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I - Dark current Monitor for the European XFEL

European

XFEL | Dark current

Production of dark current due to field emission in accelerator

Causes radiation background in the tunnel. destroy electronics and
activate components
Decrease dark current due to kickers, chicane and collimators

Bunch Compressor

' i Collimation Section
94 £
Main Linac Beam Distribution
(] P o
a:! | ' L ] :E;v ! “ ‘,
il (57 3 ’

Beamline of the European XFEL Beam smtch@

Beam Distribution

Need non-destructive monitor to measure efficiency of
dark current reduction
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I - Dark current Monitor for the European XFEL

Principle of detecting weakly charged bunches

European

XFEL |l with resonator

i t .

U=U, 3|n(a)t)exp (_ _j Induced voltage in a resonator from a
T beam oscillates with resonance
w = 274 f_requency f and decays with decay
time .
. Q. Q,: loaded quality factor.
ﬂf Field distribution of 1.
monopole mode

Simulation view

By measuring U, the IS determined.

UO :721:\/ £ [Rjzs for monopole
q Qext Q modes

Sensitivity S can be determined by resonance frequency
f, line impedance Z=50Q, external quality factor Q,,, and
normalized shunt impedance (R/Q).

18.05.2011; DIPAC 2011, D. Lipka; MDI; DESY Hamburg



I - Dark current Monitor for the European XFEL

Setup at the Photo Injector Test Facility at DESY

European

XFEL ] Zeuthen (PITZ)

PITZ: characterize, optimize and prepare
electron source for FEL

Dark current Monitor (DaMon) situated 2.36 m
behind cathode followed by booster 0.68 m

Measurement: f{=1299.3+0.1 MHz,
Q, =193=%5, Q. ~=252+4

Expectation agree with measurement
(resonator without tuner)

Shunt impedance from simulation, results in
sensitivity of 11.83 V/nC

521

0.8
NWA measurement
result in tunnel to
detect resonator
properties
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Dark current Monitor for the European XFEL

Setup at the Photo Injector Test Facility at DESY

European

XFEL ] Zeuthen (PITZ)

Electronics

= Two inputs according
of two outputs of
DaMon:

Beam charge
Dark current
m Includes circulator,
band-pass filters,
limiter, pre-amplifier,
down conversion to

IF, logarithmic eseseseresasass
detector, offset and : '
gain control

m Four outputs

Photo: J. Lund-Nielsen
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Dark current Monitor for the European XFEL

European

XFEL | Measurement of bunch charge

2 > F
= 11— . . 5 06— .
- Signal after low-pass filter 04l Voltage amplitude
asf- on oscilloscope =
0.5 -

Electronics provides voltage amplitude
which will be re-calculated in bunch
charge and dark current

Photo: J. Lund-Nielsen
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I - Dark current Monitor for the European XFEL

European

XFEL | Measurement of bunch charge

smaller fluctuation compared to

Voltages calibrated with electronics Faraday Cup for low charges
response function, attenuation Sub-Pico-Coulomb resolution with
of cables and attenuators. DaMon visible

Still 20 dB attenuation used

DaMon 2% higher charge compared to
FC (loss of charge at FC)

%II

10¢

Good agreement between
laboratory calibration

HEH measurement including
— simulated shunt
impedance and measured
charge with FC

DaMon Charge [ pC

10

|

1“—1 L] | I L L 1 L L1 1 ] I L 1 L L 1 1 ] I
107 1 10 10°
FC Charge / pC
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Dark current Monitor for the European XFEL

European

XFEL
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Comments

® The bunch spacing at PITZ is 1 us,
decay time withouth and with
electronics measurement sufficient

® Bunch spacing for European XFEL is
222 ns, decay time is sufficient for
single bunch measurements

Measurement of bunch charge

Signal without electronics

Signal with electronics
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Dark current Monitor for the European XFEL

—— Principle of detecting dark current with
XFEL | resonator

Charge of one dark current bunch too weak to be detected: superimposing of induced fields from
the dark current bunches when resonance frequency of resonator harmonic of accelerator

| At = 1/(1.3 GHz) = 1/f

I=g/At=qg*f is mean current

Dark current bunches q:UO/S

within 2 RF oscillations S:1183 V/nC (proven Wlth
bunch charge measurement)

Expc_apcted/simuélated voltage at DaMéon Upamon IS €NVelope voltage after
5| forl=1 mAand 1000 dark currentbunches transient oscillation

UDaMon:UO*(:l-'e_n/QL)_1

05| . F

5 5 5 5 This results in
Tra}n5|ent oscélllatlon f|n|§hed after§150 ns 1=Up 0 f (1-e'“/QL) /S

0 200 400 600 800 1000
t/ns
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Dark current Monitor for the European XFEL

European
XFEL | Measurement of dark current
% | spectrum: PITZ.DIAG/FASTADC/DIAG.ADCO0/CH02 lo| = [ a [I
P|S free channel z 0.008 Without electronics
=
['\/]I > PITZ.DIAG/FASTADC/DIAG.ADCO/CHO2.TD 0.006
" 0.004
0.8+
0.6 0.002
0.4+ 1]
9:27 D.002—
_0_ -
_0.21 -0.004 —
—0.4+ 0.006 —
~0.61 -
o al -0.008
-1 KL N T B B I B I AP
B IR i D G, e T D Yo MU o0 0P 4 SN Aot s [ | 0 50 100 150 200 250 300 350 200
0. 200. 600. 1000 1400 2000, tius
Res= 1.Buf=15 -1
m ADC observed dark current, scale
: H 40 With electroni
Iogarlthmlc | electronics

B output without electronics is at
sensitivity limit of oscilloscope

B Analyzed data after electronics show
about 30 pA "

m Distribution of both measurement in 0
agreement
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Dark current Monitor for the European XFEL

European

XFEL | Measurement of dark current

| Dark current from DaMon vs. Faraday Cup measurement I

% sf
E ?ﬂi— Solenoid used such that DC was maximized +
3 =
£ % Here FC1 used.
= C
E mg_ Error bars are standard deviations,
8 af
Eﬂf— +®e(
= ¢ ¢
20— Y &
= *
“’5_. . Observation limit of FC: few pA
c'u_ I Ii‘!n Id!nl ﬁln I IE:IJI I I1'E|itll I I12|nl I I1iﬂl I I1'!|3itll I I1BIﬂI I

FC dark current / uA

m DC at DaMon 2.5 times lower compared to FC1
m DC at FC2 about 2 times lower compared to FC1
— Calculated DC at DaMon in agreement with FC

DaMon FC2 Dipole FC1
Beam
4—
direction
98 cm 58 cm
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1 Dark current Monitor for the European XFEL

European

XFEL | Measurement of dark current

.E‘ 1 L4 4 ' & : Log scale
s Measured dark currrent with E LI
DaMon as a function of injector L $
solenoid current : | *
m FC can not resolve these low '
10—
values : '
m Lowest observed dark current is I * |
IE{IH:II Iliéﬂll Iiiﬂll -Eﬁlﬂl IIEBIE.III IS-EPHII—LE.‘;H
52 i 13 nA Solenoid current 1 A
m Observation limit of DaMon .
< ~
system about 40 nA S Linear scale
F | b h th E 0.15 :_ One beam: electronics in saturation
m For very low beam charges the 3 f
dark current electronics can be & ME
used to observe the charge 005
]
-u.us
bk 51: = '1$u' = Hén' = 'zéiu' = 'zéu' = 'ﬁu' = '3éu' = 'ﬁu' ;
tius
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1 Dark current Monitor for the European XFEL

European
XFEL Principle of detecting bunch length

Complete spectrum up to 6 GHz

=  Amplitude from monopole

. E F TMO1
mode Is corrected by form 2« [\ easured with
factor 2 oF TV spectrum analyzer
§ E

=30 ;— T™M12

UOi:qSiF(a)po-z) umf— T™M21

F(a) o ) = eXp(— 0)-202 /2) auz— ' TMO3

1! Z JGauss 1 Z = TM22

60—
705 R e B

flGHz

= Ratio of amplitude for
different monopole modes
should dependent on
bunch length

m First three monopole modes
frequencies: 1.299; 3.236;
5.074 GHz

. U..
g(o,.i,j)=—2
UOj

AAAAAAAAAAA
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Dark current Monitor for the European XFEL

European

XFEL ] Principle of detecting bunch length

Form factor as a function of expected bunch length after injector

unussian distribution |

L

0.85

0.8

— 1.3 GHz

0.85 ----3.236 GHz

5.074 GHz

0.8

After compressor bunch length < 1 ps: form factor tends to be unity;
therefore this method applicable only at injector area at the
European XFEL

Best resolution by using largest frequency difference

L L7
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I - Dark current Monitor for the European XFEL

European

XFEL | Measurement of bunch length

Amplitude at different frequencies taken
with spectrum analyzer

Measurement as a function of injector
acceleration phase; highest energy gain at
phase O

®  measurement
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* measurement

2 =l
© C simulation
m:— }
ot } % } Streak camera
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. aivion ‘_. .
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&
<

Compare DaMon results (combination
TMO1 and TMO3, because best resolution)
with aerogel radiator and streak camera
method, detector positions differs by 4 m

Streak measurement differs from simulation
for phases < 0, same as it is for DaMon

Both show same behavior (maybe
simulation parameters not perfect)

Result: agreement of bunch length taken
with DaMon to the streak camera results
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Dark current Monitor for the European XFEL

European

XFEL ]| Summary

Commissioning of non-destructive Dark current Monitor at
PITZ with electronics, dynamic range about 70 dB

Single bunch charge measurement with sub-pC resolution
Dark current with 40 nA observation limit

Calibration only by laboratory measurement and cable
attenuation, agreement with FC measurement

Will be installed at European XFEL for dark current and
beam charge measurement

Bunch length measurement results in agreement with
streak camera method

Electronics design for bunch length measurement started
Thanks to the PITZ team for support!
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