Tcl at the NSCL.:

A (30?7 well maybe 15) year
forward looking uh...retrospective

Staff of the National Superconducting Cyclotron Lab...
...and the Facility for Rare Isotope Beams.
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What I’'m gonna talk about

* What is the NSCL — what do we do.

» What sorts of toys we now have at the NSCL

» What new toys are being built (Rea3/FRIB)

* History of the use of Tcl/Tk at the NSCL

* The characteristics of Tcl/Tk usage at the NSCL

» Some speculative work with Tcl/Tk that’'s been done recently (super
WIP).

* The outlook for future use of dynamic languages in Nuclear physics at
FRIB and Tcl/Tk specifically.

Disclaimer: | am no longer a practicing physicist
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NSCL

 NSF Funded laboratory
 Basic research in Nuclear Physics

» Specialization in Rare Isotope Reactions

* On the campus of Michigan State University

» Operating since 1961 (K-50 cyclotron)
— Upgraded to K500 cyclotron (1982)
— Upgraded to K1200 cyclotron (1989)
— Coupled K500/K1200 operation (2000)
— Upgrade in progress now.

» About 500 employees..and counting
(see job board).

* Primary mission education
— #1 Nuclear physics grad program in the U.S.
— Community education outreach programs.
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Nuclear Physics

/I n just 38 months, you canearn
big PROFIT$ as a fully trained
QUANTUM MECHANIC!”

Learn secrets of QUANTUM MECHANICS in your own home, in
your spare time, without quitting your present job!

DO YOU HAVE WHAT IT THIZ COURSE TEACHES YOU
TAKES TO BE A QUANTUM ALL YOU NEED TO KNOW,
MECHANIC? EVERYTHING. THERE ISN'T
Not just anyone can be a quan- A SINGLE THING ABOUT
tum mechanic. It takes deter- QUANTUM MECHANICS LEFT 3
mination, drive, imaginationand QUT, -,
money. Most of all, money. Bob Wrong, electron breathi But it's
is putting & son through medical close. We teach you a whole
school. bunch of stuff. Mesatron balanc-
NATION CRYING FOR FULLY jng, Quark reallignment.
TRAINED QUANTUM nNeutrino tubrication. Proton
MECHANICS tune-up. How fo use & molecule
That's right, friend, the nation IS wrench.

crying for fully tralned quanium YOU GET PROFESSIONAL JEE
mechanics. Can you hear it? You EQUIPMENT TO'LEARN WITH
can’t? Well be very, still. Listen, Yoy will recelve a professional
off in the distance. “Wahhh!” cyclotron, actual atoms, 8 years’
Hear that? That's the nation cry- supply of Preparation A for your

ing for quantum mechanics. atomic piles, back lssues of LlSTEN TO WHAT THES

QUANTUM MECHANICS EAT scientific American to July, 1957

RS S X
—GUARANTEE—
E%¢ I hereby guarantee that, without a |ogl
j«- doubt, this is the only course of its

: kind in the world. You'll be completely
satisfied, or I'll cheerfully keep your
Bob

f{TEAK : hani « and & bill for your mailman‘s SATISF'ED CUSTOMERS SAY!
ep, quanium mechanics make hernia operation. Not to mention ] - TN

big bucks. Heavy bread. They‘re our bill ror $675. Which is cheap k;‘;':f,‘ nyﬁ:e',“:;orrlea::::n:::rr;? t:yw;i\‘f
rolling in dough. They carry big when you consider how proud sciousness, you know. And | nesd afl
wads of 10°s and 20°s in theif you‘lt be fo hear your son say. = he consciousness | can get, you
pockets. A ot of MONEY. They ‘‘my daddy’s & Quantum ' \ - know?”’ '
drive Cadiliacs and buy their mechanic!” - PAT HEAD, San Francisco, Cal.
wives minks. And they eat sieak: o - oo g E ), Cal.

' ”One of my most proud moments o "8
N RlsK H Send NOW for was getting my diploma fast fay. -t
this FREE enroiled right after the war. That l -

You get this Professional | BROCHURE! (| | "285 iRy, sunciry. arlz. ;%
AT cyclotron with your . ‘

‘1 used to be Prime Minister of a

- ) coyrse—and it's major European nation. Then | fook

A ] L this course. Now | drive a big car,

’ YOURS 70 KEEP! hy } eat steak, and make over $6.00 an |
h hourt’

w4, L HARRY DEAN I, Tater, Ark.

AL COUPON NOW W
IBob’s School of Quantum Mechanics I

7036 State Road 29 i 1 7

Jeast Belch, ND 51106
|

Jl pear Bob, =
l Enclosed please find my 516.95I
Iin cash (no check or money order, ]| aC Onstan

please). - PLEASE RUSH me my FREEI - Z h ‘ : N S‘ :L

BROCHURE on an exciting carreer in
NO OBLIGATION - NO SALESMAN WILL CALL IQUANTUM MECHANICS. | unders-l

BOB'SQS ::::l:': ;thAmcs | Ilh:‘:f;m oy e Outreach Coordinator

BOB'S!  Apivision of BOB'S CONOCO SERVICE STATION !c;,y /State/Zip.

SchooUdl 7036 stateroan 29 -
EAST BELCH, NORTH DAKOTA 51106

{1 sApproved by Peruvian Ministry of Agriculture APPROVED FOR VETERANS
eApproved by Bob of the Sponish-American War

Bancirten tenm Burfpy Entinass Haoerine

, U.S. Department of Energy Office of Science
’ National Science Foundation
pd

Michigan State University ;
FRIB Ron Fox Tcl 2011 Manassas, VA, Slide 4

<




Rare Isotope Physics What
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Do experiments with the blue and red nuclei
Note: r and r-p process produce most elements heavier than iron.
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Rare Isotope Physics How

We smash stuff twice! (Projectile Fragmentation)
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Rare Isotope Physics How I
(coming 2012 to an NSCL near? you)

But wait:

* To get good production rates we need 2 speed of light projecitiles...
or even faster (50MeV/A or higher energy)!

 But there’s some interesting physics at much lower energies
(100’s of KeV — 5 MeV).

(Things just don’t fwoosh around that fast even in very dense stars).

Low energy experimental area
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Rare Isotope Research futures
FaC|I|ty for Rare Isotope Beams (FRIB)

did you ‘
120F - r T r ‘ . T » notice that )
extra logo : J

at the bottom
FRIB

100+ of all the slides?
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r-Process is supposed to be happening in isotopes we
can’t make at the NSCL vyet....
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FRIB
Exploring Terra incognito starting 2018+

“The Facility for Rare Isotope Beams (FRIB) will be a new national user facility
for nuclear science, funded by the Department of Energy Office of Science
http://frib.msu.edu : (DOE-SC) Office of Nuclear Physics and operated by Michigan State University

(MSU). FRIB will cost approximately $600 million to establish and take about a
decade for MSU to design and build.”

Upgrade beam stopping,
re-use/upgrade reaeecelerator/LEBL

Stopped
Beam
Area

Re-use high energy beamlines s,

Reaccelerated
Beam Area

Reaccelerator

Space for Energy
Upgrade (Linac Seg 3)

Take out the cyclotrons/
Reorient/upgrade the ‘selector’.

Fragment
Separator

Production

From 50MeV/A — 200-400MeV/A ot i
Much higher intensities: 400KW Driver linac A & —— A
beam on production target (1GW/in3)! -/ I

Folding Segment 1 Linac Segment 1 Linac Segment 2 Upgrade (Linac Seg 2)
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FRIB Timeline/plan

CD items: Cricital Decision points: Review that must be passed else DOE can
cancel the project. CD2 will likely happen early (late this year).

CALENDAR YEAR
2009 | 2010 2011 2012|2013 2014 2015|2016 2017 | 2018 | 2019
] 1
Critical v v v ' Vo3 Approve CD4 v
Decisions Start CD-1pkg cb2 | ,_Sfrﬂ 9{_ start of
| 11 l Wf\b ug lUn. . 4 l’
R&D P S— L;;?g'.
Design Concoptual l Design MSU funding early construction
- ‘ start at 2012 )
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Gl constructionilg Sgience runs
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and ar
Installation Equipm@nt construction |/ Std t
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Commissioning Combined commissioning 10/30/2017
Schedule contingency IEEEGEG_G__—N
Budget periods BP1 HEEN JEEEE 5r3 N
—
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We’re Almost to the Tcl stuff

S800 Spectrograph
(1996)

* DAQ at the target

* DAQ at the FP
detector

* Needed a way to
control both of them.

Focal plan
detector pkg.

Experiment
Target+ detector
Pkg.

Human beings
for scale
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@‘ ‘ y , National Science Foundation
N : Michigan State University Ron Fox Tcl 2011 Manassas, VA, Slide 11

NSCL FRIB



Step back 1 year: NSCL Hosts “RT-95"

Fermilab DART Run Control
G. Oleynik et al.

“...We felt that the group multicasting technique mapped very well on to data
acqusition control...

The commands that are multicast are formatted as TCL verbs, which are basically
text strings...

We chose TCL because of its extensible interpretive procedures. For graphics,
we chose TK...our experience has been that interfaces can be built more quickly
with TK than from X...or Motif...

The ocp GUI...took on the order of ¥2-1 hour ..We feel this is a big success of the
TCL/TK approach.”

(Capitalization choices for Tcl and Tk above are from the original paper)

F [ U.S. Department of Energy Office of Science
@n ‘ ) , National Science Foundation
L ()

Michigan State University Ron Fox Tl 2011 M VA Slide 12
NSCL FRIB on Fox Tcl 20 anassas, VA, Slide



Run control for S800 DAQ:

Tel/Tk Run control

VMS Alpha GUI ‘multicasting’

. text commands to
Workstatlon hOSt the terminal servers.

Ethernet
Terminal Terminal
Server Server
Focal plane
" U.S. Department of Energy Office of Science
k J Ngtio_nal Science F.ounc.iation
Michigan State University Ron Fox Tcl 2011 Manassas, VA, Slide 13
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1996 - Present

| am pleasedto-say that from 1996-uartil present
we experienced an-explosion-n-the use of Tcl/Tk
at the-NSCL

But I'd be lying.

U.S. Department of Energy Office of Science
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Development of Coupled Cyclotron and
Rare Isotope Capabilities.

* At this time the NSCL was a ‘stable beam’ facility (we smashed things
once).

* 1994 NSCL proposed an upgrade:
— Couple our existing cyclotrons to get higher intensities and higher energies.

— Add a radioactive beam capabilities via projectile fragmentation (at that time a novel
technique), by building an A1900 mass separator.

* 1995 NSAC publishes priorities for a new long-range plan for nuclear
science:
— Immediate funding of NSCL upgrade
— Running the existing cyclotrons stand-alone until 1999
— Shutdown to complete the upgrade July 1999-May 2001

— Begin coupled operations and radioactive beam production in July 2001 (smash
things twice).

» So it was written (funded) by the NSF
» So it was done by the NSCL.

U.S. Department of Energy Office of Science

6 \yﬁ/ National Science Foundation
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1996-2001 other developments

* The ‘usual’ explosion in computing power.
» Explosion in network bandwidth.
» Explosion in disk capacities.

* Increasing availability of FOSS software suitable for production use:
— Linux
— gnu compiler suite.

* Nuclear/HE physics community ditches DEC/VMS in favor of Linux/
Unix:
— Digital Equipment Corp gets increasingly out of touch with its ‘science support roots’
as it attempts to play in the business market.
— Digital Equipment Corp bought up by Compaq (1998).
— Bought later by HP (2002).
— ...besides we wanted to get out of the single vendor lock-in.

U.S. Department of Energy Office of Science

6 \yﬁ/ National Science Foundation
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1996-2001 other developments

Experiments become larger. Electronics more complex.

©®
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Mandate to NSCL Software Group
(1998-ish).
» Create NSCL Data Acquisition system that can run on Unix/Linux.
» Make it easy for outside users to use.
* Provide analysis tools for Unix Linux

» Make the system easily extensible and adaptable to all NSCL
experiments.

* Make them easy for outside and inside users to use.

* Make it easy for outside and inside users to use

» Make it easy for outside and inside users to use
* Make it easy for outside and inside users to use......

Several Decisions early on:

» Base software (performance critical) in C++

* Build application frameworks not applications where applications depend on
specific experiment details.

 Applications that must be controlled by users will embed a Tcl interpreter.

U.S. Department of Energy Office of Science

ES (o
National Science Foundation
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Why Tcl?

» Experimenters were already going to have to make one language transition
(Fortran -> C++/C). Reduce effort to learn how to control sw.

* Decided Tcl was a simple transition for a control language
— Experimenters were already used to command driven programs and Tcl is just a command
language with very simple syntax.
— Simple syntax makes scripting approachable with very little investment in effort.
— Tk would be something they could get into later.

- Extending th@Bakrsedtiantas then and is still
* Other optiongjqendisi@st scr I:%tm%language out

— PAW (CERN . package based on a FORTRAN interpreter)
» Fairly wid @'rn@mty acceptance (pro)
» Steep learning curve (con)
» Retains FORTRAN presence (con)

— ROOT (CERN package emerging at the time based on C/C++ interrpreter)
» Was starting to gain community acceptance (pro)
» Very steep learning curve.
» Not yet really stable.
— Python
» OO approach (pro)
» OO0 apLProach (con — at the time).

epartment of Energy Office of Science

@n ) J National Science Foundation
> Michigan State University Ron Fox Tcl 2011 Manassas, VA, Slide 19
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NSCLDAQ and NSCLSpecTcl

NSCL 1999 Annual Report Article

http://groups.nscl.msu.edu/nscl_library/pub/annual_reports/1999/fox_deployment.pdf

DEVELOPMENT STATUS AND DEPLOYMENT OF THE NEXT GENERATION NSCL DATA ACQUISITION SYSTEM
R. Fox, E. Kasten

“Components we provide are often used in ways we did not anticipate. This is a good thing. We intend

to use the Tcl/Tk scripting language as a base command language for all components of the system. This

allows us to support run-time extensions of the functionality of the software and its user interface via

Tcl/Tk scripting. It also allows support for compile time extensions of the command set via C++ wrapper

classes around the Tcl command registration procedures. Tcl/Tk scripting provides a common basis for automating
tasks within the data acquisition system. The Tk component provides powerful GUI creation and modification tools
available to all interactive components”

http://groups.nscl.msu.edu/nscl library/pub/annual reports/1999/fox spectcl.pdf

STATUS OF THE SpecTcl DATA ANALYSIS PACKAGE
Ron Fox, Chase Bolen, Jeremy Rickard

“SpecTcl and Tcl’s power is that it provides a simple language in which very complex operations can be
represented. It provides a consistent base language on top of which application specific extensions can
be layered.”

F \, U.S. Department of Energy Office of Science
@‘ ‘ ) , National Science Foundation
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1999-Present

| am pleased to say that from 36 1999 until
present we experienced an explosion in the use of
Tcl/Tk at the NSCL

U.S. Department of Energy Office of Science
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National Science Foundation
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How is Tcl/Tk used at the NSCL

* Killer Apps
 Application specific languages and configuration languages.
* Enabling Components.

» Applications built on enabling components Hard to separate these
from killer apps

M
Q
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Moldy X/11

App

TkCon
(Thanks Jeff)

©®

B

NSCL

v

aal Xal
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Fi

nname

le Window Spectra

Options

Killer Apps
NSCL SpecTc

o " . =B8] x| —~—
Graph_objects Help File Edit DataSource Filters Spectra Gate Help
| Type | Gate | Low | High | Bins | Value Units A
-0 raw
4 00 1 long 1.00 |100.00 | 100 channels
ld 01 1 long 1.00 |100.00 | 100 channels ‘
ld 02 1 long 1.00 |[100.00 | 100 channdl = T
4 03 1 long 1.00 |100.00 | 100 channels
L 04 1 long 1.00 |100.00 | 100 channels
ld 05 1 long 1.00 |100.00 | 100 channels
4 06 1 long 1.00 |100.00 | 100 channels
ld 07 1 long 1.00 |100.00 || 100 channels
L 08 1 long 1.00 |100.00 | 100 channels
4 09 1 long 1.00 |100.00 | 100 channels
Bld a 1 long 1.00 |100.00 | 100 channels
g2 event.raw. 00
[ sum 1 long 1.00 |100.00 | 100 arbhitrary
ld we 1 long 0.00 | 12.00 13
|4 wordcount 1 long 0.00 99.00 100
B-(1] Parameters
(1 event
% wvordcount
[ Gates
(] variables =

Spectrum

¥ Counts ‘

Geometry
Display

Display *l

I Zoom

X

Clear Spectra _|

Exit J ‘

o=

OpenProj

Vo
ez

Safari

|

Vorkstation

omodo IDE
5

Ll
Adobe
Reader X

AR

VMUSB

Documents -
Shortcut

=

icinst.exe

oldtclconfe.x

File Console Edit Interp Prefs History

loading history file ... 48 events added
Main console display active (Tcl8.5.8 / Tk8.5.8)
Done.
Version: 3.3-002 build on charlie Thu Jun 30 08:18:27 EDT 2011
(3.3) 49 =

re

CUSBFirm.%.

L

Cratchit.org
TimeTool

X H; slave

U.S. Department of Energy Office of Science
National Science Foundation
Michigan State University

Display memory: 0/20 MB  Title >>> Unknown <<< Run Number: 0
Data Source: Test Data Source (Inactive) -1 Buffers Analyzed 100.00% efiicient

Quick user

Buttons

Spiffy
Gui
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Killer Apps:
SpecTcl (continued).

* First appearance of NSCL (well me) at a Tcl Conference
* Tcl 2004 New Orleans
* http://www.tcl.tk/community/tcl2004/Papers/RonFox/fox.pdf

‘ U.S. Department of Energy Office of Science

ES (o
National Science Foundation
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Killer Apps
(Daniel Bazin) Presented at Tcl 2005

http://www.tcl.tk/
&) Spectle |3 (urknown. 500 icommunitv/tcl2005/
Help _
Status: Connected to localhost on port 9001 Spectrum abstraCtS/SCIGnceandTeCh/

SpecTk File Options

e |pages) Name: 17_y_b_focus | SpecTk.pdf
. ) Type: 2D & :
]:L = _ pid_aog_br35_beta3Sc_f7icdE (True) _ 17_y_b_focus (True) X brins.7.focus @
= e e e e E i e ot |
+ 9| a11 52264 100 2.7417 390.26 0.15638 150.6 =5 ¥: brips.f7.focus.b 9
roil 22342 27.159 2.6424 418.52 0.010341 35.358 1200 . ‘@ -
¢_ S | reiz 48305 58.719 2.7894 372.41 0.0084556 34.939 J Gate: True '8 Alternatlve to Old
@ B Py = m
(%) 1 1000 | & >0 Y i 5 y
= ‘
oe g | m By A ; i At
o] £ - 2l X11 visualization App
%.8 o 600 E 1 D] 7_x_a_focus =
=% =3 f20] 7 _x_y_focus )
4 400 | S Q4
b 20 7_x_y_ppacia z
(=) =,
Shi 200 7 @ 7_x_y_ppaclB @
1 5 {20 7_x_y_ppacza -,
o - . . 1 1 . 7_x_y_ppac2B
v y r T T b
25 28 27 -100 0 20| f7_y_b_focus o
brips pid aog_br35_beta3Sc () brips.f7 focus.y () » B 8
11.3cint2.time (True) 17_x_a_focus (True) {20] f8_x_a_focus
s Lscint2.tim ; ) . i
%: H‘gurf.“ ‘%22;2 <X RMS L o | B el @ 18_x_y_focus Ry
All 232715 100 52.28  17.6 =3 @‘ B8_x_y_ppacla
| roi3 64277 27.04 46.149 2.0534
roid 154455 64.975 62.06 2.4225 4 fﬂ_x_y_ppaC‘IB —/
= -S4 B_x_y_ppac2a
= o f20] f3_x_y_ppaczB
£ 3 {20] fa_y_h_focus
5 2 o
2 & - v m
o 2 v 88 scint
= =
= 2§ time
1 . . tlefiraw
F4 . » 88 pid
V.. ! . TR {20 pid_aog37_ficdE
o e S i E e S -
40 50 ) 70 00 3 2D pid_aoq37_z37
brips.f11.scint2 time () brips.f7.focus.x () {20 pid_aoq_br35_beta3Sc_fTicdt
{2D] pid_aog_br35_beta3Sc_z37
Spectrum: 7_y_b_focus X: 73.35 v: -31.86 Value: 0 Counts | K = -
P
i N Spectrum:  f7_y_b_focus
Select Mode Clear Selected I Update Selected I Log I Lin | Print Display Close p 'y b
4 Single  All Clear Page | Update Page I - Auto + Drawer DIdEl (=) . (RIS
~ Column ~, Row Clear &l Update All ] - L e Print Page I o Display Superpose

o
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Domain specific languages
Tcl configured Readout software

» Presented Tcl 2008 (this very room?) see:
http://www.tclcommunityassociation.org/wub/proceedings/Proceedings-2008/
proceedings/nuclearDSL/A Domain Specific Lanquage(slides).ppt

for slides. (Get the proceedings at Lulu.com If you haven't already).

madc create dsssd1.x -base 0x40000000 -id 4 -ipl O

madc config dsssd1.x -gatemode common -gategenerator disabled

madc config dsssd1.x -inputrange 8v

madc config dsssd1.x -timestamp on -timingsource vme \
—timingdivisor $madcTimeDivisor

madc config dsssd1.x -thresholds $thresholds(dsssd1.x)
Sample experiment

configuration file

stack create event
(this is Tcl).

stack config event -trigger nim1
stack config event -modules [list fadc
stack config event -delay 40

set adcChannels(dsssd1.x) $xstrips
lappend adcChannels(dsssdi.x) timestamp

F v U.S. Department of Energy Office of Science
@‘ ‘ ) / National Science Foundation
[\ .’,ﬂ Michigan State University Fom Fox Tol 2011 Manassas, VA Side 26
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Configuration Languages (DSL)

production A1 900 SChematiC
““This looks a lot like a stable beam expéfiié

primary

intermediate
image

/

Data acquisition happens here.
A1900 Readout 1s parameterized (which detector packages
are installed etc.) by a Tcl configuration file that is
interpreted in a ‘captive’ Tcl Interpreter.

F U.S. Department of Energy Office of Science
‘ J National Science Foundation
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Enabling components and their Apps.
[package require Vme]

Presented Tcl 2006 see:
http://www.tcl.tk/community/tcl2007/papers/Ron Fox/vmepackage.pdf

A lot of our hardware uses VMEbus (ANSI/IEEE Std 1014-1987 and ANSI/
VITA 1-1994) as an instrumentation bus.

http://en.wikipedia.org/wiki/VMEDbus

Vme loadable package provides Tcl
scripts access to modules in this bus.

U.S. Department of Energy Office of Science
National Science Foundation
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Control applications using Vme:
(CAEsium iodide Array) CAESAR

X CAESAR Discriminator Control [ESER

Discriminator Module number
01 02 03 04 05 C 06

Caontrol
Upload configuration file to CFDs |

Select CFD log file || RozaJuoie Jus e NOMC R K2 |

Write server values to log file | Channel number
@ Ch00 ¢ Ch0Ol1 ¢ Ch02Z ¢ Ch03
Parameter Select _

ch | ch | ch

walk @ thresh (" monitor ST BT e B ET
I | " pulse width  fraction delayl | eh | en | e | en
ChO8 ( Ch03  Ch10  Ch11
| | “ inhibit  polarity  enable | en T eh [ eh e
T — " Ch1z (" Ch13 (" Ch14 (" Ch15
| Min = -64 mY [ ech [ ech [ e [ en
Set: -1.0mY

HY Card S Ch 0

Clear Q tests | Buffer Mode | ertten by AndreW RatkleWICZ.

[Lf‘“va'“ o Thanks to Dirk Weisshaar
for these screen shots.

s B T - - -
X hvguitcl . - @
Eile
" WSN Ring A 71 - f -| VSN Choice: ¥SN 9 ch 6
" HY Ring B /Il 2 HY Choice Card Sch 6
o Ring C /Il 3 - - ;
+ Ring Ring D / IV 4 Ring Choice: Ring D/ 1V det 6
Exit ;:ﬂg E,’:S, 2 ~ UnitOn ¢ Unit OFf
Ring G / VIl 7 ;
Check Voltages H::g vt . Set Value: 800.00 ¥
pe— Ring |/ 1X 9 Read Value: 0.073534 V
efres i |
Ring ./ X 10 i New Set Value: |§00
L ————— ——
—~
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Control Applications (VME)

alala

Trigger {f XLMs {/ TDC Delays

Run Information . Save to 0

Number: =Unknown< Save to File make Active! 5800 Trlgger
State:  =Unknown< ) Gate Generator

Time: Read from File A [—=QDC Gate

width (ns) 200

Haus Update from Module Delay Generator Trigger Box -
Live: P J Downscaler o)

delay (ns) 400 2

X S800 DAQ Controls

S>Raw Trigger

S A v 5800
factor 1
Gate & Delay Generator [ hypass ) Gate Generator DC Gate
delay (ns) 25 2 — width (ns)200002 >
38003 A X [~ Coincidence A
width (ns) 200 5
bypass AND o
L gD AND Gate Generator GATE Latch Live Trigger/
GATE width (ns) 500 A [~ Externall — g%gg Request
Gate & Delay G hvi | Exent
A Externall
Secondary R (9) @9 X Externalz>———— | External2
width (ns) 150 5 Gate Generator TOC Start
[ bypass Delay Generator width (ns) 300 %
delay (ns) 300 4 D CSler [~ Secondary
EVEER v factor 1 % Gate Generator Coincidence
. A F——00
Channel 1: wirel width (ns) 600 = et (B
~— Channel 2: wire5

Clear Busy’

— Channel 3: wireg —9 anp
— Channel 4: wired Live: <Lives: Busy: <Busy>: GATE ast Clear
Delayed S800 (2us)>———— y

7

S800 trigger is an VME FPGA module. This
control panel by Daniel Bazin allows
experimenters to set the trigger parameters

on a block diagram of the FPGA functional units.
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Enabling Components and Their Apps
package require epics

» EPICS: Experimental Physics and Industrial Control System. Relatively
standard for Nuclear physics experiment slow controls and for many
accelerators (including those at the NSCL). See:
http://www.aps.anl.gov/epics/

* Presented at Tcl 2007 (When are we going back to New Orleans
anyway)? (
http://www.tcl.tk/community/tcl2007/proceedings/Gui/epics.pdf)

* Provides access to EPICS ‘process variables’ from Tcl scripts.

* NSCL Controls group model:
— Give us an application definition
— several months later we’ll deliver a Qt C/C++ application
— If it wasn’t what you wanted give us a week or two iterating.

« epicsTcl allowed operators to get the HMI they wanted and to iterate
until they got what they needed.

* epicsTcl was critical to the commissioning of ReA3.
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Enabling Components and Their Apps
package require epics

| e

= 1
" ROCS - ROLLER - Vor 0.00 SIC)X] ROCS - Save/Restore Device Sets - Version 3.50 Master =)(E)(x

y «§ Applications Places  System

Monsep19, 7567 13 W ROLS - BeamTrans R.scrn - magcon.5.92 ¢ ROLS - BeamTrans K5 j.scrn - magcon.5.92 - Page 1 of 1
ON_OFF ON ALK s ON_OFF_ON ALWINTLRST CYC SET ST

LLUETN 0FVICE ON_ OFF ON ALHINTLRST CYC_ READ
CHIME - Version 7.74C =

Mantor EFICS Charrel Nana
START WI
Lint o PResgback Op Lt

o [

¥ e set
Ay REFRESH | _14165T_ MV it [Thar | [ commotwmoons =] [T || pgeps oo 2
asams_A ih LEFT ROTION Jo43py KSTCOIA
2_AiChe

ROV Jog70a KSTOMB

7112210350 _TeK13a_150MeV set
ST ISeV st Exmcutstle Connand Line nput Tt | | | concon | s KSTONC
[ RGOV Jos00H KSTCOD
Channl Mangulaton A170A JSIDE KSTCRZ
111-07_04_145801 _i oy Channel Name Readback  Op  Number R0 Josasn KSTCOS
1070 )

o |
i —] 2 ALL [EE; xavces
MaxLink 120 Min Limit Fﬂ No Limis ALL KSTCO6

Tha CHIME condtion mst persit for [T ] saconds

DEVICE

BoanTrans_Z scm
BeanTrans_SUSi sem
WULS * BeSmURG WL AL

RIGHT

Execatable Comnand Une Input Test

Channel Mangulsion.
Channel Nane Feadback  Op  Numbel

- VacGauge: i . W’ - B 'r
Matne[iZ0 wnumefin | ol

The CHIME condtion mast peeist for: [T seconds

1_07_10_194625_78Ke34_ISOHV. set

16 ques vith 1200 trix coils. ~75% ext. SWK

se vALLE READCSANNEL REMEAK.

RODLCE VAL

® ROCS - Video Controler - 0.30 -

AL

53 04208, VAL
-KSVwerProbe 4308, AL
30438 VAL

UPDATE

W vi

1 0000000000 000000 .....O

Thanks to Shannon Krause and Randy Rencsok
for these screenshots.

U.S. Department of Energy Office of Science
‘ y National Science Foundation
P

NoCL ERIB Michigan State University Ron Fox Tcl 2011 Manassas, VA, Slide 32

e



Enabling Components and Their Apps
NSCL SpecTcl

Wait a minute... | thought you said that was a killer app?!

* One person’s killer app is another’s enabler
* Platform for application specific GUI’s.
* [package require] is a free plugin architecture.

F v U.S. Department of Energy Office of Science
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Enabling Components and

Their Apps

NSCL SpecTcl

X o

Start Analysis ‘

Clear Spectra | Delete Spectra ‘

Help ' A 5

tv toolbox
Inverse Map: /pi T 3_Sifmap: 3invmap.inv
Title 5800 inverse map - Brho=3.59663 - M=38 - Q=14 - Exp. 08023
Order Method Mass Charge Brho
S - Gravity ~1.0 1.0 3.0
Energy: Momentum: Inverse Map ‘
customize 5800 spectra. Calibrate 5800 ‘ none ‘
customize S800 matrices none ‘ target’heam ‘
customize CAESAR spectra none | timing |
assign Run spectra. none ‘ Output Filter |
seftings: v/c: 0.3923 target z: 2.55 ‘
sefting file: 38Si.caesar_tcl from 09-12-11 PHI BETA ‘
Run: 100 Analyzed Buffers: 32971 Buffers/sec: 0 |
Source: /proj ¥ i_Sii pl 4096.evt
Last OBJ runcal file: none
Last CRDC runcal file: j 12/di T 3 4096.crdccal
Last ic runcal file: none
Onine | Fiter | DataFile || DataCluster | seootest | save | Read |
SpecTcl Server is up and listening on port 3001
0 clients connected
| X Attach raw data clu: =
Cluster File: |fproj 1 244l _Si iCx.clu|
L

F P
[ enable run calibration for OBJ Scintillator
Iv enable run calibration for CRDCs

[" enable run calibration for ion chamber

j 1 pecT

Clear spectra |
Sortit |

Dismiss

oo - -
Choose 5800 calibration item

Crdc xfy
TOF diamond
TOF if
TOF abj
TOF xfp

TOF obj (TAC)
TOF xfp (TAC)

lon chamber
Choose S800 run calibration tools

fl Crdc drift time correction
lon chamber energy correction ‘
Dismiss

|

CRDC mask

X L 3 T P

Please select your timing reference for
the Csl(Na) detectors. NONE means unmodified

TDC values are used.

@ NONE (TDC raw data)
" Object scintillator
" Diamond detector
" HPGe coincidence

" Csl(Na) coincidence

|
|

" Master
If activated a CsI{Na) event is routed (invalid)
when its timing does not satisfy time gate
condition (This is done in SpecTcl C-code)
IMPORTANT NOTE: Values are ALWAYS
activated for addback routine {caesar.ab. )
[ activate time gates

Time gate left -5000
Time gate right 5000

If activated an CsI{Na) event is routed (in-
valid) when its calibrated energy does not
satisfy gate condition
" activate energy gates
Energy gate left 500

Energy gate right 5000

Apply

"

Look at CRDC-matrix x_grav vs tac for mask run and
unreacted beam run. Enter y-values (tac) for row 1-7
and y-value of unreacted beam spot and x of center hole.
REMARK: default pedestal settings from winter 2010

CRDC1 row 1: CRDCZ row 1:
CRDC1 row 2:/2707.2 CRDCZ row 2:|2748.
CRDC1 row 3:/2522.2 CRDCZ row 3:2934.¢
CRDC1 row 4:12334.2 CRDCZ row 4:/3126.1
CRDC1 row 5:2242.2 CRDCZ row 5:(3225.7
CRDC1 row B:|2143.€ CRDCZ row 6:/33204
CRDC1 row 7: CRDCZ row 7:
CRDC1 beam spot x:[111 y:12597.7
CRDC2Z heam spot x:|111 y:|2943.2
calculated CRDC drift calibration data
CRDC1 x_offset: -281.94 x_slope: 2.54
y_offset: 138.46 y_slope: -0.0533
CRDCZ x_offset: -281.94 x_slope: 2.54
y_offset. -153.94 y_slope: 0.0523

Show! || Calculate drift calibration | Apply drit calibration |

Dismiss

]

Dismiss

CEASAR SpecTcl GUI in all its full glory
thanks again Dirk W.
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Enabling Components and their
- Applications: SpecTcl

TreeParameter GUI version 1.2

(SpectraY Parameters Y Variables Y Cates \

Spectrum type Data type Definition file
O 1D __ Bitmask __ Byte (8 bits) s800standard.tcl (modified)
& 2D . GammalD *. Word (16 bits) Load Save
. Summary __ Gamma2D . Long (32 bits) _ Cumulate ¥ Failsafe
. StripChart __ Gamma Deluxe
Spectrum name Create/Replace Clear Delete Gate = Apply
crdc2.anode_crdc2.tac All ( Duplicate gatel Ungate
X Parameter v Low High | Bins ¢ Unit Y Parameter v Low High | Bins ¢ Unit
s800.fp.crdc2.anode 0 4096 500 channels | s800.fp.crdc2.tac 0 4096 500 channels
Name Type | X parameter Low |High |Bins |Y parameter Low |High |Bins |Gate M
crdcl.anode 1D |s800.fp.crdcl.ano(0 4096 (4096
crdcl.anode_crdcl.tac 2D |s800.fp.crdcl.ano¢0 4096 (500 |s800.fp.crdcl.tac |0 4096 500
crdcl.padsum 1D |s800.fp.crdcl.calcl0 600002000
crdcl.padsum_crdcl.tac 2D |s800.fp.crdcl.calc.0 60000500 |s800.fp.crdcl.tac |0 4096 |500
crdcl.raws Sum |s800.fp.crdcl.pad/0 1000 {1000
crdcl.tac 1D |s800.fp.crdcl.tac |0 4096 (4096
crdcl.x.anode 2D |s800.fp.crdcl.x |-300 |300 [1000 s800.fp.crdcl.anoc0 4096 (1000
crdcl.x.tac 2D |s800.fp.crdcl.x |-300 300 (1000 |s800.fp.crdcl.tac 0 4096 (1000
crdcl.x_crdcl.padsum 2D |s800.fp.crdcl.x |-300 300 (500 |s800.fp.crdcl.calc/0 60000500
crdcl.xg 1D |s800.fp.crdcl.calc/0 224 (1000
crdcl.xg_crdcl.tac 2D |s800.fp.crdcl.calc/0 224 |500 |s800.fp.crdcl.tac |0 4096 500
crdc2.anode 1D |s800.fp.crdc2.ano¢0 4096 4096
crdc2.anode_crdc2.tac 2D |s800.fp.crdc2.anoc0 4096 (500 |s800.fp.crdc2.tac |0 4096 (500 |gatel
crdc2.padsum 1D  |s800.fp.crdc2.calc/0 600002000
crdc2.padsum_crdc2.tac 2D |s800.fp.crdc2.calc.0 60000500 |(s800.fp.crdc2.tac (0 4096 (500
crdc2.raws Sum |s800.fp.crdc2.pad/0 1000 {1000
crdc2.tac 1D |s800.fp.crdc2.tac |0 4096 (4096
crdc2.tac¥%ic.sum 2D |s800.fp.crdc2.tac (0 4096 |1000 |s800.fp.ic.sum 0 4096 (1000
crdc2.x%ic.sum 2D |s800.fp.crdc2.x |-300 300 (1000 |s800.fp.ic.sum 0 4096 1000 3
crdc2.x.anode 2D |s800.fp.crdc2.x |-300 |300 (1000 |s800.fp.crdc2.ano(0 4096 1000 r3
Update Spectrum List Spectrum mask * Clear |

This GUI by Daniel Bazin is used by most if not all
SpecTcl users to set up the analysis conditions.
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Enabling Components and Their Apps
NSCL SpecTcl (plugins)
 Calibparams — map raw data to linearly calibrated data.

« firstof — Finds the first or largest parameter from a set present in each
event (useful for some pixilated detectors).

* map — Untangles a set of parameters according to some mapping
(useful for some pathalogical wiring schemes).

 radwareio — Exports/imports SpecTcl spectra to David Radford’s
Radware (a popular gamma ray spectroscopy package) :
http://radware.phy.ornl.gov/

* rootFilterFormat — Produce event data in a format Root can process.
(http://root.cern.ch)

» const - create parameters that have a constant value if at least one or
all parameters from a set of parameters is present in an event (hit
counting).

F | . U.S. Department of Energy Office of Science
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Work In Progress: Tcl Time stamped
Event building

April 2012 the GRETINA detector will move to NSCL for a year long campaign of
experiments with the S800. (http://grfsi.lbl.gov/).

up farm

=) S

¢

\ N / < ¢ 3 L1 switches

( l/ Combined Events Glgat L evitc
>~
i ] ] f..‘:“y"::‘;‘
(scientist)
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Gretina:

« Committed to providing the event builder.

— Does not yet exist.
— No schedule for when they will start working on it.

* Prototype built by me:
— Tcl API used for event handling/dispatching
— Tcl API used for Socket creation/connection management.

* This is a strange Tcl application: A Tcl interpreter that will never ever
see Tcl Commands!

F | - U.S. Department of Energy Office of Science
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Speculative Work: after SpecTcl(?)

Using Sqlite as a nuclear physics data-bus... histogramming prototype:

s600.fp.crdc.calc.x_gravity
s600.fp.crdc2.calc.x_gravity

s600.fp.crdct tac
s800.fp.crdc2 tac
s800.fp.crdc1.anode
sG00.fp.crdcZ.anode

1920.0

1536.0

1152.0

768.0

384.0

0.0
-300.0

Low |-300
High 300

Bins |300

« run1064.dh

T run1067.db

T run1048.db

1500

Vanilla Tcl/Tk

300.

plotchart
(thanks Arjen)

Thanks to Amanda Prinke for some data (300k events here) to play with
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Speculative Work: Tcl/Tk bindings for
Root
* Note: PyRoot already exists.

« Combine the complex class library Root provides with a simplistic Tcl/
Tk wrapper.

» Get rid of Root’s abominable graphics.

» Support higher level of interactivity with displayed data than root does
easily.

 Prototype project specification has been completed for this (no code yet
® not even a WIP).
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Looking Back:

» Tcl/Tk has been involved in many aspects of the NSCL.:

— Data Acquisition (all experiments).
— Data Analysis (many experiments)
» About 25-30 institutions using SpecTcl actively (mostly but not all NSCL user
groups).
— Control system development
» Coupled Cyclotrons console.
» ReA3 commissioning controls.

A balanced approach; providing both applications and enabling
packages has allowed our users to meet their needs quickly and
without the intervention (and bottlenecks) of ‘professional programming
teams’.

» Given tools, our users have built applications not originally envisioned
by us. Had we not embedded a scripting language like Tcl, most likely
many of these applications would not have been built due to a
‘professional programmer bottleneck’.
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Looking Forward
Tcl in Nuclear Physics has a tough road ahead:

* Root has gained widespread public acceptance although:
— It has a steep learning curve
— The class libraries are not particularly well designed.
— C/C++ is not really a good ad-hoc scripting language (PyRoot helps here).

» Competitors to Root

— Implementations of Abstract Interfaces for Data Analysis (AIDA).
» JAIDA (java implementation)
» PAIDA (python implementations)
» OpenScientist, Pl (C++ implementations)

— Java Anlaysis Studio (lives on top of JAIDA).

— JHepWork (Java/Jython)

* Increasingly the community is turning to Java/Jython solutions (mostly
because JAIDA is probably the most actively maintained AIDA
Implementation.

 As the nuclear physics community gets more into the ‘object oriented
programming model’, they turn to languages that are better known as
object oriented (in order of history C++, Java, Python).
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Looking Forwards

 Tcl can serve its original design role of gluing together the diverse set
of applications scientists use into seamless ‘meta-applications’.

» Tcl needs to have its OO capabilities better marketed.

» Wrappers for common toolkits/interfaces (Root, AIDA) will need to be
provided.

* Front ends for existing tools (e.g. HippoDraw) would need to be added.

* Tcl still provides the simplest way to build a GUI (my opinion). This
needs marketing as does ttk::

* Needs people who are familiar with Tcl/Tk, and can understand the
problems of nuclear physicists..who are willing to work to provide tools
and promote them within the community.

* The run up to the commissioning of FRIB is an opportunity to re-think

how data are taken and analyzed and what Tcl's role should and can
be.
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