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Performance studies of the Time-of-Flight (ToF) subdetector of the ATLAS Forward Proton (AFP)
detector at the LHC are presented. Efficiencies and resolutions are measured using data samples
collected at low and moderate pile-up in 2017. While low efficiencies are observed, of the order
of a few percent, the resolutions of the two ToF detectors measured individually are 21 ps and
28 ps, yielding an expected resolution of the longitudinal position of the interaction, zvtx in the
interaction region. This is in agreementwith the observedwidth of the distribution of the difference
between zvtx measured independently by the central ATLAS tracker and by the ToF detector, of
6.0 ± 2.0 mm.
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1. Introduction

The processes pp → pXp are commonly referred to as centrally diffractive (CD) or photon
induced processes, where two final state protons are emitted to opposite sides at large rapidity. To
measure these protons, final state four AFP detectors are installed in pairs at ∼ 210 m on both sides
of the ATLAS interaction point [1]. Each AFP station is equipped with the Silicon tracker (SiT, [2])
to measure the positions of the scattered proton. In case of pile-up, multiple protons are produced
and the direct relation with the primary interaction is obscured by combinatorics. The longitudinal
position of primary interaction can be measured by comparing the arrival times of the two opposite
side protons as zvtx = c

2 (tC − tA), where tA,C correspond to the times measured on opposite sides.
The two outer AFP stations FAR-C and FAR-A are thus equipped with ToF detectors. The ToF is
a Cherenkov detector using 4 × 4 matrix of L-shaped Quartz (LQ) bars [3] as an active material,
where four consecutive bars form a so called train. LQ bars are attached to the micro-channel-
plate photomultiplier [4] whose voltage signal is processed and digitised in the high-performance
time-to-digital converter. The ToF detector is thus able to suppress the combinatorial background,
see [5] for more details.

2. Single channel efficiency and time resolution

The train efficiencies at the level of units of percent are measured using event samples with
exactly one track reconstructed in the SiT. The fraction of events where ToF trains register signals
represents the train efficiency, see Fig. 1(a). The channel time resolutions, σi, are deduced from
analysis of event-by-event channel time differences in a given ToF train, ∆ti j = ti − tj . The widths
σi j =

√
var(∆ti j) are parametrized as σi j =

√
σ2
i + σ

2
j − 2ρi jσiσj , where the correlations between

the channel times, ρi j , whose variations in the range 0 to 0.3, are treated as systematic uncertainty.
Minimisation of the difference of the measured σi j values from the predicted ones, depending on
σi and σj for all channel combinations provides the channel resolutions summarised in Fig. 1(b).

train 0 train 1 train 2 train 3
0

5

10

15

20

25

30

35

40

45

50

e
ff

ic
ie

n
c
y
 [

%
]

ATLAS

 = 13 TeVs

Run 331020

FAR­A

one SiT track

any­ToF

track in train 0

track in train 1

track in train 2

track in train 3

train 0 train 1 train 2 train 3
0

5

10

15

20

25

e
ff

ic
ie

n
c
y
 [

%
]

ATLAS

 = 13 TeVs

Run 331020

FAR­C

one SiT track

any­ToF

track in train 0

track in train 1

track in train 2

track in train 3

(a)

A B C D

50

100

 [p
s]

σ

30 ps

FAR-A

train 0

ATLAS
 = 13 TeVs
run 331020

run 336505

run 341419

run 341534

run 341615

run 331020

run 336505

run 341419

run 341534

run 341615

A B C D

50

100

 [p
s]

σ

30 ps

FAR-C

train 0

A B C D

50

100

 [p
s]

σ

30 ps

FAR-A

train 1

A B C D

50

100

 [p
s]

σ

30 ps

FAR-C

train 1

A B C D

50

100

 [p
s]

σ

30 ps

FAR-A

train 2

A B C D

50

100

 [p
s]

σ

30 ps

FAR-C

train 2

A B C D

50

100

 [p
s]

σ

30 ps

FAR-A

train 3

A B C D

50

100

 [p
s]

σ

30 ps

FAR-C

train 3

(b)

Figure 1: The measured train efficiencies in (a) and single-channel resolutions in (b).

3. Vertex matching

The ToF resolution is also evaluated by analysing the distribution of zATLAS − zToF, where zATLAS
is the primary vertex z−position measured by the ATLAS detector. The background shape is
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constrained by using event mixing method. The presence of the signal component, in Fig. 2(a),
although small is supported by its lack in the signal-free data combination in Fig. 2(b).
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Figure 2: The zATLAS − zToF distributions and fits; nominal with signal component (a) and signal-free (b).

4. Conclusions

The performance of the ToF detector was studied using the ATLAS data collected in 2017.
The ToF train efficiencies reaching 20% are observed to degrade to sub-percent levels at the end
of 2017. This decrease is explained by exceeded lifetimes of the photomultipliers. The measured
single-channel resolutions vary between 23 to 40 ps and average out to 21 ± 3 ps for side A and
28 ± 4 ps for side C and result in the combined zvtx resolution of 5.3 ± 0.6 mm. This value is in
agreement with the signal width of 6.0 ± 2.0 mm obtained from the detailed analysis of zATLAS − zToF
distribution. The full version of the presented results can be found in [6].
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