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(D Current a few eV pbar preparation in ASACUSA



ASACUSA CUSP beam line

e+ accumulator Na22 e+ source

(Ultra-low energy p beam sourc ol o L g RS

H Detector

Sextupole Magnet

p from RFQD



3 steps of the deceleraton

A few eV antiproton is needed for

5.3 MeV

antinydrogen synthesis.

G b /é

MUSASHI Trap

(Ultra-low energy p beam source)

frory

1. RFQD

(Radio Frequency Quadrupole Decelerator)

5.3 MeV = ~ 110 keV (variable)

2. Degrader foll :
110 keV = ~ 7 keV

3. Electron cooling :
~( keV = afeweV




2 Motivations for a new decelerator



Drift tube decelerator

RFQD MUSASHI trap
I
L 4y o ——
] Hi | e
; ] __I T L[ J o
RFQD : 5.3MeV — 110 keV Foil degrader : 110 keV = ~ 7 keV

ELENA : 5.3 MeV — 100 keV

There is no need to use the RFQD after ELENA installation!

- Amount of antiprotons per unit time from ELENA is less than from AD.

- To keep or increase its amount, it is key to reduce an annihilation in the degrader, which is
equipped before MUSASHI trap and decelerating antiprotons from 110 keV to a few eV.

- A drift tube decelerator can work with no antiproton loss.

- This can be placed in the space occupied by RFQD. 7



Drift tube decelerator

100 keV (Ein) antiproton Pulsed aritt tube | ~ 5 keV (Eout)

antiproton

_.\ from ELENA |
\__." """" > —out = Ein-eUds o >

T

HV source (Un)

- 95 kV L

- Kinetic energy of antiprotons can be reduced by injecting them into a long metal
tube on high electrostatic potential.

- Its deceleration is accomplished by changing its potential to ground before
antiproton passes through the tube.



Drift tube decelerator

Lens Drift Tube (Un / 0) Lens

Ei (100 keV) s — Et (- 5 keV)
Fast SW
HV source| —
(-~ -95kV )

- Upstream and downstream lenses are needed.

There is a strong focusing field in the edge of the drift tube. Down stream
lens is also needed to inject antiprotons to MUSASHI trap with small beam
size.

- It Is Important to put focusing lenses in proper position and set proper focusing
strength.



Requirement for MUSASHI

MUSASHI trap

. .
Lens Drift Tube (Un / 0) Lens
p p _
- —) —) <> @<
.
Fast SW
HV source| —
(- -95kV )

For electron cooling, the radius of antiproton in MUSASHI should be less
than the radius of electron cloud,

r,=3.4 mm.
N. Kuroda et al., Phys .Rev. Lett. 100, 203402 (2008)
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@ Methods for designing
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Calculation software

- Electromagnetic field and trajectory calculation

- TriComp (2D FEM software, Field Precision LLC)
- Software version : 8.0
- PC : windows 8.1 pro, 64 bit

- Determination of an initial beam condition
- MAD-X : An accelerator optics calculation software. Distributed by CERN.

- ROOT : C++ package for scientific analysis. Distributed by CERN.
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Calculation flow

ELENA Design data Geometry o
 SUNNEEEERE P +-- - [TiComp
Optics calculation; Mesh making ’
| Mesh data |

| Magnetic field Electric field :

| calculation calculation :

: B—mapl E-mapl :

Initial phase-space data ‘ | Trajectory Calculation :

— e e e e e e we— w— w— w— — — e e s s s s e e we— w— w— —

Evaluation



Determination of an initial beam dataset

Injection + After the ELENA installation,
ot | + ASACUSA will take two
dedicated beam lines,
P L NEO5 and LNEOB.

ATRAP 2

LNR
ASACUSA1 | LNEOS5S

CUSP group will use LNEOS.

LNE 50 ALPHA
- ASACUSA 2 Detall configuration data
(Optics setting, simulation codes, etc..)
Q Special eleme)r(wt Q Fast switch + Bends are ava”able fOr CERN uSers.

Injection ¢ Extraction Bends Monitors
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Determination of an initial beam dataset

(D Design data of ELENA (Layout of ELENA Transfer Lines Version 2.02)

Transfer line configuration, kinetic energy,
horizontal and vertical emittance, momentum spread

\4

@ MAD-X, beam optics calculation software distributed by CERN

Phase-space (Twiss) parameters on hand over point of LNEO5

\4

@ ROOT C++ macro. generates each particle data from twiss parameters
. Gaussian random number method is used.

Initial particle dataset
v

TrComp
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Result
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Arrangement MUSASHI Magnet (2.5 T)

: Beam pipe (GND )

O [mm]

I_I

GND V1 GND  Dirift-tube
40 60

glll
V1) |

800

(V2

DT (-95/0 kV)

; Superconducting coill

11000 : N
1500 2000

Magnetic shield

(steel)
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Magnetic field

6.000E+02

R(mm)

0.000E+00

MUSASHI trap
T T T T
! |
Magnetic shield l I
(soft iron) : |
\ :
! |
! |
| |
' |
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' |
Super-conducting coil : :
|
18 {
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Multi-ring electrode : \ |
|
' [ .,
Drift tube decelerator ! ff o /\ 1k
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| ! I I
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Energy distribution

TraJeCtory Calcula'UOn | at the center of MUSASHI -

sof- oo 5002
. . - AMS 9851
The number of antiprotons is 1000. 70
= 45 oF 10:98.1|eV
40

40 Tube -95 kV Tube:0 kV

20
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10
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This configuration meets requirements for ASACUSA. 19




(5 Comparison with a degrader

20



—~NA beam

Simulation of a degrader foil for E

s the drift tube decelerator really the better choice for ASACUSA?
How much good is the degrader foil designed for ELENA beam?

Simulation code : TRIM (TRansport of lon in Matter)

- A Monte-Carlo simulation package for ion transport in matter.

- Frequently used for a design of degrader foils.

- Barkas effect is not considered.

Configurations of current degrader foil (110 keV to ~5 keV)

- Two layered biaxially oriented PET (H : 36.36%, C : 45.45 %, O : 18.18%)

2x90 ug/cm” (Total thickness: 1.2 um)
- Roughness : ~ 10 %
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Assumptions

- The material of a degrader for simulation

PET (H : 36.36%, C : 45.45 %, O : 18.18%)

(The same material as used for current degrader foil. Metal will be also OK\)

- Roughness

Gauss distribution, (10 : 10 % of the degrader thickness)

- MUSASHI (Malmberg trap for antiporoton)

< 12 keV of the axisal kinetic energy can be trapped

- Initial beam positon, angle distribution

Same condition used for the drift tubbe trajectory calculations
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—nergy spread after degrader foll

Kinetic energy z Kinetic energy z-part < 12 keV, #:10000
dis
- T - .
‘&:"o;‘lsn 1.12333 68004—
Thickness 6600 |—
6400|—
6200}—
5000 10000 15000 20000 25000 30000 35000 40000 45000 Igg(:% 6000 ___
Kinetic energy z N
dis -
e Entnes - a7y | 5800 .
E Mecan 8337 .
wof AMS 5524 B
ssm . s l s s s l s s s l 1 4 s l 1 s s l s L L l s s s l 1 1 s l 1 s
I 9000 9200 9400 9600 9800 10000 10200 10400
ThICkﬂ eSS thickness [A]

0.96 um Maximum
Thickness : 0.96 um, Efficiency : 67.5 %

~ Cut : kinetic energy (< 12 keV)
' ' i ~ " not including the axial length and radial size limitation 23




Axial length cut

Not all the particles are trapped even if their energy is less than 12keV,
because the length of the trap region is finite.

| Reflection voltage
foll supporter 192 KV

—_— Multi-ring electrode !

t:O B ' R 0P R F R B 7 N

> . §F 5 " _¥F F ©rrrrrrTr r 1=
300 mm

—

< > < >

199 mm 310 mm
Z=0

Trappable region: 199 mMm<z < 819 mm (199 + 310 x 2)
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(x 2 considering the reflection by downstream potential well.)



Axial length cut

ZI b : Simple estimation of the axial spread

2K,

m

z(t)=z(0)+

[

Trappable K, : Axial kinetic energy after the foil
region Obtained from Trim resullt

Z(0) : Initial position
Gauss distribution was generated
(40, 300 ns, ~ 300 mm)

m . (Anti-)Proton mass

Counted the number of particles of < 12 keV, inside

C : ' the trappable region in each time, each thickness.
t=0 t1 to -+ 1n
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Axial length cut

b

Trappable

For each thickness

AM
AM

region

Mean x 9.271e-07
Mean y

Sy

0.6 08 1.2 1.4 8 -
19 mm<z<819mm. Kz < 12 keV [ US ]
# I‘6(2()0
# of particle inside
the region
2000 the best
‘ 0.2 04 0.6 08 1 1.2 1.4 1.6 18 2 [ US ]

the maximum numlber of particle can be trapped.
Then compared with different thickness.

the trap timing is optimized so that
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Axial length cut

Difference between with and without axial cut

Kinetic energy z-part < 12 keV, 199 mm <z <819 mm, #:10000 (Ncut - N)/N , #:10000

e =
6200 _— 0.06)— \\\ N cut N
- : \\
P~ - » ———q\ N
6000}— 0.08f— \\
5800} — " T
: —0.12; \
5600(— - N\
- ' AL 2 PP B R B BT PP B R
- 9000 9200 9400 9600 9800 10000 10200 10400
5400 — thickness [A]
: N : number of particle after the degrader
i N_,.: number of particle with axial length cut
5200 o o o & . . . 1. . 1. . | | | |

9000 9200 9400 9600 9800 10000 10200 mig,?:ggsw The thicker foil causes the wider axial length.

MaxXimum  Thickness : 0.96 um, Efficiency : 62.5 %

Cut : Kinetic energy (< 12 keV), axial length

not including the radial size limitation 2!



Axial length with drift tulbbe deceleration

Simple estimation of the axial spread

Super-conducting coll

Multi-ring electrode

Drift tube decelerator

MUSASHI

> >

2108

310

(much longer distance than the degrader’s)

Axial length was estimated by the same way.




Axial length with drift tulbbe deceleration

Energy spread after
deceleration by drift tulbe

pos 2018 mm <z <2638 mm , Kz<12 keV
g tn.'m;w o00| ¥00r rﬂ.n:an‘]:m L I
o ol 5 | s vste o 10001
705._ RMS‘-‘ £.825¢-07 )( : [—\
60 E'_ RS y 85‘835{ 800 :‘—
S0} "
: 25 600 |-
40F ‘ i
g =~ 20( B
302— s i
22, I
10;'— 50 : } \J
4oa‘;z'oaaa'oa;émza“&oa'éoas.:oas'éoas;éoz[)‘eﬁoo s s s s 0 I B e mm el
10:98.1 eV . .
Efficiency : 100 %
Cut : Kinetic energy (< 12 keV), axial length, (Radial size was ~ 1.0 mm (20).)
The Drift tube decelerator seems the better choice than the degrader foil | 2




Deceleration at bad beam condition

30



Bad emittance

Increasing of the beam emittance will affect the beam size of antiproton beam.

50 50 50

3
£

3
E

[(mm]

= 45 MUSASHI = 45 MUSASHI = 45 MUSASHI
Eelena X 4

EELENA X 2 o EELENA X 3 .

35 35 35

4

o
o

30 30 30
25 25 25
20
15

10

1000 2000 3000 4000 5000 % 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
z [mm z [mm] z [(mm)]

45 MUSASHI

w € X 5
o ELENA All antiprotons reached to MUSASHI by €ELENA x 3.

(The maximum emittance is limited by the size of the tube.)

Beam size after the tube gets large as emittance increases.
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Sad energy spread

Increased energy spread affects the lens focussing.

MUSASHI

3000

4000

MUSASHI

3000

4000

T i
£ £

- FX 3 MUSASHI Y 4 MUSASHI
35 35
30 30
5] 25
20 20

0 :
000 0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000

5
z [mm) Z [mm) z (mm]

(The drift space after the decelerator is 500 mm.)

All antiprotons reached to MUSASHI by == x 4.

Beam size after the tube gets large as energy spread
Increases.

5000 32
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Both of beam emittance and beam energy spread were increased

—5
E 50
E

35
30
25
20

15

X 2

X 3

‘:ZSELENA X 2

Bad energy spread 2

50

“ESELENA X 3

40

r [men)

35

AE AE
?X 2 MUSASHI FX 3 MUSASHI

20 A

1000 2000 3000 4000 5000 1000 2000 3000 4000 5000
z [mm) [mm)

All antiprotons were reached to MUSASHI trap and inside the

radius of the electron cloud, 3.4 mm.

997/1000 antiprotons were reached to MUSASHI trap and inside the

radius of the electron cloud, 3.4 mm.

The discussed configuration can work even if the emittance

and energy spread get worse by a factor of 3.
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Conclusion

1. Design of the drift tube decelerator for ASACUSA CUSP group
was conducted by using a FEM software. Aimost all antiproton
expected to be decelerated from 100 keV to 5 keV with no
antiproton losses.

2. Simulation of the deceleration by a degrader foil was conducted
by using a Monte-Carlo simulation software.

3. Effects of the increased beam emittance and beam energy
spread were studied. The discussed configuration can work even
if the emittance and energy spread get worse by a factor of 3.
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Thank you.
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