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Part ll: Exercise
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https://github.com/shinaoka/computational_physics_spring_school_2023/tree/main/samples/python
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Exercise0: Compute IR basis

1. Open Notebook on Google Colab
2. Copy the notebook and run it!
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https://colab.research.google.com/drive/1-QerQyprAbU5iHbB_8FFsXQDipm4bkpw?usp=sharing
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Matsubara frequency summation

In many situations, one needs to evaluate

a= TZ G (iwy),

where G (iw,, ) is a Green's function object.
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Fermi-Dirac distribution
{p(w) = d(w — wo),

Electron occupation:

o . o ]. iwn0+ o ].
=G(r=0 )__E d e G(lwn)—1_|_eﬁw0
Here, we used
1
G(T) = —<T7-C(T)CT(O)> — _E e TG (iw)
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Note on treatment of

discontinuity
Section B.3 of Emanuel Gull's Ph.D
thesis:
1 1
T TS
1w 2
1\* 1
1\° 1 )
(E) N Z(ﬂ’r —77)

for0 < 7 < B.The proof is

straightforward for the <— direction.
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https://www.research-collection.ethz.ch/handle/20.500.11850/104013
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Conventional approach for Matsubara summation

G(iw) = G(iw) — %  O((1/iw)?)

~

*.*G(1) is continuous at 7 = 0,

1 Nl 1
En:Z—NG(lwn) N 57

where G, (iw) = 1/iw. The truncation error in the first term converges only as O(1/N)
®.
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Exercisel: Naive Matsubara summation

1. Open Notebook on Google Colab
2. Copy the notebook and run it!
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https://colab.research.google.com/drive/13g3wYpVAV5wCxifX2Zj6h_4u29Xn1ncJ?usp=sharing
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Matsubara summation using sparse sampling
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IR basis + sparse sampling

{G(T) = 2.1 Gil(7),
Gliw) =3, GU(w),

n — G(TZ O_) — _iUl(T: ,B)Gl

The convergence 7 is exponential *.* exponential convergence of ;.

We can determine GG; from G (il ) on the sampling frequencies!

G(i@k) — G —n
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Exercise2: Matsubara summation by sparse sampling

1. Open Notebook on Google Colab
2. Copy the notebook and run it!

Check!

e How does the error in IV decay as cutoff for singular values € is decreased?

o (Advanced) More complicated spectral model (e.g., many poles)
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https://colab.research.google.com/drive/1vh0_HXStYBroz2qd89H3tcZIxlXYGV9i?usp=sharing

