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Quantum Simulation

⇐⇒

|0000〉 , |0001〉 , |0010〉 , · · · ⇐⇒ |alive〉 , |dead〉

f (x) =
∫

dz eixP+z 〈P| eiHz ψ̄(z)e−iHzγ+ψ(0) |P〉

1 / 6



Quantum Simulation

⇐⇒

|0000〉 , |0001〉 , |0010〉 , · · · ⇐⇒ |alive〉 , |dead〉

f (x) =
∫

dz eixP+z 〈P| eiHz ψ̄(z)e−iHzγ+ψ(0) |P〉

1 / 6



Quantum Simulation

⇐⇒

|0000〉 , |0001〉 , |0010〉 , · · · ⇐⇒ |alive〉 , |dead〉

e−i(H1+H2)∆t ≈ e−iH1∆te−iH2∆t
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Hamiltonian Z2 Gauge Theory

H = σx (a) + σx (b) + σz(a)σz(b)

The gauge transformation operator: σx (a)σx (b).

|00〉 ↔ |11〉 and |01〉 ↔ |10〉

Physical states: |P = 0〉 = |00〉+ |11〉, |P = 1〉 = |01〉+ |10〉

Unphysical states: |00〉 − |11〉, |01〉 − |10〉
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Simulating SU(3)

2N <∞ The Hilbert spaces don’t match!

S(1080)=

〈(
0 1 0
0 0 1
1 0 0

)
,

(
1 0 0
0 −1 0
0 0 −1

)
,

(
1 µ2 µ1
µ2 µ1 1
µ1 1 µ2

)
,

(
−1 0 0
0 0 eiπ/3

0 eiπ/3 0

)〉

1906.11213; Henry Lamm’s talk yesterday
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S =
∑

Re Tr Up + Re Tr U2
p
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Adiabatically Preparing a Proton

Take a time-varying (slowly) Hamiltonian H(t).

Prepare an eigenstate of H(0), with a gap of ∆.

When Ḣ/∆2 � 0, time-evolution will keep us in the eigenstate.

Time needed to prepare ground state: ∆−2

• Free fermions and glue (massive)
• Ground state exactly prepared
• Small gap (O( 1

V ))

• Hadrons
• Large gap (mπ)

Total circuit size: O(V 3)
Or, Phys.Rev.Lett. 121 (2018) no.17, 170501; Henry Lamm, SL
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Parton Physics

f (x) =
∫

dz eixP+z 〈P| eiHz ψ̄(z)e−iHzW (z ; 0)γ+ψ(0) |P〉

W µν(q) =
∫

d4x eiqx
〈
eiHx0Jµ(~x)e−iHx0Jν(~0)

〉
proton

H = H0 + εx (t)Jµ(~x) + ε0(0)Jν(~0)
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Prospects
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Need ∼ 106 qubits.
So far: 50 qubits
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Thirring PDF

H =
∫

dx ψ̄
(
/∂ + m

)
ψ + g2

(
ψ̄ψ
)2

Staggered discretization:

H =
∑

r

1
2(−1)r

(
χ†rχr+1 + χ†r+1χr

)
+m(−1)rχ†rχr−g2χ†rχrχ

†
r+1χr+1

Parton distribution function:

f (x) =
∫

dz eixP+z 〈P| eiHz ψ̄(z)e−iHzγ+ψ(0) |P〉


