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ATLAS-AFP Collaboration: Technical Design Report for the ATLAS Forward 
Proton Detector, CERN-LHCC-2015-009; ATLAS-TDR-024-2015

ATLAS IBL Collaboration, Prototype ATLAS IBL modules using the FE-I4A 
front-end readout chip, JINST 7 (2012) P11010 
J. Lange et al., 3D silicon pixel detectors for the ATLAS Forward Physics 
experiment, JINST 10 (2015) C03031

LANGE, J. et al. Beam tests of an integrated prototype of the ATLAS 
Forward Proton detector, JINST 11 (2016), no. 09, P09005

NOZKA, L. et al. Design of Cherenkov bars for the optical part of the time-
of-flight detector in Geant4, Optics Express, 2014, vol 22(23), pp 28984-
28996

NOZKA, L. et al. Construction of the optical part of a time-of-light 
detector prototype for the AFP detector, Optics
Express, 2016, vol 24(24), pp 27951- 27960

see also talks of
KOMAREK, T., Beam tests of the AFP Time-of-Flight subdetector
and 
FOERSTER, F., Time resolution of 50 um thin LGAD before and after 
irradiation in beam tests
at https://indico.desy.de/conferenceDisplay.py?confId=16161
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replica of TOTEM horizontal station
reliable and proven design
external manufacturer 

Interface to ALFA pedestal
minimal extra design needed

Beam pipe
BellowRoman pot

Motor drive

Rails

Slide

Vacuum Compensation system

TOTEM

ALFA

Ro
m

an
 P

ot
 st

at
io

n



28
-F

eb
-2

01
7

To
m

as
 S

yk
or

a:
 A

TL
AS

 F
or

w
ar

d 
D

et
ec

to
r

7

cylindrical: good RF behavior ( 1% of LHC impedance)
a flat inside bottom in the pot
thin window machined on the beam side (different from TOTEM)

University Alberta at Edmonton
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Roman Pot

part of beam pipe containing Roman Pot  
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design of the tracker & Time-of-Flight systems 
mounted on a feedthrough flange 
for a Roman pot

proton

original design – Hamburg beampipe…
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Beam View Side View

cooling 
In-/Outlets:

¼” SS 
bellows 

tube

flex with 
ZIF 

connection 
to FFC

FFC with
shield and 
defined Z0

total length 
inside pot:

170+0
-10 mm

channel for 
flex(es)

141 mm ID
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11 silicon 3D detector assemblies
produced at IFAE
7 assemblies operational (4+3)

trial assembly with 2 bad SiT assemblies (20.02.2016) 

heat 
exchanger

cooling 
in/outlets

signal 
feedthrough

±60µm 
staggering in y
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station „back“
stations, view from above

LHC tunnel 

beam pipe

2 horizontal stations on 205 and 217 m in A6R1
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cooling – Czech Technical University in Prague 
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AFP running
ICHEP 2016

Ivan Lopez – AFP poster, ICHEP 2017
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• successful insertions in β*=40cm optics
• ≤600 bunch runs (to limit ALFA radiation dose)
• max <µ> ~ 35, 15 hrs total, NO issues observed …

• high-µ run – 14 Oct
• Insert AFP pots at “highest µ”
• 100b, <µ>≈34 (at AFP insertion)

1 hr (~2 pb–1)

• low-µ runs for AFP – 1 Aug,  8 Oct
• 600b: AFP run <µ>=0.03,0.5 with ~5σ separation at P1

• Duration: 4 + 5.5 hours   ~ 0.54 pb–1

• L1: AFP 25 kHz
• HLT: AFP ~2 KHz
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AFP installed* and running!
so, after very long time, a lot of effort 

Figure 1. AFP silicon pixel elements, 50 μm in x (horizontal) and 250 μm in y (vertical)
in size, that are traversed by particles in a recent 300 bunch fill of the LHC. The trigger
is provided by ATLAS. The center region of the distribution of the hit pixels (colored
green - yellow - red) is very much as expected from diffractive protons produced in
the ATLAS interaction point, with a smattering of particles originating in upstream
interactions.

plot deformed by purpose

a comparison by eye

* one arm

run 310316 looks clean & as expected for SD
hit distribution in the FAR station

analysis still ongoing – alignment (optics)…



28
-F

eb
-2

01
7

To
m

as
 S

yk
or

a:
 A

TL
AS

 F
or

w
ar

d 
D

et
ec

to
r

20

AFP 2nd arm approved (ECR)

TCL6
AFP Far
+ Crates

AFP Near

AFP PPto
w

ar
ds

 fu
ll 

AF
P 

(2
+2

)

AFP 2nd arm approved by ATLAS, after the review October 27th 2016
new component - ToF
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→    time resolution of 10 ps gives
space resolution of  ௖ஔ௧ 

√ଶ
~ 2.12 mm  
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which vertex belongs to “our” event? smearing not just spatial (z axis) 
but also in time (250 ps)
[run1 220 ps, run2 200 ps]

z-smearing

z-smearing

t = t1

t = t2
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 resolution 10 ps or better for higher pileup
30 ps for 1-st phase

 acceptance over full range of tracker

 near 100% efficiency

 segmentation for multi-proton timing 

 high rate capability (~ 5 MHz/segment)

 L1 trigger capability

 radiation hardness
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losses



28
-F

eb
-2

01
7

To
m

as
 S

yk
or

a:
 A

TL
AS

 F
or

w
ar

d 
D

et
ec

to
r

24

To
F

pl
ac

em
en

t

photos from last beam tests October 2016
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scope measurements

the hunt for ܰ

final resolution after trigger subtraction  – 20.6 ps

HPTDC included (RCE), trigger included



28
-F

eb
-2

01
7

To
m

as
 S

yk
or

a:
 A

TL
AS

 F
or

w
ar

d 
D

et
ec

to
r

26

To
F

co
m

po
ne

nt
s 

re
so

lu
tio

ns

contributions to time resolution 

MCP-PMT < 10 ps

PAa
Pab 3-4 ps

CFD 5 ps improvement on the way
HPTDC 15-17-25 ps chance for significant upgrade (3 ps)

reference clock 6 ps (conservative)

https://www.photonis.com/uploads/datasheet/pd/Mini-PLANACON-4x4-datasheet.pdf
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AFP 2+0 operational, data analysis ongoing, tracker works well

AFP 2+2 – installation 
up to March 24 – installation of detectors in the far stations
up to April 14 – installation of electronics

ToF (trigger) – first experiences in the tunnel… 


