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Elastic pp scattering

BEFORE AFTER

• Energy and momentum conservation
• 2 kinematic degrees of freedom: ϕ, θ
• ϕ – trivial (uniform)
• t ≈ −p2θ2 = p2

T

• small |t| – large distance, large high |t| – small distance
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Mechanisms

Coulomb
(electromagnetic)

γ

Nuclear (strong)

P
4−10 3−10 2−10 1−10 1

]2[GeVt-

6−10

5−10

4−10

3−10

2−10

1−10

1

10

210

310

410

]
2

[m
b

/G
e

V
t

/d
e

l
σ

d

ATLAS SimulationCNI

nuclear

Coulomb

dip/bump

p
o
w

e
r

3 / 18



Optical theorem

Optical theorem

σtot = 4πIm fel(t = 0)

Differential elastic cross section
– Assuming a simplistic t dependence: fel(t) ∝ exp(−B|t|/2)
– Introducing ρ = Re fel/Im fel|t=0

dσel
dt

= σ2
tot

1 + ρ2

16π
exp (−|B|t)
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Phase of the nuclear amplitude

dσel
dt

∝ | fN(t) + fC(t) |2
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Measurement principle
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Experimental reach
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ALFA detectors

237 m
245 m

237 m0
245 m

2 Roman pot stations on each side of IP

2 tracking detectors in each station
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ALFA detectors
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Event selection and background estimation
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coincidences (data-driven templates)

• central diffraction (MC simulation)
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Data-driven methods

Many ingredients of the analysis are based on data exploiting strongly
constrained elastic events: alignment, reconstruction efficiency, optics
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Differential cross section
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Results in nuclear region

– Non-exponential shape of dσ/dt
– B–slope measurement

B = 21.14± 0.07(stat.)± 0.11(exp.)± 0.01(th.)GeV−2
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Results in nuclear region
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Derived quantities
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Results in interference region
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Outlook: physics with forward detectors in ATLAS

Physics with forward protons
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BACKUP
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ATLAS vs TOTEM
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See also arxiv: 2209.01058
18 / 18

https://arxiv.org/abs/2209.01058

