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Purpose of the CSR

main research field: molecular ion physics
goal: all molecular ions to have in the same v=0, J=0 quantum state

p after production
v=4 in the ion source T<10K
v=3 after some
second T=300 K quantum state of all stored
v=2 : j=5 molecules after 10-1000s
storage time ]
v=1 R storage time: v=0, J=0
: — } —— J=4
v=0 =3
vibration quantum state =2
. J=1
rotational quantum state v=0 v=0, J=0

Boltzmann distribution of the
rotational quantum states

to get all molecular ions in the same molecular quantum state (v=0, J=0) the molecular ions
have to be stored at T<10 K
— a new Cryogenic Storage Ring (CSR) at MPIK Heidelberg

in opposite to other storage rings it is an electrostatic storage ring



Overview of the CSR
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| RF/ injection
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circumference: 35.12m

beam energy: (20-300)-q keV
temperature:  10-300 K
residual gas densities:

(atT=10K): <100 molecules/cm?

with electron cooling
m/q range: 1-160
(at E/Q=300 kV)
lowest rigidity: p*, H at E/Q=20 kV
Bp=0.02 Tm



Electrostatic beam optics Elements

4-fold symmetric storage ring
all CSR corner sections identical

8 pairs of quadrupoles (x10 kV, & =100mm)
8 6°- electrostatic deflector (£30 kV, g=120mm)
8 39°-electrostatic deflector (30 kV, g=60mm)

39° deflector

8 vertical electrostatic deflectors 6° deflector

39° cylindrical deflector
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Electrostatic Quadrupole of the CSR
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Cryostat of the CSR

& isolation
: vacuum chamber

1solation vacuum
ca. 10" mbar

at cryogenic conditions
n<100 molecules/cm?
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CSR main injector

CSR main injector: ion source on a high voltage platform: 300 kV

+ 60 kV platform with
positive and negative
10n sources

+300 kV

Quadrupol-Duplett

Deflector with hole 7=



Single Turn injection
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The diagnosis section

Most of the diagnosis elements are located at the diagnosis section

injection

position pickup B, horizontal and vertical

~4

current pick-up

Schottky pick-up

diagnosis
section

position pick-up A
horizontal and ve



The current and Schottky pick-up

current pick-up

used to determine the absolute
injected 1on number

Schottky pick-up

used to measure revolution
frequency and momentum spread

ua BT 8 current

e - ick-u
N = Nl P P
. . tube:

| 4 L=3.0cm
IR\ ~ $=10cm

& Schottky
- pick-up

tube:
L=34 cm
¢ =10 cm
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Current pick-up

-used to measure the absolute number of the injected ion number (pulsed beam)

i 6 : .
sensitivity 10° singly charged ions measured current signal of

~an “0Ar" ions (E 60 keV)
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T,- revolution time
1 Cv3U(t 0 . .
= —II (t)dt = 0 I X( ) dt pulse length At is set up with an chopper
qa°s a© =5 A located in the transfer line to the CSR
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Schottky noise spectrum

Schottky
pick-up Time development of the Schottky noise
spectrum (60 keV Co, ions)
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Lifetime Measurements of a stored Co, beam
with Schottky noise analysis
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Beam Position Monitor (BPM)

U,

CSR has 6 horizontal and tube divided in , ,
6 vertical position pick ups (BPM) two parts diagonal slit
injection
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Calculated CSR lattice of the standard mode

-most experiments at the CSR are carried out with the standard mode
Standard mode of the CSR with super-periodicity 4

Horizontal and vertical betatron Calculated dispersion function of
functions B, and B3, of the CSR the standard mode

standard mode (Q,,Q, =2.6)

6° 39° 6]

Q1] 11Q1], - [ Iy 1
| | | ||| II I I |I| || I | IH“ | CSR Test calculation
1402 H . “IQQIH . . . . . . ” . . ” 2 Win32 version 8.51/15 01/02/19 11.27.07
2 D
ﬁ12-"1/5x == T =1 [~ Z 20 — — F
E a1
. 107 184 |
O 1
o 8 1.6 -
5 ]
= B- 1.4 -
9 J
E 4- 1.2 -
8 ]
24, 1.0 1
\ 0.8 . . . . : ;
0 0 B 5 ' 1'0 ' 1'5 : 2'0 : 2'5 : 3'0 : 35 0.0 10. 15. 20. 25. 30. 35. 40.
l Longitudinal position s (m) s (m)

small horizontal beam size in the deflectors
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Mass measurements in an electrostatic storage ring

The revolution frequency f depends on the ion mass m and injection energy E

(non relativistic case):
slip factor

Af 1 A(m/Q) +® A(E/Q) EZ%m-V(s)2 +Q-d(s)

10n energy

f 2 mQ) 2 EQ

in opposite to magnetic storage rings there is an

n=1-2-a, = factor 2 in the n— o -relation
n- slip factor o, -momentum compaction factor
D, (s)
n= AL/t o - AC/C st p(s)
Ap/p " Ap/p C

Ap/p — momentum deviation of injected ion beam

For mass measurements the storage ring has to be operated in an isochronous mode
with:

n=1-2-a =0
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Isochronous mode for ion mass measurements

CSR with 4 Quadrupolcfamzlzes
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Typically slip factor used at the mass measurements

n =-0.00468182

Measurement of the slip factor determined with 3Cu- ions (E=250 keV)

249.00| B=7 A Ad
i, e
248 95|  f,- revolution frequency L 0
_ Pl o = AC/C oL,- momentum
é 248.90 L " Ap/p compaction
o A/ £ 1
48 85 1. =0.9976 n=2 g =1L
. o, = 0.5023 Ap/p Yo
248.80 n=-0.004682 ,
#* n - slip factor
248.75[ Yo — Ve Parameter
0.9995 1.0000 1.0005 1.0010
scal < scaling factor of

all potentials ¢
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Stability of the measured revolution frequency

If = ~ () injected pulse length can be keep for seconds
Ap/p

= easily to detect the stored ion beam my measuring the coherent spectrum.

19

15 hours R frequency stability measured
] over 15 hours:

Af/f=1 Hz/271175.5 Hz =3.6 10
frequency is caused by the stability of
the deflector power supplies. A change
of all ring potential ¢ is changing

the revolution frequency by:
A?f =a, AT;bWith a, =0.5

Auretage wequancy = 2711758 [KHR) This means we get for the 15 hours
stability AU/U of the deflector

0.75 1

0.50 A

0.25 -

0.00 A

—0.25 A

—0.50 -

Measured — average frequency (Hz)

0 200 400 600 800

Tl power supplies (with DAC):
ripple period T, ~ 100 minutes AU _ L3.6-10‘6 _7.10"¢
Assumption: air condition of the power supplies U

1s causing this period
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Mass measurements at the CSR

Reference beam: C,
=24.000548 u
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Mass spectrum of 1sobars with A=17

v

amplifier

tube: ¢=10 cm,
current PU: L=3 cm
Schottky PU: L=34 cm

spectrum-analyzer

I Spectrum
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CSR achromatic mode for electron cooling

4 quadrupole families

CSR, Matrix Call

Win32 version 8.51/15 30/04/20 11.12.55

CSR, Matrix Call

% ./.

Win32 version 8.51/15 30/04/20 11.12.55

1/ ~ A .
L ) // L

\Y

20 2.1 22 23 24 25 26 2.7 28 29 3.0

Q,

SHHH
CSR, Matrix Call

Win32 version 8.51/15 30/04720 11.12.55
/u? 4.0 . . : y :

7 35
A 50l
2.5
2.0+
1.5 ECOOL
1.0 -
0.5 l
0050 5 1o 15 20 25 0 35 4

0.
s (m)
Stability range of electron cooling

8E A 4FE
—_ 6280 x,0 fb < X() < 6280
D e"n, AH,O D e"n,

0.

X,-horizontal displacement of the ion
beam in the electron cooler

To suppress dispersive heating effects
D, —0 m (ECOOQOL section)

experiments:
attained dispersion D, in the cooler
D,=-0.03-0.03 m
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The CSR electron cooler
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Magnets of the CSR electron cooler

toroid magnet

steering copper coil pairs located
inside aluminum body for
toroidal drift compensation

iron shield

high temperature superconductor

cooling solenoid
High-temperature superconductor
attached onto cooled copper strips
distributes =60 A currents to the
magnets
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CSR electron cooling

horizontal electron cooling
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Dissociative Recombination in the cryogenic storage ring

schema
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Science

Quantum-state-selective electron recombination studies suggest enhanced abundance of
primordial HeH *
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Merged beam experiments
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