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4o Fundamental Questions
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Do we understand the interaction between
matter and antimatter ?

Is CPT valid ?

Is the effect of gravity equal on
matter and antimatter ?

What is the structure of antiprotonic
atoms and ions?

Do we understand the correlation between electrons
in simple systems ?

&4 UNIVERSITY OF

g LIVERPOOL C.P. Welsch, FLAIR Workshop, Heidelberg, Germany — May 2014 ‘*‘{b@%}m

N7




4>

The Cockceroft Institute

of Accelerator Science and Technology

Target

Present Situation: AD @ CERN
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42  Pproblem: 5 MeV too high for trapping !
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€ Degrading
O

Cold electron cloud
(cooled by synchrotron radiation, t=0.4s at B=3T)

€) Reflecting —

Eloctrode aaIz»/
T—\‘/_/ t=200 ns

> 99.9 % of pbars lost
In degrader.

~ 10.000 pbars/shot

ASACUSA: RFQ-D
~ 2.000.000

9 Trapping =0.1% trapped pba rS/ShOt
— 1=500 ns
Coolin .
© Cooling Cootmactomimors e ) wewsee  BUT: AE/E, ¢,
with cold electrons - Y
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4>  Magnetic «— Electrostatic
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4>  The First Electrostatic Ring
Prototype for the N/
AGS |n BrOOkhaven i|;|-i:'l—ﬂ'.GStc:er‘.Hlnt': line (ATR)

g-2 muon |
storage ring

Linac

Tandem to Tandem Van de Graaff
Booster line (TtB) = LIl
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4>  Other Electrostatic Rings
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USR: First Design in 2005
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Welsch, C.P,, et al.
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4> R — Ring Re-Desi
The Cockerof i USR - Rin g rRe-besign

ns Bunching

Steps:

» General feasibility
* 1-D simulation
= Full study

How to realize nanosecond

bunches ?

How to extract the beam ?

Debuncher Buncher \\
Reaction Mlcroscope
Focusing Quadrupole 11
Quadrupole Doublet —— :
Drift Tube RF N

Electron Cooler I

A
Iy,
Extraction Septum 1

|
Orbit Bump — ™~ I

8° Electrostatic Deflector

37° Electrostatic Deflector\

RF for High Harmonic Mode\

A.l. Papash, et al., Nucl. Instr. Meth. A 620 (2010)
G. Karamysheva et al., Part Phys. Nucl. Letters 8 (2011)
A.l. Papash, et al., Phys. Rev. STAB 16, 060101 (2013)

&4 UNIVERSITY OF

&/ LIVERPOOL

C.P. Welsch, FLAIR Workshop, Heidelberg, Germany — May 2014

“QUASAR

N\



42  Modification to USR Lattice
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= "Split-achromat” geometry, new concept

- 18.0 T T T T T r T T T T T 0.8 - T
= = Debuncher Buncher \
i- Lok - 0.7 e Reaction Microscope \
£ 144 Focusi drupol i1
= L 0.6 ocusing Quadrupole
12.6 4 Quadrupole Doublet —
10.8 - - 0.5 Drift TubeRF ——— — 1
Electron Cooler
1 - |
s 04 Extraction Septum " /
i
. B '——___’____——D
#2 - 0.3 Orbit Bump i
5.4 8° Electrostatic Deflector
- 0.2 37° Electrostatic Deflector\
3.6 4
1.8 L 0.1 RF for High Harmonic Mode\ I
0.0 4+~ ‘ ; . v r : ——————t 0.0
0.0 2 4. 0. 8. 10. 12.

s (m) v, = 2.57 vy = 1.16

= Achromatic section, D=0 in straights
= Dnever>0.6m. Proc. PAC (2009

C.P. Welsch et al., Hyp. Inter. (2014).
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4>  Staged approach
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Deceleration of beam to 20 keV

e cooling to AE/E=5-104

Capture beam @ 20 MHz (50 ns)

3BA/2 buncher / debuncher

A. Papash, C.P. Welsch, Part Phys. Nucl. Letters 3 (2009)
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4>  Evolution in Phase Space
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buncher entrance

dE/E 0.1%

debuncher
entrance

____________________________

4. dE/E=1.2%
>

drift to main RF (L=20 m.z

- » <

,debuncher

. exit main RF entrance

' >

i 23 ns

Crucial: Dispersion in straight section !

A.l. Papash, C.P. Welsch, PPNL 6 (3) (2009)
A.l. Papash, C.P. Welsch, Nucl. Instr. Meth. A 620 (2010)
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4>
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= 20, 40, 80, 160 MHz split into smaller rf buckets
= Minimize losses (overall efficiency is ~30 %)

Iter 18/00
3.999E-01 SEC

Problem:

COUNTS/BIN (100 BINS)

Inter-bunch spacing ! Use chopper.

150

100

50

0

-0.1 -0.

N = 3857
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= 3.322E-04
v = 5.215E-02 |

|

|

|

J
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05

A.l. Papash, C.P. Welsch, Nucl. Instr. Meth. A 620 (2010)

0
0 (degree)

0.05

Alternative: Higher harmonic split

e

UNIVERSITY OF

& LIVERPOOL

C.P. Welsch, FLAIR Workshop, Heidelberg, Germany — May 2014

“QUASAR

N7



42 SR - slow/fast Extraction
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Goal: Combined system, providing highly-flexible extraction

>
-

- s — a8
- A

Motivation: Nuclear physics-type experiments.

ﬂ First time in electrostatic ring !

Used: Comsol, benchmarked against OPERA results.

G. Karamysheva, A.l. Papash, C.P. Welsch, Part Phys. Nucl. Letters 8 (2011)
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The Cockceroft Institute

4>  Sextupole Integration
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Injection _ _ESD8°

W\ESD 37°
v (ESD 8°
| l
——Buncher Main RF— G
REF2 I
;__ Reaction I
- : microscope Slow/fast__ "\,
RM extraction
RF1 I
— Debuncher Il
~
%112{(1 2 RF3 8° deflector il
37° deﬂector‘
Quadrupole Focusing \

p QF 1 doublet 3 quadropole™—

G. Karamysheva, A.l. Papash, C.P. Welsch, Part Phys. Nucl. Letters 8 (2011)
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4> USR - Advanced Studies

= Full 3D ring model, detailed studies (OPERA, MAD-X)
= Explained life time, Ap/p, etc.

Aplp=0
Aplp=0.5%

10 6 10
x [mm]
Dynamic Aperture
80 nA 10nA ES| -SPH\ ‘}
) \, ke s nk * -
f"e,‘\
time [sec.] N
Ji\\’ \
0. Gorda, A.l. Papash, C.P. Welsch, Proc. IPAC (2010) Beam Loss Esocv
A.l. Papash, et al., Proc. IPAC (2011)

Tune Shift
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4>  Beam Dynamics
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r ¥ T ol T
al 140 nA (sph)
10
160 nA 20 nA
' 80 nA 10 nA
N . 40 nA

» Used ELISA for benchmarking

counts

1.0E+08 =

time [sec.]

1.0E+07 =

1.0E+06 -

g =2:\Viesd

1.0E+05

1.0E+04
o 10 20 30 40 50 [S]e]

Time, sec

A. Papash, A. Smirnov, C.P. Welsch, Phys. Rev. STAB 16, 060101 (2013)

o R YRV C.P. Welsch, FLAIR Workshop, Heidelberg, G May 2014 AN
.P.vvelscn, orksnop, meilaelpberg, Germany — via 0T
& LIVERPOOL P ¢ Y- May NP



4>  Momentum Spread
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ELISA. Magnhesium. Momentum spread. BETACOOL
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3 E-04 1 S.P.Moller. ,Intensity Limitations of the Electrostatic
Storage Ring ELISA®. Proc. of EPAC-2000. p.788-790
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4> USR — Di {
The Cockceroft Institute I a g n O S I CS -o1 Each point §Vﬂased over 20s
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Measured beam current [fAl
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J. Harasimowicz, et al.,
Hyperfine Interact. (2009)

J. Harasimowicz, et al.,
Rev. Sc. Instr. 81 (9) (2010)

J. Harasimowicz, et al.,
Phys. Rev. STAB 16 (2013)

= Position

= Profile

= Intensity

» AEQIS Setup
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42  gScreen Studies
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= Realized in close collaboration with INFN-LNS

10° 5
1 = CslTI(200 keV) L 10°
,1 ® SFOP(200keV)
. 105 » CslTI (50 keV
Bending XY slits Scintillating v SFOP ((50 kev))
magnet [I[I screen ] -10°
FC1 I II \ FC2 @ 10°4 - S
2 = - g
Pepper pot % » -10° 2
grids S 10°4 ¢ e
o - , o
qJ —
cCD = 1 . 103
camera £ 10+ . . i
- y - 10"
lon source 10° 5 t 2
] +10°
102 LR | LAY | ALY | LR | 4 """':
10" 10° 10’ 10° 10° 10*
J. Harasimowicz, et al., Rev. Sc. Instr. 81 (9) (2010) Beam current (fA)
J. Harasimowicz, et al., Phys. Rev. STAB 16 (2013)
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42  gcreens, SEM — AD installation
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Al degrader (150 um )
Si beam counter (55 um)
Alfoil (0-5um) &
Al foil (18 um)

Main apparatus (1.7 m) Six-cross chamber (27 cm)

= Alternative transverse monitor;

= Improve existing designs;

» Measurements with 200 keV proton
beams at INFN and pbars @ AEQIS

E 05
. . E
= Benchmarked simulations. g0
§ o3
2 02
A. Sosa, et al., Hyp. Inter. (2014) % ol
S. Aghiona, et al., JINST 8 P08013 (2013). § . L
1 3 4 5 & 7
Foll voltage [-kV]
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4>  Numerical Investigations with GDT
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= System optimization and trends
analysis
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M. Putignano et al., Nucl. Instr. Meth. A (2012)
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> Profile Measurement and Collision
meceetimne  Experiments: Prototype Setup

» Proof-of-principle
setup @ Cl;

» Gas jet and IPM;

» Designed for use with
low energy antiproton
beams:

- Profile Monitor

- Collision studies.

A
M. Putignano, C.P. Welsch, Nucl. Instr. Meth. A 667 (2012)
V. Tzoganis, C.P. Welsch, Apl. Phys. Letters (2014).
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4>  USR - Technical Design
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0 Al 8° cylinder
37° cylinder
yu S deflector Diagnostics
deflector ’ : :
o l Bl — /" chamber Gas jet monitor /
8° cylinder \ Reaction Microscope
deflector\ y e

Quadrupole
doublet

-
T
-
T T
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42  Conclusion

The Cockeroft Institute
of Accelerator Science and Technology

» USR ring design, incl. mechanical design, done -
TDR to be written up;

* |mproved understanding of beam dynamics and
help develop dedicated simulation tools;

= Beam instrumentation prototypes developed and
tested with beam.

Many thanks for your attention !
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