
❙❡r♣❡♥t ♠❡❡t✐♥❣ ✷✵✶✻
P♦❧✐♠✐✱ ▼✐❧❛♥♦✱ ■t❛❧②✱
❙❡♣t✳ ✷✻ ✕ ✸✵✱ ✷✵✶✻

◆✉❝❧❡❛r ❞❛t❛ ✉♥❝❡rt❛✐♥t② q✉❛♥t✐✜❝❛t✐♦♥ ✐♥

❙❋❘✱ ▲❋❘✱ ❛♥❞ ▼❙❘ ✈✐❛ ▼♦♥t❡ ❈❛r❧♦

♣❡rt✉r❜❛t✐♦♥ t❤❡♦r②✳

▼❛♥✉❡❧❡ ❆✉✜❡r♦✱ ▼✐❝❤❛❡❧ ▼❛rt✐♥✱ ▼❛ss✐♠✐❧✐❛♥♦ ❋r❛t♦♥✐

❯♥✐✈❡rs✐t② ♦❢ ❈❛❧✐❢♦r♥✐❛✱ ❇❡r❦❡❧❡②✱ ❉❡♣t✳ ♦❢ ◆✉❝❧❡❛r ❊♥❣✐♥❡❡r✐♥❣

❊♠✐❧ ❋r✐❞♠❛♥

❍❡❧♠❤♦❧t③✲❩❡♥tr✉♠ ❉r❡s❞❡♥✲❘♦ss❡♥❞♦r❢

❙t❡❢❛♥♦ ▲♦r❡♥③✐

P♦❧✐t❡❝♥✐❝♦ ❞✐ ▼✐❧❛♥♦✱ ❉❡♣❛rt♠❡♥t ♦❢ ❊♥❡r❣②



❛❛❛

◆✉❝❧❡❛r ❉❛t❛ ❙✴❯ ✈✐❛ ▼♦♥t❡ ❈❛r❧♦ P❡rt✉r❜❛t✐♦♥

◆✉❝❧❡❛r ❞❛t❛ r❡♣r❡s❡♥t t❤❡ st❛rt✐♥❣ ♣♦✐♥t ♦❢ ✏❛♥②✑
♥❡✉tr♦♥✐❝s ❝❛❧❝✉❧❛t✐♦♥ ✭s❡t ❛❝❡❧✐❜ ✏✳✳✳①s❞❛t❛✑ ✳✳✳✮

❊①♣❡r✐♠❡♥t❛❧ ✉♥❝❡rt❛✐♥t✐❡s ❛♥❞ ♠♦❞❡❧ ❛♣♣r♦①✐♠❛t✐♦♥s
❛✛❡❝t ♦✉r ❦♥♦✇❧❡❞❣❡ ♦❢ ♥✉❝❧❡❛r ❞❛t❛

■♥t❡r❡st ✐♥ s❡♥s✐t✐✈✐t② ❛♥❞ ✉♥❝❡rt❛✐♥t② ❛♥❛❧②s✐s ✇✐t❤✐♥ t❤❡
♥✉❝❧❡❛r ❝♦♠♠✉♥✐t② ✐s ❝♦♥t✐♥✉♦✉s❧② ✐♥❝r❡❛s✐♥❣

❚❤❡ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ♦❢ ▼♦♥t❡ ❈❛r❧♦ P❡rt✉r❜❛t✐♦♥ ❚❤❡♦r②
❤❛s ❜❡❡♥ t❤❡ ❢♦❝✉s ♦❢ r❡❝❡♥t r❡s❡❛r❝❤ ❛❝t✐✈✐t✐❡s

▼❛✐♥ ❣♦❛❧✿ ❛✈♦✐❞ ❛♥② ❞✐s❝r❡t✐③❛t✐♦♥ ❢♦r t❤❡ s♦❧✉t✐♦♥ ♦❢ t❤❡
❛❞❥♦✐♥t ♣r♦❜❧❡♠ ✭♥♦ ♠❡s❤✱ ♥♦ ❡♥❡r❣② ❣r✐❞✱ ♥♦ ❛♥❣✉❧❛r
❞✐s❝r❡t✐③❛t✐♦♥✮

▼❛♥✉❡❧❡ ❆✉✜❡r♦ ◆✉❝❧❡❛r ❞❛t❛ ✉♥❝❡rt❛✐♥t② ✐♥ ❙❋❘✱ ▲❋❘✱ ❛♥❞ ▼❙❘
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❛❛❛

❖✉t❧✐♥❡

▼♦♥t❡ ❈❛r❧♦ ❙❡♥s✐t✐✈✐t②✴P❡rt✉r❜❛t✐♦♥ ✐♥ ❙❡r♣❡♥t
✭s❤♦rt ✈❡rs✐♦♥✦✮

❱❡r✐✜❝❛t✐♦♥ ♦❢ ❙❡r♣❡♥t s❡♥s✐t✐✈✐t② ❝❛❧❝✉❧❛t✐♦♥s ❛❣❛✐♥st
❞✐r❡❝t ♣❡rt✉r❜❛t✐♦♥

❆♥❛❧②s✐s ♦❢ t❤❡ ❝♦♦❧❛♥t ✈♦✐❞ r❡❛❝t✐✈✐t② ❝♦❡✣❝✐❡♥t ✐♥ ▲❋❘
❛♥❞ ❙❋❘

❘❡s✉❧ts ♦❢ t❤❡ ✉♥❝❡rt❛✐♥t② q✉❛♥t✐✜❝❛t✐♦♥ st✉❞✐❡s ✐♥
❆▲❋❘❊❉✱ ❊❙❋❘✱ ▼❙❋❘✱ ▼❖❙❆❘❚✱ ❘❊❇❯❙✲✸✼✵✵

▼❛♥✉❡❧❡ ❆✉✜❡r♦ ◆✉❝❧❡❛r ❞❛t❛ ✉♥❝❡rt❛✐♥t② ✐♥ ❙❋❘✱ ▲❋❘✱ ❛♥❞ ▼❙❘
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❛❛❛

●❡♥❡r❛❧✐③❡❞ ♣❡rt✉r❜❛t✐♦♥ t❤❡♦r② ❝❛♣❛❜✐❧✐t✐❡s ✐♥ ❙❡r♣❡♥t

●❡♥❡r❛❧✐③❡❞ P❡rt✉r❜❛t✐♦♥ ❚❤❡♦r② ✭●P❚✮ ❛❧❧♦✇s ❝❛❧❝✉❧❛t✐♥❣ t❤❡
❡✛❡❝ts ♦❢ s❡✈❡r❛❧ ❞✐✛❡r❡♥t ♣❡rt✉r❜❛t✐♦♥s ✇✐t❤✐♥ ❛ s✐♥❣❧❡ r✉♥✱ ✉s✉❛❧❧②
✐♥ t❤❡ ❢♦r♠ ♦❢ s❡♥s✐t✐✈✐t② ❝♦❡✣❝✐❡♥ts✿

❙
❘
① ≡

❞❘/❘

❞①/①

❙❡♥s✐t✐✈✐t②✴♣❡rt✉r❜❛t✐♦♥ ❝❛♣❛❜✐❧✐t✐❡s ✇❡r❡ ✐♠♣❧❡♠❡♥t❡❞ ✐♥
❙❊❘P❊◆❚ ❢♦r ❣❡♥❡r❛❧✐③❡❞ r❡s♣♦♥s❡ ❢✉♥❝t✐♦♥s [∗]✳
❬✯❪ ▼ ❆✉✜❡r♦✱ ❆ ❇✐❞❛✉❞✱ ▼ ❍✉rs✐♥✱ ❏ ▲❡♣♣ä♥❡♥✱ ● P❛❧♠✐♦tt✐ ❡t ❛❧✳ ✏❆ ❝♦❧❧✐s✐♦♥ ❤✐st♦r②✲❜❛s❡❞
❛♣♣r♦❛❝❤ t♦ s❡♥s✐t✐✈✐t②✴♣❡rt✉r❜❛t✐♦♥ ❝❛❧❝✉❧❛t✐♦♥s ✐♥ t❤❡ ❝♦♥t✐♥✉♦✉s ❡♥❡r❣② ▼♦♥t❡ ❈❛r❧♦ ❝♦❞❡ s❡r♣❡♥t✳✑
❆♥♥❛❧s ♦❢ ◆✉❝❧❡❛r ❊♥❡r❣②✱ ✽✺ ✭✷✵✶✺✮✳

▼❛♥✉❡❧❡ ❆✉✜❡r♦ ◆✉❝❧❡❛r ❞❛t❛ ✉♥❝❡rt❛✐♥t② ✐♥ ❙❋❘✱ ▲❋❘✱ ❛♥❞ ▼❙❘
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❛❛❛

●❡♥❡r❛❧✐③❡❞ P❡rt✉r❜❛t✐♦♥ ❚❤❡♦r② ❝❛♣❛❜✐❧✐t✐❡s

❊✛❡❝t ♦❢ ❛ ♣❡rt✉r❜❛t✐♦♥ ♦❢ t❤❡ ♣❛r❛♠❡t❡r ① ♦♥ t❤❡ r❡s♣♦♥s❡ ❘ ✿

❙
❘
① ≡

❞❘/❘

❞①/①

❈♦♥s✐❞❡r❡❞ r❡s♣♦♥s❡ ❢✉♥❝t✐♦♥s✿

❘ = ❦❡✛ ❊✛❡❝t✐✈❡ ♠✉❧t✐♣❧✐❝❛t✐♦♥ ❢❛❝t♦r

❘ =
〈Σ✶,φ〉

〈Σ✷,φ〉
❘❡❛❝t✐♦♥ r❛t❡ r❛t✐♦s

❘ =

〈

φ†
,Σ✶φ

〉

〈

φ†
,Σ✷φ

〉 ❇✐❧✐♥❡❛r r❛t✐♦s ✭❆❞❥♦✐♥t✲✇❡✐❣❤t❡❞ q✉❛♥t✐t✐❡s✮

❘ =
❊ [❡✶]

❊ [❡✷]
❙♦♠❡t❤✐♥❣ ❡❧s❡ ✭s❡❡ ❋r✐❞❛②✬s ♣r❡s❡♥t❛t✐♦♥ ♦♥ P❡rt✉r❜❛t✐♦♥ ❚❤❡♦r②

❢♦r ❛❝❝❡❧❡r❛t✐♦♥ ♦❢ ♠✉❧t✐♣❤②s✐❝s ❝❛❧❝✉❧❛t✐♦♥s✮

▼❛♥✉❡❧❡ ❆✉✜❡r♦ ◆✉❝❧❡❛r ❞❛t❛ ✉♥❝❡rt❛✐♥t② ✐♥ ❙❋❘✱ ▲❋❘✱ ❛♥❞ ▼❙❘
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❛❛❛

❈❛❧❝✉❧❛t✐♦♥ ♦❢ ❦❡✛ s❡♥s✐t✐✈✐t② t♦ ❝♦♦❧❛♥t ❞❡♥s✐t②

❲❡ ❝❛♥ ♦❜t❛✐♥ s♣❛❝❡✲❞❡♣❡♥❞❡♥t ❦❡✛ s❡♥s✐t✐✈✐t✐❡s t♦ ❝♦♦❧❛♥t ❞❡♥s✐t②
❛❞♦♣t✐♥❣ t❤❡ ❝♦❧❧✐s✐♦♥✲❤✐st♦r② ❛♣♣r♦❛❝❤✳✳✳

❙
❦❡✛
① ≡

❞❦❡✛/❦❡✛
❞①/①

= ❊

[

(−γ)
❆❈❈① −

(−γ)
❘❊❏①

]

✭✶✮

① r❡♣r❡s❡♥ts t❤❡ ❝♦♦❧❛♥t ❞❡♥s✐t② ✐♥ ❞✐✛❡r❡♥t ③♦♥❡s
(−γ)❆❈❈① ❛♥❞ (−γ)❘❊❏① r❡♣r❡s❡♥t t❤❡ ❛❝❝❡♣t❡❞ ❛♥❞ r❡❥❡❝t❡❞
♥❡✉tr♦♥ ❝♦❧❧✐s✐♦♥s ❤✐st♦r② ♦❢ t❤❡ ♣❛rt✐❝❧❡s

γ ✐s t❤❡ ♥✉♠❜❡r ♦❢ ❧❛t❡♥t ❣❡♥❡r❛t✐♦♥s ❛❞♦♣t❡❞ ✐♥ t❤❡ ■t❡r❛t❡❞
❋✐ss✐♦♥ Pr♦❜❛❜✐❧✐t② ❡st✐♠❛t♦rs ❢♦r t❤❡ ❝♦♥✈❡r❣❡♥❝❡ ♦❢ t❤❡
❛❞❥♦✐♥t ✇❡✐❣❤t✐♥❣✳

▼❛♥✉❡❧❡ ❆✉✜❡r♦ ◆✉❝❧❡❛r ❞❛t❛ ✉♥❝❡rt❛✐♥t② ✐♥ ❙❋❘✱ ▲❋❘✱ ❛♥❞ ▼❙❘
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❛❛❛

❯♥❝❡rt❛✐♥t② ♣r♦♣❛❣❛t✐♦♥
❋✐rst✲♦r❞❡r ✉♥❝❡rt❛✐♥t② ♣r♦♣❛❣❛t✐♦♥ ❢♦r♠✉❧❛ ✭s❛♥❞✇✐❝❤ r✉❧❡✮

❱❛r [❘] = ❙
❘

① ❈♦✈ [① ]
(

❙
❘

①

)❚

▼❛♥✉❡❧❡ ❆✉✜❡r♦ ◆✉❝❧❡❛r ❞❛t❛ ✉♥❝❡rt❛✐♥t② ✐♥ ❙❋❘✱ ▲❋❘✱ ❛♥❞ ▼❙❘
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❛❛❛

❯♥❝❡rt❛✐♥t② ♣r♦♣❛❣❛t✐♦♥
❋✐rst✲♦r❞❡r ✉♥❝❡rt❛✐♥t② ♣r♦♣❛❣❛t✐♦♥ ❢♦r♠✉❧❛ ✭s❛♥❞✇✐❝❤ r✉❧❡✮

❱❛r [❘] = ❙
❘

① ❈♦✈ [① ]
(

❙
❘

①

)❚

❈❖▼▼❆❘❆✲✷✳✵ ◆❡✉tr♦♥ ❈r♦ss ❙❡❝t✐♦♥ ❈♦✈❛r✐❛♥❝❡ ▲✐❜r❛r②

✭t❤❛♥❦s t♦ P✐♥♦ P❛❧♠✐♦tt✐ ❅■◆▲ ❢♦r ♣r❡❝✐♦✉s s✉❣❣❡st✐♦♥s✦✮

▼❛♥✉❡❧❡ ❆✉✜❡r♦ ◆✉❝❧❡❛r ❞❛t❛ ✉♥❝❡rt❛✐♥t② ✐♥ ❙❋❘✱ ▲❋❘✱ ❛♥❞ ▼❙❘
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❛❛❛

❚❤❡ ❝♦♦❧❛♥t ❞❡♥s✐t② r❡❛❝t✐✈✐t② ❝♦❡✣❝✐❡♥t ✐♥ ❙❋❘ ✫ ▲❋❘

❚❤❡ ❝♦♦❧❛♥t ❞❡♥s✐t② ❡✛❡❝t r❡♣r❡s❡♥ts ♦♥❡ ♦❢ t❤❡ ♠❛✐♥ r❡❛❝t✐✈✐t②
❢❡❡❞❜❛❝❦ ✐♥ ▲❋❘ ❛♥❞ ❙❋❘

■ts ❛❝❝✉r❛t❡ ✭s♣❛❝❡✲❞❡♣❡♥❞❡♥t✮ ❝❛❧❝✉❧❛t✐♦♥ ✐s ✐♠♣♦rt❛♥t ❢♦r ❛
❝♦rr❡❝t ❡✈❛❧✉❛t✐♦♥ ♦❢ t❤❡ ❞②♥❛♠✐❝s ♦❢ t❤❡s❡ s②st❡♠s

▼♦♥t❡ ❈❛r❧♦ ♥❡✉tr♦♥ tr❛♥s♣♦rt s✐♠✉❧❛t✐♦♥s ❛r❡ ❝♦♠♠♦♥❧②
❛❞♦♣t❡❞ ❢♦r t❤❡ st✉❞② ♦❢ ▲❋❘ ❛♥❞ ❙❋❘ [❛,❜]

❬❛❪ ▲✳ ❇✉✐r♦♥ ❡t ❛❧✳ ✏❊✈❛❧✉❛t✐♦♥ ♦❢ ❧❛r❣❡ ✸✻✵✵♠✇t❤ s♦❞✐✉♠✲❝♦♦❧❡❞ ❢❛st r❡❛❝t♦r ♥❡✉tr♦♥✐❝ ♦❡❝❞
❜❡♥❝❤♠❛r❦s✳✑ ■♥✿ P❍❨❙❖❘ ✷✵✶✹✱ ❑②♦t♦✱ ❏❛♣❛♥✱ ❙❡♣✳ ✷✽ ✲ ❖❝t✳ ✸✱ ✷✵✶✹ ✭✷✵✶✹✮✳
❬❜❪ ●✳ ●r❛ss♦ ❡t ❛❧✳ ✏❚❤❡ ❝♦r❡ ❞❡s✐❣♥ ♦❢ ❆▲❋❘❊❉✱ ❛ ❞❡♠♦♥str❛t♦r ❢♦r t❤❡ ❡✉r♦♣❡❛♥ ❧❡❛❞✲❝♦♦❧❡❞
r❡❛❝t♦rs✳✑ ◆✉❝❧❡❛r ❊♥❣✐♥❡❡r✐♥❣ ❛♥❞ ❉❡s✐❣♥✱ ✷✼✽✿ ♣♣✳ ✷✽✼✕✸✵✶ ✭✷✵✶✹✮✳

▼❛♥✉❡❧❡ ❆✉✜❡r♦ ◆✉❝❧❡❛r ❞❛t❛ ✉♥❝❡rt❛✐♥t② ✐♥ ❙❋❘✱ ▲❋❘✱ ❛♥❞ ▼❙❘
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❚❤❡ ❝♦♦❧❛♥t ❞❡♥s✐t② r❡❛❝t✐✈✐t② ❝♦❡✣❝✐❡♥t ✐♥ ❙❋❘ ✫ ▲❋❘

❯s✐♥❣ ▼❈✱ r❡❛❝t✐✈✐t② ❢❡❡❞❜❛❝❦s ❛r❡ ✉s✉❛❧❧② ❝❛❧❝✉❧❛t❡❞ ✈✐❛ ❞✐r❡❝t
♣❡rt✉r❜❛t✐♦♥s✱ ✐✳❡✳✱ ❝♦♠♣❛r✐♥❣ t❤❡ ❡✛❡❝t✐✈❡ ♠✉❧t✐♣❧✐❝❛t✐♦♥
❢❛❝t♦r ♦❢ t✇♦ s❡♣❛r❛t❡ ▼♦♥t❡ ❈❛r❧♦ r✉♥s✳

❚❤✐s ❛♣♣r♦❛❝❤ ✐s ✐♥❡✣❝✐❡♥t ❛♥❞ r❡q✉✐r❡s ❛ s❡♣❛r❛t❡ ❝❛❧❝✉❧❛t✐♦♥
♣❡r ❡❛❝❤ s♣❛t✐❛❧ ③♦♥❡

❍❡r❡ ✇❡ ✉s❡ s❡♥s✐t✐✈✐t②✴♣❡rt✉r❜❛t✐♦♥ ❝❛❧❝✉❧❛t✐♦♥s ✐♥ ▼♦♥t❡
❈❛r❧♦ t♦ ❛♥❛❧②③❡ t❤❡ ❝♦♦❧❛♥t r❡❛❝t✐✈✐t② ❝♦❡✣❝✐❡♥t ✐♥ ❙❋❘ ✫
▲❋❘

▼❛♥✉❡❧❡ ❆✉✜❡r♦ ◆✉❝❧❡❛r ❞❛t❛ ✉♥❝❡rt❛✐♥t② ✐♥ ❙❋❘✱ ▲❋❘✱ ❛♥❞ ▼❙❘
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▲❛r❣❡ s♦❞✐✉♠✲❝♦♦❧❡❞ ❢❛st r❡❛❝t♦r
❖❊❈❉✴◆❊❆ ❙❋❘ ❇❡♥❝❤♠❛r❦ ❚❛s❦ ❋♦r❝❡

✷✷✺ ✐♥♥❡r ❛♥❞ ✷✷✽ ♦✉t❡r ▼❖❳ ❋❆s✳ ❆①✐❛❧❧② ✈❛r✐❛❜❧❡ P✉ ❝♦♥t❡♥t

✷ r❛❞✐❛❧ × ✺ ❛①✐❛❧ ③♦♥❡s ❝♦♥s✐❞❡r❡❞ ❢♦r ◆❛ r❡❛❝t✐✈✐t② ❝❛❧❝✉❧❛t✐♦♥s

▼❛♥✉❡❧❡ ❆✉✜❡r♦ ◆✉❝❧❡❛r ❞❛t❛ ✉♥❝❡rt❛✐♥t② ✐♥ ❙❋❘✱ ▲❋❘✱ ❛♥❞ ▼❙❘
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❆❞✈❛♥❝❡❞ ▲❡❛❞ ❋❛st ❘❡❛❝t♦r ❊✉r♦♣❡❛♥ ❉❡♠♦♥str❛t♦r
❉❡✈❡❧♦♣❡❞ ✇✐t❤✐♥ t❤❡ ❊✉r♦♣❡❛♥ ❋P✼ ▲❊❆❉❊❘ ♣r♦❥❡❝t

❆▲❋❘❊❉✱ ✐s ❛ s♠❛❧❧✲s✐③❡ ✭✸✵✵▼❲t❤✮ ♣♦♦❧✲t②♣❡ ▲❋❘✳

▼❛♥✉❡❧❡ ❆✉✜❡r♦ ◆✉❝❧❡❛r ❞❛t❛ ✉♥❝❡rt❛✐♥t② ✐♥ ❙❋❘✱ ▲❋❘✱ ❛♥❞ ▼❙❘
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❆❞✈❛♥❝❡❞ ▲❡❛❞ ❋❛st ❘❡❛❝t♦r ❊✉r♦♣❡❛♥ ❉❡♠♦♥str❛t♦r
❉❡✈❡❧♦♣❡❞ ✇✐t❤✐♥ t❤❡ ❊✉r♦♣❡❛♥ ❋P✼ ▲❊❆❉❊❘ ♣r♦❥❡❝t

✶✼✶ ❋❆s ❛r❡ s✉❜❞✐✈✐❞❡❞ ✐♥t♦ t✇♦ r❛❞✐❛❧ ③♦♥❡s ✇✐t❤ ❞✐✛❡r❡♥t
♣❧✉t♦♥✐✉♠ ❢r❛❝t✐♦♥s

✼ ❞✐✛❡r❡♥t ③♦♥❡s ✇❡r❡ ❝♦♥s✐❞❡r❡❞ ❢♦r t❤❡ P❜ ❞❡♥s✐t② r❡❛❝t✐✈✐t②
❝♦❡✣❝✐❡♥t ❝❛❧❝✉❧❛t✐♦♥s

▼❛♥✉❡❧❡ ❆✉✜❡r♦ ◆✉❝❧❡❛r ❞❛t❛ ✉♥❝❡rt❛✐♥t② ✐♥ ❙❋❘✱ ▲❋❘✱ ❛♥❞ ▼❙❘
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❱❡r✐✜❝❛t✐♦♥ ♦❢ t❤❡ ♣❡rt✉r❜❛t✐♦♥ ❝❛❧❝✉❧❛t✐♦♥s✿ ❙❋❘

▼❛♥✉❡❧❡ ❆✉✜❡r♦ ◆✉❝❧❡❛r ❞❛t❛ ✉♥❝❡rt❛✐♥t② ✐♥ ❙❋❘✱ ▲❋❘✱ ❛♥❞ ▼❙❘

mailto:manuele.aufiero@gmail.com


❛❛❛

❱❡r✐✜❝❛t✐♦♥ ♦❢ t❤❡ ♣❡rt✉r❜❛t✐♦♥ ❝❛❧❝✉❧❛t✐♦♥s✿ ❙❋❘

P♦s✐t✐✈❡ ✈♦✐❞ ❡✛❡❝t ✐♥ ❛❧❧ t❤❡ ③♦♥❡s✿

❉❡❝r❡❛s✐♥❣ t❤❡ s♦❞✐✉♠ ❞❡♥s✐t② ✐♥ ❡❛❝❤ ♦❢ t❤❡ ✷× ✺ ③♦♥❡s ❧❡❛❞s t♦ ❛
r❡❛❝t✐✈✐t② ✐♥❝r❡❛s❡

▼❛♥✉❡❧❡ ❆✉✜❡r♦ ◆✉❝❧❡❛r ❞❛t❛ ✉♥❝❡rt❛✐♥t② ✐♥ ❙❋❘✱ ▲❋❘✱ ❛♥❞ ▼❙❘
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❱❡r✐✜❝❛t✐♦♥ ♦❢ t❤❡ ♣❡rt✉r❜❛t✐♦♥ ❝❛❧❝✉❧❛t✐♦♥s✿ ❆▲❋❘❊❉

▼❛♥✉❡❧❡ ❆✉✜❡r♦ ◆✉❝❧❡❛r ❞❛t❛ ✉♥❝❡rt❛✐♥t② ✐♥ ❙❋❘✱ ▲❋❘✱ ❛♥❞ ▼❙❘
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❛❛❛

❱❡r✐✜❝❛t✐♦♥ ♦❢ t❤❡ ♣❡rt✉r❜❛t✐♦♥ ❝❛❧❝✉❧❛t✐♦♥s✿ ❆▲❋❘❊❉

❚❛❜❧❡✿ ▲❡❛❞ ❞❡♥s✐t② ❦❡✛ s❡♥s✐t✐✈✐t② ❝♦❡✣❝✐❡♥t ✐♥ t❤❡ ❝♦♥s✐❞❡r❡❞ ❆▲❋❘❊❉
r❡❛❝t♦r ❝♦r❡ ③♦♥❡s✳ ❈♦♠♣❛r✐s♦♥ ❜❡t✇❡❡♥ s❡♥s✐t✐✈✐t②✴♣❡rt✉r❜❛t✐♦♥ ❛♥❞ ❞✐r❡❝t
♣❡rt✉r❜❛t✐♦♥ ❙❡r♣❡♥t r❡s✉❧ts✳

❦❡✛ ❧❡❛❞ ❞❡♥s✐t② s❡♥s✐t✐✈✐t② ❝♦❡✣❝✐❡♥t∗

❋✉❡❧ r❡❣✐♦♥ ❆①✐❛❧ ③♦♥❡ ❉✐r❡❝t P❡rt✳# P❡rt✳ ❚❤❡♦r② ❉✐✛❡r❡♥❝❡
■♥♥❡r ❆❝t✐✈❡ −✼.✺✹± ✵.✶✸ −✼.✼✺± ✵.✸✵ −✵.✷✶
❖✉t❡r ❆❝t✐✈❡ ✷.✻✾± ✵.✶✸ ✷.✻✽± ✵.✸✶ −✵.✵✶
❘❡✢❡❝t♦r ✕ ✹.✸✹± ✵.✶✸ ✹.✸✹± ✵.✶✵ ✵.✵✵
■♥♥❡r ▲♦✇❡r ♣❧❡♥✉♠ ✹.✽✻± ✵.✶✸ ✹.✽✺± ✵.✶✵ −✵.✵✶
❖✉t❡r ▲♦✇❡r ♣❧❡♥✉♠ ✼.✷✵± ✵.✶✸ ✼.✼✵± ✵.✵✽ ✵.✺✵

■♥♥❡r ❯♣♣❡r ♣❧❡♥✉♠ ✺.✻✹± ✵.✶✸ ✺.✺✺± ✵.✶✸ −✵.✵✾
❖✉t❡r ❯♣♣❡r ♣❧❡♥✉♠ ✻.✾✻± ✵.✶✸ ✻.✼✾± ✵.✶✺ −✵.✶✼
❚♦t❛❧ ✕ ✸✵.✹± ✵.✶✸ ✷✾.✻± ✵.✺✸ −✵.✽
∗ ♣❝♠✴✭✪ ❧❡❛❞ ❞❡♥s✐t②✮ ± ✶ s✐❣♠❛
# ❉✐r❡❝t ♣❡rt✳ ✇✐t❤ ✶✵✪ ❧❡❛❞ ❞❡♥s✐t② ✈❛r✐❛t✐♦♥

❆❧❧ ♥❡❣❛t✐✈❡ ✈♦✐❞ r❡❛❝t✐✈✐t② ❡①❝❡♣t ✐♥♥❡r ❛❝t✐✈❡ r❡❣✐♦♥

▼❛♥✉❡❧❡ ❆✉✜❡r♦ ◆✉❝❧❡❛r ❞❛t❛ ✉♥❝❡rt❛✐♥t② ✐♥ ❙❋❘✱ ▲❋❘✱ ❛♥❞ ▼❙❘
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❉❡❝♦♠♣♦s✐t✐♦♥ ♦❢ t❤❡ P❜ ❞❡♥s✐t② s❡♥s✐t✐✈✐t② ❝♦❡✣❝✐❡♥t

❚❤❡ ❧❡❛❞ ❞❡♥s✐t② s❡♥s✐t✐✈✐t② ❝♦❡✣❝✐❡♥t ✐s t❤❡ r❡s✉❧t ♦❢ t❤❡ s✉♠ ♦❢
❞✐✛❡r❡♥t ♦♣♣♦s✐t❡ ❡✛❡❝ts✳

❋♦r ❛ ❜❡tt❡r ✉♥❞❡rst❛♥❞✐♥❣ ♦❢ t❤❡ ♣❤❡♥♦♠❡♥❛ ✐♥✈♦❧✈❡❞✱ t❤❡ ♦✉t❡r
❢✉❡❧ P❜ ❞❡♥s✐t② ❝♦❡✣❝✐❡♥t ✇❛s ❛♥❛❧②③❡❞ ✈✐❛ ❞❡❝♦♠♣♦s✐t✐♦♥ ♦❢ t❤❡
r❡❛❝t✐✈✐t② ❡✛❡❝t ❜②✿

■s♦t♦♣❡ ✭✷✵✹P❜✱ ✷✵✻P❜✱ ✷✵✼P❜✱ ✷✵✽P❜✮

❘❡❛❝t✐♦♥ ✭❡❧❛st✐❝✱ ✐♥❡❧❛st✐❝✱ ❝❛♣t✉r❡✮

❊♥❡r❣② ❣r♦✉♣ ✭✸✸ ❣r♦✉♣s ❊❈❈❖ str✉❝t✉r❡✮

▼❛♥✉❡❧❡ ❆✉✜❡r♦ ◆✉❝❧❡❛r ❞❛t❛ ✉♥❝❡rt❛✐♥t② ✐♥ ❙❋❘✱ ▲❋❘✱ ❛♥❞ ▼❙❘

mailto:manuele.aufiero@gmail.com


❛❛❛

❉❡❝♦♠♣♦s✐t✐♦♥ ♦❢ t❤❡ P❜ ❞❡♥s✐t② s❡♥s✐t✐✈✐t② ❝♦❡✣❝✐❡♥t

❚❤❡ ❧❡❛❞ ❞❡♥s✐t② s❡♥s✐t✐✈✐t② ❝♦❡✣❝✐❡♥t ✐s t❤❡ r❡s✉❧t ♦❢ t❤❡ s✉♠ ♦❢
❞✐✛❡r❡♥t ♦♣♣♦s✐t❡ ❡✛❡❝ts✳
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❉❡❝♦♠♣♦s✐t✐♦♥ ♦❢ t❤❡ P❜ ❞❡♥s✐t② s❡♥s✐t✐✈✐t② ❝♦❡✛✳ ✕ P❜✲✷✵✻

❚❤❡ ❧❡❛❞ ❞❡♥s✐t② s❡♥s✐t✐✈✐t② ❝♦❡✣❝✐❡♥t ✐s t❤❡ r❡s✉❧t ♦❢ t❤❡ s✉♠ ♦❢
❞✐✛❡r❡♥t ♦♣♣♦s✐t❡ ❡✛❡❝ts✳
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❛❛❛

❉❡❝♦♠♣♦s✐t✐♦♥ ♦❢ t❤❡ P❜ ❞❡♥s✐t② s❡♥s✐t✐✈✐t② ❝♦❡✣❝✐❡♥t

❚❤❡ ❧❡❛❞ ❞❡♥s✐t② s❡♥s✐t✐✈✐t② ❝♦❡✣❝✐❡♥t ✐s t❤❡ r❡s✉❧t ♦❢ t❤❡ s✉♠ ♦❢
❞✐✛❡r❡♥t ♦♣♣♦s✐t❡ ❡✛❡❝ts✳

❊❧❛st✐❝✿ ♠❛✐♥ ✐♠♣❛❝t ♦♥ ❧❡❛❦❛❣❡ t❡r♠✱ s♠❛❧❧ s♣❡❝tr❛❧ ❡✛❡❝t
s❧♦✇ ■❋P ❝♦♥✈❡r❣❡♥❝❡ ❞✉❡ t♦ ♠♦❞✐✜❝✐❛t✐♦♥ ♦❢ t❤❡ ✜ss✐♦♥ s♦✉r❝❡

■♥❡❧❛st✐❝✿ ♥❡❣❛t✐✈❡ s♣❡❝tr❛❧ ❡✛❡❝t ✭r❡❞✉❝❡s t❤❡ ❛✈❡r❛❣❡ ♥✉♠❜❡r ♦❢
♥❡✉tr♦♥s ♣r♦❞✉❝❡❞ ♣❡r ❛❜s♦r♣t✐♦♥ ✐♥ t❤❡ ❢✉❡❧✮

❈❛♣t✉r❡✿ ❞✐r❡❝t ♥❡❣❛t✐✈❡ ✐♠♣❛❝t ♦♥ ♥❡✉tr♦♥ ❜❛❧❛♥❝❡

(♥, ①♥)✿ ♥❡❣❧✐❣✐❜❧❡ ❡✛❡❝t
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❉❡❝♦♠♣♦s✐t✐♦♥ ♦❢ t❤❡ P❜ ❞❡♥s✐t② s❡♥s✐t✐✈✐t② ❝♦❡✛✳ ✕ P❜✲✷✵✼

❚❤❡ ❧❡❛❞ ❞❡♥s✐t② s❡♥s✐t✐✈✐t② ❝♦❡✣❝✐❡♥t ✐s t❤❡ r❡s✉❧t ♦❢ t❤❡ s✉♠ ♦❢
❞✐✛❡r❡♥t ♦♣♣♦s✐t❡ ❡✛❡❝ts✳
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❉❡❝♦♠♣♦s✐t✐♦♥ ♦❢ t❤❡ P❜ ❞❡♥s✐t② s❡♥s✐t✐✈✐t② ❝♦❡✛✳ ✕ P❜✲✷✵✽

❚❤❡ ❧❡❛❞ ❞❡♥s✐t② s❡♥s✐t✐✈✐t② ❝♦❡✣❝✐❡♥t ✐s t❤❡ r❡s✉❧t ♦❢ t❤❡ s✉♠ ♦❢
❞✐✛❡r❡♥t ♦♣♣♦s✐t❡ ❡✛❡❝ts✳
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❉❡❝♦♠♣♦s✐t✐♦♥ ♦❢ t❤❡ P❜ ❞❡♥s✐t② s❡♥s✐t✐✈✐t② ❝♦❡✣❝✐❡♥t

❚❤❡ ❧❡❛❞ ❞❡♥s✐t② s❡♥s✐t✐✈✐t② ❝♦❡✣❝✐❡♥t ✐s t❤❡ r❡s✉❧t ♦❢ t❤❡ s✉♠ ♦❢
❞✐✛❡r❡♥t ♦♣♣♦s✐t❡ ❡✛❡❝ts✳
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Total -      10 gen
Inelastic - 10 gen (-0.009058)
Elastic -    10 gen (+0.015440)
Capture -  10 gen (-0.003966)

ALFRED - Lead density sensitivity coefficient
Outer fuel active region

Total   0 gen  -0.001824 
Total 10 gen   0.002677
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❛❛❛

◆♦t❡s ♦♥ ❝♦♦❧❛♥t r❡❛❝t✐✈✐t② ♠❛♣ ✈✐❛ ▼❈ P❡rt✳ ❚❤♦❡r②

❙❡r♣❡♥t s❡♥s✐t✐✈✐t② ❝❛❧❝✉❧❛t✐♦♥s s❤♦✇ ❣♦♦❞ ❛❣r❡❡♠❡♥t ❛❣❛✐♥st
❞✐r❡❝t ♣❡rt✉r❜❛t✐♦♥ ❢♦r ❜♦t❤ t❤❡ ❙❋❘ ❛♥❞ ▲❋❘ ❝❛s❡s

❆ s✐♥❣❧❡ ❡①t❡♥❞❡❞ ❙❡r♣❡♥t r✉♥ t♦ ❣❡t t❤❡ s❡♥s✐t✐✈✐t② ❝♦❡✣❝✐❡♥ts
❢♦r ❛❧❧ t❤❡ r❡❣✐♦♥s

◆❡❣❛t✐✈❡ ✈♦✐❞ r❡❛❝t✐✈✐t② ✐♥ ❆▲❋❘❊❉
♣♦s✐t✐✈❡ ✈♦✐❞ r❡❛❝t✐✈✐t② ✐♥ ❖❊❈❉✴◆❊❆ ❙❋❘

❈♦♦❧❛♥t ❞❡♥s✐t② r❡❛❝t✐✈✐t② ❝♦❡✣❝✐❡♥t ✐s t❤❡ r❡s✉❧t ♦❢ t❤❡ s✉♠ ♦❢
❞✐✛❡r❡♥t ♦♣♣♦s✐t❡ ❡✛❡❝ts✳

❊♥❡r❣②✲■s♦t♦♣❡✲❘❡❛❝t✐♦♥ ❞❡❝♦♠♣♦s✐t✐♦♥ ❝❛♥ ❜❡ ♦❜t❛✐♥❡❞ ❛t ♥♦
❛❞❞✐t✐♦♥❛❧ ❝♦st

❯♥❝❡rt❛✐♥t② q✉❛♥t✐✜❝❛t✐♦♥ ✐s ❥✉st ❛ ❝♦✉♣❧❡ ♦❢ ♠❛tr✐①✲✈❡❝t♦r ♣r♦❞✉❝ts
❛❤❡❛❞✳✳✳

❱❛r ❘ ❙
❘
① ❈♦✈ ① ❙

❘
①

❚
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◆♦t❡s ♦♥ ❝♦♦❧❛♥t r❡❛❝t✐✈✐t② ♠❛♣ ✈✐❛ ▼❈ P❡rt✳ ❚❤♦❡r②

❙❡r♣❡♥t s❡♥s✐t✐✈✐t② ❝❛❧❝✉❧❛t✐♦♥s s❤♦✇ ❣♦♦❞ ❛❣r❡❡♠❡♥t ❛❣❛✐♥st
❞✐r❡❝t ♣❡rt✉r❜❛t✐♦♥ ❢♦r ❜♦t❤ t❤❡ ❙❋❘ ❛♥❞ ▲❋❘ ❝❛s❡s

❆ s✐♥❣❧❡ ❡①t❡♥❞❡❞ ❙❡r♣❡♥t r✉♥ t♦ ❣❡t t❤❡ s❡♥s✐t✐✈✐t② ❝♦❡✣❝✐❡♥ts
❢♦r ❛❧❧ t❤❡ r❡❣✐♦♥s

◆❡❣❛t✐✈❡ ✈♦✐❞ r❡❛❝t✐✈✐t② ✐♥ ❆▲❋❘❊❉
♣♦s✐t✐✈❡ ✈♦✐❞ r❡❛❝t✐✈✐t② ✐♥ ❖❊❈❉✴◆❊❆ ❙❋❘

❈♦♦❧❛♥t ❞❡♥s✐t② r❡❛❝t✐✈✐t② ❝♦❡✣❝✐❡♥t ✐s t❤❡ r❡s✉❧t ♦❢ t❤❡ s✉♠ ♦❢
❞✐✛❡r❡♥t ♦♣♣♦s✐t❡ ❡✛❡❝ts✳

❊♥❡r❣②✲■s♦t♦♣❡✲❘❡❛❝t✐♦♥ ❞❡❝♦♠♣♦s✐t✐♦♥ ❝❛♥ ❜❡ ♦❜t❛✐♥❡❞ ❛t ♥♦
❛❞❞✐t✐♦♥❛❧ ❝♦st

❯♥❝❡rt❛✐♥t② q✉❛♥t✐✜❝❛t✐♦♥ ✐s ❥✉st ❛ ❝♦✉♣❧❡ ♦❢ ♠❛tr✐①✲✈❡❝t♦r ♣r♦❞✉❝ts
❛❤❡❛❞✳✳✳

❱❛r [❘] = ❙
❘
① ❈♦✈ [① ]

(

❙
❘
①

)❚
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❛❛❛

❯♥❝❡rt❛✐♥t② q✉❛♥t✐✜❝❛t✐♦♥ ✕ ❆▲❋❘❊❉ ❦❡✛
❙❡r♣❡♥t ●P❚ ✰ ❊◆❉❋✴❇✲❱■■ ✫ ❈❖▼▼❆❘❆✲✷✳✵

❚♦t❛❧ ❦❡✛ ✉♥❝❡rt❛✐♥t② ❢r♦♠ ♥✉❝❧❡❛r ❞❛t❛✿
✽✶✺ ♣❝♠

▼❛❥♦r ❝♦♥tr✐❜✉t♦rs ✭✐♥ ♣❝♠✮✿
■◆❊▲❆❙❚■❈ ❯✷✸✽ ■◆❊▲❆❙❚■❈ ❯✷✸✽
✺✷✷✳✾✻
❈❆P❚❯❘❊ P❯✷✸✾ ❈❆P❚❯❘❊ P❯✷✸✾
✷✾✶✳✾✹
◆❯ P❯✷✹✵ ◆❯ P❯✷✹✵
✷✸✸✳✷✾
❈❆P❚❯❘❊ ❯✷✸✽ ❈❆P❚❯❘❊ ❯✷✸✽
✷✵✼✳✵✼
❋■❙❙■❖◆ P❯✷✸✾ ❋■❙❙■❖◆ P❯✷✸✾
✶✽✼✳✹✷
❈❆P❚❯❘❊ P❯✷✹✵ ❈❆P❚❯❘❊ P❯✷✹✵
✶✸✾✳✺✽
❊▲❆❙❚■❈ ❯✷✸✽ ■◆❊▲❆❙❚■❈ ❯✷✸✽
✶✸✸✳✶✾
❋■❙❙■❖◆ P❯✷✹✵ ❋■❙❙■❖◆ P❯✷✹✵
✶✸✶✳✸✸
❑❍■ P❯✷✸✾ ❑❍■ P❯✷✸✾
✶✸✵✳✽✾

■◆❊▲❆❙❚■❈ ❋❊✺✻ ❈❆P❚❯❘❊ ❋❊✺✻
✲✸✳✺✶✶✽
❊▲❆❙❚■❈ P❯✷✸✾ ❋■❙❙■❖◆ P❯✷✸✾
✲✺✳✻✼✺✻
❊▲❆❙❚■❈ ❯✷✸✽ ❈❆P❚❯❘❊ ❯✷✸✽
✲✶✷✳✻✷✷
❋■❙❙■❖◆ P❯✷✸✾ ❈❆P❚❯❘❊ P❯✷✸✾
✲✷✾✳✸✺✶

▼❛♥✉❡❧❡ ❆✉✜❡r♦ ◆✉❝❧❡❛r ❞❛t❛ ✉♥❝❡rt❛✐♥t② ✐♥ ❙❋❘✱ ▲❋❘✱ ❛♥❞ ▼❙❘

mailto:manuele.aufiero@gmail.com


❛❛❛

❯♥❝❡rt❛✐♥t② q✉❛♥t✐✜❝❛t✐♦♥ ✕ ❆▲❋❘❊❉ P❜ ❞❡♥s✐t② ❝♦❡✛✳
❙❡r♣❡♥t ●P❚ ✰ ❊◆❉❋✴❇✲❱■■ ✫ ❈❖▼▼❆❘❆✲✷✳✵

❚♦t❛❧ ♦✉t❡r P❜ ❞❡♥s✐t② r❡❛❝t✐✈✐t② ❝♦❡✛✳ ✉♥❝❡rt❛✐♥t②✿
✷✺ ✪ ✭✶ s✐❣♠❛✦✦✮

▼❛❥♦r ❝♦♥tr✐❜✉t♦rs ✭✐♥ ✪✮✿
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✽✳✾✽✹✸
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✼✳✸✵✶✷
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✹✳✽✺✺✷
❈❆P❚❯❘❊ ❯✷✸✽ ❈❆P❚❯❘❊ ❯✷✸✽
✸✳✽✺✶✽
❊▲❆❙❚■❈ P❇✷✵✽ ❊▲❆❙❚■❈ P❇✷✵✽
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❯♥❝❡rt❛✐♥t② ✐♥ ❢❛st✲s♣❡❝tr✉♠ ▼♦❧t❡♥ ❙❛❧t ❘❡❛❝t♦rs

❘❊❇❯❙✲✸✼✵✵[❛]

❯✲P✉ ❝②❝❧❡ ❜r❡❡❞❡r✿ ◆❛❈❧ − ❯❈❧✸ − P✉❈❧✸
❬❛❪ ▼♦✉r♦❣♦✈✱ ❆✳✱ ❛♥❞ P✳ ▼✳ ❇♦❦♦✈✳ ✧P♦t❡♥t✐❛❧✐t✐❡s ♦❢ t❤❡ ❢❛st s♣❡❝tr✉♠ ♠♦❧t❡♥ s❛❧t r❡❛❝t♦r
❝♦♥❝❡♣t✿ ❘❊❇❯❙✲✸✼✵✵✳✧ ❊♥❡r❣② ❝♦♥✈❡rs✐♦♥ ❛♥❞ ♠❛♥❛❣❡♠❡♥t ✹✼✳✶✼ ✭✷✵✵✻✮✳

▼♦❧t❡♥ ❙❛❧t ❋❛st ❘❡❛❝t♦r ✭▼❙❋❘✮[❜]

❯✲✷✸✸ st❛rt❡❞✿ ▲✐❋ − ❚❤❋✹ − ❯❋✹

❚❘❯ st❛rt❡❞✿ ▲✐❋ − ❚❤❋✹ − [❚❘❯]❋✸
❬❜❪ ▼❡r❧❡✲▲✉❝♦tt❡✱ ❊✳✱ ❡t ❛❧✳ ✧▲❛✉♥❝❤✐♥❣ t❤❡ t❤♦r✐✉♠ ❢✉❡❧ ❝②❝❧❡ ✇✐t❤ t❤❡ ▼♦❧t❡♥ ❙❛❧t ❋❛st
❘❡❛❝t♦r✳✧ ✭✷✵✶✶✮✳

▼❖❙❆❘❚[❝]

❚❘❯ ❇✉r♥❡r✿ ◆❛❋ − ▲✐❋ − ❇❡❋✷ − [❚❘❯]❋✸
❬❝❪ ❋✳ ●❛❜r✐❡❧❧✐✱ ❆✳ ❘✐♥❡✐s❦✐✱ ❱✳ ■❣♥❛t✐❡✈✱ ❖✳ ❋❡✐♥❜❡r❣ ✧❇❡♥❝❤♠❛r❦ ♦♥ ▼❖❧t❡♥ ❙❛❧t ❆❞✈❛♥❝❡❞
❘❡❛❝t♦r ❚r❛♥s♠✉t❡r ✭▼❖❙❆❘❚✮✿ ■♠♣❛❝t ♦❢ ▼✐♥♦r ❆❝t✐♥✐❞❡ ◆✉❝❧❡❛r ❉❛t❛ ❯♥❝❡rt❛✐♥t② ♦♥
■♥t❡❣r❛❧ ❘❡❛❝t♦r P❛r❛♠❡t❡rs✧ ◆❊❆✴❊●■❊▼❆▼✲■■✳
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✷✸✵✳✷✼
❊▲❆❙❚■❈ ❯✷✸✽ ■◆❊▲❆❙❚■❈ ❯✷✸✽
✷✷✽✳✾✹
◆❯ P❯✷✹✵ ◆❯ P❯✷✹✵
✷✵✻✳✸✹
❋■❙❙■❖◆ P❯✷✸✾ ❋■❙❙■❖◆ P❯✷✸✾
✶✽✻✳✷✽
❈❆P❚❯❘❊ P❯✷✸✾ ❈❆P❚❯❘❊ P❯✷✸✾
✶✼✻✳✸✾
◆❯ ❯✷✸✽ ◆❯ ❯✷✸✽
✶✺✷✳✹✷
❋■❙❙■❖◆ P❯✷✹✵ ❋■❙❙■❖◆ P❯✷✹✵
✶✶✺✳✺✵
■◆❊▲❆❙❚■❈ ◆❆✷✸ ■◆❊▲❆❙❚■❈ ◆❆✷✸
✶✵✼✳✾✹

❊▲❆❙❚■❈ ❯✷✸✽ ❈❆P❚❯❘❊ ❯✷✸✽
✲✺✳✻✺✸✵
❋■❙❙■❖◆ P❯✷✸✾ ❈❆P❚❯❘❊ P❯✷✸✾
✲✻✳✷✹✾✼
❊▲❆❙❚■❈ P❯✷✸✾ ❋■❙❙■❖◆ P❯✷✸✾
✲✼✳✵✶✷✻
❊▲❆❙❚■❈ ◆❆✷✸ ❈❆P❚❯❘❊ ◆❆✷✸
✲✽✳✹✻✾✺
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❚♦t❛❧ ❦❡✛ ✉♥❝❡rt❛✐♥t② ❢r♦♠ ♥✉❝❧❡❛r ❞❛t❛✿
✶✻✹✵ ♣❝♠

▼❛❥♦r ❝♦♥tr✐❜✉t♦rs ✭✐♥ ♣❝♠✮✿
❈❆P❚❯❘❊ ❚❍✷✸✷ ❈❆P❚❯❘❊ ❚❍✷✸✷
✶✷✷✵✳✺
❋■❙❙■❖◆ ❯✷✸✸ ❋■❙❙■❖◆ ❯✷✸✸
✽✾✾✳✵✻
❈❆P❚❯❘❊ ❯✷✸✸ ❈❆P❚❯❘❊ ❯✷✸✸
✹✺✺✳✽✽
◆❯ ❯✷✸✸ ◆❯ ❯✷✸✸
✸✼✻✳✵✻
❊▲❆❙❚■❈ ▲■✼ ❊▲❆❙❚■❈ ▲■✼
✶✷✺✳✶✼
❊▲❆❙❚■❈ ❋✶✾ ❊▲❆❙❚■❈ ❋✶✾
✾✷✳✽✾✵
❊▲❆❙❚■❈ ❚❍✷✸✷ ❊▲❆❙❚■❈ ❚❍✷✸✷
✼✾✳✼✶✷
❈❆P❚❯❘❊ ❋✶✾ ❈❆P❚❯❘❊ ❋✶✾
✼✷✳✻✻✾
■◆❊▲❆❙❚■❈ ❋✶✾ ■◆❊▲❆❙❚■❈ ❋✶✾
✻✾✳✹✾✽

❊▲❆❙❚■❈ ❯✷✸✸ ◆①◆ ❯✷✸✸
✲✵✳✷✼✶✸✶
❊▲❆❙❚■❈ ▲■✼ ■◆❊▲❆❙❚■❈ ▲■✼
✲✶✳✼✷✾✸
❋■❙❙■❖◆ ❚❍✷✸✷ ❈❆P❚❯❘❊ ❚❍✷✸✷
✲✷✶✳✶✽✵
❊▲❆❙❚■❈ ❚❍✷✸✷ ❈❆P❚❯❘❊ ❚❍✷✸✷
✲✹✹✳✶✸✸
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❙✉♠♠❛r②

▼♦♥t❡ ❈❛r❧♦ P❡rt✉r❜❛t✐♦♥ ❚❤❡♦r② ❤❛s ❜❡❡♥ ✐♠♣❧❡♠❡♥t❡❞ ✐♥
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❞❡t❡r♠✐♥✐st✐❝ ❝♦❞❡s ❢♦r ❞❡❝❛❞❡s✳✳✳ ♥♦t ❛♥②♠♦r❡✭❄✮
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❊♥❡r❣② ❛♥❞ ❙♣❛❝❡✮ s❡♥s✐t✐✈✐t② ❢✉♥❝t✐♦♥s

▼❛♥✉❡❧❡ ❆✉✜❡r♦ ◆✉❝❧❡❛r ❞❛t❛ ✉♥❝❡rt❛✐♥t② ✐♥ ❙❋❘✱ ▲❋❘✱ ❛♥❞ ▼❙❘

mailto:manuele.aufiero@gmail.com


❛❛❛

◆❡✇ ❛♣♣❧✐❝❛t✐♦♥s ❢♦r ▼♦♥t❡ ❈❛r❧♦ P❡rt✉r❜❛t✐♦♥ ❚❤❡♦r②
❍✐♥ts ❢♦r ❋r✐❞❛②✬s ♣r❡s❡♥t❛t✐♦♥
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Pb cross sections uncertainty (from TENDL-2013)
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