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ALPHA Scientific Objectives

* To test fundamental symmetries between matter and
antimatter by studying anti-hydrogen atoms.
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ALPHA Scientific Objectives

* To test fundamental symmetries between matter and
antimatter by studying anti-hydrogen atoms.

- Charge Nature 529, 373-376 (2016).

m 1S — 2S transition |Nature 541, 506-510 (2017).

= Hyperfine splitting |Nature 548, 66-69 (2017).

= (Sravitational interaction ?

* Need a new experiment:

) - g

First data
run 2022!
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Vertex Reconstruction

For each event:

1. De-convolute wire signals

*detector drawing not to scale
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Vertex Reconstruction

For each event:
1. De-convolute wire signals
2. Wire + pad = spacepoint

3. Group spacepoints

4. Spacepoints — helix fits

5. Helix fits — vertex position

*detector drawing not to scale
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Improving Z Position Resolution

2022 analysis 2023 analysis
82, ik [% =
& I S t
3 500 =1600|— #
400— I ;'Pﬁ
L - | —— Data | |
| 1200~ |—— Gaussian 0 } -
L i 25 i i Gaussian 1 )
e / ] AlgOrlthm | - = (Gaussian 2 I :
300 | Im provements 1000} |— Global (32 1) 5
: r'/ \\ ’ I ‘
. \ 800[- |
i ;. \ u | |
200} / I |
[ / \ 600 a
,' \ o [
[ | I I
| \l" - & i
100/~ / \ 400} fo
- ,/' : _A'-,\l‘ : El ’
= . /,/ "-\‘ B i] \
12 | /"‘/ \\*._i. = 200 | [‘
blnjl nJV1-4-'~I-’i'/|'11 Lo booa ol 111\"‘1‘“{4\4'11 L Vb Tt — “ ‘ul N
—-1000-900 -800 —700 —600 —500 —400 -300 =200 -100 O 0 el V4 / RS PN CREPE )

y4 position (m m) —-1000-900 -800 —700 —600 -500 —4%0 F—)Qggr—t?gon—}r('):] mC))

Gareth Smith - UBC/TRIUMF CAP Congress 2023



ALPHA-g Barrel Scintillator

* 64 plastic scintillator bars enclosing TPC.
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ALPHA-g Barrel Scintillator

* 64 plastic scintillator bars enclosing TPC.
e ~ 10 cm Z position resolution
* ~ 200 ps time-of-flight resolution (%)

* after completion of calibrations

* Used for rejecting cosmic ray background.

~ 3 meters
~2em x 2em | [
SiPM array Plastic scintillator SiPM array
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Cosmic Ray Discrimination Using Time-Of-Flight

Case 2: H annihilation

Case 1: Cosmic ray
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Cosmic ray
skimming barrel
scintillator

Time Calibration (work in progress)

 (Can already see direction of particles.

Time —

O ns +2 NS
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 (Can already see direction of particles.

* Time-of-flight resolution ~ 200 ps is a work
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» Channel offset correction ~ 5 ns.

» Time walk correction ~ 5 ns.
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Cosmic ray
skimming barrel
scintillator

Time Calibration (work in progress)

 (Can already see direction of particles.

* Time-of-flight resolution ~ 200 ps is a work
IN progress.

» Channel offset correction ~ 5 ns.

» Time walk correction ~ 5 ns.

* Background rejection using Barrel
Scintillator hit topology info only.
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Detecting Anti-Hydrogen!

Anti-hydrogen Annihilation Z Position
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Detectors: Operational
Z resolution: Greatly Improved
Cosmic rays: Mostly Rejected
Anti-Hydrogen: Detected
Time-Of-Flight: In Progress
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