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Antiprotonic atoms

Life of a p-atom (~ 10 ps)

1) The p in a Rydberg state (n > 35)
decays to lower atomic states
by emitting radiation

2) The p expells all the electrons from @ €
the atom via a series of Auger decays 060 &—

Y
3) The p annihilates with a proton % o
or a neutron in the nucleus JE—C oo W

.

Can we do alchemy with the annihilation?




Nuclear reaction
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Annihilation products are highly charged.

72
104

63

L> Highly sensitive to EM fields

—10’ 11810, uxib‘ 10
" can be trapped

456789

54

45

36
4
27 @
~ ~-0.1
18 ©
~
"
9 ~
MTNMNMTNONDNO T NMT OO~ ®
QOO0 O OO O O v v vt vd oot st ot gt o4
O Ll B B B B B B B B B B B B B B 0
o ™~ - o @ o ™~ -« o @© (=] ~ 3 '] @
— ~ ™ < O r~ -] = o ~ m v O
— - — - — —
N

G. Kornakov, G. Cerchiari, et al., Phys. Rev. C 107, 034314 (2023)



Hyperfine splitting in HCI

 Elements between Kr and Xe
* IR wavelength < 2 um

e Lifetime >30 min
* [somers
e Synthetic nuclei
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List of candidates (preliminary)

Product Isomeric Reagent Natural Isotope  As  Acrase Lifetime
state (keV) aboundance (%) yield (%) (pum) (jpm) (ms)
gy 51.45 8.6
BT
Y 381 8y 100 gg 2551 2544 3588
Hyr 11.22 1.9
a0 . ¥ £ 5
Y 682 02, 17 15 1 3.121 3.119 637.1
. “Nb 100 9
92 « . i .
Nb 135 My o 9.9 & 9 1.962 1.953 1837
IUEPd 1 h
WIRK 157 " Rh 100 85 1.831 1.814 1325
104 pg 11.14 6.6
i pd 11.14 6.6
102Rh 141 '“Rh 100 7.9 2537 2513 3437
105pq 22.33 NP
oIn 95.72 6.86
114
In 190 ST 14.54 Np 1620 1613 937
HEgh 250 21gh 57.21 52  2.807 2920 540.7
121 -
120G}, 0+x Sb 97.21 22 o970 2599 3814

12216 2.55 3.9




Co-trapping with positive ions
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M. Amoretti, et al., Nature 419, 456 (2002)

* Scheme is used for H synthesis
* Currently limited by et temperature
* Substitute et with laser cooled ions

* The nuclear fragments can be cooled
sympathetically

£
c
<
o
o
<

o)
4
|




Antiproton transport

Proven. Antiprotons can live indefinitely in an ion trap.

Innovation. lon trap that can function while being transported.

Add a footer






Goal we set for 2024

* Store antiprotons in a room-temperature ion-trap

* Trap antiprotons in a Paul trap

* Transport antiprotons in a room-temperature Penning trap
* Transport antiprotons in a room-temperature Paul trap



Goal we set for 2024

xStore antiprotons in a room-temperature ion trap

xTrap antiprotons in a Paul trap

xTransport antiprotons in a room-temperature Penning trap
xTransport antiprotons in a room-temperature Paul trap
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The beamline @75 deg

| * Converting injection into ejection
gy °ring injection Into ¢l
= % * Docking a portable device
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Flecirodes overview
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A Cross

* Access to the 45 port
* Independent pumping
* Beam detection



The beamline @75 deg




Docking setup

From starship
—
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Docking setup

valve
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Detection MCP




Extraction strategy

¥-Axis = Distance Travelled
¥-Axis = Potential

Drift Tube

Paul Trap

Potential (V)

Penning Trap

Distance (X)



Penning trap

Endedp

Magnets

Endcog Electrode

®

Central Electrode

Electrode
Feed*throughs
F-]

Endcap Electrode

NExjorr NEG
. lon Pump

P A DTS

G ubetwi
MCP'Detector

20



Magnets
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Paul trap




Receiver — Paul trap
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Baking — 240 deg — 1 wee
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Assembly up to the beamline
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Paul trap stability diagram

J. Phys. B: At. Mol. Opt. Phys. 52 (2019) 155003

G Cerchiari et al
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Figure 5. Stability region of radial RF confinement in transmission
mode. The plot shows the O current transmitted without axial
trapping potential as a function of the Mathieu parameters g and a.

1.0
0.12
)
08 S
e
S
0.08 406 2
O
© ©
Q
Q.
104 §
0.04 %
o)
0
£
>
<

0.2 0.4 0.6 0.8 1.0
q

Figure 6. Stability region of radial RF confinement in trapping mode.
The plot shows the number of trapped O ions as a function of the
Mathieu parameters ¢ and a.
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In between?
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Extraction of cold antiprotons

1.548 m
> To 15t gate valve
0.45 ' | s 1 - Catch and e-cooling of pbars
o il - Pulse on the drift-tube

0.35

. From 15t gate valve to ELENA
. - Current on the bottom coil of the
PS transfer line

Scintillator signal (V)

From ELENA to Bending region (datal)
- Antiprotons plasma compression
¢ ~1lcm — 1mm

| A |
) 0.5 1 1.5 2
time of annihilation { j:s)

Parameters of extraction

* Drift-tube voltage 2900 V

* Drift-tube delay pulse 6.5 us
* Resulting acceleration 2000 V

Extraction

Scintillator




Aims for 2025

* Extraction of antiprotons

* Store antiprotons in a room-temperature ion-trap

* Trap antiprotons in a Paul trap

* Transport antiprotons in a room-temperature Penning trap
e Transport antiprotons in a room-temperature Paul trap

* Co-trapping of antiprotons with Ba*
* Annihilation of antiprotons with Ba*



Imminent tasks for 2025

 Extraction of antiprotons
* Integrating with AEgIS, removing obstacles

* Store ions in @ room-temperature ion-trap

* Trapping and laser cool ions

* Transport ions

* Make the trap suitable for crane transport

* Fix detection of the antiprotons in the portable trap






