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The Semi-Empirical Mass Formula Cﬁ&ﬁ&% ‘g’.%og:f@/@g'g

BE(Z,A) =Volume - Surface - Coulomb - Asymmetry + Pairiné

° One mathematlcal Parameterlzatlon* (ofmany’): *from B. Martin, Nuclear and Particle Physics (2009)
* BE(Z;A) — ava(A) o asfs(A) o acfc(Z:A) o aafa(Z:A) + iapfp(A)
eVolume: Nucleons have some self-binding, so: f,,(4) = A
*Surface: Since radius goes as R o A'/3 and surface area goes as SA < R, f.(A) = A/3
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The SEMF is often close enough

Typically within ~1 percent of right BE Sometimes used for neutron star crusts
(though often with a shell correction)
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Here,a, = 15.302,a, =16.518,a,= 0.687,a, = 88.974,and a, = 5.898, with the functional form on the previous slide



Nuclear Fission: Splitting a Liquid Drop @

e Consider deforming a nucleus: volume and number of nucleon
pairs are conserved, but the surface gets larger and the charges
get spaced further apart.

* i.e.The Coulomb penalty of the SEMF decreases, but the surface penalty increases
* The change in energy: AE = BEfi,0; — BEjpitiqy = (E( + E5") — (E. + E)

* Parameterize the nuclear shape as an ellipsoid,
R(0) = Ry[1 + a,P,(cosB)],
where a = Ry(1 + az) b=Ry(1+ az)—1/2

1/3 (1 —la3) and E ~ agA*3(1 + zag)
2
so is AE = (ZaSA2/3 — a2 )
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e The dr'op will Spllt when Ec = ZES _F @

and Particle Physics (2009)

. Expandlng,E’ X A,




Nuclear Fission: Splitting a Liquid Drop

e Fissionability of a nucleus (in this naive picture) is: x =

2
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° |n practice, (Loveland Morrissey, & Seaborg, Modern Nuclear Chemistry)
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* Note larger fissionability (i.e. closer to (%°/,)
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) means a nucleus is more prone to fission
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