Timing for LCLS



VMTG is to sync the RF with
PG&E signal to define timeslots

Master 476MHz

oscillator
476 MHz

Fiducial

A, B, C are the three 60Hz
from PG&E with different
phase to generate 6 time slots

360Hz
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ZC = Zero Crossing
TS = Time Slot

LCLS use timeslots 1&4

In sector 10 is where is
timing trigger signal is

Marked

S10

(sector 10) trigger

signal

Marked
trigger
signal
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* I¢ The 360Hz signal is Amplitude

'] Modulated onto the 476 MHz
- Accelerator Clock and propagated
\\ down the Main Drive Line(2.78ms
= is the timing between two
triggers)

generated and be used at all
other sectors and buildings.

476 MHz
Oscillator

FIDUCIAL
GENERATOR

PHASE
SHIFTER

3 PHASE 3601z
AC.

- The 360Hz Signal is Amplitude Modulated
onto the 476MHz Accelerator Clock and
propagated down the Main Drive Line.

=The AM process is not ideal and some FM
occurs; in addition, the signal gets more
dispersed as it heads down the 2 mile MDL ¥




A Sequencer chassis derives
a 360 Hz signal coincident
with the zero crossing of the
3 phase AC power. This is
combined with 476 MHz
from a precision COTS
Master  Oscillator.  These
signals are combined in a
VME-based Master Trigger
Generator which fires the
Fiducial Generator which
combines with the 476 MHz
for distribution on the Main
Drive Line.

Master Oscillator

476MHz
g . .
> Fiducial
32 —m
S 3 Generator
Sequence :l VMTG
Generator \ N 360Hz
Syncd to 476MHz
T T T S (via 8.5MHz)
(sum of zero-crossings
ABC from the 3 phases = 6 In Dec. 2018, changed to
AC Mains timeslots) 71.4KHz in order to be
208V 3-Phase compatible with LCLS2(Master

oscillator 1300MHz)
LI00 Master RF Phase Ref & Timing Fid Source

Moved from LIOO to IN10 (2017)



8p0) WaAZ UG-8

WPOHWIAI VUGG
8poD UBA3 ¥q-8

3po) WaAT ug -8

LCLS runs at a maximum rate of 120 Hz .
(Each timeslot represent 60 Hz signal,
ex. LCLS timeslot 1 and 4 which is 120
Hz which is the maximum rate of RF
hardware power supply)
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Time (nsec)

360Hz (square wave) VME Crate
CIS{0lz¥4 Synchronize/
119MHz (sin wave) EVG EVR
476MHz

Bp filter
\ |
| ]
S10 S20 VMTG
(sector 10) (sector 20)
476MHz is divided/4 to get Sector 30 with amplifier to 60Hz
119Mhz+fiducial by another amplify the signal from Main
system / This is because the Drive
older technology HW could not 60Hz Fiducial act as the
run at 476 MHz mark on the trigger form to

indicate O crossing of ts1



Low Level RF

g FIDO_|—[ PDU
Linac Ax‘;z oot o Raw 360 Hz{ J LCLS Timesiot Trigger The B034 Development Event/Timing System is
Master OSC  the way 476 . connected to the Main Drive Line via LI28 / The
BP FIIt 'R Sync/Div 476MHz RF reference and 360Hz Amplitude
- z | Modulated fiducial are generated in LI10
The VMTG simply 360 Hz (formerly LI00) This is where the 360Hz is
supplies Interrupt 360 Hz 119 MHz 1 H resync’d to 8.5MHz (via the VMTG operating in
Requests, and MU & Master Trigger Generator (MTG) Mode) // This
timesiot info to the TS0 is a mirror of the LI20 LCLS-I production system
CPU / It operates in V [Marker I E g =
Master Pattern . LCLS —> .
Generator (MPG) M Timeslot, O >V »| A EE , f'ber _
mode T | counts C events G N =3 distribution
G | 360Hz, —
IRQ
12VAC < >
WallWart [ ime EPICS Network v i
Slot 0
Maorker I E D
. o|Vv E
B034 LCLS-I Event/Timing clrl v
Development System Digitizer
TTL/NIM L LRF
Normal State ” BPMs
etc.

All HW blocks shown here reside in the
B034 test room (apart from Linac Master
Osc & MDL)

Updated 06-5-2018




@ B034-21237 b03.21237 DEVELOPMENT TIMING MOCKUP
- B034 LCLS-1 DEV TIMING SETUP

Ny

KEYSIGHT N5171B RF Output ’ *adem 476 MHz " 2

476MHz -14dBm .
RF SIGNAL GENERATOR o e N Amp Chassis LE . aemm | +8dbm

PRODUCTION MDL IN

4

REV: 12/5/2019

119 MHz Clock 12 NSec Coaxial RG-174 or Equiv
M.Harms

PROD

SETUP
®< T

DEV SETUP DEV MOCKUP REDISTRIBUTION OF FAKE
LONG-HAUL TO B034 DISTRIBUTION AMP 476MHz TO B034 RF LAB - NO ATTN

ON EAST WALL OF B034 STAIRWELL

LCLS 360 Hz Clock 23 NSec Coaxial RG-174 or Equiv
Sync/Div
Chassis

RGS8 sneve | I5
FIDUCIAL

PROD 360Hz TRIGGER
FROM FIDO

360 Hz Clock
7 loc 8 NSec Coaxial

RG-174 or
Equiv

OUTPUT 1:
Shape = Sq Wave
Freq = 360 Hz

Amp =0...-1.8 Vpp JRNY it
KEYSIGHT 335008

DUAL OUTPUT

WAVEFORM GENERATOR

OUTPUT 2: outeur (SR
Shape = Sq Wave
Freq =60 Hz
Amp =0-10 Vpp

N

J

Modified Cable — BNC-M to DC5525-M bullet connector
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STEPS TO SWITCH FROM PROD TIMING TO
DEVELOPMENT MOCKUP TIMING:

NIDV
NI 44

nessas
------------- . p| In

PROD 60Hz SYNC 60Hz
FROM WALL-WART PS

1 - DISCONNECT AND TERMINATE MDL INPUT AT B034
DISTRIBUTION AMP — MOVE TEST CLOSET CABLE FROM DIST. AMP
OUTPUT TO FORMER-MDL INPUT (TERMINATE OPEN OUTPUT).

THIS ALLOWS REVERSE DISTRIBUTION OF FAKE 476 TO B034 RF LAB VMTG EVG

2 - MOVE TEST CLOSET END OF DISTRIBUTION AMP
CABLE FROM 476 AMP INPUT TO 476 AMP OUTPUT.
REMOVE THE 30dBm ATTENUATORS. THIS COMPLETES
THE 476 DIRECTION REVERSAL.
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3 — USING RF SIGNAL GENERATOR, INJECT 476MHz @ -
14dBm INTO TEST CLOSET 476 AMP CHASSIS INPUT

Slot 3 Slot4

4 - USING DUAL-OUTPUT FUNCTION GENERATOR
CHANNEL 1, INJECT 360Hz SQUARE WAVE (-1.8v-0) INTO
TEST CLOSET SYNC/DIV CHASSIS AT J5 “FIDUCIAL” PORT.
SECURE THE PROD CABLE.

5 - USING DUAL-OUTPUT FUNCTION GENERATOR
CHANNEL 2, INJECT 60Hz SQUARE WAVE (0-10Vpp)
INTO VMTG REAR TRANSITION MODULE 60Hz PORT.
SECURE THE PROD CABLE.

VMEbus

VME Crate

Location Master Timing Crate
B034-21223

6 — REVERSE THESE STEPS TO RESTORE PROD TIMING
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NC Timing

* Cu BSA provides scalar data that is time stamped by the Timing
(Event) System.

* Cu BSA provides data filtering according to user needs.

* Cu BSA provides pulse-by-pulse data buffers up to the beam rate.
* Maximum of 2800 data points.
* Each data point can be an average of up to 1000 beam pulses

e Maximum rate of 120 Hz.
e ~1700 Cu BSA signals.



EVG loc name

* EVG-Event Generator
* EVGisanIOC
* loc-in20-ev01 for LCLS -(PV SYSO)
* loc-sys1l-evO1 for FACET
* loc-xt01-ev01 for XTA -(PV SYS6)
* loc-b34-ev01 for Development -(PV SYSO)
* loc-as01-ev01 for ASTA (Test Facility) -(PV SYS7)
* Runs epics/ioc/MpgApp (CVS module is Mpg)



NC Timing Frame

« The timing frame contains the information regarding the current operating
mode:
« Time
* PulselD
« Beam Code (BC) (0=Any, 1=Cu to HXR, 2= Cu to SXR —see next slide)
« Modifier bits: time slot; kicker trigger mask presence; beam presence;
subset of lower rate trigger mask per destination; etc..
« Event Codes
« BSAfields
« N timing frame : 1 Timing Pattern
« Thetiming pattern is used by the receiver to:
» Trigger devices
« Trigger Data acquisition using Beam Synchronous Acquisition (BSA)



* An 10C is equipped with an EVR.
* Timing Fiber is run from EVG, most likely through a Fanout module.

 Special software is installed in the I0OC that knows how to talk to the
EVR.

* Assuming the requested signals can be read out within 1/120th sec
from the hardware, EPICS Databases are created for the Cu BSA PV.



Timing Pattern

LCLS Subsystems and Areas: Global Event / Timing System

IN20 EVG Events
Development

| Help...I | Haome Screen...l

Event Code Sequence Events Tlme Slot 1 to 6 Event Codes EKIT

EVG 1OC Status

LCLS Rates (Hz

Eeam Full Rate
Pockels Cell

Klys Accelerate
Klys Accel & 10 Hz
BYKIKS

=R s

TCAWVD

TCAVI

Burst

NC_HARD_INJ
NC_HARD
NC_SOFT_INJ
NC_SOFT

Desired Beam Rate Mode o

Actual Eeam Rate Mode

PatternsPNET

)

Ewvent Delay* Delay* On/ Rate

Mame Code (Clock (nsec) Off (Hz)
Ticks)

Fiueial  [TJ[_] 0 3600

Heartbeat [EZ][I_]| 1 | 3600

360Hz

Pattern Pipeline:

* Delay (nsec) = (Delay + Delay Offset for All Events) f
118999921 (Hz)* 1E9

Delay Offset for All Events
(Clock Ticks)

Acquisition

iask
Setup Count

BPM TR (71005549

IN20 EVG Diagnostics (on Icls-dev3) X
IOC:IN20:EV01 EVG Diags o
Development [E=]
- Pattern Pipeline oK

- TS1 TS6 TS5 TS4
PULSEID_|  0x167D 0x167C 0x167B 0x167A
BEAMCD 1 0 0 1
TIMESLOT 1 g 5 a
MODIFIER1 08100 030 030 0x100
MODIFIER2 0x1 0x20 0x10 0x8
MODIFIER3 Ox7EEQ00 0x0 0x0 O0xBE10F
0:20000000  0xCO000000  OxAO000000  0xB0OO00000
MODIFIERS | 0x13FE7800 02000000 0x2000000 0x120E7800
MODIFIERE 0x0 0x0 0x0 0x0
AVGDONE o0xE7800 0x0 030 0xE7800
ALLDONE 0x0 0x0 0x0 0x0

1200
120.0 BPM Calib
1200 Taraid Cali
10.0 Profile
oo TCA
0o Klystron 5
0o klys Stdby & Mo
0o Elys Stdby & No
0.0 Pulse
120.0 Ahort Triggers
120.0 BYKIk Ahort
0.0
Ahort beam at BYKIK
) heam shots.

heam shots until ne

LCLS Beam Events

Ewvent Delay* Delay* On/ Beam Mask Rate

Name
Ticks)

Beam Full 140 11900 ] 89662 | (1[0

Code (Clock (nsec) Off Code Setup (Hz)

Mame

Klys Standby
Klys Standhy
& No TCAVD
Kly Standby
& No TCAV3

OTRDMP
Pockels Cell
Profile Mons
Full M-1 TCAVS OTR
Full H-2 BYKIKS
TCAVO BYKIK
TcAva 186 11916 100017 (1 |1 [FEEE| | 00 ALine KICK
Burst ----- lMas - Pulse Picker
Klys Accel 151 11811 89875 (1 [1 (1200 OTRDMPB

Klys Accel and 10Hz - - -

Ewvent Delay* Delay* On/ Beam Mask Rate
Code (Clock (nsec) Off Code Setup (Hz)

Ticks)

Desired
Rate
(Hz)

MP3 Checkout EC...
achine Checkout EC...

User-Defined Event Codes

[Dual Laser Diagnosties | (131 11925 100083 1 | 1 [TEETE

1200
[UserDefineds " 135 12y 100126 1 1 [TFEE 1200

Time Pipeline

0x3BAASE4]  0xaBAASEA]  0xaBAASE4T  0x3BAASE4T
Status 0x0 0x0 0x0 0x0
TS Sync Error 1

Skl T3 Pzttern Sync Error 0
Total 215771221 TS/Pattern Mismatch 0
Rollover of Total 0 Sequence RAM Busy 0
Total (ISR) Writes 215739519 Seq RAM Mode Error 0
Rollover of Writes i} Sequence RAM Active 31700
Invalid Waveform 0 Seq Ram Lock Error 0
Timeouts 0 Seq Ram Invalid Data 47382
Write Error 0 MPS State TIMECQUT
ISR Overwrite 0 Total MPS Messages 0
Backward Time Err 0 Rollover of Above 0
MTP Error 0 MPS Timeout 0
Invalid MPS Data 215723845 MPS Invalid Message 0
Mod 720 Sync Error i} MPS Unknown Msg 0
Pulse ID Sync Error 0 MPS Parse Error 0
Pulse ID Rollover 1696 MP3 Invalid Time 0
NTP State QK MPS Time OffBy-One 1]

Processing Time (us)
Record Average 101 Fiducial Average 56
Record Maximum™ 128848919 Fiducial Maximum™* 865
Start Time Diff Min™ 2689 MPS Time Diff Min™ 30000
Start Time Diff bMax* 58316 MPS Time Diff Max* 1]
Rate (Hz) 360.0 MPS from Patt Min™ 30000
* Since Reset ** Since Boot MP3S from Patt Max* 0




IN20 EVG Diagnostics (on Icls-dev3) ~) [~} (x ]
IOC:IN20:EV01 EVG Diags  pr [IEm
Development
- Pattern Pipeline oK
- TS6 TS5 TS4 )
oxi 67C 0x1678 0x1]6?A Timing Pattern £ v~ x
1 0 v .
TIMESLOT 1 6 4 S » M o 9 . =

MODIFIER1 ME100 0x0 0x100 Tlmlng Pattern Tl ml ng Paiiern -

MODIFIER? ox1 0x20 0x10 - - 4 its i

wooren] ovtiw o0 on o Timing Pattern =y Units 1 10 20

MODIFIERE | 0x20000000  O0xCO000000  OxAO000000  OXBOOOO00O a i EX Bit #of

MODIFIERS | 0x13FE7B00  0x2000000 032000000  Ox120E7800 ( P r\! B N “ :

MODIFIERG 0x0 0x0 0x0 0x0 I 15 Posn Bits Name
AVGDONE 0xE7800 0x0 0x0 0xE7800 0 8 YY
ALLDONE 0w & A i Units 1 to 20 Units 61 to 80 8 5 PP

Time Pipeline ' i 14 1 MPG_IPLING
0x3BAASEA1  0xBBAASEA1  0x3BAASEA1  0x3BAASEA Units 21 to 40 I Unn. “~ 100 15 1 MOD720RESYNC
Status 0x0 0x0 0x0 0x0 = = 16 4 PULSIDRESYNC

TS Syne Error - Units 41 to 60 §|Units 101 to 120 21 1
Counters All Counter Reset . .
! T3 Pattern Sync Error 0 22 1

Total 215771221 TS/Pattern Mismatch 0 H

Rollover of Total 0 Sequence RAM Busy 0 Unlts 121 to 140 ! 1

Total {ISR) Writes 215739519 Seq RAM Mode Error 0 4 1

Rollover of Writes 0 Sequence RAM Active 31700 2

Invalid Waveform 0 Seq Ram Lock Error 1] 25 1

Timeouts 0 Seq Ram Invalid Data 47382 26 1

Write Error 0 MPS State TIMECQUT

ISR Overwrite 0 Total MPS Messages 0 27 1

Backward Time Err 0 Rollover of Above 0 28 1

MTP Error 0 MPS Timeout 0

Invalid MPS Data 215723845  MPS Invalid Message 0 29 1

Mod 720 Sync Error 0 MPS Unknown hMsg 0 30 1

Pulse ID Sync Error i} MPS Parse Error 1}

Pulse ID Rollover 1646 MPS Invalid Time 0 20 12 PSK_CONTROL

NTP State QK MPS Time Off-By-One 0 32 6 TSLOT U§
Processing Time (us) [ Send MPS Test Msq | 32 1 TSI—

Record Average 101 Fiducial Average 56

Record Maximum® 128848919 Fiducial Maximum™ B&S 33 1 TS2

Start Time Diff Min* 2689 MPS Time Diff Min* 30000

Start Time Diff hax® 58316 P35 Time Diff Max* 0 34 1 T3

Rate (Hz) 360.0 MPS from Patt Min* 30000

* Since Reset ** Since Boot MP3S from Patt Max* 0




Modifier bit

B LTUH (o] UNDH [WEE DhPH DI
Event Generator (EVG) 1I0C ~ EVG I0C Status fo _ts_mc ronous WMTG/Main Drive Line Profile Monitar
Diagnostics... Pattern/PMNET g WIMTG.. | Drark Current Diags on

NTP | i I
Events... Event Definitions... EYG in IMZ0 MPS Rates
Beam Rate Control... I Pockels Cell [N

MPS Interface
Fate Triggers tech shutter [N

hdagic Decoder

haster Beam Control... |

LCLS Rates {Hz)

Beam Full Rate 1200 BPM Calibration 1 120.0 vk [
54 and TS1 120 Hz BVKIKS -
Fockels Cell  120.0 EPh Calibration 2 120.0 TE4 B Hz
Refresh Rate Selection Menus... | Home Screen. I A T34 30 He

T34 10 Hz | 7ime Stots Beam Codes Categories

Rate-Sefection T34 5 Hz ,? ’? ’? [ cearanse || setalec | [ TIMESLOT [ OTHER \ RATE
o TS41H [5o5 [ e | oo |
Bearn Desired Actual Rgt:algmt | Setup Madifier Bits... | T Hz (08 WIS i e e L e
F'd. - Now Dara Bc8 | BCY |BC10 |BC11 [BC12 | BC13 |BC14 |BC1S
. i [aucial
- | EVG to MPG SynChanlzatIDn“ | BC 16 BC 17 BC 16 BC19 BC 20 BC 21 BC 22 BC 23
| YMTG Setup... e [ecee [oces [sces [ecer [eces [ecea [ecan [acar
COPPER_LINAC HXR 120 / SXR 00 _I - 8 PNET Patterm
MODIFIER CATEGORY|BITP
Contral TS1 TIMESLOT | 32 |1 [ 60 [*[. |- 1. 1-|-1*(- - |- 00 1< - - |- L - 1) e s i
- TS2 TiMesLoT | 33 [ o [so ||| [ [[[-[].[.|.]|.]-I*]--1-1-1- i i i
- 53 TIMESLOT | 84 [0 |80 |- |- [*|- |- [ 1 - B b 1 L G T Gl b L L T L e L e L -
| Beam Code Rates.. | T34 TIMESLOT | 35 [ 1 {60 [..|-[*I-[-1-[-{-"L-0- - 0- 0 UL 0L - L e L L LT L L
o Hz e 6] T G P TS5 TIMESLOT | 36 |0 |60, . s . : ; : ;
| Error Counts... |NumpLIISESsEIF TS6 TIMESLOT | 37 | o |eo | |.{.[.I.[*|.[.I.{-1- <L 0 0 0 0 0L 0 L L L L L L
| Y ——— I LINAC_ONE_HERTZ OTHER £=1< 700 1 T ol ) A U ) U (Y Y I O
e e Y e | RATE_MPS_HXR_119Hz| RATE | &4 [ 1 [vwo | [ [l | [ L F L b 1 1 b L e L L L T L e L
A ek T e I RATE_MPS_HXR_110HZ|  RATE [ 65 | 1 [vo- | [l 1 L L 1 L L T e L T L
O Hz Mr. BC 1 Hz Mr. BC 10 Hz Mr. BC 30 Hz Mr. BC B0 Hz Mt BC RATE_MPS_HXR_S0HZ RATE (<1200 I T =T o I o U I o o I ol P o I 1 A A N ol L
- - - - RATE_MPS_HXR_60HZ RATE (<728 1 T <100 o o U Y o U Y o Y ot Y A I I 8
RATE_MPS_HXR_30HZ RATE 68 |1 30(.[.[-*l-1- 1 -1 - L L L]
MOT_BYPASSED MOT_BYPASSED MOT_BYPASSED MOT_BYPASSED MOT_BYPASSED = o
TCAVD FE_MASK_1HZ_ES& FB_MASK_SHZ_E34 BCS Fault (input bit 8 BC Beam Permit (input bi RATE—MES—JHXRJOHZ C?:JER G L o O Y Y L
asJet 70 1111
| o | | o | [ o | | o | umac_sixry_verrz | other | 72 |1 |eo || LFEELEEFEEEEEFE R F R FEEE FEL LT FEL
e e Akt AR e e i LINAC_THIRTY_HERTZ| OTHER 3 0030 L L]
PANCARAREIE skt e el A I ) ) |

H—7



Fime Sipls

Beam Codes

‘ T51 |T82 |TSS

| clearalBe ||

Set AlBC |

Categonmes

‘ T5 4 |T85 |T86

|EICD ‘EC] |EIC2 |EIC3 |BC4 |EIC5 |EICB |EIC?

fMew Dats

|EIC8 ‘ECB |BC‘ID |EIC‘I1 |EC12 |EIC13 |EIC‘I4 |BC15

| Colect Data_|

|EIC16 ‘EIC‘I? |BC18 |EIC19 |EICZD |EIC2‘I |EIC22 |BC23

FPINET Fattern

|EIC24 ‘EICZS |BC26 |EIC2? |EIC28 |EIC29 |EICSD |BC3‘I

MODIFIER
TS1
TS2
TS3
TS4
TS5
TS6

LINAC_ONE_HERTZ
RATE_MPS_HXR_119HZ
RATE_MPS_HXR_110HZ

RATE_MPS_HXR_90HZ
RATE_MPS_HXR_60HZ
RATE_MPS_HXR_30HZ
RATE_MPS_HXR_10HZ

GasJet -
LINAC_SIXTY_HERTZ
LINAC_THIRTY_HERTZ

CATEGORY
TIMESLOT
TIMESLOT
TIMESLOT
TIMESLOT
TIMESLOT
TIMESLOT

OTHER
RATE
RATE
RATE
RATE
RATE
RATE

OTHER

OTHER

OTHER

32
33
34
35
36
37
56
64
65
66
67
68
69
70
72
73

T Y N U (I i (Y o T e R R o T o S

60

60 |.1"].
60 |.].
sO . 1.1.1"]-]-|-|- |-
60 |.[.].]-

601.]1.1].
119(.|. 1.
110]. 1. |
21.1.1
60 |.].|
300.1.]
10(.1.]-
60 |.].|
300.1.]

i I B -

* o+ * o = . .

T . -

D . .

R . .

D . .

* * * x x o = . .

-

1

Each timeslot can hold
timing frame shown in p.11

=~

The pattern repeat every 360 cycles
(360Hz) --> 60(each time slot is
60Hz)*6(6 time slots)=360Hz

For LCLS the maximun rate is 120Hz since
it uses S1 & S4 (60+60=120Hz)

LCLS can have timing send out timing
pattern frame in 120Hz

Each pattern contain 60 times 6 time
slots, ex, TS1 send out 60 times of data in
one pattern.

The slowest rate it can
send is 1bit per 360 cycles
-->1Hz



Modifier section

IN20 EVG Diagnostics (on Icls-dev3) >) (~) (x
=
Development —
Pattern Pipeline OK
TS1 TS6 TS5 TS4
0x167D 0x167C 01678 OX167A
BEAMCD 1 0 0 1
[ 1 8 5 4
MODIFIERT 08100 0x0 0x0 0x100
MODIFIERZ (134} 0x20 ox10 0x8
MODIFIER3 0x7EE000 0x0 0x0 0xBE10F
MODIFIER || 0:20000000  0xCO000000  OxAO000000  OXBO00O0O00
MODIFIERS || 0x13FE7800  0x2000000 0%2000000  0x120E7800
MODIFIERG Oox0 0x0 0x0 (1]
AVGDOUMNE OxE7800 0x0 0x0 0XE7B00
ALLDONE 0x0 0x0 0x0 0x0

0x3BAASEA]
[ msec |

Status 0x0

Time Pipeline
0:3BAASEAl  0x3BAASEA1  0x3BAASEM

0x0

0x0 0x0

Counters All Counter Reset |

TS Sync Error
TS Pattern Sync Error

* Since Reset ** Bince B

oot

1
0
Total 215771221 TS{Pattern Mismatch 0
Rollover of Total 0 Sequence RAM Busy 0
Total (ISR) Writes 215739519 Seq RAM Mode Error 0
Rollover of Writes 0 Sequence RAM Active 31700
Invalid Waveform 0 Seq Ram Lock Error 0
Timeouts 0 3eq Ram Invalid Data 47382
Write Error 0 MPS State TIMEOQUT
ISR Crverwrite 0 Total MP3 Messages 0
Backward Time Err* 0 Rollover of Above 0
MNTP Error 0 MPS Timeout 0
Invalid MP3 Data 215723845 MPS Invalid Message 0
ldod 720 Sync Error 0 MPS Unknown tdsg 0
Pulse ID Sync Error 0 MPS Parse Error 0
Pulse ID Rollover 1696 MPS Invalid Time 0
NTP State OK MPS Time Off-By-QOne 0
Processing Time (us)

Record Average 101 Fiducial Average 56
Record Maximum™ 128848919 Fiducial Maximum* 865
Start Time Diff Min™ 2689 MPS Time Diff Min™ 30000
Start Time Diff Max* 58316 MPS Time Diff Mas* 0
Rate {Hz) 360.0 MPS from Patt Min* 30000

MPS from Patt Max* 0

Modifier section is separated
into 6 sections as MOD1,
MOD2, ..., MOD6

MOD1 is the lowest 32 (0-31
bit) bit of the timing pattern
which is for EVG internal
usage.

MODSG is the highest 32 (160-
191 bit) bit of the timing
pattern which is for MPS data
(excluded by the pipeline)

MOD2-5 are for EVG event
code



Take "RATE_MPS_HXR_O5HZ" as
example, (0x00000800), in hex, there
are 32 bit for MOD3 section.

Therefore, 0x00000800 =
0000100000000000. Which is 32*2-
1+12 = 75; 32bit*(MOD#-1(=2))+Section
BITP(0x00000800, position 12 in binary)-
1(0-31, 32-63, 64-95,...) = Modifier BITP




EVG Note

* Modifier bit is 192 bit long that separated into 6 sections as MOD1-6
* Modifier bit repeat every 2 seconds as 720Hz

* Modifier bit is configurable

* Modifier bit and EVG event code both live in EVG

* Event code search from modifier bit for matching bit that fit the
configuration of the event code

* Hence the event code could have its own frequency based on how
often the matching condition shows up

 EVR receive the event code from EVG



Timing pattern change

* There are only three scenario that change the timing pattern
 MPS --> rate reduction
* Manually shut off the beam

* Hatch operator modify the pattern to lower the beam rate (kicker for rate
reduction)

* When changing pattern, the even code will change at the same time since the pattern
got changed



Channel Access

/

EVG Su gport _
EVG PNET Support Beam Containment
loc-in20-ev01 sioc-sys0-pn00 ioc-mcc0-bc01
Machine Protection AW .
loc-bsy0-mp01 Ti Ing Fib
§ MPS Private Network
YV

MPS Link Node

MPS Link Node

NATIONAL ACCELERATOR LABORATORY

ioc-....-....

Timing Network 360Hz fiducial



What does EVG send to EVR?

EVG

loc-in20-ev01

EVR receive three timing
frame from EVG as

called "pipeline". As EVR
can see the next three
timing frame from the
pipeline, EVR can start
preparation of the device
so it can match up the time
when there is a beam

Timing Fiber 360 Hz Pipeline

n+2

n+1

For example,EVR can see n,
n+1 and n+2. EVR knows
the device ready time is
two timing frame, once
EVR sees n+2 is with beam
and need the device to
activate, at n it will start
the preparation so when
n+2 arrive it can perform in
time.



BSA (Beam Synchronous Acquisition)

fromEVG

BPMS:IN20:221:XHSTTH
BPMS:IN20:221:YHSTTH
BPMS:IN20:221: TMITHSTTH

|
|
I
|
Tim ern
— et — EVR |—
|
|
I
|
|
|
|
|
I
|
|
|
I
|
|
|

|
|
|
|
|
I
From B P M Data st |
— T !
module S S R S e L LN AN a s S
Controks
e network
OPI
Matlab

X=lcaGet(BPMS:IN20:221 XHSTTH);




How to access NC EVG

From physics account on Prod (Icls-srv01):

Reserve an EDEF with Iclshome -> NC Gun -> Event / NC Global

Source Destination
@ ncan| O scon (TN (ETHN

Applications

For further detail of EVG
EDEF, see slide Cu-BSA.pptx

| Operator Tools |

| Physics Apps |

semroromten [ JE )0 ) [
Feedback - o
Magnet -

Profile Monitor

Wire Scanner
Coll./Motion

(- o

P = o ]
Laser i
RF e ) o) ) ) ) ] 2.

Event | - mm[—]-m[:m[—]m

Network & I[_][_]-[ - ]-l
|

Utilities

Vacuum

Temperature

MPS

e
_I--[

X-Ray/Misc |

[
[

PRODUCTION

Klys Accel & 10 Hz 100

Al i Glob|| IN20 || 121 || u22 | b23 | u24 | u2s || u26 || u27 |28 | w29 |30 | BSY | LTUH| LTUS |UNDH|UNDS | DMPH| DMPS | FEEH || FEES || NEH || XRT || FEH | | Global Displays |

Beam Synchronous
Acquisition

Event Generator (EVG) 1OC EVG IOC Status
Diagnostics...

Events

Event Defintions. I

BSY LTUH LTUS UNDH UNDS DiPH [BLEL

VMTGfMam Drive Line Profile Manitar
VMTG Dark Current D\aga

EVG in INZD

FEEH [g=l=ks

Iagic Decoder...

Pattern/PHET
MTP
MPS Interface
haster Beam Contral

LCLE Rates (Hz) Ea:

BPM Calibration 1 120.0
BPM Calibration 2~ 120.0
Taroid Calibration  120.0

Profile Manitors — 10.0

Eeam Full Rate  120.0
Pockels Cell  120.0
Klys Accelerate  120.0

BYKIKS 0.0 TCAVIOTR 0.0

BYEIK 0o Klystron Standby 1200 |[120Hz _|
TCAVD Klys Stdby & Na TCA¥D 1100 |120Hz [
TCAY3 00 Kiys Stiby & No TCAY3 1200 |120Hz |

Burst 0.0 Fulse Picker 0.0

NC_HARD_INJ — 120.0 Abort Triggers
NC_HARD 120.0 BYKIK shart

BYKIKS Ahaort

NC_SOFTNS 00 [Tipisale | Enale  [TDisable’|  Enable
NC_SOFT 0.0

Ahort beam at BYKIK. every Abort beam at BYKIKS svery
Desired Beam Rate Mode i [A1

heam shots beat shots

Actual Beam Rate Mode

beam shots until next abort  beam shots until nest abort  yym Pulses So Far i i il

MPS Rates
Beam Rate Coniral.. I Pockels Cell [N
se Rate Triggers Mech Shutter [N
Bviik. -
T54 and T51 120 Hz 1200 sviiks [
T34 60 Hz  BO.0 Laser Htr Shutter
T34 30 Hz 300 MPS Control

T34 10Hz 100
T54 5 Hz 50
T54 1 Hz 1.0

T34 0.5 Hz 0.5

Fiducial  360.0

Mitigation Contral..
Burst Contral...

Cardac Timing

PDU Global Rules ..

Trigger Control

BYKIKS Burst BYEIK Burst Kick on TCAV3

Cantrol
Burst | Burst ‘ |
Rate Full Ll I Full | I
Mumber of Pulses |30 |11 |1




note when reboot

IR UNDS YR ROMPS

Event Generatar (EVG) 10C EWG 10C Status W i Profile konitor

| Pattern/PHNET s Dark Current Diags -
|— NTF

MPS Interface
LCLS Rates (Hz) Base Rate Triggers

Desired Beam Rate Mode
Mumber of Pulses _

heam shots until next abort  yyw Pulces So Far 0O

Ahort heam at BYRIK every Abort beam at BYKIKS every
Rate

d

heam shots. heam shats.

Actual Beam Rate Mode

heam shots until next abort

[ vome soreon. | [ ]

Beam Full Rate 1200 BFM Calibration 1 1200 = p
TS4 and T51 120 Hz ; n ) () ()
Packels Cell 1200 BPM Calibration 2 120.0 g /usr/local/lcls/tools/edm/display/event/VMTG_top.edl (on Icls-srv0l) (=) (&) ()
Klys sccelerate  120.0 Toroid Calibration 1200 T34 31 Master Trigger Generator - Main
Klys accel & 10Hz 100 Profile Monitars 10,0 TE 10 M
BYKIKS 00 TCAVI OTR 0.0 Tl
BYEIK 00 Kiystron Standby 1200 | _| i
TCAvD [00_]  Kiys Stdby & No TCAVD 1100 | d ANk
TCAYE 0.0 Klys Stdby & Mo TCAYS 1200 | ] Fid.ucial
Burst 0.0 Pulse Picker 0.0
NC_HARD M. - Ahort Triggers Trigger CDmmIBYKIKS Fo—
NC_HARD 1200 BYKIK abort BYKIKS ahort



fusr/local/lcls/tools/edm/display/event/VMTG_SyncSel.edl (on Icls-srvol)

I Master Trigger Generator - Synchronization Clock Select Contral I I

Master Trigger Generalor - Main 71.43KHz




SC Timing



SC Timing

e SC BSA provides data buffers time stamped by the SC Timing System
(Timing Pattern Generator — TPG).

* SC BSA provides data filtering according to user needs.

* SC BSA provides pulse-by-pulse data buffers up to 1KHz.
* Maximum of 20000 data points.
* Each data point can be an average of up to 1000 beam pulses
* Maximum rate of 1KHz

* Difference NC BSA:
-It is not a scaler acquisition
-The acquisition cannot be run at beam rate but only up to 1KHz



* Timing Pattern Generator (TPG) sends Timing Frames to each Timing
Pattern Receiver (TPR) over a dedicated fiber network at 1MHz.

* PVs that participate in SC BSA have Pulse |d encoded into
the nanoseconds part of their time stamp.



* An 10C is equipped with an TPR.
* Timing Fiber is run from TPG, most likely through a Fanout module.

 Special software is installed in the I0OC that knows how to talk to the
TPR.

* Assuming the requested signals can be read out within 1/120th sec
from the hardware, EPICS Databases are created for the SC BSA PV.



How to access SC TPG?

From physics account on Prod (Icls-srv01):
Reserve an BSA with Iclshome -> SC Gun -> Event / SC Global

Source Destination
NC Gun | (® SC Gun DIAGO BSYDump I
Al c Glob||Gung|| Lo | 118 || 128 || 138 | ExT || DoG || BYP | SPR |DASEL| BSY |[LTUH | LTUS |[UNDH| UNDS |[DMPH| DMPS | FEEH || FEES | NEH || XRT
BPM/ToroBLen [ |
Feedback
Magnet

Profile Monitor !

SC Timing Display

Wire Scanner
Coll./Motion

FEH

For further detail of TPG
BSA, see slide "SC-BSA.pptx"

Destination: SC1 Laser 5C1 Gun SCITDIN] 5C1 DIAGO 5C1 DumpBSY SC1 TDUNDHXR 5C1 TDUNDSXR SC1 DUMPHXR SC1 DUMPSXR SC1 530XL DST11 DsT12 DsT13 D5T14 D5T15
Laser D Destination Rate 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RF R |, — — [ —) N
MPS Beam Class RBV. 0 0 0 10 0 (o] 1] o] 0 0 o] 1] 0 0 (o]
cryo [P R ) [ e
Timing Beam Class set PV: |1 5 0 ] 5 [} 0 0 o] 1 [} (] 1 1 1
0oDM — ) |
Timing Beam Class RBV: 1 5 0 5 5 o [} ] 0 1 4] [} 0 0 ]
Event () (D S B R
Network T s e [ e ) ()
S Patts select BCS Fault MPS Fault MPS Link Diagnostics
Utilities attern Selec! g
Select Destinati SC1 DIAGD -
Vacuum [:] M Load Physical Link Rx: Fault
FLT Buf O 0 (]
Pattern 1000b_1 -
Temperature Physical Link Tx: Ready
FLT Buf 1: 0 0 BSA Summary
MPS :] Local Link: Fault
bunch charge 1| pC FLT Buf 2 0 0
:] pply ! Remote Link Fault
PPS _—
BCS —)
FLT Buf 3 0 0 Rx Clock Frequency: 250000200
X-Ray/Misc :]



MPS issues permits for each destination

Cu MPS permits are Rate based, max 120 Hz
Each "mitigation device" (destination) has a maximum rate permit PV published
as an enum and as a double. Note these are PERMITs, not actual rates

SC MPS permits are Beam Class based

Beam classes are defined as (1) integrated charge in (2) time window with some
(3) minimum bunch spacing

Each destination will publish the current beam class PERMIT as an enum and
three PVs to provide the three parameters that define a beam class

In both cases, timing system will publish the actual rate to a destination



Sc Timing pattern frame: Cu Timing pattern frame:
e Time meeeesssssssssss——) + |ime

- |Beam Code (BC)
(0O=Any, 1=Cu to HXR, 2= Cu to
SXR —see next slide)

Fixed Rates
AC Rates

- |Beam Request . Event Codes
) Request.ed Charge * |Modifier bits: time slot;
 IMPS Valid . .
e Kicker trigger mask presence;
« |BCS Fault
s beam presence; subset of
* |MPS Limiting lower rate trigger mask
- |MPS Limits © 1199
per destination: etc..

 BSA fields ( Init; Active:
( )—° BSA fields

Note: The information is packaged / called a little bit different, but it is similar
concept.



BSA and TPG

* TPG generate timing pattern where BSA acquire along with other
device signals (MPS, BPM etc..) or signal (PID, TS, etc..)

* As the result BSA generate PV record with device signal and TPG
signal
e Ex, TPG:SYS0:1{TSPIDHST21

Device name or | | BSA data that
Signal name aquire with the
device signal




BSA

* When BSA acquistion start, BSA acquire data from TPG timing
pattern. Under "view data" is where the device signal tie to the BSA
acquired data to output data graph

* In this case each data capture from the device or signal will have BSA
timing pattern attached to it for further experiment.

* Each data point have corresponding BSA data singal to it like
example below Where they have same Iength of array representing
each data point } : caget TPG:SYSO:1:TSCNTHST21

1 1 111111
1 1111111
1 1 1

11111
1 T’PHZHJTLI




Note

e LCLS1:0...120Hz
* LCLS2:0...1MHz
* PDU = Programmable Delay Unit

* The PDU is where timing and pattern information meets the
fiducial and the 8.4 ns clock from the FIDO and triggers with
appropriate delays are output on the CAMAC upper backplane.

* PDU outputs 16 triggers of 67.2 ns width at ECL levels (~-0.8V to 1.8V)



Troubleshoot for LCLS EVG

pnetSeqCheckl:
pnetSeqCheck2:
pnetSeqCheckl:
pnetSeqCheckl:
pnetSeqCheck2:
pnetSeqCheckl:

pnetSeqCheck2:
pnetSeqCheckl:

eqCheckl:
pnetSeqCheckl:
pnetSeqCheck2:

pnétiéqcheckl:
pnetSeqCheckl:

pnetSeqCheckl:

slot pattern, EVG = @x1,
slot, EVG = 2, EVG = 6
slot pattern, EVG = 0x
slot pattern, EVG
slot, EVG = 2, EVG
slot pattern, EVG

slot pattern, EVG
slot, EVG = 2, EVG
slot pattern, EVG =
slot, EVG = 2, EVG
slot pattern, EVG =
slot pattern, EVG
slot, EVG = 2, EVG
slot pattern, EVG

slot pattern, EVG

slot pattern, EVG
slot, EVG = 2, EVG
slot pattern, EVG = 0x
slot, EVG = 2, EVG
slot pattern, EVG = 0x
slot pattern, EVG =
slot, EVG = 2, EVG
slot pattern, EVG

slot pattern, EVG

The error shown the wall wart is still
on with generator or regular power
supply without the wall wart



Q&A

* Why the signal needs to be amplified at sector 30 since only 30
sectors exist

e 3pf
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