✐❛ ❊❯❘❆▼❊❚ ✷✵✷✸✲✵✾✲✶✷

■❋■◆✲❍❍ ✲ ■♥st✐t✉t✉❧ ◆❛t✐♦♥❛❧ ❞❡

❈❡r❝❡t❛r❡ ✲ ❉❡③✈♦❧t❛r❡

♣❡♥tr✉ ❋✐③✐❝❛ s✐ ■♥❣✐♥❡r✐❡

◆✉❝❧❡❛r❛ ✧❍♦r✐❛ ❍✉❧✉❜❡✐✧

❘♦♠❛♥✐❛ ❊❯❘❆▼❊❚ ✷✵✶✸✲✵✼✲✶✶

■❘❆ ■❊❘ ■♥st✐t✉t ❞❡ ❘❛❞✐♦♣❤②s✐q✉❡ ❙✇✐t③❡r❧❛♥❞ ❊❯❘❆▼❊❚ ✷✵✷✷✲✵✻✲✷✸

✷✵✷✺✲✶✵✲✵✽



❋✐♥❛❧ r❡♣♦rt ✲ ❏✉♥❡ ✷✵✷✻ ✸

✳✳✳ ❈♦♥t✐♥✉❛t✐♦♥ ♦❢ ❚❛❜❧❡ ✶✳

◆▼■ ♦r

❧❛❜♦r❛✲

t♦r②

Pr❡✈✐♦✉s

❛❝r♦♥②♠s

♦r ♦t❤❡r

✐♥st✐✲

t✉t❡s

❋✉❧❧ ♥❛♠❡ ❈♦✉♥tr② ❘▼❖ ❉❛t❡ ♦❢
❙■❘ ♠❡❛✲
s✉r❡♠❡♥t
yyyy-mm-dd

❏❘❈ ■❘▼▼✱

❈❇◆▼

❊❈✲❏❘❈ ■♥st✐t✉t❡ ❢♦r ❘❡❢✲

❡r❡♥❝❡ ▼❛t❡r✐❛❧s ❛♥❞ ▼❡❛✲

s✉r❡♠❡♥ts

❊✉r♦♣❡❛♥

❯♥✐♦♥

❊❯❘❆▼❊❚ ✷✵✵✾✲✵✹✲✸✵

▲◆❊✲

▲◆❍❇

▲▼❘■✱

▲P❘■✱

❇◆▼✲

▲◆❍❇

❯♥✐✈❡rs✐té P❛r✐s✲❙❛❝❧❛②✱

❈❊❆✱ ▲✐st✱ ▲❛❜♦r❛t♦✐r❡

◆❛t✐♦♥❛❧ ❍❡♥r✐ ❇❡❝q✉❡r❡❧

❋r❛♥❝❡ ❊❯❘❆▼❊❚ ✷✵✶✹✲✵✻✲✷✺

✷✵✷✹✲✵✷✲✵✾

◆■❙❚ ◆❇❙ ◆❛t✐♦♥❛❧ ■♥st✐t✉t❡ ♦❢ ❙t❛♥✲

❞❛r❞s ❛♥❞ ❚❡❝❤♥♦❧♦❣②

❯♥✐t❡❞

❙t❛t❡s

❙■▼ ✷✵✵✵✲✵✷✲✶✺

◆P▲ ✲ ◆❛t✐♦♥❛❧ P❤②s✐❝❛❧ ▲❛❜♦r❛✲

t♦r②

❯♥✐t❡❞ ❑✐♥❣✲

❞♦♠

❊❯❘❆▼❊❚ ✷✵✵✾✲✵✹✲✷✽

P❚❇ ✲ P❤②s✐❦❛❧✐s❝❤✲❚❡❝❤♥✐s❝❤❡

❇✉♥❞❡s❛♥st❛❧t

●❡r♠❛♥② ❊❯❘❆▼❊❚ ✷✵✵✵✲✵✶✲✷✻

✸✳ ◆▼■ st❛♥❞❛r❞✐③❛t✐♦♥ ♠❡t❤♦❞s

❊❛❝❤ ◆▼■ t❤❛t s✉❜♠✐ts ❛♠♣♦✉❧❡s t♦ t❤❡ ❙■❘ ❤❛s ♠❡❛s✉r❡❞ t❤❡ ❛❝t✐✈✐t② ❡✐t❤❡r ❜② ❛ ♣r✐✲

♠❛r② st❛♥❞❛r❞✐③❛t✐♦♥ ♠❡t❤♦❞ ♦r ❜② ✉s✐♥❣ ❛ s❡❝♦♥❞❛r② ♠❡t❤♦❞✱ ❢♦r ❡①❛♠♣❧❡ ❛ ❝❛❧✐❜r❛t❡❞

✐♦♥✐③❛t✐♦♥ ❝❤❛♠❜❡r✳ ■♥ t❤❡ ❧❛tt❡r ❝❛s❡✱ t❤❡ tr❛❝❡❛❜✐❧✐t② ♦❢ t❤❡ ❝❛❧✐❜r❛t✐♦♥ ♥❡❡❞s t♦ ❜❡

❝❧❡❛r❧② ✐❞❡♥t✐✜❡❞ t♦ ❡♥s✉r❡ t❤❛t ❛♣♣r♦♣r✐❛t❡ ❝♦rr❡❧❛t✐♦♥s ❛r❡ t❛❦❡♥ ✐♥t♦ ❛❝❝♦✉♥t✳

❆ ❜r✐❡❢ ❞❡s❝r✐♣t✐♦♥ ♦❢ t❤❡ st❛♥❞❛r❞✐③❛t✐♦♥ ♠❡t❤♦❞s ✉s❡❞ ❜② t❤❡ ❧❛❜♦r❛t♦r✐❡s✱ t❤❡

❛❝t✐✈✐t✐❡s s✉❜♠✐tt❡❞✱ t❤❡ r❡❧❛t✐✈❡ st❛♥❞❛r❞ ✉♥❝❡rt❛✐♥t✐❡s ❛♥❞ t❤❡ ❤❛❧❢✲❧✐❢❡ ✉s❡❞ ❜② t❤❡

♣❛rt✐❝✐♣❛♥ts ❛r❡ ❣✐✈❡♥ ✐♥ ❚❛❜❧❡ ✷✳ ❚❤❡ ✉♥❝❡rt❛✐♥t② ❜✉❞❣❡ts ❢♦r t❤❡ ♥❡✇ s✉❜♠✐ss✐♦♥s ❛r❡

❣✐✈❡♥ ✐♥ ❆♣♣❡♥❞✐① ❉ ❛tt❛❝❤❡❞ t♦ t❤✐s r❡♣♦rt❀ ♣r❡✈✐♦✉s ✉♥❝❡rt❛✐♥t② ❜✉❞❣❡ts ❛r❡ ❣✐✈❡♥ ✐♥

t❤❡ ❡❛r❧✐❡r r❡♣♦rts ❬✸✕✻❪✳ ❚❤❡ ❧✐st ♦❢ ❛❝r♦♥②♠s ✉s❡❞ t♦ s✉♠♠❛r✐③❡ t❤❡ ♠❡t❤♦❞s ✐s ❣✐✈❡♥

✐♥ ❆♣♣❡♥❞✐① ❊✳

❚❤❡ ❤❛❧❢✲❧✐❢❡ ✉s❡❞ ❜② t❤❡ ❇■P▼ ✐s ✻✳✻✹✼✭✹✮ ❞❛②s ❛s ♣✉❜❧✐s❤❡❞ ✐♥ ❇■P▼ ▼♦♥♦❣r❛♣❤✐❡
✺ ✈♦❧✳ ✷ ❬✽❪✳

❚❛❜❧❡ ✷✿ ❙t❛♥❞❛r❞✐③❛t✐♦♥ ♠❡t❤♦❞s ♦❢ t❤❡ ♣❛rt✐❝✐♣❛♥ts ❢♦r 177▲✉✳

◆▼■ ♦r

❧❛❜♦r❛✲

t♦r②

▼❡t❤♦❞ ✉s❡❞ ❛♥❞ t❤❡

❛❝r♦♥②♠

❆❝t✐✈✐t②

Ai✴❦❇q

❘❡❧❛t✐✈❡

st❛♥❞❛r❞

✉♥❝❡rt❛✐♥t②

✴✶✵−2

❘❡❢❡r❡♥❝❡

❞❛t❡

❍❛❧❢✲❧✐❢❡

✴❞

❆ ❇ ②②②②✲♠♠✲

❞❞

❈▼■ 4π✭P❈✮β✲γ ❝♦✐♥❝✐❞❡♥❝❡

✭✹P✲P❈✲❇P✲◆❆✲●❘✲❈❖✮

11 622.3 ✵✳✶ ✵✳✹✷ ✷✵✷✸✲✵✾✲✵✽

✶✵✿✵✵ ❯❚

✻✳✻✹✼✭✹✮ ❬✽❪



❋✐♥❛❧ r❡♣♦rt ✲ ❏✉♥❡ ✷✵✷✻ ✹

✳✳✳ ❈♦♥t✐♥✉❛t✐♦♥ ♦❢ ❚❛❜❧❡ ✷✳

◆▼■ ♦r

❧❛❜♦r❛✲

t♦r②

▼❡t❤♦❞ ✉s❡❞ ❛♥❞ t❤❡

❛❝r♦♥②♠

❆❝t✐✈✐t②

Ai✴❦❇q

❘❡❧❛t✐✈❡

st❛♥❞❛r❞

✉♥❝❡rt❛✐♥t②

✴✶✵−2

❘❡❢❡r❡♥❝❡

❞❛t❡

❍❛❧❢✲❧✐❢❡

✴❞

❆ ❇ ②②②②✲♠♠✲

❞❞

■❋■◆✲❍❍ 4π✭P❈✮β✲γ ❝♦✐♥❝✐❞❡♥❝❡

✭✹P✲P❈✲❇P✲◆❆✲●❘✲❈❖✮

8155.72 ✵✳✺✺ ✵✳✼ ✷✵✶✸✲✵✼✲✶✵

✶✷✿✵✵ ❯❚

✻✳✻✹✼✭✹✮ ❬✽❪

■❘❆ 4πβ✭P❙✮✲4πγ ❝♦✐♥❝✐❞❡♥❝❡

✭✹P✲P❙✲❇P✲✹P✲◆❆✲●❘✲

❈❖✮

20 924.5a ✵✳✹✶ ✵✳✶✼ ✷✵✷✷✲✵✻✲✶✺

✶✷✿✵✵ ❯❚

✻✳✻✹✻✸✭✶✺✮

❬✶✵❪

❈■❊▼❆❚✴◆■❙❚ ✭✹P✲▲❙✲

▼❳✲✵✵✲✵✵✲❈◆✮

25 296.3b ✵✳✶✹✾ ✵✳✸✾✸ ✷✵✷✺✲✶✵✲✵✻

✶✷✿✵✵ ❯❚❈

✻✳✻✹✼✭✹✮ ❬✽❪

❚❉❈❘ ✭ ✹P✲▲❙✲▼❳✲✵✵✲✵✵✲

❚❉✮

25 297.2 ✵✳✶✾✺ ✵✳✸✶✻

❏❘❈ ❈■❊▼❆❚✴◆■❙❚ ✭✹P✲▲❙✲

▼❳✲✵✵✲✵✵✲❈◆✮

2462c ✶✳✻✹ ✷✵✵✾✲✵✺✲✵✶

✶✷✿✵✵ ❯❚

✻✳✻✹✼✭✹✮ ❬✽❪

4π✭P❈✮β✲γ ❝♦✐♥❝✐❞❡♥❝❡ ✭

✹P✲P❈✲❇P✲◆❆✲●❘✲❈❖✮

▲◆❊✲

▲◆❍❇

4π✭P❈✮β✲γ ❛♥t✐✲❝♦✐♥❝✐❞❡♥❝❡

✭✹P✲P❈✲❇P✲◆❆✲●❘✲❆❈✮

5829.05 ✵✳✷✷ ✵✳✶✷ ✷✵✶✹✲✵✻✲✷✸

✶✷✿✵✵ ❯❚

✻✳✻✹✼✭✹✮ ❬✽❪

4π✭▲❙✮β✲γ ❛♥t✐✲❝♦✐♥❝✐❞❡♥❝❡

✭✹P✲▲❙✲❇P✲◆❆✲●❘✲❆❈✮d1
4170.16 ✵✳✶✸✵ ✵✳✸✷✻ ✷✵✷✹✲✵✷✲✶✺

✶✷✿✵✵ ❯❚❈

✻✳✻✹✼✭✹✮ ❬✽❪

❚❉❈❘ ✭ ✹P✲❇P✲▲❙✲✵✵✲✵✵✲

❚❉✮d2
4167.61 ✵✳✶✹✵ ✵✳✸✷✹

❚❉❈❘ ✭ ✹P✲❇P✲▲❙✲✵✵✲✵✵✲

❚❉✮d3
4170.89 ✵✳✶✺✵ ✵✳✸✷✼

◆■❙❚ ❈■❊▼❆❚✴◆■❙❚ ✭✹P✲▲❙✲

▼❳✲✵✵✲✵✵✲❈◆✮

133 850 ✵✳✶✾ ✵✳✷✽ ✷✵✵✵✲✵✷✲✵✶

✶✼✿✵✵ ❯❚

✻✳✻✵✭✶✮

◆P▲ 4π✭P❈✮β✲γ ❝♦✐♥❝✐❞❡♥❝❡

✭✹P✲P❈✲❇P✲◆❆✲●❘✲❈❖✮

11 790e ✵✳✵✸ ✵✳✸ ✷✵✵✾✲✵✺✲✵✶

✶✷✿✵✵ ❯❚

✻✳✻✹✼✭✹✮ ❬✽❪

❈■❊▼❆❚✴◆■❙❚ ✭ ✹P✲▲❙✲

▼❳✲✵✵✲✵✵✲❈◆✮

4π✭▲❙✮β✲γ ❝♦✐♥❝✐❞❡♥❝❡ ✭

✹P✲▲❙✲❇P✲◆❆✲●❘✲❈❖✮

P❚❇ ❈■❊▼❆❚✴◆■❙❚ ✭✹P✲▲❙✲

▼❳✲✵✵✲✵✵✲❈◆✮

138 790f ✵✳✷ ✵✳✹ ✷✵✵✵✲✵✶✲✶✾

✵✵✿✵✵ ❯❚

✻✳✻✹✻✭✺✮

❬✶✶❪

4π✭P❈✮β✲γ ❝♦✐♥❝✐❞❡♥❝❡ ✭

✹P✲P❈✲❇P✲◆❆✲●❘✲❈❖✮



❋✐♥❛❧ r❡♣♦rt ✲ ❏✉♥❡ ✷✵✷✻ ✺

a ❚❤❡ ❛❝t✐✈✐t② ✐s t❤❡ ❛r✐t❤♠❡t✐❝ ♠❡❛♥ ♦❢ ✶✷ ❡✣❝✐❡♥❝② ❡①tr❛♣♦❧❛t❡❞ ❛❝t✐✈✐t✐❡s ♦❜t❛✐♥❡❞ ✇✐t❤ ✹ ♣❧❛st✐❝

s❝✐♥t✐❧❧❛t✐♦♥ s♦✉r❝❡s✱ ❢r♦♠ ✷ ❞✐❧✉t✐♦♥s✱ ❛♥❞ ✸ γ s❡tt✐♥❣s✳ ❚❤❡ ❞❡❣r❡❡s ♦❢ ❢r❡❡❞♦♠ ♦❢ ❡❛❝❤ ♦❢ t❤❡ t✇❡❧✈❡

❡✣❝✐❡♥❝② ❡①tr❛♣♦❧❛t✐♦♥s r❛♥❣❡❞ ❜❡t✇❡❡♥ ✸✶ ❛♥❞ ✸✽✳
b ❚❤❡ ✜♥❛❧ ❛❝t✐✈✐t② r❡s✉❧t ♦❢ ✷✺ ✷✾✼✭✶✵✷✮ ❦❇q ✐s ❡st✐♠❛t❡❞ ❢r♦♠ t❤❡ ❛✈❡r❛❣❡ ♦❢ ✹ ♠❡❛s✉r❡♠❡♥ts✿ ♦♥❡

❚❉❈❘ ❛♥❞ ♦♥❡ ❈◆❊❚ ♦❢ t❤❡ ♠♦t❤❡r s♦❧✉t✐♦♥ ❛♥❞ ♦♥❡ ❚❉❈❘ ❛♥❞ ♦♥❡ ❈◆❊❚ ♦❢ ❛ ❞✐❧✉t❡❞ s❛♠♣❧❡ ♦❢

t❤❡ ♠♦t❤❡r s♦❧✉t✐♦♥✳ ❚❤❡ ❝♦♠❜✐♥❡❞ r❡❧❛t✐✈❡ ✉♥❝❡rt❛✐♥t② ♦❢ ✵✳✹✵✸ ✪ ✐s t❛❦❡♥ ❛s t❤❡ q✉❛❞r❛t✐❝ s✉♠ ♦❢

t❤❡ ♠❡❞✐❛♥ ♦❢ t❤❡ ✉♥❝❡rt❛✐♥t✐❡s ♦❢ t❤❡ ✹ ♠❡❛s✉r❡♠❡♥ts ♣❧✉s t❤❡ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ ♦❢ t❤❡ ✹ ♠❡❛s✉r❡❞

❝♦♥❝❡♥tr❛t✐♦♥ ✈❛❧✉❡s✳
c P❛rt✐❛❧❧② ✇❡✐❣❤t❡❞ ♠❡❛♥ ✭♣♦✇❡r❂✶✮ ♦❢ t❤❡ r❛t❤❡r ❞✐s❝r❡♣❛♥t r❡s✉❧ts ♦❜t❛✐♥❡❞ ✇✐t❤ t❤❡ t✇♦ ♠❡t❤♦❞s

✐♥❞✐❝❛t❡❞✳
d1 ❚❤❡ ❛♥t✐✲❝♦✐♥❝✐❞❡♥❝❡ s②st❡♠ ✐s ❡q✉✐♣♣❡❞ ✇✐t❤ ❛ ▲❙ ❞❡t❡❝t♦r ❜❛s❡❞ ♦♥ ✸ ♣❤♦t♦♠✉❧t✐♣❧✐❡rs✳ ❚❤❡ ❝♦✉♥t✐♥❣

✐s ✐♠♣❧❡♠❡♥t❡❞ ✉s✐♥❣ ❤♦♠❡✲♠❛❞❡ ♠♦❞✉❧❡s ❜❛s❡❞ ♦♥ ❛ ❡①t❡♥❞❛❜❧❡ ❞❡❛❞✲t✐♠❡ ❝✐r❝✉✐tr② ❛♥❞ t❤❡ ❧✐✈❡✲t✐♠❡

t❡❝❤♥✐q✉❡ ❬✾❪✳
d2 ❚❤❡ ❚❉❈❘ s②st❡♠ ✐s ❡q✉✐♣♣❡❞ ✇✐t❤ ✸ ❇❯❘▲❊ ✽✽✺✵ ♣❤♦t♦♠✉❧t✐♣❧✐❡rs✳ ❚❤❡ ❝♦✉♥t✐♥❣ ✐s ✐♠♣❧❡♠❡♥t❡❞

✉s✐♥❣ t❤❡ ❤♦♠❡✲♠❛❞❡ ♠♦❞✉❧❡ ▼❆❈✸ ❜❛s❡❞ ♦♥ ❛ ❡①t❡♥❞❛❜❧❡ ❞❡❛❞✲t✐♠❡ ❝✐r❝✉✐tr② ❛♥❞ t❤❡ ❧✐✈❡✲t✐♠❡

t❡❝❤♥✐q✉❡ ❬✾❪✳
d3 ❚❤❡ ❛❝t✐✈✐t② ❝♦♥❝❡♥tr❛t✐♦♥ ✐s ♦❜t❛✐♥❡❞ ✉s✐♥❣ ❛ ❝♦♠♠❡r❝✐❛❧ ❚❉❈❘ ❍✐❞❡① ✸✵✵❙▲ s②st❡♠ ♣✉r❝❤❛s❡❞ ❛t

▲◆❍❇ ✐♥ ❏✉♥❡ ✷✵✷✸✳ ❚❤❡ ♠❡❛s✉r❡♠❡♥ts ✇❡r❡ ♣❡r❢♦r♠❡❞ ✐♥ t❤❡ ▼❡tr♦❧♦❣② ♠♦❞❡ ✉s✐♥❣ ❛ r❡s♦❧✈✐♥❣ t✐♠❡

❡q✉❛❧ t♦ ✹✵ ♥s✳
e ❈♦rr❡s♣♦♥❞s t♦ ❛♥ ❛❝t✐✈✐t② ❝♦♥❝❡♥tr❛t✐♦♥ ♦❢ ✸✷✽✻ ❦❇q·❣−1 ❡✈❛❧✉❛t❡❞ ❛s t❤❡ ❛r✐t❤♠❡t✐❝ ♠❡❛♥ ♦❢ t❤❡ t❤r❡❡

r❡s✉❧ts ♦❜t❛✐♥❡❞ ✇✐t❤ t❤❡ t❤r❡❡ ♠❡t❤♦❞s
f ❚❤❡ r❡s✉❧t ✐s t❤❡ ✇❡✐❣❤t❡❞ ♠❡❛♥ ♦❢ t❤❡ t✇♦ ♠❡t❤♦❞s✳

❉❡t❛✐❧s r❡❣❛r❞✐♥❣ t❤❡ s♦❧✉t✐♦♥s s✉❜♠✐tt❡❞ ❛r❡ s❤♦✇♥ ✐♥ ❚❛❜❧❡ ✸✱ ✐♥❝❧✉❞✐♥❣ ❛♥②

✐♠♣✉r✐t✐❡s✱ ✇❤❡♥ ♣r❡s❡♥t✱ ❛s ✐❞❡♥t✐✜❡❞ ❜② t❤❡ ❧❛❜♦r❛t♦r✐❡s✳ ❲❤❡♥ ❣✐✈❡♥✱ t❤❡ st❛♥❞❛r❞

✉♥❝❡rt❛✐♥t✐❡s ♦♥ t❤❡ ❡✈❛❧✉❛t✐♦♥s ❛r❡ s❤♦✇♥✳

❚❛❜❧❡ ✸✿ ❉❡t❛✐❧s ♦❢ ❡❛❝❤ s♦❧✉t✐♦♥ ♦❢ 177▲✉ s✉❜♠✐tt❡❞✳

◆▼■ ♦r

❧❛❜♦r❛t♦r②

❈❤❡♠✐❝❛❧

❝♦♠♣♦s✐✲

t✐♦♥

❙♦❧✈❡♥t ❝♦♥❝✳ ❈❛rr✐❡r

❝♦♥❝✳

❉❡♥s✐t② ❘❡❧❛t✐✈❡ ❛❝t✐✈✐t② ♦❢

❛♥② ✐♠♣✉r✐t②d

✴ ❙■❘ ②❡❛r ✴✭mol dm−3✮ ✴✭µg g−1✮ ✴✭g cm−3✮

❈▼■ ✷✵✷✸ ▲✉❈❧3 ✐♥ ❍❈❧ ✵✳✵✹ ▲✉❈❧3✿✶✳✷✺ ✶ ♥♦♥❡ ❞❡t❡❝t❡❞

■❋■◆✲❍❍

✷✵✶✸

▲✉❈❧3 ✐♥ ❍❈❧ ✵✳✶ ▲✉❈❧3✿✷ ✶ 177m▲✉✿

✶✷✭✻✮①10−3 ✪

■❘❆ ✷✵✷✷ ♥♦♥❛❝t✐✈❡

▲✉3+ ✐♦♥s ✐♥

❍❈❧

✵✳✶ ♥♦♥❛❝t✐✈❡

▲✉3+ ✐♦♥s✿✷✵

✶✳✵✵✵✭✺✮ ♥♦♥❡ ❞❡t❡❝t❡❞

✷✵✷✺ ♥♦♥❛❝t✐✈❡

▲✉3+ ✐♦♥s ✐♥

❍❈❧

✵✳✶ ♥♦♥❛❝t✐✈❡

▲✉3+ ✐♦♥s✿✷✵

✶✳✵✵✵✭✺✮ ♥♦♥❡ ❞❡t❡❝t❡❞

❏❘❈ ✷✵✵✾a1 ▲✉❈❧3 ✐♥ ❍❈❧ ✶ ▲✉❈❧3✿✷✵ ✶✳✵✸✼ 177m▲✉✿

✹✵✭✶✵✮①10−3 ✪

✸✸✳✺✭✼✮①10−3 ✪a2

▲◆❊✲▲◆❍❇

✷✵✶✹

❍❈❧ ✵✳✶ ▲✉❈❧3✿✶✵ ✶ 177m▲✉✿

✶✵✭✶✮①10−3 ✪

✷✵✷✹ ▲✉❈❧3 ✐♥ ❍❈❧ ✵✳✶ ▲✉❈❧3✿✷✵ ✶ ♥♦♥❡ ❞❡t❡❝t❡❞



❋✐♥❛❧ r❡♣♦rt ✲ ❏✉♥❡ ✷✵✷✻ ✻

✳✳✳ ❈♦♥t✐♥✉❛t✐♦♥ ♦❢ ❚❛❜❧❡ ✸✳

◆▼■ ♦r

❧❛❜♦r❛t♦r②

❈❤❡♠✐❝❛❧

❝♦♠♣♦s✐✲

t✐♦♥

❙♦❧✈❡♥t ❝♦♥❝✳ ❈❛rr✐❡r

❝♦♥❝✳

❉❡♥s✐t② ❘❡❧❛t✐✈❡ ❛❝t✐✈✐t② ♦❢

❛♥② ✐♠♣✉r✐t②d

✴ ❙■❘ ②❡❛r ✴✭mol dm−3✮ ✴✭µg g−1✮ ✴✭g cm−3✮

◆■❙❚ ✷✵✵✵ ▲✉ ✐♥ ❍❈❧ ✵✳✵✶ ✲ ✶ 177m▲✉✿

✷✼✳✶✭✺✮①10−3 ✪b

◆P▲ ✷✵✵✾c ▲✉❈❧3 ✐♥ ❍❈❧ ✶ ▲✉❈❧3✿✷✵ ✶ 177m▲✉✿

✸✸✭✸✮①10−3 ✪

P❚❇ ✷✵✵✵ ▲✉❈❧3 ✐♥ ❍❈❧ ✵✳✶ ▲✉❈❧3✿✷✵ ✵✳✾✾✾ 177m▲✉✿ ✻✳✾✭✻✮ ①

10−3 ✪

a1 ❙❛♠❡ s♦❧✉t✐♦♥ ❛s ❢♦r t❤❡ ❈❈❘■✭■■✮✲❑✷ ▲✉✲✶✼✼ ❝♦♠♣❛r✐s♦♥ ❜✉t ❞✐❧✉t❡❞ ❜② ❛ ❢❛❝t♦r ♦❢ ✹✳✾✺✺✸✶✼
a2 ✇❡✐❣❤t❡❞ ♠❡❛♥ ✈❛❧✉❡ ❢r♦♠ t❤❡ ❈❈❘■✭■■✮✲❑✷✳▲✉✲✶✼✼ ❝♦♠♣❛r✐s♦♥✱ ✉s❡❞ ❢♦r t❤❡ ❡✈❛❧✉❛t✐♦♥ ♦❢ t❤❡ ❑❈❘❱

❛♥❞ ❢♦r t❤❡ ❧✐♥❦ ♦❢ t❤❡ ❑✷ ❝♦♠♣❛r✐s♦♥
b ▼❡❛s✉r❡❞ ❛t t❤❡ ❇■P▼
c ❙❛♠❡ s♦❧✉t✐♦♥ ❛s ❢♦r t❤❡ ❈❈❘■✭■■✮✲❑✷ ▲✉✲✶✼✼ ❝♦♠♣❛r✐s♦♥
d ❚❤❡ r❛t✐♦ ♦❢ t❤❡ ❛❝t✐✈✐t② ♦❢ t❤❡ ✐♠♣✉r✐t② t♦ t❤❡ ❛❝t✐✈✐t② ♦❢ 177▲✉ ❛t t❤❡ r❡❢❡r❡♥❝❡ ❞❛t❡

✹✳ ❘❡s✉❧ts

❆❧❧ t❤❡ s✉❜♠✐ss✐♦♥s t♦ t❤❡ ❙■❘ s✐♥❝❡ ✐ts ✐♥❝❡♣t✐♦♥ ✐♥ ✶✾✼✻ ❛r❡ ♠❛✐♥t❛✐♥❡❞ ✐♥ ❛ ❞❡❞✲

✐❝❛t❡❞ ❞❛t❛❜❛s❡ ❜❛s❡❞ ♦♥ ❈❙❱ ❢♦r♠❛tt❡❞ ✜❧❡s ❝♦♥tr♦❧❧❡❞ ❜② t❤❡ ●✐t ✈❡rs✐♦♥ ❝♦♥tr♦❧

s②st❡♠ ❬✶✷❪✳ ❆ ♠❛❝❤✐♥❡✲r❡❛❞❛❜❧❡ ✈❡rs✐♦♥ ♦❢ t❤✐s r❡♣♦rt ✭❳▼▲ ❢♦r♠❛t✮ ✐s ❛tt❛❝❤❡❞ t♦ t❤✐s

❞♦❝✉♠❡♥t ❬✶✸❪✳ ❚❤❡ ❧❛t❡st s✉❜♠✐ss✐♦♥ ❤❛s ❛❞❞❡❞ ✷ ❛♠♣♦✉❧❡s ❢♦r t❤❡ ❛❝t✐✈✐t② ♠❡❛s✉r❡✲

♠❡♥ts ♦❢ 177▲✉ ❣✐✈✐♥❣ r✐s❡ t♦ ✶✵ ❛♠♣♦✉❧❡s ✐♥ t♦t❛❧✳

❚❤❡ ❙■❘ ❡q✉✐✈❛❧❡♥t ❛❝t✐✈✐t②✱ Aei✱ ❢♦r ❡❛❝❤ ❛♠♣♦✉❧❡ r❡❝❡✐✈❡❞ ❢r♦♠ ❡❛❝❤ ◆▼■✱ i✱

✐♥❝❧✉❞✐♥❣ ❜♦t❤ ♣r❡✈✐♦✉s ❛♥❞ ♥❡✇ r❡s✉❧ts✱ ✐s ❣✐✈❡♥ ✐♥ ❚❛❜❧❡ ✹✳ ❚❤❡ r❡❧❛t✐✈❡ st❛♥❞❛r❞ ✉♥✲

❝❡rt❛✐♥t✐❡s ❛r✐s✐♥❣ ❢r♦♠ t❤❡ ♠❡❛s✉r❡♠❡♥ts ✐♥ t❤❡ ❙■❘ ❛r❡ ❛❧s♦ s❤♦✇♥✳ ❚❤✐s ✉♥❝❡rt❛✐♥t②

✐s ❛❞❞✐t✐♦♥❛❧ t♦ t❤❛t ❞❡❝❧❛r❡❞ ❜② t❤❡ ◆▼■ ✭u(Ai)✮ ❢♦r t❤❡ ❛❝t✐✈✐t② ♠❡❛s✉r❡♠❡♥t s❤♦✇♥ ✐♥

❚❛❜❧❡ ✷✳ ❆❧t❤♦✉❣❤ s✉❜♠✐tt❡❞ ❛❝t✐✈✐t✐❡s ❛r❡ ❝♦♠♣❛r❡❞ ✇✐t❤ ❛♥② ♦❢ ✜✈❡ s♦✉r❝❡s ♦❢ 226❘❛✱

❛❧❧ t❤❡ ❙■❘ r❡s✉❧ts ❛r❡ ♥♦r♠❛❧✐③❡❞ t♦ t❤❡ r❛❞✐✉♠ s♦✉r❝❡ ♥✉♠❜❡r ✺ ❬✶❪✳ ❚❛❜❧❡ ✹ ❛❧s♦ s❤♦✇s

t❤❡ ❝♦♠♣❛r✐s♦♥ r❡s✉❧ts s❡❧❡❝t❡❞ ❢♦r t❤❡ ❑❈❘❱ ❛s ❡①♣❧❛✐♥❡❞ ✐♥ s❡❝t✐♦♥ ✹✳✶✳

■t ✐s ❛ss✉♠❡❞ t❤❛t t❤❡s❡ r❡s✉❧ts ❛r❡ ✐♥s❡♥s✐t✐✈❡ t♦ ❙■❘ r♦t❛t✐♦♥ ❛♥❣❧❡ ❡✛❡❝t✳ ❙❡❡ ❬✶✹❪✳

❚❛❜❧❡ ✹✿ ❘❡s✉❧ts ♦❢ ❙■❘ ♠❡❛s✉r❡♠❡♥t ♦❢ 177▲✉✳

◆▼■ ♦r ❧❛❜♦✲

r❛t♦r② ✴ ❙■❘

②❡❛r

▼❛ss mi Ai
226❘❛

s♦✉r❝❡

Aei ❘❡❧❛t✐✈❡

✉♥❝❡rt✳

❢r♦♠ ❙■❘

uci Aei ❢♦r

❑❈❘❱

✴❣ ✴❦❇q ✴▼❇q ✴✶✵−4 ✴▼❇q ✴▼❇q

❈▼■ ✷✵✷✸ ✸✳✻✶✶ ✷✵✭✼✷✮ 11 622.3 ✶ 559.4 ✶✷ ✷✳✺ ✺✺✾✳✹✭✷✺✮

■❋■◆✲❍❍ ✷✵✶✸ ✸✳✺✾✼ ✺✽✹ 8155.72 ✶ 550.3 ✷✺ ✺✳✶ ✺✺✵✳✸✭✺✶✮

■❘❆ ✷✵✷✷ ✸✳✺✻✾ ✵✻✭✷✵✮ 20 924.5 ✶ 539.7 ✶✻ ✷✳✺ ✲



❋✐♥❛❧ r❡♣♦rt ✲ ❏✉♥❡ ✷✵✷✻ ✼

✳✳✳ ❈♦♥t✐♥✉❛t✐♦♥ ♦❢ ❚❛❜❧❡ ✹✳

◆▼■ ♦r ❧❛❜♦✲

r❛t♦r② ✴ ❙■❘

②❡❛r

mi Ai
226❘❛

s♦✉r❝❡

Aei ❘❡❧❛t✐✈❡

✉♥❝❡rt✳

❢r♦♠ ❙■❘

uc,i Aei ❢♦r

❑❈❘❱

✴❣ ✴❦❇q ✴▼❇q ✴✶✵−4 ✴▼❇q ✴▼❇q

✷✵✷✺ ✸✳✺✾✹ ✷✼✭✷✶✮ 25 296.3 ✷ 558.9 ✾ ✷✳✹ ✺✺✽✳✾✭✷✸✮a

25 297.2 558.9 ✾ ✷✳✶ ✲

❏❘❈ ✷✵✵✾ ✸✳✻✼✹ ✾✾ 2462 ✶ 566.3b1 ✸✸b2 ✾✳✺

565.2b3 ✶✸ ✾✳✸ ✺✻✺✳✷✭✾✸✮

▲◆❊✲▲◆❍❇

✷✵✶✹

✸✳✻✺ 5829.05 ✶ 560.2 ✶✻ ✶✳✼ ✲

✷✵✷✹ ✸✳✻✹✼ ✽✭✻✮ 4170.16 ✶ 558.6 ✶✸ ✷✳✶ ✺✺✽✳✻✭✷✶✮c

4167.61 558.3 ✶✸ ✷✳✶ ✲

4170.89 558.7 ✷✳✶ ✲

◆■❙❚ ✷✵✵✵ ✸✳✻✷✼ ✹ 133 850 ✸ 551.5d ✶✹ ✷✳✵ ✲

◆P▲ ✷✵✵✾ ✸✳✺✽✾ ✸✼ 11 790 ✷ 559.5e ✶✸ ✶✳✽ ✺✺✾✳✺✭✶✽✮

P❚❇ ✷✵✵✵ ✸✳✻✼✺ ✺ 138 790 ✸ 559.0 ✶✶ ✷✳✼ ✺✺✾✳✵✭✸✵✮

a ❚❤❡ r❡s✉❧t ✇❛s ♦❜t❛✐♥❡❞ ✉s✐♥❣ ❛♥ ❛✈❡r❛❣❡ ❜❡t✇❡❡♥ ♠❡t❤♦❞s ♦❢ ✷✺ ✷✾✼✭✶✵✷✮ ❦❇q ❛s ❡①♣❧❛✐♥❡❞ ✐♥ ❚❛❜❧❡ ✷✳
b1 ❱❛❧✉❡ ✉s❡❞ ❢♦r t❤❡ ❞❡❣r❡❡ ♦❢ ❡q✉✐✈❛❧❡♥❝❡✳
b2 ❉♦♠✐♥❛t❡❞ ❜② t❤❡ ✉♥❝❡rt❛✐♥t② ✐♥ t❤❡ ✐♠♣✉r✐t② ❝♦rr❡❝t✐♦♥ ✐♥ t❤❡ ❙■❘ ♠❡❛s✉r❡♠❡♥t ❞✉❡ t♦ t❤❡ ❧❛r❣❡

✉♥❝❡rt❛✐♥t② ♦♥ t❤❡ 177m▲✉ ❛❝t✐✈✐t② st❛t❡❞ ❜② t❤❡ ♣❛rt✐❝✐♣❛♥t✳
b3 ❘❡s✉❧t ✇❤❡♥ t❤❡ ✇❡✐❣❤t❡❞ ♠❡❛♥ 177m▲✉ ❛❝t✐✈✐t② ✈❛❧✉❡ ❢r♦♠ t❤❡ ❈❈❘■✭■■✮✲❑✷ ❝♦♠♣❛r✐s♦♥ ✐s ✉s❡❞ ✐♥

t❤❡ ✐♠♣✉r✐t② ❝♦rr❡❝t✐♦♥ ♦❢ t❤❡ ❙■❘ ♠❡❛s✉r❡♠❡♥t✳
c ❚❤❡ r❡s✉❧t ❢r♦♠ ❛♥t✐✲❝♦✐♥❝✐❞❡♥❝❡ ♠❡❛s✉r❡♠❡♥t ✐s s❡❧❡❝t❡❞ ❜② t❤❡ ▲◆❊✲▲◆❍❇ ❢♦r t❤❡ ❑❈❉❇✳
d ❘❡s✉❧t ♥♦t ❝♦♥s✐❞❡r❡❞ ❢♦r t❤❡ ❑❈❘❱ ❝❛❧❝✉❧❛t✐♦♥✱ s❡❡ ❞❡t❛✐❧s ✐♥ ❬✹❪
e ❘❡s✉❧t ✉s❡❞ t♦ ❧✐♥❦ t♦ t❤❡ ❈❈❘■✭■■✮✲❑✷ ❝♦♠♣❛r✐s♦♥

❚❤❡ ❈❈❘■✭■■✮✲❑✷✳▲✉✲✶✼✼ ❝♦♠♣❛r✐s♦♥ ✇❛s ❤❡❧❞ ✐♥ ✷✵✵✾ ❬✶✺❪✳ ❚❤❡ r❡s✉❧ts ✇❡r❡ ❧✐♥❦❡❞

t♦ t❤❡ ❇■P▼✳❘■✭■■✮✲❑✶✳▲✉✲✶✼✼ ❝♦♠♣❛r✐s♦♥ t❤r♦✉❣❤ t❤❡ ♠❡❛s✉r❡♠❡♥t ✐♥ t❤❡ ❙■❘ ♦❢ ❛t

❧❡❛st ♦♥❡ ❛♠♣♦✉❧❡ ♦❢ t❤❡ ❈❈❘■✭■■✮✲❑✷ ❝♦♠♣❛r✐s♦♥ ❛s ❡①♣❧❛✐♥❡❞ ✐♥ ❬✹❪✳

✹✳✶✳ ❚❤❡ ❦❡② ❝♦♠♣❛r✐s♦♥ r❡❢❡r❡♥❝❡ ✈❛❧✉❡

■♥ ▼❛② ✷✵✶✸✱ t❤❡ ❈❈❘■✭■■✮ ❞❡❝✐❞❡❞ t♦ ❝❛❧❝✉❧❛t❡ t❤❡ ❑❈❘❱ ❜② ✉s✐♥❣ t❤❡ ♣♦✇❡r✲♠♦❞❡r❛t❡❞

✇❡✐❣❤t❡❞ ♠❡❛♥ ❬✶✻❪ r❛t❤❡r t❤❛♥ ❛♥ ✉♥✇❡✐❣❤t❡❞ ♠❡❛♥✱ ❛s ❤❛❞ ❜❡❡♥ t❤❡ ♣♦❧✐❝②✳ ❚❤✐s t②♣❡

♦❢ ✇❡✐❣❤t❡❞ ♠❡❛♥ ✐s s✐♠✐❧❛r t♦ ❛ ▼❛♥❞❡❧✲P❛✉❧❡ ♠❡❛♥ ✐♥ t❤❛t t❤❡ ◆▼■s✬ ✉♥❝❡rt❛✐♥t✐❡s

♠❛② ❜❡ ✐♥❝r❡❛s❡❞ ✉♥t✐❧ t❤❡ r❡❞✉❝❡❞ ❝❤✐✲sq✉❛r❡❞ ✈❛❧✉❡ ✐s ♦♥❡✳ ■♥ ❛❞❞✐t✐♦♥✱ ✐t ❛❧❧♦✇s ❢♦r

❛ ♣♦✇❡r α s♠❛❧❧❡r t❤❛♥ t✇♦ ✐♥ t❤❡ ✇❡✐❣❤t✐♥❣ ❢❛❝t♦r✳ ❆s ♣r♦♣♦s❡❞ ✐♥ ❬✶✻❪✱ α ✐s t❛❦❡♥ ❛s

2 − 3/N ✇❤❡r❡ N ✐s t❤❡ ♥✉♠❜❡r ♦❢ r❡s✉❧ts s❡❧❡❝t❡❞ ❢♦r t❤❡ ❑❈❘❱✳ ❚❤❡r❡❢♦r❡✱ ❛❧❧ ❙■❘

❦❡② ❝♦♠♣❛r✐s♦♥ r❡s✉❧ts ❝❛♥ ❜❡ s❡❧❡❝t❡❞ ❢♦r t❤❡ ❑❈❘❱ ✇✐t❤ t❤❡ ❢♦❧❧♦✇✐♥❣ ♣r♦✈✐s✐♦♥s✿

✭❛✮ r❡s✉❧ts ❢♦r s♦❧✉t✐♦♥s st❛♥❞❛r❞✐③❡❞ ❜② ♦♥❧② ♣r✐♠❛r② t❡❝❤♥✐q✉❡s ❛r❡ ❛❝❝❡♣t❡❞✱ ✇✐t❤ t❤❡

❡①❝❡♣t✐♦♥ ♦❢ r❛❞✐♦❛❝t✐✈❡ ❣❛s st❛♥❞❛r❞s ✭❢♦r ✇❤✐❝❤ r❡s✉❧ts ❢r♦♠ tr❛♥s❢❡r ✐♥str✉♠❡♥t

♠❡❛s✉r❡♠❡♥ts t❤❛t ❛r❡ ❞✐r❡❝t❧② tr❛❝❡❛❜❧❡ t♦ ❛ ♣r✐♠❛r② ♠❡❛s✉r❡♠❡♥t ✐♥ t❤❡

❧❛❜♦r❛t♦r② ♠❛② ❜❡ ✐♥❝❧✉❞❡❞✮❀



❋✐♥❛❧ r❡♣♦rt ✲ ❏✉♥❡ ✷✵✷✻ ✽

✭❜✮ ❡❛❝❤ ◆▼■ ♦r ♦t❤❡r ❧❛❜♦r❛t♦r② ♠❛② ✉s❡ ♦♥❧② ♦♥❡ r❡s✉❧t ✭♥♦r♠❛❧❧② t❤❡ ♠♦st r❡❝❡♥t

r❡s✉❧t ♦r t❤❡ ♠❡❛♥ ✐❢ ♠♦r❡ t❤❛♥ ♦♥❡ ❛♠♣♦✉❧❡ ✐s s✉❜♠✐tt❡❞✮❀

✭❝✮ r❡s✉❧ts ♠♦r❡ t❤❛♥ ✷✵ ②❡❛rs ♦❧❞ ❛r❡ ✐♥❝❧✉❞❡❞ ✐♥ t❤❡ ❝❛❧❝✉❧❛t✐♦♥ ♦❢ t❤❡ ❑❈❘❱ ❜✉t ❛r❡

♥♦t ✐♥❝❧✉❞❡❞ ✐♥ ❞❛t❛ s❤♦✇♥ ✐♥ t❤❡ ❑❈❉❇ ♦r ✐♥ t❤❡ ♣❧♦ts ✐♥ t❤✐s r❡♣♦rt✱ ❛s t❤❡② ❤❛✈❡

❡①♣✐r❡❞❀

✭❞✮ ♣♦ss✐❜❧❡ ♦✉t❧✐❡rs ❝❛♥ ❜❡ ✐❞❡♥t✐✜❡❞ ♦♥ ❛ ♠❛t❤❡♠❛t✐❝❛❧ ❜❛s✐s ❛♥❞ ❡①❝❧✉❞❡❞ ❢r♦♠ t❤❡

❑❈❘❱ ✉s✐♥❣ t❤❡ ♥♦r♠❛❧✐③❡❞ ❡rr♦r t❡st ✇✐t❤ ❛ t❡st ✈❛❧✉❡ ♦❢ ✷✳✺ ❛♥❞ ✉s✐♥❣ t❤❡ ♠♦❞✐✜❡❞

✉♥❝❡rt❛✐♥t✐❡s❀

✭❡✮ r❡s✉❧ts ❝❛♥ ❛❧s♦ ❜❡ ❡①❝❧✉❞❡❞ ❢♦r t❡❝❤♥✐❝❛❧ r❡❛s♦♥s❀ ❛♥❞

✭❢✮ t❤❡ ❈❈❘■✭■■✮ ✐s ❛❧✇❛②s t❤❡ ✜♥❛❧ ❛r❜✐t❡r r❡❣❛r❞✐♥❣ ❡①❝❧✉❞✐♥❣ ❛♥② ❞❛t❛ ❢r♦♠ t❤❡ ❝❛❧✲

❝✉❧❛t✐♦♥ ♦❢ t❤❡ ❑❈❘❱✳

❆❧t❤♦✉❣❤ t❤❡ ❑❈❘❱ ♠❛② ❜❡ ♠♦❞✐✜❡❞ ✇❤❡♥ ♦t❤❡r ◆▼■s ♣❛rt✐❝✐♣❛t❡✱ ♦♥ t❤❡ ❛❞✈✐❝❡ ♦❢

t❤❡ ❑❡② ❈♦♠♣❛r✐s♦♥ ❲♦r❦✐♥❣ ●r♦✉♣ ♦❢ t❤❡ ❈❈❘■✭■■✮✱ s✉❝❤ ♠♦❞✐✜❝❛t✐♦♥s ❛r❡ ♠❛❞❡ ♦♥❧②

❜② t❤❡ ❈❈❘■✭■■✮ ❞✉r✐♥❣ ♦♥❡ ♦❢ ✐ts ❜✐❡♥♥✐❛❧ ♠❡❡t✐♥❣s✱ ♦r ❜② ❝♦♥s❡♥s✉s t❤r♦✉❣❤ ❡❧❡❝tr♦♥✐❝

♠❡❛♥s ✭❡✳❣✳✱ ❡♠❛✐❧✮ ❛s ❞✐s❝✉ss❡❞ ❛t t❤❡ ❈❈❘■✭■■✮ ♠❡❡t✐♥❣ ✐♥ ✷✵✶✸✳ ❈♦♥s❡q✉❡♥t❧②✱ t❤❡

❑❈❘❱ ✇❛s ♥♦t ✉♣❞❛t❡❞ ✐♠♠❡❞✐❛t❡❧② ❢♦❧❧♦✇✐♥❣ t❤❡ s✉❜♠✐ss✐♦♥s ❢r♦♠ ■❋■◆✲❍❍ ✭✷✵✶✸✮✱

▲◆❊✲▲◆❍❇ ✭✷✵✶✹✮✱ ■❘❆ ✭✷✵✷✷✮✱ ♦r ❈▼■ ✭✷✵✷✸✮ ❬✺✱ ✻❪✳

❋♦❧❧♦✇✐♥❣ ❛ s✉❝❝❡ss❢✉❧ ❈❈❘■✭■■✮ 177▲✉ s✉♣♣❧❡♠❡♥t❛r② ❝♦♠♣❛r✐s♦♥ ❬✶✺❪ ❛♥❞ t❤❡

r❡❝❡♥t r❡s✉❧ts ❢r♦♠ ▲◆❊✲▲◆❍❇ ✭✷✵✷✹✮ ❛♥❞ ■❘❆ ✭✷✵✷✺✮✱ t❤❡ ❑❈❘❱ ❤❛s ❜❡❡♥ ✉♣❞❛t❡❞ t♦

✐♥❝❧✉❞❡ t❤❡s❡ ♥❡✇ r❡s✉❧ts✱ ❛❧♦♥❣s✐❞❡ t❤♦s❡ ❢r♦♠ ■❋■◆✲❍❍ ✭✷✵✶✸✮ ❛♥❞ ❈▼■ ✭✷✵✷✸✮✳ ❚❤❡

✉♣❞❛t❡❞ ❑❈❘❱ ❢♦r 177▲✉ ✐s ✺✺✽✳✽✭✶✶✮ ▼❇q✳ ❚❤✐s ✇❛s ❝❛❧❝✉❧❛t❡❞ ✉s✐♥❣ ❛ ♣♦✇❡r ♦❢

α = 1.571 ❜❛s❡❞ ♦♥ t❤❡ r❡s✉❧ts s❡❧❡❝t❡❞ ✐♥ ❚❛❜❧❡ ✹ ❢r♦♠ P❚❇ ✭✷✵✵✵✮✱ ❏❘❈ ✭✷✵✵✾✮✱ ◆P▲

✭✷✵✵✾✮✱ ■❋■◆✲❍❍ ✭✷✵✶✸✮✱ ❈▼■ ✭✷✵✷✸✮✱ ▲◆❊✲▲◆❍❇ ✭✷✵✷✹✮✱ ❛♥❞ ■❘❆ ✭✷✵✷✺✮✳ ❚❤✐s ♥❡✇

✈❛❧✉❡ ❝❛♥ ❜❡ ❝♦♠♣❛r❡❞ t♦ t❤❡ ✷✵✶✹ ✉♣❞❛t❡ ♦❢ ✺✺✾✳✾✭✶✽✮ ▼❇q ❬✹❪ ❛♥❞ t❤❡ ♦r✐❣✐♥❛❧ ✷✵✵✸

✈❛❧✉❡ ♦❢ ✺✺✺✳✶✭✸✾✮ ▼❇q ❬✸❪✳

✹✳✷✳ ❉❡❣r❡❡s ♦❢ ❡q✉✐✈❛❧❡♥❝❡

❊✈❡r② ♣❛rt✐❝✐♣❛♥t ✐♥ ❛ ❝♦♠♣❛r✐s♦♥ ✐s ❡♥t✐t❧❡❞ t♦ ❤❛✈❡ ♦♥❡ r❡s✉❧t ✐♥❝❧✉❞❡❞ ✐♥ t❤❡ ❑❈❉❇ ❛s

❧♦♥❣ ❛s t❤❡ ◆▼■ ✐s ❛ s✐❣♥❛t♦r② ♦r ❞❡s✐❣♥❛t❡❞ ✐♥st✐t✉t❡ ❧✐st❡❞ ✐♥ t❤❡ ❈■P▼ ▼❘❆ ❛♥❞ t❤❡

r❡s✉❧t ✐s ✈❛❧✐❞ ✭✐✳❡✳✱ ♥♦t ♦❧❞❡r t❤❛♥ ✷✵ ②❡❛rs✮✳ ◆♦ r❡❝❡♥t s✉❜♠✐ss✐♦♥ ❤❛s ❜❡❡♥ ✐❞❡♥t✐✜❡❞

❛s ❛ ♣✐❧♦t st✉❞② s♦ t❤❡ ♠♦st r❡❝❡♥t r❡s✉❧t ♦❢ ❡❛❝❤ ◆▼■ ✐s ♥♦r♠❛❧❧② ❡❧✐❣✐❜❧❡ ❢♦r ✐♥❝❧✉s✐♦♥

♦♥ t❤❡ ❑❈❉❇ ♣❧❛t❢♦r♠ ♦❢ t❤❡ ❈■P▼ ▼❘❆ ❬✷❪✳ ❆♥ ◆▼■ ♠❛② ✇✐t❤❞r❛✇ ✐ts r❡s✉❧t ♦♥❧② ✐❢

❛❧❧ ♦t❤❡r ♣❛rt✐❝✐♣❛♥ts ❛❣r❡❡✳

❚❤❡ ❞❡❣r❡❡ ♦❢ ❡q✉✐✈❛❧❡♥❝❡ ♦❢ ❛ ❣✐✈❡♥ ♠❡❛s✉r❡♠❡♥t st❛♥❞❛r❞ ✐s t❤❡ ❞❡❣r❡❡ t♦ ✇❤✐❝❤

t❤✐s st❛♥❞❛r❞ ✐s ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ❑❈❘❱ ❬✷❪✳ ❚❤❡ ❞❡❣r❡❡ ♦❢ ❡q✉✐✈❛❧❡♥❝❡ ✐s ❡①♣r❡ss❡❞

q✉❛♥t✐t❛t✐✈❡❧② ✐♥ t❡r♠s ♦❢ t❤❡ ❞❡✈✐❛t✐♦♥ ❢r♦♠ t❤❡ ❦❡② ❝♦♠♣❛r✐s♦♥ r❡❢❡r❡♥❝❡ ✈❛❧✉❡ ❛♥❞

t❤❡ ❡①♣❛♥❞❡❞ ✉♥❝❡rt❛✐♥t② ♦❢ t❤✐s ❞❡✈✐❛t✐♦♥ ✭k = 2✮✳ ❚❤❡ ❞❡❣r❡❡ ♦❢ ❡q✉✐✈❛❧❡♥❝❡ ❜❡t✇❡❡♥
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❛♥② ♣❛✐r ♦❢ ♥❛t✐♦♥❛❧ ♠❡❛s✉r❡♠❡♥t st❛♥❞❛r❞s ✐s ❡①♣r❡ss❡❞ ✐♥ t❡r♠s ♦❢ t❤❡✐r ❞✐✛❡r❡♥❝❡

❛♥❞ t❤❡ ❡①♣❛♥❞❡❞ ✉♥❝❡rt❛✐♥t② ♦❢ t❤✐s ❞✐✛❡r❡♥❝❡ ❛♥❞ ✐s ✐♥❞❡♣❡♥❞❡♥t ♦❢ t❤❡ ❝❤♦✐❝❡ ♦❢ ❦❡②

❝♦♠♣❛r✐s♦♥ r❡❢❡r❡♥❝❡ ✈❛❧✉❡✳

✹✳✷✳✶✳ ❈♦♠♣❛r✐s♦♥ ♦❢ ❛ ❣✐✈❡♥ ◆▼■ r❡s✉❧t ✇✐t❤ t❤❡ ❑❈❘❱

❚❤❡ ❞❡❣r❡❡ ♦❢ ❡q✉✐✈❛❧❡♥❝❡ ♦❢ t❤❡ r❡s✉❧t ♦❢ ❛ ♣❛rt✐❝✉❧❛r ◆▼■✱ i✱ ✇✐t❤ t❤❡ ❦❡② ❝♦♠♣❛r✐s♦♥

r❡❢❡r❡♥❝❡ ✈❛❧✉❡ ✐s ❡①♣r❡ss❡❞ ❛s t❤❡ ❞✐✛❡r❡♥❝❡ Di ❜❡t✇❡❡♥ t❤❡ ✈❛❧✉❡s

Di = Aei −❑❈❘❱ ✭✶✮

❛♥❞ t❤❡ ❡①♣❛♥❞❡❞ ✉♥❝❡rt❛✐♥t② ✭k = 2✮ ♦❢ t❤✐s ❞✐✛❡r❡♥❝❡✱ Ui✱ ❦♥♦✇♥ ❛s t❤❡ ❡q✉✐✈❛❧❡♥❝❡

✉♥❝❡rt❛✐♥t②❀ ❤❡♥❝❡

Ui = 2u(Di) ✭✷✮

❲❤❡♥ t❤❡ r❡s✉❧t ♦❢ t❤❡ ◆▼■ i ✐s ✐♥❝❧✉❞❡❞ ✐♥ t❤❡ ❑❈❘❱ ✇✐t❤ ❛ ✇❡✐❣❤t wi✱ t❤❡♥

u2(Di) = (1− 2wi)u
2
i + u2(❑❈❘❱) ✭✸✮

❍♦✇❡✈❡r✱ ✇❤❡♥ t❤❡ r❡s✉❧t ♦❢ t❤❡ ◆▼■ i ✐s ♥♦t ✐♥❝❧✉❞❡❞ ✐♥ t❤❡ ❑❈❘❱✱ t❤❡♥

u2(Di) = u2
i + u2(❑❈❘❱) ✭✹✮

❚❤❡ ✐♥tr♦❞✉❝t♦r② t❡①t ✐♥ ❆♣♣❡♥❞✐① ❆ ✐s t❤❡ ♦♥❡ ❛❣r❡❡❞ ❜② t❤❡ ❈❈❘■✭■■✮ ❢♦r ❛❧❧ t❤❡ ❑✶

❝♦♠♣❛r✐s♦♥s✳

✹✳✷✳✷✳ ❈♦♠♣❛r✐s♦♥ ❜❡t✇❡❡♥ ♣❛✐rs ♦❢ ◆▼■ r❡s✉❧ts

❚❤❡ ❞❡❣r❡❡ ♦❢ ❡q✉✐✈❛❧❡♥❝❡ ❜❡t✇❡❡♥ t❤❡ r❡s✉❧ts ♦❢ ❛♥② ♣❛✐r ♦❢ ◆▼■s✱ i ❛♥❞ j✱ ✐s ❡①♣r❡ss❡❞

❛s t❤❡ ❞✐✛❡r❡♥❝❡ Dij ✐♥ t❤❡ ✈❛❧✉❡s

Dij = Di −Dj = Aei − Aej ✭✺✮

❛♥❞ t❤❡ ❡①♣❛♥❞❡❞ ✉♥❝❡rt❛✐♥t② ✭k = 2✮ ♦❢ t❤✐s ❞✐✛❡r❡♥❝❡✱ Uij = 2u(Dij)✱ ✇❤❡r❡

u2(Dij) = u2
i + u2

j − 2u(Aei, Aej) ✭✻✮

✇❤❡r❡ ❛♥② ♦❜✈✐♦✉s ❝♦rr❡❧❛t✐♦♥s ❜❡t✇❡❡♥ t❤❡ ◆▼■s ✭s✉❝❤ ❛s ❛ tr❛❝❡❛❜❧❡ ❝❛❧✐❜r❛t✐♦♥✱ ❝♦r✲

r❡❧❛t✐♦♥s ♥♦r♠❛❧❧② ❝♦♠✐♥❣ ❢r♦♠ t❤❡ ❙■❘✱ ♦r ❢r♦♠ t❤❡ ❧✐♥❦✐♥❣ ❢❛❝t♦r ✐♥ t❤❡ ❝❛s❡ ♦❢ ❧✐♥❦❡❞

❝♦♠♣❛r✐s♦♥✮ ❛r❡ s✉❜tr❛❝t❡❞ ✉s✐♥❣ t❤❡ ❝♦✈❛r✐❛♥❝❡ u(Aei, Aej) ✭s❡❡ ❬✶✼❪ ❢♦r ♠♦r❡ ❞❡t❛✐❧✮✳

❍♦✇❡✈❡r✱ t❤❡ ❈❈❘■ ❞❡❝✐❞❡❞ ✐♥ ✷✵✶✶ t❤❛t t❤❡s❡ ♣❛✐r✲✇✐s❡ ❞❡❣r❡❡s ♦❢ ❡q✉✐✈❛❧❡♥❝❡ ♥♦ ❧♦♥❣❡r

♥❡❡❞ t♦ ❜❡ ♣✉❜❧✐s❤❡❞ ❛s ❧♦♥❣ ❛s t❤❡ ♠❡t❤♦❞♦❧♦❣② ✐s ❡①♣❧❛✐♥❡❞✳

❆♣♣❡♥❞✐① ❇ s❤♦✇s t❤❡ ♠❛tr✐① ♦❢ ❛❧❧ t❤❡ ❞❡❣r❡❡s ♦❢ ❡q✉✐✈❛❧❡♥❝❡ ❛s t❤❡② ✇✐❧❧ ❛♣♣❡❛r ✐♥

t❤❡ ❑❈❉❇✳ ■t s❤♦✉❧❞ ❜❡ ♥♦t❡❞ t❤❛t ❢♦r ❝♦♥s✐st❡♥❝② ✇✐t❤✐♥ t❤❡ ❑❈❉❇✱ ❛ s✐♠♣❧✐✜❡❞ ❧❡✈❡❧

♦❢ ♥♦♠❡♥❝❧❛t✉r❡ ✐s ✉s❡❞ ✇✐t❤ Aei r❡♣❧❛❝❡❞ ❜② xi✳ ❚❤❡ ✐♥tr♦❞✉❝t♦r② t❡①t ✐s t❤❛t ❛❣r❡❡❞ ❢♦r

t❤❡ ❝♦♠♣❛r✐s♦♥✳ ❚❤❡ ❣r❛♣❤ ♦❢ t❤❡ r❡s✉❧ts ✐♥ ❆♣♣❡♥❞✐① ❇✱ ❝♦rr❡s♣♦♥❞✐♥❣ t♦ t❤❡ ❞❡❣r❡❡s

♦❢ ❡q✉✐✈❛❧❡♥❝❡ ✇✐t❤ r❡s♣❡❝t t♦ t❤❡ ❑❈❘❱ ✭✐❞❡♥t✐✜❡❞ ❛s xR ✐♥ t❤❡ ❑❈❉❇✮✱ ✐s s❤♦✇♥ ✐♥

❋✐❣✉r❡ ❈✶✳ ❚❤✐s ❣r❛♣❤✐❝❛❧ r❡♣r❡s❡♥t❛t✐♦♥ ✐♥❞✐❝❛t❡s ✐♥ ♣❛rt t❤❡ ❞❡❣r❡❡ ♦❢ ❡q✉✐✈❛❧❡♥❝❡
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BIPM.RI(II)-K1 or BIPM.RI(II)-K4

Measurement method

ACRONYM Comments:

Activity concentration at 

reference date / kBq g-1

Relative standard 

uncertainty / 10-2

Date of measurement at the 

NMI (YYYY-MM-DD)

For relative methods:

Primary methods or 

standards used for 

calibration

Date of calibration

Date of primary 

measurement

Uncertainty budget

Uncertainty component

Relative 

uncertainty / 

10-2
Evaluation 

type (A or B) Comment

Counting statistics 0.1 A

Background 0.0196 B

Weighing 0.1844 B

Dilution 0.0149 B

Timing 0.003 B

Model uncertainty 0.06 B

Pile-up,  afterpulse

Adsorption

Impurities

Decay correction 0.092 B

Decay data

Extra-/Inter-polation of efficiency 

curve

Quenching, kB value 0.3115 B

Tracer activity and tSIE 0.1042 B

Reproducibility 0.11 A

Combined standard 

uncertainty 0.420

SIR/SIRTI reporting form - radioactive solution V2.3   page 3a

4P-MX-LS-00-00-CN

CIEMAT/NIST

7037.955995

0.42

several measurements  in 

October and November 2025

Detailed uncertainty budget from the IRA (method 1)



BIPM.RI(II)-K1 or BIPM.RI(II)-K4

Measurement method

ACRONYM Comments:

Activity concentration at 

reference date / kBq g-1

Relative standard 

uncertainty / 10-2

Date of measurement at the 

NMI (YYYY-MM-DD)

For relative methods:

Primary methods or 

standards used for 

calibration

Date of calibration

Date of primary 

measurement

Uncertainty budget

Uncertainty component

Relative 

uncertainty / 

10-2
Evaluation 

type (A or B) Comment

Counting statistics 0.131 A

Background 0.003 B

Weighing 0.191 B

Dilution 0.015 B

Dead  time

Resolving time

Pile-up,  afterpulse

Adsorption

Impurities

Decay correction 0.22 B

Decay data

Extra-/Inter-polation of efficiency 

curve

Quenching, kB value 0.121 B

Tracer

Reproducibility 0.145 A

Combined standard 

uncertainty 0.371

SIR/SIRTI reporting form - radioactive solution V2.3  page 3b

TDCR

4P-MX-LS-00-00-TD

7038.213054

0.37

Detailed uncertainty budget from the IRA (method 2)



BIPM.RI(II)-K1 or BIPM.RI(II)-K4

Measurement method

ACRONYM Comments:

Activity concentration at 

reference date / kBq g-1

Relative standard 

uncertainty / 10-2

Date of measurement at the 

NMI (YYYY-MM-DD)

For relative methods:

Primary methods or 

standards used for 

calibration

Date of calibration

Date of primary 

measurement

Uncertainty budget

Uncertainty component

Relative 

uncertainty / 

10-2
Evaluation 

type (A or B) Comment

Counting statistics 0.13 A

Standard deviation calculated from the measurement of 7 LS 

vials (10 mL of Hionic Fluor in standard glass vials)

Background 0.14 B

Weighing 0.1 B

Dilution

Dead  time 0.02 B Live time technique using extendable dead-times

Resolving time

Pile-up,  afterpulse

Adsorption

Impurities

Decay correction 0.05 B

Decay data

Extra-/Inter-polation of efficiency 

curve 0.27 B

Detection efficiency variation implemented by PMT 

defocusing

Quenching, kB value

Tracer

Reproducibility

Dilution 0.03 B

Combined standard 

uncertainty 0.35

SIR/SIRTI reporting form - radioactive solution V2.3   page 3a

The anti-coincidence system is equipped with a LS detector based on 

3 photomultipliers. The counting is implemented using home-made 

modules based on a extendable dead-time circuitry and the live-time 

technique (Bouchard J., Applied Radiation and Isotopes Vol. 52, 2000, 

pp. 441,446). The activity concentration is obtained from the 

measurements of 7 LS sources (10 mL of Hionic Fluor in standard glass 

vials). 

Coincidence method

4P-BP-LS-GR-NA-AC

1143.2

0.35

2024-02-15

Detailed uncertainty budget from the LNE-LNHB (method 1)



BIPM.RI(II)-K1 or BIPM.RI(II)-K4

Measurement method

ACRONYM Comments:

Activity concentration at 

reference date / kBq g-1

Relative standard 

uncertainty / 10-2

Date of measurement at the 

NMI (YYYY-MM-DD)

For relative methods:

Primary methods or 

standards used for 

calibration

Date of calibration

Date of primary 

measurement

Uncertainty budget

Uncertainty component

Relative 

uncertainty / 

10-2
Evaluation 

type (A or B) Comment

Counting statistics 0.14 A

Standard deviation calculated from the measurement of 5 LS 

vials (10 mL of Ultima Gold in standard plastic vials)

Background 0.03 B

Weighing 0.1 B

Dilution

Dead  time 0.02 B Live time technique using extendable dead-times

Resolving time

Pile-up,  afterpulse

Adsorption

Impurities

Decay correction 0.05 B

Decay data

Extra-/Inter-polation of efficiency 

curve

Quenching, kB value

Tracer

Reproducibility

TDCR model 0.3 B Variation of the kB value between 0,008 and 0,012 cm/MeV

Dilution 0.03 B

Combined standard 

uncertainty 0.35

SIR/SIRTI reporting form - radioactive solution V2.3  page 3b

TDCR Method

4P-BP-LS-00-00-TD

1142.5
The TDCR system is equipped with 3 BURLE 8850 photomultipliers. 

The counting is implemented using the home-made module MAC3 

based on a extendable dead-time circuitry and the live-time technique 

(Bouchard J. et al., Applied Radiation and Isotopes Vol. 52, 2000, pp. 

669-672). The activity concentration is obtained from the 

measurements of 5 LS sources (10 mL of Ultima Gold in standard 

plastic vials). 

0.35

2024-02-15

Detailed uncertainty budget from the LNE-LNHB (method 2)



BIPM.RI(II)-K1 or BIPM.RI(II)-K4

Measurement method

ACRONYM Comments:

Activity concentration at 

reference date / kBq g-1

Relative standard 

uncertainty / 10-2

Date of measurement at the 

NMI (YYYY-MM-DD)

For relative methods:

Primary methods or 

standards used for 

calibration

Date of calibration

Date of primary 

measurement

Uncertainty budget

Uncertainty component

Relative 

uncertainty / 

10-2
Evaluation 

type (A or B) Comment

Counting statistics 0.15 A

Standard deviation calculated from the measurement of 5 LS 

vials (10 mL of Ultima Gold in standard plastic vials)

Background 0.03 B

Weighing 0.1 B

Dilution

Dead  time 0.05 B Hidex dead-time management verified at LNHB 

Resolving time

Pile-up,  afterpulse

Adsorption

Impurities

Decay correction 0.05 B

Decay data

Extra-/Inter-polation of efficiency 

curve

Quenching, kB value

Tracer

Reproducibility

TDCR Model 0.3 B Variation of the kB value between 0,008 and 0,012 cm/MeV

Dilution 0.03 B

Combined standard 

uncertainty 0.36

SIR/SIRTI reporting form - radioactive solution  V2.3  page 3c

TDCR method

4P-BP-LS-00-00-TD

1143.4 The activity concentation is obtained using a commercial 

TDCR Hidex 300SL system purchased at LNHB in June 2023. 

The measurements were performed in the Metrology mode 

using a resolving time equal to 40 ns. The activity 

concentration is determined from the measurements of 5 LS 

sources (10 mL of Ultima Gold in standard plastic vials). 

0.36

2024-02-15

Detailed uncertainty budget from the LNE-LNHB (method 3)
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            This schema is a machine-readable version of BIPM.RI(II)-K1 key comparisons.
        
	     
            MIT License
            
            Copyright (c) 2023 Bureau International des Poids et Mesures
            
            Permission is hereby granted, free of charge, to any person obtaining a copy
            of this software and associated documentation files (the "Software"), to deal
            in the Software without restriction, including without limitation the rights
            to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
            copies of the Software, and to permit persons to whom the Software is
            furnished to do so, subject to the following conditions:
            
            The above copyright notice and this permission notice shall be included in all
            copies or substantial portions of the Software.
            
            THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
            IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
            FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
            AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
            LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
            OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
            SOFTWARE.
        
		 
            CONTACT: Romain.Coulon@bipm.org
			DEVELOPMENT: https://github.com/TheBIPM/CCRI-II-KC
			VERSION: 1.0.0
			RELEASE DATE: 2023-10-02
			DOI:
        
    
    
    
	
     
         
             
                 
                    A laboratory or a metrological institute is defined by: 
                    _ The acronym given in the list of signatories of the CIPM MRA: https://www.bipm.org/en/cipm-mra/participation/
					_ The past acronyms used for this institute (when applicable)
                    _ The RoR identifier (when available): https://ror.org/ 
                 
                                                                              
             
			 
             
        
    
     
    
	 
         
             
                 
                    Every participant in a comparison is entitled to have one result included in the KCDB as long as
                    the NMI is a signatory or designated institute listed in the CIPM MRA and the result is valid
                    (i.e., not older than 20 years).
                    An NMI may withdraw its result only if all other participants agree.
                    The degree of equivalence of a given measurement standard is the degree to which this standard is
                    consistent with the KCRV.
                    The degree of equivalence is expressed quantitatively in terms of the deviation from the key comparison
                    reference value and the expanded uncertainty of this deviation ($k = 2$).
                    The CCRI(II) agrees on the following statement on degree of equivalence evaluated in BIPM.RI(II)-K1 comparisons: 
                        _ The degree of equivalence of the result of a particular NMI, $i$, with the key comparison reference value 
                        is expressed as the difference $D_{i}$ between the values $D_{i}=A_{\textrm{e}i}-KCRV$
                        and the expanded uncertainty ($k=2$)  of this difference, $U_{i}$, known as the equivalence uncertainty; hence $U_{i}=2u(D_{i})$.
                        _ When the result of the NMI $i$ is included in the KCRV with a weight $w_{i}$, then $u^{2}(D_{i})=(1-2w_{i})u_i^{2}+u^{2}(KCRV)$.
                        _ However, when the result of the NMI $i$ is not included in the KCRV, then $u^2(D_i)=u_i^2+u^2(KCRV)$.
                        
                    A degree of equivalence is reported with the following elements:
                        _ The laboratory (xml element: "laboratory")
                        _ The degree of equivalence defined by a dsi:real element.
                        This element is expected to contain a value, a multiple of becquerel as unit,
                        and an expanded uncertainty with a coverage factor equal to 2.
                        The becquerel unit is defined in https://si-digital-framework.org/SI/units/becquerel
                        and the possible prefixes in https://si-digital-framework.org/SI/prefixes
                
            
             
			 
        
    
    
	
     
         
             
                 
                    In some cases, CCRI(II) or regional key comparisons could have been linked to the SIR.
                    The degrees of equivalence in compliance with BIPM.RI(II)-K1 comparisons are provided.
                    The linked comparison is identified
                    _ by its CIPM-MRA identifier https://www.bipm.org/documents/20126/43742162/CIPM-MRA-G-11.pdf (xml element: "comparisonCode")
                    _ the Consultative Committee (CC) that organize the comparison (xml element: "consultativeCommittee")
                    _ or the Regional Metrology Organization (RMO) that organize the comparison (xml element: "rmo")
                    _ the year when the comparison was carried out (xml element: "year")
                    _ the DOI of the report of the linked comparison (xml element: "doi")  
                
            
             
             
             
             
             
        
    	
    
    	
	 
         
             
                 
                    Each time the comparisons are updated, a sequence of degrees of equivalence is published.
                    Sometimes a sequence can be linked to a CCRI(II) or regional comparison.
                
            
             
             
        
    
    
    
	 
         
             
                 
                    The comparison data is reported with the following elements: 
                     _ The DOI of the related Metrologia technical supplement (xml element: "doi")
                     _ The year of the comparison, meaning the year of the first publication or update of the comparison results (xml element: "year")
                     _ The KCRV (xml element: "KCRV")
                     _ The degrees of equivalence (xml element: "degreesOfEquivalence")
					 
                    In May 2013, the CCRI(II) decided to calculate the KCRV by using the power-moderated weighted mean (PMM).
                    https://doi.org/10.1088/0026-1394/52/3/S200
                    key comparison results can be selected for the KCRV with the following provisions: 
                    _ results for solutions standardized by only primary techniques are accepted, with the exception of radioactive gas standards (for which results from transfer instrument measurements that are directly traceable to a primary measurement in the laboratory may be included); 
                    _ each NMI or other laboratory may use only one result (normally the most recent result or the mean if more than one ampoule is submitted);
                    _ results more than 20 years old are included in the calculation of the KCRV but are not included in data shown in the KCDB or in the plots in this report, as they have expired;Acronym
                    _ possible outliers can be identified on a mathematical basis and excluded from the KCRV using the normalized error test with a test value of 2.5 and using the modified uncertainties;
                    _ results can also be excluded for technical reasons; and
                    _ the CCRI(II) is always the final arbiter regarding excluding any data from the calculation of the KCRV. Although the KCRV may be modified when other NMIs participate, on the advice of the Key Comparison Working Group of the CCRI(II), such modifications are made only by the CCRI(II) during one of its biennial meetings, or by consensus through electronic means (e.g., email) as discussed at the CCRI(II) meeting in 2013.
                                                                
                    The key comparison reference value (KCRV) is defined by a dsi: real element.
                    This element is expected to contain a value, a multiple of becquerel as unit, and a standard uncertainty (a coverage factor equal to 1).
                    The becquerel unit is defined in https://si-digital-framework.org/SI/units/becquerel
                    and the possible prefixes in https://si-digital-framework.org/SI/prefixes					 
                
            
             
             
			 			
             
		
    
    	
    	
	 
         
             
                 
                    The comparison is defined by:
                    _ the comparison code of the key comparison (xml element: "comparisonCode")
                      such as defined in the CIPM MRA https://www.bipm.org/documents/20126/43742162/CIPM-MRA-G-11.pdf
                    _ the service category identifier from the SI Digital Framework https://si-digital-framework.org/kcdb-sc
                    _ the metrological data of the radionuclide gather in the SI Digital Framework https://si-digital-framework.org/kcdb-sc/nucl
                    _ the identification of the pilot laboratory
                
                              
             
             
             			
             
        
    
    
    
     
         
             
                 
                    The comparison data is defined as a sequence of every releases of the given comparison.
                    The comparison data contains the final results of the comparison (the KCRV and the degrees of equivalence)
                    that could be used to claim CMC in the related KCDB service category.
                
             
             
        
    
        
    
     
         
             
                 
                    The solvant is identified by: 
                    _ The SMILES identifier, media type: chemical/x-daylight-smiles
                    _ The InChIKey identifier  http://inchi.info/inchikey_overview_en.html
                    _ The InChI identifier https://iupac.org/project/2000-025-1-800/
                    
                    This concentration measurement is defined by a dsi:real element defined in the digital measurement representation https://ptb.de/si.
                    This element is expected to contain a value, a coherent derived unit for the derived quantity amount of substance concentration,
                    This unit is defined in the SI Digital Framework: https://si-digital-framework.org/SI/units/mole.decimetre-3
                 
            
             
             
             
             
        
    
    
    
     
         
             
                 
                    The carrier molecule is identified by: 
                    _ The SMILES identifier, media type: chemical/x-daylight-smiles
                    _ The InChIKey identifier  http://inchi.info/inchikey_overview_en.html
                    _ The InChI identifier https://iupac.org/project/2000-025-1-800/
                    
                    This concentration measurement is defined by a dsi:real element defined in the digital measurement representation https://ptb.de/si.
                    This element is expected to contain a value, a coherent derived unit for the derived quantity amount of substance concentration,
					This unit is defined in the SI Digital Framework: https://si-digital-framework.org/SI/units/microkilogram.kilogram-1 (to be revised)
                 
                                                                                                
             
             
             
             
        
    
    
    
     
         
             
                 
                    A standard solution of a radionuclide is described by the solvant of the solution and the carrier molecule of the radionuclide.
                 
                  
             
             
        
    
    
    
	 
         
             
                 
                    A radioactive standard solution submitted by a laboratory is defined by:
                    _ An identifier (xml element: "solutionID") built such that RLY-I
                        R: the radionuclide (eg. Ce-139)
                        L: the acronym of the laboratory given in https://www.bipm.org/en/cipm-mra/participation/
                        Y: the year of the measurement in the SIR
                        I: an incremental number to identifier each ampoule in a set of ampoule sent by the laboratory
                    _ The mass measurement of the solution carried out by the laboratory (xml element: "mass")
					    This mass measurement is defined by a dsi:real element defined in the digital measurement representation https://ptb.de/si.
                        This element is expected to contain a value, a multiple of kilogram as unit,
                        and a (optional) standard uncertainty (a coverage factor equal to 1).
                        The SI unit gram is defined in https://si-digital-framework.org/SI/units/millikilogram (to be redefined)
                    _ The density measurement of the solution carried out by the laboratory (xml element: "density")
                    _ The chemical composition of the solution (xml element: "chemicalComposition")
                    _ Details on possible impurities contained in the solution (xml element: "impurities")
                 
                
             
             
             
             
             
        
    
    
    
     
         
		     
                 
                    A laboratory can submit several ampoules of standard solution. In these case a sequence of radioactive solution is defined.
                 
                  
             
        
    
    
    
     
         
             
                          
                    The reference could be defined by the bibliographical description in string (xml element: "detail")
                    or/and the DOI of the document (xml element: "doi").
                
            
             
             
        
    
    
    
     
         
             
                          
                    The half-life is given a dsi:real element defined in the digital measurement representation https://ptb.de/si.
                    This element is expected to contain a value, a base unit for the quantity time,
                    and a (optional) standard uncertainty (a coverage factor equal to 1).
                    The base unit second is defined in https://si-digital-framework.org/SI/units/second
                    and the possible prefixes in https://si-digital-framework.org/SI/prefixes
                    The reference (optional) of the half-life evaluation is given in the xml element: "reference"  
                
            
             
             
        
    

    
     
         
                      
                According to JCGM 100:2008 2.3.2, the type A uncertainty is an uncertainty evaluated by the statistical analysis of series of observations.
				Here the relative uncertainty is considered dividing the uncertainty by the measurement value.
				The Guides in Metrology are available in https://www.bipm.org/fr/web/guest/publications/guides
                
            
                                                                                    
    	
        
    
     
         
                      
                According to JCGM 100:2008 2.3.3, the type B uncertainty is an uncertainty evaluated by means other than the statistical analysis of series of observations.
				Here the relative uncertainty is considered dividing the uncertainty by the measurement value.
				The Guides in Metrology are available in https://www.bipm.org/fr/web/guest/publications/guides
            
        
                                                                                
    	
	
    
     
         
             
                          
                    The activity measurement is given in a dsi:real element defined in the digital measurement representation https://ptb.de/si.
                    This element is expected to contain a value, a multiple derive unit becquerel,
                    and a standard uncertainty (a coverage factor equal to 1).
                    The derived SI unit becquerel is defined in https://si-digital-framework.org/SI/units/becquerel
                    and the possible prefixes in https://si-digital-framework.org/SI/prefixes
                    Additionally,
                    _ relative standard uncertainty from type A evaluation is given as a dimensionless decimal (xml element: "relStdUncertTypeA")
                    _ relative standard uncertainty from type B evaluation is given as a dimensionless decimal (xml element: "relStdUncertTypeB")  
                
            
             
             
                                                                                         
        
    
    
    
     
         
             
                 
                    An activity measurement carried out by a laboratory is defined by:
                    _ The reference date (xml element: "referenceDate")
                    _ The identifier of the measured solution (xml element: "solutionID") built such that RLY-I
                        R: the radionuclide (eg. Ce-139)
                        L: the acronym of the laboratory given in https://www.bipm.org/en/cipm-mra/participation/
                        Y: the year of the measurement in the SIR
                        I: an incremental number to identifier each ampoule in a set of ampoule sent by the laboratory
                    _ The half-life used by the laboratory (xml element: "halfLife")
                    _ The identifier (xml element: "methodID") of the standardization method such as it has been defined by the CCRI(II)  https://github.com/RomainCoulon/BIPM.RI-II--K1_database/blob/main/FAIRversions/Acronyms.csv
                    _ A more detailed description of the measurement method in string (xml element: "description")
                    _ Possible additional comments on the measurements (xml element: "comments")
                    _ The result of the activity measurement (xml element: "activity")
                 
             
             
             
             
             
             
             
             
        
    
    
    
     
         
		     
                 
                    When the laboratory used several ampoules of standard solution or/and the laboratory applied several measurement methods,
                    several measurement results can be reported accordingly.
                    In this case, a sequence of measurement results is detailed.
                 
             
             
        
    
    
    
     
         
		     
                 
                    When the laboratory submitted several ampoules, an equivalent activity is estimated for this set.
                    The list of solution identifiers is given.
                 
             
             
        
    
    
    	
	 
         
		     
                 
                    When the laboratory reported results from several measurement methods, an equivalent activity is estimated for this set.
                    The list of method identifiers is given.
                 
             
             
        
    
    
    
     
         
                      
                The SIR measurement has is own uncertainty that is combined with the laboratory uncertainties.
                This specific contribution of the SIR to the final uncertainty is given by the standard uncertainty
                divided by the value of the equivalent activity. 
            
        
                                                                                
    	
    
    
	 
         
             
                          
                    The equivalent activity measurement is given by a dsi:real element defined in the digital measurement representation https://ptb.de/si.
                    This element is expected to contain a value, a multiple derive unit becquerel,
                    and a standard uncertainty (a coverage factor equal to 1).
                    The derived SI unit becquerel is defined in https://si-digital-framework.org/SI/units/becquerel
                    and the possible prefixes in https://si-digital-framework.org/SI/prefixes
                    In addition,
                    _ the relative standard uncertainty from the SIR system is given as a dimensionless decimal (xml element: "relStdUncertFromSIR")
                
            
             
             
        
    
    
    
     
         
             
                          
                    The measurement of the BIPM using the SIR is described by:
                    _ the solution(s) that have been measured (xml element: "solutions")
                    _ the standardization method(s) used by the laboratory to estimate the activity (xml element: "methods")
                    _ the reference Ra-226 source used for the SIR measurement (xml element: "referenceSource")
                    _ the equivalence activity evaluation by the SIR (xml element: "EquivalentActivity") 
                
                                                                            
             
             
             
             
             
        
    
    
    
     
         
		     
                 
                    When the laboratory reported results from several measurement methods or submitted several ampoules,
                    an equivalent activity is estimated for this set.
                    It is also possible that an equivalence activity were reported for each method or ampoule.
                    In the latter case, a sequence of SIR measurements can be reported. 
                 
             
             
        
    
    
    
     
         
             
                          
                    A submission to obtain a degree of equivalence is described by providing details on:
                    _ The participating laboratory (xml element: "laboratory")
                    _ The year of the participation, ie measurement by the SIR  (xml element: "year")
                    _ The boolean indicator (true or false) saying if the result is used in the KCRV (xml element: "inKCRV")
                    _ The boolean indicator (true or false) saying if the result is currently valid for a degree of equivalence published in the KCDB (xml element: "doeValid")
                    _ Details on the radioactive standard solution (xml element: "radioactiveSolutions")
                    _ Details on the activity measurement carried out by the laboratory (xml element: "laboratoryMeasurements")
                    _ Details on the SIR measurement (equivalent activity) carried out by the BIPM (xml element: "bipmMeasurements")
                
            
             										
             
             
             
             
             
             
        
    
    
    
     
         
             
                          
                    The metadata of key comparisons BIPM.RI(II)-K1 provide administrative and technical information
                    on each submission (xml element: "submission") that contribute to the realization of the derived unit becquerel for a given radionuclide.
                    The ultimate semantic reference for the becquerel unit is provided by the SI Reference Point: https://si-digital-framework.org/SI/units/becquerel
                
            
             
        
    
    
    
     
         
             
                 
                    Key comparison results are key data in the realization of the derived unit becquerel for a given radionuclide.
                    The ultimate semantic reference for this derived SI unit is provided by https://si-digital-framework.org/SI/units/becquerel
                    The key comparison results are officially publish on BIPM the Key Comparison DataBase https://www.bipm.org/kcdb/
                     
                    Successful participation in this comparison by a laboratory may provide evidential support for 
                    Calibration and Measurement Capability (CMC) claims for [nuclide] measured using the laboratory’s 
                    method(s) used in the comparison or methods calibrated by those used for the comparison. This
                    comparison may also be used to support CMC claims for those radionuclides measured in the laboratory 
                    using the same method and having a degree of difficulty at or below that of the radionuclide measured 
                    in this comparison as indicated in the current Measurement Methods Matrix (MMM)[1].
                    [1] International Rules for CMC Claims in Ionizing Radiation Metrology Doc 3 March 16 2021 (Sept 2020),
                    Consultative Committee for Ionizing Radiation metrology (CCRI),
                    https://www.bipm.org/documents/20126/54619299/Rules+for+entering+CMC+claims+in+ionizing+radiation+metrology/c0b97b77-99e1-4abb-1d10-9a90a35fc9bf
                    
                    Additionally, to facilitate machine readability and actionability,
                    the key comparison reference value and degrees of equivalence obtained in BIPM.RI(II)-K1 comparisons are made available in this machine-readable document.
                    The metadata supporting these results are also included in this machine-readable document.
                    The root structure is composed of:
                    _ The general information about the key comparison (xml element: "generalInformation")
                    _ The results of the key comparison (xml element: "comparisonData")
                    _ The metadata (administrative and technical) supporting these results (xml element: "comparisonMetadata")
                 
            
             
             
             
        
    


 




 
	 
		 BIPM.RI(II)-K1.Lu-177
		 https://si-digital-framework.org/kcdb-sc/RI/RAD-1.3.1
		 https://si-digital-framework.org/kcdb-sc/nucl/Lu-177
		 
			 BIPM
			 https://ror.org/055vkyj43
		
	
	 
		 
			 https://doi.org/10.1088/0026-1394/40/1A/06028
			 2003
			 
				 555.1
				 MBq
				 
					 
						 3.9
					
				
			
			 
				 
					 
						 PTB
						 https://ror.org/05r3f7h03
					
					 
						 3.9
						 \mega\becquerel
						 
							 
								 3.5
								 2
								 0.95
							
						
					
				
				 
					 
						 NIST
						 NBS
						 https://ror.org/05xpvk416
					
					 
						 -3.8
						 \mega\becquerel
						 
							 
								 3.5
								 2
								 0.95
							
						
					
				
			
		
		 
			 https://doi.org/10.1088/0026-1394/51/1A/06002
			 2014
			 
				 559.9
				 MBq
				 
					 
						 1.8
					
				
			
			 
				 
					 
						 NPL
						 https://ror.org/015w2mp89
					
					 
						 0
						 \mega\becquerel
						 
							 
								 4
								 2
								 0.95
							
						
					
				
				 
					 
						 JRC
						 IRMM, CBNM
						 https://ror.org/02ef88m96
					
					 
						 6
						 \mega\becquerel
						 
							 
								 17
								 2
								 0.95
							
						
					
				
			
			 
				 
					 CCRI(II)-K2.Lu-177(2009)
					 CCRI(II)
					 2009
					 https://doi.org/10.1088/0026-1394/50/1A/06020
				
				 
					 
						 ANSTO
						 AAEC
						 https://ror.org/05j7fep28
					
					 
						 -4
						 \mega\becquerel
						 
							 
								 5
								 2
								 0.95
							
						
					
				
				 
					 
						 ENEA-INMRI
						 https://ror.org/01m7aex78
					
					 
						 4
						 \mega\becquerel
						 
							 
								 8
								 2
								 0.95
							
						
					
				
				 
					 
						 IFIN-HH
						 https://ror.org/00d3pnh21
					
					 
						 17
						 \mega\becquerel
						 
							 
								 15
								 2
								 0.95
							
						
					
				
				 
					 
						 LNE-LNHB
						 LMRI, LPRI, BNM-LNHB
						 https://ror.org/03az79194
					
					 
						 4
						 \mega\becquerel
						 
							 
								 5
								 2
								 0.95
							
						
					
				
				 
					 
						 LNMRI-IRD
						 IEA, IPEN
						 https://ror.org/00q0yh079
					
					 
						 -2
						 \mega\becquerel
						 
							 
								 8
								 2
								 0.95
							
						
					
				
				 
					 
						 NIST
						 NBS
						 https://ror.org/05xpvk416
					
					 
						 0
						 \mega\becquerel
						 
							 
								 5
								 2
								 0.95
							
						
					
				
				 
					 
						 NMISA
						 NAC, CSIR-NML
						 https://ror.org/02j01mp63
					
					 
						 1
						 \mega\becquerel
						 
							 
								 5
								 2
								 0.95
							
						
					
				
				 
					 
						 POLATOM
						 IBJ, RC
						 https://ror.org/00nzsxq20
					
					 
						 -2
						 \mega\becquerel
						 
							 
								 7
								 2
								 0.95
							
						
					
				
				 
					 
						 PTB
						 https://ror.org/05r3f7h03
					
					 
						 -1
						 \mega\becquerel
						 
							 
								 4
								 2
								 0.95
							
						
					
				
			
		
		 
			 https://doi.org/10.1088/0026-1394/60/1A/06021
			 2022
			 
				 559.9
				 MBq
				 
					 
						 1.8
					
				
			
			 
				 
					 
						 JRC
						 IRMM, CBNM
						 https://ror.org/02ef88m96
					
					 
						 5
						 \mega\becquerel
						 
							 
								 17
								 2
								 0.95
							
						
					
				
				 
					 
						 NPL
						 https://ror.org/015w2mp89
					
					 
						 -0.4
						 \mega\becquerel
						 
							 
								 3.5
								 2
								 0.95
							
						
					
				
				 
					 
						 IFIN-HH
						 https://ror.org/00d3pnh21
					
					 
						 -10
						 \mega\becquerel
						 
							 
								 11
								 2
								 0.95
							
						
					
				
				 
					 
						 LNE-LNHB
						 LMRI, LPRI, BNM-LNHB
						 https://ror.org/03az79194
					
					 
						 0.2
						 \mega\becquerel
						 
							 
								 5.0
								 2
								 0.95
							
						
					
				
				 
					 
						 IRA
						 IER
						 https://ror.org/05a353079
					
					 
						 -20.2
						 \mega\becquerel
						 
							 
								 6.2
								 2
								 0.95
							
						
					
				
			
			 
				 
					 CCRI(II)-K2.Lu-177(2009)
					 CCRI(II)
					 2009
					 https://doi.org/10.1088/0026-1394/50/1A/06020
				
				 
					 
						 ANSTO
						 AAEC
						 https://ror.org/05j7fep28
					
					 
						 -4.1
						 \mega\becquerel
						 
							 
								 4.7
								 2
								 0.95
							
						
					
				
				 
					 
						 ENEA-INMRI
						 https://ror.org/01m7aex78
					
					 
						 4.2
						 \mega\becquerel
						 
							 
								 8.5
								 2
								 0.95
							
						
					
				
				 
					 
						 LNMRI-IRD
						 IEA, IPEN
						 https://ror.org/00q0yh079
					
					 
						 -2.1
						 \mega\becquerel
						 
							 
								 7.8
								 2
								 0.95
							
						
					
				
				 
					 
						 NIST
						 NBS
						 https://ror.org/05xpvk416
					
					 
						 -0.5
						 \mega\becquerel
						 
							 
								 5.3
								 2
								 0.95
							
						
					
				
				 
					 
						 NMISA
						 NAC, CSIR-NML
						 https://ror.org/02j01mp63
					
					 
						 0.7
						 \mega\becquerel
						 
							 
								 4.8
								 2
								 0.95
							
						
					
				
				 
					 
						 POLATOM
						 IBJ, RC
						 https://ror.org/00nzsxq20
					
					 
						 -1.7
						 \mega\becquerel
						 
							 
								 7.2
								 2
								 0.95
							
						
					
				
				 
					 
						 PTB
						 https://ror.org/05r3f7h03
					
					 
						 -1.3
						 \mega\becquerel
						 
							 
								 4.4
								 2
								 0.95
							
						
					
				
			
		
		 
			 https://doi.org/10.1088/0026-1394/61/1A/06012
			 2024
			 
				 559.9
				 MBq
				 
					 
						 1.8
					
				
			
			 
				 
					 
						 JRC
						 IRMM, CBNM
						 https://ror.org/02ef88m96
					
					 
						 5
						 \mega\becquerel
						 
							 
								 17
								 2
								 0.95
							
						
					
				
				 
					 
						 NPL
						 https://ror.org/015w2mp89
					
					 
						 -0.4
						 \mega\becquerel
						 
							 
								 3.5
								 2
								 0.95
							
						
					
				
				 
					 
						 IFIN-HH
						 https://ror.org/00d3pnh21
					
					 
						 -10
						 \mega\becquerel
						 
							 
								 11
								 2
								 0.95
							
						
					
				
				 
					 
						 LNE-LNHB
						 LMRI, LPRI, BNM-LNHB
						 https://ror.org/03az79194
					
					 
						 0.2
						 \mega\becquerel
						 
							 
								 5.0
								 2
								 0.95
							
						
					
				
				 
					 
						 IRA
						 IER
						 https://ror.org/05a353079
					
					 
						 -20.2
						 \mega\becquerel
						 
							 
								 6.2
								 2
								 0.95
							
						
					
				
				 
					 
						 CMI
						 UVVVR, CMI-IIR
						 https://ror.org/02m5haa59
					
					 
						 -0.5
						 \mega\becquerel
						 
							 
								 6.2
								 2
								 0.95
							
						
					
				
			
			 
				 
					 CCRI(II)-K2.Lu-177(2009)
					 CCRI(II)
					 2009
					 https://doi.org/10.1088/0026-1394/50/1A/06020
				
				 
					 
						 ANSTO
						 AAEC
						 https://ror.org/05j7fep28
					
					 
						 -4.1
						 \mega\becquerel
						 
							 
								 4.7
								 2
								 0.95
							
						
					
				
				 
					 
						 ENEA-INMRI
						 https://ror.org/01m7aex78
					
					 
						 4.2
						 \mega\becquerel
						 
							 
								 8.5
								 2
								 0.95
							
						
					
				
				 
					 
						 LNMRI-IRD
						 IEA, IPEN
						 https://ror.org/00q0yh079
					
					 
						 -2.1
						 \mega\becquerel
						 
							 
								 7.8
								 2
								 0.95
							
						
					
				
				 
					 
						 NIST
						 NBS
						 https://ror.org/05xpvk416
					
					 
						 -0.5
						 \mega\becquerel
						 
							 
								 5.3
								 2
								 0.95
							
						
					
				
				 
					 
						 NMISA
						 NAC, CSIR-NML
						 https://ror.org/02j01mp63
					
					 
						 0.7
						 \mega\becquerel
						 
							 
								 4.8
								 2
								 0.95
							
						
					
				
				 
					 
						 POLATOM
						 IBJ, RC
						 https://ror.org/00nzsxq20
					
					 
						 -1.7
						 \mega\becquerel
						 
							 
								 7.2
								 2
								 0.95
							
						
					
				
				 
					 
						 PTB
						 https://ror.org/05r3f7h03
					
					 
						 -1.3
						 \mega\becquerel
						 
							 
								 4.4
								 2
								 0.95
							
						
					
				
			
		
		 
			 
			 2026
			 
				 558.8
				 MBq
				 
					 
						 1.1
					
				
			
			 
				 
					 
						 JRC
						 IRMM, CBNM
						 https://ror.org/02ef88m96
					
					 
						 8
						 \mega\becquerel
						 
							 
								 19
								 2
								 0.95
							
						
					
				
				 
					 
						 NPL
						 https://ror.org/015w2mp89
					
					 
						 0.7
						 \mega\becquerel
						 
							 
								 3.3
								 2
								 0.95
							
						
					
				
				 
					 
						 IFIN-HH
						 https://ror.org/00d3pnh21
					
					 
						 -8
						 \mega\becquerel
						 
							 
								 10
								 2
								 0.95
							
						
					
				
				 
					 
						 CMI
						 UVVVR, CMI-IIR
						 https://ror.org/02m5haa59
					
					 
						 0.6
						 \mega\becquerel
						 
							 
								 4.7
								 2
								 0.95
							
						
					
				
				 
					 
						 LNE-LNHB
						 LMRI, LPRI, BNM-LNHB
						 https://ror.org/03az79194
					
					 
						 -0.2
						 \mega\becquerel
						 
							 
								 3.9
								 2
								 0.95
							
						
					
				
				 
					 
						 IRA
						 IER
						 https://ror.org/05a353079
					
					 
						 0.1
						 \mega\becquerel
						 
							 
								 4.3
								 2
								 0.95
							
						
					
				
			
			 
				 
					 CCRI(II)-K2.Lu-177(2009)
					 CCRI(II)
					 2009
					 https://doi.org/10.1088/0026-1394/50/1A/06020
				
				 
					 
						 ANSTO
						 AAEC
						 https://ror.org/05j7fep28
					
					 
						 -3.0
						 \mega\becquerel
						 
							 
								 3.6
								 2
								 0.95
							
						
					
				
				 
					 
						 ENEA-INMRI
						 https://ror.org/01m7aex78
					
					 
						 5.3
						 \mega\becquerel
						 
							 
								 7.9
								 2
								 0.95
							
						
					
				
				 
					 
						 LNMRI-IRD
						 IEA, IPEN
						 https://ror.org/00q0yh079
					
					 
						 -1.0
						 \mega\becquerel
						 
							 
								 7.2
								 2
								 0.95
							
						
					
				
				 
					 
						 NIST
						 NBS
						 https://ror.org/05xpvk416
					
					 
						 0.6
						 \mega\becquerel
						 
							 
								 4.4
								 2
								 0.95
							
						
					
				
				 
					 
						 NMISA
						 NAC, CSIR-NML
						 https://ror.org/02j01mp63
					
					 
						 1.8
						 \mega\becquerel
						 
							 
								 3.7
								 2
								 0.95
							
						
					
				
				 
					 
						 POLATOM
						 IBJ, RC
						 https://ror.org/00nzsxq20
					
					 
						 -0.6
						 \mega\becquerel
						 
							 
								 6.6
								 2
								 0.95
							
						
					
				
				 
					 
						 PTB
						 https://ror.org/05r3f7h03
					
					 
						 -0.2
						 \mega\becquerel
						 
							 
								 3.3
								 2
								 0.95
							
						
					
				
			
		
	
	 
		 
			 
				 ANSTO
				 AAEC
				 https://ror.org/05j7fep28
			
			 2009
			 false
			 true
			 
				 
					 
						 
							 555.8
							 \mega\becquerel
							 
								 
									 1.4
								
							
						
					
					 CCRI(II)-K2.Lu-177
				
			
		
		 
			 
				 CMI
				 UVVVR, CMI-IIR
				 https://ror.org/02m5haa59
			
			 2023
			 true
			 true
			 
				 
					 Lu-177CMI2023-1
					 
						 3.61120
						 \gram
						 
							 
								 72
							
						
					
					 
						 1
						 \gram\centi\metre\tothe{-3}
					
					 
						 
							 Cl
							 VEXZGXHMUGYJMC-UHFFFAOYSA-N
							 InChI=1S/ClH/h1H
							 
								 0.04
								 \mole\deci\metre\tothe{-3}
							
						
						 
							 Cl[Lu](Cl)Cl
							 AEDROEGYZIARPU-UHFFFAOYSA-K
							 InChI=1S/3ClH.Lu/h3*1H;/q;;;+3/p-3
							 
								 1.25
								 g.g-1
							
						
					
					 none detected
				
			
			 
				 
					 2023-09-08T10:00:00Z
					 Lu-177CMI2023-1
					 
						 
							 6.647
							 \day
							 
								 
									 4
								
							
						
						 
							 http://www.bipm.org/utils/common/pdf/monographieRI/Monographie_BIPM-5_Tables_Vol2.pdf
						
					
					 4P-PC-BP-NA-GR-CO
					 4pi(PC)beta-gamma coincidence
					 
						 
							 11622.3
							 \kilo\becquerel
							 
								 
									 0.432
								
							
						
						 0.1
						 0.42
					
				
			
			 
				 
					 
						 Lu-177CMI2023-1
					
					 
						 4P-PC-BP-NA-GR-CO
					
					 1
					 
						 
							 559.4
							 \mega\becquerel
							 
								 
									 2.5
								
							
						
						 0.0012
					
				
			
		
		 
			 
				 ENEA-INMRI
				 https://ror.org/01m7aex78
			
			 2009
			 false
			 true
			 
				 
					 
						 
							 564.1
							 \mega\becquerel
							 
								 
									 3.8
								
							
						
					
					 CCRI(II)-K2.Lu-177
				
			
		
		 
			 
				 IFIN-HH
				 https://ror.org/00d3pnh21
			
			 2009
			 false
			 false
			 
				 
					 
						 
							 576.5
							 \mega\becquerel
							 
								 
									 7.5
								
							
						
					
					 CCRI(II)-K2.Lu-177
				
			
		
		 
			 
				 IRA
				 IER
				 https://ror.org/05a353079
			
			 2022
			 false
			 false
			 
				 
					 Lu-177IRA2022-1
					 
						 3.56906
						 \gram
						 
							 
								 20
							
						
					
					 
						 1.000
						 \gram\centi\metre\tothe{-3}
						 
							 
								 5
							
						
					
					 
						 
							 Cl
							 VEXZGXHMUGYJMC-UHFFFAOYSA-N
							 InChI=1S/ClH/h1H
							 
								 0.1
								 \mole\deci\metre\tothe{-3}
							
						
						 
							 
								 20
								 g.g-1
							
						
					
					 none detected
				
			
			 
				 
					 2022-06-15T12:00:00Z
					 Lu-177IRA2022-1
					 
						 
							 6.6463
							 \day
							 
								 
									 15
								
							
						
						 
							 https://doi.org/10.1016/j.apradiso.2015.11.057
						
					
					 4P-PS-BP-4P-NA-GR-CO
					 4pi beta(PS)-4pi gamma coincidence
					 The activity is the arithmetic mean of 12 efficiency extrapolated activities obtained with 4 
					 
						 
							 20924.5
							 \kilo\becquerel
							 
								 
									 0.444
								
							
						
						 0.41
						 0.17
					
				
			
			 
				 
					 
						 Lu-177IRA2022-1
					
					 
						 4P-PS-BP-4P-NA-GR-CO
					
					 1
					 
						 
							 539.708
							 \mega\becquerel
							 
								 
									 2.5
								
							
						
						 0.0016
					
				
			
		
		 
			 
				 JRC
				 IRMM, CBNM
				 https://ror.org/02ef88m96
			
			 2009
			 true
			 true
			 
				 
					 Lu-177JRC2009-1
					 
						 3.67499
						 \gram
					
					 
						 1.037
						 \gram\centi\metre\tothe{-3}
					
					 
						 
							 Cl
							 VEXZGXHMUGYJMC-UHFFFAOYSA-N
							 InChI=1S/ClH/h1H
							 
								 1
								 \mole\deci\metre\tothe{-3}
							
						
						 
							 Cl[Lu](Cl)Cl
							 AEDROEGYZIARPU-UHFFFAOYSA-K
							 InChI=1S/3ClH.Lu/h3*1H;/q;;;+3/p-3
							 
								 20
								 g.g-1
							
						
					
					 177mLu: 40(10)x10-3%, 33.5(7)x10-3%
				
			
			 
				 
					 2009-05-01T12:00:00Z
					 Lu-177JRC2009-1
					 
						 
							 6.647
							 \day
							 
								 
									 4
								
							
						
						 
							 http://www.bipm.org/utils/common/pdf/monographieRI/Monographie_BIPM-5_Tables_Vol2.pdf
						
					
					 4P-LS-MX-00-00-CN
					 CIEMAT/NIST
					 Partially weighted mean (power=1) of the rather discrepant results obtained with the two methods indicated.
					 
						 
							 2462
							 \kilo\becquerel
							 
								 
									 1.64
								
							
						
						 0
						 1.64
					
				
				 
					 2009-05-01T12:00:00Z
					 Lu-177JRC2009-1
					 
						 
							 6.647
							 \day
							 
								 
									 4
								
							
						
						 
							 http://www.bipm.org/utils/common/pdf/monographieRI/Monographie_BIPM-5_Tables_Vol2.pdf
						
					
					 4P-PC-BP-NA-GR-CO
					  4pi(PC)beta-gamma coincidence
					 Partially weighted mean (power=1) of the rather discrepant results obtained with the two methods indicated.
					 
						 
							 2462
							 \kilo\becquerel
							 
								 
									 1.64
								
							
						
						 0
						 1.64
					
				
			
			 
				 
					 
						 Lu-177JRC2009-1
					
					 
						 4P-LS-MX-00-00-CN
						 4P-PC-BP-NA-GR-CO
					
					 1
					 
						 
							 565.2
							 \mega\becquerel
							 
								 
									 9.3
								
							
						
						 0.0013
					
				
			
		
		 
			 
				 LNE-LNHB
				 LMRI, LPRI, BNM-LNHB
				 https://ror.org/03az79194
			
			 2009
			 false
			 false
			 
				 
					 
						 
							 563.7
							 \mega\becquerel
							 
								 
									 1.6
								
							
						
					
					 CCRI(II)-K2.Lu-177
				
			
		
		 
			 
				 LNMRI-IRD
				 IEA, IPEN
				 https://ror.org/00q0yh079
			
			 2009
			 false
			 true
			 
				 
					 
						 
							 557.8
							 \mega\becquerel
							 
								 
									 3.4
								
							
						
					
					 CCRI(II)-K2.Lu-177
				
			
		
		 
			 
				 NIST
				 NBS
				 https://ror.org/05xpvk416
			
			 2000
			 false
			 false
			 
				 
					 Lu-177NIST2000-1
					 
						 3.6274
						 \gram
					
					 
						 1
						 \gram\centi\metre\tothe{-3}
					
					 
						 
							 Cl
							 VEXZGXHMUGYJMC-UHFFFAOYSA-N
							 InChI=1S/ClH/h1H
							 
								 0.01
								 \mole\deci\metre\tothe{-3}
							
						
						 
							 [Lu]
							 OHSVLFRHMCKCQY-UHFFFAOYSA-N
							 InChI=1S/Lu
						
					
					 177mLu: 27.1(5)x10-3%
				
			
			 
				 
					 2000-02-01T17:00:00Z
					 Lu-177NIST2000-1
					 
						 
							 6.60
							 \day
							 
								 
									 1
								
							
						
					
					 4P-LS-MX-00-00-CN
					 CIEMAT/NIST
					 
						 
							 133850
							 \kilo\becquerel
							 
								 
									 0.338
								
							
						
						 0.19
						 0.28
					
				
			
			 
				 
					 
						 Lu-177NIST2000-1
					
					 
						 4P-LS-MX-00-00-CN
					
					 3
					 
						 
							 551.5
							 \mega\becquerel
							 
								 
									 2
								
							
						
						 0.0014
					
				
			
		
		 
			 
				 NIST
				 NBS
				 https://ror.org/05xpvk416
			
			 2009
			 false
			 true
			 
				 
					 
						 
							 559.4
							 \mega\becquerel
							 
								 
									 1.9
								
							
						
					
					 CCRI(II)-K2.Lu-177
				
			
		
		 
			 
				 NMISA
				 NAC, CSIR-NML
				 https://ror.org/02j01mp63
			
			 2009
			 false
			 true
			 
				 
					 
						 
							 560.6
							 \mega\becquerel
							 
								 
									 1.5
								
							
						
					
					 CCRI(II)-K2.Lu-177
				
			
		
		 
			 
				 NPL
				 https://ror.org/015w2mp89
			
			 2009
			 true
			 true
			 
				 
					 Lu-177NPL2009-1
					 
						 3.58937
						 \gram
					
					 
						 1
						 \gram\centi\metre\tothe{-3}
					
					 
						 
							 Cl
							 VEXZGXHMUGYJMC-UHFFFAOYSA-N
							 InChI=1S/ClH/h1H
							 
								 1
								 \mole\deci\metre\tothe{-3}
							
						
						 
							 Cl[Lu](Cl)Cl
							 AEDROEGYZIARPU-UHFFFAOYSA-K
							 InChI=1S/3ClH.Lu/h3*1H;/q;;;+3/p-3
							 
								 20
								 g.g-1
							
						
					
					 177mLu: 33(3)x10-3%
				
			
			 
				 
					 2009-05-01T12:00:00Z
					 Lu-177NPL2009-1
					 
						 
							 6.647
							 \day
							 
								 
									 4
								
							
						
						 
							 http://www.bipm.org/utils/common/pdf/monographieRI/Monographie_BIPM-5_Tables_Vol2.pdf
						
					
					 4P-PC-BP-NA-GR-CO
					 4pi(PC)beta-gamma coincidence
					 Corresponds to an activity concentration of 3286 kBq$\cdot$g$^{-1}$ evaluated as the arithmetic mean of the three results obtained with the three methods
					 
						 
							 11790
							 \kilo\becquerel
							 
								 
									 0.301
								
							
						
						 0.03
						 0.3
					
				
				 
					 2009-05-01T12:00:00Z
					 Lu-177NPL2009-1
					 
						 
							 6.647
							 \day
							 
								 
									 4
								
							
						
						 
							 http://www.bipm.org/utils/common/pdf/monographieRI/Monographie_BIPM-5_Tables_Vol2.pdf
						
					
					 4P-LS-MX-00-00-CN
					 CIEMAT/NIST
					 Corresponds to an activity concentration of 3286 kBq$\cdot$g$^{-1}$ evaluated as the arithmetic mean of the three results obtained with the three methods
					 
						 
							 11790
							 \kilo\becquerel
							 
								 
									 0.301
								
							
						
						 0.03
						 0.3
					
				
				 
					 2009-05-01T12:00:00Z
					 Lu-177NPL2009-1
					 
						 
							 6.647
							 \day
							 
								 
									 4
								
							
						
						 
							 http://www.bipm.org/utils/common/pdf/monographieRI/Monographie_BIPM-5_Tables_Vol2.pdf
						
					
					 4P-LS-BP-NA-GR-CO
					 4pi(LS)beta-gamma coincidence
					 Corresponds to an activity concentration of 3286 kBq$\cdot$g$^{-1}$ evaluated as the arithmetic mean of the three results obtained with the three methods
					 
						 
							 11790
							 \kilo\becquerel
							 
								 
									 0.301
								
							
						
						 0.03
						 0.3
					
				
			
			 
				 
					 
						 Lu-177NPL2009-1
					
					 
						 4P-PC-BP-NA-GR-CO
						 4P-LS-MX-00-00-CN
						 4P-LS-BP-NA-GR-CO
					
					 2
					 
						 
							 559.5
							 \mega\becquerel
							 
								 
									 1.8
								
							
						
						 0.0013
					
				
			
		
		 
			 
				 POLATOM
				 IBJ, RC
				 https://ror.org/00nzsxq20
			
			 2009
			 false
			 true
			 
				 
					 
						 
							 558.2
							 \mega\becquerel
							 
								 
									 3.1
								
							
						
					
					 CCRI(II)-K2.Lu-177
				
			
		
		 
			 
				 PTB
				 https://ror.org/05r3f7h03
			
			 2000
			 true
			 false
			 
				 
					 Lu-177PTB2000-1
					 
						 3.6755
						 \gram
					
					 
						 0.999
						 \gram\centi\metre\tothe{-3}
					
					 
						 
							 Cl
							 VEXZGXHMUGYJMC-UHFFFAOYSA-N
							 InChI=1S/ClH/h1H
							 
								 0.1
								 \mole\deci\metre\tothe{-3}
							
						
						 
							 Cl[Lu](Cl)Cl
							 AEDROEGYZIARPU-UHFFFAOYSA-K
							 InChI=1S/3ClH.Lu/h3*1H;/q;;;+3/p-3
							 
								 20
								 g.g-1
							
						
					
					 177mLu: 6.9(6) x 10-3 %
				
			
			 
				 
					 2000-01-19T00:00:00Z
					 Lu-177PTB2000-1
					 
						 
							 6.646
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