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Why elastic pp scattering matters

A precision probe of proton structure
▶ Elastic pp scattering maps the transverse interaction

profile.

▶ The spectrum contains three characteristic regions:

diffractive cone −→ dip–bump −→ large-|t| tail.

▶ Energy evolution of the shape tests whether high-energy
scattering approaches an asymptotic scaling regime.

Central question
After removing the leading energy dependence, do different
LHC energies reveal one common reduced elastic profile?

Why raw dσ/dt is not enough
▶ normalization changes with

√
s,

▶ both B(s) and σel(s) evolve,

▶ the cone is not purely exponential,

▶ ATLAS and TOTEM show known
low-|t| tensions.
Elastic pp data: TOTEM, EPL’11–’18; ATLAS,

NPB’14, PLB’16, EPJC’23

|t|

dσ/dt

cone

dipbump
tail

Strategy: compare shapes in reduced variables, not raw cross sections.
Goal: separate trivial energy dependence from genuine reduced-shape evolution.
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From raw spectra to reduced elastic profiles

The measured quantity
Elastic experiments measure

dσ

dt
(s, t),

but its energy dependence contains several effects at once:

▶ an overall normalization change,

▶ the growth of the forward slope B(s),

▶ changes in σel(s),

▶ genuine deformation of the shape.

Problem
A direct comparison of dσ/dt at different

√
s does not

cleanly separate trivial rescaling from real shape evolution.

Forward cone baseline
In the simplest cone approximation,

dσ

dt
≃ dσ

dt

∣∣∣∣
t=0

eB(s)t .

This suggests that the natural dimensionless
variable is

x = −B(s)t.

Non-exponential cone: TOTEM, NPB’19; ATLAS,

EPJC’23; ReBB studies, EPJC’16–’20

x = −Bt

reduced shape

after scaling:

compare shapes

Next step: normalize the spectrum into a dimensionless scaling function H(x , s).
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Reduced scaling function H(x , s)

Definition

x ≡ −B(s)t, H(x , s) ≡ 1
B(s)σel(s)

dσ

dt
(s, t).

▶ dimensionless elastic profile,

▶ common comparison variable for different
√
s,

▶ reduced sensitivity to overall normalization systematics.

Csörgő–Pasechnik–Ster, EPJC’19; EPJC’20

Scaling test
Exact reduced-shape scaling would imply

H(x , s1) = H(x , s2) = H(x).

Observed deviations from such a scaling quantify genuine
changes of the elastic profile.

Normalization∫ ∞

0
H(x , s) dx = 1.

For a purely exponential cone,

dσ

dt
∝ eBt , H(x , s) ≃ e−x .

Scaling idea

|t|

dσ
dt

raw spectra

reduce

x

H

reduced profile

Collapse ⇒ scaling, separation ⇒ shape evolution.

H(x) turns
√
s-dependent spectra into a shape test.
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Asymmetry as a local scaling-violation diagnostic

Pairwise asymmetry
For two reduced spectra,

H1(x) ≡ H(x , s1), H2(x) ≡ H(x , s2),

define
A(x) =

H1(x)− H2(x)

H1(x) + H2(x)
.

▶ A(x) = 0: exact reduced-shape scaling,

▶ sign: which spectrum is locally larger,

▶ magnitude: local relative shape difference.

Csörgő–Pasechnik–Ster, EPJC’19; current work

Local sensitivity
For a small difference,

H1 = H +
∆H

2
, H2 = H − ∆H

2
,

one finds
A(x) ≃ 1

2
∆H(x)

H(x)
.

▶ low x : cone curvature,

▶ mid x : dip–bump shift,

▶ large x : tail deformation.

Physics highlight
The asymmetry converts the qualitative question “do the spectra look similar?”

into a local, sign-sensitive map of where reduced-shape scaling breaks.
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Data strategy: compare at common reduced momentum

Experimental input
Published elastic pp datasets enter only through measured
dσ/dt, B, and σel:

dσ/dt −→ H(x , s), x = −B(s)t.

▶ TOTEM baseline: 2.76, 7, 8, 13 TeV,

▶ ATLAS input: low-|t| data at 7, 8, 13 TeV,

▶ all comparisons are performed in the common-x
representation.

TOTEM: EPL’11–’18, NPB’19; ATLAS: NPB’14, PLB’16, EPJC’23

Why common x matters
Different experiments do not measure the
same t points. Therefore, one dataset is
projected to the x points of another:

Hi (xj) vs. Hk(xj).

▶ interpolation is local in x ,

▶ normalization errors largely cancel in H,

▶ residual differences become shape
diagnostics.

Physics highlight
The same framework tests two distinct questions: (i) Does the TOTEM family scale with energy?

(ii) Is the ATLAS–TOTEM difference localized in the cone?
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TOTEM baseline: where reduced scaling holds and breaks

Reference scaling family
Using only published TOTEM pp data:

√
s = 2.76, 7, 8, 13 TeV,

the reduced spectra are compared in the same
variable,

x = −B(s)t.

▶ 2.76, 7, 8 TeV: approximate data collapse,

▶ 13 TeV: visible deformation of reduced profile,

▶ strongest departure appears beyond the
near-cone region.

TOTEM data; Csörgő–Pasechnik–Ster, EPJC’19; current work

Reduced-profile comparison

7 vs. 8 TeV 8 vs. 13 TeV

Key observation: the lower-TeV reduced profiles col-
lapse within uncertainties, while the 13 TeV profile
shows a genuine shape deformation.

Same H(x) representation: scaling branch vs. onset of violation.

Physics point
The scaling violation is not a raw-normalization effect: it survives after reducing by B(s) and σel(s).
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TOTEM asymmetries: the 13 TeV deformation is structured

From overlap to local difference
The reduced spectra show the qualitative pattern:

2.76, 7, 8 TeV form a lower-TeV scaling branch,

while the comparisons involving 13 TeV deviate.
The asymmetry makes this statement local:

A(x) =
H(x , s1)− H(x , s2)

H(x , s1) + H(x , s2)
.

▶ lower-TeV pairs: A(x) ≃ 0 up to localized
fluctuations,

▶ pairs with 13 TeV: nonzero, sign-changing
structure,

▶ largest effect: dip–bump and tail region.

Csörgő–Pasechnik–Ster, EPJC’19; current work

Physics point
The onset of scaling violation is not uniform in x : the
cone remains comparatively stable, while the
diffractive structure evolves.

Local asymmetry map

7 vs. 8 TeV: near-zero A(x) 8 vs. 13 TeV: structured A(x)

Key observation: the 13 TeV dataset is not merely
shifted; it follows a different reduced-shape pattern
beyond the cone.
Asymmetry resolves where the reduced scaling branch breaks.
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ATLAS–TOTEM: the low-x cone mismatch

A different kind of deviation
The TOTEM-only comparison revealed a broad 13
TeV reduced-shape deformation.
Here the question is different:

ATLAS vs TOTEM at low |t| ⇐⇒ low x

▶ probes the diffractive-cone curvature,

▶ appears before the dip–bump region,

▶ tests dataset-dependent low-x structure.

Reference-cone diagnostic
The residual curvature is visualized relative to

dσ

dt
∼ A exp[−(b1t + b2t

2 + b3t
3)].

▶ b1: leading cone slope

▶ b2, b3: non-exponential curvature

Low-|t| non-exponentiality

TOTEM vs ATLAS at 8 TeV TOTEM vs ATLAS at 13 TeV

Deviations from the fitted reference cone at 8 and 13 TeV.

Key observation: ATLAS and TOTEM do not de-
part from the reference cone in the same way: the
dataset-dependent difference is concentrated in the
low-t (low-x) region.

Fit interval: |t| ≃ 0.01–0.2 GeV2.
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Combined-data diagnostic: localizing the origin of the mismatch

Diagnostic construction
To test whether the ATLAS–TOTEM difference is a
cone-region effect, we replace only the low-|t| input:

Hmix(x) = H low-t
ATLAS(x)⊕ Hhigh-t

TOTEM(x).

▶ low-|t|: taken from ATLAS,

▶ higher-|t|: kept from TOTEM,

▶ comparison remains in the same H(x)
framework.

Combined ATLAS/TOTEM construction; current work

Purpose
This is not a new physical dataset. It is a controlled
diagnostic: does changing the cone input also change
the global scaling pattern?

Logic of the test
If the mismatch is localized in the cone, then

H low-t
ATLAS ⊕ Hhigh-t

TOTEM

should remain compatible with the lower-TeV scaling
branch.
If the broader profile is affected, the asymmetry
should remain structured over the dip–bump and tail
region.

Physics highlight
The combined construction separates two

possibilities:
low-x cone mismatch vs global reduced-shape deformation
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Combined-data asymmetries: cone mismatch vs global deformation

What the combined test shows
The combined construction

Hmix = H low-t
ATLAS ⊕ Hhigh-t

TOTEM

behaves differently in two regimes:
▶ 7 vs. 8 TeV: remains close to the lower-TeV

scaling branch,

▶ comparisons with 13 TeV: structured asymmetry
persists,

▶ therefore, the 13 TeV effect is not removed by
changing only the cone input.

Combined-data ATLAS/TOTEM asymmetries; current work

Asymmetry diagnostic

7 vs. 8 TeV 8 vs. 13 TeV

Key observation: combined-data lower-TeV compar-
ison stays compatible, while the 13 TeV comparison
remains structured beyond the cone.

Localized cone effect vs genuine high-energy deformation.

Interpretation
The low-x ATLAS–TOTEM difference and the 13 TeV scaling violation are distinct effects,

exposed by the same reduced observable.
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Physics interpretation: two effects, one framework

I. Low-x dataset mismatch
ATLAS–TOTEM differences are localized in the cone:

|t| small ⇐⇒ x = −B(s)t small.

▶ driven by non-exponential cone curvature,

▶ visible before the dip–bump region,

▶ exposed by direct low-|t| comparisons.

II. 13 TeV profile deformation
13 TeV TOTEM profile leaves lower-TeV branch:

H13 TeV(x) ̸= Hlower TeV(x).

▶ not removed by low-t replacement,

▶ strongest in dip–bump and tail regions,

▶ signals broader reduced-shape evolution.

Diagnostic separation

reduced observables
H(x , s) and A(x)

low-x cone
ATLAS–TOTEM

global profile
13 TeV deformation

Same observables separate a local dataset effect from a genuine high-energy reduced-shape deformation.

Main physics message
The ATLAS–TOTEM low-x tension is a cone-region mismatch, whereas the 13 TeV effect is a broader
deformation of the reduced elastic profile.
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Odderon endpoint: ATLAS low-t input strengthens the signal

Why this comparison matters
Once the low-x ATLAS–TOTEM cone issue is
isolated, one can revisit the Odderon-sensitive
comparison:

pp at 8 TeV vs pp̄ at 1.96 TeV.

▶ pp: ATLAS(low-t) ⊕ TOTEM(high-t),

▶ pp̄: published D0 elastic data,

▶ comparison performed at common x = −Bt.

D0 pp̄; combined ATLAS/TOTEM pp; current work

Key improvement
For the 8 TeV pp → D0 1.96 TeV pp̄ projection,

σTOTEM−only
min ≃ 3.79 −→ σATLAS+TOTEM

min = 5.24

Reverse projection gives σ = 6.48 (vs 5.1σ for TOTEM only).

Reduced-profile comparison

Bt−x = 

0 5 10 15 20

/d
t

σ
) 

 d
elσ

 H
(x

) 
=

 1
 / 

(B
 

5−10

4−10

3−10

2−10

1−10

1
 

 1.96 TeV - D0pp
pp  8 TeV - ATLAS+TOTEM 

= -0.23):
b,8TeV

∈ 1.96 TeV (→8 TeV 

/NDF = 64.9 / 17,  CL = 1.6e-05%2χ 

= 0.13):
b,8TeV

∈ 8 TeV  (→1.96 TeV 

/NDF = 118 / 31,  CL = 3.8e-10%2χ 

Combined pp at 8 TeV vs D0 pp̄ at 1.96 TeV in common x.

Physics highlight
Replacing low-t TOTEM by ATLAS increases the
minimum significance toward 5σ.
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Odderon significance: impact of the combined 8 TeV input

Stouffer combination
For independent Odderon-sensitive comparisons, a
simple combined significance estimate is

Zcomb =
Z1 + Z2 + · · ·+ Zn√

n
.

Here the new input is

ZATLAS+TOTEM
8 = 5.24,

instead of the earlier 8 TeV TOTEM-only minimum
significance

ZTOTEM−only
8 ≃ 3.79.

Stouffer combination; Csörgő et al., arXiv:2302.04930;

current work

Updated combined estimates
7 TeV result already at the discovery level:

ZTOTEM−only
7 ≃ 6.26 → ZATLAS+TOTEM

7 ≃ 5.22

Together with the combined 8 TeV input further
increases the significance:

ZATLAS+TOTEM
7+8 =

5.22 + 5.24√
2

≃ 7.4 (7.11 TOTEM only!),

Hence, using the combined ATLAS/TOTEM at 8 TeV

▶ improves over the earlier estimates at 8 TeV,

▶ preserves the model-independent H(x) logic,

▶ improves the combined Odderon significance.

Main message
The ATLAS low-t replacement does not weaken the Odderon case: it improves the 8 TeV comparison and
strengthens the combined Odderon-sensitive significance.
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Conclusions

1. Reduced observables sharpen the
comparison
The transformation

dσ

dt
−→ H(x , s), x = −B(s)t,

turns energy-dependent elastic spectra into a direct
test of reduced shape evolution.
▶ common variable across energies,

▶ suppressed normalization ambiguity,

▶ local asymmetry diagnostic.

2. TOTEM scaling breaks at 13 TeV
The 2.76, 7, and 8 TeV data form an approximate
lower-TeV scaling branch, while the 13 TeV profile
shows a structured deformation beyond the cone.

3. ATLAS–TOTEM is a localized cone
effect
The ATLAS–TOTEM difference is concentrated at
low |t| / low x and is tied to the detailed
non-exponential curvature of the diffractive cone.

4. Combined data separate the
mechanisms
Replacing the low-t input changes the cone-sector
comparison, but it does not remove the broader 13
TeV reduced-shape deformation.
The combined 8 TeV input strengthens, rather than
weakens, the Odderon-sensitive pp vs pp̄ comparison.

Take-home message
Elastic pp data contain two structures: a localized
low-x dataset mismatch and a genuine high-energy

deformation of the reduced elastic profile.
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