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Nested sampling (John Skilling, 2004)
Bayesian evidence integral:

/ = IE (O)r(0)dO

7(60): prior distribution
Z(0): likelihood

/ evidence



Nested sampling (John Skilling, 2004)

Bayesian evidence integral: Transform to 1-dim. integral:

7 = JfZ(H)n(H)dH ax = m(0)do

X(A) = J (0)do

7(0): prior distribution ZL(0)>1
F(0): likelihood such that:
Z: evidence I
2= [ ooax
0



Nested sampling (John Skilling, 2004)

Transform to 1-dim. integral:
dX = n(0)do

L X(1) = J n(6)do
ZL(O0)>4

such that:

1
7 = J PX)dX

0 X 1 0



Nested sampling (John Skilling, 2004)

Draw samples uniformly from 7(6)d0:

Parameter space 0 X X X 1



Nested sampling (John Skilling, 2004)

Draw samples uniformly from 7(6)d0:

Parameter space 0 X X

L;’s can be calculated.

X;’s are unknown, but:
Xo=1, X;=1X_,
Pr(t) = Nt~ in (0,1)

with
(Int) = —1/N



Nested sampling (John Skilling, 2004)

Parameter space

0 8 samples X 1
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Nested sampling (John Skilling, 2004)

Parameter space

Result from simulation:

We—0—0—0 00—
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Enclosed prior mass X

= ordered list of {X, L.}



Application to QFT

Z(f) = JLﬁ dX with L = exp(—23)

Nested sampling also yields density of states p(§) = — T
n

and hence:

Z(p) = [e_ﬁs p(S)dS a posteriori for any [ |




Application to QFT

Z(f) = JLﬁ dX with L = exp(—23)

Nested sampling also yields density of states p(§) = — T
n

and hence:

Z(p) = [e_ﬁS p(S)dS a posteriori for any [ |

Example application: 2d quenched Schwinger model




Likelihood L vs. prior volume X and density of states

...or better —InL = Sand In S vs —1n X: L.orp(E)=dX/dEandInp(E) = — XdIn X/dIn L:
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Partition function Z with weights at # = 5.0

sm_ NS Lx16Ltl16 8xNIlive001024 b5.0.evl le—6 sm_ NS Lx16Ltl16 8xNIlive001024 b5.0.evl
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—-g%(InZ2)/V = —g°f

Free energy density, continuum limit

Free energy density for qguenched SM from NS
16x16 lattice, Ny, = 8x1024
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Free energy density for qguenched SM from NS

16x16 lattice, Nj, = 8x1024
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plaq

Plaquette value vs /

Plaquette value for qguenched SM from NS
16x16 lattice, N, = 8x1024
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Plaquette value for quenched SM from NS
16x16 lattice, N, = 8x1024
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Topological charge with weights at # = 5.0

sm NS Lx16Lt16 8xNlive001024 b5.0.evl
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Weighted Frequency

Topological charge distribution

Field theoretic topological charge distribution
16x16 lattice, Nj,e =8x1024, 3=5.0
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Topological charge with weights at 5 = 10.0

sm NS Lx16Ltl6 Nlive001024 b1l0.0.evl

120
& o

§8%0
o 80

9¢)

)
8

o

I
Ee T
— ° )
e% ﬁoo o © o ©0 Oeo 00000 o o° 060 o ° eo ] o o o o0 ) Oo ] °
L ©0 00 @ ©p °% o <§° ° ° ° e ° ° o o °
[oX-) R Po0 o LN o © [} & ° o} Iy [} (] )
® oo % o % _°g O s 2 ° S o © S ® o °
[}
B @, QR © oo %6 o ® ° ° o o o
b o S ° 5 ® o o o
0% 0 o008 o % o o ° o
o} [0)
o o o ° oo
)
o
° ° )
o e ° [}
o
0 © o °
3 o
%0

300 400

100
-InX




Topological charge with weights at 5 = 10.0

Field theoretic topological charge distribution
16x16 lattice, Nijive = 8x1024, ,B =10.0
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Topological susceptibility continuum limit

Topological susceptibility for guenched SM from NS

8x8 lattice, Njjy,e = 32%x256
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Topological susceptibility for guenched SM from NS

12x12 lattice, Njjye = 256%X256
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Conclusion & outlook

* Nested sampling has the potential to unfreeze topology

 Nested sampling parallelizes trivially

« Scaling with V needs to be investigated

 |nclusion of fermions

* Application to 1st order phase transitions

Thanks!



Bern, 20-24 January 2025
Workshop on the sign problem in QCD and beyond

Hope to welcome you soon in Switzerland!



