und Forschung

— ~
AEIIS
\ 2l Universitdit Hamburg
P@— /_“/ NG | LEHRE | DER BILDUNG

RECORD ACCUMULATION
OF COLD ANTIPROTONS

TOWARDS A BEAM OF ANTIHYDROGEN
AND NEW PHYSICS PERSPECTIVES

% Bundesministerium
fir Bildung

SAIVA HUCK

CCCCCCCCCCCCCCCCCC




A@é. ANTIMATTER EXPERIMENT: GRAVITY,
———===———g INTERFEROMETRY, SPECTROSCOPY

Ps* + p o I:I* + e_J “charge exchange reaction”

‘

Positronium Antiproton Antihydrogen

— bound state of — available from — antiatom consisting of
electron + positron Antiproton Decelerator antiproton + positron
— laser-excited to (AD) at CERN — gravity measurement
Rydberg state (o5 ~ np %) — trapped & cooled to compare to regular H

Phys. Rev. Lett. 132, 083402 (2024) Commun.Phys. 4 (2021) 1, 19
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Positronium Laser Cooling via the 135-23P Transition with a Broadband Laser Pulse

L.T. Gloggler®,' N. Gusakova®,"? B. Rieniicker®,> A. Camper®,*’ R. Caravita®,>* S. Huck®,"® M. Volponi®,""*
T. Wolz®,' L. Penasa®,”® V. Krumins®,"® F. P. Gustafsson®,' D. Comparat®,” M. Auzins®,® B. Bergmann®,"’
P. Burian®,'’ R. S. Brusa®,™ F. Castelli®,'"'> G. Cerchiari®," R. Ciurylo ! G. Consolati®,""® M. Doser®,’
L. Graczykowski®,'® M. Grosbart®,' F. Guatieri®,” S. Haider," M. A. Janik®,'® G. Kasprowicz®,"” G. Khatri®,'
L. Klosowski®,'* G. Kornakov®,'® L. Lappo,'® A. Linek®," J. Malamant®," S. Mariazzi®,”” V. Petracek®,'®
M. Piwifiski®," S. Pospisil UL, Povolo ,7‘5 F. Prelz ,“ S. A. Rangwala " T. Rauschendorfer 120 B, S. Rawat®,
V. Rodin®,* O. M. Rghne®,* H. Sandaker®,* P. Smolyanskiy®,'’ T. Sowifiski®,” D. Tefelski®,'® T. Vafeiadis®,'
C.P. Welsch®,**' M. Zawada®," J. Zielinski®,'® and N. Zurlo®>**
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Linear Cryo motor for horizontal trap alignment
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CIRCUS

COMPUTER INTERFACE
FOR RELIABLY
CONTROLLING,

IN AN UNSUPERVISED
MANNER, SCIENTIFIC
EXPERIMENTS

* Trap electrode control:
Sinara hardware &
ARTIQ software

« Automation:

TALOS framework

Size: f Guardians List Size: 20 [Jam?

aegis-enviro3

aegis-alex 08:19:52.133 1TCT Kasli

- 08/10/2023 Wrapper

aegis-ekspla 09:19:52.456 5TCT Kasli

- 08/10/2023 Wrapper

09:18:53.204 SIS
. 08/10/2023 Manager

Open the Debug
Window

Action History

2023-10-07_16-34-13.125 Start Run
2023-10-07_16-35-07.095 Experiment finished! Ending the

script..

2023-10-07_16-37-10.621 Start Run
2023-10-07_16-38-24.989 Experiment finished! Ending the
script..

2023-10-07_16-40-47.933 Start Run
2023-10-07_16-42-53.457 Experiment finished! Ending the
script..

2023-10-07_20-09-11.981 Tamer got new schedule(s)
2023-10-07_20-08-26.592 Run init successful
2023-10-07_20-08-26.584 Sending the schedule ta Monkey
2023-10-07_20-09-26.635 Received update from Monkey
2023-10-07_20-03-40.883 Start Run
2023-10-07_20-13-02.876 Sending Error Criticality (1) to Monkey
2023-10-07_20-14-28.315 Experiment finished! Ending the
script..

2023-10-07_20-15-43.483 Quality Check to Monkey
2023-10-07_20-15-43.500 Quality check for 5TC1 passed
2023-10-07_20-15-43.502 Received Banana from 5TCT (Al

00
2023-10-07_20-15-44.514 Propagate Banana
2023-10-07_20-15-44.515 Sending message B4N4N4 to Monkey
2023-10-07_20-15-44.534 Received update from Monkey
2023-10-07_20-15-44.553 Received update from Monkey
2023-10-07_20-15-58.135 Start Run
2023-10-07_20-17-23.908 Stop button pressed. Sending STOP!

St Ruim

IM2_1N.N7 1772 811 Sandinn meceane G
Selector

Stop Run
Reschedule

Rerun

uServices Online

08:1%:52 456
08/10/2023

09:1%:52.789
08/10/2023

08:1%:52.964
08/10/2023

Legend:

Pre-run init
Working

Finished well
Stopped by a user

. Stopped by an error

Reschedule - send Skipped RUMs
to the Scheduler. This will
ovenwrite the existing schedule

Rerun - send Skipped RUNs
directly to Monkey and start the
run.

The Cage

Monkey ID
Monkey 1TC1

Continuous  With DAQT

Current Action
Sending RUN to Kasli

Report from previous RUNs

Monkey ID
Monkey 5TC1

Continuous  With DAQT

Current Action
Sending RUN to Kasli

Report from previous RUNs

The TAMER

Status %
Ongoing

ETA 08/10/2023
09:21
Scripts left  skipped

0 0

Status
Ongoing
ETA 08/10/2023

09:21
Scripts left  skipped

0 0

Errors

newtrapctrihost Oct 08 09:19:40 Code: 71058 <. ~
“status”; frue
“code™ 7105,

“source: "newtrapctrihost: ELENA Interface:
}' GUID:BB942533-4991-4FE7-8F 1 4-05DOED93BD3E

PRESS CTRL TO ARM

-

RUN

200687 | newtrapctrihost

uService to show
Tamer

Error Details

Machine name: newtrapctrihost
Time: Oct 08 09:12:40
Code: 7105
<JSONErrorSingle_1.05(
status': true,

*code’ 7105,

“source”: "newtrapetrihost: ELENA
Interface: Beam stopper in! Retry"
¥* GUID:BB962533-4991-4FET-BF 14-
0SDUED3BD38

Kasli Log

STC1>Loading electrons ...
5TC1>Rotating wall starting ...
STC1>Moving pistons ..
STC1>Sending:OUT to Actuator:Main
Degrader

STC1>Sending:IN to Actuator:Electron Gun
5TC1>Starting the electron loading
procedure ..

STC1>Shaping the C Trap for electron
loading ...

STC1> Heating up the electron gun

STC1> Ramping current ...

STC1> Setting E-Gun PSU voltage to 0.25V
STCT> Setting E-Gun PSU current to 0.25 A
STC1> Setting E-Gun PSU voltage to 0.5 V
5TC1> Setting E-Gun PSU current to 0.5 A
STC1> Setting E-Gun PSU voltage to 0.75 ¥
STCT> Setting E-Gun PSU current to 0.75 A
5TC1> Setting E-Gun PSU voltage to 1.0V
STC1> Setting E-Gun PSU current to 1.0 A
STC1> Current set to final current ..
5TC1> Setting E-Gun PSU voltage to 1.5 V
STC1> Setting E-Gun PSU current to 1.15 A

M. Volponi, S. Huck et al.: EPJ Quantum Technol. 11, 10 (2024)




PENNING TRAP SYSTEM

Degrader foils Ps target

from

[hHE to
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| ‘ ‘_ i Iﬂ ] = | ",lﬂ 1 frh‘ 1
1 i t O .© :J
5T trap for IT trap for

antiproton capture & cooling antihydrogen production




CAPTURING & TRAPPING ANTIPROTONS

5T Trap

fdeg1 degradinglosses HV1 HV?2 HV3

Degrader 1 | et transm. losses
SSEmieiioroae toiiiusy | mcp

——
fmcp

N, ELENA bunch C

< ——

f deg? reflected losses
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ANTIPROTON CAPTURE
PARAMETER OPTIMIZATION
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Routine capture efficiencies
of the order of 70%

EFFICIENT ANTIPROTON CAPTURE

300 _ 4.5 , ——
2 40 > Main degrader + 200 nm =]
__IWE=========== ============p==== Q2 ] v Main degrader only H r ]
250 - T >l a sl o = 35 M 1 W E. l
/UT @ x ..9 x _g- é 3 5 LA R R R R R R R R R R R R RRRERRRRRRRRRERRRRRRNRRRRNN] W l\‘l\‘ -n e
% T I B I
> R - ]S < 304 l N
5 o) o |E > 5 I
& g $ @ = S 55 ﬂﬁﬂ :
° $ c© g ] T ﬂﬂﬂ -
20 150 += 20 -
: 1" 3 S TTT@HIM 1] Hﬂﬂﬂ%ﬂ
> 5 1 gl -
> 10 T3 5 10, Thhﬂ m Tl ﬁuumﬂi =
® o g it 2
50 [ @ € 05+ iiii T < .
e 2 4 - v¥ =3 E
OO —w@% L L L L L L e s I- ™
0 —_ 3 4 5 6 7 8 9 10 1 12 13 14 15
2 3 4 5 6 7 8 9 10 11 12 13 14 15
Negative HV3 (kV) HV on trap endcaps (kV)

Saiva Huck — AEglS'— 26.08.2024




Lt
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ANTIPROTON

TRAPPING
Preparation of electron pfrom ELENA _ g
plasma gl

Antiproton energy Degrader

degradation & capture
Antiproton sympathetic
cooling with electrons
Dumping of the hot fraction
Rotating Wall compression,
more cooling
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i Without cooling
COLD y
ANTIPROTON : Hot Dump
TRAPPING g
|. Preparation of electron S
plasma
2. Antiproton energy 240 260 280 300 320 340

Time from start of acquisition (s)

degradation & capture
3. Antiproton sympathetic
cooling with electrons
4. Dumping of the hot fraction
Rotating Wall compression,
more cooling

With cooling

Hot Dump
s

Lt

Counts on SC56

200 220 240 260 280 300 320 340
Time from start of acquisition (s)
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COLD Cooling efficieny = CD/(CD + HD)*

ANTIPROTON .

TRAPPING N .
|. Preparation of electron /

|
P as.ma Plateau efficiency: 92.2%
2. Antiproton energy

degradation & capture
3. Antiproton sympathetic
cooling with electrons
4. Dumping of the hot fraction
Rotating Wall compression,

more cooling a | 20 30 40 50 60
Hot storage time (s)

o
oo
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o
+

>,
Q
a
2
S
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o
g
S
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o

AEGIS PRELIMINARY

o
S}

{  Measured cooling efficiency

=2

*CD = Counts in Cold Dump
HD = Counts in Hot Dump
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Antiproton sympathetic
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5T Trap

COLD
ANTIPROTON

Pot4: Downstream plasma dump

Pot3: Plasma dump preparation

|. Preparation of electron
plasma

2. Antiproton energy
degradation & capture

3. Antiproton sympathetic
cooling with electrons
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antiproton capture — hot storage — Hot Dump — cold storage
and compression — antiproton capture — ...— Cold Dump

SIGNAL ANALYSIS EXAMPLE:
STACKING OF 8 ELENA SHOTS

| — Background window Il/ :
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RECORD ACCUMULATION OF COLD ANTIPROTONS
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RECORD ACCUMULATION OF COLD ANTIPROTONS
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RECORD ACCUMULATION OF COLD ANTIPROTONS
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BACKUP
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PS LASER COOLING
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SEXAQUARK

d -
p| +- &
\7”
7\ U
— U
Pl TT=
=4
/—ld
Pl —Tu
\7”
o
nl _ld

u

Fig. 1: Quark rearrangement and annihilation
graph for the formation of a uwuddss sexaquark

state in p—>He annihilations. S denotes the puta- DOSGF, M" Farrar’ G.& Kornakov, G.
tive S(uuddss) sexaquark state. Eur. PhySl C83,1149 (2023)
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ELECTRON COOLING & RW
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5T Trap

COLD Cooling efficieny = CD/(CD + HD)*
ANTIPROTON
TRAPPING
0.8
|. Preparation of electron ..
plasma 8 06l
2. Antiproton degradation & &
- o AEGIS PRELIMINARY
P l.j : 2 041 Expontential fit
3. Antiproton sympathetic | ¢ To ool
cooling with electrons 0 Y, = 0.922 + 0.002
d 2
4. Dumping of the hot fraction reduced y: 1.38
5. Rotating Wall compression, Measured cooling efficiency

more cooling o | 20 30 40 50 60
Hot storage time (s)

*CD = Counts in Cold Dump
HD = Counts in Hot Dump
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