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ALPHA’s goal & TRIUMF

@ Test CPT symmetry, by comparing H/H spectra
- Probing the foundation of the SM, searching for physics beyond-SM

o Test of the Weak Equivalence Principle, by measuring H gravitational mass.
- Probing General Relativity and its structure.
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The ALPHA-2 Apparatus X X TRIUMF

Silicon Detector

Vacuum chamber

Electrodes ‘!

Solenoid
Mirror coils

Andrea Capra (TRIUMF/ALPHA collab.) ALPHA: Status and Prospects TUG-AGM 2019, 22 August 4/20



What's new in ALPHA & TRIUMF

@ New plasma technique: improvement
on et plasma manipulation, gives

colder and more consistent load ° ;
- More robust scheme to produce H . 60
Phys. Rev. Lett. 120, 025001 (2018) % 50 P o
. - 40 =
@ Accumulation of H: confining antiatoms % s s
while synthesizing new H £ 2 I el
Nature Comm. 8, 681 (2017) 10 ’2,6 2l
00/ 1 2 3 4 5
@ ALPHA now routinely confines Number of mixing cycles

~ 1000 H simultaneously for > 10h

Hyperfine Interact (2019) 240:9
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Recent results from the ALPHA-2 experiment 2 TRIUMF

@ Electric Charge Neutrality nature 529373 (2016)

Q 1S-2S nature 541 506 (2017)

© Ground-State Hyperfine splitting nature 548 66 2017)
©Q 1S-2S nature 557 71 (2019)

© 1S-2P nature 561211 (2018)
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Spectroscopy GS HFS 2 TRIUMF

Trappable low-field-seeking states
[y=m lh=Lb

@ e spin flip: transition from trapped to
un-trapped states nature 483 439 (2012)
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@ Continuously recording H annihilation

Magneticfisd, & (1) following a resonant spin flip.
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Nature 548 66 (2017)
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Spectroscopy 1S-2S 1 24 X TRIUMF
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@ Trap antihydrogen (3 mixing cycles, ~40 atoms)
@ Clear out any remaining charged particles
© 300s laser exposure at fixed frequency near

i Sn) (Microwa\?e‘i
|1S,d) — |2S,d) transition \

@ 32s microwave sweep to eject |1S,c)

@ Ramp down magnets to detect remaining atoms e gore
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Spectroscopy 1S-2S 11 2 TRIUMF

"2 ‘ ‘ 2 bz | Observational channels:
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Credit: C. @. Rasmussen
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1S-2S Spectroscopy 2 TRIUMF
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CPT Tests - Updated X8 X TRIUMF
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Spectroscopy 1S-2P X8 X TRIUMF

Using a narrow-line-width, nanosecond-pulsed,
vacuume-ultraviolet laser developed by UBC+TRIUMF

® Data
4 Simulation 1
o Simulation 2

84
é?? Déga

Probability
o
13

3 2T 6
Detuning (GHz)

@ 966 detected events during irradiation over
several hours (estimated background 14 events).

Bk e d e o Relative precision: 5 x 1078

Nature 561 211 (2018)
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Forthcoming Publications 2 TRIUMF

@ Update on Ground-State Hyperfine splitting
@ Lamb shiftin H

@ Laser cooling of H and its application to spectroscopy
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Spectroscopy GS HFS: Updated Xl R TRIUMF

@ Major update: better characterization of the magnetic environment
- precision improved by orders of magnitude.
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Lamb Shift: Preliminary Xl X TRIUMF

@ Not a direct measurement 2
(ALPHA confines GS H) WD 1) 2P
HRES
@ The measured frequency of the 15-2S 1., ] T 27,
transition (in H) is sufficient to calculate g o
the Lamb shift 5
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Laser Cooling: Preliminary

1Sy — 2S5y line after laser cooling: analysis is ongoing...
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The ALPHA-g Apparatus & TRIUMF
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Conclusions L TRIUMF

@ His a portal to study CPT invariance violation

@ The ALPHA antimatter apparatus is designed to perform precision spectroscopy of H

o 1S-2S transition measured at ppt level
@ ground state hyperfine splitting _
e 1S-2P to open the door for laser cooling of H

@ His atool to test the Equivalence Principle

@ ALPHA is gearing towards a measurement of the H gravitational mass with the
ALPHA-g apparatus
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ALPHA Collaboration X 2 TRIUMF
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AD@CERN and ALPHA@AD & TRIUMF
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A view of ALPHA-2 and ALPHA-g

& TRIUMF
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Antihydrogen Stacking 5ol X TRIUMF
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High-Multiplicity Annihilation 2ol X TRIUMF
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Prospective for Free-Fall Observation 2ol X TRIUMF
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