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ThomX, from injection to extraction....

» We will look at what happens in ThomX from injection to extraction.

» (1) Electrons production
- This happens when the laser hits the photocathode
- However the electrons will be accelerated only if the RF is present and has
already filled the gun.

W Eectrons

PSSR SN HUNURURN IOUURUONS SRR [ FOS RN RSN SO
100 -80 -60 -40 -20 0 20 40 60 80 100
Time (A.U)

Synchronisation Nicolas Delerue- Vincent Chaumat (LAL), 11 octobre 2018 3



ThomX, from injection to extraction....

» (2) Electrons acceleration
- To be accelerated the electrons must be at the correct phase in the RF.
- Any variation in the RF phase, either in the gun or in the linac will result in
energy fluctuations.

i

i
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ThomX, from injection to extraction....

» (3) Linac diagnostics
- All the linac diagnostics must be ready to take data when the electrons
arrive.

» This also require the mains’ phase to be the same from shot to shot.
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ThomX, from injection to extraction....

» (4) Ring injection
- Once the electrons reach the end of the linac they enter the ring.
- The pulsed elements (septum, kickers,...) must fire at the good time.
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ThomX, from injection to extraction....

» (4) Ring injection
- The phase at which the electrons are injected is very important, otherwise
they won’t be captured correctly in the ring!
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ThomX, from injection to extraction....

» (4) Ring elements
BUT the ring frequency can change!!!
- The ring must have its own clock!
- The injection must occur only at a fixed phase of the ring wrt to the linac...
- This clock is also distributed to all ring diags, the FP cavity and the X-line.
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ThomX frequencies

» The ThomX gun and linac will be based on the the LEP Injector Linac (LIL)
technology and use a fixed frequency of 2998.55MHz.

» To get the maximum accelerating gradient in the gun its frequency will be fixed by the cooling
water.

» The ThomX ring will operate at the 30t harmonic of 500MHz (16.7MHz).
» The frequency of the ring will change due to environmental variations.
» Acceptable ring frequency variations are up to 1% (we expect much less)

» As a consequence, if we set the ring frequency at a sub-harmonic of the linac
frequency at a given time, this will no longer be true a few days/weeks later.

» We choose different frequencies and heterodyne operations.
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Finding the correct time to trigger injection

» Even two truly independant clocks are sometimes in phase...

» We will use a mixer to detect these coincidences

Laser freq.
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[ trigger
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Heterodyne triggering tests

» We have done several tests (also for another project) on heterodyne
triggering and written a paper at IPAC’17 (THPABQ93).

The noise is obviously better if we operate at lower frequencies.

A jitter below 2ps has been measured.
For it to work the ring must NOT be at an harmonic of 2998.55MHz.

Instead it must be at least 5kHz away from such harmonic...

vV v. v v Vv

To avoid another problems with the mains all triggering will be done with the
50Hz electrical grid potential will be OV.

v

With a frequency difference of 5kHz this leads to a trigger within 0.2ms of the
mains crossing 0V.
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Alternative to heterodyne triggering

» The MAC has requested us to consider a more conventional triggering scheme.

» This is possible very easily: we just need to put the two oscillators at
harmonic frequencies of each other.

» However this requires to change the frequency of the linac. This can be done
by adjusting the linac and gun cooling/heating temperature.

» The two schemes will be available and will have to be tested during the first
months of operations.
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ThomX, from injection to extraction....

» (4) Ring extraction
- After 20 ms the pulsed elements must fire again to extract the electrons
- In fact the pulsed element do the extraction and injection on the same HV
pulse.
- So the extraction is triggered by the following injection.
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Concretement...

Schéma ThomX synchro RAC .08 ELR-1 ELR-2 Triggerbox

ELR-1
To streak camera (125MHz)f—> ER/SY/RAC.34-PPA.01-CH2

To photoinjector Laser [~ ER/SY/RAC.08-ELR.01-SPLIT.01-CH2
ER/SY/RAC.08-ELR.01-SPLIT.01-CH3 | phase control (0-10V)

Linac RF frequency Timing TTL —

From Linac Synthe (3GHz)
>| From RAC.09 (125MHz)
To linac RF | = ER/SY/RAC.17-PPA.01-CH1 Triggerbox
To trigger box (125MHz)| >{ From Linac RF(125MHz)
- To trigger box (500MHz | From Linac RF(500MHz)
z
Linac Synthe To trigger box (3GHz) >| From Linac RF(3GHz)
e No data =31 From Photoinjector Laser (41.6MHz)
=
2 Trigger FO/N1 f———>
ER/HF/RAC.17/APLO1 [N Cmd /N1.N4 Trigger FO/N2 f[———>
Trigger FO/N3 [————>
Trigger FO/N4 >
\ 4
. 500MHz ELR-2
Ring Synthe To Rac.08 (125MHz) Al
From Ring Synthe (500MHz) 3>  3GHz
To Ring RF (500MHz) > ER/SY/RAC.13-PPA.01-CH1 —5 500MHz

To Ring RF (125MHz) |=————————> No data (pas de signal sortant)
To Tranverse FB (500MHz) =2 ER/SY/RAC.14-PPA.01-CH1

——> 125MHz
—>  41.6MHz

To Fabry-Perot cavity (500MHz) =3 ER/SY/RAC.12-PPA.01 S 16.7MHz
RAC.08 To streak camera (16.7MHz) j———————> ER/SY/RAC.34-PPA.01-CH3
To Fabry-Perot cavity (16.7MHz) } - ER/SY/RAC.12-PPA.02 e 16.7MHz TTL
To X-Line RF (TTL.16.7MHz) f—————————> ER/SY/RAC.29-PPA.01-CH1 > 8.3MHzTTL
RAC.09 To Tranverse FB(TTL.16.7MHz) > ER/SY/RAC.14-PPA.01-CH2 LVDS —> Trigger Output
To Ring RF (TTL.16.7MHz) > ER/SY/RAC.13-PPA.01-CH2 ~— ContO0-10V
To BPMs (TTL.8.3MHz) 3 ER/SY/RAC.05-ELR-01-SPLIT-01- CH1 to CH5 50Hz/230V
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Schéma ThomX synchro ELR-1 (3GHz canon)

ON/OFF - Liste des composants
na 101 Mini-circuits-- ZN4PD1-842+
102 Atlantic RF labs-- AIN3000-Div
103 Microtronics--Passband S00MHz
104 clearmicrowave-- D25001
105 QUOTANA-- DBVCPS020004008B
106 Aerocom--1-E290.310-A1-(F1F1L1a)
Linac Frequency 107 Microtronics--Passband 125MHz
TTL 108 Mini-circuits— ZFSC-2-372+
To Trigger BOX 109 Radiospare-- 1618211
110 SCHAFFNER-- FN284B-6-06
To Streak 111 QUQTANA-- DBSA0102000400A_VO
cam Ref measurement
From RAC.09 .
Connecteurs extérieurs
- LED (8mm)
To linac RF D Sma

Phase control
(0-10v)

(Y
DBNC

To injector Laser

To Trigger BOX
Signaux internes
——>  3GHz
~———>  500MHz
—> 125MHz
50Hz
~  0-10V

To Trigger BOX

From Linac synthé @E

-------- - Statut diviseur

~ o +15V/ 45V
~——> Freqlinac TTL

Synchronisati
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Schéma ThomX synchro ELR-2 (500MHz Ring)

<> Ref measurement

ON/OFF . Liste des composants
LT

To ring RF (TTL 16.7MHz) - " {201 Mini-circuits ZBSC-8-82-S+
202 Aerocom--1-C480.520-A1-(F1F1L1a)

To Trans FB (TTL 16.7MHz) 203 Wenzel-- LNPDN-4-10-E-0-125
204 Wenzel-- LNPDN-30-10-E-16.7

To X-line (TTL 16.7MHz) @ < _ 205 mini-circuits-- ZABP-16+

210 / ) 206 Wenzel-- LNFA-0-20-DF-16.7-15

207 Mini-circuit-- ZB4PD-52-20W-S+

To BPMs (TTL 8.3MHz) |: 208 Wenzel-- LNST-16.7-10-0-TTL-0-15-A
209 pulseresearchlab-- PRL4110 1:10 TTL
210 pulseresearchlab-- PRL-220A TTL frq div
211 Radiospare-- 1618211

To streak cam (16.7MHz) % 212 SCHAFFNER-- FN284B-6-06

To Fabry Pérot(16.7MHz)

Connecteurs extérieurs

B o smm)
] sma
Y

D BNC

To ring RF (125MHz)

To ring RF (500MHz)

To Trans FB (500MHz)

To Fabry Pérot(500MHz) 6

Signaux internes

———>  500MHz

From Ring synthé @E 3 . —> 125MHz

> 16.7MHz

To RAC0B (125MHz) [ | . e ——> 16 7MHzTTL
pas de diviseur prévu 2 > 8.3MHzTTL
50Hz/230V

- => +15V

Synchronisati
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Schéma ThomX synchro Triggerbox

@ Ref measurement

ON/OFF
Arduino status Liste des composants
PLL /24 status Inter 301 Microwave Dynamics PLO-2000-03.00
) iltre 50Hz 302 Mini-circuits ZX05-C42LH+
Trigger status 303 Mini-circuits BLP-1.9+
304 Wenzel-- LNPDN-12-10-E-0-41.64
305 mini-circuits SIF-40+
306 Wenzel-- LNFA-0-20-DU-41.64-15
From Photoinjector [ 307 Mini-circuits ZRPD-1+
laser (41.6MHZ) 2 308 Mini-circuits BLP-1.9+
309 developpement local
310 Radiospare-- 1618211
311 SCHAFFNER-- FN284B-6-06
From linac RF (500MHz) [ Signaux internes

>  3GHz

>  500MHz

From linac RF (3GHz) [
% 41.6MHz
5 144KHz
sy 2KHZ

, 50Hz

From ring RF (125MHz
———>  Trigger Output
-------- - Status
15V

Trigger FO/N1

Trigger FO/N2 Connecteurs extérieurs

Trigger FO/N3 - LED (8mm)

Trigger FO/N4 D Sma

D BNC

Trigger Output
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F_electrons= 50Hz/N4

Laser-gun
Signal de F_mod=50Hz/N1 xline
coincidence B GFT-1020 xtable

DEG-1 Linac-rf-chopper
E rinos Rack 08
_ring=

50Hz/N2 (D1)

de phase

Linac-rf-mod-A

Linac-rf-mod-B

Pulsed injection
Pulsed extraction

GFT-1020 Pulsed septum
DEG-2

Ring TFB

GFT-1020
DEG-3

F_DG= 50Hz/N3

Rack 09

(Igloo)

=3  Charge, faraday,
== streak camera, BLM,...
—_—
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Valeurs de N1, N2, N3 et N4 (cf ATRIUM)

Fréquence de base: 50Hz (ErDF).
Valeurs ajustable si nécessaire.
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Valeurs de N1, N2, N3 et N4 (cf ATRIUM)

Diviseurs Fréquences (Hz) Interval entre déclechements (s)
F_modulat F_electron F_modulate F_electron
N1 N2 N3 N4 eur F_ring F_diag s ur F_ring F_diag s
F_electron
Code F_modulateur F_ring F_diag s
0 1 0 1000 100 50 0 0,05 0,5 0,02 999 20 2
1 1 0 500 100 50 0 0,1 0,5 0,02 999 10 2
2 1 0 200 100 50 0 0,25 0,5 0,02 999 4 2
3 1 0 100 100 50 0 0,5 0,5 0,02 999 2 2
4 1 100 1000 100 50 0,5 0,05 0,5 0,02 2 20 2
5 1 100 500 100 50 0,5 0,1 0,5 0,02 2 10 2
6 1 100 200 100 50 0,5 0,25 0,5 0,02 2 4 2
7 1 100 100 100 50 0,5 0,5 0,5 0,02 2 2 2
8 1 0 1000 50 50 0 0,05 1 0,02 999 20 1
9 1 0 500 50 50 0 0,1 1 0,02 999 10 1
10 1 0 100 50 50 0 0,5 1 0,02 999 2 1
11 1 0 50 50 50 0 1 1 0,02 999 1 1
12 1 50 1000 50 50 1 0,05 1 0,02 1 20 1
13 1 50 500 50 50 1 0,1 1 0,02 1 10 1
14 1 50 100 50 50 1 0,5 1 0,02 1 2 1
15 1 50 50 50 50 1 1 1 0,02 1 1
16 1 0 1000 10 50 0 0,05 5 0,02 999 20
17 1 0 100 10 50 0 0,5 5 0,02 999 2
18 1 0 50 10 50 0 1 5 0,02 999 1
19 1 0 10 10 50 0 5 5 0,02 999 0,2
20 1 10 1000 10 50 5 0,05 5 0,02 0,2 20
21 1 10 100 10 50 5 0,5 5 0,02 0,2 2
22 1 10 50 10 50 5 1 5 0,02 0,2 1
23 1 10 10 10 50 5 5 5 0,02 0,2 0,2
24 1 0 1000 5 50 0 0,05 10 0,02 999 20
25 1 0 200 5 50 0 0,25 10 0,02 999 20
26 1 0 50 5 50 0 1 10 0,02 999 10
27 1 5 1000 5 50 10 0,05 10 0,02 0,1 4
28 1 5 500 5 50 10 0,1 10 0,02 0,1 2
29 1 5 200 5 50 10 0,25 10 0,02 0,1 0,2
30 1 5 100 5 50 10 0,5 10 0,02 0,1 999
31 1 5 10 5 50 10 5 10 0,02 0,1 999
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Sur ATRIUM...

En cas de doute sur ce qui a été présente aujourd’hui (surtout si vous relisez ce document
plus tard), la version de référence est sur ATRIUM: Atrium/Projets/ThomX/Groupes/Synchro
https://atrium.inp3.fr/bbd00618-cec9-402e-8b4Db-7837{5e584cc

UATRIUM HOME ARBORESCENCE RECHERCHE ESPACE PERSONNEL DASHBOARD TICKET SUPPORT DECONNEXION delerue@lal.in2p3.fr
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Clocks Hardware

» Linac Clock: Rohde & S SMA-100A, up to 6GHz, Low phase noise

50
= [
> |
I
= F— & 00 i J‘lm
) 110 A Tl 822 MHz
i a S
) IO SONNARE s s s e 3 e 4G 3,130 m\‘ I
; =l 1) | DEE @ || E 0 h
@@ | (00 8| = 2 ~JH
. | =1l [SI0lfararay =y 3 150 <
| e - | - | (1008 | 4 160
170
. Offset frequency in Hz E——

Clock synthesizer (R&S®SMA-B29 option): SSB phase noise
measured with R&S®SMA-B22 option.

» Ring Clock: Keysight N5181B MXG X-Series, up to 3GHz, Low phase noise, AM
FM Phase noise modulation.

4. The MXG signal

generators employ ;g
a triple-loop syn- -40
thesis approach and :
unique frequency % 70
= ‘ plan to achieve %; -80
=l outstanding spectral _3 _;:
- purity to 6 GHz. | £ -110
T é -120
= -130
-140
-150
-160
-170
0.001 0.01 0.1 1 10 100 1000 10000 100000

Offset from carrier—kHz
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Firing everybody at the same time

» Once we know that the linac and the ring are in phase, we can fire everything
at the right time...

» For that we will use a delay generator.
» Product selected: 3 x Greenfield GFT1020.

Datasheet du GFT1020
- GFT1020
- 20 Channel Digital Delay Generator
Ecaturcs

e 20 independent delay Channels

100 ps resolution

25 ps rms ytter

10 second range
e Output pulse up to 6 V/50 Q
* [ndependent trigger for every channel
+ Fours Triggers

Three are repetitive from three

internal generators

One is single-shot from External

input, Push button or Software
¢ External Clocking up to 100 MHz
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Campagne de mesure (12/2017)

» Une premiere campagne de mesure et de validation du systeme a eu lieu en
décembre 2017.

» En voici quelques résultats.
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YemNEIAEIE) RF signals distribution

;< I I e I I I ‘ 10MHz Ring synthetiser
m;‘m‘%’:’ > HP NB 51818 MXG
ER/SY/RAC.08-SYN.02
//\\\
CRL | Gon s>
N/

ER/SY/RAC.08-SYN.01

[ ] N
e
h num >
wit Pa rts numbers <
Power splitter 15V (8-15V) B e )
Mini-circuits ZNAPD1-842+ 300mA Mini-circuits ZBSC-8-82+
ER/SY/RAC.08-ELR.01-SPLIT.01

ER/SY/RAC.08-ELR.01-SPLIT.02

ER/SY/RAC. 08 ELR-01-AMP-01

| Garms0m> a7 | oo

To Streak camera Splutter
: ER/SY/RAC.34-PPA.01-CH2 Mini-circuit ZB4PD-52-20W-5+
To trigger box ER/SY/RAC.08-ELR-01-SPLIT-03
ER/SY/RAC.08-ELR-01-TRIG-BOX-IN3

1
1
- .
ol I // \
P 4 N\
. 16,7MHz, +13d8m \R8/
Linac synchronisation | \ /
[
[
[

|
1
|
|
|
|
|
1
1
|
4 12 : /N 500MH
/ 1 i
N v l I \ R2 / +21dBm
To trigger box Phase shifter 3602 Division by 6 ! To Fabry-Perat To ring RF To Transverse Feedback
(built at LAL) dBWave: DBVCPS020004008 Atlanthys AIN3000-Div | ER/SY/RAC.12-PPA.01 ER/SY/RAC.13-PPA.01-CH1 ER/SY/RAC.14-PPA.01-CH1
ER/SY/RAC.08-ELR-01-TRIG-BOX-IN1 ER/SY/RAC. 08-DE% ER/SY/RAC.08-ELR-01-FDIV.04 | 15V
A\ |
£\, [\ 500 mA
3GHz, +5.5dBm L3 %) : . ‘
W / Division by 4 (S00MHz/4) To ring freq (/30)
¥ | LNPDN-4-10-E-0-125 LNPDN-30-10-E-16.7
Pass band filter S00MHz [ ER/SY/RAC.08-ELR.01-FDIV.01 ER/SY/RAC.08- ELR—Ol FDIV-02
0-10v To LINAC RF Minicircuit ] s /
(variable) ER/SY/RAC.17-PPA.01 [ l Q\R3> R 5 l 16,7MHz, +0dBm
100mA i i T;ltris/ser box //\\ : Ry T L M: Band pass filter 16,6MHz
: . ER/SY/RAC.08-ELR-01- > and pass filter 2 A
::Z::Ieratmg Phase shifter S eE g \L\S/ | Minicircuit Minicircuit
on RF v 1 /\\
™\ N
RF GUN To photoinjector laser : P 0, G \R5 >/
ER/SY/RAC.34-PPA.01-CH1 - \R4/ N\ 16,7MHz, -1dBm
N
|
5 Amplifier
| 125MHz splitter by 2 7
| 125MHz Mini-circuits ZFSC-2-372+ LNFA=0-20 Dr=20.7:25 DF ¢
|
1

system (crate 8)

To Streak camera
ER/SY/RAC.34-PPA.01-CH3

Synchronisation

Ring synchronisation
System (crate 9) Crate 8 Crate 9 Sine to TTL
e —— B e J LNST-16.7-10-0-TTL-0-15-A
I ~CONVER
byather sratips | I 240V N ER/SY/RAC 08- ELR 01 0 RTER-01
I
. I R9>
Trgger box : Crate 5 ! N/ ‘I'I’LSpImer P
Signal power : ! PRL-4110-SMA P N\
and frequency | : ER/SVIRAC 08-ELR-01-FDIV-04 < R10
I : N/
2\ | ‘@ »
Ve N\ Measure | | Frequency divider
N X 2 | PRL-220A To ring RF To Transverse Feedback
\\/ 4 reference : | g (f/2) ER/SY/RAC.13-PPA.01-CH2 ER/SY/RAC.14-PPA.01-CH2
i A\
I '// ™ % .
! : ( Rll /> ER/SY/RA‘I:ZX;II:':A 01-CH1
I TTL Splitter . N\ To BPM crate . .
I 240%, 3 PRL-4110-SMA - ER/SV/RAC.OS-PPA.OI—CHl
I ER/DG/RAC.05-PPA-01
I
I
| To BPMs
|
]

Ny



Scheme with parts numbers (triggering)

Version 2017/12/08 Trigger box (crate 8)
From ring RF 500MHz/4 From linac RF From linac RF From photoinjector Main
125MHz 3GHz 500MHz laser
l lal | 41,6465MHz 50Hz
10dBm
By 24 frequency multiplier Amplifier or att?
Atlanthys PLO-2000-03.00
500MHz
3GHz, +13dBm 3GHz,+12dBm
By 12 Frequency
divider
Mini-circuits
Mixer 1 LNPDN-12-10-
Mini-circuits ZX05-C42LH+ E-0-41.64
Low pass filter 41,6465MHX 41,6465MHz
Mini-circuits ZFBP-400K —
Or BLP1.9+ IXel
Mini circuits ZRPD-1+
>144kHz, >6dBm l
il 2kHz
/ Low pass filter
Fast comparator Mini circuit BLP1.9+
R4
v

Comparator
Trigger signal




Measurements:

» Several measurements have been done to check that all components were
operational.

All components passed the tests.

Some signal levels have to be adjusted with respect to the data sheets.

Some filters added to increase signal purity.

vV v . v Vv

The next slides present some of these measurements.
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Version 2017/12/19

RF signals distribution

.
—— susi R

@ P N Ty @
austieoranol

Measurement at L4 |
(RF to photoinjector laser before filter) =

ER/SY/RAC.08-5YN.02

S00MH spilter (8 ways]
Miniiruits .
ER/SY/RAC.08-ELR 01-SPLIT.02

Sooms,
“218m

15V (8-15V)

Powe
Niniiruits 2N49D:
ER/SY/RAC.08-ELR.0

K

)

l

Totriger box Phase siter 3602 Toing RF T oa
(ouit st AL dBWave: DBVCPS02000 ER/SY/RACI3PPAOLCHL | ER/SY/RAC 14-PPA.O1 CHI
7 15V
36t 5 5d8m 500mA
allisglals o ring freq /30]
N-30-10-£-16.7
-01-FDIV-02
To LNACRE.

tastie] iﬁ/sv,m eeaon l 167w, 008m
Band pass filter 125 MHz. Band pass filter 16,6MHz.
e [
s CT fres
Ll To photoinjector laser P < RS
ER/SV/RAC 3PP O3 CHE R4 " 167M,-1d8m

|
|
| e 75
|
: e
; e
: e oo s
|

ER/SY/RAC,08-ELR-01-SPLIT-03
R8

|
e ponon '
i

ysian feraie ) To Streak camera
T o s
e oes) Crate8 | Crate9 et
N m— |mmmm e —————— J LNST-16.7-10-0-TTL-0-15-A
e : . SRR
i ' Cro> L Ciommem O
! Crates 1 s
3 ' PRL-41
1 ' -1
|
: - A
Measure ! ' Frequeneydider
X 1 ' PRL-220A. Toring RF To Transverse Feedback
\ reference I & A oLcis EVSTAACI GO
1 1A éﬁ
' LA i e
' _— i< i B
v T . e
| 20V —| e R e
. =S B Tekironix RSA 2203A FREE RUN
| s
' &
|

Frequency: 710 MHz RBW!: 2 MHz
Span: 1GHz {(Normal)

: Input Att: 40 dB Trace 2: (Off)
|
i A1-2:-499 MHz Marker: 998.75 MHz
; 40.767 dB (103.78 dBc/Hz) -29.28 dBm (-92.29 dBm/Hz)
20
— dBm <>
\ / .‘L"‘X
/ ““‘, ,“J‘I ‘\\‘ ‘y“‘" "‘n .“l“v
c2 ‘\“L w““ ‘K“- u"‘“ l\‘ w““‘ ‘ ) ““‘ {4
‘-“‘ J‘! “,c' \ ‘.‘"‘ “"‘. "‘
\ / \ / \ \ / 10
“‘n‘. 4“ \"u / \ i
|
i
i
. :
Measure P1freq(C2) PZampl(C®  PIrms(CZ P4 i, P5isdeviF1)  PEfreq(C3) P7:mean(F1) PS:hmean(C1) P@hampl(C1) P10:mean(C1) P11ifreq(C1) P12ifreq(C3) -80
value 500.52 MHz 187 851 my dBm
et I VI A Center: 710 MHz Span: 1 GHz
max 505.73 MHz 167V 865 my
um 1219203 3040e0 304863 Channel Power: -58.5 dBm
status v X v

ef
TELEDYNE LECROY

08/12i2017 08:37;

(LAL), 11 octobre 2|

Channel Bandwidth: 400 kHz

Density: -114.52 dBm/Hz
Spe m Analyzer: Channel Power




Measurement at L5

(RF to photoinjector laser after BP filter)

Tektronix RSA 2203A

Frequency: 1 GHz
Span: 2 GHz
Input Att: 40 dB

Version 2017/12/19

RF signals distribution

0wz H Ringsynihetiser
HP NB 51818 MXG
ER/SY/RAC.08-5YN.02

e

15V (8-15V) SOOMHa splter (8 ways)

Minicircuits .
200ma, ER/SY/RAC.08-ELR 01-SPLIT.02

L el

rower st
i hon e 2
6R/SVIRAC 05-ELR 01 SPLT.01
l s )
Tougaerbox

Phase shifer 3600 Division by &
(bt st LA ‘dBWave: DBVCPS020004008 Atlanthys AIN3000-Div
ER/SY/RAC.

ToLNACRE
(variable) ER/SY/RAC.17-PPA.Q

<audem )

To Fsbry perot Toing RF

Divison by 4 (500MHz/3) To ring freq /30]
P

ER/SY/RAC.08-ELR.01-FDIV.01 ER/SY/RAC.08-ELR-01-FDIV-02

R3 RS> | 16w, osum

Band pas ier 125 MHe
Minicicuit

. RS
G 2

senglier
LNFA-0-20-DF-16.7-15 DF
ELR-01-AMP-01

RISV RACS
<Ry | Gome o)

Accslerating "
Section R

e on
System (crate 8]

Crate8 H
' Crate9 Sine to TTL.
e e j s 167°965 0154
RS A o6 LA oL AR AR 01
i : 2007 /SY [RAS ,LCINMEKS
\ ‘ e S [T
' Roy b Comme
' Crates | : T A
! i PRL4110-SMA Y
) 1 ER/SY/RAC.08-ELR-01-FDIV-04 < R10
| ) s y
' i | s>
Measure : i reausncy dider ——
! | PAL2208 Toring & A TR
reference | i i PV s P i
1 B l 2\
] : (s
RS Y
' 1<RL ) [T
'
i

T piiter v To B crate
10V PRL-4110-SMA e ER/SYIRACOSPPACLCHI
| .

QEN VARKER SETUP |- © = Bruit~900fs <1 PS

RBW: 5 MHz Cancel - Back

(Norrnal) Select Marker

Trace 2: (Off)

Al-2: 0Hz
0 dB (66.99 dBc/Hz)
20

dBm

|+ [T

Marker: 499,75 MHz
9.95 dBm (-57.04 dBm/Hz)

Marker X Positic+

(Hz) -

10
dB/

p-'ﬂl'h\,v—h-vvﬁww-wv"ﬂ by APt A A A AL A et i L e A et AL an | Reference Cursor

Markers

|Off | Singe | Detta |

Reference Cursor

to Marker X

Off

Selected Marker
Off

80 Measure P1:freq(C2) PZ:ampl(C2) PIdt@v(C2,... F4 dicovicr, P5:sdev(F1 PE:freq(C3) P7:mean(F1) P8hmean(C1) P3:hampl(C1) P10:mean(C1
- " value - =0my -57.5ps
dBm Ste[:-;f'ze mean =0V -581220ps
N . Marker X min - =0my -B1.5ps
Center: 1 GHz Span: 2 GHz| ( ) i oy 51me
|2|\/| sdev =0V 884.27s

Channel Power: -49.55 dBm um g 1TEes 3T

Density: -111.59 dBm/Hz

Spectrum Analyzer: Channel Power

1.6 MH, Gotopage2

Channel Bandwidth: (of 2)

# Marker X Position (MHz): 499

TELEDYNE LECROY




RF signals distribution

Measurement at R3
(RF to streak camera and trigger box)

15V (8-15)
300mA

Powerspiter
Minkircuts ZN4PD1-842+
ER/SY/RAC.08-ELR.01-SPLIT.01

{2 l & \sm,omy}l l
T Phase i 0 ontenbs
— dBave! DBVCPSOZ004008  Alanthys AIN3000-DIv
N p— N 500 mA
3GHz, +5.5dBm 3. = < N e
Z DR oo, iodsm
st G G 77//)1 u Torngten 30
LNPDR 300 E .7
s and e soouts R/SVIRAC.08-ELR-01-FOIV-02
Tounacar oy
(variable) ER/SY/RAC.17-PPA0L ¢ 16,7, s0dm
riger box > -
Accelerating Phisa shiftes ESYRACce BR oL LS I‘M \\\\\\\\
st Eort v
rcun e - RS
S RACSEPPAOLOH: v 1670 168

Kol
25w spittr by 2. -DF-16.7-15 DF

)

|

'

|

'

| s Mink-cecults 2FSC-3-372+ Wi

! SR aiacon e ol ap ol

! 1 =) <R | Gorne o)
i Tostr splitter e
! Wi ke a2 0w

! A

Crate 8 | Crate9
J

SinetoTiL
PP s e ) LNST-16.7-10-0-TTL-0-15-A
5 ER/SY/RACOS-ELR 0L ER-01
200v A

G L Canom )

ToBoMs

!
; :
C D) ' | sl w0
. .
: ' | > f
Measure H ! e VAT
reference | i iy B SRR
! iy | GO e
| pliter i TosPMc N - = - "
o — H"Hl e Tektronix RSA 2203A 017 10:31:10 PM FNESANUNE MARKER SETUP
i LA

Frequency: 500 MHz RBW: 2 MHz Cancel - Back
Span: 1GHz {Normal) Select Marker

Input Att: 40 dB Trace 2: (Off)

A1-2: -248.075 MHz Marker: 373.075 MHz ] 2 |

Yt 288.138 dB (91.15 dBc/Hz) . -28.4 dBm (-91.41 dBm/Hz) Marker X Positi

S @m | (Hz) =

/\ > Markers

/ \ / \ /\ [Off | Single | Detta |

Reference Cursor
to Marker X

) \/ dé?’

/ WMW Reference Cursor
“.\‘_‘ y '\.‘_‘.‘ / PP Off

Selected Marker
Off

A

Measure P1:freqiC2) PZ:ampl{C2) Fodtiolvic2 . Padiavic?, P&:sdev(F1) PEfreq(C3) PT7:mean(F1) P8:hmean(C1) P9:hampl{C1) P10:mean{C1 P11:freq(C1)  P12:freq(C3) -80 .

value 124561 MHZ  361.6 my dBm Step Size

mean 1250001 MHz ~ 359.98 mV

min 123.942 MHz 169.9 my Start: OHz Stop: 1GHz (Marker X...)
max 126.111 MHz 380.2 my |1|V|

sdev 241.7 kHz 10.04 my

num 31.902e+3  15.951e+3 Channel Powe r. - 29.04 dBm

status v R

TELEDYNE LECROY

Density: -91.08 dBm/Hz

m Analyzer: Channel Power

Channel Bandwidth: 1.6 MHz

Go to page 2
(of 2)




Measurement at R5
(RF to ring frequency)

Version 2017/12/19

Power spiter
Mini-cireuits 2N4pD1842+
ER/SY/RAC.08-ELR.01-SPLIT.01

RF signals distribution

!
e 10w g synthetser
1S oo BN 1878 G
ER/SY/RAC.08-SYN.01 ER/SY/RAC.08-5YN.02

15V (8-15V) oot it 8 var)

300mA

l w| |@]

ER/5YIRAC 08 ELR 01-SPUT.02

y
'
|
|
|
|
|
|
|
|
|
Totrigger box Phase shifter 3602 Division by 6 ' To Fabry-Pérot RF
(built at LAL) e Atlanthys AIN3000-Div ' ER/SY/RAC.12-PPA0L EWIMC xzwAax—:m
B oa |
. = -
3GHz, +5.5d8m L3 e o, % N
50 | o e |
s} <L o> | 1> | o ——
| traist
PR |
o100 TR '
(variable) = I
[ Totres & ~
B e 15>t and passfiter 125 Mz Band pass fier 16,6V
e g g
he I H A
e :
e pa
|
: e =
= Min-drcuts 2FSC-3-372+ RS RAC RS ANPOL
/ l@@m,ﬂgQ )
' Tosiizanes A
_— ! W ieni iV e RS2 20w
T N
system (crate §). To Streak camera
e Crdied A s

System (rate9)

Systems operated
by other roups

Trggerbox

Signal power
and mquencv

Measure
reference

Crate 9
7- m o m 0154

Crate 5

BTN

.

ewsviRACE nn ok o1 ron-os

e12) eSS PRI CH

S s To Xiine
QLS s ER/SY/RAC2.PPA 0L CHL
/ To BPM crate
ER/SY/RAC0S PPACLCH
ER/DG/RACO5.PPAO1

PRL4120-9MA

VT @

ToBoMs

Span:
e Input Att:

i
i

i

i

i

i

]

i

i

i

i

i

‘ !
' Gs e
! Frequency divider

| PRL220A

i

i

i

i

i ]

|

i

i

H

Tekironix RSA 2203A

Frequency: 50 MHz

A

100 MHz

40 dB

(N =S NUNNE VARKER SETUP

300 kHz Cancel - Back

{Normal) Select Marker
Trace 2: (Off)

RBW:

I A1-2: -16.8 M Marker: 16.5 MHz 1 2
/ 37.588 dB 92.36 dB -0.22 dB 54.99 dB
% ( chte) m ( m/Hz) Marker X Positi(il
dBm (Hz) -
i
Markers
B
E e Off | Single | Delta
Reference Cursor
to Marker X
J / 10
A \ / \ dB/ Reference Cursor
\ / / off
\\ ¥ N ‘\».‘ g,
Y,
W e Selected Marker
kJV‘J o
ry
Measure P1:freq(C2) PZ:ampl{C2) = P7:mean(F1) P8hmean(C1) P3hampl{C1) P10:mean(C1) P12:freq(C3)
value 16.65603 MHz 166.0 my Step Slze
i 1590035 WG >234my (Marker X ...)
max 16.79903 MHz = 400.4 mY 100k
sdev 3114 kHz = 2256 mYy
num 54.870e+3 27.43%9e+3 _80
status v X Go o 2
Center: 50 MHz Span: 100 MHz page

TELEDYNE LECROY

0811212017 15:44:52

Spectrum Analyzer:

(of 2)




Version 2017/12/19

RF signals distribution

O rEm— 1wz ! Ring synhetiser
 RESSMA100A > HP NB 51818 MXG
alivm-:.u-s,vn.ul ElLS\V/RM:.ea-SVN.oz ( )

SO0MHa splter (8 ways)
ink-circuits 85C8-82+

|
i
i
|
i
. owerspiter !
RF rin to I I L | mistmAcos ot s | O™ syl o1-SRT02
| i A
2 o] ' R2
shifter 3602 Division by 6 R To Fabry-Pérot To ring RF. To Transverse Feedback
Tk AL, dBWave: DVCPS020004008 AIN3000-Div | i
EUS/RACOREROLTRGEOKINL | ER/SYIRAC.OB-DEP ER/SY/RACOS ELRO1 FON.04 |
S X ! N
o :
N o by 4 sooutr oo s /0]
— LNPDN3010-£-16.7
pass band fiter S00MHz | ER/SY/RAC.08-ELR-01-FDIV-02
o o ey i \
(variable) ER/SY/RAC.17-PPA.0L | R /wl 16.7MH, <0d8m
100mA Togersox N\ v
e o ESRAC R 0L 15> g
g et (SR 2 T i
1 T
o VT ! Rs.
asacs Ao | > 26700 0m
|
i,
H et il b LNFA-0-20-DF -16.7-15 DF
1w Mini-arcuts 25C-2-372+ S naco 1 o1
: <o | G >
] \/mev
— ] ESYRAC 34 A1 CH2 M o0 52205+
o : Ea/sv/m.oa—m—m—sim—nz N
16.7MHz, +13d8m. <
nacsrtvonsaton ! L o) G
e e ) ! o e comrs
e i
‘System (crate 9) Crate8 | Crated sine to TTL.
_______________________ ] LNST-16.7-10-0-TTL-0-15-A
ysems perted v \ £R/SY/RAC.08-ELR-01 CONVERTER-01
— : , eyt
= ! Crates 1 Vg T
Signal power A ! 2
and requency. \ !
! |
P ] !
" Measure . ' Frequency diider
Q4 ' PAL220A Toring RF o Transverse Feedback
~ reference ! ' ¢12) ER/SY/RAC3-PPAOL.CH2 ER/SY/RAC.14-PPAOL-CHZ
|
. l
! s asACaon
s osPuente
| 200V 5 TR : ER/SY/RACOS PPATLCHL
|
|
; VL G
. Tasis !
|
i
i .

(hiw\w-ﬂ‘.,«»vmww"«nﬂ.wqmuvﬁ\dmvwww.-vmq\., [ SRS TOTH B NI LTRE M PR N F EE T Withe)
J

ﬂ |
il |
H

|
|

—‘wy..,w»‘l u’\,‘q\wkmm,ymmf.w.kq,.wmvw-mmww»mww,wm ST L l’("u,-.w ey

A
Measure P1:freq(C2) PZampl(C2) Fodiivicr P . teq(C3) P7:mean{F1) P8:hmean{C1) P%hampl(C1) P10:mean{C1) P11:freq{C1) P12:freq(C3)
value 16.66732 MHz 410V
mean 16.66665 MHz 410143V
min 16.66091 MHz 388V
max 16.67322 MHz 428V
sdev 1.533 kHz 53.26 my
num 15.837e+3 15.837e+3
status v R

Synchronisation

081212017 16:42:04
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Version 2017/12/19

Measurement at R10
(Ring TTL splitter)

(buitat AL
o N —

RF signals distribution

1o

Ringsynthetiser
S SN

HP NB 5181

.
T
/N
B | o>

00V siiter (8 ways)

P
RISYIRAC - ELR oL 02
/N
S .
“Re e
oy ot i

15v
500 mA

=0
%Wm |

Divison by 4 (S00MHe/3)

30,
LNPDN-4-10-€-0-125 LNPDN-30-10-£-16.7
ER/SY/RAC.08-ELR.01-FDIV.0L ER/SY/RAC.08-ELR-01-FDIV-02

4_
Pt |
o L
\/ =

ToBons

o10v Toumacr S
i ER/SY/RAC.17-PPAOL < N »
(variable) l B3 RS /l [P
100mA 1 TR vl .
rcoenrs maee | BSMCRALOL i s 15 S 5
Section RF v ATRIC A0k N
A 5
BECUN] To photoinjector aser a RS
SV RAC 24 PO “Ra” g 167, 160m
e,
25wt ptier b 2.
froe Min-circuis 2FSC-2-372+ o ,m’,?, )
| G >
e
— EuUSHRAC 34 ALz Mk 78490522005+
o iger
i s EcEE ol |
— Garw v | g
— i
e eSS AT
o Crate 8 Crate 9 -
e —] [memmmmmmmmee ] st 167100 g
oy ot o 1 U ey —— [l/sv/uc;:s s
|
igger H “R9
Trggerbox ! Crate 5 ' N
S\'nn\nuwzr H !
.mmumv ] !
! |
N Measure H ' Frequency divider
/ ' PRL-220A
\/ reference ! i i
|
' 1 ToX-line.
' [ ER/SY/RAC.29-PPA.01-CH1
! 2a0v | To 8PM crate
' > PRL Mln SMA € ER/SY/RAC.OS-PPA01-CH1
| T Mhibacosrona
i VL G
|
|
|
|
i
i

Synchronisation

Measure P1:freq(C2)
value 16.67599 MHz
mean 16.66638 MHz
min 16.64032 MHz
max 16.68760 MHz
sdev 7140 kHz
num 1.078e+3
status v

TELEDYNE LECROY

PZ:ampl(C2)

2544V
259510V
2447V
2795V
72.28 mv
1.078e+3

v

dev(F1) P&

P4.dt@v(C2,

081212017 16:49:37



Version 2017/12/19

RF signals distribution

2omse ! Ringsynhtiser
> HPNBSIBIEMXG
ER/SY/RAC.

5,
|

B | G >

SQ0MH splter (8 ways]
ini-ircuits 85 8 82

Measurement at R11

15V (8-15V) )
ELR.O1-SPLIT.02

Ring TTL freq./2 D m
° N Cre
4 N
o Yoy et Torigr e
EN/SVIRAC08 £1.01 TG 80K L .
500mA
Oisiony 4 (0] Torigtrea 301
LNPON-4. 10-£-0-125 LNPON-30-10--16.7
. — ERISY/RAC.08-ELRO1-FON.01 ERISYIRACOB-ELR.01-FOIV-02
(variable) iusvmcvn»m o1 <R3/> (\/RS/ > l 157, 0dm
e ENVMACOLEROL Sond pss e 125 e S s e 166k
Saare T mesoam Nincreu
N A
wrGu T A\ {rs>
ER/SY/RAC.34-PPA.0L-CHL R4 \/ 16,7MHz, -1dBm
N
Roglfar
7-15 DF
Lswne Mini-cireuts ZFSC-2-372+ B
>
Dl
Siter
EUSHAAC 34 AT Mk Z4po 522005+

ER/SY/RAC.08-ELR-01-SPLIT-03

J VG

To stresk camera
ER/SY/RAC34-PAOLCH]

P —
Sysem (rate9) Crate 8 Crate 9
_______________________ LNST-16.7-10-0-TTL-0-15-A
syt opersted | Gl Y
oy other groves oy > USVIRACOS-TROL ER-01
Trger box o @
- Crate 5 O Tl splter

A\
ER/sY/RACOR-BR-0LfON-0s_ < R10
N’

| @ N

To ring if To Transverse Feedback
ER/SV/RAC 13.PPAOL CH2 ER/SY/RAC14-PAOL-CH2

Signal power
and frequency

/\
&/ N Measure
~ X7 reference

i
s PRL-4110-SMA

Measure P1:freq(C2) P2:ampl{C2) P3:dt@v(C2,... P4 i (F1) PE:fre ampl{C1) P10:mean{C1) P11:freq(C1) P12:freq(C3)
value 16.66888 MHz 157 my 26.1105ns
mean 16.66666 MHz 167.47 mV  26.09937 ns
min 16.63883 MHz 121 my 25.9930ns
max 16.69468 MHz 234 mv 26.1982ns
sdev 7.392 kHz 15.49 my 26.05 ps
num 29.842e+3 8.205e+3 14.126e+3

status v X v

Synchronisation Nico

TELEDYNE LECROY 081202017 16:56:52



40 Phase noise (ThomX)

N\eaSU I’ementSI — Base noise

—60} — Divider by 6 .

noise levels —  Divider by 30

— TTL conversion |

» Phase noise measurement did not

|
(o]
o
T

. .
bring any surprise.
» Strong i f the noise after TTL = ~100f 1
conversion (as expected). b
Ve 2017/12/19 1 2 0
ersion ) Baa G
RF signals distribution )
@ 10MHz H Ring synthetiser @ wv
HP NB 51818 MXG - —
RES SMA 100A
ER/SY/RAC.08-SYN.0L EE Y RAG RS YN0 (@]
0 l s R1 | G, > Z _140} _
— Power spltter 15V (8-15V) e )
Mini-circuits ZBSC-8-82+
GonnanD _— [ imin sttt s ARk o Sz
 soow,
L2 l ( 36z, qzd@l l R2 l @l
To trigger box Phase shifter 3602 ision by 6 To Fabry-Pérot To ring RF To Transverse Feedback
(built at LAL) dBWave: DBVCPS020004008 Atlamhys AIN3000-Div ER/SY/RAC.12-PPA.01 ER/SY/RAC.13-PPA.01-CH1 ER/SY/RAC.14-PPA.01-CH1 - -
ER/SY/RAC.08-ELR-01-TRIG-BOX-IN1 ER/SY/RAC. os-nep .01 ER/SY/RAC.08-ELR-01-FDIV.04 15V -
3GHz, +5.5dBm L3 @o/m‘m ~1&1@ a4 v 500 mA
S m—— \\,,,;,, g Division by 4 (S00MHz/4) To ring freq (/30)
LNPDN-4-10-E-0-125 LNPDN-30-10-£-16.7
Pass band filter S00MHz ER/SY/RAC.08-ELR.01-FDIV.01 ER/SY/RAC.08-ELR-01-FDIV-02
0-10V To LINAC RF Minicircuit
100mA i To trigger box

Band pass flter 125 MHz Band pass filter 16,6MHz — 1 8 0
Minicircuit Minicircuit

W | | .. R6<1ps

ER/SY/RAC.08-ELR-01-

Accelerating Phase shifter Lo Al

Section RF

REGUN To photoinjector laser

ER/SY/RAC.34-PPA.01-CH1
Amplifier
M 2oL soliientne LNFA-0-20-DF-16.7-15 DF  €—
A23MHZ Mini-circuits ZFSC-2-372+ ER/SY/RAC.08-ELR-01-AMP-01

o> o | G =200
B e o o 10° 10 10 10 10 10 10 10 10 10

j[oigEerbox RAC.08-ELR-01-SPLIT-03
ER/SY/RAC.08-ELR-01-TRIG-BOX-IN3 —

H
|
|
|
|
I
I
|
]
]
I
|
|
|
I
|
|
|
]
]
|

(variable) ik/swm-u-mm i @wm mmvl RS l 167MHz, <0dsm
I /

15>
]
|
|
]
]
|
|
|
|
]
]
]
|
]
|
I
I
I

ER/DG/RAC.05-PPA-01

RRRRNEC D

To BPMs

1s Delerue- Vincent Chaumat (LAL), 11 octobre 2018

16.7Mbz, +13d8m) l RS F
E— e e requency [nz
Eystam(cates) J o Streak camera
ER/SY/RAC 34-PPA.01-CH3
Ring synchronisation
System (crate 9) Crates Crate 9
Systems operated Fressscsshensaanesnas e i ey ,m‘gﬂ g 31‘_'“ ere IO
by other groups ' \ 240V - —
' ' .. R9-4.8ps
iR : Crate 5 | mspuw
Signal power : ! PRL-41
andq,equem - : ER/SY/RAC.08- ELR 01 FDIV-04 R10
| . l@m o)
Measure ' | Frequency divider
| PRL-220A
reference : | (#/2) zn/sv/nAc b PPA 01-CH2
I ! N 83MHz, S
‘< R11 wrTL e
! 1 M ER/SY/RAC.29-PPA.01-CHL
! 2a0v TTL Splitter 1 To BPM crate
| — ) PRL-4110-SMA € ER/SY/RAC.05-PPA.01-CH1
1
|
|
|
|
1




Etat d'avancement: calendrier

» Disponibilité des signaux de déclenchement: 15 jours aprées la disponibilités
de panneaux de brassage cablés.

» Disponibilité des signaux d'horloge (hors signal 3 GHz pulsé RF linac et sous
réserve de disponibilités de panneaux de brassage cablés 10 jours avant): sur
demande a partir du 15 novembre.

Campagne de mesure de validation des signaux en Novembre.
Tests CC: 4 déecembre

Systeme completement disponible: 10 décembre 2018
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Interfaces graphiques: début 2019
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Etat d'avancement (1/3)

» Transfert des responsabilités LAL => SOLEIL

» Non applicable

» Equipements manquants

» Quelques petits composants sont encore en cours de livraison (Commutateur 3Ghz
pulsé, 2 filtres,...).

» Equipements pas encore testés

» Tous les équipements majeurs ont été testés et une premiere campagne de mesure
sur banc a eu lieu.

» Une seconde campagnhe de mesure sur site aura lieu en Novembre.
» Equipements pas encore testé avec le CC (si applicable)
» Tous les équipements pilotés sont passés par le CC.

» Progres de l'assemblage des composants (si applicable), intervention
entreprise extérieure nécessaire (si applicable)

» Fin de I’assemblage prévu pour fin octobre (a I’exception d’un composant en
attente d’approvisionnement).

» Pas d’entreprises extérieures.
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Etat d'avancement (2/3)

» Planning d'installation dans l'igloo (identification des étapes pour
l'installation, durée, et date d'installation si celle-ci est définie, dépendance
avec d'autres sous-systemes)

» Les gros appareils sont déja dans les baies. Certains sont a repositionner.
(1 jour a définir)
» Installation de ’électronique de distribution début novembre.
(1 jour a définir)
» Dépendances: Cablage et CC.
» Liste des tests de validation sur site.
» Une liste de points de mesures a été écrite.

» Quelques jours en novembre-décembre seront dédiés.
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Etat davancement (3/3)

» Liste des tests de validation sur site avec le CC (si applicable).
» Tests prévus le 4 décembre.
» Pilotage des synthétiseurs (ER/SY/RAC.08-SYN.O1 et ER/SY/RAC.08-SYN.02).

» Pilotages des générateurs de retard (ER/SY/RAC-08-DEG-1, ER/SY/RAC-08-
DEG-2 et ER/SY/RAC-09-DEG-3).

» Pilotage du déphaseur par un signal analogique piloté (ER/HF/RAC.17/API1.01.A04).

» Interfaces graphiques:
» 3 versions déja réalisées (Matlab, Tkinter, Taurus).

» La 3eme (Taurus) est en cours de tests (probleme de rafraichissement de variable a
clarifier).

» Disponibilité: début 2019.
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Perspectives

» Le systéme de synchronisation devrait étre prét courant décembre.

» Vérifiez avec Vincent ou Nicolas que les signaux dont vous avez besoin sont
bien prévus.

» Niveau de signal?

Format?

Avance/Retard par rapport a ’émission des électrons (pour les déclenchements)?

A quel endroit? Dans quelle baie?

Y V V VY

Si vous avez besoin d’un signal vérifiez qu’il apparait dans les transparents 10 a 14
de cette présentation.

» A partir de mi-décembre nous serons disponible pour accompagner chaque
sous-systeme ayant besoin des signaux de synchronisation.

» Papier de référence publié a IPAC’18 (WEPALO35).
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