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Introduction

ATLAS Forward Proton : generalities

Roman Pot flange y. 0
of the FAR-C AFP station 8

- Was installed during run 2 but was
able to take data in 2017 only before run 3
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Theoretical basics

Cherenkov effect

- AFP ToF detectors are based on this effect

Cherenkov light front

- Happens when charged particles travel faster
Than light in a specific medium (but v < c)

i charged particle

- Characterized by a cone geometry with an
angle 6 such as :

1
cosl = —

Bn
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Theoretical basics

Diffractive physics 1/2

(l (

- Diffractive processes = processes where no

“
quantum numbers are exchanged Y P
b b

- Quantum Chromodynamics mediators are gluons e
which carry a color charge P

£ o

§ oIS

&
QCD “confinement” impose that - Diffractive processes in proton-proton
all observable particles are colorless via exchange of two gluons in singlet

state or colorless “Pomeron”
5
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Theoretical basics

Diffractive physics 2/2

- Two experimental signatures : rapidity
gaps and intact protons in the forward direction

Hard processes

Soft Color Interactions Resolved Pomeron

Alexian LEJEUNE - Master project oral defense - 21/06/2023

ATLAS detector

forward
detectors

forward
detectors
proton

A
~200 m [77] - tracking detectors
[ - calorimeters
- muon chambers

proton

Soft processes

Elastic Scattering Eingle Difﬁ'a‘:tba"
o | a a —_—
- .
5 | Pomeron
g e ’ ’ p —— = x (or Y in
o
g Bouble lefractlri)/n Central Diffraction el. Scat.)
T -
o — P
—— { z
b5 Il _, b
p ————E— x 6




Experimental basics

ATLAS Forward Proton : time of flight detectors

- Very simple in principle, but need very strong precision
in time resolution

tl A tz ‘N
time \ 1
= 7 cos) = —
\ Z Bn
CIPCk bunch
window crossing |
~25ns >
ToF ToF distance ‘ lightguide
5 B
€
5_§At
7
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Experimental basics

ATLAS Forward Proton : Review of run 2 performances

Expected specifications Observed specifications
- time resolution of 10 ps - time resolution 20 - 30 ps
- efficiency > 90% - efficiency of 8 - 9%
- radiation hard - efficiency decreasing over time

— degradation of photomultipliers

- efficiency of side A > side C

8
Alexian LEJEUNE - Master project oral defense - 21/06/2023



Experimental basics

ATLAS Forward Proton : upgrades during long shutdown 2

- Photomultipliers position changed, placed outside Roman pots

- Damaged photomultipliers replaced, LQ Bars replaced by glueless bars, many
hardware updates...

- HPTDC should have been replaced by PicoTDC, but has not been !

‘ In the end, should be radiation hard now
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Methods exploited

Single channel efficiencies : efficiency calculation

ToF LQ-bars SiT
c — N(ba,r B Z] | track — k) radiators
ik = N (track — k) a e

N( bar-ij | track-k ) : nb of events with a
Track in SiT «train k» and also hits in ToF
Channel i and train j

N ( track-k ) : nb of events with a track in
SiT train k

Nota bene : j # k which allows «strange» cases Courtesy of Karel Cerny
10
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Methods exploited

ToF efficiencies : any case

- The most global case

- Application of previous equation
with the only condition : only 1
track in the SiT

- Allows to probe the performances
of the ToF detectors on a detector
level

N(bar —ij | track — k)

S N (track — k)
= HHEE- EEEN -~-EEENE
= HHEEE- EENEN ~-~-EEENE
w= JHEE- EENHENE -EEEN
= N HEE- EHEENE - EEEN

A B C D A B C D A B € P
e EEEE- EEENE - EEEE
wm-=JHHEE-BEBEEE -~ BERER R
w= N HHENE-HEHE - EBERER
=N HHENNE-HTHEHE - BEEHENR

A B C D A B C D A B C D
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Methods exploited

ToF efficiencies : clean case N(bar — ij | track — k)

S N (track — k) &

- Included in the «any» case = JHHENNE- HHENE - EEEDB
calculation = 1 1 1 |

o3 111
- Two conditions : a single track in - HHEEN
the SiT and events with ToF signals A B € D
in a single ToF train -> less stat. = 1 1 1 |

- HHHEN
- Allows to probe the performances = 111
of the ToF detectors on a physics - HHEEE
level A B € D
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Methods exploited

ToF efficiencies : train efficiencies

) N(bar —ij | track — k)
- Is calculated for both the «any» and the «clean» ~ ~“* N(track — k)

cases

- A column is artificially added in the results plots e . . . . .

— see next chapter TR2 w= . . - .

- Is used to plot the efficiency over time so we have =y . . . .

only 4 points per run and per side TRO wp . . . .
A B C D TR
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Results

How to understand single channel efficiencies ?

Vs = 13.6 Tev Vs = 13.6 TeV
Run 435229, Far-A, Train 0, 203575 Events Run 435229, Far-A, Train 1, 215419 Events
—100 o
X
Train 3 Train 3 it
—80
70
Train 2 Train 2
60
50

96.93 99.04 98.87 98.76 J99.76 0
+£0.21 =021 "+ 0.21° +0.21

Train 1 Train 1

Train 0 Train 0

Channel A Channel B Channel C  Channel D Train Channel A ChannelB  ChannelC  Channel D Train

Magenta line are not present in the final result plots 14
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Results

2022 results : example of a low pile-up run in

- Eff. can reach >90%

96.93 99.04 98.87 9876 99.76
+021 +021 +021 £021 +0.21

wo| 9777 9892 9875 9870 99.81
£022 $022 +022 :022 :022 [

1 ! 1
Chawei A ChameB  ChamelC  Channei D

- Asymmetry between
FAR-A and FAR-C P o P i s i

- Leakage in other trains
is NOT negligible

«any case»

86.15 89.49 90.52 94.63 99.55

"t11028 £029 029 031 :0.32

V5=136Tev

2| 9308 9919 9851 9657 99.82

+029 +031 +031 +030 +031

3| 9240 9441 9450 90.26 9755

+1.40 +1.43 +1.43 £137 +1.48

7396 7084 8241 | |
1142 +107 +1.26 [

V5= 136Tev
Run 435229, Far-C, Train 3, 1620 Events

9327 9469 9414 86.67 97.16

+2. 234 +233 +£214 +240

Run : 435229 (24 Sept. 2022), y < 0.1, 18 096 933 events

Topology :
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Results

Ys=136TeV

Run 435229, Far-A, Train 0, 203575 Events

98.75 98.70
+022 +0.22

ChannelC  Channel D

Vs=136TeV

Run 435229, Far-C, Train 0, 122430 Events

ChannelA ChannelB  ChannelC  Channei D
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Channel A

Vs=136TeV
Run 435229, Far-A, Train 1, 215419 Events

Channel B

Vs=136TeV
Run 435229, Far-C, Train 1, 106566 Events

Channel B

ChanneiC  Channel D

Vs=136TeV
Run 435229, Far-A, Train 2, 93874 Events

86.15 89.49 90.52 94.63
+0.28 +0.29

+029 +0.31

ChannelA ChannelB  ChannelC  Channel D

Vs=136TeV
Run 435229, Far-C, Train 2, 102346 Events

93.08 99.19 98.51

96.57
+029 +0.31

+0.31 +0.30

Channel C  Channel D

Channel A

Vs =136 TeV
Run 435229, Far-A, Train 3, 4293 Events

9210 9411 9450 90.26 97.55
+1.40 +143 +143 +1.37 +1.48

71.44 7396 70.84 8241
+1.08 +1.42 +1.07 +1.25

ChanneiC  Channel D

/s=136Tev
Run 435229, Far-C, Train 3, 1620 Events

9414 86.67 97.16
+233 £214 +240

Channel B



Results

2022 results : example of a low pile-up run in «clean case»

V5=136Tev
Run 435229, Far-A, Train 3, 607 Events

1ans| 83.86  89.29 8863 7710 93.90
+338 :360 +358 +341 379

- Expected behavior :
pointed train eff. / W
other trains eff. TR |

L 1
ChameiA  ChameiB ChannelC  ChannalD  Trar

83. 87.12 8840 9404 99.77
+032 +033 1034 :036 +0.38

un1|96.56  99.04 9884 9875 99.88
+025 +025 +0.25 +025 +0.26

- Statistics loss up to 75%
in this run!

136 TeV.
Run 435229, Far.C, Train 3, 326 Events

uns|B4.66 8773 8742 7545 91.10
+466 +483 +480 +413 +502

ns| 8983 98.89 ©97.83 9489 99.86
+038 £042 041 £040 +042

- Some channels completely ~
lack of data - ?‘"".:z‘i's"‘.ﬁ?"s.:""s‘.rf‘. ,.,

ChanelA  ChameiB  ChannelC  Channel D Trar

EEEN
Run : 435229 (24 Sept. 2022), u < 0.1, 18 096 933 events Topology : |+= mEEE- sEEE - ==== 16
EEEN
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Results

Vs=136TeV
Run 435229, Far-A, Train 0, 155052 Events

97.73 98.99 98.82 98.81 99.95
+025 +025 +0.25 +0.25 +0.25 o

1 J
Channel A Chanmnel 8 ChannelC  Channel D Train

Vs=136TeV
Run 435229, Far-C, Train 0, 27661 Events

Tran 3

89.14 9259 92.07 9165 93.49
+053 +055 +0.55 +0.55 +0.56 o

ChannelA ChamnelB  ChannelC  Channel D Train

Vs=136TeV
Run 435229, Far-A, Train 1, 151676 Events

Train 3

Train 2

98.84 9875 99.88
+025 +025 +0.26

Train 1

Train 0

Channel A Channel C  Channel D

Vs=136 TeV
Run 435229, Far-C, Train 1, 42916 Events

Train 3

Train 2

Train 1

Train 0

Chamnel A ChanneilB  ChannelC  Channei D Train

Train 3

Train 2

Train 1

Train 0

Train 3

Train 2

Train 1

Train 0

(s=136Tev
Run 435229, Far-A, Train 2, 66873 Events

83.62 8712 88.40 94.04 99.77
+032 +£033 +034 +036 +0.38

ChannelA  ChannelB  ChannelC  Channel D

(s=136TeV
Run 435229, Far-C, Train 2, 55232 Events

89.83 98.89 97.83 9489 99.86

+038 +042 +041 +040 +042

ChannelA  ChannelB  ChannelC  Channel D Train

Vs=136Tev
Run 435229, Far-A, Train 3, 607 Events

83.86 89.29 88.63 77.10 93.90 o
+338 1360 +358 +311 +3.79

Tran 3

Tran 2

Train 1

Tran 0

Channel A ChannelB  ChannelC  Channel D Train

Vs=136TeV
Run 435229, Far-C, Train 3, 326 Events

8466 87.73 8712 7515 91.10
+466 +483 +480 +4.13 +5.02

I !
Channel A  Channel B ChannelC  Channel D Train
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2022 results : efficiency over time Graph updated

compared to report

End of july Studied run is here

ToF Far-A

Train Efficiencies for
the train matching

: | | /N ‘ N | i N the only SiT track
ML ‘A A‘A ,l\ J \ \ —— Train 0
& . !C" s A;\_;A: /:_.g,’% . ‘\\‘ NI\ '\M \ e( ..A —— Train 1

............ —— Train 2

R AR T T

- Great efficiencies
up to the end of
July

Train Efficiency [%]
0

- Not taking in
account pile-up

ToF Far-C
Train Efficiencies for
the train matching
the only SiT track

== Train 0
—e— Train 1

—— Train 2
=4 =+ Train 3

Train Efficiency [%]

SToRS

156 runs from July 5th 2022 to November 27th 2022
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2023 results : efficiency over time {'E Graph updated

compared to report

= _F ToF Far-A

N N I TopFark
- Scary beginning, but seems  § _f el S vk
like it can be fixed at a later 5oEA /X _ weik
stage of the year E ® e B

T P B S B P T T OO T B B B B B P P B A O T 3 P 3R D P P o T zs — Train 3

HPTDC last touched at this date | =——->> Runs

X F ToF Far-C

N S F—— ToF Far.C
- 1 week delay between runand § [ e
AOD data available after A xS AW AN S
reconstructlon E_s 0 ......................................................................................... ——Train 2

Toodos —— Train 3

44 runs from April 21th 2023 to May 25th 2023
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Conclusion

Preliminary conclusion of run 3 performances

- Great efficiencies CAN be achieved with the time of flight detectors

- However the great performances were not maintained over the year
— Seems like it is a matter of hardware settings

- A dedicated run at low pile-up will happen next week at the LHC, the AFP group will
take this run as an opportunity to probe the problems of the ToF detectors !

- If the good performances in time resolution are confirmed in run 3, the ToF detectors
could be able to have really great performances to study physics of interest

19
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Conclusion

What’s next ?

Concerning the efficiencies :

- Unification/documentation of the analysis code
- Efficiency vs pile-up study

- Investigating multiple hits

After the work on efficiencies is finished :

- Time resolution determination

20
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Number of runs and integrated luminosity

- Number of Runs Integrated Luminosity

2022 156 36.1 fb~1
2023 42 11.7 fb~1

2022 runs correspond to around 220 Gb of data
2023 runs correspond to around 90 Gb of data
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2022 results : anomalies detected

Vs =13.6 TeV
Run 439911, Far-C, Train 0, 3944116 Events

Train 3

- Anomalies have been detected in <10 runs / 150

— Mainly during the latest runs of 2022

- The only possibility for this to happen according to

the code is multi-hits in a single channel during the e
same event !

Response of PMT #2200 to i ing photoel ons

)
=]
o

Channel A ChannelB  Channel C  Channel D Train

'S
o
=}

threshold

- Problem coming
from the CDF of PMT ?

-600

Graph updated
compared to report

-800

Voltage [11V] @ ZL=25!‘! [ .

-1000
0 02 04 06 08 1 12 14 16

time [ns]
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Silicon tracker Region of Interest

- Silicon tracker do not possess physical trains like the ToF detectors do.

- To determine the SiT trains ROI, they look at the x-coordinate of tracks when a signal
was detected in the concerned ToF train. (With the condition : an unique track in the
silicon tracker)

- They then look at the distribution of the track x-coordinate and make bounds
between the x-coordinates where there are the most events.

- A side and C side have different region of interest !
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AFP/ToF performance
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Py = 143
——train 0
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+—train 3

AFP/ToF performance
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one SIT track in FAR-C
only track-matching trains
Mgy = 143

o train 0

train 1
~ train 2

—+—train 3

ATLAS AFP/ToF performance

number of paired bunches
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Theoretical basics

Standard Model of particle physics

. ( uP CHARM TOP ( GLUON h HIGGS BOSON
- Descnbes 3 out the 4 fundamental Q Ch:‘:;:ismwe 21/;2756eV/c’ ;73,07Gev/c’ g {ézseewe }
interactions of our universe A - Q@@ L @O 0
:z DOWN STRANGE BOTTOM ( PHOTON )
] . ] ] S fl: MeV/c -912 MeV/c j/,; 8 Gev/c g G
- Intgractlons carried by integer spin Q- QO i 0 =
particles called «bosons» .
ELECTRON 7 MUON i TAU ( ZBOSON b E
] ] ] L f)‘;51 1 MeV/c j 105,7 MeV/c j,777 GeV/c 21 ,2 GeV/c B
- - E N v % 1 o)
Mr?ttler des"crébe:l by half-integer spin - Q@O @ P @c¢
T '@ B N 2
particies cafled «rermions» o [ | it | [ welno | [veesen |
N ;2,2 ev/c ;0,1 7 MeV/ ;1 5,5 MeV/c i(:/% GeV/c S
. . . . S Y2 Y2 Y2 _1
- Is fallible and is NOT the final picture ! @ . @ - @ S m
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Roman Pot flange
of the FAR-C AFP station

central
detector

LHC
tunnel

<« centre

Figure 2: Schematic view of a leading proton detection in the SiT and ToF detector of the FAR-C station. The LQ
bars traversed by the leading proton are highlighted by blue colour.



Ssdd

ToF LQ-bars SiT

p3 P2 P1 PO
Text radiators A

Figure 3: Photo of the assembled AFP detector composed of the Silicon tracker (SiT) and the Time-of-flight detector
ASYAEN NSRS SRV EES( (ToF) with leading proton trajectory indicated with an oriented red line. The segmentation of the ToF to trains and -



Results

2022 results : efficiency over time

AFPIToF per
t ain efficiencies
100 ne SiT track in FAR-A

rfW ,j\\ /"\ h i f RS*? |ytrack-matching trains
had U;V Arend W s

—o— train 3

Update results

train efficiency [%]
(52
o
| z
427883
4; 4|
-
—

ARP General Meeting last week

-> we got to talk about the results, we are nc
With experts

-> a special low mu run in two weeks will haj
it will be an opportunity to probe the issues

AFPITOF per
train efficiencies

one SiT track in FAR-C
only track-matching trains

train efficiency [%]

Point to the moment when TDC starting having problem!!!
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Results

2023 results : efficiency over time

Text

2023 ToF Far-A

Train Efficiencies for

100

the train matching
the corresponding SiT track

Efficiency [%]

—e— Train 0
= _—— o ent

S O . e . o e o e e T, go T —— Train 2
1 1 1 1  § 1 1 1 1
451595 451611 451618 451804 451866 452028 452163 452463 452533

50 —

! 1 .
452640 452669 452696 —%— Train 3

2023 ToF Far-C

Train Efficiencies for

-
o
o

the train matching

)]
o

the corresponding SiT track

Efficiency [%]

—e—Train 0

—=— Train 1
—&— Train 2

1 1 .
752640 452660 452696 —%—Train 3

1 1 1 1 1 1 1 1 1
451595 451611 451618 451804 451866 452028 452163 452463 452533

Runs
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ToF Far-A
Train Efficiencies for
the train matching
the only SiT track

= Train 0
~e— Train 1
—+— Train 2

Train Efficiency [%]

—v— Train 3

ToF Far-C
Train Efficiencies for
the train matching
the only SiT track

= Train 0
—=— Train 1
—+— Train 2

Train Efficiency [%]

=+ Train 3

156 runs from 5 Jul 2022 ~ 27 Nov 2022
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Ssdd

44 runs from 21 Apr 2023 ~ 25 May 2023
Text

= F ToF Far-A

'; 100 _— ---------------------------------------------------------------------------------------------------------------------------------- Teain Efficiencles fe
8 - the train matching
.g B the only SiT track
E B —- Train 0

- L —=Train 1

© B ——Train 2

=

Pos —— Train 3

Runs
X F ToF Far-C
l; 100 '__ ........................................................................................................................................ Train Efficiencies f(
2 - the train matching
0 L the only SiT track
:\::3 50 |—
] B —- Trafn 0
c r —— Train 1
‘© —— Train 2
L .
=

25 —— Train 3
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