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@ Motivation & the toy model

@ From hits to the Hamiltonian to a matrix inversion
e Quantum inversion: HHL — one bit — 1BQF

0 Results: efficiency, false rate, and the trade-off

© Attacking the survivors: the bifurcation term

e Next steps: QSVT
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The problem: tracking is a combinatorial needle-in-

e The LHCb VELO reconstructs charged particles Toy VELO event: 10 tracks through 5 planes ($max=0.2)
(tracks) from hits on silicon planes.
e HL-LHC pile-up (many more simultaneous

collisions) = reconstruction cost threatens to
outpace classical resources.

. . £
e With T hits per plane each plane-gap offers T? S+ . To0E
candidate links, only T real: IS T
. . 0 25 2
Ngeg = 4T% Vs nNyue = 4T (signal fraction 1/T). > (i) 190 125 15 175_2%% @5
m A

e At T=400: 640,000 candidates, 1,600 true
(0.25%).

e ldea: cast track finding as a linear system Ax = b,
solvable classically or on a quantum computer.

A generated toy VELO event: tracks fan from the

collision point (primary vertex) through 5 planes.
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The toy injects the two physical detector noises
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The two detector noises the toy injects — both widen the triplet kink angle, set by ¢ = \/Z(soscm)z + 12arctan? (sOres/AZ) + ...

(a) Multiple scattering Oscatt:
the track wanders into a cone (slopes t, t, Kicked at each plane)

+10 scattering cone
== no scattering (straight)

~

Kink 8 ~ A0, Gscare) at each plane

illustrative (exaggerated); physical Oscar ~ 10~ Tad

pl p2 p3 p4 p5
z (mm) — beam direction

(b) Measurement resolution Oyes:
each hit smeared by N(0, 0res) in x and y
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0. tilts each segmentoOA MAAKIEHMMkeds the acceptance &

o Multiple scattering ogcat: kicks the slopes (i, t,) at each plane = a cone around the ideal track.

e Resolution o,.5: smears each measured hit in x, y.

E.
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Both widen the triplet kink angle = they set

Mini-Q UM 2026 4/35



Step 1: from hits to segments

(a) The 400-track event (b) Zoom: hits on two planes;
(each faint line = one true segment) segment = a hit-to-next-plane link (green=true, red dashed=false)
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e A segment is a candidate hit—hit link between adjacent planes; assign each a variable x; (its
activation).

e Green = true (both hits from the same particle); red dashed = false (cross-track accident).

e The reconstruction task: switch ON the green, OFF the red — 4T? binary decisions.
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Step 2: the kink-angle cost — which segments support each other

° TWO segments sharing a m|dd|e hlt form a Compatibility kernel: hard step (€{0,1}) vs smooth erf (€[0, 2])
triplet with kink angle 6;; = arccos(¥; - ¥;). 200 S N
. . F175 T erf =1+erf(): 64=0.0005
o A real particle goes nearly straight = small 6. T so : erf =1+erf(): 6,=0001
TR N . - . = H
The cost/compatibility kernel is explicit: 125
(9]
2 1.00
1 sharea hit and 0 < ¢ 2075
C(G’J) = . é’ 0.50
0 otherwise e
0.25
6=¢
0.00
e smooth variant: C =1 +erf( ) c [0 2] 0.0 0.5 1.0 15 2.0

kink angle 6/e

€ is derived from the detector noise:

min*

€= \/2(Sgscatt)2 + 12 arctan® 9= 4 262,
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Step 3: the explicit Hamiltonian

Reward mutually-compatible segments, penalise activation, bias every segment on:

1
H(x) = %ZX,Z - %ZC(GU)X,'XJ' - 6Zx,-

i#j i
—_——— ——

activation penalty triplet reward (attractive) bias

e An Ising/Hopfield-type energy over segment activations (Denby—Peterson lineage); defaults y=3,
d=1.

e Physically: each active segment “pulls up” the segments that continue it through a shared hit at a
small kink angle; lone segments are pulled down.
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Step 4: minimising H is a matrix inversi

Stationarity, 9H/9x; = 0 for every segment i

(Y+o)xi — > Clj)x — =0 <= Ax=01, A=(y+0)-C|
J

o Reconstruction = solve a sparse linear Activations - Hopfield fixed points (7= 20)
system; classically: x = A=151 (LU/CG). Rl | oy T .
e Hopfield fixed points give an absolute scale: 0.40
false/isolated — §/(0+7v) = 0.25; true chain = | wepecsvcews
c -
— [{&,Z]; threshold 7=0.35. S s e — 3
e Classical solve = state-of-the-art efficiency g
[arXiv:2511.11458]. 0.30 102
0.25 false attractor 6/(6 + y) = 0.25

0 200 400 600 800 1000 1200 1400 1600
segment (sorted by activation)
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What the inversion produces on one clean 400-track event

One clean 400-track event: the classical activation spectrum
(640,000 segments — the 0.25 false bulk vs the true plateau, split by 1)
106 4 :

I false segments (638,400)
B true segments (1,600)
[Tel (el
10° - S 2 true plateau
,g ﬂ [4/11, 5/11]
n
4 - =
10 bS
] o
£ 1034 =
= 1)
& s
102 4
101 4
0.0 0.1 0.2 0.3 0.4 0.5 0.6

classical activation x;
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HHL: the quantum linear-system algorithm

Harrow_Hassidim_Lloyd SOlVeS AX — b: Eigenvalue inversion (HHL) = eigenvalue FILTER (1BQF)

Original HHL 1-Bit Quantum Filter (1BQF)

. N |

ots o} W]

Q prepare |b) over the segment basis;

@ QPE (quantum phase estimation): e writes each
eigenvalue Ay onto an nyme-qubit clock register;

© controlled R,: amplitude o 1/\k onto an ancilla;
@ uncompute, post-select ancilla = 1 = state oc A~!b.

iAt

. ) ) ) Left: the HHL circuit. Right: where we are heading.
Exponential speedup in the number of hits — contingent

on efficient QPE & readout.

Catch: dense et + high-precision QPE = prohibitive
depth on near-term hardware.
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HHL stage by stage: the statevector at every step

amplitude

HHL stage by stage on a true-track block (P;): the statevector at every step

2) QPE: eigenvalues on the clock 4) uncompute + post-select
1) prepare |b) b) = 3 BludA 3) ancilla rotation «1/A B A-lp
(uniform over segments) by = < Ui |Ak) low A boosted g«\Tl“k)“

1.00 8 1.00

0.75 before, |B| B HHL output
0.75 0.75 W ancilla=1: || C/Ax . exact A~lb

0.50
0.50 0.50

0.25 0.25 A=4.62 0.25

0.00 0.00 A=338 =22 0.00 i

So S1 S2 S3 3 4 5 3 4 5

On a true-track block (Ps): |b) QPB, >k Brluk)|Ak) —— ancilla = 1 branch

G. Scriven (Nikhef,

eigenvalue A (in the clock register)

Ry(1/X)
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eigenvalue Ag

So s1 s2 s3

post-select

x A~ 1lb.
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TrackHHL: restrict the phase estimation to one bit

[arXiv:2511.11458 — Chiotopoulos, Lucio Martinez, Nicotra et al.]

e For this Hamiltonian the spectrum is bimodal: a huge bulk at A = v+ § (lone/false segments) and
a narrow band of track modes away from it.

e One bit of eigenvalue information — on the bulk or off it — is already the answer.

e Restricting QPE to one clock qubit: cuts circuit depth by up to 10%;  resolves the read-out
problem (the output is binary);  enables primary-vertex post-processing.

(a) 99.5% of segments are isolated (k=0)  (b) Spectrum: huge notch delta + satellites; filter zero on the notch
0

o
10 — Lorficercosaa) | 1O
637,111 isolated
=+ A=y+6 (notch) 075
10°
2 050
g 107
2 10* H 025
H 2 S
E K 0.00
* ] - .
FRt 025
2
10 * -0.50
. \ -0.75
o
10 1 allle | HE I -1.00
3 1 2 4 6 7

2
compatibility degree k; eigenvalue A

The event spectrum: 637k eigenvalues exactly at v + § (the false bulk) + coupled satellites.
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The 1-Bit Quantum Filter: the maths

[arXiv:2601.07766 — Chiotopoulos, Nicotra, Scriven et al.]
Choose the evolution time t = 7/(y + 6). One-qubit QPE on e leaves, per eigencomponent,

|Uk>(COS % |0>clock — i sin % |1>clock)7

and the X--CX--X ancilla flip 4+ post-selection keeps each mode with weight

™A
wq(\) = cos (5 m) wq(y+ 6) =0 (the notch, placed exactly on the false bulk).
Notch rotation: classical leaves the isolated bulk at 0.25; the 1BQF sends it to 0
classical (1BQF)

106 T 10° isolated (A =y + 6, 637,111)
=
104 10°

E 10° é 10°

L f L3
10* 1 10*
B 1 e A 1

0.0 0.1 0.2 03 0.4 0.5 0.6 0.0 0.1 0.2 0. 0.4 0.5 0.6
classical activation x; quantum (1BQF) activation x;

The 0.25 isolated-false bulk (637k segments) is rotated to O: the true band survives.
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Why the 1BQF wins — in brief

One clock qubit instead of an ny,e.-qubit eigenvalue register.
Depth cut by up to 10* vs full HHL.
Sparse et (two-level/Givens decomposition) = gate complexity O(v/N log N).

Read-out solved: the answer is binary (on/off the notch), no amplitude tomography.
NISQ-validated (today's noisy devices): Quantinuum H2 and IBM Heron noise models.
Enables PV reconstruction as classical post-processing.

Why one bit: HHL needs an 1,..-qubit eigenvalue register and a dense e*';
the 1BQF needs one qubit + a sparse ¢*, and the single notch already separates the bimodal track spectrum

(b) Gat

applied weight (normalised)
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The conceptual reformulation: inversion — filtering

b We never needed the numbers in A_lb - Only a 1BQF's single :i:'te?i?gg:tesbi‘;;raynAdblzelg\s; the true band
binary decision per segment: on or off. — HHL amplitude « 12
= 1BQF: single-bit filter
o The spectrum is bimodal: false bulk at v +4, g Ve
true band away from it. gos \ /
e So one bit of spectral information classifies: %0,6 .
“matrix inversion” becomes “project out the ;2104 ot
known-bad eigenspace”. : N bulk efected
e HHL's eigenvalue precision was wasted effort for = %2
this problem — the 1BQF spends one bit exactly o0

. . . 0 1 2 3 4 5 6 7 8
where the physics puts the information. eigenvalue A of A

1/ reweighting (HHL) vs the single-notch filter (1BQF).
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Every cluster type in segment space — and its block of A

Each cluster in segment space (top) and its block of A (bottom): A=(y+6)/—C is block-diagonal over clusters

isolated false pair false (P) bridge false (P3) TRUE track (P;) hub false (K1,3)
'y o—e—o—p—o ®
‘\ AN K /I IR ’
\ e \\ / 00000 « —e
\ \ \/ \
° \ \
° o—o0—48—0—0 °

A={4} A={3,5}

A={259, 4,541} A=1{2.38,3.38,4.62, 562}

_ A={2.27,4,4,573}
1 on the notch — quantum: erased v 0 on the notch — quantum: rejected by T 1 on the notch — quantum: SURVIVES 0 on the notch — quantum: kept v 2 on the notch — quantum: SURVIVE

green solid = true segment - red dashed = false segment - dot colour = which real track the hit belongs to
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Results: segment efficiency stays high; the false rate grows

Classical 1BQF at matched efficiency

Classical solver — segment metrics (¢=2 mrad, y=3, no hit drop) Quantum (1BQF) segment metrics at the MATCHED-EFFICIENCY operating point

(full-norm rescale at T=0.35 = lowering To: efficiency ~100%, false rate grows)

100 i) Segment efficiency Nieact/Nisesi ii) Segment false rate Nigsesc/Nocive
100.6% 20% i) ici — stays =100% ii) Segment false rate — grows with T
_1004% N }; 100.0 § 20
ES £ 15% g 2
5 1002%) s 5 975 s 30
g H 2 8
£ 100% 3 £ 950 = 20
5 g0mm & 10% H :
e H g 925 210
H g £ £
g oo g g g5
@ S 5% @ 90.0 n
99.4%) 0 100 200 300 400 0 100 200 300 400
Number of tracks Number of tracks
99.2%) ) )
0%| counts iv) Active
99% 10°
o 300 W00 00 0 1000 g 300 W00 00 0 1000 = tre segments 103 | o e sctve
Number of tracks Number of tracks g 105 o falsesegments 2 - faise active
iii) Segment-pair counts iv) Active segment pairs 3 " g 102
5 True segments 210 .
o Fute segments £ 100 g
10 s 2
e 2 8 10 8 100
S £
H g 107 10t 107 10t 107
5 H Number of tracks Number of tracks
3 5 10t
: £
%
10° B 4 Tue active
8- Faise active
10" 10° 10 10* 10°

107
Number of tracks

Both solvers: efficiency =~ 100% across multiplicity; the false rate grows with T (classical 0—21% by T=1000;
quantum 0—44% by T=400) — the coupled cross-track clusters.

10
Number of tracks
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The efficiency—false-rate trade-off

Operating-point trade-off — both achievable up to moderate T, then the false tail bites

e o - e Recovering every true segment forces the
ot threshold into the false band: high efficiency
and high false rate come together.

e Quantum at matched efficiency (=~ 100%):
false rate — 44% at T=400.

e The alternative fixed-7 point (eff 75%, far
1.7%) only hides the trade-off by discarding a
quarter of the true segments.

e The operating curve, not a single point, is
the result.
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Why the trade-off is fundamental

() one-bi

filter — o

ly 9= 0.5 is notched

(b) FP domi

inant phase by type vs the filter

e The notch removes only the isolated false class
(it is the bulk eigenvalue).

e Surviving false positives = coupled cross-track

fiter ig)

bridges/hubs: good, off-notch eigenvalues.

e In QPE phase they fall in the same band as true

segments — one zero cannot separate them.

e Topological degeneracy: a false chain shaped
like a true track has an identical A-block = no
threshold, classical or quantum, can split them.
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d a bifurcation (fork) penalty to the Hamiltonian

The survivors are competing continuations — segments fanning from a shared hit. Penalise them:

‘A’:(7+5)I—C+BB . b=4l,

with B the fork adjacency: segments sharing a start/end hit that are not collinear continuations. Every
segment touches exactly two hits = the diagonal stays constant = still 1BQF-compatible.

The bifurcation term: penalise competing continuations — c-windowed B keeps it sparse and 1BQF-safe

a fork: competing continuations
sharing one hit

+BB
© A=(y+0)I-C fork adjacency (share a hit, A'=(y+6)| -C+BB
/ (hub K 3) not collinear) B=1)
/
« A
NoF
AN 1 41+l
e
\¥% +1 +1
5
\
\ +1 +1
\
\ A ={3.00,3.00, 3.00,7.00}
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Beyond one no um Singular Value Transformation

e The 1BQF is QSVT restricted to p = cos — e Target: a band-limited inverse —
one notch. p(A\) = 1/ on true-track eigenvalues,

o QSVT (Gilyén-Su—Low-Wiebe) realises any p(A) = 0 on every false mode (many notches).
bounded polynomial p(A) from a e Works iff false/true eigenvalues separate; first
block-encoding of A + d phase rotations. results: degree-~30 lifts AUC

0.49/0.64 — 0.88 [backup].
(a) p(A): pass true (green), null hubs (purple) / bridges (red) / iso (black) (b) suppression of false vs p ion of true, by degree
AER g g ] 0] e et 0

QSVT fit deg 12 —— 1-bit cos (1BQF)

-+ max|p| (QSVT needs <1)

~--- chosen deg 30
0.5

0.4

L

filter value

35 40
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e Hits — segments — explicit kink-angle cost C(0) — Ising-like H(x) — stationarity = matrix
inversion Ax =01, A= (y+ )/ — C.

e HHL inverts it but needs deep circuits; TrackHHL restricts QPE to one bit (104 depth cut); the
1BQF reframes inversion as a single-notch spectral filter — O(+/N log N), NISQ-ready.

e On the toy: efficiency stays ~100%, the false rate grows with density — a fundamental
trade-off set by topologically-degenerate cross-track clusters.

e Hamiltonian-level fix: the e-windowed fork term (targeted, sparse, 1BQF-safe). Algorithm-level
next step: QSVT polynomial filters (AUC — 0.88).

arXiv:2511.11458 (HHL) - arXiv:2601.07766 (1BQF) - toy: LHCb_VeLo_Toy Model
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Thank you

Questions?

. Maastricht
Nik|hef % University




Backup: a controlled toy VELO — our testbed

e LHCb_VeLo_Toy_Model: 5 planes at Tov VELO + gtrkcpipeld nistic, sparse end-t
2=33,66,99, 132, 165 mm, 40 mm. -

e Deterministic and fully controlled: sweep
multiplicity T, noise, density, kernel.

o Decoupled pipeline: events stored once; the e o e i wotics view
. A7b (LU/CG) (OneBitHHL, statevector/shots) s¢ cl
matrix A regenerated on demand (sparse);
metrics recomputed as a view. activation o + i

e Purpose: isolate how each physical factor
moves the algorithm.

G. Scriven (Nikhef/UM/UHasselt) 1-Bit Quantum Filter for VELO tracking Mini-Q UM 2026 24 /35



Backup: class by class at matched efficiency ( T=400)

segment activation

1.50

1.25

1.00

0.75

0.50

0.25

0.00

Matched-efficiency operating point (T =400): the quantum keeps ALL true segments —
and with them the coupled false clusters (high efficiency = high false rate)

CLASSICAL (1/A)

QUANTUM 1BQF — matched efficiency

0% active 0% active 100% active 100% active 0% active 100% active 100% active 100% active
v 2 . T
isolated pair coupled =3 TRUE isolated pair coupled =3 TRUE
(false) (false) (false) (track) (false) (false) (false) (track) The
quantum keeps all true segments — and with them the coupled false clusters: the price of efficiency.
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Backup: the fork term — dense breaks the quantum, s-windowed

fixes it

o o 4 =
~ ® © =3

quantum AUC

o
o

0.5

0.4

Sparse fork preserves the 1BQF; dense fork destroys it

—
—a
—@- sparse e-fork: AUC_Q (preserved)
@ dense fork (nb02): AUC_Q=0.55
- random
[ J
0 5 10 15 20 25 30 35

# sparse fork edges (T=10)

non-zeros

—
o,
2

-
o
>

—
o
™

—
Q
S

-
o
W

,_.
B

-
A

1004

e-windowing restores sparsity

3 —e— nnz(C) continuation ~ T2

4 —@— nnz(8;) e-windowed (sparse)

~#- nnz(B) dense fork ~ T3

—

2x10*

4x10! 6x 10! 102

T (tracks)

3x10*

o Dense fork (O(T?3) pairs): classically a benign uniform down-scaling (AUC = 1) but destroys the
1BQF (AUC — 0.55) and the sparsity (~20x slower).

e c-windowed B. (only near-collinear competitors): sparse, targeted (false rate — 0 at ~2%
efficiency cost), and 1BQF-safe (AUC 0.96-0.99).

G. Scriven (Nikhef/
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() efficiency-false-rate frontier (fixed T)

QSVT degree:

(Nikhef/UM/UHasselt)

(b) AUC (smooth) vs eff/far (sharp) vs degree

Backup: QSVT — a polynomial filter lifts true/false separation

A degree-~30 polynomial lifts true/false AUC
from 0.49 (classical) / 0.64 (1-bit) to 0.88.

Nulls all off-length bridges and ~95% of hubs.
Cost: ~30 block-encoding calls x ~2x

amplitude-amplification ~ tensx the 1-bit
depth; sparsity preserved.

Irreducible floor: a false bridge of the same
length as a true track (0% at T < 200; grows
with density).
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e 0 o o =
N R o ® o

Reconstruction efficiency

e
o

0.03

o
o
N

o
o
=

Ghost rate

Track-level LHCb metrics: segment false-positive bridges merge tracks at high T
(wide £=2 mrad collapses efficiency; tight ¢ stays perfect — same events)

Reconstruction efficiency

reco tracks / truth (nreco/T)

=% A — A

&~ classical (e=2 mrad)
- 1BOF (e=2 mrad)
=&~ classical (tight e, reference)

=
=)

0.8

o o
> o

0.2

———

—#- classical (e=2 mrad)
~8- 180F (e=2 mrad)
=&= classical (tight ¢, reference)

10t 102 10°
Track multiplicity T

reco tracks / truth (Nreco/T)

o
o

10t 102 103
Track multiplicity T

Ghost rate Mean track purity
& classical (=2 mrad) 1.0
~#~ 1BQF (=2 mrad) >
=~ classical (tight e, reference) £ 0.8
2
x 0.6
S
e
5
Zo04
3 & classical (e=2 mrad)
= 027 - 180F (e=2 mrad)
&~ classical (tight e, reference)
0.0

Track multiplicity T

10t 102 103
Track multiplicity T

Backup: track-level metrics — segments propagate to tracks

Wide £ = bridges merge tracks = reconstruction efficiency collapses (1.0 — 0.42); tight ¢ stays perfect.

G. Scriven (Nikhe
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Backup: 1BQF—classical fidelity vs multiplicity

1BQF—classical fidelity is high & flat across multiplicity
(measured on the classical signhal support, x. > 0.35)

1.0

fidelity cos8qc (signal support)

0.5

On the classical signal support the 1BQF is faithful: cosfqc ~ 0.97, flat to T=1000.

G. Scriven (Nikhef/UM/UHasselt)

0.9 1

0.8 1

0.7 1

0.6 A

—

S  m— e Y

—e— step kernel
- erf kernel

store metrics view; quantum T up to 1000

10!

102 10°
Track multiplicity T
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Backup: fixed-threshold operating point (7 = 0.35)

Quantum (1BQF) solver — segment metrics (e=2 mrad, y=3, no hit drop)

i) Segment efficiency Nyyeact/Nirueall ii) Segment false rate Nraseact/Nactive
100% 1.75%
- Lo%
g £ 1.25%]
2 oow H
)
£ =
£ 85% £ 0.75%
£ £
H § osw
a0
02s%

%L ee—g —o——o—

0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
Number of tracks Number of tracks

iii) Segment-pair counts iv) Active segment pairs

&~ Tue segments

10°)
o Fose segments
. 10° 2
: £ w0
g o
g 2w
2w H
5 £
H 2 10
107 —&— True active
~@- False active
100 10

10° 107
Number of tracks Number of tracks

The same data at fixed 7: eff 75%, far 1.7% — the conservative end of the same operating curve.
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Backup: the bad-eigenvalue ladder

G. Scriven (Nikhe
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Bad eigenvalues sit on the notch — a hub K(1,m) has m — 1 of them
T

3 bad

2 bad

1bad

1bad

@ _good
$8 bad (notch)
—= notchA'=y+6=4

e T S |

eigenvalue A

1-Bit Quantum Filter for VELO tracking

7

1.00

0.50

0.25

-0.25

-0.50

-0.75

-1.00

= cos(At/2)

filter f(A)

Mini-Q UM 2026

31/35



Backup: classical failure mode under noise

Classical failure mode at 7= 200: resolution smearing spares efficiency but collapses purity

Efficiency: robust Purity: collapses

1.0 1.0
0.05 - 0.98 1.00 1.00 0.05

0.8 0.8
’g‘ 0.02 A 1.00 1.00 1.00 06 ’g 0.02 0.83 0.82 0.78 06
& 0.01 1.00 1.00 1.00 04  &o.01 0.97 0.97 0.95 0.4
0.2 0.2

04 1.00 1.00 1.00 0 1.00 1.00 0.99
0.0 0.0

N > o N > o
Q© N N Q© N N
o® of o0 of o0 o0
Oscatt (rad) Oscatt (rad)

€ scales with noise = efficiency robust, but purity collapses under resolution smearing.
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Backup: separability vs multiplicity

vs track iplicity (fixed-g, y=3, p: starts cl gl faster

(a) Separability margin: >0 separable, <0 overlap (b) Ranking AUC
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10! 102 10! 10%
track multiplicity T track multiplicity T

Quantum starts cleaner, degrades faster; margin negative ~ T=400 — the coupled-false ceiling.
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Backup: ~ self-similarity of the notch

Self-similarity in y: the chain spectrum is centred on y + 6, so the 1-bit notch always splits true segments into two plateaus

(a) The filter and its notch for y€ {1, 2, 3} (b) Rescaled by the notch: one universal filter, modes always straddle it
1.00 — y=1(notch2) 1.00 — universal cos(};45)
— (notch 3) 1 chain modes
0.75 —— y=3(notch 4) 0.75 chain modes
) 3 chain modes
~ 050 0.50 == notch (M(y+6)=1)
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= 025 v 0.25
8 2
T
5 0.00 > 000
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025 & -0.25
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0 1 2 3 4 5 6 7 8 0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
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Backup: classical vs quantum per cluster (analytic)

activation

G. Scriven (Nikhef,

(a) Q erases isolated, suppresses true-outer, amplifies hub-centre

(b) Quantum filter amplifies the hub core

(c) Operating characteristic (T=400):
matched efficiency -> quantum far >> classical

- 35
= classical 1/A
= quantum cos(At/2)
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