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ALP motivation
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* Many extensions of the Standard Model use Axions and 3 ALP ¢
Axion-like particles (ALP), which are considered as v Ly
candidates for particles that make up dark matter. ’
.. : o p p
* Vertex position of di-photons are used as a criteria to
separate di-photon events coming from the expected ALP
H H CD SD+SD
signal from such events produced in background
prOCGSSES. MAFP‘ | AFP | —o—s AFP
* The ToF detector will provide data to improve the vertex @ ®
reconstruction. ND+SD+SD ND+CD
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ATLAS Forward Proton (AFP) detector

e ATLAS Forward Proton (AFP) detects protons undergoing small or p p
zero angle scattering at the interaction point (IP), while losing T $
energy through, for example, photon emission. Y m Y

* Photons events from process of central exclusive di-photons 1’5 Y
production pp = p(yy)p are recorded with the ATLAS central — T
detector. P P
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ATLAS Forward Proton (AFP) detector

AFP consists of four stations: NEAR and FAR, on anticlockwise (A) and clockwise (C) sides.

Each side of the AFP systems is referred to as an arm.

For tracking the Silicon tracker (SiT) is used, which consists of four layers of silicon pixel
detectors.

FAR stations additionally equipped with the Time-of-Flight (ToF) detectors.

02/10/2024

FAR station

NEAR station NEAR station FAR station
-217.909 m -205.824 m 205.217 m 217.302 m
Time-of-Flight Silicon Tracker SIiT Silicon Tracker Time-of-Flight
bar plane plane Jlane plane t}ar
P3 PE PLPO |]P3 Pz P1 PO y P:] P1P2P3)l POP1P2P3
- (i) ENEE-
s HENN X HEEE-:
BN | SRR BT A f-f - - -
o 1 [ [ K N -
} 150 distance f : *»f»fr f } 150 distance }
[ = T [
he“'ﬂ 2 diffractive protons beam 1

V4 workshop in Prague 2024




Time-of-Flight (ToF)

Measurement of protons' time-of-arrival can
be used for the reduction of background.

The ToF detectors collect Cherenkov photons
created in L-shaped fused silica bars, which
are placed behind the tracker plates.

Four bars are placed one after another to
form a train. There are four trains on each
side.

Each cell (OA, 1B, etc.) is called “channel”.

ToF LQ-bars SIT

radiators
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Forward Detectors Public Results
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ForwardDetPublicResults

ToF Efficiency

Method

* First sample: events passing main selection criteria and in addition it has to be inside a specific region of SiT
* 4 numbers for each ToF train

* Second sample: defined for each ToF channel
* 16 numbers for each ToF channel

* Final efficiency: the ratio of the number of events in the sample two (each channel) and number of events
in the sample one (each train).

Following requirements were imposed on the data:
* One track in the SiT Far per event.
* One hit per channel in ToF per event.

* One active train in the ToF per event (ON/OFF)

* ON - gives clean signal, but reduces statistics Train Ne | A-side (mm) C-side (min)
* Here only results without this extra requirement are shown 0 —4.9 to —2.0 —5.3 to —2.0
—8.0 to —5.0 —8.4 to —5H.4
The regions for the x-value of the SiT, corresponding to the 2 —13.0 to —8.1 —13.4 to —8.5
ToF train were defined experimentally for each side (A and C). 3 150 t0 —13.1 | —15.0 to —13.5
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Efficiency (1 train req. OFF) track pointing
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Efficiency (1 train req. OFF) track pointing
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ToF Efficiency
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Another method, used by Daniel Ernani (Forward Detectors Public Results)



https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ForwardDetPublicResults

ToF Efficiency

Further analysis of ToF data in 2022 and 2024 years is ongoing.

The following dependencies were found:

* ToF efficiency is depended on number of interaction per munch crossing (u)
* ToF efficiency is depended on a filling scheme of LHC (number of bunches)

Such dependencies are connected to constrains of electronics and are under
investigation by the engineering ToF team.

New ways of improving the situation are being tested.
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Di-proton ToF vertex reconstruction: time delays

* The time measured in one ToF channel is made up from several components, one of them
is constant time delay, individual for each channel.

* Method, proposed by Karel Cerny: zr,r = % (tc — ty) value in its mean value copy the
z-position of the luminous ATLAS beamspot.

* Requirements on data:

* One track in SiT per event
* One active train in the ToF per event
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Di-proton ToF vertex reconstruction: time delays
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Di-proton ToF vertex reconstruction: vertex matching

* The ToF detector reconstructs the primary vertex in the case of finding two leading
protons under the proper conditions. However, it can reconstruct fake vertices caused by
a fake double-tag of two leading protons from two unrelated interactions in the same

event.
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Di-proton ToF vertex reconstruction: vertex matching

Comparison before\after calibration on time delays

E L | T T T | L 1T 11 1T 11 1T 11 1T 1T T] ’g :l T T I LB | UL l T 1 11 I UL UL I T 1T 11 | T T 11 | UL LI I:
£ [ Is=13.6TeV 1 € 450 ATLAS Preliminary ¢ Data 2022 -
Q 250— Run 428770 — © E (- 13.6 TeV — Combined fit 2
:* - ATLAS work in progress - g 4005_ LHC FiIlI 8020 :::;si_g i(;-lsg:;)vynrtl;m _E
@ 200 - g 350 Julyz2022z Gy = (45.6 £ 0.9) mm
S - 5 S 300F =005 «=:N,, = 2935 events -
= - — > — .
- - 200 =
100~ Q §+ E 1501 E
50/ ¢ - 100( =
N . S0 E
A BN T |_ = P I-'«l " 3

2%00 2400 2500 2600 2700 2800 2900 3000 —950—200—150—1 00 -50 O 50 100 150 200 250
ZaLas ~ Zror [MM] Zp1ias - Zrop [MmM]

02/10/2024 V4 workshop in Prague 2024 16



Summary and outlook

Summary:
» ToF efficiency study with Run-3 data.

* Di-proton ToF vertex reconstruction:
ToF calibration and using Run-3 data.
Obtained resolution near 40 ps.

Outlook:
* Analysis of 2024-2025 data
e Study of Run-3 ToF data on ALP sensitivity
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Di-proton ToF vertex reconstruction: vertex matching for low- p run

Comparison with data from 2017: In data from 2022 the signal is much better visible
Width in 2022 measured was 8.8 m, in 2017 with lower statistic— 5.2 mm.
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