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Tell’em what you are going to tell ;/Z
&

* |Introduction to ERL and its timing needs
 Hardware components of timing system
* Beam structure

e Software algorithm and its features

* Test scheme and Operational results

* Operator interface

e Status and plans
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ERL LAYOUT

e . " "._:,_ A
*  Forlow energy electron cooling of RHIC (LeRec) and electron ion collider (eRHIC)

*  These applications require up to 350 milli ampere CW current with low emittance
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Required Bunch
Structure

Group of laser pulses = Bunch

Groups of Bunches = car
Group of Cars = Train

Fig. 2 Bunch Train =~

Bunch pattern for ramping up beam current for fault studies
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Required Bunch | | / Z
Fig. 2 Bunch Train

Structure =
Bunch pattern for ramping up beam current for fault studies
Solenoid 1s
| 1 car with 1 bunch at 1Hz ‘F‘_ ;}
RF | \JK\ Mﬁ(\ w/ﬁ\ Mf){\
laser gate 2 car with 1 bunch at 1Hz
| | .
laser pulses J\—’{ " < v v
and 5o onunttl ...
~ camera triggers
o 14 car with 1 bunch at 1Hz
. L AN NI
7 Faraday Cups N S s s 7
6 éO ;10 éO éO 1.00 14 car with 2 bunch at 1Hz
Time(usec) ‘
Fig. 1 Sequence of Triggers M'l' A "”l"”””””” i

ICALEPCS 2015, Melbourne Australia N?T%?glggg‘xscﬂy ERL Time Management System



< TS
0 7"

Building Blocks of the Timing System o
INHIBIT k&
OPERATOR INTERFACE LOGIC
Master Timing <
Accelerator Device Object V202#1 DG #1! V202 #2
(ADO)
: CLK EXTINH AB CD EFGH CLK
RF Electronics .
operating at 703 Mhz. .
Phase locked with ] i ]
Laser X DG #2 X
RHIC Event Link EXTINH AB CD EF GH
Generator embarks ﬁl:l
the start of Train at 0 : 0
1Hz 1 DG #3i 1
- EXTINH AB CD EFGH E
* Red items are software entities configured by 3 ﬁ 3 To
timing ADO. 4 4 .
* Blue Arrows are HW triggers/permits 5 DG 4: 5 DEeess
6 6
V202: Delay modules programmed at BNL 7 Eﬁ INH AB CD EF GH 7
DG: Stanford Research System Delay Generator D
model 645. ;
BROOKHEAVEN
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Building Blocks of the Timing System >
S

OPERATOR Interface

Master Timing

Accelerator Device V202#1 DG #1 V202 #2
Object (ADO)
CLK Eﬁ INH AB CD EF GH CLK
EX DG #2 EX

* Red items are software entities configured
by timing ADO.
* Blue Arrows are HW triggers/permits

N[O IWINI-|O
N[O~ |WINIFL|O

V202: Delay modules programmed at BNL
DG: Stanford Research System
Delay Generator model 645.
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Building Blocks of the Timing System

-
INHIBIT k>~

OPERATOR Interface LOGIC
Master Timing Burst of Cars.
Accelerator Device V202#1 DG #1! V202 #2
Object (ADO)
CLK EXT INH AB CD EF GH CLK
RF Electronics .
operating at 703 Mhz. .
Phase locked with ) i _
Laser X DG #2 X
RHIC Event Link EXTINH AB CD EF GH
Generator embarks I:I
the start of Train at 0 : 0
1Hz 1 DG #3i 1
2 EXTINH AB CD EF GH 2
* Red items are software entities configured 3 3 To
by timing ADO. 4 4 Devices
* Blue Arrows are HW triggers/permits 5 DG #4i 5
6 6
V202: Delay modules programmed at BNL 7 Eﬁ INH AB CD EF GH 7
DG: Stanford Research System I:l
Delay Generator model 645. ;
BROOKHEAVEN
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Algorithm >

Goal: LASER is last device to be fired

Set response time of all diagnostics, done by system
experts manually. (6,.,)

Find device with maximum response time (6
6 I\/I'A‘X(Sdevl t 6dev2 + 6dev3 + 6dev4 + 6dev5 """" )

Calculate total insertion delay due to 4 DG645 boxes.
(InsertionDelay,., )

max)

max =

Set delay (T, )of each channel to
Ty, = 0,5, T INsertionDelay, . -6

dev
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EASE OF USE /;@

* (Calculate and compensate insertion delays of each
DG645 unit.

e (Calculate delays in clock ticks of laser and internal
clock when in test and operation mode.

 Change trigger properties based on change in train
properties.

e Check for Beam Power Limits.

e Cater to electronics with special needs and supply
reset triggers based on time constant of each.
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Page PPiM Device Data Tools Buffer

User Interface

Help

Set Test Mode |
Set Laser Mode |

Clock Source
INTERNAL

FRSTER CONTROLS 1 I
erlTimingCtrl.MasterADO Calculate Gates And Send
DELAY CENERATOR 2 N T N T — PULSE WIDTh(sec) [ PULSE DELY(ze)
Note: PULSE DELAY{ch) =
Communication Status Active INSERT_DEL + MAX_DELTA_DEV
Insertion Delay Qo —DELTA_DE¥{ch)
Laser 0 Laser Gate Set By Timing ADO —> 0,0003 8,00186e—05%
Laser Gate Duplicate 0,0003 8,00186e—05
ERL IICT2.1 trigg [ 1.4e—05| 1.5e—05 1.5e—05 6.60186e—05
I —
Communication Status Active
Insertion Delay 1,165
Faraday reset Mask De—05 Se—05 0.0001450186
DCCT Gate 0.,00023 0.00023 0.0001500186
Y e I I —
Communication Status Active
Insertion Delay 1.86e—08
ERL ICT Interlock Reset 6.2e—05 1.2e-05 1.2e-05 1.8e—05
ERL FC Interlock Reset 6.2e-05 1.2e-05 1.2e-05 1.8e-05
ERL FC Interlock Start le-07 0.0003 0.0003 7.95e-05
ERL ICT Interlock Start 1e-07 1e-05 105 7.99e-05
delay.912erl-vmel, TestSignalTekScope 2 10 1MHz Ext Pos On
delay,912erl-vmel ,DCCTTrigger ] 2345 1MHz Ext Pos On
delay.912erl-vmel,SignallecScope 1 2345 1MHz Ext Pos Oon
delay.912erl-vmel,GigECanera 34 2345 1MHz Ext Pos On
delay,912erl-vmel ,H1xBLMGate 2345 50 1MHz Ext Pos On
delay.912erl-vmel HIxBLMReset 4653000 20 1MHz Ext Pos Oon
delay,912erl-vmel , E-PMT ] 2345 1MHz Ext. Pos On
delay.912erl-vmel,Kithely2001PMT Qo 100 1MHz Ext Neg On
e Euternal clock freq = 4.6 | I —
delay,912erl-vme3,StartTrainDG1 423000 50 1MHz Event. Pos On
delay.912erl-vme3,3123Ext 50 20 1MHz PrevStart Pos Oon
delay,912erl-vme3, 3122Ext. 2345 100 1MHz PrevStart, Pos On
delay.912erl-vme3. LiberaBPM 423000 20 1MHz Event Pos On
delay.912erl-vme3, ExtTrigDG2 1 50 1MHz Ext Pos On
delay,912erl-vme3, ExtTrigDG3 1 50 1MHz PrevStart, Pos On
delay.912erl-vme3, ExtTrigDG4 1 20 1MHz PrevStart Pos Oon
delay.912erl-vme3.¥202¥inel 78 50 1MHz — 100 =)
Page V1M Device Data Toohs futer Valp.

Commnication Status fctive

Bunch Fraqueecy Bunch Miath Boom Current EFFLC Ly (Fampe /M)
eI TimirgCtr ] Mastaraio 1960 lo-0n / .
Buret Count Durst Deloy Burst P

~

T (14,2) erlTimingCtrl.MasterADO:erlF CMask

D845 ERL. L » 0 0.000610204081633 ENELE

Thu Aug 13 17:29:28 2015: Get and Async requests complete.
Thu Aug 13 17:29:48 2015: Get and Async requests complete.

LAGER BRI 0% GATING PINE /AT RN CON MR RN STATI FAULT STATUR
PROTECTION ONATFT OF- |
FAULT HOLDOFF TIME 6.0001 (Sec)

AUTO CLEAR TINE 0,001 (Sec)
LIVE REAosacs LIMET (M1cH) LIntT (o)
GUN V0L TAGE 2192.% 101000 100000 (WOLTH)

GUN PWsE ~167.06 160 ~100 (DEG)

| Vet May 28 22156, 2019: PetGEtAsyneE morCE - 00¢CcPpet S12e1) It 3:veavPhaseDegBArayD] [16.3) 10 Bb - Cannod extract arvey avdex from data
| Wit May 718 2300 301 2014: (et and Avywe reguansts complets.
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generated

Burst Count is
Number of Cars to be

Bunch Width is
the length of
the car

Page PP Device Data Tools Bufie

FECs/Development/ERL/Timing/TimingExpertOnly

LASER RF OK GATING

Help
A
HACROBUNCH CHARACTERISTLCS I I N S
Communication Status Active

Burst Count Bunch Frequency Bunch Width Beam Current Laser Beam Power Efficiency{fmps/W)
erlTimingCtrl.MasterADO | 1] 2000 | 5e—06 | 0.0001 | 2] 0.0003

Burst Delay ﬂ Burst Period Burst Mode
DGE45, ERL, 1 | (] 0.0005 ENABLE |

ovorovor s e sns L

DISABLED
0.0001 (Sec)
0,001 (Sec)
LIVE READBACK LIMIT (HIGH) LIMIT (LOW)
1004.5 L 25e+06 1,15e+06 (YOLTS)
-19,7369 -180 {DEG)

=]

I~ i

& (6,6) blank cell Hudge: 0 ¥] 4 0
Mon Sep 21 17:46°35 2015: copying parameter values to buffer. 4
Mon Sep 21 17:40:35 2015: Get and Async requests complete. s

Bunch Frequency
is the spacing of
the cars

Number of laser pulses in a car = 9.38 MHz * Bunch Width
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Beam Diagnostic Systems | <>
OTR Screer 2 [[R}Infrored Conera B
HE YAG Screer 2) c DC Current Transformer [

Q
]
L : ] .
(] @ Ermittonce 1 . C Integroting Current Tronsforne: 3 Guadrupole
H
a

solenoidd

Flog Torget Screen 1o B PMT

. - . = ['l”»(:ulg'
LE YAG Screer 3 @ PIN Diode B -

lon Chamber

§os

% & Ferodsy Eux Flange m=

(16 G BPM Buttor Faraday
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S\ Teledyne LeCroy WRE10Zi

File Vertical Timebase Trgger Display Cursors Measure Math Analysis Utifities Help

| Laser Pulse
= )

&

i ebase  -b pshTnoger DN

SRR | (B 0] (SR [ ‘
500mvy 200 mVidiv 500my  2006GS/s 100 psfdiv Norm. 410 mV
AN0my 8650 mV A25my 200 M3 25MS 25 GS/s Edge Positive

BB5MY - 1085V -~ 00m -~
B0 \ 1905 mV/ 1463V 192.0 mV/
WAy 1020mV 4y  408mV Ay 1020 mV Ay
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* 4 pulse outputs
« 8 delay outputs
e <25 psrms jitter
 Trigger rates to 10 MHz

Limitations:

e Cannot disable individual
output channel

* Rate error status limits the
configurable delay value range
* Pre-scale trigger factor is not
synchronized with external
trigger.
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SUMMARY S

* Electron beam was generated. Yay!

* Fault studies are underway utilizing the synchronized beam
instruments and diagnostics at ERL.

 Work continues to improve operator interface to minimize
user intervention and include more systems.

* MRF Timing system or White Rabbit are potential options
for future stand alone research project.

THANK YOU!
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