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The Polynomial Hierarchy (PH) Disentanglers with poly-size support
PH is a hierarchy of complexity classes generalizing NP. We strongly believe the Proof idea for amplification: Use [JW24] dimension-independent disentangler
levels are distinct (e.g., P = NP). The levels of PH are denoted ¥, 1, for & > 0: from unentanglement, mapping p; ® py to [ 1) (1|®* du () with error pol;(n).

5 M Dy NP [ NP S NPNP [ \[PNP » Challenge: JW disentangler creates mixed state. Alice knows the correct
o —'lo— 1) 1 = , 117 = CONI, 9 = , 1o = CO R

response to each |1}, but she cannot send all!

Game-theoretic interpration: L € ¥, can equivalently be defined as a game: > Solution: Disentangler creating mixed state with poly-size support.
> Alice and Bob exchange k£ messages with a poly-time verifier V
» Alice (d) wins if she can convince V that x € L (YES)

» Bob (V) wins if we can convince V' that x ¢ L (NO) || T(p; ® py @ ps ® py) — ip"ﬁ'><77"®k
> In the YES (resp. NO) case Alice (resp. Bob) always has a winning strategy i=1

Lemma. Efficient quantum channel I" : D(H®%) — D(FH®*), s.t.

<o,
1

where £ = poly(6~',k),m = O(672),and |n;) = |n;1) ® - Q |n; ).

Formally: ze€l < 3y, Yy, -y, Yy, :V(z,yq,...,y) =1

> Now Alice can send tensor product of |n,,,) for each of Bob’s m |n,)’s.

?
How to define Quantum PH: > Verifier picks Alice’s response via SWAP tests.

The oracle definition QI\/IAQMA.. seems unnatural: Oracle barriers don’t allow

joint measurements on quantum witnesses. anntlﬁEd Hamlltonlan P roblems

— Use quantifier/game definition! [GS5722, AGKR24, GY24] 1V quantified local Hamiltonian problem (3V-MLH): Distinguish

Aside: QMAQMA™ C PSPACE, but QPH vs. NEXP remains open! (YES) dpVo : Tr(H(p® 0)) < a and (NO)Vpdo : Tr(H(p®c)) > b.
_ Proposition. 3V-MLH € NPRMA q coNPRMA
Slrce: 3N 1) 3)
» No joint measurements needed!
veriRer Complete problems for levels of pureQPH:
VIR0 1$2)[$3)[14) > Define Pure-Sparse-Hamiltonian-2,, (PSH-X ) analogously to 2, but with
B@b \/ ) ) ) ,) sparse Hamiltonian H as objective function, e.g., PSH-2 ,:
+ (YES) J[9h)¥|p) : Tr(H(|9) (4] ® |p)(¢])) < a
Figure 1. pureQY, . (NO)  VIw)3le) : Tr(H([v) (4] @ [0 () > b
Formally: Promise problem L = (Lyes, L,,) € Q%,, (for even k) if Proposition. PSH-}  /PSH-I1 is pureQX; /pureQll,-complete.
r €L, = dp1Vpy-3pp Vo Pr[V(p1 ®®p) =1 >c » MSH-2, € QX,, but hardness seems tricky — SWAP test needs pure states!
. [ cos — 1] <
z€L,, = Vp3py--Vp_13pp: PrV(py @ ®pp) =1] < s Takeaway. pureQPH is the “right” definition of Quantum PH.
Forc — s > pOl;(n).Then QPH := Uk QYL,. |
Alternative: Define pureQPH analogously with pure states |, ), ..., |¥..). EXPPP Open questions
Mixed P [AGKR24] » Complete problems for other
ixed vs. Pure . o
SureQPH = QPH NEXP hlzrarcb(if Varlantls. N
Which is the “right” definition: QPH or pureQPH? " OHSIAE pure/ O, TLXE ?/ OcCal, Or
> Trivial: QX C pureQX by purification. — QPH C pureQPH. (GSS*22] mixed/sparse Hamiltonian

> But pureQY,; seems more powerful than (mixed) QX! > Investigate NPOMA vs QMASMA,

» dV-local Hamiltonian only needs

Theorem 1. QMA(2) C pureQ%, C QX,

quantumness in the oracle.

» Construct disentanglers with stronger
> Definition of QMA(2): Like QMA but with unentangled witness, i.e.

T € Lyes = 3h)3hy) 1 PrVo(|191) ® |1hy)) = 1] >
ze L, = V[)V][y): PrlV (|91) ® |hy)) =1] <

» Evidence that pureQX, # QX, since QX, € PSPACE [GSS*22], but QMA > QPH vs. NEXP?
QMA(2) is conjectured to be much harder (might equal NEXP).

guarantees.

 Can the output always be close to a
pure state?

Wi WIN

Figure 2. % = Our results.
QMA(2) as non-convex max-min optimization: Approximate for POVM II
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