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Cryogenic Current Comparator at CRYRING@ESR F'\lR I= 5= 1L

Liquefier
(mechanically
decoupled)

2020/9: Installation at CRYRING

Detector chamber
= suspensions

Operation between 2020/11 and 2021/05

Bellows to
. connect beamline

Tested measurement range
5 nA - 20 UA (DC - 100 kHz)

«d Alignment Plate
=&\ with damping mat

a
/L‘ -

2=250 mm

¥ Heavy support
(sand filled)

Separate Support
Turbo + Pre-Pump

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de 2/8



Motivation — Beam instrumentation at CRYRING@ESR

ESR : T e 8

injection
Experiment

section

RFQ  IPM 4 o

Extraction
SCR th:l.;:ﬂm ccc beam line
# * I dipole BCT SR
9 pm guadrupole o
- CT B sextupole < +FC
" Vo & detector 1PM f
F) BPI )
SER% Injection ° @ Exciter  EXtraction
septum YRO1 U septum —*
SCRe o SCRA+FC
&
Fc%ﬂ £
o S Extr. kll:ker\
= Inj_ kicker ey
Electron Acceleration , ey

pooler
i 4 45m ,

A. Reiter: Beam instrumentation at CRYRING
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FAR m=1x

Gap in absolute non-destructive intensity
diagnostics below 1 pA

DC beam
absolute: Parametric Current Transformer (PCT)
> 5 uA
relative: lonization Profile Monitor
(IPM count rate)
AC beam

absolute: Integrating Current Transformer (ICT)

relative: BPM & integrator, IPM count rate,
CryRadio



Motivation F'\lR == 1

Non-interceptive Slow extraction (e.g. CBM)
E';’-, Absolute calibration Stored coasting beam (e.g. CRYRING)
g Independent of
@
> Energy
©
< lon species Beam Current Transformer

Beam structure (AC/DC beams) —

Thermal noise of load resistor (Uyrr = /4 kgT R Af)

— n
c
GOAL -% Barkhausen noise of magnetic core material
E Magnetostriction
1pA = 1nA 3

External magnetic fields
expand operating limit L

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de



Motivation

Non-interceptive

7)) . .
% Absolute calibration
g Independent of

©

> Energy

o

< lon species

Beam structure (AC/DC beams)

GOAL

1pA = 1nA

expand operating limit

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de

FAR m=1x

Proton Linac
UNILAC & // SIS18

CR NuSTAR

% Cryogenic Current Comparator
(planned)



History — CCC detectors F'\lR iI= 5= 1L

|.K. Harvey:
CCC principle
(1972)

Antiproton
Accumulator, _
Fermilab = AD CERN (2015)
(1985) GSI (1996) TARN II, Japan (1998)

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de



History — CCC detectors F'\lR iI= 5= 1L

Meanders SC shield Pickup inductor SQUID cartridge

! $ 2” CERN (2015)
8 i Y ad 2185 mm
CRYRING/FAIR (2020)

GSI (1996) 2250 mm
2150 mm Inner diameters

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de



Metrological CCC (1972)

O

/N1

y

2

Superconducting tube
w / SQUID
s

Cryogenic Current Comparator - Schematic

I =1, - I

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de

FAR m=1x

I.K. Harvey:

A precise low temperature dc ratio
transformer, 1972

doi: 10.1063/1.1685508

DC-SQUID magnetometer
(Superconducting Quantum Interference Device)



FAR m=1x

Metrological CCC (1972)

Magnetic shield I.K. Harvey:
CDI A precise low temperature dc ratio
transformer, 1972

I = Ia = Ical /‘\ I doi: 10.1063/1.1685508

y

-

Superconducting tube

DC-SQUID magnetometer
& / S Q UID (Superconducting Quantum Interference Device)
p
L

Cryogenic Current Comparator - Schematic

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de



Motivation & operating principle

D,

N\

y

.

Superconducting tube
L

Cryogenic Current Comparator - Schematic

I =1, - I

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de

FAR m=1x

Superconducting shield Coupling to
‘ l l l |.‘| -
- Reference
g current

/A
@ lbean

Bbeam

K. Grohmann:

Field attenuation as the
underlying principle of cryo
current comparators, 1976



Challenge - Perturbations

MAGNETIC FIELDS

Static (Earth): ~50 pT

Dynamic (Ramped dipole): ~10 uT

much bigger than
Field of 100 nAion beam: ~150 fT
(10 cm distance)
field attenuation

85db

Simulation of field attenuation with
Comsol Multiphysics® (F. Kurian)

TEMPERATURE/PRESSURE

Drift of 73.7 nA/mbar

33.5 nA/mK

: : . 40

12004, CCC Output (nA) 164
= Pressure variation (mbar) — 135

10004 " Temperature variation (mK) g % Eﬁ 144

-

- % Epte0

£ 800 - 5 1
po : B 10125

£ ; K 8,1
& 600+ & =8 120

£ £ 2 1
o y 28 15

£ 400 - % a [

o w5 a4
. H0

200 o s 3,

Tu,
."“-h—-d-— °
0 01
T T T T y .

13.40:40  13:41:00  13:4120 134140  13.4200  13:4220

Time (hh:mm:ss)
Current offset due to

pressure and
temperature variation.

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de

mK)

Temperature Variation (|

Current noise density (A, /YHz)

FAR m=1x

ACOUSTIC/VIBRATIONS

100n <

10”—:

-
=}
ul

/0@ /?2/ O/S@

10p 5

| 7N
100pE f7'

{——CRY-P

\
b-acCCC-xD

1|=—— CRY-Nb-rCCC-xD

1p f
10m 100m

1 10 1(|)0
Frequency [Hz]

T
1K 10k 100k

Current noise density of background measurement

in the lab.



Operating principle — Superconducting shield F'\lR I= 5= 1L

IFLL Electronics| [Calibration Current]

SC Magnetic Shield '\
4

igh-p Ring Core

- Feedback/ Coil | -
Matching Transformer | o
\ (a)

Particle Beam o 160 . , ; . . .

/

~
Calibration wireloop
SC Pickup Coil

w i BN
120F o o --4--130

n RIS *
100-*

80 F

@i2K

60 F
40F

20F

Attenuation Factor (dB)

0 1 1 1 I 1 1
70 80 90 100 110 120 130 140 150

R, (mm)

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de



Development of CCC detector
Alternative design F'\lR iI= 5= Il

Classic R
(radial layers) b
" ‘4‘ M*m uﬂ | \ |
il

Current noise density (A, /VHz)

/= CRY-Pb-acCCC-xD
CRY-Nb-rCCC-xD s

1p T T T T T
10m 100m 1 10 100 1k 10k 100k

Frequency [Hz]
+ much higher shielding factor (>150 dB)
+ easy and cheap to build and prototype
+ eliminates (noisy) core
- still slighly higher noise figures

Coreless

(axial layers)

SQUID

300
SQUID amplifier

PVC foam

RF filters

Glass fiber
support tube

ipht ()

LEIBNIZ-INSTITUT fiir
PHOTONISCHE TECHNOLOGIEN

to SQUID
David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de



Operating principle — flux concentrator F'\lR I= 5= 1L

FLL Electronics| |Calibration Current]
'SC Magnetic Shield ‘

|

igh-p Ring Core

a b

N

N TFeedback/Coil |
Matching Transformer

Particle Beam .“" | - a Vitrovac 6025F
] A - b Vitroperm 500F

£ 4 | -+ ¢ Nanoperm M033
| | ™10 - d Nanoperm M074
~___ | b
Calibration wireloop| | 6x10%+ :

‘ SC Pickup Coil

@42K

10! 102 10° 10* 10°
Frequency (Hz)

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de



Development of CCC detector
Alternative design F'\lR iI= 5= Il

100n 4 ‘
—_— ~ ]
I
: <, [ty
Classic — <& =
(radial layers) S ‘
I D 1n 4 | ot
3 i W‘ ] v\‘.
- : L
'S 100~ : il
< 1 ! 1
—a 5 ] W ww
§ 10p _; ‘%"“:&M " y n‘ 'L...L
{[—— CRY-Pb-acCCC-xD
CRY-Nb-rCCC-xD e
Coreless 1p . a ; | .
10m 100m 1 10 100 1k 10k 100k

(axial layers)
Frequency [Hz]

+ much higher shielding factor (>150 dB)
+ easy and cheap to build and prototype
+ eliminates (noisy) core

- still slighly higher noise figures

SQUID

300
SQUID amplifier

PVC foam

RF filters

Glass fiber
support tube

ipht ()

LEIBNIZ-INSTITUT fiir
PHOTONISCHE TECHNOLOGIEN

to SQUID
David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de



Operating principle — Pick-up F'\lR I= 5= 1L

IFLL Electronics| [Calibration Current]

SC Magnetic Shield \\
igh-n Ring Core \ /
-
- “Feedback Coil I“l
B Matching Transformer “
\
Particle Beam | |
|
E\alibration wireloop ;J (B) & (C)
SC Pickup Coil " l
@ik || (B) High-p ring core (inside)

| 4

(C) Pick-up caoil

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de



Operating principle — Flux transformer

IFLL Electronics| [Calibration Current]

'SC Magnetic Shield

RN RinzlCore @ ’

N “Feedback Coil
_B Matching Transformer

Particle Beam

S

~
Calibration wireloop
SC Pickup Coil

@4.2K |

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de

FAR m=1x

Matching transformer
Magnetic field

1uH —m 10 nH sensor (SQUID)

— y AD,
'é >< LsQ
# T L) T ey

Feedback Caill

(signal)
L ... inductance
AD ... magnetic flux variation



magnitude (dB)

Operating principle — Flux transformer

Transfer function

15 +

10 +

| direct
-10- || —— balanced
enhanced

100m 1 10 100 1k 10k
frequency (Hz)

100k

™

FAR m=1x

Matching transformer
Magnetic field

1uH —m 10 nH sensor (SQUID)

Feedback Caill

(signal)
|5 ... beam current
L ... inductances

.~ 0.16 A/s (@ 200 kHz bandwidth) ADg, ... magnetic flux variation

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de



Operating principle - SQUID F'\lR I= 5= 1L

(Superconducting QUantum Interference Device)

IFLL Electronics| [Calibration Current]

'SC Magnetic Shield

RN RinzlCore @ ’

\ '.
N “Feedback/Coil | VSQU|D
_B Matching Transfor er ‘
Particle Beam "‘
‘ ~
Calibration wireloop
‘ SC Pickup Coil
" @42K _
’ Josephson Junctions
(sc-nc-sc interface) lp s

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de



Operating principle - SQUID F'\lR I= 5= 1L

(Superconducting QUantum Interference Device)

1 1,=9.694 yA

0,04 4 Vp =22-42 HV S "

0.02- 92 NA/D,
E | .7 y -, V | b
2 0,00 SQUID
S . :
g .
(D 4

-0,02 \_/

0,04 Raw data

Averaged
0000 s0om oo soon  100n JOSephson Junctions

16 [A] (sc-nc-sc interface) b s
no linear relationship

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de



Operating principle - SQUID F'\lR I= 5= 1L

Flux Locked Loop (FLL) linearization

select setpoint

I, = 9.694 pA

0,04 4 Vp=2242V ~ Vamp =
A

- 92 nA/®), (Pre-Ampliﬁel; Integrator}
E / fGBP \loul
= 0,00
3 M;
w

-0,02

I¢
s il
0,044 Raw data
Averaged
-100,0n -SOT,On OfO SOT.On 10(;_0n .
5 1) ... feedback resistor

... feedback coil inductance

no linear relationship

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de



Operating principle - SQUID F‘“R I= 5= 1L

Flux Locked Loop (FLL) linearization
%'

s, Vmp— |
0.7 3664.0 + 36 “Pre—Ampliﬁer‘r Integratorj
1 2564.8 +25 e Vou

M,

10 256.5 +25
100 25.65 +0.25 I

Gain-bandwidth-product (fggp): 0.23 — 7.2 GHz _
R; ... feedback resistor

M; ... feedback coil inductance

Stable feedback loop with slew rates below ~0.5 uA/ns
(with 10 kHz filter)

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de



Operating principle - calibration

IFLL Electronics| [Calibration Current]
'SC Magnetic Shield |

RN RinzlCore @ ’

N\

N “Feedback Coil
Matching Transformer

Particle Beam

~
Calibration wireloop
SC Pickup Coil

@42K

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de

current (nA)

FAR m=1x

1.65 nA calibration pulse, 1 kHz low pass filter

—— CCC-XD balanced
1.65 nA input pulse

balanced

) K I b T * I ¥ 1
200 400 600 800 1000
time (us)



Operating principle - calibration F-“R I= 5= 1L

1.65 nA calibration pulse, 1 kHz low pass filter

Magnetically shielded laboratory for CCC testing.
* I

2.0 -
187 FWAN
1.6—_ I W

1.4 1 Y —— CCC-XD balanced
1.2 1.65 nA input pulse
1.0
0.8
0.6
0.4
0.2

0 s . Al'{l\ o e, N
o RVl W\/ ,\
-04+4— balanced

-0.6

current (nA)

v I v 1 ¥ I v I ¥ I
0 200 400 600 800 1000
time (us)

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de



Operating principle - calibration

FAR m=1x

21.2 nA (1 kHz) calibration pulse,
bandwidth of 200 kHz

TEK36 - 28. Nov 2020

25

.

15

Current [nA]

10

Input: 21.2 nA of calibration current (1 kHz square wave)

—— CCC signal
Calibration current

W

w

T
0,000

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de

T
0,001

T T T
0,002 0,003
Time [s]



Current noise spectral density - laboratory

100n 5
10n \ Perturbations

—
>

(S

100p4 M A

e
‘y“ul‘J

Current noise density (A /VHz)

10p 8N
{l—— CRY-Pb-acCCC-xD]

J—— CRY-Nb-rCCCxD | White F SOUD

1p R | R | R | L |
10m  100m 1 10 100
Frequency [HZz]

Measured in a clean lab environment

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de

White noise (SQUID,
thermal noise)
(0 - 10 kHz)

Acoustic, mechanical
(0.1-100 Hz)

Temperature drift
(<0.1 Hz)

Liquefier / Dipole

FAR m=1x

2

(beam tube)

1-2

0.5

25/25



Data Acquisition

IFLL Electronics| [Calibration Current]

SC Magnetic Shield %/ '
igh-n Ring Core @ |
@z
. \\ \FeedbﬁCoﬂ
_ B Matching Transformer \
Particle Beam

~
Calibration wireloop
SC Pickup Coil

@4.2K

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de

FAR m=1x

Intensity signal
(analog, 100 kHz bandwidth)

SQUID . o Lassie
(+10V) U-f converter

—> Fixed measurement range

Experiments

— Offline baseline correction & filtering

In preparation (components ready)
SQUID

(+10V) ADC — FESAclass

(linux server)

—> Selectable measurement ranges
=— Online baseline correction & filtering



FAR m=1x

Cryogenic support system

Design, production & installation

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de



FAR ==mx

15 |/day
evaporation

Challenge - Closed cryogenic system

Specifications of cryostat

Materials:  Al, 316(Ti), 304, OFC,
Ti6Al4V suspension, ceramic

Dimensions: 850 x 850 x 1200 mm (~1.1t)

Properties: UHV-beamline (bakeable),
vibration damping, large
maintenance windows

19 |/day liquefier

(CRYOMECH)

Cryogenics: Helium bath (80 1), gas cooled _—
shield, stand-alone-system design

: e CCC detector
Cryogenic polyimide
insulator gap

s , Insulator gaps
Damping bellow connecting ~ CF125 UHV beam tube Ceramic/polyimide

liquefier through cryostat ILK Dresden z
David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de



Cryogenic system
Excellent vacuum and mechanical properties
— = Detailed temperature monitoring

Good mechanical decoupling from liquefier

Excessive helium loss in stand-alone

operation (operating time of 1 week)
High flow resistance in exhaust line
Loss of gas through leaking safety valve

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de

Temperature [K]

FAR m=1x

120—_ T5

—T6
—T7
—T8
—T9
—T10

115 A

110

L Y e i U (P (s oy

100+

Time [min]

solved by a damping nozzle at the liquefier



FAR m=1x

1AS0- 20244, MYER101875 FriNov 27 193337 2020

Lassie - Spill
2 Wd e LI -lR e

YRO7DS3H1

R

T
1.71E5

E

CCC - Beam intensity monitor
D* beam, Dec 7, 2020 (#53, 18:57)

———
Beam current [nA] §

120,0n 4
- 80,0n P
600n—‘ /J// \\
— curren onitor -] ||
| B ||
\/
I -20,0n CCC (dipole corrected)
Operation at CRYRING CCC, 4000 pts mean
7 T : :
Time [s]

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de



From lab to accelerator F'\lR === 1

Dynamic range of sensor cut in halve (RF

b interference, sensor deterioration?)
0021 92 nA/d Maximum SQUID modulation in AMP mode (100 mV ->
60mV -> 30 mV)
| o Lab (GSI) (Raw data)
0,044 Raw data " | ——Lab (GSI) (Averaged)
' Averaged o CRYRING (Raw data)
-100,0n -50'.0n 070 50T0n 10(;.0n FEECRYRING | Averaged)
15 1A) =*®
§0‘06 / 3
SQUID closer to normal-conducting state (pre-stressed) o] /
lpias Of Maximum SQUID modulation (10 uA -> 5 uA -> 3 uA) o e

T T T T T 1
0,0 2,0u 4,0p 6,0u 8,0u 10,0p 12,0

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de



Current noise spectral density - CRYRING

10n—;
€ il White noise (SQUID,
< ; thermal noise)
(O] g o
2 (0 - 10 kHz)
':—;1 ] Acoustic, mechanical
< o] (0.1-100 Hz)
= : :
x : Temperature drift
p (<0.1 Hz)
] Liquefier / Dipole
100f o TorrTY rorTTT R | o T ""'iil
1 10 100 1000 10000 100000 1000000

Frequenz [HZ]

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de

FAR m=1x

0.05

0.5

25/0

2
(beam tube)

1-2

0.5

25/ 25



Drift and noise figure

CCC - Beam intensity monitor
Pb-beam, March 4, 2021 (#74)

—— CCC (Rf 100k, 7.2 GBP)

30n 4

20n +

-10n
Typical drift: <40 pA/s

CCC signal [A]

-20n

-30n
-40n
lems (10 kHz BW, max resolution): < 3 nA
-50n T T T T T T T T T T T T T 1
0 5 10 15 20 25 30 35

Time [s]

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de

liquefier switched off

White noise (SQUID,
thermal noise)
(0 - 10 kHz)

Acoustic, mechanical
(0.1-100 Hz)

Temperature drift
(<0.1 Hz)

Liquefier / Dipole

FAR m=1x

0.05

0.5

25/0

2
(beam tube)

1-2

0.5

25/ 25



Perturbations - Filters

— CCC

—— CCC (corrected with bandblock filter (1 - 3 Hz))
604 = CCC (corrected, running average)

Calibration current

1]

LA
I '

-20 -

Current [nA]

0 2 4 6 8 10
Time [s]

Helium liquefier

fixed frequency (1.4 Hz):
use bandblock filter

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de

CCC signal [A]

FAR m=1x

CCC signal (raw)

50n 49— CCC signal (running average)
{=— CCC signal (corrected running average)
40n — Dipole strength

Time [s]

Correction

30,0n 4

25,0n o

20,0n

15,0n

10,0n 4

Dipole ramp

deterministic:
subtracted using
averaged background
measurement

correction function

ion

Time [s]



Application — Weak currents

Limited by external perturbations (liquefier, dipole)

40n

CCC signal (dipole corrected)

-20n

ki

Dipole corrected (Rf 23.1k, 1.04 GBP (-))
1.4 - 4.4 Hz Bandblock
4000 Pkt. AAv smooth

r l'

A

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de

T
4

Time [s]

T
6

Beam current [A]

FAR m=1x

improve filters

30n

—— CCC (filtered)
|=—— Smoothed

20n o

10n

T T T T T T T T T
1 2 3 4 5 6 7 8 9
Time [s]



Application — High currents

Limited by ADC

High slew rates at injection
loss of signal lock

Beam current [A]

Threshold around 200 nA of D*

Add low pass filter to reduce slew rate

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de

FAR m=1x

1o,ou-
0,0-
-5,0p —— PCT calibrated
1 — Rf 1k, 0.38 GBP (-)
> 4 & 8 10

Time [s]



Modification — low pass filter

Create low pass with internal
calibration loop

original cut-off

~ 0

N N

® -10 A\

5

o — R=

2 - R=0.5/ 10F .

o ——R=05 \

S —— R=2.0/ 10uF \

2 7 —R=20 ,\

g ———R=0.35/10pF

< 41 |——R=035 r

-50 V V

100 1k 10k

100k My
Frequency (Hz) HI JENA

HELMHOLTZ

Helmholtz-Institut Jena

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de

FAR m=1x

R1=1.94 Ohm
Frequency cut-off moved (200 kHz to 10 kHz)

1 L1 L2 e _|€1 R2
80p © o 80p (o BOH—{WH 30 o
SINE(O 1 10k)
Al
% K-1L1 :2 L6 I.?O.-998 h ;coct 1;0 100 5-000k K2 I.-4l.5-0.99
c I= \ J | J a
g 2 ! | 2
= (@4
QS } ) . )
M © Pickup coil Shield | LR-filter n
Matching
Transformer



Modification — low pass filter

Create low pass with internal
calibration loop

80p ; ;
— —— R=0.5/10pF
N 70p — R=0.5
= \\ —— R=2.0/.10uF
\g 60p — R=2.0
< —— R=0.35/10pF
2 50 R=0.35
£ p \
c
% 40p ~
(]
2
2 30p 4%
5 \
£ 20
5 )
10p —- -
original noise level
0 T T
10 100 1k 10k 100k
Frequency (Hz) H I J E NA
HELMHOLTZ

Helmholtz-Institut Jena

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de

FAR m=1x

1 L1 L2 e _|€1 R2
80p © o 80p (o BOH—{WH 30
SINE(O 1 10k)
Al
% K-1L1 :2 L6 I.?O.-998 h ;coct 1;0 100 5-000k K2 :4l.5-0.99
c I= \ J | J a
g 2 ! Y 2
= (@4
QS } ) . )
M © Pickup coil Shield | LR-filter n
Matching
Transformer

R1=1.94 Ohm
Thermal noise level increased (about 10 x)



Beam current [nA]

Highlights - Beam time @ CRYRING F'\lR I= 5= 1L

, | Beam current| CCC - Beam intensity monitor
100.0 4 ) 2891 _peam, Apr 29, 2021 (#10, 11:44)
] ] IPM (hor)
0,0 —fwmy _ N
] CCC - Beam intensity monitor 20,01 7 ’1 IPM (hor), 100 pts smoothed
2Ne*'.beam, May B, 2021 (#8, 19:12) PCT
-100,0 4 300,0n ‘ ' ' _ —— PCT, 100 pts, smoothed
] ] ECC ‘Rff“’.‘}',GBPJ ; GHz) __ . —— CCC (Rf2.14k, GBP 7.2GHz)
n T=9. —
-200,0 4 250,0n xp:l:lml;blmi“ pr ew:e)m‘m :S_‘- 15,00 i CCC baseline correction via exponential fit
1 4 5 IPM & PCT calibrated with CCC data
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-400,0 - . . . < 1T N stored beam O 10,04~ Yo+
4 < ] \ peam, £ -
| firsttums inthe ring " 15000 beam lifetime measurement I
5000 measured with CCC @ ] 2 absolute calibration of
] 3 100,0n 4 5,00 ] IPM with CCC data
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Time [s] i F | ]
0,04 V“ g f 0.0 'WM’\U
T T T T T T
Commissioning P | , | | | 0.0 100 200 300 400
non-destructive measurement 0 > 10 19 2 » Time [s]
up to ~100 kHz bandwidth . . imes] . .
Experiments with Instrument calibration
we ak beamS increase absolute

accuracy of existing diagnostics
absolute intensity

resolution of a few nA
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High currents - Comparison of intensity monitors

20,04

Beam current [A]

o
o
-

-5,04

CCC - Beam intensity monitor
Pb-beam, March 6, 2021 (#142, 17:06)

IPM (hor)

15,04 4

IPM (vertical)
PCT

—— IPM (hor), 100 pts mean
—— IPM (vertical), 100 pts mean
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10,04 -

Wi g
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Time [s]

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de
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8,0u

6,01

4.0u

FAR m=1x

CCC - Beam intensity monitor
Pb-beam, March 6, 2021 (#142, 17:06)
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Beam current [A]

CRYRING - Pb’8* (intensity monitoring)

CCC - Beam intensity monitor
Pb-beam, March 4, 2021

6,04 Rf2.14k, 0.23 GBP (12:22)
Rf 2.14k, 0.23 GBP (12:25)
5,00 Rf 2.14k, 0.23 GBP (12:08)
Rf 2.14k, 0.23 GBP (12:20)
4,0u
3,0p
2,0u 4 CCC - Beam intensity monitor
E Pb-beam, March 4, 2021
Intensity before ESR (4 to 1) rebunching 14.0p
1,007 ' Rf 0.7k, 0.23 GEP (19:40)
12,04 Rf 0.7k, 0.23 GBP (19:41)
0,0 S
T T T T E‘ 1OIDIJ ]
0 5 10 15 20 E 8,00 -
Time [s] %
p 6,00
i
m 4,007 Intensity with ESR (4 to 1) rebunching
2,0p
0,0 T
-2,0p T T T T T
0 5 10 15 20 25

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de

Time [s]

Beam current [A]

-1,0u

8,0p —
7,0p —
6,0p —
5,0p
4,0p
3,0p —
2,0 —
1,0 —

0,04

| Example of

FAR m=1x

CCC - Beam intensity monitor
Pb-beam, March 4, 2021

CCCESRPb
100 pts mean

Intensity at dump at:
intensity measurement 5762 +- 5 nA +- >1% syst

| (preliminary) ‘

data from 19:57

Baseline: 15.4 +- 0.5 nA +- >1% syst

4 6 8 10 12
Time [s]



FAR m=1x

Development of
CCC detector

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de



Development of CCC detector F'\lR iI= 5= 1L

I, = 9.694 A
0,044 Vo =22.42pv

0,024 \92 nA/d, /‘\ /
Increase slew rate \/ \/

Raw data
Averaged

SQUID [V]

increase to 80 pA/D,,

T T 1
-100,0n -50,0n 0,0 50,0n 100,0n
15" A

Decrease influence of noise

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de



Development of CCC detector — slew rate increase

Two (cascade-)SQUID system

lin1 Lin 1

) <

Mbp é I—l c2 R2
Ibeam § Lin 2
\;E_._ R1
Mbt
Lt, Ct Feedback 1
sQ 2
(Vo Feedback 2
O

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de

SQ1 s
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SQ2 ,

(U]
reference

(80 uA/phi0)

0,35 4
0‘30;
0.25;
O‘ZD;
0‘15-
0‘10;
0,05

0,00

1sauiD1

1 pickup loop 1.7 uF, R

FAR m=1x

Transfer functions

——R=0.25
—R=0.5
—R=1.0

meander damping 1.7 yF, 0.150hm

0,20

0,05 4

] sauipz

pickup loop 1.7 pF, R

T T T
100k ™ 10M
Frequency

—R=0.25

meander damping 1.7 pF, 0.150hm

T T T - —r T
100k ™ 10M

Frequency



Development of CCC detector
Challenges - Perturbations F'\lR iI= 5= Il

Filter
Mechanical vibrations
Thermal and pressure effects

10

External fields 5-
<
=%

Multiple ring core CCC (Dual-CCC) ‘a:'; 0l
lead foil 8

pickup coil
-5 -

- - current through the Pb-DCCC
measured current through:

-10 —— channel 1
channel 2
T T T T T T T
H I J E NA -0,1 0,0 0,1 0,2 0,3 0,4 0,5 0,6
HELMHOLTZ Time [ms]

Helmholtz-Institut Jena
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CCC - Further developments at GSI F'\lR I=== 1l

Refinement of cryogenic system
(extended cryogenic operation)

Increase signal quality
Background suppression (e.g. signal filters)
Optimize SQUID stability
(mechanical & electrical
interference, slew rate)

Advanced detector design
SQUID-cascade
Multi ring core (Dual-CCC)

Preparation for FAIR series production

David Haider (The CCC at CRYRING@ESR) — d.haider@gsi.de 47/8
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