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AD (Antiproton Decelerator) &
ELENA (Extra Low ENergy Antiproton ring)
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AD cycle and motivation for a new electron cooler
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Fig. 2: Basic AD deceleration cycle.
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e-Cooler specifications

Present ‘ This Spec.
AD ring length [m] 182.43 ‘ 182.43
G tic field [G 600 2400 . —
b o iy } Expansion of the e~ beam by a factor of 2 to reduce
Cathode radius [mm] 25 12.5 transverse energy
Toroid field [G] 600 600
Toroid angle ¢ [rad] 0.6283 0.6283
Toroid radius 7, [M] 1.133 1.133 CERN EDMS doc.
Toroid integrated transverse field [G-m] ~ 160 < 160 AD_LNT_ES_OOO]_
Cooling region:
Length [m] ~1 >1
Radius > 7Te-peam [MmM] 25 > 25
Drift magnet length [m] ~ 1.5 ~ 1.5
D”“("J;ag/";t)ﬁ‘*'d [¢] 1%093 1%”_04 More stringent to limit e~ beam heating in the cooling
max{ o I .
rms(B, /B) n.a. <107* \ } region ke, —
e~ beam in cooling region: c'yBBJ_/B” < - el < %
kpT) [meV] 100 <100 € €
kBT” [meV] —_ 5 1
Te-beam [MM] - up to 25
Energy set resolution [eV] 1 0.129kev + lasskev
Energy stability [eV] — <0.129kev + < losskev
Current intensity Iy [A] 2.4 2.4 nominal =~ 4.8 ultimate : s
Current intensity stability [AZ /Io] - Lo } Might be limited by space charge and other effects
Max relative losses [§1 /1] - <104
Max time to go from 25.5 keV to 2.9keV [s] >5 ~1 . . .
e~ beam start/stop time [s] — <1 } POSSIbIe via the gun gnd
BPMs ¢~ /pbar relative accuracy [um] — ‘ <100
Vacuum pressure in cooling region [mbar] ~ 10710 | < 10710
E-cooler availability during physics - | 99% —— Determines the choice of components/spares
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Current e-Cooler

Low Energy Antiproton Ring (1982-1997) Antiproton Decelerator Ring (2000-today)

llllll

£r Y 1 A. Wolf, L. Hitten and H. Poth,
T ab 4 Magnetic field measurements for the electron cooling device for LEAR,
=~ EP Internal Report 84-01

Fig. 16 Magnetic field components measured along the cooling axis (ion trajectory).
The vertical lines indicate the limits of the cooling solenoid.
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E-Cooler Overview
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Recent major modification:
Pancakes replaced by full
solenoids (short & long)

Toroid modules

Gun arm
Collector +

Drift module Collector arm
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Comparison of the current e-cooler drift to design
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Comparison complete vs. pancake drift solenoid
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Electron transport simulation to validate design

Trajectories @ Plane @ -78.1699 mm
ot Energy 5 o steering in the gun toroid——
Sample 101/101 = N onng e gHRON

Time 721778 ns : ; :
Maximum (Solver) 267123 eV

Minimum (Solver) 0.0174465 eV 20 1

Position_y / mm

-20

-30 -20 -10 0 10 20 30
Postion_x / mm

Position_y / mm

Beam profile close to center of the drift solenoid

30

Plane @ -78.1699 mm

With steering in the gun toroid
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Vacuum

Gun

Collector NexTorr pump

NEG strips O Similar design to ELENA e-cooler
O Extensive use of NEG-strips and coating

NEG strips

NEG coating

No clearing NEG coating
electrode
o>
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" NexTorr pumps
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Results

Gas loads from gun and collector after = 1 day operation

10—]1

Maximum P=2.33252e-08 mbar
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Gun — prototype
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Time=2 ns Particle trajectories Contour: Electric potential (V) Isosurface: Electric potential (V)
Surface: Electric potential (V) Surface: Magnetic flux density norm (G)
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Dependence of maximum transverse electron energy on value of
uniform magnetic field for flat cathode 25mm for different electron
currents
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Giulio Stancari
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Gun CST simulations

Energy

101/101
Time 49155e-09 s
Maximum (Solver) 26966.3 eV
Minimum (Solver) 136.888 eV
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BPM

Quantity Unit ‘ 500 MeV/c 300 MeV/c 100 MeV/c
Be 0.471 0.305 0.106
E, [keV] 68.8 26.1 3.16

Ie [A] — 24 +48

N, [x1013 m—3] 7.9 8.7 4.0
I;for3 x 107 p [MA] 3.72 2.55 0.84
Frev [kHz] 773 500 174

Estimated resolution 90 pum

The PU prototype:

PU palte

Macor, spacer

Spring loaded
hollow screws

er boay 1or ea
mounting
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Magnet powering

Future E-Cooler (LS3)
solenoids powering
Including BB1 & H/V anti-
proton correctors
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> 2023-06 info from MSC

Three | four COMBO converter types + 1Q/4Q
> 2023-06 Types (rating [I;V] not frozen)
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Test strategy

L Components test separately in labs:

[ Magnets tested individually for acceptance and to tune correctors, plus as an ensamble to
measure steering magnets strength and prepare for operations.

O Gun and collector tested individually, with magnets equivalent to those for the final electron
cooler. Possibility of measurements of the e~ beam transverse profile after expansion
planned but not yet implemented

O Vacuum chambers tested individually
O Powering system tested individually

L Commissioning after installation foreseen to fine tune

an A. Rossi et al. COOL23, 8th - 13th October 2023



Rough planning

Legend:
— Design + draft specs

— Contract
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— Production!procurement QS
- Measurements}acceptance tests 2023
@ Off the shelves or already designed and tested
Magnets
- Drift solenoid with H/V dipole steerers _——
- Gun and collector "arm" solenoids with H/V dipole steerers ————
- Expansion gun solenoid r—-T—T1?
- Collector squeeze coil (BBC)
- Toroid solenoids with \ steerer - —p
Powering (interlocks?)
- Magnet powering @
- HV powering @

- |

Vacuum

NEG coating

-

- Vacuum chamber
- Pumps, gauges, bakeout equipment

Gun

" Chambers preduction and assembly with flanges and bellows

- Proto to validate HV and emission
- Final gun @ 27kV

CETr
= = — EEFteske

Collector

h ih 4

s

- spare of current e-cooler collector --

functional " relfability test

- new e-cooler collector (~same)

Installation
- Dismounting and handling
- Mounting and connecting
- Cabling
- Commissioning
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Conclusions

4 Functional (and engineering) specifications of the new AD electron cooler have
been presented

1 The new device aims at improving the current performance with a better magnetic field
guality, electron beam magnetic expansion, better measurements of the beams relative
position, faster switching of the electron beam on/off

1 The design is being finalised

O The magnetic design has evolved to complete solenoids (apart from the bends), few
details to be looked at

1 Gun and collectors prototypes are being tested
O Powering has been defined

O Vacuum design is ~completed

4 Individual component testing

 Installation foreseen for 2026 and operation in 2027

an A. Rossi et al. COOL23, 8th - 13th October 2023



Thank you
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Main subsystems/components — cartoon
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Gun and collector \

Q Gun & Collector SY-BI
O Magnets TE-MSC gun- Gun arm solenoids
O Vacuum System TE-VSC solenoid / + H/V steerers Collector
Q BPM SY-BI o~/ -
O Support and shielding T o DE IV
QO Powering (LV & HV)  SY-EPC — 0 |
O Ancillaries H/V Orbit -~ | H/V Orbit

Corrector oo It sV SIeEt -S1eER Corrector

Support structure
Magnet HV
\ powering powering /
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