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ALPHA spectroscopy and gravitation
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ALPHA-g Schematic
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Magnetic bias concept (J. Fajans)

Add a differential current to one of the mirror coils

#s(Bg — Ba) we call this the bias — units of acceleration
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In a real experiment — ramp both mirror currents down while maintaining this difference
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The S-curve - simulation
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L Data from 2022 run
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The Result
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ALPHA

nature
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PLANETE & SCIENCES
L'antimatiére ne « tombe » pas vers le haut
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xpérience commune unebaignoire de 35 centimtres de
long au fond de agquelle s bou
nt un peu. Puis on baisse fes
bordsdu piége pour s ibérer et
les faire chuters, décrit Pl
Grandemange, cosignataire de
Farticl de Nature.

NEWS

Home Israel-Gazawar Warin Ukraine Climate Video World UK Business Tech Science

Science

verslebas 20 s ehaut
auraitdone de Tanti

e s fond et bt
étant alatoir, cetains vont o

imantFangrovie.

nt par laser
Lever Famblguité 4 pris des se-

“oncepour it e mesn e
matiéreordinaie entr lle, st
pas épulsive pour Fantimatere.

«Usine 3 antimatiére»
‘“Nous sommesles premiersavoir
Jaitcete expérience,qui représente
renteans deforts Beaucoup per-
salntque s anitomes tambe

i et eomimie Mime

e e n
Voyant e e, s éions 1 ™ estlh Uhistoine st pasterminée.Car
diews, résume JefTiey Hangst, ules e se vantes, les chercheurs pave.  CCEStIUNE dES o eesanis
A inerge irendi : Vs fecartne  naient 3 refroldt pes  peu ces PIUS IMPOFLANeS  atomas tombent vers s haut, ot

S pas s eliquer l déser S o s -

anemar

orginale tresponsable de 3 col. {arin s, compléte Bruno Man- dantimatire el 1 aut done et leurs iveau dénergi ravie st pas e, lle lisse

laboration Alpha-g, installée au  soulié, autre membre de GBAR.  trouver autre chose.Etcequelque  temne et les comparer i ceux de de physique encore ouverte la possibilté que.
o chose forcera & écire difem:  Thydrogene. £n 2020, un record ctteloreenesolt pas exactement

pou Ia recherche nicléit, 6 comportement enrea malire e ment e lois u monde: la cos.  depré a & v L

Toie desoixantedix membres.Ce  faniimatire serait. volution:  mologie, | Telstvité. générle e efiry Hangt,sans trouver

conrecst I eade mondialena  naie. carla théorie e aelaivite EImien ct les théorics régis. décart cependant entee antihy:

e bitiment baptisé  généale srat alos mise en dé. sant Tifiiment pe comme I drogéne t hydrogéne.

vautentre 50.% et 100 % de a va-
leur pour la matiere.

Pour améliorer la précsion,les
chercheurs vont devoir refroidic
encore plus leurs sntiatomes,

«Cest lune desplusmportantes Tun des mystéres de our quasiment s ige et évter
expériences de physique fonda rigines, partcules et ant- monter.En bas du cylindre, ces des mesures «loues». s sont
et amls s . paricls o s quan- - pan, il s abriuer, 1 ur anydrogénes dans un v e ga e e s touchent,  contants, o I e 'l

1é gale. e des i ed  serspproche ot uilser,

steran uLER
perabl o pgomme
mtimatiére du

Usi abrite Jaut»,
six expériences consacrées & Lexpérience nest done pas  Dloi limportance de cele ex.  Des semaines de mesures
4 ; En porall

quiare
levé. plusicurs. défis. Dabord, ~ trulsaient Fexpérience dechuteli

. 0 e complecet T tops s st des amprotoe s purtionene 3 e or s des ok pariser v e Thomnon:

el une autre cxpérience, fuallun ryonnement-Oron  CERN: e premers antatomes  aceléatearsdu CERW, qul mon.  protons. Moins fne centaine tale depuls 2021 Jefey Hangst,

BASE. e leur tire mon chapeau— constate que Fantimatire a dis-  dhydrogéne soraient des four.  ent da Lun G haut
apprécie h

Patrice Perez, coresponsable  séquilibre ténu dans les pr

fuseat
bt tnr fun opon, uncusloppod ok amniedes h e, G puth e ek, s ot e

a antimatiere, GRAR. «Ca niavait i des Champs magnétiaues font sussl  seconde. s sont comme dans DAVID LaRoUSSERIE

Feu vert pour I'exploitation d'un champ pétrolier en mer du Nord

Le gouvernement britannique, qui soutient la décision, défendla « étique » du Royaume-Uni et inquite les dé duclimat
Dans les fait T Gsenux tade.  poiiue lmat o sepain der
e e oo Royaume O & crr o b o paraleus et e s o
a décision est trés contro-  M.Sunaka défenduaval a Rose- le pétrole extrait des emplois dans le pays et @ ré- en_ contradiction avec IAgence futurs. Les autorités écossaises
e g e b oo que Ry G 1 eistons goels de  mcomationit de Tnerg ) font ccpendat pos e mor 3
s conire Ie gowveme. Unlvaneombesonsdiparoc.  Seravendusur - Go7 8 SRS SUNES qul ks 20w, recompandall  deedanTalisbion delieencs
‘ment Sunak jugé rétrogradedans  bures dans sa transtion vers la les marchés i e o domt b i s s ot S enmerdo i
et conte o changoment . newalhé crbone ensoses aonpa
atlaue o A e om0 oy Un St
laNorth a et ment, chance de limiter la m ré
(o), Tauorse semindiper, i " | pm e
per  ins ise au Roy P L P "

livrer des permis dexploiation  sujets climatiques etacréé apolé relatvement imitées: 450 postes et Lords britanniques,de gauche

bien plus

a donné son accord & lexploits-  sant de 2030 4 2035 un engage.  levée out en perdant des mil

ton'de lénorme champ Rose. ¢ 1 bascule vers i

bank, considéré comme le plus les voitures neaves élctriques,  tannique?, s interroge sur le ré-  Rosebank «ne fera aucune diff-

important restant encore & ex- Claite Coutinho, a toute nou- seau X {exTwitter,cete proche  rence pour les factures dénergie
I déve-  de M. Sunak. Nous devons étre — des Britanniques»,acritiquéladé- Les dirigeants écossais Humza

st ct s exracionde ce
p

Tomtres & Fouest des iles Shet le mé putée Caroline Lucas, seule lue  Yousa, premier minisre, chef du

Jand Rosebark pourait conlenie Rosebank renforcers Tindépen laquelle nous soutenons Taor.  Verte & ' etr

jusqua 500 @ & N nes. De fit, Ie ptrole extrait du trick Harvi, diigeant des Verts

Détrole. Lextraction  pourrait  Iintérét des Britanniques. «Ané.  Lexploitation de Rosebank a été  champ sera chargé dans dos tan.  écossai, son partenaire de coal

commencerdés 2026, tonsnous lexploitation de nos accordée 3 deux entreprises pri- b

et atonsaon i o propreschans ycroarbures v e Nt nonvegen Eqinor  natlona, et s n pro estimant que

tde depuis des seamtines, prts o rvque e dépendants de  Hopérsicur rincipel i détient  Roysumme U st une mau .

Que l Conservteur Rshi Sunlk  égimes éirangers, e perdre 305 du champ) e asocétbri-  explotaion de Roseban est ténon-  champ pétrolifere Cambo, au
tannique Ithaca Energy. Equinor, qant britam

accordées edes entaines  deper-  devoir importer du pétrole avec

Scientists have made a key di

Scientists get closer to solving
mystery of antimatter

© 27 September

Artworic shortly after the Big Bang which created the Universe, matter and antimatter existed in equal amounts

By Pallab Ghosh

Science correspondent

y about anti - a mysteri

J.S. Hangst, Aarhus University



ALPHA

third time ALPHA has been nominated

BREAKTHROUGH

2010: trapping of antihydrogen (won)
2021: laser cooling of antihydrogen (didn’t win

2023: gravity experiment (didn’t win again)
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ALPHA New Publication coming in Nature Physics

“Precision spectroscopy of the hyperfine
components of the 1S-2S transition in (data pre-LS?2)
antihydrogen”

} {

Mormalized signal (a.u.)

| 1 1 1 1 1 1 1 1
301.85 302 30205 3021 30215 302.2 30225 3023 30235 3024

Detuning at 243nm (MHz)

each curve obtained in 1 day
took 10 weeks in 2017...

one goal of 2023 run was to improve this
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R ALPHA In 2023

« ALPHA-g was disassembled for external solenoid magnet upgrade; this
was completed successfully and ALPHA-g is back in position

« we only ran ALPHA-2 during the 2023 pbar beamtime

* we have seven new physics results for which publications are in preparation
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|. Accumulation of 104 hbars using laser-cooled Be ions

» from 13 years of trapping experience: positron temperature has a big effect on # of hbars produced and
the trappable fraction Recall the trap is about 0.5K deep.

« mixed plasma 1.5 x10°Be*ions and 3 x10° e*

» laser cool Be ions - positrons are sympathetically cooled by Coulomb interaction

« positron T of a few K, maybe diagnostics limited

« typical T without Be cooling is 15-20K

SPSC2024 J.S. Hangst, Aarhus University



|. Accumulation of 104 hbars using laser-cooled Be ions
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|. Accumulation of 104 hbars using laser-cooled Be ions

Stacking Evolution 2023
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I1. Laser Cooling of Antihydrogen

365 nm
a solenoid  electrodes ~ mirrorcoils  octupole  solenoid MgF2 Y
window Kr/Ar
air THG cell
\ \ vacuum
H liquid helium 1216
vacuu
P <&
——— — ]
MgF2 2021
window Ia“tipfﬂtﬂnl antihydrogen synthesis | positron | annihilation ~~v
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LASER-COOLED -
NTIMATTER
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I1. Laser Cooling of Antihydrogen

-Iv ﬂ 2Pa+
4
Yl L 2P

284

| wnt 22 1S —2P transitions in (anti)hydrogen

1 DY 2P

2Sp
25,

ih

g LN o T probing

l I 1Se
) T4 15
15p
15, T 1Sa

T T T T T T T T T T T T
0.0 05 1.0 15

probe the sample after cooling

atom will sometimes spin-flip and then annihilate

longitudinal velocity information from Doppler broadening

measure TOF between laser pulse and annihilation — gives information about tranverse speeds
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I1. Laser Cooling of Antihydrogen
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I1. Laser Cooling of Antihydrogen

2023: Measured 1S-2P linewidth versus cooling time for various conditions

(laser detuning, trap potential shape)
Spectrum width vs cooling time
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I1. Laser Cooling of Antihydrogen

2023: TOF data

Probabiltiy density (normalized counts / s)
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I1. Laser Cooling of Antihydrogen

2023: TOF data — reproducibility and comparison with 15 mK simulation

time from laser shot to wall hit
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Y | &Il summary

 start stacking in the evening — 22:00
 laser cool the following morning
e up to 10K antihydrogen atoms at 15 mK by late afternoon

« Complete paradigm shift — with help from ELENA!

SPSC2024 J.S. Hangst, Aarhus University



ALPHA

SPSC2024

[11. the 1S-2S transition with laser cooling
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aPia 11, the 1S-2S transition with laser cooling

We can now do a complete cycle of this in one day.
Analysis in progress — MVVA, magnetic field, velocity distribution, etc.
With lots of atoms, we can user lower laser power

243 lineshapes comparison
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[11. the 1S-2S transition with laser cooling

Cesium fountain clock from Hydrogen maser
NPL
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aPia 11, the 1S-2S transition with laser cooling

Cs fountain clock performance

Similar to clocks that contribute to UTC (or even slightly better)

Maser steer
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APRA V. excited state spectroscopy: the 2S-2P transition

cont.
A
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APRA V. excited state spectroscopy: the 2S-2P transition
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V. positron spin resonance: GSHFS

trappable 'low-field seeking' states

resonant, microwave driven spin flips
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. ime (5 We have previously measured the splitting to a few
scan microwave frequency parts in 10000. Hoping for ppm here.
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apia /], MCP detection for spectroscopy experiments

Recapture ionised (anti)hydrogen in Penning
trap.

Detect (anti)protons by ejecting them to an
MCP.

S. Jones
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apia V], MCP detection for spectroscopy experiments

Detection efficiency
Antiprotons: 94% (measured) S. Jones
PI’OtOnS ""'50% (K. Fehre et al., Rev. Sci. Instr. 89, 045112, 2018)
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. MCP detection for spectroscopy experiments

Comparison of MCP vs SVD spectra

(qualitatively the same - linewidth as
narrow as annihilation method)
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aia V], Energy diagnostics using octupole rampdown

—
/\ octupole ;_‘)
- /rror coil

"4 T .
o ol annihilation

detector

-

knowledge of hbar energy distribution is important for most experiments, and for
benchmarking simulations

release trapped hbar by ramping down the octupole current —e.g. over 15 s (“FRD”)
record annihilations on the silicon vertex detector: temporal and spatial distributions

can study energy distributions, time evolution, mixing between dynamical d.o.f, etc.

can compare to other techniques such as 1S-2P TOF

D. Hodgkinson
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aceia\/11, Energy diagnostics using octupole rampdown

Uncooled Antihydrogen

_FRD method
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Other news for 2024

« new CERN Fellow for 2024:
Janko Nauta

* new coordinator for detectors
and analysis:  Ina Carli
o >}

new, rigid LHe transfer line fabricated

and installed; not tested yet; should reduce
ALPHA-g consumption: thanks to Laura
Stewart and her crew!

farewell and good luck
to Joseph McKenna!
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ALPHA from 2024 onward

gravity with antimatter — precision measurements
laser cooling in ALPHA-g
Be system for ALPHA-g
commissioning of the other traps in ALPHA-g

W=

 antimatter spectroscopy to hydrogen-like precision

now have 10* anti-atoms that are colder than the hydrogen used
for the most precise measurements on matter...

 excited state spectroscopy: other spectral lines — antiproton charge radius
(e.g. 2S-3S; 2S-4P)

* in situ measurements on hydrogen with ALPHA-developed technigues
MCP diagnostics

* long-term possibility: anti-deuterium?? Davide Gamba has
agreed to look for some...
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e As always...

Thanks to the AD/ELENA crew, the cryo and transport teams,
the workshops, procurement, stores and other CERN groups

who make this all possible!

Thanks to our referees for their patience and hard work.
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