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Introduction : Antimatter

=

antiparticle e

> From https://www.symmetrymagazine.org/article/october-
. 2005/explain-it-in-60-seconds
Matter vs Anti-matter lllustration by Sandbox Studio, Chicago

In 1928, solution of Dirac equation with negative energy predicts antimatter and the
antimatter is experimentally confirmed in 1932

Antimatter is partner of matter for CPT reversal, but our universe is matter dominant universe
Currently measure CP violation is not enough to explain this asymmetry

Efforts to check CPT symmetry have given by measuring fundamental property of matter and

antimatter
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AD : Only e!>!<i‘sti'ng faC|I|ty of low energy p (PANDA at FAIR has higher energy)
« Antiproton Decelerator (AD) + ELENA : Antiproton Factory (for high statistics)

 For precision measurement by Electromagnetic and Gravitational property, deceleration, cooling and
trapping techniques are important

« 26GeV/c proton = 3GeV/c antiproton to 0.1GeV/c at AD - 5.3MeV(0.1GeV/c) to 100KeV at ELENA
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GBAR experiment

GBAR needs to cool the anti-atom to ~1neV (10ukK)
« GBAR : Gravitational Behaviour At Rest
Freefalling antimatter (anti-hydrogen) in terrestrial gravitational field

+ CPT test by measuring atomic structure : Lamb shift measurement

3
=Check fundamental interaction between matter & antimatter
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Double charge exchange process between p beam and dense Ps cloud (<1x1.5x10mm? cavity)
P+Ps— H+e : 1t milestone Enough intensity of e* & p
H+Ps—> H" + e : 2" milestone Good beam phase-space
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Cooling anti-hydrogen ion down to 10uK range by doppler cooling : 34 milestone
After dropping one of e* (by photo-detachment laser), let the ultra-cold anti-hydrogen freefall.

Direct measurement of the gravitational acceleration (myg~10~7eV /m) of anti-hydrogen (WEP,) below 1%
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Quantum reflection and levitation

-

Recoil :

Vv, (ir? m/s)

1. Capture trap (ITO trap) : capturing by DC switching+ rf voltage electrodes

Sympathetic Doppler cooling by cooled Be* ions (>10,000 laser(313nm) cooled Be*/HD* ions (Wigner crystal), 100 neV,

T~mK by rf heating) (L. Hilico et. al., Int. J. Mod. Phys. Conf. Ser. 30, 1460269 (2014))

2. Precision trap : ion as a quantum harmonic oscillator, Raman sideband cooling for Be*/H ion pair to T~10uK. (W.

Schnitzler et. al, Physical Review Letters 102, 070501 (2009).)

3. Photo detachment and free-fall

o e S

N ’ <= 7

===y ===n---,
- -] =
n =

4. Polarization and Shaping with 0.1% uncertainty for 10,000 event (O.Rousselle et al, Eur. Phys. J. D 76, 209 (2022))

5. Quantum bouncing by Casimir-Polder potential vs Gravitational potential 10-> precision (G. Dufour et al., Eur. Phys. J.

C (2014) 74: 2731)
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GBAR collaboration
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Experiment Scheme / *\
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Experiment setup (2022)
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Positron beam line
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Pulsed operation

W target & moderator
Transfer to HFT every 1 s

. . 3x 107 slowet /s
1.410”in 1100 s in 2021 The GBAR collaboration,

Nucl. Instr. Meth. A 985, 164657 (2021)
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Antiproton beam line

Detail information in Poster session :
WG3-03 / 71 by Byungchan LEE

Antlproton trap 7
2

-\

Decelerator
3 Reactlon chamber

Reaction Chamber

574

333 300 70 ans (— ﬂ_|
,; v23 _5 j
Target

- = -
V=

Decelerator o 5 0
20 r=] A0 325

I P h [ [ mcepas —
Mce pl | ] . | _ Ing pZ:@ t] MCP-p3 I MCP-p4
e : . ) ] PT-ELS QB-EL Steerer Quad-Triplet Slee

2024111214 Drift Tube ELout Steerer PT-ELO oo i“é

_— Decel Beam Utilizationsr-eu1 prez pres erea



P |

<y / % f
Drift Tube >
HV feedthrough | ) ﬂ

100 keV p pulse d"& tUbE « GBAR decelerator
o - Drift tube with —HV with fast-switching when pbar beam is in the tube
41 mm mrad 407 mm mrad
- Higher efficiency and mono-energy expected compared with Degrading
1 foll
-89 kV — switch (- 1 kV - With 100keV=>1keV deceleration, emittance is increased about 10 times
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_H production (2022)
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Produced antihydrogen is detected above 3o (which is 15t milestone)

About 6.8x10° oPs (5x107 e*) and 3x10° pbar

(First) production of antihydrogen by charge exchange between o-Ps and antiproton beam

higher intensity with better emittance by pbar trap,
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Antiproton trap _ .- BEEES
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Antiproton trap operatlon
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SUMMARY

Many efforts are given to study fundamental property of antimatter with possible
CPT test

Deceleration, Cooling and Trapping is important technology for precision
measurement

GBAR aims to make ~10uK anti-hydrogen for WEP test below 1% by free-falling
antihydrogen in terrestrial gravitational field

GBAR produces antihydrogen as first milestone and has improved antiproton
beam line and positron beam line for antihydrogen ion production as second
milestone
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Low energy Antiproton beam facility
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Production : Linac4(H") - Booster(H)>PS(p, 26GeV/c)=> iridium
target 2p (3.5GeV/c)

« Cooling : 3.5GeV/c - 100MeV/c>100keV
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