Understanding Network Flows with
Branchings on Digraphs
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Hiararchy of Statistical Equilibria in Nucleosynthesis

{0) Equilibrium with nonconstant nucleon number

---------------------------------------------------

(1) NSE with weak aquilibrium

(2) NSE with fixed Yo

{3) QSE (equiibrium with fixed Ye and Yh)

{4) Twa QSE clusters {saullibrium with fixed Ys, Yn1, and Yh2)

(5) Three QSE dusters (squilibiium with fixed Ye, Yh1, Yh2, and Yh3)
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More disorder in system



Abundance
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Abundance
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Abundance
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p(n,g)d(n,g)t(p,g)*He

=>p+pP+N+n->a



*°Fe(p,g)57Co(p,9)>*Ni(n,g)>*Ni(n,a)*°Fe

=>p+p+Nn+n->a
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Branching Weight =7
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Branching Weight = 20



Matrix-Forest T heorems

® Relate matrix properties to branchings on
directed graphs.

e Tutte (1984), Moon (1994), Chebotarev and
Shamis (2006), Meyer and Wang (in prep).
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Ys3(t + At)
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Ys(t + At) -> equilibrium




Number of Branchings in a complete
simple graph of order n

(n+1)(-1)



Number of Branchings in a complete
simple graph of order n

(n+1)(-1)
n=3: 16
n=4: 125
H.=9: 108

n=99: 1019



k-th Best Algorithms

® Optimal Branching Algorithm (Edmonds 1967
& Chi and Liu 1965)

® kth Best Branching (Camerini et al. 1980)
® O(kmiIn(n))
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By a nose

8Se(p,n)78Br(n,g)”°Br(p,n)7°Kr(n,g)8°Kr(n,g)8'Kr(n,a)’8Se



Why Might You Care!

® Better picture of the evolution of abundances
in a nuclear reaction network, especially
between rungs of the hierarchy of statistical
equilibria

® |nsight into which reaction rates or other
nuclear properties govern the abundance
evolution in reaction networks



http://nucnet-tools.sf.net




