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Omega diagnostic timing TDTM features summary TDTM TIM diagnostics GUI
UR UR
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Atregen Fiducial table | > Fiducial (IR) ) - , , :
\ r\—> (North EMS) —> Fiducial (green) * Display timing details e List of unshot RID’s for the day * Green and active when

Pulse | Lnaping | —> Fiducial (UV) Previous procedures used two Excel spreadsheets and manually « OIP RID auto loaded if no OIP RID is loaded and
generation | I eping | Regen ammiiiors repetitive, error-prone steps to determine the proper timing; TDTM RID selected all TIM’s are timed
(26-ns cycles) A,B,C will replace the spreadsheets with a single automated application, " "
N amplifiers controlled by the LLE Software Development Group

: 4 Phase I has replaced the delay calculator spreadsheet,
v 5 establishing proper timing for diagnostics to acquire Load RID HTS Crate Status |
D, E, F, amplifiers - ) the expected data on a target shot (2014) * Manually entered A

i . L Wl Oﬁselt SR . TIM10 ™M1 || TmM12 | /(ﬁn 13 | TM14
r\ Phase II has replaced the separate diagnostic timing SUCECEL A e | Vi
’ |

|

|

E check (DTC) application, incorporating its functions and all timing Acq. Start (ns) 7)[a10 |

Y Fducia (green) i data acquisition and archiving functions into TDTM (2015)  HTS move required Temp. Correction (ns) | 7 _1[000 |
|

|

« SRF delays + || )
static delays OIP State [ACTIVE | ReadydCNi#ge | | Standdown

—>»| HED’s —>> Beam energy in IR, UV, and green

>» P510’s —>» Pulse shape and beam timing —>

r tdiag r R o to put TIM at Calculated Delta T (ns) | y |[1545
t ~—vy RT—> <= [H1s Phase III will replace the timing checker spreadsheet, automating “timed position” - HTS Move (ns) | / 11000
i IDiagr'@ Fiducial v some timing-analysis functions and creating a mechanism for « Larger values cue | ptc.. || updae || uUpdate )/ uUpdae || Update |  Update

] R A Legend easy storage and retrieval of data ESO to run DTC or A
v A )lk ¢ EMS: end-mirror structure null template " /
I

HTS: Hard Timing Syst . -
Amp Diode n____ PLAS: path-length adjustment system TDTM has been designed to automate repetitive steps and use VA

Fiducial (UV) - % i’éi'f’f‘s‘age alignment sensor package database tables to facilitate retrieval of historical information e Conduct a simulated | | * Display individual | | » Green if all crates are OK
HED: .Iﬁf',l‘,ﬁ?,‘.’é’ :,f’e"r‘;?,'f,'.‘;’;,‘,’;‘;f‘.f shot to check crate status * Red if any crate has an error
TCC: target chamber center diagnostic timing and allow reset *Yellow if any crate is resetting

HTS
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Diagnostic timing—HTS, fiducial, and t Requirements TDTM is operational on OMEGA and EP
UR
LLE

Diagnostic trigger timing is controlled by the HTS and measured against a fiber-delivered e Calculates the expected At and HTS delay values

iaser fiducial pulse Measure firing times of TIM-based diagnostics to less than 100 ps e Selects the correct timing parameters based on SRF configuration

The HTS delivers synchronized trigger pulses to the OMEGA laser—driver line, amplifiers,

and all target diagnostics Store configuration data in easy to update database e Calculates HTS delay values correctly and updates them as desired

— ten-inch manipulator (TIM)-based diagnostic triggers are either transistor-transistor : o : : : :
logic (TTL) or amplified TTL pulses at tj, {y — 10 s, or 0.1 Hz (continuous, every 10 s) dA;:: If‘(’)ir::rantl?l-?Drg;);::tezr scope traces In hierarchical

— trigger delays are variable in 100-ps increments .

i - OIP State [ACTIVE | Ready4Charge Standdown
The fiducial laser pulse is generated from the OMEGA seed pulse to ensure stable timing Collect and archive data on-shot OIP RID [ ] [Load D {HTSC — ] .]
v ra S

— the fiducial pulse consists of eight peaks spaced at 548 ps Allow for test firing of diagnostics without “burning a shot” R
- 1w, 2w, and 4w (1054, 527, and 263 nm) fiducial signals are available

— the timing monitor system uses the IR fiducial, directed into a photodiode, Experimental system operator (ESO) client to accurately time

to generate oscilloscope reference pulses at a fixed time relative to t; diagnostics using TDTM Diagnostic : f g HSFC'l
Acq. Start (ns) 4.10

The nominal time that the main OMEGA drive beams reach the target is defined as t; Provide a visual display (e.g., plot/chart) of the scope traces Temp. Correction (ns) | I I | [0.00

— beam timing can be varied by shifting driver timing or changing the path length from test fires and target shots Calculated Delta T (ns) | I I |[15.45

of individual beams ] ] ] HTS Move (ns) | [ [ [[-1.17
Provide a dedicated client for TIM-based HTS channels DTC ... | updae | updae || update |[ Update

T™M10 || TMu1 || TM12 || TIM13 TIM 14
|| ||

— time changes are specified in nanoseconds relative to tj

— the P510 streak cameras measure on-shot pulse timing versus the green fiducial
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Current timing-management tools Phase I data flow TDTM software status
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File
: : TDTM
* Target dlagnOStIC OP State [ACTIVE | [ Ready4Charge ] [ Standdown ] - . . .
s - - Database : Phase I is operational at the OMEGA and OMEGA EP ESO stations
oPRD Load RID 55418 | rate Stetus Diagnostic delays Static delays
timing manager (TDTM) i s crae see] @ « Start time « Intrinsic camera and has replaced the weekly “delay calculator” spreadsheet
stores reference “TIM | Fixed | Maintenance | « Nose/standoff *TIM cable

information, calculates, | P ETTTN MO T * Sweep speed Phase II has replaced the “autolaunch” script and “DTC” application
and lists desired At for pednr i e (5) dR:;‘ae;ence

each diagnostic Temp. Corteciion (ns) | [ |00 Ii TIM’s only Phase III (future) will automatically update the “measured At” value

by | I e from the timing scope and replace the “timing checker” spreadsheet
Values are calculated e ,'[ — ,”[ — “ e “ ® O, TDTM @ -

for each diagnostic as ESO analyzes data ESO saves GUI* ESO selects A Microsoft-Access application has been created for Omega XOPS

configured in the shot from DTC, null measured request ID to maintain administrative tables in the database

' At* (RID)
request form (SRF o . 1 template, or ESO updates _ . .
9 ( ) 7 b e e SRl S meEs e target shot results @ HTS with desired SRF diagnostic setup sheets have been changed to include standoff
. . i e I I e s s s s B delay* for each . . . . . .
The timing checker e e B ATma"  mlairw HDF file Measured At diagnostic distances, in cm, for all timed diagnostics for TDTM x-ray time-of-

spreadsheet displays o T ] SR (timing data) Timing from analysis E flight calculations

timing monitor scope sp‘:::g;‘ﬁ;et

traces, measures e e s R

the on-shot At, and = == e E EEE Terms

compares it to the : A AR — « Reference delay = HTS delay — measured At

p ' P T— e Calculated At = SRF delays + static delays
: TR L
calculated value q — L B — iy RN * Desired delay = reference delay + calculated At

Updates are database driven; no code changes are required

*GUI: graphical user interface
G10103a G10106a **OIP: OMEGA intercommunication protocol G10109a
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Omega diagnostic timing
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Atregen . . —> Fiducial (IR)
Shac | 9 @ F(ﬁ:ﬁﬁlEtzlbsl;a —>» Fiducial (green)
—| aping | o
Pulse PIng —> Fiducial (UV)
generation .
_Shaping |- Regen amplifiers
(26-ns cycles) A, IB;C
amplifiers
Z ')' > P Atplas
HTS A A PLAS
FASPs | T S
Y <>
FCC’s | D, E, F, amplifiers ZoRRREE 0 Aty
——>| HED’s —>» Beam energy in IR, UV, and green
> P510’s —>» Pulse shape and beam timing ——> m
L Fiducial (green) j
/— tdiag /—AtC|
to ~— J AlRT—> <= [HTs
| Diagnostic Fiducial i v
TCC Atyxg -
L (IR) A Legend
A )r \|V ¢ : \ / EMS: end-mirror structure
- : 2 3 4 HTS: Hardware Timing System
Amp Diode eke— O O | | PLAS: path-length adjustment system
? 9 FASP: F-stage alignment sensor package
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Fiducial (UV) —

Atce

FCC: frequency-conversion crystal
HED: harmonic energy diagnostic
TCC: target chamber center

HTS




Diagnostic timing—HTS, fiducial, and t,
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e Diagnostic trigger timing is controlled by the HTS and measured against a fiber-delivered
laser fiducial pulse

e The HTS delivers synchronized trigger pulses to the OMEGA laser—driver line, amplifiers,
and all target diagnostics

— ten-inch manipulator (TIM)-based diagnostic triggers are either transistor-transistor
logic (TTL) or amplified TTL pulses at ty, o — 10 s, or 0.1 Hz (continuous, every 10 s)

— trigger delays are variable in 100-ps increments

* The fiducial laser pulse is generated from the OMEGA seed pulse to ensure stable timing
— the fiducial pulse consists of eight peaks spaced at 548 ps
- 1w, 2w, and 4w (1054, 527, and 263 nm) fiducial signals are available
— the timing monitor system uses the IR fiducial, directed into a photodiode,
to generate oscilloscope reference pulses at a fixed time relative to t,
* The nominal time that the main OMEGA drive beams reach the target is defined as tj

— beam timing can be varied by shifting driver timing or changing the path length
of individual beams

— time changes are specified in nanoseconds relative to tj
— the P510 streak cameras measure on-shot pulse timing versus the green fiducial

G10102



Current timing-management tools
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File
* Target diagnostic OP State [ACTVE | Ready4Charge Standdown
timing manager (TDTM) OIP RID Load RID 55418 v [HTS Crate Stats| @
stores reference TIM | Fixed | Maintenance |
information, calculates, IO T TR O T
and lists desired At for pngrer i H H b |
each diagnostic Temp. Correction (ns) | | I | (000 I |
Calculated Delta T (ns) | I il |[15.45 | |
« Values are calculated e e e e
for each diagnostic as
configured in the shot
request form (SRF) mmm———
 The timing checker s e | o
spreadsheet displays - e , CREmme s
timing monitor scope : L SEm=r e
traces, measures . ——
the on-shot At, and - == =
compares it to the Fand
calculated value — l"[y '
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TDTM features summary
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Previous procedures used two Excel spreadsheets and manually
repetitive, error-prone steps to determine the proper timing; TDTM
will replace the spreadsheets with a single automated application,
controlled by the LLE Software Development Group

Phase I has replaced the delay calculator spreadsheet,
establishing proper timing for diagnostics to acquire
the expected data on a target shot (2014)

Phase II has replaced the separate diagnostic timing
check (DTC) application, incorporating its functions and all timing
data acquisition and archiving functions into TDTM (2015)

Phase III will replace the timing checker spreadsheet, automating
some timing-analysis functions and creating a mechanism for
easy storage and retrieval of data

TDTM has been designed to automate repetitive steps and use
database tables to facilitate retrieval of historical information



Requirements
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Measure firing times of TIM-based diagnostics to less than 100 ps
Store configuration data in easy to update database

Archive timing monitor scope traces in hierarchical
data format (HDF) files

Collect and archive data on-shot
Allow for test firing of diagnostics without “burning a shot”

Experimental system operator (ESO) client to accurately time
diagnostics using TDTM

Provide a visual display (e.g., plot/chart) of the scope traces
from test fires and target shots

Provide a dedicated client for TIM-based HTS channels



Phase I data flow
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Principal @ :
. RF Admin
Investigator = TDTM <
Diagnostic delays Database Static delays
e Start time ¢ Intrinsic camera
* Nose/standoff *TIM cable
* Sweep speed
@ Reference
delay
TIM’s only
ESO UL, ESO
ESO saves GUI ESO selects
ESO analyzes data measured request ID
from DTC, null At* RID
template, or t ESO updates ( )

target shot results @ HTS with desired

delay* for each
Measured At diagnostic
from analysis

HDF file
(timing data)

Timing
checker
spreadsheet

Terms

* Reference delay = HTS delay — measured At

e Calculated At = SRF delays + static delays

* Desired delay = reference delay + calculated At

*GUI: graphical user interface
G10106a **OIP: OMEGA intercommunication protocol



TDTM TIM diagnostics GUI
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* Display timing details

* SRF delays +
static delays

LLE

RID selected

e List of unshot RID’s for the day
* OIP RID auto loaded if no

e Green and active when
OIP RID is loaded and
all TIM’s are timed

e Manually entered
timing offset based
on data analysis

* HTS move required
to put TIM at
“timed position”

e Larger values cue
ESO to run DTC or
null template

File

OIP State [ACTIVE "\ |
OIP RID

\/

TIM | Fixed | Maintenance |

N

Ready4dCR"ge

Load RID 55418 +

Standdown

'HTS Crate Status | @)

b2l

2\

TIM 10 TIM 11 TIM 12 ‘ IM 13 ‘ TIM 14
Diagnostic | i I J/SFC-1 i |
Acg. Start (ns) I | I ”// [4.10 || |
Temp. Correction (ns) | I || / ][0.00 || |

y/4
Calculated Delta T (ns) | i I yA |[15.45 || |
y/4

> HTS Move (ns) | I L/ |(0.00 || |

‘ DTC ... ‘ Update Update Update Update Update

A
||
||

/
7

¢ Conduct a simulated
shot to check
diagnostic timing

* Display individual
crate status
and allow reset

 Green if all crates are OK
* Red if any crate has an error
*Yellow if any crate is resetting
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TDTM is operational on OMEGA and EP
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e Calculates the expected At and HTS delay values

LLE

e Selects the correct timing parameters based on SRF configuration

e Calculates HTS delay values correctly and updates them as desired
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File

OIP State [ACTIVE

OIP RID

TIM | Fixed | Maintenance |

Ready4Charge

Load RID 55418 +

Standdown

‘ HTS Crate Status ] .

Diagnostic
Acq. Start (ns)

Temp. Correction (ns) |
Calculated Delta T (ns) |

HTS Move (ns)
| DTC ...

I

TIM 10

TIM 11

TIM 12

TIM 13

TIM 14

|[SFC-1

|[4.10

[[0.00

[[15.45

[[-1.17

Update

Update

Update

Update

Update




TDTM software status
CLE

* Phase I is operational at the OMEGA and OMEGA EP ESO stations
and has replaced the weekly “delay calculator” spreadsheet

* Phase II has replaced the “autolaunch” script and “DTC” application

e Phase III (future) will automatically update the “measured At” value
from the timing scope and replace the “timing checker” spreadsheet

e A Microsoft-Access application has been created for Omega XOPS
to maintain administrative tables in the database

* SRF diagnostic setup sheets have been changed to include standoff
distances, in cm, for all timed diagnostics for TDTM x-ray time-of-
flight calculations

* Updates are database driven; no code changes are required
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