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General context

► consider the mathematical problem of coupled LDE with non-constant coefficients

a(t’), b(t’)…

Magnus (1954)

Floquet (1883) (if A periodic)
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Dyson time-ordering operator (1952)

A(t’) = 
𝑎 𝑡′ 𝑏 𝑡′ …

𝑐 𝑡′ … …
… … …

N

N (finite)

bounded (over [ t , t’ ])

perturbative treatment

convergence (?)



The Path-Sum approach (P.-L. Giscard, 2015)
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► Descending Ladder Principle (DLP)
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► Descending Ladder Principle (DLP)



A test example (NMR, qubit physics…)
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H 𝑡 =
1

2
𝜔0𝛔𝐳 +

2𝛽 𝛔𝐱 cos 𝜔𝑡
H(t) = 

𝜔0

2
2𝛽cos 𝜔𝑡 

2𝛽cos 𝜔𝑡 −
𝜔0

2

𝝎 = 𝝎𝟎 𝐨𝐫 𝛚 ≠ 𝝎𝟎P(t) transition probability

Τ𝜷 𝝎 = Τ𝟏 𝟏𝟎 Τ𝜷 𝝎 = Τ𝟑 𝟐 Τ𝜷 𝝎 = 𝟏𝟎

► Bloch-Siegert effect

P.L. Giscard, C. Bonhomme, Phys. Rev. X, submitted



Scale invariance of Path-Sum
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P.L. Giscard, C. Bonhomme, Phys. Rev. X, submitted

► Path-Sum can be used in conjunction with all state-space reduction techniques

(CH3)12(OH)6Sn12

42 protons

MAS 10 kHz

pure state
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Scale invariance of Path-Sum



► a new approach

► analytical expression for U(t)

► unconditional convergence

► non perturbative formulation

► scalable to large spin systems

► other theory/applications to come…
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Path-Sum (very) warm thanks to P.-L. Giscard
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