It is widely believed that a nucleus of charge Z can bind at most one or two elec-
trons beyond its neutral state due to imperfect screening of the nuclear charge.
This means that the critical number of electrons satisfies N.(Z) € {Z+1, Z +2}.
Deriving such a statement from the many-body Coulomb Schréodinger operator
is the content of the long-standing ionization conjecture, which remains open.

On the rigorous side, Zhislin proved that an atom binds at least up to N = Z
electrons, while the finiteness of N.(Z) was established by Ruskai and Sigal. A
fundamental asymptotic result of Lieb—Sigal-Simon—Thirring shows asymptotic
neutrality,

lim sup M =1.
Z—00

Obtaining quantitative, non-asymptotic bounds is substantially harder. Lieb’s
famous result N.(Z) < 2Z + 1 was the state of the art for decades, until Nam’s
2012 breakthrough bound

N.(Z) < 1.22Z + O(ZY3).

In this talk I will present recent progress that further improves the leading
constant:

N.(Z) < 1.1185 Z + O(Z/3).

Besides sharpening constants, the result underscores a genuine statistics effect.
In the bosonic analogue (electrons replaced by bosons), one has an overbinding
of about 21% at leading order, i.e. limsup,_,., N.(Z)/Z = 1.21. Our improved
fermionic bound places a clear gap below this value, showing that fermionic
atoms bind markedly fewer excess particles than bosonic models, already at
finite Z.



