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The prescription — not the data — sets the
proton's error bar

BEFORE AFTER
r L L N
MSHT20 CT18 NNPDF4.0 Colibri — one program
Chebyshev, 52 par. Bernstein, 29 par. neural net, 763 par. Colibri ! proton model ! one switch, three settings
— ! ou plug any one in : .
Hessian only Hessian only Monte-Carlo only \__ _31 _ _Fi _g_ - _y_ ________ ! Hessian
—>
their own data their own data their own data the same data Monte-Carlo
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model + method + data all change together — no clean comparison g [ Bayesian J )
one model, one dataset, three methods — finally comparable
52 3,092 3 -1 12—144 X
free parameters — the MSHT20 form, a realistic proton, real measurements — full-DIS, 19 datasets, Q, = 1.65 prescriptions, now in one program — so the recipe can how far apart their error bars come out — 28 pre-
not a toy GeV finally be isolated registered runs

Closure testing against a planted truth then says which one to trust — and one sector still fails even that.

1/ 11 partonmap.com - with M. Ubiali, HEP-PBSP Cambridge - full 27-slide read-out and results ledger online



ORIENTATION - WHY THIS MATTERS, AND HOW TO READ THE CHART

Proton structure cannot be calculated. It can
only be fitted

WHY IT MATTERS READING THE Y-AXIS READING THE X-AXIS
Every LHC prediction convolves these curves, and the + on them is frequently the f(x) is a density, not a probability — it is unbounded. What is normalised is [x-f(x) dx = Log scale: 10*—1073 spans 0.0009 of x, 10"—1 spans 0.9. Visual area is not
largest theory error. Maria's programme asks whether an apparent new-physics hint 1, so area under these curves = that flavour's share of the momentum. momentum share — the towering small-x gluon carries far less than it looks.

could instead be a mis-modelled proton.

MSHT20 at Q = 10 GeV - central curves — each also carries a published =, too small to see at this scale
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X — share of the proton's momentum carried by that particle

( PUBLISHED REFERENCE J MSHT20's released grid — not our fit, and not a closure test

Each curve also carries a published + of a few percent — 0.24% of the height of this plot, so it is not drawn.
How that = is arrived at, and how much the choice of method changes it, is the subject of this deck.

2 /11 2 -+ Q% is the probe, not the proton — it sets how finely you resolve; evolution redistributes momentum, never adds any



THE PROBLEM - THE * IS A CHOICE
The groups agree on the proton. They do not
agree on the error bar

Three groups, Q = 10 GeV — all bands put on a common 68% confidence level

the gluon — they agree on the value the error bar — they do not
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104 1073 1072 101 gluon all quarks up val. down val. strange
X
central curves lie on top of each other; worst separation anywhere is ~30 same quantity, same confidence level — up to 3x apart on the gluon
(PUBLISHED REFERENCE) MSHT20 - CT18 - NNPDF4.0 released grids, all converted to a common 68% confidence level
LEFT — THE VALUE RIGHT — THE % WHAT COLIBRI DOES
Central curves lie on top of each other; the worst separation anywhere is about 3. The same groups' error bars differ by up to 3x on the gluon, from prescription alone. One program, plug-in model, three prescriptions on one identical fit — a measuring

instrument for methods, not a rival fitting group.

Comparing published sets can never isolate the recipe: the groups also differ in data, model and code.

3/ 11 3 + Colibri — Costantini, Mantani, Moore, Schiitze Sanchez, Ubiali - EPJC 86 (2026) 22



THE PROBLEM — THE THREE RECIPES

Three prescriptions, three distinct failure
modes

HESSIAN MONTE-CARLO REPLICAS BAYESIAN

Does: measures the curvature of x? at the minimum and inverts it. Does: refits many noisy copies of the data; the spread is the uncertainty. Does: maps the posterior by sampling; the spread is the uncertainty.

Assumes: a positive-definite bowl. Assumes: frequentist scatter = uncertainty. Assumes: a prior, and a converged sampler.

Fails when: a flat direction gives zero or negative curvature — H' is then meaningless. Not a Fails when: refits roll to the prior bound — it then measures the box, not the data. Fails when: sampling is under-converged — it reports a spuriously tight band.

wide band: no band at all.

AND DISAGREEMENT IS A SIGNAL

IN THE WELL-CONSTRAINED LIMIT SO AGREEMENT IS A SYMPTOM
All three provably agree. Confirmed twice here — the 13-parameter benchmark and the Not a requirement. It tells you the problem is well-posed. It means the question has gone ill-posed — not that the analysis is broken.
Phase-0 toy.

4 /11 4 - each failure mode is qualitatively different — that matters more than which band is widest



THE PROBLEM - SCOPE

What I actually ran

THE SETUP

parametrisation
framework
data

which data
theory

starting scale

runs
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MSHT20 — 52 free parameters, 4 analytic sum rules

Colibri — JAX, auto-differentiable likelihood

full-DIS: 19 datasets, =3,092 points after cuts

SLAC, BCDMS, NMC fixed-target F,; HERA NC/CC; CHORUS, NuTeV v-DIS
FK tables, theoryid 40000000, t, covariance

Qp = 1.65 GeV

28 experiments, pre-registered criteria, one ledger

WHY NOBODY HAD SEEN THIS

Colibri's published demonstration used a 13-parameter benchmark with no flat directions. In that regime all three prescriptions agree — as they

must.

My job was to take it to a realistic parametrisation, where the degeneracy is real. The problem only becomes visible at that data-to-parameter

ratio.

The rigid 13-parameter form floors at x2/N = 5.6 on this data; MSHT20 reaches x2/N = 1.0, AlogZ ~ +1450. The realistic model is not optional — it

is the only one that fits.

Scope: this is a DIS-only study. Every statement here is about methods at this data-to-parameter ratio — not about MSHT20's published global

fit.

6 .

52 parameters

- =3,092 measurements

- 28 runs

- the obstacle:

12 of 52 directions unconstrained



THE EVIDENCE - CONTROL

First: the machinery is correct. Without this,
divergence is indistinguishable from a bug

L1 closure: three inference methods vs truth (bands = 1o; V panel y-clipped)

P
- 2 — L1 g—1L1 V—1L1
g all quarks + antiquarks (g, esian 7 the gluons 4 valence: quarks — antiquarks
Q 0.7 A —— MC replicas
© —— Hessian 37
& 0.6 1 —=— truth
2 2
5 0.5 1
1 -
g /—Ea\
0 -
£
| o
— —2
X
—
- _3 I I I I
3¢ 10°° 1072 1071 10°
X X X

(KNOWN—TRUTH TEST) we invent a proton, generate data from it, and fit that — so the right answer is known

WHERE THE DATA IS STRONG ON AN EXACTLY SOLVABLE TOY AND THE PORT ITSELF
All three methods bracket the planted truth. Black dashed = the truth. Against an answer computable in closed form: Hessian 0.99x, Monte-Carlo 1.00x, MSHT20-in-Colibri passed a 96-check parity gate to =10° — which caught a hidden
Bayesian 0.97x. xA_g factor invisible at published parameter values.

The implementations are right. Everything that follows is therefore physics, not a coding error.

6 / 11 7 - closure = truth known - this slide licenses every later claim



THE EVIDENCE - THE CAUSE

The degeneracy is measured, not asserted

Measured Fisher eigenspectrum — MSHT20 52-parameter closure

WHAT A FLAT DIRECTION IS — CHECK IT BY HAND

Two unknowns, one measurement that sees only their sum: total = 10.0 + 0.5. (5,5), (2,8) and (8,2) all
fit identically; (7,5) is off by four error bars. Moving along the sum is free; moving across it is not.

The data has no opinion about the split — so the prescription supplies one.

WHAT THIS MEASURES

The Fisher information spectrum at the planted truth — how sharply the data pins down each
independent direction. Noise-free, so this is geometry, not luck.

WHAT IT SAYS

12 of 52 directions unconstrained on DIS. Spectrum spans ~11 orders of magnitude. Flattest: s-§,
then strange sea, then high-x down-valence.

DOES MORE DATA FIX IT?

Adding Drell-Yan, W and Z moves it from 14 to 12. Two directions. An independent earlier analysis
found 16—12 at condition =10'® — the same partial-cure conclusion.
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- control: pinning 15 high-order coefficients removes the worst flat directions - measured, not assumed



THE EVIDENCE

Same model, same data, only the recipe

— THE MAIN RESULT

swapped: error bars 12—144x apart

WHAT A RATIO MEANS

Measure the width of the Monte-Carlo band, measure the width of the Bayesian band,

divide. Same fit, same data — only the prescription changes.

2 — all quarks + antiquarks

THE FLAVOUR COMBINATIONS

Z = all quarks + antiquarks - g = gluon - V = quarks - antiquarks - T8 = strangeness-

sensitive. QCD evolution keeps these separate.
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REAL DATA | figure shows the SLAC+BCDMS subset, 648 points -
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THE NUMBERS

2 144x - g 80x - V 12x - T8 33x — Bayesian +4% on the gluon where Monte-Carlo says

+300%.
V — valence (quarks — antiquarks)
t off-chart
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One fit, three error bars

MSHT20 parametrisation - 52 free parameters
real SLAC + BCDMS deep-inelastic data
Qo = 1.65 GeV - grey band: x < 0.01, no data

—  Bayesian

MC replicas

= = = Hessian
Bands are 10, y-clipped to the Bayesian/MC scale.

The Hessian band exceeds every panel.

the 12-144x ratios are the full-DIS fit

The Hessian does not give a wide band — it gives none. On real data its curvature matrix has condition ~ 6x1011:

inverting it is numerically meaningless, so there is nothing to quote. (An earlier version also cited “10 of 52 negative

eigenvalues”; that count sits at the finite-difference resolution limit. The condition number is the argument and is

unaffected.)

9 - PPDF-28, blind — the comparison metric was committed to version control before unsealing



THE EVIDENCE — THE CORRECTION

I built the test that could have destroyed the
headline, and ran it

LO discriminator: reactive widening never converged (zero-noise closure)

killed by decision
70k - (never converged)

0 56,300
'.8 60Kk - iterations
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(@] — - - =
ive point is
10k - e b this round
Ok -

N =300 N = 600 N =1200 N = 2400
reactive-widening round — live-point population

WHAT I WITHDREW

My first result claimed Bayesian bands collapsing to ~2% of the PDF value. That was a sampling
artefact at ESS = 24.

HOW I KNOW

Coverage climbed 6.5% — 49% — 51%, then went flat. Naive run: ESS ~ 8, 262/400 divergences.
Converged: ESS median 226, 41/3000 divergences, R < 1.05.

Saturation is the proof: ESS 51 — 226 moved coverage by under 2 points.

AND INDEPENDENTLY

A converged real-data run on a different machine with a different initialisation (ESS ~ 181)
reproduced the earlier band exactly.

Full-DIS 52-parameter MSHT fit - escalating live points is the tell of a degenerate, flat-direction posterior — not a sampler setting to tune.

9/ 11

The dramatic magnitude did not survive. The divergence did. Both are in the ledger, with dates.

10 - left: nested sampling, effort doubled four times, never settling



THE VERDICT — WHICH METHOD TO TRUST

Closure testing turns disagreement into a
verdict

Closure test — mean of 5 independent noise draws - pointwise 1o, x > 5x10-*

80 - 76%

68% — what a 10 band should cover

55% — pre-declared pass gate

38%

fraction of x-points where the band contains the planted truth

p2 g \" T8
all quarks gluon quarks — strangeness-
+ antiquarks antiquarks sensitive

(KNOWN-TRUTH TESTJ closure only — coverage can only be measured where the truth is known

CONVERGED BAYESIAN MONTE-CARLO HESSIAN

Mean 57.9% against a nominal 68%, gate =55% — essentially calibrated. This is the Over-covers by 2-5x. Never wrong, because the band is too wide to be useful. Unusable in raw form — no positive-definite covariance exists to quote.
recommended choice.

THE ONE THAT STILL FAILS - AND THE HONEST CAVEAT

T8 covers 38%, failing 4 of 5 draws and reaching only 32% at the best convergence — the same sector the Fisher spectrum flagged
independently. But the strange directions also carry the lowest per-direction sampling (ESS = 10—58), so physical versus numerical is not
yet fully separated.

10 / 11 11 - 5-draw mean - single-draw coverage swings 47%~76% and must never be quoted alone



THE VERDICT — ESTABLISHED, OPEN, NEXT

What stands, what does not, and what I need

ESTABLISHED

in this deck

— The three prescriptions genuinely diverge, 12-144x on real data.

— The cause is a measured degeneracy — 12 of 52 directions, worst in strangeness.

— Closure adjudicates: the converged Bayesian is the one to use.

= An over-claim of mine was caught and withdrawn by my own test.

Two transferable results, easy to miss: nested sampling cannot converge on this posterior
— 300—2400 live points, 15.1k—56.3k iterations, ESS = 1 after five days, while Fisher-

preconditioned NUTS converges in an hour; and single-draw closure coverage cannot be
trusted — 47%«—76% from noise alone.

11/ 11

OPEN

not established

— The Hessian was never given its production form — real fits regularise; mine did not.
— The Tier-2 sweep came back under-converged (ESS = 30), so "more data" is unresolved.
— One functional form only; prior widths unscanned.

— The real-data verdict is transferred from closure — there is no external anchor on real
data.

12 -

NEXT

1 - Finish the sweep — a converged whitened Tier-2 run, ~3 h of compute, settles whether

DY/W/Z cures the strange under-coverage.

2 . A fair Hessian rematch — score the regularised version production fits actually use.

3 - The ask: v-DIS dimuon and W+charm FK tables, to constrain strangeness directly rather

than inferring it.

What | would most value from you: whether the strange result is worth pursuing, and which
of these to run first.

partonmap.com

- full 27-slide read-out,

results ledger and interactive explorer online



