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?Power laws ruled by
critical exponents

?Spontaneous Symmetry Breaking

?Existence of an order parameter

?Universality

GGI-Prize ”Milla Baldo Ceolin” QI for QPTs in Central Spin Models Oct 08, 2024



GGI-Prize ”Milla Baldo Ceolin” QI for QPTs in Central Spin Models Oct 08, 2024GGI-Prize ”Milla Baldo Ceolin” QI for QPTs in Central Spin Models Oct 08, 2024



GGI-Prize ”Milla Baldo Ceolin” QI for QPTs in Central Spin Models Oct 08, 2024GGI-Prize ”Milla Baldo Ceolin” QI for QPTs in Central Spin Models Oct 08, 2024



GGI-Prize ”Milla Baldo Ceolin” QI for QPTs in Central Spin Models Oct 08, 2024



GGI-Prize ”Milla Baldo Ceolin” QI for QPTs in Central Spin Models Oct 08, 2024GGI-Prize ”Milla Baldo Ceolin” QI for QPTs in Central Spin Models Oct 08, 2024



• Hilbert basis: {|0〉, |1〉} → a|0〉+ b|1〉, |a|2 + |b|2 = 1

• Performing a measure inevitably disturbs the state
• Composite systems: |Ψ〉A ⊗ |Ψ〉B ∈ HA ⊗HB ,{

{|0〉A, |1〉A}
{|0〉B , |1〉B}

⇒ |Ψ〉AB = a(|0〉A ⊗ |0〉B) + b(|1〉A ⊗ |1〉B)

• |Ψ〉AB =
∑

i,µ aiµ|i〉A ⊗ |µ〉B ; ρA = TrB
[
|Ψ〉〈Ψ|

]
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Central Spin Model

Qubit system Q → Hq = −sΣz

Many-body system S → HS = HIs = −
∑

j σ
x
j σ

x
j+1 − g

∑
j σ

z
j − h

∑
j σ

x
j
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Interaction term Qubit term
HqS,1 = −wΣz ∑

j σ
z
j Hq = −sΣz Commutative

HqS,2 = −vΣx ∑
j σ

x
j Hq = −sΣz Non-commutative

HqS,3 = −uΣx ∑
j σ

x
j Hq = −sΣz Commutative

� The qubit decouples from the Ising ring
� The qubit scale energy s will be treated as a relevant perturbation
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H2 = −
∑

j
σx

j σ
x
j+1 − g

∑
j

σz
j − sΣz − vΣx

∑
j

σx
j

FSS at CQT of the Ising ring

W = (g − gc)Lyr , yr = 1

A =
s

L−z = sLz , z = 1

V = vkh
h = vLyh h

h = vL15/8 ⇒ yv = 15/8.
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FSS ansatz for the energy gap:
∆(L, g , s, v) ≈ L−zε(W ,A,V ) ⇒ ∆(L,g=1,s,v)

∆I
≈ εc(A,V )

While the decoherence is expected to obey: D(L, g , s, v) ≈ D(W ,A, kv ).
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Phase diagram for finite s and v

A global Z2 symmetry is preserved→ Is still present an Ising-like transition?

Z2 : P =
∏

j σ
z
j P̃ = Σz [

H,PP̃
]
= 0

? The crossing method gives us an estimation
of the shifted critical point

⇓

We are able to build
the rising phase diagram!
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Ising universality class
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The qubit perspective
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Sx ≡ 〈Σx〉, Sy ≡ 〈Σy 〉, Sz ≡ 〈Σz〉

We formulate appropriate ansatz to be verified: Sz(L, g , s, v) ≈ Sz(W ,A,V )
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