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13 MV Tandem

o
}

3 MV
Van de
Graaf

H D neutral _ _
Molecules must be in rotational ground state

— Long storage times (1000s), p < 1012 mbar
— No thermal radiation from chamber, T <10 K
Mass independent ion storage

— Electrostatic ring

— Cryogenic Storage Ring
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CSR Mechanical Layout

Cold chamber: T < 10 K T |solation )
. vacuum chamber (1 m?)
Hydrogen pumping 390 deflector p~10'6 mbar
panels: T=2K
He gas
line
Liquid He
line

6° deflector

Quadrupole

Inner vacuum
chamber
pP<10-13 mbar

40 K shield /

Concrete mounting plate 8o K shield
block
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Beam Intensity Measurement =

As

CSR Parameters

Requirements

Type electrostatic - Lifetime measurements
Circumference 35.2m . : :
- Determination of reaction rates /
Corner deflectors 2x39°, 2x6° ]
Cross sections
Acceptance 100 mm mrad _ _ _
Mass range 1-100 amu ) PI-Cku-p Callb.l‘?.tlon
Energy range (1*ions) 20 — 300 keV - Injection efﬁC'enCy
—> Intensity range 1nA-1pA
Revolution Frequency 5 - 220 kHz — Non-destructive, absolute current
Operation temperature 2 -300 K measurement
Bakeout temperature <320°C — Beam transformer based on a
Vacuum pressure 1x10" mbar Cryogenic Current Comparator
Mat. cold chamber 316 L (CCC) with SQU'D sensor
Mat. isolation chamber Al
Thomas Sieber DIPACOQ9, Basel Wednesday, 27.05.09



Beam Intensity Measurement — -
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CSR Parameters

- Type electrostatic Boundary conditions in CSR
Circumference 35.2m
Corner deflectors 2x39°, 2x6° _
Acceptance 100 mm mrad - Electrostatic elements
Mass range 1— 100 amu - Nonmagnetic materials
Energy range (1* ions) 20 — 300 keV - Cryostat, LiHe supply
Intensity range 1nA—1pA - Low bandwidth required
Revolution Frequency 5-220 kHz
—» | Operation temperature 2-300K - Room temperature operation
—> | Bakeout temperature <320°C - High bakeout temperatures
Vacuum pressure 1x1013 mbar
—> Mat. cold chamber 316 L s Prototype for FAIR
Mat. isolation chamber Al
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SQUID-
|=|1'|2< L Dzelectronics

f

SQUID

CCC (Harvey 1972):

- Uses Meissner-effect and SQUID for I,/I, measurement
- If 1; # 1, magn. field produces compensation current

- Magnetic flux through SQUID — voltage change

For charged particle beams:

leomp = I = 1, = lyeam — O (position independent)

magnetic
shielding

toroidal
core

T

A

T rrrr-r

SQUID-
electronics

Ks,

SQUID

N

-

pick-up
coil

- SC shielding for non-azimuthal fields

- SC pickup coil with toroidal core (u, = 50000)

- Low noise, high performance DC SQUID
control electronics (FSU Jena)

Thomas Sieber DIPACO09, Basel
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Optimisation of CCC Performance =% =
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Achievements so far: 250pA/+/Hz,BW=0...50kHz at GSI (A. Peters et al. 1999) = TARN Il
40pA/+Hz,BW =0...70kHz at test setup for DESY (W. Vodel et al. 2007)

Limitations of the system: 8x10° . Vitrovac 6025F
1 o < Vitroperm 500F
_ _ _ 7x10° - - Nanoperm M033
- Mechanical vibrations _ - Nanoperm M074
- Magnetic shielding 6x10" -
- Noise from toroidal core |
- SQUID intrinsic flux noise =oex0tq T N T=42K
. e st Tl NG Test Coil N =50
- Electronics (amplifier input S
. :
noise, crosstalk etc.) g
- Slew rate / core mat. (BW) .
3x10"
Current detection limit from 2%x10* — ...T..',' —
. . 1 2 3 4 5
pickup coil: 10 10 10 10 10
s = 2r kaL frequency [Hz]
f : .
Holly (Ra’ R d b) W. Vodel, R. Geithner (FSU)
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Optimisation of CCC Performance @S
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Achievements so far: 250pA/+/Hz,BW=0...50kHz at GSI (A. Peters et al. 1999) — TARN I
40pA/+Hz,BW =0...70kHz at test setup for DESY (W. Vodel et al. 2007)

_3 _
Limitations of the system: 10 5

—— SQUID-Noise
Vitrovac 6025

——— Nanoperm M033
Nanoperm MO074

- Mechanical vibrations

- Magnetic shielding

- Noise from toroidal core

- SQUID intrinsic flux noise

- Electronics (amplifier input
noise, crosstalk etc.)

- Slew rate / core mat. (BW)

—
(=}
FS
|

1/2
S, [V/Hz'"]

10° -
Current detection limit from ]

pickup coil: 27 JkTL
= frequency [Hz]

.=
ot F (R, R,b) W. Vodel, R. Geithner (FSU)
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CCC Installation in CSR b A

magnetic
- . shielding

thermal
shield

suspension

wire 9| He inlet

Do 120x12

water
lines

beam

- Shield efficiency from tube

analytical model, coaxial and
ring cavities A ~ (r/r,)?

LiHe
container

- Diameters fixed by CSR

dimensions. Maximum length: damping
200 mm — A ~ 51010 4| » Slate
- Toroidal core mech. properties? “ '-
SQUID tank ground
- Temperature stability from electroni CS>:\
Ap: AT <50 mK
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The lonisation Profile Monitor 2t E
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detector Local increase of gas density:

- Gas inlet

- Gas curtain €¢——
- Heating filament

- Heated chamber €=—— CSR
- Laser heating

USR M. Putignano
TUPBO8

® residual \

as ion : -
& circulating beam

R=onv N, n=Lg/C,

= For | = 1uA, E = 300 keV
p =101 mbar: R = 10 Hz

= Locally higher pressure required
(=101 mbar)
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The lonisation Profile Monitor — -
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detector Local increase of gas density:

- Gas inlet <
A i - USR M. Putignano
Gas .curtz?un 4+— TUPBOS
- Heating filament
1.2 kV - Heated chamber €—— CSR

- Laser heating

® residual

\ IPM design criteria for CSR:
gas 1on

circulating beam - MCP operation at 10 K (MSL, MPI)
- Electrode voltages small (E;,)

R=onvnyN,np=Ly/C,
- Kick compensation required (20 keV)

= For | = 1uA, E = 300 keV - MCP voltage screening
p =101 mbar: R =10 Hz - Large beam dimensions
= Locally higher pressure required - Backup system
(=101 mbar) - Charge exchange dominant at 20 keV
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Local Gas Density Increase b SR
ur karnmanysik
Isolation vacuum chamber Cryogenic ion trap Neutral fragment
= e : detection via MCP
lon source - =
RTINS Beam cleaner " n| (BOYS)

0?4' = = o
OS&Gdll|mmepe [0l B HHIE A (] = B{{C]
./ =

|
& A A

LA

Beam diagnostics [

LB I-_' g

LB

Beam Profiler 2

FC MCP / Phosphor
Beam Profiler 1 Cryogenic vacuum chambers _ _ Lo
Trapping region
Lifetime at T = 2K, t =343 s, Pickups
— p = 4*10-13 mbar
: : Heating with 800 mW to
Measurement 0
- 10" }{ —— Double Exponential fit release 10% of m0n0|ayer
T —— Background fit hyd rogen
2 — 1%10-13 *1(0-11
g | I I = p =1¥10" — 1*10** mbar
= ; o for 30 days!
5 ong=343-25 % 54.0
5 i - Cycling with neighbouring
3 " i chambers
5 =
2 10° 1 Next steps:
= —=n (V) p - more heating cycles
: , . . . to investigate cleaning
0 100 200 300 400 500 ; ; ;
Time after injection {2} - install test IPM in pickup chamber
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- “Self compensating” with backup system

- Field homogeneity E, / E, (70 x 100 mm): < 2 %

- Maximum deviation at U = £ 600 V: AXy, = 50 um

- Parallel displacement for 20 keV (p): Ay =1 mm, o = 0.5°
— Closed orbit distortion: +x = 0.5 mm, zy = 1.1 mm

shunt plates

IPM x1 IPM X2

MCP _ screening grid

CSR 'I'Ir"”h [} M
""H’I.?z version 8.5]/}5 ]&US 9 13.43. 12
0.00;25 ¥ T ¥ T 3 '/0 r

OI der 000100 * 7

0.00075 -
0.00050 1 f
0.00025 |\

0.0 |
-0.00025 { |
-0.00050 -
-0.00075 -
-0.00100
-0.00125

LRTRRRRRERAY

x (m), y (m)

0.0 5 10. 15. 20. 25. 30. 35 40.
z(m)
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Scintillators not sensitive _ Alumll:rrlg;g
enough for 20 keV, nA beams end
MCP
= “Beam Profiler” developed for Phosphor &
REX ISOLDE: 102 pps — A Screen

L]

PC with framegrabber

CCD camera

Example
10 pA He™
10 keV,
& 15 mm
= .‘ oy (e et
| R L
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Experimental Setup

-27kV +2.8kV

K. U. Kithnel (MPI)

410 = . + MCP
i * E e = EDR-MCP
————— e e |nd0w§_ . _ Q, -
Inside chamber |MCP 1 ;(zf)uggdmsrlrl:ca. ¥ 100 [ : 3 g LEO % -
[hi“l 1 / 5 it i! g & 1,E+00 - M .
~15cmyts g S B .
A —» g ., g ' 1E+08 - e
- ~6 cm \Q i:i~3cm = .- Ay /BwsCum:nt a -
+—p : u - . Jdo. 1,E+07 T T T T T T 1
a-source m i H L] . ot 0 50 100 150 200 250 300 350
HE /'
| Temperature (K
Silicon diode I Temperature \_ ’ 400 - P )
Phosphor l 10 ofs 1"5 o s .ZIS- .......... 3; ...... - 0.01
_______ — . Time (days) 350 ~
*
—@1 7000 . T T T T — 30 300 - *&0_0_“—'_‘_0_,7‘
=L d28 * o S
— [ . __-_‘
6000 26 @ 250
Measurements: Alpha source 1# g
- Bias current /  so00 12 5 20
MCP resistance N N 1, O 150
2. 4000 2
- MCP count rate s s ot o 6 2 100 -
- E [ ¢ . J1a 8
(Pulse shape) g0r ‘e . ;’_ 2 0 |
Materlal: 2000 . 8 0 T T T T T T 1
. Dark t 1s 0 50 100 150 200 250 300 350
MCP: Burle APD 9040PS - wckoourts 1® Temporatine (°K)
40 mm, EDR 180:1/120:1 1,
Phosphor: P24 0 5 w10 w0 = o S.Rosén (Univ. Stockholm)
Temperature (K}
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- Beam transformer will use existing CCC technology + electronics

from FSU Jena. Mechanical and cryogenic design for CSR exists (— FAIR)
Toroidal core from NANOPERM®, SC shield performance under investigation

- IPM could be twin version combined with heating of cold chamber.
20 keV lower limit for reasonable operation (charge exchange, CO dist.).

Vacuum measurements performed with the prototype ion trap,
More heating tests when experimental runs are over — test IPM

- Beam Profiler: MCP / phosphor screen system tested in CSR prototype
beamline

- First corner of CSR will be built up in the fall of 2009

Thomas Sieber DIPACOQ9, Basel Wednesday, 27.05.09
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Thank you for your attention !
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DESIREE, CSR

MSL Stockholm MPI Heidelberg
E ./Q = 300 keV

E_.J/Q=25/100 keV
Co=2X9m Cp=35m
Injection PPU PPU+Quartz BTF Kicker Injection Neutral
] E Beam (+Laser)

— Molecules

[Quartz/
Detectors] | Reaction Microscope

Multi Purpose 39° Deflectors

FLSR, PPU-+Ouartz Diagn. Chambers
IAP Frankfurt - ' PPU
Emax/Q - 50 kev Crossed Beams/ Diagnostics IPM
CO =15m 471 Experiment Section SQUID CCC
l[ *:3] | oXe) :_Hll 1 o0 "'[[J]Cf) I]] ey - PPU+Quartz
l v e IR - = e [ Quadrupoles | Electron Cooler/
'W / Experiment T \ 1 i
iy i et 6° Deflector Target
Iy g P T st T e =
_GI g 5890 mm |€P_
= | g
Y | Experiment 2 o ye [ / [Detectors]
] TP =, =S S =iy
§ pXo) il [oXo T (==} I eXe] l (o34
- - - - - Scraper (¢ / lons)  RF-Gap
Wednesday, 27.05.09
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PARTICLE ENERGY (kev)
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Measured performance of the CCC

- System bandwidth: dc...70 kHz

- System sensitivity: 167 nA/ @,

- Flux noise (in the white noise region): 8 x 10-5 &,/ VHz
- Corresponding current noise: 13 pA /VHz

But:

The current resolution of the final system will decrease by
about one order of magnitude due to the additional noise
contribution of the VITROVAC core of the pickup coil.

W. Vodel, FSU Jena
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DC SQUID - DC SQUID
pickup matching  UJ 111 DoooooCt de bias CONTROL 5
cail transfarmer  (FSU Jema) | (FSU Jena)

r—-———-—-—-— - — — — =

| F7

| J |

| ntegrator
OGO feedback [ ]

| .

| caupling

|| Dok

| supply

| 300K |

Achievements so far: 250pA/+/Hz,BW=0...50kHz at GSI (A. Peters et al. 1999) = TARN I
40pA/+Hz,BW =0...70kHz at test setup for DESY (W. Vodel et al. 2007)
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CSR Vacuum Concept -

Gesellschadt

- separate vacuum systems for UHV and
insulation vacuum, He-lines outside the

-
Corner pumps |
(turbopump & ‘

cold chamber («—cryo leaks) _on getter pump) i"jTon
- differential pumping and baffles in the \\‘8/{-- ------- Emenam 2
corners 74 X
Q?- {_(_:V;-alves :\a "..’O

- bakeout to high temperatures (>300°C, NEG [~ ‘-:
activation) pumping by turbo and ion pumps T e gt !

| TS |
- large ratio of pumping surfaces / outgassing i \':Cma : d::ri:;de:E:out | i
surfaces : — — |

i » “a !
- bakeable cryo-pumps for most gasses ; -
(H,—>NEG) =. |
- T<30K H, cryo absorption up to two . T A ,"\P
monolayers, reduced outgassing rate é ;\ /4 b
T < 2K, Po(H,) < 10 mbar, cryo - &= (==

condensation of the Hydrogen

_‘
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CSR Cryo System =

=

Box

A Y A4
Gas LHe Gas ales,
1. 2K Operation
2. Cooldown
Connection 3. Shields on/off

4. Shields return

1 2K He
I_ _XD 12 He Gas + Pumping
4.5K He
ngi(ng 3}{ 4 - 40/ 80K He Gas
Diagnostics CCC
—
Reaction CSR Electron
Microscope Target
T Experimental
Injection t oction
Thomas Sieber DIPACOQ9, Basel Wednesday, 27.05.09
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Prototype Temperature Distribution Y-
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Temperature [K]

T T T T r :
0 500 1000 1500

Position (mm)
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Electrostatic storage ring

E‘ﬂ’tﬁ’ée of thethree existing el ectrostatic storage rings: deflector
quadrupole 111.Le_(:tor beam 0= 0.25m

—Ha B —
deflector g:3cm
E__=20-Q keV
= Hl—

cvlindrical deflector
electrode voltage U,

Electrica field Ep IN the deflector

on the central orbit 2-E, ptgl2
U,.= In—
_2-E/Q E - Energy of theions Q p
E Q Charge of theions

forp>>g _EQ

- radius of the centra e~ Qp
orbit in the deflector

Independent of theion mass and charge !!!
molecules with masses up to

Thomas Sieber DIPACO09, Basel
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Lattice parameter standard mode ==

S CSR 07.05.05

30 Wfij’i versilc)n 8.5I]/15 | | 09/05/05 09.45.52
2.9 \ \m% W /N1 —=27| quadrupole settings:

Q, 281 | A Q,: k=558 U/m?
274 S 4.19 KV (E/Q=300 kV
26 1 o ] %& — ( Q_ )
25 VA S| Q, k=-7.04 U/m?
24| SO AR & -5.28 kV (E/Q=300 kV)

1 — NI -

2.3 - )\ / Kilf
2.2 - — NN 1= / \ QX =2.59 Qy = 2.60
> // ;:ﬁ / | B=1244mB, L, =6.12m

2'020 2.1 22 23 24 25 26 2.7 2.8 2.9 3.0 Dx,max: 208 m
Q.
AC/C .
o —parameter: o = Ap/p 0=0.32373 C-length of the closed orbit
N-parameter: n—Af A = i—oc n=0.6734 (y=1)
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[3 function and envelopes =y
w@DSY infinity calculation
horizontal beam envelope MAD calculation

O, Horizontal and vertical (3 function
“SHHIH S HIH S HIH - HH
- hid i hed 14 ﬂc;i};ZO i;;?i;-ﬂi 8.51/15 | 09/05/05 09.45.52
N N N d Enll|

vertical beam envelope

o _ N
y (] Mm 1] | 0.0 S 10. 15.  20. 25. 30. 35 40
L _ s [m]
= calculation for
o | I 4 L £,=100 mm-mrad  &,=100 mm-mrad
€ (2:0,)° (Z'Gy)2
A e R e R o R _\e'0x) e =

' Px ’ B,

5 cm

<
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ELISA

Aarhus
Tokyo
Metropolitan KEK Tsukuba
University
Emax/Q: 20 kV, Coz 8m
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