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G. Backenstoss, Antiprotonic atoms, Contemporary

EXperImentS Wlth antlprotonlc atoms Physics, 1989, volume 30, number 6, pages 433-448

spectroscopic measurements of some antiprotonic atoms have been
made

I-
N
With the exception of antiprotonic helium only low-precision —

X-ray spectroscopy of “last energy level”

Sensitive to strong and coulomb interaction

georgy.kornakov@pw.edu.pl
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Figure 2. Antiprotonic X-ray spectrum of **Xe taken at 20 mbar with the cyclotron trap [16]. 1l e <
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Fig. 4. Measured shifts (with reversed sign) and widths for p-atoms.
The dashed curve shows values calculated using the simple
optical model (eq. (5)) with a = 1.53 + 12,50 fm.
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Energy shifts, width and strong interaction

Table 2. Typical values of strong-interaction shifts and widths
of p atomic levels. Measurements related to lower and upper
levels of a transition are listed separately,

Lower level (eV) Upper level (eV)
Nucleus in1) Ey Iy (m1) ry
‘He p T4 35
(3 (15)
SLi 2p 215 660 3d 0135
{25} (170} {0-016)
Li 2p 265 690 3d 0129
(20} (170) {0013)
*N id 40 218 ar 0136
(20) (75) (0019)
150y 3d 12 495 4f 0-602
(200 (45) (0022}
0 id 140 540 4f 0731
[6)  (150) (0-035)
180 id 193 G640 4af 0795
(20 (40) (0:023)
F id 440 1365 4f 279
(700 (150) ({0-16)
BNa 3d 2080 2900 4r 238
(300)  (1100) (7-4)
Mo 6i 460 1400 1] 19.5
(80) (300) (L.2)
Mo 6i 640 2300 Sg 42.5
(2200 (900) (9-2) keV t
“Mo 6i 740 1900 5g 499
(120) (4007 (19.8) keV +
Mo 6i 550 2300 5g 451
(1600 (700} (100) ke T
138p, i 350 1800
(150)  (450)

t These values have been obtained from intensity deficiencies ofthen =T =n =56
transitions due o the Nuclear Effect discussed in Section 4.2,

G. Backenstoss, Antiprotonic atoms, Contemporary

Table 1. Windows in nuclear charge 7 where strong-inter-
action effects are measurable.

M. Z e Z M. ra

Is | 4f 15-20 Ti 55-59
p 1-4 Sg 2630 %) T0-74
3d 7-11 6l 40-45 Ok 90-92

- Neutron skin measurements

—> Antiproton — nucleon scattering parameters at
threshold

= Annihilation

- QGP searches in “deep” annihilations

Physics, 1989, volume 30, number 6, pages 433-448
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AntiprOtOniC atoms Weak equivalence principle

* Gravity measurement -
e Laser Spectroscopy Cold ar;tiprotonic
atoms
* Fluorescence and x-ray \
spectroscopy /\
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ELENA: 100 keV antiprotons

THE DECELERATORS

.-\

ANTIPROTON DECELERATOR

The 182-metre-circumference ring uses electromagnetic

fields and beams of electrons to slow incoming particles
to around 10% of their initial speed over 100 seconds.

ANTIPROTON
PRODUCTION
Protons from the

CERN accelerator
complex are fired
into an irdium target
to create antiprotons.

Large Hadron

Collide
// N
(IR
K |
Antiproton
decelerator

ELENA

Beginning later this year,
this ring will further slow
antiprotons before they are
delivered to experiments.
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AEgI|S set-up
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5T magnet

<« Positron accumulator
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XLVI-th IEEE-SPIE Joint Symposium Wilga 2020, 31.08 - 6.09
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Nucl.Instrum.Meth.B 266 (2008) 351-356
Nature Commun. 5 (2014) 4538




Pulsed production of antihydrogen
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(a) External scintillating detector array

Trap electrodes

H)

(ESDA)

Direct measurement of the
gravitational acceleration of neutrally-
charged antihydrogen pulsed beam.

. Antiprotons from ELENA

Antiproton beam line ~~* UHV vessel
g . 5T and 1 T Penning traps
. Laser system
. Scintillator array

Laser syste

AEGIS Coll., Pulsed production of antihydrogen, Commun.Phys. 4 (2021) 1,19 7 M



A new control system: Sinara
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https://github.com/sinara-hw/meta/wiki and
https://m-labs.hk/artiq/

https://github.com/sinara-hw/HV_AMP_8CH/wiki

Fast HV amplification for the trap
electrodes
Characteristics:

. 8 channels

. +-200 V range

. 1 MHz
. 50R output impedance
. Overtemp protection

. quick output
disconnect controlled
via EEM using

OptoMos to limit the
noise
8



https://github.com/sinara-hw/meta/wiki
https://m-labs.hk/artiq/
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Scheme of production of pulsed and cold antiprotonic atoms

excitation Rydberg excitation

photoionization

i

connection

Auger electrons
ELENA/AD

resonant charge exchange

anion source

y Y

Penning trap annihilation and
pion emission
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Anion source |: charge transfer collisions

Ion Trap control system

Valve Ultra High Vacuum System Valve

connection with - - sl
AEgIS < S ~0-0- P i
experiment [—
A
&

Electron Gun control system

Turbo
Pump

Charge transfer reaction as a source of anions:
Two step production starting from H,

H,+e > H"+H

H+A > A +H

L. Ktosowski and M. Piwinski, private communications
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Anion source |

Alternative path:
Middleton’s scheme as a
source of anions

Bombarding with Cs*a
sputter target a high
intensity beam can be
formed and separated in
a magnetic
spectrometer.
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We propose:

1.

Precise laser
spectroscopy of Rydberg
antiprotonic atoms
Trapping of cold highly
charged radioisotopes
produced after
annihilation of
antiprotons on the
surface.

Lasers

Low-n
states

Cold
antiprotonic
atoms

Highly
Charged

pasind

High-n
states
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