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The Hall A & C Analyzer (“Podd"): Data Flow

Reconstruction

(Replay) Analysis

Raw Data
(EVIO)

Plots,
N-tuples, Physics
Histograms

(ROOTL Calibra-

Simulation

Data tions
Analysis
Scripts

© Reconstruction (Replay)
Runs in ROOT interpreter (analyzer prompt)
> Calls mostly Podd functions & classes
> Scripts usually set up by experiment experts or advanced users
> After setup, usually runs in mass replay on the farm
@ Analysis
> Also runs in ROOT interpreter (analyzer prompt)
» Calls mostly ROOT functions and classes (but may need Podd classes)
» Done by everyone on the experiment
» Calibration and final physics usually done here
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Podd Reconstruction: Typical Steps

Raw data decoding

Calibration (gains, offsets)

Tracking in one or more spectrometers

Vertex reconstruction using (inverted) Transport matrices

PID likelihood analysis

Retrieval of beam parameters, EPICS fields, scalers & other control data

Basic physics computations (kinematics)

Basic corrections (energy loss, etc.)

Each item is only executed if requested (configured) ]
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Example Analysis Script (Hall C

void replay_workshop_example(Int_t RunNumber=9, Int_t MaxEven

if (RunNumber = @) {
cout << “Enter a Run Number (-1 to exit): ";

onst chark RunFileNamePattern = "raw/shms_all %05d.dat";
nst chark ROOTFileNamePattern = “RO0Tfiles/shms_replay_%d_%d.root";

gHcParms->Define("gen_run_number", “Run Number", RunNumber);
gHcParms—>AddString("'g_ctp_database_filename", "DBASE/standard.database");

gHcParms->Load (gcParms->GetString("g_ctp_database_filename"), RunNumber);

gHcParms—>Load (gHcParms->GetString("g_ctp_kinematics_filename"), RunNumber);

gHcParms->Load (gHcParms—>GetString(“g_ctp_parn_filename"));
gHcParms—>Load (" PARAM/TRIG/tshms. param”) ;

gHcDetectortap THcDetectorMap( ) ;
gHcDetectorMap->Load("'MAPS/SHMS/DETEC/shms_stack.map") ;

THaApparatus* TRG = new THCTrighpp("T", "TRG");
gHaApps->Add (TRG)

THCTrighetx shms = new THCTrigDet("shms", "SHMS Trigger Information®);
TRG->AddDetector(shms) ;

THaApparatusx SHHS = new THcHallCSpectrometer("P", "SHHS");
gHaApps->Ad

IcDCx dc = new THCDC(“dc”, "Drift Chambers");
Si-sAddbetactor (dc);

THcHodoscopex hod = new THcHodoscope("hod", "Hodoscope");
SHiS->AddDetector (hod) ;

THcCherenkovs hgcer = new THcCherenkov("hgcer", "Heavy Gas Cherenkol
SHMS—>AddDetector (hgcer) ;

THaGoldenTrack gtr = new THaGoldenTrack("P.gtr", "SHMS Golden Track", "P");
gHaPhysics->Add(gtr)
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gHaEvtHandlers->Add(ev125);

THcAnalyzerx analyzer = new THcAnalyzer;

THaEventx event = new THaEvent;

char RunFileName[100];
sprintf(RunFileName, RunFileNamePattern, RunNumber);
THaRunx run = new THaRun(RunFileName);

run->SetEventRange(1, MaxEvent);

run->SetNscan(1);
run->SetDataRequired(@x7) ;
run->Print();

TString ROOTFileName = Form(ROOTFileNamePattern, RunNumber, MaxEvent);
analyzer->SetCountMode(2) ;

analyzer->SetEvent(event);
analyzer->SetCrateMapFileName("MAPS/db_cratemap.dat") ;
analyzer->SetOutFile(ROOTFileName.Data());
analyzer->Set0OdefFile("DEF-files/SHMS/GEN/workshop_example. nef"i.
analyzer->SetCutFile("DEF-files/SHMS/GEN/pstackana_cuts.def"

analyzer->Process(run);
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Podd: Main Accomplishments 2017

e Consistent key/value database (configuration & conditions)
@ Output system performance and efficiency improvements

o Better HRS spectrometer VDC tracking (noise resistance)
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Podd: Database Example
Validity timestamp —

Scalar key/value pairs —

Array key/values (auto-sized)

Retrieve parameter blocks in single call:

DBRequest request[] =
{ “detmap" KIntv },

&foriftvel,
&fMinTime,
&fMaxTime,

&tdc_offsets,  kFloatV'},

"
err = LoadDB( file, date, request, fPrefix );
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——————1[ 2016-02-05 00:00:00 -0500 1

R.vdc.nwires = 368
R.vdc.wire.spacing = —9.0042426
R.vdc. tdc.min = 800

R.vdc. tdc. res
+vdc. ttd. param

—4.20e-04

400609
R.vdc.t@.res = 6898
Revdc. clust.minsize
R.vdc. clust.maxspan
R.vdc. maxgap

R. vic. (i f.min

R.vdc.ul detman =

R.vdc. ul.position
R.vdc.ul wire.start

.angle

R.vdc.ul drlftvel = 50000

R.vdc.ul.tdc.offsets =
1533.3 1533.3 1533.3 1533.3 1533.3 1533.3 1533.3
1533.3 1533.3 1533.3 1533.3 1533.3 1533.3 1533.3
1534.1 1534.1 1534.1 1534.1 1534.1 1534.1 1534.1
1534.1 1534.1 1534.1 1534.1 1534.1 1534.1 1534.1
1534.7 1534.7 1534.7 1534.7 1534.7 1534.7 1534.7
1534.7 1534.7 1534.7 1534.7 1534.7 1534.7 1534.7
1533.9 1533.9 1533.9 1533.9 1533.9 1533.9 1533.9
1533.9 1533.9 1533.9 1533.9 1533.9 1533.9 1533.9
1534.2 1534.2 1534.2 1534.2 1534.2 1534.2 1534.2
1534.2 1534.2 1534.2 1534.2 1534.2 1534.2 1534.2
1526.4 1526.4 1526.4 1526.4 1526.4 1526.4 1526.4
1526.4 1526.4 1526.4 1526.4 1526.4 1526.4 1526.4
1533.8 1533.8 1533.8 1533.8 1533.8 1533.8 1533.8
1533.8 1533.8 1533.8 1533.8 1533.8 1533.8 1533.8
1527.2 1527.2 1527.2 1527.2 1527.2 1527.2 1527.2
1527.2 1527.2 1527.2 1527.2 1527.2 1527.2 1527.2
1527.2 1527.2 1527.2 1527.2 1527.2 1527.2 1527.2
1527.2 1527.2 1527.2 1527.2 1527.2 1527.2 1527.2
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Podd: User-Configurable N-tuple Output

Module header file:

Module DefineVariables () method:

Output definition file:

ROOQOT file TTree:
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Int_t GethHits()
rotected:

TClonesArrayx
TClonesArray
TClonesArrayx

fiires 11 Wire
THits; /
fClusters;

Int_t fNHits;
Int_t fNWiresHit;

RvarDef varsl] = {
Number of hits

"Cluster best Slope

# ALl RHRS \'D‘

# vd
block S{am}.vdc.ul.*

+Br 17 iL.vdc.ul.wire : data[Ndata.L.vdc.ul.wire]/D B
sEntries : 265468 : Total Size- 11978559 bytes File Size = 2295168 *
*Baskets 81 : Basket Size- 2683004 byces Compression= 5.21  #
+Br 18 iL.vdc.ul.nelust : L.vc.wiineluse/p *
sEntries : 265468 : Total Sizes 2136991 bytes File Size = 45863 *
*Baskets : 131 : Basket Size= 64512 bytes Compression= 47.36  *
Bz 19 iLlvde.ilinhit : Llvde.ul.nhit/D .
Encries : 265460 : Total Sizes 2136721 bytes File Size =  1§4378 *
*Baskets : 131 : Basket Size= 64512 bytes Compression= 11.57  *

analyzer [11] T->Print("L.vdc.*#")

/ Total number of hits (in
7/ Number of wires

const { return fHits->GetLast()+1; }

Fired wires
7 Clusters

uding multihits)
with one or more hits

"GetNHits()" },
Hits, THaVDCHit. GetWireNum( )" },

"},

. TAVDCCLustor. Get hugthLrefium()" b
Clusters. THaVDCCLuster. FInt
Clusters. THaVDCC Luster. fSlope

ua(a (lots of information, only uncomment for debugging)
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Podd: Output Improvements

Original:
@ Only D data type

@ Multiple, redundant array size
variables with parallel arrays

Improved:
@ Full range of data types

@ Automatic detection of parallel
arrays, only one size variable
(with limitations)

@ Automatic basket size
adjustment (overriding ROOT
default)

*Br 15 :L.vde.ul.time : data[Ndata.L.vde.ul.time] *
*Entries 265460 : Total Size- 11970559 bytes File Size = 3662638 *
*Baskets 81 : Basker Size= 2683994 bytes Compression- 3.27 *
Bz 16 :L.vdc.ul.trdist : data[Ndata.L.vde.ul.trdist]/D -
*Entries 265468 : Total Size= 11970731 bytes File Size = 18832974 *
*Baskets Basket Size= 2683984 bytes Compression=  1.18 *
* *
*Br 17 :L.vdc.ul.wire : datalNdata.L.vde.ul.wize]/D *
*Entries 265460 : Total Size= 11970559 bytes File Size 2295168 *
*Baskets 81 : Basker Size= 2683904 bytes Compressio 5.21 *
*Br 18 :L.vdc.ul.nclust @ L.vde.ul.nelust/D *
*Entries : 265468 : Total Sizes 2136991 bytes File Size 45863 *
*Baskets 131 : Basket Size= 64512 bytes Compression= 47.36 *
* *
*Br 19 :L.vdc.ul.nhit : L.vdc.ul.nhiz/D *
*Entries 265460 : Total = 2136721 bytes File Size 184378 *
*Baskets 131 : Basketr Size 64512 bytes Compressio .57 *
* *
analyzer 1

analyzer [6] T->Print 'L.vde.*"

*Tree Hall A Analyzer OQutput DST *
*Encries 286231 : Total = 325369054 bytes File Size = 186808850 *
* Tree compression factor =  1.74 *
*Br @ :L.vde.ul.mhit @ L.vde.ul.nhit/I *
*Entries 288231 : Total Sizes 1122414 bytes File Size = 169443 *
*Baskets : 12 : Basket Size= 537088 bytes Compression= *
* *
*Br 1 :L.vde.ul.wire : L.vde.ul.wire[Ndata.L.vde.ul.wire]/I *
*Encries : 280231 : Total Size= 7420715 bytes File Size 2064016 *
*Baskets : Basket Size- 1556488 byres Compression= *
*Bx 2 :L.vde.ul.rawrime : L.vdc.ul.rawtime[Ndata.l.vde uiwire]/T b
*Entries 280231 : Total Size- 7428874 bytes File Size 3614951 *
*Baskets 49 : Basket Size= 1556992 bytes Compressio 2.85 *
* *
*Br 3 :L.vde.ul.time : L.vde.ul.time[Ndata.L.vdc.ul.wire]/D *
*Entries 288231 : Total Size- 13718165 byres File Size 4116377 *
*Baskets 88 : Basker Sizes 2575872 bytes Compressio 3.33 -
*Br 4 :L.vdc.ul.dist : L.vdc.ul.dist[Ndata.L.vdc.ul.wize]/D *
*Entries : 280231 : Total Size- 13718165 bytes File Size 12032644 *
*Baskets Basket Size 2575872 bytes Compressio 1.14 *
* *
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Podd: VDC Algorithm Improvements

Version 1.5.38

— Guarantees clean single track at expense

Disallow UV ambiguities (configurable)
UV fiducial cut
Proper lower-upper matching cut

Disallow cluster sharing

of slightly lower tracking efficiency

Version 1.6

Cluster shape analysis
Overlapping cluster splitting
3-parameter cluster fit

Cluster tp cut

UV fiducial cut

Proper lower-upper matching cut
Disallow cluster sharing

Old VDC code for reference

— Allows multi-tracks, improves tracking
efficiency, high-rate capable
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Podd: VDC Tracking Comparison v1.5 vs. v1.6

R.tr.x GMP run 22788

R.tr.th GMP run 22788

hol ho2
Entr 63127 Entrie 63127
—— Analyzer 1.6 Mean -0.01986 1ag0|  Analyzer 1.6 wean -0.004819
600 StdDev 03194 StdDev 007243
— Analyzer 1.5 — Analyzer 1.5
1200
500/ E
C 1000 -
400 L
F 800[—
300 L
F 600~
200 400 -
1001~ 200 E
:JL‘\ Lot . E L L IS N | L | o
-1 -05 0 05 1 05 -04 -03 -02 -01 0 0.1 0.2 03 0.4 05
R.vx.z GMP run 22788 .
ho3 Improved algorithm:
Entries. 61074
1200|— Analyzer 1.6 Mean  0.007549
Std Dev. 0.04716
Looo|—Analvzer 15 @ Fewer reconstruction errors: smaller tails,
F larger signal
800— .. “ "
r @ No need for explicit cuts on “clean
600~ events
a0~ @ Should be particularly helpful with
r high-rate/high-noise data (to be tested)
200[—
C L (IR B L
-0.3 0.2 -0.1 0 01 0.2 0.3
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Hall C: 2017 Accomplishments

Hall C’s replay software (“hcana”) is a direct extension of Podd ]

@ Got software and replay ready for, and demonstrated performance in
Spring KPP run

@ Many small bugfixes and usability improvements over past few
months. Many of these have benefited Hall A as well.

@ Very well organized replay setup (databases, configuration
parameters, standard replay scripts, output & cut definitions, etc.)
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Hall C Replay Overview (slides courtesy of E. Pooser)

CQIFII@UIRA'II'II@ FILES  ANALYSIS FILES

RESULTS

' “‘ HODO | DC+CAL
| | /"
-l
S | ‘ TREE
KINEM ‘
? DEF-FILE
HMS ) REPLAY SCRIPTS 1 HISTOS
SHMS |
PARAM 1N ONLINE

TRIG CER+DC AERO
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Hall C Replay Configuration Files

; HMS detector specific paramter files
# “PARAY/HMS/AER0/haero. param”

CONFIGURATION FILES

PARAM/HMS/HODO/hhodo. param"

central
; General SHMS parameter files p
: shnsflags.paran includes spectrome| hpartmass = 0.00051099

ppartmass = 0.00051099

; Number of heavy gas Cherenkov PMT's
phgcer_tot_pmts = 4

; Garth H. gain calibga##®Ti tfrom run 486, Maigy 9 2017
phgcer_adc_te=s€"= 1/436., 1/393., 1/364., 1/372.

HMS Crate 2 type vme Bank Decodind
# slot model bank
PARAM SHMS 250 250
250 250
250 250
CRATE 250 250
! 250 250
250 250 o B
250 250 . L 6 SAEROG+
250
250 0 B Qe
250 ] .z SAERD2-
1190 b BB SheRoa-
1190 ! s 1 SAEROS-

! SAERO6-
SAFRA7_

Ole Hansen (Jefferson Lab) 2017 Highlights Halls A & C Computing Roundtable 12/17



Hall C Replay Repository

L s I T Y - Y e p————
€) | ® @ ntsigitubcomettorsontabialcsepay @ | @suen T ST e A=
) misreposiiony Pull requests Issues Marketplace Explore
0 JeffersonLab / hallc_replay Owaeh~ | 17 | [ swr | 1] [@rok | 20
©Code  (Dlssues & Pull requests 1 Projects 0 Wi Ll Insights £ Settings
Replay directory for Hall C hcana eat
Adtopics
© 616 comits b 2 branches © 1release 1217 contributors
Branch: master~ | | New pullrequest crestenewtie | pload ies | Finatie | [N
[ fohnmattr committad with pooser TGS O D i o T
B CALIBRATION Devel (#288) 2days ago
B DATFILES New optics reconstruction matri for KPP run & months ago
i DBASE Update SHMS KPP hodo 2days ago
i DEF-files Hms online monitoring (#298) 9 hours ago
= MAPS Trigger work (#296) adayago
PARAM Trigger work (#296) adayago
= SCRIPTS Trigger work (#296) adayago
TEMPLATES Trigger work (#296) adayago
5 onlineGUI Update onlineGUI configs to paint to new macro locations from commit #... 7 hours ago

gitignore Pooser coin work (#286) 4 days ago

rootre Updating repo 9 months ago

setup.csh Rearrange db_run.dat and db_cratemap.dat ayearago

setup.sh Added setup.sh . ayearago

Help people interested in this repository understand your project by adding a README.

Ole Hansen (Jefferson Lab) 2017 Highlights Halls A & C Computing Roundtable 12/17 14 / 15



Summary

e Hall A/C software has seen significant improvements in 2017

@ Several long-standing annoyances with the Hall A wire chamber track
reconstruction have been corrected

e Hall C’s replay setup has been very well organized and is ready for the
upcoming Dec—Mar commissioning/physics runs

@ Because of the code sharing between Hall A and C, general code
improvements immediately benefit both Halls
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