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No-go results L
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Review: Gheorghiu et al. arXiv:1709.06984
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No-go results

BQPSIP_BQPH ?

(1) BQPSIP_BQP[const] S AM

(2) BQP#IP_BQP-> BQP#BPP

BQP

IP_BQP

BPP
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Text book: Vidick-Watrous, quantum proofs, arXiv:1610.01664
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Feynmann-Kitaev construction

U, U, Ujs
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t=0 t=1

_ t=4
t=2 U3 t=3
U UsU,Ub|0°) @ [4)
+U;U,U110°) @ |3)
+0,01|0°) @ |2) o

Such state is called history state
—|—U1|05> X |1> [Feynmann and Kitaev]
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measure

Theorem:
If the output is O, then the history state is the almost-0 ground state of a local Hamiltonian

If the output is 1, the ground energy is high



History state is the ground state
of local Hamiltonian!
0 = UUsU,UL|0%) @ |4)

+UU,U4 |0°) @ |3)
+U,U4|0°) @ |2)

-I—U1|05> ® [1)
5]
+|0 > & |0> Checking whether the
initial state is correct
5 5 Wrong state-> high
Hinie = (I —10°){0°]) @ |0) (0] energy penalty

Him’t‘q’> =0



) = UUsU0,U(0°) @ |4)
+U;U,U; |0°) @ |3)
D
Checking whether +U2U1|0 > ® |2>
propagation is correct _|_U1|05> 0% |1>

15}
Wrong propagation - ‘|‘|0 > 2 |0>
high energy penalty

Hprop = 1@ 1)1+ T®(2)(2] = U @ [2)(1] = U © [1)(2

prop
) =0

In summary, the history state is the ground state of
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If the answer is YES
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Probability
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If the answer is YES, and if the honest server sends the history state
H = Hinit + Hp-rap + Hout

Energy is

Energy is 0 Energy Is 0 almost 0

The total energy is almost O



If the answer is NO, and if the malicious server sends the state such that

(Hinit + Hpmp) W”> ~ ()
The total energy is almost 1 because

H — Hgngt _|_ Hp-rgp _I_ Hﬂut

Energy is Energy is Energy is
almost 0 almost 0 almost 1

If the answer is NO, and if the malicious server sends the state such that

Hﬂ’ut‘d)> s 0

The total energy is large because

H — Hinit _I_ Hp-rap _I_ Hﬂut

Energy is Energy is Energy is
large large almost 0



measure

Theorem:
If the output is O, then the history state is the almost-0 ground state of a local Hamiltonian

If the output is 1, the ground energy is high



Post hoc verification

10 years later..

result

Correctness of QC can be checked in the post hoc way!

i
U) = U,...U1[0") @ |t)
=0

Fitzsimons, Hajdusek, and TM, Physical Review Letters 120, 040501 (2018)

Measurement of energy can be done with single-qubit measurements!
[TM, Nagaj, Schuch, Physical Review A 93, 022326 (2016)]



Mahadev

posthoc

o
rad

T) => " U,..01|0") @ |t)

t=0

Classical verification (Mahadev)

T
T) = U1 |07) @ |2)
=0 Mahadev FOCS 2018
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Bit commitment

BFEZANBEHOBRKRICAZRE Y>DHTTNS

MICEWTE=ZFIEL

Binding: I E DHF & HE TE AN L
Hiding: I O 5% B



Zero-knowledge for QMA [Broadbent-Grilo FOCS 2020]

d U Up(wy@|0*) @) g

t

m
S H = E H,
Random local term 1—1
— Computationally hiding Computational ZK
Unconditionally binding proof

Open the commitment Computationally binding  siatistical ZK

Unconditionally hiding argument

Local simulatability: local system of encoded history state is classically computable
[Grilo, Yuen, Solfstra, FOCS2019]



Non-interactive proof, RSP
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Non-interactive proof

Trusted center
(setup)

7’@ Classical verifier

Quantum prover

(1) BEFRIERIVED M
(2) SERHERALE + Setup

TM and Yamakawa, arXiv:2102.09149



Proof idea

Virtual protocol

O) =) U007 @ [t)

t=0




Partial
information

Classical verifier

Quantum prover

NIZK with statistical soundness and zero-knowledge

Trusted centerx BX V) BRIT A LD ?
TM and Yamakawa, arXiv:2102.09149
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Folklore. See also [Berkerski et al. FOCS2018, Mahadev FOCS2018]

f: 2-to-1 and claw-free % Finding xg,x1 s.t. f(xg) = f(x7) is difficult 1

D oy @|0m) = ) |o) ®|f(2))

N measure

Vg
(|wo) + |71)) @ |y)

You cannot clone this state! 1
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Remote state preparation

U0, 1), [4), [=)3
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Blind RSP (Qfactory) [Cojocaru et al. ASIACRYPT 2019 ]
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Trusted center cannot be removed

4 N
{10}, 1.1+, /Qj \“
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BQP & MA

TM and Takeuchi, arXiv:2008.05033
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