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Outline

Classification of intensity/current measurement
devices

Beam destructive/scattering monitors:
= Stopping the Beam, e.g. Faraday cups

* |nteraction of the beam with matter, e.g. ionization
chambers

Non-destructive current monitors = current
transformers (ac, dc)

Conclusion and Acknowledgements
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Introduction

the ratU re . https://indico.cern.ch/event/683638/contributions/2801669/attachments/1563566/2540684/juas _script.pdf
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and Diagnostics
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January - March 2018

See: http://cas.web.cern.ch/cas/CAS%20Welcome/Previous%20Schools.htm
— Beam Diagnostics from U. Raich, CERN in CAS, Small Accelerators, 2005
— CERN Accelerator School on Beam Diagnostics, 2008, Talk of J.-C. Denard

. and much more sources as e.g. www.jacow.org!
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Introduction

Beam diagnostic devices are necessary as “the eyes of the
operator” to the accelerator for:

» Observation and Logging
» Measuring feedback on parameter setting/tuning

» Searching for errors in the machine, e.g. a
temperature drift effect, a short in a coll, etc.

The different beam diagnostics systems can be classified in
three groups:

|. Non-destructive diagnostic systems that will work online
during experiments and in all other cases.

ll. Destructive measurement devices that will be used for the
daily checks of the machine and the beam stability, and in
addition for machine tuning and solving simpler machine
problems.

lll. Special devices that will be necessary during the
comm|SS|on|ng and in case of serious machine problems.
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Beam Intensity/Current Measurement

Definitions:

= The Intensity is the power transferred per unit area, where the area is
measured on the plane perpendicular to the direction of propagation of
the energy.

= An electric current is a flow of electric charge (in accelerators mostly
electrons, protons and ions).

The beam intensity/current is the basic quantity of the beam:
= |tis the first check of the accelerator functionality.
* |t has to be determined in an absolute manner.

= |tis important for transmission measurement and to prevent for beam
losses.
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Beam Intensity/Current Measurement

Different devices are used:

» Faraday cups (beam is stopped):

» Measurement of the beam’s electrical charges.
= They are destructive.

= For “low” energies only.

= Low currents can be determined.

» Particle detectors (beam is scattered):
» Measurement of the particle’s energy loss in matter.
= Examples are scintillators, ionization chambers, secondary e— emission
monitors, ...
= Used for low currents at high energies e.g. for slow extraction.

» Transformers (beam is not disturbed):
» Measurement of the beam’s magnetic field.
» They are non-destructive and can measure ac- and dc-beams
= No dependence on beam energy.
= They have (normally) a limited detection threshold (~ pA).
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Faraday Cups

17 l
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Faraday Cups for Beam Charge Measurement

The beam particles are collected inside a metal cup

= The beam'’s charge is recorded as a function of time. The cup is moved in
the beam pass 2>

: 7 ke
negative HV north Yo : Al
apertlzre J_ south permanent magnet destructive device!
1 [/U—converter
-~ 50mm | \
be&.. ; B e —trajectory ( (
u
[ ' f vacuuin

T E e_—elmission cond\ = 4ir
Currents down to 10 pA with bandwidth of 100 Hz!

Magnetic field:
To prevent for secondary electrons leaving the cup

And / Or

Electric field:
Potential barrier at the cup entrance

HIT |
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Realizations of Faraday Cups

The Faraday Cup is moved
Into the beam pipe using an
alr-pressured actuator.

Example
— vacuum chamber — from HIT —
beam [ e uncooled
o
™ [ FC for the
— t)ut_ MEBT
section
flange CTWTT 1
movem ent] § féiﬁtfltiﬂmgh
bellow

‘ 1 I ] /D CAS Beam Instrumentation, Tuusula, Finland, 10t June 2018 9
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Realizations of Faraday Cups

Example measurements with T
Faraday cups shown on the
previous slide (HIT): g
Carbon beam (22C#*) with 8 keV/u -
from an ECR ion source after the
chopper directly in front of the
RFQ TR
— 2t aa b il

Carbon beam (*2C*%*) with 7 MeV/u
after the Linac (RFQ and IH-DTL)
and the foil stripper

24.05.2018 22:01:43
[18244543 /0] O

HIT/l\
/
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Realizations of Faraday Cups

High Power Version _ Flange with
needed e.g. for beams reughs
from ECR lon Sources

(up to 20 mA overall
DC current possible) at
low energies (keV/u)
- very small
penetration depth of
only some ten nm!

Cover

Dipole
Magnet
System

_ Stopping
" Electrodes

Cooling
. . . < h
Material with very high 25w <
melting point needed,  hannels
e.g. Tungsten or g os.c N
Tantalum with cone iy Suppressor
Shape Copper Block

HIT |
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Realizations of Faraday Cups

Photo of a used
Faraday cup at
the HIT LEBT,
mounted closely
behind the ECR
lon sources,
showing the
funnel-shaped
geometry

- Obvious
Influences of
heating and
sputtering can be
seen.

‘ 1 , ] /l CAS Beam Instrumentation, Tuusula, Finland, 10t June 2018 12
Heidelberger lonenstrahl-Therapiez 1\ /



A “non-interceptive” Faraday Cup

A Chopper faraday Cup (CFC) was
designed and is presently in use on the
CNAO machine. It measures the chopped
beam, namely the beam (8keV/u energy)
deviated by the Chopper deflector

(installed at the end of the LEBT line)

towards the vacuum chamber wall.

RL2

BEAM Rl <
= ll total

HIT |
Heidelberger lonensteahiTherapiez TumU
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HV P§

O1-008B-SLA
01-008D-BWS
O1-008F-FCA

A\. SOURCE 1

- - J €
02-020B-BWS 02-008B-SLA

0O2-008D-BWS
O2-008F-FCA
390

01-023B-SLA
01-023D-BWS
01-023F-FCA

02-023B-SLA
02-023D-BWS
02-023F-FCA

SOURCE 2

L1-006B-BWS

181 4
L1-017B-SLA
390 5
L1-022D-BWS
& | L1-022F-FCA

L2-012A-CFC

L2-014B-BWS
L2-014C-PIA
L2-014D-FCA

L2-006B-BWS L2-016A-GCT

J
/ REQ-LINAC

CNAO Low Energy Beam Transfer
(LEBT) line

CAS Beam Instrumentation, Tuusula, Finland, 10t June 2018 13



A “non-interceptive” Faraday Cup

a0 Tr L
x

= FOC [

1 GCT [P

1_32;01;‘:'200313 13?01?};200313 13?02?0;200313 13?02?3;200313 13%02?3200313 132;02?9;300313 132;03?2;200313 132;03?51200313 132;03?3200313 13%04?3200313 132;'b4?5;'5220513
Current intensity vs. acquisition time for
carbon ion beam: comparison of CFC

| Measuring and AC Current Transformer (at the
N ek Body entrance of the Linac) performances.

Rings [By courtesy of CNAO]
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Faraday Cups for High Energy Beams

2 2.2 2
dE Z VA 2m.C
Bethe Bloch formula:- 5= = 42N srmec? - 2t py - S8 | In M€V A _ g2
dx A p |
Emax dE - E 100 F™ L L A B AL B AL A
Range: R = j = dE = | |
0 dx 10

with approx. scaling Rac E . 17

- Faraday Cups for ion beams

dE/dx per nucleon [eV

0.1 . .
1000 ;m:{ ] HHt— i
— E - E
only for 100 | -
: < )
Eyin < 100 MeV/uwithR<10 mm! &
For higher energies more material S oo1 |

IS necessary (mechanics!), but

0.001 &

_ Material: Copper
nuclear reactions and fragments 0.0001 BT Tl i vl v il
must be taken into account! 0.01 0.1 1 10 100 1000 10000
— energy per nucleon [MeV/u]
HI7T
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Faraday Cups for High Energy Beams

The stopping of electrons
in matter differs from
protons and ions = here
the sum of the two
relevant processes of
collisional loss dE/dx
(modified Bethe-Bloch
formula for electrons) and
radiation loss dE/dX,q
have to be added.

E IIII| T IIIIIII| T IIIIII|| ||||| T IIIIIII| T T TTTT§g

o _ i

~ L electrons in copper / -

" 100 E — - 5
: total loss

S "‘\ — - — - collision loss (Bethe/Bloch

g 10 L NL — - radiation loss _

\E\ \\(Bremsstrahlung,) 2 :

> So o e eme ==

;‘U 1 L T S e ]

= -

v /

T I /

E 0.1 ¢ / E

T i 7/

w0 ~

g ETITN, . . I st R R RTIT| B SRR ATt B SRR T B R RREiT

— 0.001 0.01 0.1 1 10 100 1000 10000

electron energy E __ [MeV]

In addition: Electrons have much larger lateral straggling than ions and also
the longitudinal straggling is larger resulting in a wider range distribution, thus
Faraday cups for stopping electrons are seldom used at electron accelerators.

Heidelberger lonenstrahl-Therapiezentrum \ l /
“-u\__;/
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Faraday Cups for High Energy Beams

Foxampic of o Faraday cup for 60 MeV Elecirons

* Ll
Digule-Pernrment Magnets & R .-//,’c'r A \\:\\\Q\t\
7
’ ‘ka
S ,
o
. 5

Ib ‘1]11{]{1

Limiting Aporture

__p-dnsulafion

. Muvablesnp
— Vixed suppovt | 7/

Left: A drawing of a Faraday cup used for 60 MeV electrons.
Right: The installation of a Faraday cup used as a beam dump at
ALBA, Barcelona.

‘ 1 I ] q\ CAS Beam Instrumentation, Tuusula, Finland, 10t June 2018 17

Heidelberger lonenstrahl-Therapiezentru




Particle Counters

17 L
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Particle Counters

Used for low current measurements of high-energetic particles e.g.
for slow extracted proton and ion beams from synchrotrons for atomic or
nuclear physics experiments.

Overview of the typical dynamic range of detectors:

- For an ion rate below 108 s™1, the individual particles can be counted
by scintillators.

- For the medium range from about 104 to 10° s~ the energy loss in a
gas is measured by an ionization chamber (I1C).

- For the higher range from about 108 s~' the emission of secondary
electrons from a metal surface forced by the primary ion’s energy loss
IS determined by secondary electron monitors (SEM).

‘ 1 , 7 l J CAS Beam Instrumentation, Tuusula, Finland, 10t June 2018 19
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Scintillation Counters

Plastic Scintillator i.e. organic fluorescence molecules in a plastic matrix
Advantage: easily machinable, cheap, blue wave length, fast decay time
Disadvantage: not radiation hard

Particle counting: PMT — discriminator — scaler — computer

Shield
l Seintillator

Housing o ! LED -
P _I*:.*ﬂ_ e
- Base } | PM1 Eri} _‘_\\ suide pid ;
Active Area; 75x75 mm?
Thickness: 3 mm
Scintillation material: BC400

Example from HIT (HEBT section) Measurement rate: <10° Particles/s

HIT |

: : CAS Beam Instrumentation, Tuusula, Finland, 10t June 2018 20
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Scintillation Counters

! | | | Example of

= 20 dc—transformer- tracted b
245 stored current _ exlracted beam

210 (250 MeV/u

§. 0 208pPQ67+) from
a 9t I | | GSlI’s SIS18
— 1R | 7 Heavy lon
= 100 1
= 80 - 1 Synchrotron

g 60 = showing the
— 40 ] -
E 20 - N maX|mum
— 8 r | | | - dyr_lar_nlcs.of
g L0F My, Szintillator - Scintillation
o gg 3 M‘r‘ "WW extr. current B Cpunters > for
T 04 & f’ WU“’“"W*# - higher currents the
~ ' L VL d . .
< 0.2 - / I, 1 use of lonization
700 | ' ' | = Chambers is
0.0 0.5 1.0 1.5 2.0
time [s] necessary.

IT |
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lonization Chambers
Energy loss in matter (mainly gases) - electronic stopping:

Bethe Bloch-  dE s s dm.c2y232
—— = 4a Nar_mec” - In — 3
Equation: dx I
Target: - T T
Charge & Mass (Z,, A), Density (p), 0 i) -
: ] : - \Zihler |
Ionlzatlon POtentlal (I) § 10 Bereich beschrinkter | :
PrOJeCtlle % 0 Rekombination Pmporhon:‘:il’raf : : B
effective charge (Z,)), Velocity (y, B) s wa;z opsatiorsiammer [ 4

Proportionalzahler

I
I
I
I

s 10 I —
= : '
E | |
rEu | I I
S 10 : | -
on | | !
& ! | :
z 10 l, } : -
Operati f gas detect & M 5
perating ranges o1 gas aetectors 1 N | | |
0 250 500 750 1000 1250
I /l Hochspannung U (V]

CAS Beam Instrumentation, Tuusula, Finland, 10t June 2018 22
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lonization Chambers

+HV 1 dE
loor = — A - Tpeam
I 1-"][-" dx A
gas filled volume |

—  Choice of output signal strength
e 1onl ion e bes VS. response velocity

- =] <= d
= Gas W-value [eV]
=— —=| = = H 36.4
e 1on|] 1one He 42.7
" No 36.4
— O- 32.2
metalized foil I qec Ar 26.3
-~ g 5 CH, 20.1
current measurement COy 33.0

HIT |

CAS Beam Instrumentation, Tuusula, Finland, 10t June 2018 23
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lonization Chambers

8ed - 0O5ms — 30ms —
6ed -
ded +
2ed +
0 10
t[s]

Intensity of extracted beam
from HIT synchrotron (,,spill”
with pauses)

|IC detector (upper right):
70x70 mm? active area, AXx=3 mm,
with Ar/CO, gas mixture;
air-pressured actuator with
stainless steel windows (50 um)

‘ 1 I ] q\ CAS Beam Instrumentation, Tuusula, Finland, 10t June 2018 24
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lonization Chambers

axisymmetric (beam lines)

halo
+300 V (4 segments)
beam O 80-90 mm

folded
around
bellow

Heidelberger lonenstrahl-Therapiezentrum

Y=y Tﬂ\

lonization chambers as
halo monitors around
the beam pipe for
online monitoring of
beam displacements

[By courtesy of PSI]

10000
- 19 Signal levels of
PN several monitors
g .
s o when the beam is
2 .
YA rmanuc o | Ste€red far off-axis
hale monitor (1.5 m, opposite side)
o — sersesmasnezn | Beam current: 1.4 nA
0.01 T T T .
. oa o4 06 0s , Beam energy: 230 MeV
deviation of dipole magnet current [a. u.]
CAS Beam Instrumentation, Tuusula, Finland, 10t June 2018 25



Secondary Electron Monitors (SEM)

The secondary emission current depends on the energy loss at the surface

dE/pdx, it is given by the Sternglass formula:
. =Y -dE/pdx -

with Y being the yield factor describing the amount of secondary emission

per unit of energy loss at the surface.

C C

\ -‘ ‘-- \ -_'
/ / /mctal plates
I

SCC

- P
current measurement ~— —I—

HIT/

l / CAS Beam Instrumentation, Tuusula, Finland, 10t June 2018

Left: Scheme
of a SEM
made of three
metal foils.
Right: Photo of
the SEM part
made of 3 Al
foils with thick-
ness of 100 um
used for slow
extraction
meas. at GSI
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Secondary Electron Monitors (SEM)

_ Calibration curve of a SEM
S i U 300 MeV/u * ] with 3 Al foils — the yield factor
> 107 L : value was fitted to
= - U 500 Mc\-";"uf -
8 N Xe 200 MeV/u 7§ §
. ; Xe 1095 MeV/u 4 - Y = 27.4 e~/(MeV/mg/cm?)
% 10 - . " Kr 300 MeV /G
o - Ca 500 MeV /u Kr 800 MC\"}!’U . .
- . ] for various slowly extracted
T ! . | -
: e ¥ Ne 500 Mev/u | lons from the GSI synchrotron.
Z : ; L {." _ Ne 1800 MeV/u :
0 F ] C RO MY/ : Value may depend on
o i C 750 MeV/u i .
10_19 | L1l | IIIIII | | | | | 111 Surface propertles ! e-g.

10°° 10" 10° 10" 10° material production and
specific energy loss dE/pdx [MeV/(mg/cm?)] Cleaning method.

The emission yield Y might change with irradiation, caused by modifications of the
surface. A degradation by a factor of two was measured after 1018 protons/cm? (beam
of 450 GeV at CERN SPS) - Ti-foils show a much lower sensitivity to radiation.

Iam 4 4 7_(/1\‘ 27
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Current Transformers

177

CAS Beam Instrumentation, Tuusula, Finland, 10t June 2018
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Current Measurement — Pulsed Beams

Pulsed LINACs and cyclotrons used for One distinguish between:
injection to synchrotrons with t .. 100 ps: > Mean current |-
current §  macropulse | macropulseperiod — long time average in [A]
| |xtperiod > Pulse current | ) <.
bunch curr. Ty, — during the macro pulse in [A]

» Bunch current Vsprmel
— during the bunch in [C/bunch]

mean cur. I mean or [particleslbunch]

» Remark: ECR ion sources:
time — no bunch structure / DC

Example:

Pulse and
bunch
structure at
GSI LINAC

HIT |
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Magnetic field of the beam and the ideal transformer

» Beam current of N charges with velocity .
N N -
| — ge- —qge- Ac- magnetic field B
beam = i ge- S |

at radius r:

> Cylindrical symmetry — only azimuthal component Bl
E Ibeam . vl
* 2 f

(Example: 1 pA, r =10cm = 2 pT)

Idea: Beam as primary winding and sense by secondary winding
— Loaded current transformer

11/15= N5/N1 2 lgoe = N - lpeam

» Inductance of a torus (r)f H: Torus to guide the magnetic field
L= £k N2 jpnJout
27 f

Ibeam

» Goal of Torus: Large inductance L -

Vout
and guiding of field lines. >

Definition: U = L - dl/dt

HIT |
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Passive Transformer / Fast Current Transformer (FCT)

Simplified electrical circuit of a passively loaded transformer:

L simplified equivalent circuit

beam Ry 5 A
x "
L L Cs| R U(t)
c —— R I-source __
=: S represents
Z—# N windings 1 ‘
N Lheanlt) A
yCAm

torus inductance L — — ground

Avoltage is measured: U=R - |... =R /N - l,cam S * I eam
with S sensitivity [V/A], equivalent to transfer function or transfer impedance Z.

Equivalent circuit is used for analysis of sensitivity and bandwidth

(disregarding the loss resistivity R,)

‘ 1 , ] /l CAS Beam Instrumentation, Tuusula, Finland, 10t June 2018 31
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Passive Transformer: Rise and Droop Time

Time domain description: c
Droop time: tdroop: 1/3f,,,,= L/R N Bandwidth
Rise time: t,;,. = 1/3f;;,, = 1/RCg (ideal without cables) ¢ 1 -;

. . ; f..=R/IL f,;,=1/RCq
Rise time: t . = 1/3f,y, = VL<C. (with cables) § low 'gR
R, : loss resistivity, R: for measuring. : l l
For the working region the voltage output is 0001 01 10 1000 10000C

R frequency f |MHz|
_t/z-droo
- . P,
U (t) — N € Ibeam
Tcurrent
beam bunch

primary test pulse fima time
- -

cm'rent

droop: rdmop
secondary [\ time
rise: Tgce =(Lg* CS
H‘d - gjl w{ ? Tum(l / CAS Beam Instrumentation, Tuusula, Finland, 10t June 2018 32



Passive Transformer / Fast Current Transformer (FCT)

Beam Direction

Input for
Testsignal

Input for
Testsignal

LP-Filter 1
Gauss-F

4 symmetric coils to Standard
;)nclg:?c;ﬁedzgzrr?dence Beam
Current
Monitors for
XFEL and FLASH I
— wsew (WIth split core for

5MHz
ilter

/ AV

|, ouT

VVVV

— | easler mounting)

‘ 1 I ] /D CAS Beam Instrumentation, Tuusula, Finland, 10t June 2018 33
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Passive Transformer / Fast Current Transformer (FCT)

Complete FCT setup

— B S \/  new toroid without amp

IRl S.00mves W s50.0n5 ChiJ  8.5mv

l ’ z /
A
Heidelberger lonenstrahl-Therapiezentrum \_/
o

~ Left: Measurement in the lab - achieved
< resolution of < 0.02 pC RMS
- Above: Operation in FLASH with 8 pC

. bunches, estimated resolution ~ 0.6pC

RMS (BW=20MHz, non-averaged).

CAS Beam Instrumentation, Tuusula, Finland, 10t June 2018
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“Active” Transformer with longer Droop Time

An Active Transformer or Alternating Current Transformer ACT uses a trans-

impedance amplifier (1/U converter) to a R ~0 Q load impedance i.e. a current sink
+ compensation feedback

= longer droop time t,,,

Application: measurement of longer pulses with t > 10 ps e.g. at LINACs

The input resistor is for an op-amp:

R¢
R:/A KR
beam RL
= tgroop = L/(R;/A+R|) =L/R,
T XX Droop time constant can be up to 1 s!
The feedback resistor is also used for
L

range switching.

torus inductance L

- An additional active feedback loop is used to compensate the droop.

‘ 1 , 7 l | CAS Beam Instrumentation, Tuusula, Finland, 10t June 2018 35
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“Active” Transformer Realization

Active transformer system used at GSI Torus inner radius =30 mm

Linacs and for the HIT and CNAO injectors Torus outer radius  r,=45 mm
Core thickness =25 mm
Core material Vitrovac 6025

N (CoFe)700,(M0SiB)3q
Core permeability K=10°
Number of windings 2x10 crossed

Max. sensitivity 106 V/IA

Beam current range 10 pAto 100 mA
Bandwidth 1 MHz

Droop 0.5 % for 5 ms
rms resolution 0.2 pA for full bw

System offered
by Bergoz, used
at MedAustron,
MIT and SHPIC
(Shanghai)

r— , ] / l CAS Beam Instrumentation, Tuusula, Finland, 10t June 2018 36
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“Active” Transformer Measurements

Ct Dv!rvtrw’lud Hnﬂlmm

CTA Overview Panel

__ LE-01-000-CTA

B _ L1-00-001-CTA

Beam Carrent [A]
# g

Beam Current [A]

MedAustron: ACCT overview panel during commissioning

IIT

Heidelberger lonenstrahl-Therapiezentrum \
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Current Measurement of DC beams

» The current transformer discussed above sees only B-flux changes.
» For measuring DC beams non-destructively the DC Current Transformer
(DCCT) is the solution — method: look at the magnetic saturation of two tori.

» Modulation of the primary modulation ['\’ Sl iniodulziion ]
windings forces both tori into
saturation twice per cycle. Lmod Imod
e -
» Sense windings measure the torus / Leam
——
modulation signal and cancel each beam @ N 3
other. -~
» But with the |,.,,,, the saturation is T [ e
eam sense SENse
shifted and I, IS not zero
) sensin g demodulator
> Compensatlon current | driving de—voltage |
adjustable until I_... IS zero once l .
ag ain. compensation compensation current
17 | |
HeidElbe[gmlDnEmm_Thmmmum\--” / CAS Beam Instrumentation, Tuusula, Finland, 10t June 2018 38



DCCT Function Schematics

B ‘ torus 1

sat |
modulation [’\’ 1 kHz modulation ]
T

Aty torus 1 beam add to modulating field

\ A\ LA LN LI L e
‘ time beam substract from
\ modulating field

At down sum of both fields

sensing

compensation

» Modulation without beam: typically about 1 kHz to saturation — no net flux
» Modulation with beam: saturation is reached at different times, — net flux
» Net flux: double frequency than modulation,

» Feedback: Current fed to compensation winding for larger sensitivity

» Two magnetic cores: Must be very similar.

r— , ] /l CAS Beam Instrumentation, Tuusula, Finland, 10t June 2018 39
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DCCT Realizations

Example: The DCCT at GSI synchrotron (designed 1990 at GSI):

Core radii r; = 135 mm, r, = 145mm

Core thickness 10 mm

Core material Vitrovac 6025: (CoFe)zoy(MoSiB)sgg
Core permeability fy ~ 10°

Saturation B, ~ 06T

[solating cap Al,O4

Number of windings 16 for modulation and sensing

12 for feedback
Ranges for beam current 300 pA to 1 A

Resolution 2 A

Bandwidth dc to 20 kHz

rise time 20 ps

Offset compensation +2.5 A in auto mode
< 15 pA/day in free run

temperature coeft. 1.5 pA/oC

Commercial product specification (Bergoz NPCT):

Most parameters: comparable the GSI-model

Temperature coeff. 0.5 pA/°C
Resolution several uA (b.w. dependent)

Y=y Tﬂ\
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AC/DC Beam Current Measurement

HSD Messdaten - (¥1.26, Release 1)
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Example:
Injection and
acceleration
at the HIT
facility
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DC Beam Current Measurement

e i S— | i alwy
B Strommonitor (Version 1.4.3) - e S - |.' = Lok x |

Datei Maschine(Petra) Optionen Hilfe
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He.-delbe,ge,mns"ah..m.ap.mm,umU CAS Beam Instrumentation, Tuusula, Finland, 10" June 2018 42



The CCC — a “nA dc transformer”

magnetic toroidal
shielding core

current

—r T a0 0 .
F

SQUID-
electmnicsz}

SQUID

HIT |

Non-destructive measurement
device for low intensity beams
(between 1 nA an 10 pA)

Cryogenic Current Comparator:
Precise measurement of
azimuthal magnetic field
(fT-range) using DC-SQUIDS

15

Toroid - 250 m
version for |
FAIR with
big bore
(from GSI)
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The CCC — a “nA dc transformer”

Schematic Setup
s — """ ofaCCC device

—

pee | S Including cryostat

| !!! / 1 Recipient
|
.
F

—— LHe-Container

i - Cu-Shield

|

——_ Detector,
{schematic)

— — Refrigerator
(echematic)

CCC measurement device in a GSI
beamline behind SIS18 synchrotron (in
front of a beam dump)

‘ ’ 7 /!
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Output |V
o

SQUID

SQUID—Output [V]

0.10

005 4 ‘ -
V.U
0.00
e r
0.0 0.5 0 15 2.0 2.5
time |s]

The CCC — a “nA dc transformer”

10 nA
pulse

o

— fit

curve

T T T T T T
0 10 20 30 40 50 60 70

Calibration current [nA]
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Heidelberger lonenstrahl-Therapiezentrum \_//
b

Left: CCC calibration data;

current resolution: 60 pA/NHz

Below: Slowly extracted beam,
600 MeV/u Ni%%*; upper trace:
CCC, lower trace: SEM signal
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Current (nA)

SEM |

Time (ms)
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The CCC — a “nA dc transformer”

.Ll{u-(tnntainer\\ . /
\\ lis

8QUID

Mematin Ghidd T . { f
°l WD .
g;;:miu isclating one I I-—Cryovrafrigamtar
University Lty o |
i ‘irculating Current
of Tokyo,
TARN-II £«
storage £
rng = Lifetime measurements
on stored molecules
o f—w | (HD*, 14 MeV)
I ID 2 4 & Tim?; (5:} 10 12 14 16
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The CCC —a "nAdc transformer”
Installation at CERN-AD | —s

Requirements:
- Intensity measurement alternative to Schottky
- Current resolution: 10 nA, s
intensity resolution: 5x10° pbar '
- Bandwidth DC - 1 kHz =
o0

P-T cooler

Tank 316LN

Therm. shield

He container
2 ccc

(Collaboration between CERN, FSU/HIJ/IPHT Jena, TU DA
UHV tube

and GSI since 2014) v

—— lbeam [uA]

10 4

Courtesy A.
Lees (CERN)

e

T T T T T
0 20000 40000 60000 80000 100000

—— Bfield [arb. unit]
—— Nbccca [x10°7]
= Nschottky [x10°7]

AD cycle N
measured with
Schottky PU
and CCC

o o
0 20000 40000 60000 80000 100000
35 Gevic 7.0 Gevic 300 Mevic 100 MeV/c R TO0MeV/c E Courtesy R.
Schottky vistar 738616106 538016406 446136106 443246106 a Jones, M.
Schottky plot 7.3861e+06 5.3801e+06 4.4613e+06 4.4329e+06 -1.0000e+00
BCCCA plot 8.56546 106 5.65826106 2.98096 106 170686106 443306106 Fernandes
F138% | — . +4.9% +10.4% 15.8% +100.0% e 3 . ,"’d{u (CERN)
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Conclusion and Acknowledgements

 Beam Instrumentation is the “the eyes of the operator” to
the behavior of the accelerator, thus robustness and
reliability of beam diagnostic devices is mandatory,
especially for the work horses like ac/dc beam
transformers described in this talk.

e Current measurement devices need excellent
maintenance, e.g. calibration to always guarantee
reliable measurement results within the specifications.

 Nowadays a strong link to the accelerator control system
IS a must for beam instrumentation to filter and post-work
the raw signal and to present the measurement data in
the control room, fill longtime archives for later data
evaluation, etc.
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