CLAS12 Event
Reconstruction Status

Veronique Ziegler
Jefferson Laboratory

CLAS12 Collaboration Meeting
October 21, 2015




Overview

* Current Status of CLAS12 Software
— Model and Architecture
* Reminder & Status
— Common tools
* Reminder, status
* Kinematic Fitter & PID Cuts
— Simulation
e Latest GEMC features
— Reconstruction
e Status & plans for the next release

— Code Management
* Summary



Computing Model and Architecture

ClaRA

* SOA for reconstruction application deployment, does event-level parallelism
* Data challenges on 24 core Haswell machine to validate scaling, performance and

reconstruction speed

Reconstruction code framework and running environment

- version 1.0 release, version 2.0 in development

Detector reconstruction and event building framework
Reconstruction & validation
Calibration & Monitoring suite

Common Tools packages

|/0, CCDB-access

Geometry

Calibration & Monitoring packages

Kinematic Fitter

Tracking tools: FastMC, MagField, Swimmer, snr (noise finding), Fitting libs



CLAS12 Software Components

Common Tools Packages

Simulation (GEMC)
— Compliant with new version of GEANT4

— GEMC now includes time propagation of light along strips for ECAL and PCAL &
properly simulates gain matching algorithm for FTOF

Event Reconstruction
— Central & Forward Tracking
— Time-of-Flight Particle Identification
— Cerenkov counters and Electromagnetic shower counters

Visualization Tools

— ced includes tracking, calorimetry, TOF reconstruction information,
* many views, detailed magnetic field information

— 3-Dviews



Common Tools Packages

v Detector Geometry Package provides detector geometry for :

* Forward Time-of-Flight
* Calorimeters
e Drift Chambers
* Updated Geometry document and implementation (previous mismatch
between GEMC and hardware = fixed)
* Silicon Vertex Tracker
* Central Neutron Detector
* In development:
* GEMC volumes
 RICH
« CTOF

v’ Geometry tools and utilities:

* Drawing package for 2D detector representation
* Detector components for Fast Monte Carlo

* 3D shapes for event display 3D viewer
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Common Tools Packages
EVIO Data I/O and Utilities G. Gavalian

v/ Raw Data I/0O:
» Software for reading coda data for different modes (MODE=1,3,7) automated translation

tables for detectors (plugins), standardized hit bank generation

* translation tables provided by
detector groups ;ﬁ

* In use by several systems
(SVT,TOF, EC, FT, now also DC...) —

v EVIO utilities:

» Utility for splitting and merging files

* GUI for viewing GEMC generated banks (in CED)

* GUI for viewing and fitting RAW ADC spectra Reading data from ET ring (online)

v BOS utilities:
* Reader/Convertors for BOS (CLAS6) data to EVIO format

e Unified Interface for analyzing data from CLAS6
* Framework for PID, cuts and corrections for CLAS12 and CLASS6,

Data format from CLAS6 can be passed to CLAS12 calibration and monitoring.



Common Tools Packages
DB Utilities

Options:

-i : input file name

-1 B number of events to skip

-n B number of events to run

-0 B output file name

-s B service list to run (e.g. BST:FTOF:EB )

FLAGS : use -config SYSTEM::ITEM=value syntax to pass configuration.

Available Configurations :

-config CCDB::GEOMRUN=10
-config CCDB::GEOMVAR='custom'
-config CCDB::CALIBRUN=10
-config CCDB::CALIBVAR='custom'
-config MAG::torus=0.75
-config MAG: :solenoid=0.5
-config DCTB::kalman=true

set ccdb run number to 10 for loading geometry

set ccdb variation to 'custom' for loading geometry

set ccdb run number to 10 for calibration constant

set ccdb variation to 'custom' for calibration constants
set scale for TORUS magnet to 3/4

set scale for SOLENOID magnet to 1/2

enable kalman filter in time based tracking

variations
at run-time

DATABASE OPTIONS:
to use local sqglite database type : setenv CCDB_DATABASE etc/database/clasl2database.db

SHOW AVAILABLE DETECTORS : 12

khkhkkkkkhkkhhhkhkkkhkhkhhhhkkkkhkhhkhhhkhkhkhkhhhhhkhhkhhkhhkhhkkhhkhkhkhkhkhkkkkkkk

* MODULE * AUTHOR * VERSION * LANGUAGE *
khkkkhkkhkkkkkhkhkhkhhkkhhhkhhkhkhhkhkhkhhhhhkhkhhkhhkkhhhkhhkhhkhhkhhhkhkhkhkhkkkhkhkhkkkhkhkkkkkkk
* BST * ziegler * 1.0 * java *
* CTOF * kenjo * 1.0 * java *
* DCHB * ziegler * 2.0 * java *
* DCTB * ziegler * 2.0 * java *
* EB * gavalian * 1.0 * java *
* EC * gavalian * 1.0 * java *
* FMT * ziegler * 1.0 * java *
* FTCAL * devita * 1.0 * java *
* FTHODO * devita * 1.0 * java *
* FTMATCH * devita * 1.0 * java *
* FTOF * gavalian * 1.0 * java * 9
* HTCC * henkins * 1.0 * java *
khkkhkkhkkkkhhhkhkkkhhhhhkhhhhhkhhhhhkkhhhkhhkkhhhkhhkhhhkhhkhhhkhhkhhkhhkhhkkkhkhkkkkhk®



Common Tools Packages

v Plotting Library: G. Gavalian
 Histogram & graph classes, Ntuple class for analysis,

NTuple I/O implementation in progress PT—————
* Fitting added using Minuet library
* Latex parsing added for titles and texts

Counts

0 2 4 6 8 10 12 14

Random Generated Function

Random Function (Gaus + POL2)

. .
* Histogram object browser
400 -
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* Evio-root viewer upgrade to be compliant with new
version of ROOT 10



DC Tracking N-Tuples Olga Cortes- ISU

@® Applications Places (= [z X ~ © ) 921PM 2 Olga ¥

File Edit Canvas

® Tree PLOT Delta_theta%p_closestGENtrack Delta_phi%p_closestGENtrack

Variables

X: phi_closestGENtrack v

Tree Selector: \ Y:  |Delta phi v
*lD/ZD p|0ts Cuts & Options
*Cuts in any E> Cut: Delta_phi<1 & Delta_phi=-1

entry of the n-

tuple J Dram Close

Delta_phi

Options :

DCSI 1.5 2.0 2.5 3.0 3.5 4.0 45 1.5 2.0 2.5 3.0 3.5 4.0 4.5
[y cs2 p_closestGENtrack p_closestGENtrack

[ cs3

[ cs4

[y cs5

[ fitchisq

[ nhits

[ angle_to_closest_gentrack
[ pid_closestGENtrack

Delta_phi%theta_closestGENtrack Delta_phi%phi_closestGENtrack

[ p_closestGENtrack
[ theta_closestGENtrack
. [ phi_closestGENtrack
Ntuple entries Do p
[ Delta theta
[} Delta_phi

Delta_phi
Delta_phi

[} Deltap_overp

[ Delta_vertex x
[ Delta ve
[ Delta vertex z v

0.15 0.20 0.25 0.30 0.35 0.40 -3.0 -2.0 -1.0 0.0 1.0 2.0 3.0
theta_closestGENtrack phi_closestGENtrack

Y

Ntuples—> Hits Crosses Clusters Tracks/
Resolution

Time Based v v v v
Hit Based v v v v



Common Tools Packages

G. Gavalian

v Calibration & Monitoring Software: Detailed examples
* Plugin based software framework in CALCOM Report
« standard interface for passing data through modules (next talk)
» standard representation of the detector components
 interface to draw relevant histograms for each component
« automated plugin discovery from the package

h

L

void processEvent(EvioEvent e)

void drawComponent(sector,
layer, component, canvas)

void getColor(sector,
layer, component)

12



Kinematic Fitter & PID Cuts (A. Kim)

Usage:
>> git clone https://github.com/egldvcs // clone egldvcs repo
import org.jlab.clas6.egldvcs.*
E;<perimentaIKinematicFitter fitter = new ExperimentalKinematicFitter();
fitter.setPID(11, new nt22ElectronCut()) //Collections of electron cuts

/[fitter.setPID(11, new InclusiveElectronCut()) | maintained by experimental
/[fitter.setPID(11, new ExclusiveElectronCut()) | group for different reactions

/limport org.jlab.clas6.egldvcs.kenjo.* (not always reliable, could
//fitter.setPID(11, new kenjoElectronCut()) be outdated)

//Personal collections of cuts

Different classes correspond

to different cuts, e.g.

- egldvcsSamplingFractionCut (default)
- nt22SamplingFractionCut (nt22 skim)
- exclusiveSamplingFractionCut (loose)
} - inclusiveSamplingFractionCut (strict)
- MySamplingFractionCut (unique)

public interface PIDcut{
public bool test(DetectorPs
public void debug(Detecto

public class egldvcsSamplingFractionCut All of them are stored in git repo
specific to experiment:
public bool test(DetectorParticle part){ - easy to share
/le.g EC sampling fraction > 0.3 (simply clone from git)
} - easy to cross-check and fix
(pull request)
public void debug(DetectorParticle part - easy to migrate:
//Plot EC sf vs momentum and cuts (just fork the repo to
} e.g. egldvcs?2)
}

EASY TO FIND WHO IS RESPONSIBLE FOR THE CUT (git log)

Framework to standardize
the implementation of
analysis cuts and event
selection

Tested first on CLAS6 data

13



GEMC
Detector signal model M. Ungaro

from CCDB:

ADC:
+ Attenuation according to exponential law
« Conversion from energy to ADC based on MIP signal F_adcA_Tength
(dEdXMIP=2 MeV/cm, countsForAMinimumIonizing=2000) lt""‘”"H e Br oy, [Cee veess
\ ‘Esoooz— ’ ':-:1. .- ::;": :'::
TDC: - s e .:__ AMS y 3617
* - r * | Integrai.982e+04
- Delay due to light propagation in the paddle Moo R [ oTsor o
(effective velocity) 12000 [ Eﬁﬁr opees
+ Parameterized Time Walk 10000 F- =X it %0
* Gaussian time spread based on parameters that will E ¥ 5 -
be matched to data (02=002+012/VEPMT Conversion 8000} =" 60
from time to TDC (time2tdc=20ns-1) 6000 |- AL
woob - ,,"Z?é;' v 40
Output: both “smeared” and “unsmeared” TDCs 2000f oiftant 8 " 20
955200150 100 ~50-~0"~50~700"150 200 250 °
Status: x (cm)
@ - fully functioning
1 - noADC
2 — noTDC
3 - noADC, noTDC(PMT i sdead) 14
5 - any other reconstruction problem



GEMC

Detector signal model M. Ungaro

ADC:

« Attenuation according to exponential law
« Conversion from energy to ADC based on MIP signal
(dEdAXMIP=2 MeV/cm, countsForAMinimumIonizing=2000)

TDC:

 Delay due to light propagation in the paddle
(effective velocity)

 Parameterized Time Walk

 Gaussian time spread based on parameters that will
be matched to data (02=002+012/VEPMT Conversion
from time to TDC (time2tdc=20ns-1)

a

Output: both “smeared” and “unsmeared” TDCs

Status:

@ - fully functioning

1 - noADC

2 — noTDC

3 — noADC, noTDC(PMT i sdead)

5 — any other reconstruction problem

~ 2 hi_paddle_tres
7)) r Entries 94896
s_ r Mean x 28.91
-~ 1.5 Mean y4.254e-05
< RMS x 15.36

RMSy  0.1077

Integra®.431e+04
o - - - 0 0 4]

0.5F - 54307

589/

C 10 20 30 a0 50 60
paddle
—_— . X
Fitted value of par[2]=Sigma
= i_paddle_tres_2
0.14- Enties 62
N Mean 33.43
0.12— RMS 17.62
4+ Underflow 0
L TSR Hy,t
0.1 b i T AT ovetow 0
L Y +
. + Integral  6.254
o.08fi Y I
0.06|
0.04[-
0.02f-
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What’s new in the “devel” version (future 2.3)

-RU N_WEIGHTS=

-N=100,000 generates:

10,043 with constants from run 2

59,901 with constants from run 13
20,034 with constants from run 22
10,022 with constants from run 30

Run number put
In header bank

(events are also
ordered by run)

16



Event Reconstruction Status

Track Reconstruction
— Central Tracking

- SVT reconstruction - Global fitting method, Kalman Filter fitting method
implemented (validation stage)

« CTOF reconstruction = beta from pathlength of track from SVT to CTOF
— Forward Tracking

DC Hit-Based Tracking, DC Time-Based Tracking = Kalman Filter fitting
method validated

FMT pattern recognition = refit using reconstructed FMT 3-D points

FTOF reconstruction> beta from pathlength of track from DC to FTOF paddle

— Digitization code change to take into account attenuation length requires
modifications to existing code (inv. digi.)

FT reconstruction using calorimeter and hodoscope to id low angle electrons
and reconstruct piO’s

EC/PCAL reconstruction - detector responses used to obtain PID, neutrals
reconstruction

HTCC reconstruction - e- ID [HTCC will be in version 2.0]
Event Builder with Likelihood-based PID 17



Developments

* Tracking

* Neutrals, PID detector
reconstruction

18



Validations & Fixes
SVT Tracking with Cosmics

* Use SVT cosmics data to test the
reconstruction software & algorithms and to
identify hardware issues (e.g. dead strips)

e Useful to find bugs, fine-tune the code, tune
the MC

19



COSMICS DATA (RUN 257_17) EVENT 17

| AT e T .60 00 SVT Z (Event# 17)
W @ [« | 6 Ax ca Q M @ e No Monte Carlo or reconstructed particles Al 1 o G - g @ @ e No Monte Carlo or reconstructed partic

2 crosses not on
track 2 z
correction failed !!!

=» Simulate this
event to debug...

20



) EVENT 17

RUN 257_17

COSMICS DATA {

9 @ @ 9 No Monte Carlo or reconstructed particles

D
n
al

SVT XY (Event# 17)

[ U] No Monte Carlo or reconstructed particles

(®)
2o & 55 U

|

|

|

After bug fix



SVT Data Validation Sample Plots (v.Gotra)

Track Occupancy Entries = 460365 a) OnTrack Stl’lp Occupancy m — size7 — — sizemu9
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SVT Data Validation Suite Development
(Y. Gotra)

Run on reconstructed data and Monte Carlo samples using Coatlava based package

Track structured event object (track-trajectory-cross-cluster-hit-digi) with cross-links
Component based detector performance plots (barrel-region-sector-layer-chip-strip)

Local reconstruction validation plots (cluster size, seed strip etc.)

Track reconstruction validation plots (angular distributions, residuals, x?, on-track vs. off-track etc.)
Calculation of standard parameters (resolutions, multiplicities, Lorentz angle, n-function etc.)
Color coded presentation of monitored observables (occupancies, efficiencies)

Automated bad channel mapping

Comparison between the data and simulated events

Online data quality monitoring

Inter/intra-run stability validation for critical observables

Automated software release validation

Automated run validation

Batch processing on the farm

Status: developing event and histogram classes and interfaces, profiling

23



Alignment of the Silicon Vertex Tracker (. Gilfoyle)

* Correcting detector misalignments essential for reaching design specifications.
* Construction of the SVT is complete and it is taking cosmic ray data in the EEL.
o Straight tracks from cosmic rays can be used to measure alignment.

o Procedures developed here will be used for other detector subsystems.

* Recent results.

. , 2
o Cosmic rays come from all over the scan so many different tracks. See Yus
o To simplify the analysis we focus on a subset of the cosmic rays — Type 1 § 1

150—

100—

S0 o

-50—

-100

-150

Z X

\ 2

i : —
- Sectors 1 4 Type 1 cosmic

i SZ \\ rays

; s N\ ool o 5%

O
Type 1 tracks

Each region has two layers.

i}
-200

Zl- r--:.--q
3t o
D
L2 ——
g G
E1 —
=)
z D
§0
[0))
Q
o 1 — D
F' —
>
)
2 =
> 5
4T » —_—
. ‘ D
-1000 -500 0 500 1000
Residual (um)

Type 1 tracks

4

(=}

Select cosmic ray
events with 16 layers,
two in each region and
through the central
sectors. 3
Extract residuals layer-
by-layer and plot by
region.

Error bars are RMS of
residual spectrum.
Regions here coincide
with Type 1 track
figure.

SVT Region

4 Expected resolution

-100  -50 0 50 100
Residual Difference (outer-inner, um)

Residuals show misalignments of a few
hundred microns.

Residual difference within each region
show signs of a shift along the beam

. . . 24
axis, but small in size.



Alignment of the Silicon Vertex Tracker

(J. Gilfoyle)
* Checks on the alignment analysis —use cosmic  * Regions 1-3 and Region 4 are attached to
ray simulation. different structures — possible different
o Simulation is done with ideal geometry so alignment parameters.
the residuals should be consistent with o Use same set of Type 1 events, but now
zero. leave Region 4 out of the track fitting.
o Tests the reconstruction. o Most, but not all, residuals improve.
o Change in residual difference still under
Simulated Type 1 tracks Simulated Type 1 tracks stu dy-
, ; . , Type 1 tracks Type 1 tracks
4 e al 4 Ho— Gray - Regions 1-4 Gray - Regions 1-4
4 4t
3 e ol 3 . .
3 e 3
2 ol 2 - u
8 . 8 B 2 = - 2
g 1 - g 1 - 'g e 8
z z 51 = = E1r
S0 §0 z <
3 3 g0 80
T == C 1 - 3 2
> > Note T - <y
2 :: 2 [ -~ M 5) >
size of ) .8 Z
3 e 3 ~ scale.
3 e 3
4 =3 4 -
Expected resolution: 65 ym 4 4t
: : S SN, Blue squares - Regidns 1-3 Green squares - Regions 1-3
-1000 -500 0 500 1000 -0 -0 0 10 20 R A

1000 -500 0 500 1000  -100 -5 0 50 100

Residual (um) Residual Difference (outer-inner, ym)
25
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Validations & Fixes
DC Tracking with Cosmics

* Use DC cosmics data to test the
reconstruction software & algorithms and to
identify hardware issues (e.g. cable swaps)

e Useful to find bugs, fine-tune the code, get
Time-To-Distance function =2 adding special
calibration and validation banks

26



Fixes & To Do List

— Insured proper geometry called for data v/
DC Geometry fix: brick-wall pattern

w Y - i
\ 4 /\/\ also change in GEMC
ﬁ GEMC - Hardware

— Layer efficiency bank output v/
— TBLA banks for time-to-distance .

Residuals from un-
calibrated data;

E using same
. ‘a T = Xcurve
analysis § o5 GEMC

* time residuals v/
* track doca (TB)

= SL1
— Include cable delays (& all calibration |
. . SL2
constants) in reconstruction difernt |
~5-10ns

. wire number
diff.



FT Software Status

R. de Vita

o0 e gemc 2.2 FT .
L] o

. | in GEMC

S I m u Iat I o n s: N. Events: 1 » Run @ Cycle W Stop © Exit —

Volumes

- Realistic geometry description of all
FT components, including active and
passive elements/materials

- Digitization routines implemented O
- Output bank structures defined O
4
Reconstruction: V
- Algorithms developed for all three
subsystems

- Calorimeter and hodoscope
reconstruction available in first
release

- Tracker reconstruction
implementation in progress 15

FT n° reconstruction from simulated ep—eprmn®

Entries 10713
Mean 0.1314
1600 | RMS 0.0144

20
1400

1200 ¢

1000 |

Counts

800 |
10

Database:
- Algorithms developed for all three
subsystems

600

o be=xrre—e

o L 2o
0 5 10 15 20 0.06 0.08 010 0.12 014 0.16 0A&) 0.20
X Mass(GeV)




F1-Cal Energy Corrections

R. de Vita

Reconstructed energy from clustering
is less than the incoming electron/
photon energy due to:

- EM shower leakages due to finite
calorimeter size

- Channel threshold (5 MeV)

Energy corrections:

(0]
. . . . Egen - Erec A Erec’ angle 3.5
- Derived from simulations as a function

_ . _ S o5 o oo~ oumosis
of the incoming particle energy and & [ ono digitization, no threshold b oo asoress
. . — - %2/ ndf 62.5/104
4] — 0 0.007892 = 0.0006653
Impact point u}) 0.4— * no digitization, threshold EH 003480 - 00001419
- Egen.Erec vs E . for fixed 6 : [« digitization, threshold SR R
s 2 mmeiaen
parameterized with analytic function W osb T oo it
and applied to cluster energy to obtain : B
the “true” particle energy 0.2l
- 10 points in B from 2.5° to 4.5°,5 MeV -
energy bins from 0 to 8 GeV 0.1
- Channel threshold is the dominant x g
contribution I 5 10
Erec [GeV]

Work by Lucilla Lanza (U. Roma Tor Vergata) 29



cood OO0

EC/PCAL Software Status

Cole Smith

DGTZ banks: Raw counts x 24 ps/count to simulate
both V1190 / V1290 TDCs

Simulation checked against data using time \U
differences between cosmic muon hits in different "
U,V,W layers

Forward Carriage data show effect of different cable
and light guide lengths and provide estimate of
time resolution for simulation

Effective velocity
16 cm / ns

EC reconstruction package currently being evaluated by C. Smith in collaboration with Gagik
Under COAT-Java EC is a unified detector with 3 superlayers:
0=PCAL 1=ECAL inner 2=ECAL outer
Output bank consists of lists of hits, peaks and clusters for each superlayer
ECReconstruction class does not attempt cluster matching between superlayers
Ongoing work to introduce ccdb constants, attenuation corrections, iterations &
reconstructed objects associations in reconstruction, and methods for handling
two-cluster identification with shared energy in peaks for itV id (Cole)

30



HTCC Software Status

O Exiting code (original author: A. Puckett, Java:

(N. Markov)

J.Hankins) ported into COAT-Java, validated & ERTEEEES

6=5°¢ -35°,
. =0° -360
fu rthe r deve | (0] ped by N |Ck M d rkOV (1P2 hoalfsec‘;ors over @ and 4 rings
over 0, total of 48 mirror
segments monitored by 48 PMTs

O Simulation and reconstruction incorporated in
CLAS12 software framework

O Clustering algorithms
in place and being validated

O Timing to be completed

O Investigating fiducial cuts
Simulation Reconstruction

60

[ Service in reco. chain for Release 2.0

50

Clusters are reconstructed for events
with hits in several mirrors

40

30
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CND Software Status

Daria Sokhan, Gavin Murdoch (Glasgow)

d Geometry and digitization implemented in
GEMC

O Implemented in ced (D. Heddle)

L Reconstruction code developed within COAT- \ - N = \
Java framework at Glasgow / ———— Tl

- Algorithms developed originally in ROOT an
ported into CLAS12 framework

=  ADCto energy algorithm in place

= Time and hit position in paddle reconstruction
algorithm in place
» ldentify direct / neighbor signal on basis of timing,

reconstruct time and position of hit within the
paddle 32



The Ring Imaging CHerenkov
(RICH)

Addition of the RICH to CLAS12 Geometry

/{ External Frame ]

Spherical Mirror

Lateral Flat Mirrors ]

EJ& clas-geometry

E}[E Source Packages

@ org.jlab.geom

@[ org.jab.geom.abs

@ org.jlab.geom.base
@ org.jlab.geom.component
@ org.jlab.geom.detector.bst
@ org.jlab.geom.detector.cnd
@ org.jlab.geom.detector.dc
@ org.jlab.geom.detector.ec

PMTs + Electronic

Aerogel Wall

i % org.jlab.geom.detector. ft o MAPMTSs
. org. ]lab geom.detector. ftof .
=] o Aerogel tiles
RICHASroLjava o planar mirrors
:: zg:;:;::::"]:va o Lateral Mirrors
~|&] RICHElectronics.java o Electronic panel
zﬁ:f;,m’yjja"a o Spherical Mirror: underway
e |0 irror.java .
[ RICHLayerjava o Ready for material budget study
~|&] RICHMapmts.java
RICHRMirror.java
-|&] RICHSector.java
RICHSphericalMirror.java
RICHSuperlayer.java
& RICHTrapezoidjava ©~ — — T - T T T T === ====-=
[ RichGeometryApp.java I Rotatable zoomable, translatable and |
c jlab. | option to choose an mapmt 1
ag % ::3 ;,:b ::x 'g):'m oPIeIRosean ma P e - Work done by F. Benmokhtar

and Duquesne’s students



Data Challenges

* Production of large data
samples with background

including 4 tracks
generated in the CLAS12 s e
fiducial volumes i::%j

e Exclusive access to Haswell e N
machine to run test o

* Scaling studies running in g-_%gz;gr:;spiﬁ;z';éﬂv”S- Vel ¥ hen

multithreaded mode
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Results of Data Challenges

1,500 files

30,000,000 events total

7 JLAB batch farm nodes (Haswell, total 168/336 cores)
28,809 sec. total processing time

1,041.6 Hz processing rate
— Estimated rate : 1,120 Hz (ram disk 10)
— Time lose due to File 10 (local file system 10) and File staging

— Linear scaling up to 24 cores

Reconstruction runs 6 ms/event on 24 core Haswell (50
machines to keep up with DAQ)
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Milestones and Plans
2015 Milestones

€ January: ClaRA linear scaling with number of thread

€ May: First Release of CLAS12 software package including simulation,
reconstruction, analysis and visualization applications available for beta
testers

€ June: Calibration and Monitoring suite (FTOF, FT, EC plugins under
development using suite)

€ September: ClaRA switch from cMsg to ZeroMQ (xMsg) [network public
subscribe & data transfer protocols]

€ Mid-December 2015: Second release

Second Release

> Thread-safe

More realistic digitization for Calorimeters and FTOF
HTCC used for electron ID

Improved Central Tracking

Improved FT-Cal reco. (energy corrections in place)

Data Challenges

>  Test full reco. chain running in multithreading mode, DB accessing,
scaling... 36
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Code Management

* git repository
* all projects included in release are now on github

e GEMC also on git (github.com/gemc)

e Maven for version control & release

* first release version (1.0) and development version

* Information on downloading the package, running the
reconstruction and analyses codes is here:

http://clasweb.jlab.org/clas12offline/docs/software/html/index.html
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Summary

GEMC 2.3 to be released with detector signal
model

Release 2.0 expected to be released right on time
for Christmas

— Ongoing validations, algorithm improvements with
cosmics & simulated events

— Will include HTCC for e- ID

Stress tests ongoing
— First test successful
— Optimization of code for speed planned

Common tools for analysis (PID cuts)
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gemc collaboration (gemc.github.io)

How to contribute

Feel free to ask

So let's say that you have an idea for a great feature. It's a good idea to open an issue describing the

feature and its implementation and ask the code author's opinion. If they agree, go for it! They

might even have some good suggestions for additions to the feature as well

If it's a bug you & xcasionally it can be ok to just create a pull requese (PR), s long as it’s

clearly a bug with a straightforward fix, but i’s also not a bad idea o file the bug as an issue first

Finally, if you want to contribute but are not sure where, you can ask the author if they need help

with anything — it could be as simple as helping improve the documentation

. Create an “issue”
. Fork
Modify

. Pull request

Forking the repo

at feature idea (or we found a bug), we o) sue to check with the

. Whoo! Time

that is a copy of the main repository. Forking a repository allows you to freely experiment witk

Ok, so we

ing you do is create a fork,

author, and they s 0 get 1o o

changes without affecting the original project

Forking a repository is a simple two steps process

On GitHub, navigate to the geme repos

ry

2. In the topright corner of the page, click Fork

nWN 2

n your GitHub account; its fork-url-

You

vow have a copy of the repo you just forked, 2

address can be found on the right menu

You can create a pull request based on this fork. If you are working on several new features at once.

you can create a branch fc

Code Standards

sony with a project’s existing

e your variables as Owners Aug Sep

When writing both commits and code, i

how you should »

style. If the project uses camelCase var

well, If the project has a test suite, you shoul ges yo

decisions, you should sdhere o them in 4 6 21 25 27 28 8 9

Even if you don’t agree with some of the author's stylisti

e and

your PR. If you have a solid reason why they should be changed, open up an

there. Never ever change an author’s existing code style to something you prefer, this is in - - - e

@tsemaly poor tasse. gemc T l_\ L_/

Create a Pull Request

JoisPWw

fredericgeorges > o—e—o—o—

whit2333 .

click on the P!

To create the pull request, navigat github to y

fous will be presented with a pag Once you're ready, go ahead

press the PR button to provid

Make sure you selected the correct branch name (*master” if it's the main fork)

M vt d i s st source: https://github.com/gemc

o If the change is visual, make sure to include a screenshot or gif

o Ifthe PR closes an issue, make sure to put Closes #X at the end of the



FADC, multi-hit signal types

: Detector Time Window (DTW)
l
I

1
Individual geant4 steps are integrated over DTW

> BST 100, O

>| True Step by Step infos (101, 0)
— Edep (101, 1)
- Pid (101, 2) pid", “Ri", "ID of the first particle entering the sensitive volume");
TR "mpid" "R "ID of the mother of the first particle entering the sensitive volume");
- p051tlons (1011 3) "tid",' "R “"Track ID of the first particle entering the sensitive volume");
"mtid", "R "Track ID of the mother of the first particle entering the sensitive volume");
"otid", "“Ri", "Track ID of the orig:)lnal track that generated the first particle entering the sensitive volume");
1 "trackg", "Rd", "Energy of the track");
> Dgtz Step by Step infos (102’ 0) “totEdep"', "Rd“: "Total Energy Deposited");
- ADCL (102 1) "avg_x", “Rd", "Average X position in global reference system"); .
’ "avg_y", “Rd", "Average Y position in global reference system"); Automatlc
- ADCR (102 ’ 2) "avg_z", "Rd", "Average Z position in global reference system");
"avg_lx", "Rd", "Average X position in local reference system");
"avg_ly", "Average Y position in local reference system");
. “avg_lz", , "Average Z position in local reference system");
>| True Integrated infos (103, 0) "px*, “x component of momentum of the particle entering the sensitive volume");
— "py", "y component of momentum of the particle entering the sensitive volume");
- Edep (103’ 1) ‘pz", "z component of momentum of the particle entering the sensitive volume");
. “ux" "x component of primary vertex of the particle entering the sensitive volume");
- Pid (103 ’ 2) "vy", "y component of primary vertex of the particle entering the sensitive volume"};
TP vz "z component of primary vertex of the particle entering the sensitive volume");
- p051tlons (1031 3) "mvx" "x component of primary vertex of the mother of the particle entering the sensitive volume");
"mvy", "y component of primary vertex of the mother of the particle entering the sensitive volume");
"mvz", "z component of primary vertex of the mother of the particle entering the sensitive volume");
3 "avg_t" "Average time");
>|Dgtz Integrated infos (104, 0) Wt “HIT Nombern)
- ADCL (104, 1)
- ADCR (104, 2)
>|voltage as a function of time (105, 0) -
- Identifier (105, 1)
- Time (105, 2)
- Voltage (105, 3) o
wire =
>| FADC Bank (106, 0) LR o | ol 48
— Identifier (106, 1) \
- Time (106, 2) Doca vi
.
- Voltage (106, 3) SDoca .
time .
Stime - :
H
user-defined e




TOF Reconstruction Status

GEMC now properly simulates gain matching algorithm for FTOF

FTOF reconstruction package trimmed down version of A. Colvill’s code
and ported into COAT-Java framework by Gagik (idem CTOF)

Current algorithm does independent clustering but no linking between
panel 1A and 1B

No calibrations constants incorporated into the code at this stage (idem
CTOF)

Linking algorithms and use tracking information to improve matching to
be completed...
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CND geometry in GEMC Daria Sokhan, Gavin Murdoch (Glasgow)

Trapezoid scintillator paddles (green) assembled in 28 blocks assemble to form the full CND barrel:
pairs and coupled with u-turn light guide (blue) at

downstream end.

Three layers of pairs form a segment (block):

Full CND geometry has been implemented in
GEMC since v. 2.2

The paddles are additionally wrapped in Al

(magenta):
/ Hit digitisation currently being ported into Java.




CND reconstruction Daria Sokhan, Gavin Murdoch (Glasgow)

* Convert TDC and ADC counts into time and energy:

. _TDOpy o _ADCpy-—P
D,N — — Lof fset D,N —
Crpe C'ADC' YGQq
Crpc: Conversion from TDC channels to time e Lo >

tofiser: €lectronic time offsets between the paddles

P: ADC pedestal <> PMT-N > €
Capc: Conversion from ADC channels charge <> > )

PMT-D | | *
q: charge of an electron
G: gain of the PMT (L/Z __________ 5 < S
Q: quantum efficiency of the PMT

Y: light yield in scintillator (optical photons per deposited energy)

* Identify direct / neighbour signal on basis of timing, reconstruct time and position of hit within the
paddle:

1 L, 1 1 v Lv
t=-(tp—Tp+ty— Ty —t,) — = + =D Tp—tn+ Ty +t) — =22
ot =T +tn =Ty —t) 2(UeffD ’UeffN) ¢=—y p—Tp—int+In+t) 2 Ves s

L: length of paddle Reconstruction code is

t.: time for light signal to travel round the u-turn . . .
e : : : : functional in ROOT, being

Tp,n: time for light signal to travel through long lightguides )

vefip,N: effective velocity of light in the scintillator translated into Java



Validations

ece Forward Tracking Resolutions OK

File Edit Canvas

» || Generated

» | | Reconstructed

e =
v | Resolution 2000 |kEntries 13683 300 Entries 12097 900 |FEntries 15171
> WK+ Mean -0.5243 250 [LMean 040126 800 [kMean -0.9462
- RMS 0.p603 RMS 285 700 [LRYS 0.8672
> B K- 1500 F 200 E
v = e- 600 o
500 f
momentum 1000 - 150 P
momentumvVvs 400
momentumvVs 500 100 300
momentumVs i 50 b 200 f
hi 100 F
phVS L 0 " l& L A 0 0 gy 1 .
ph' Omen -0.20-0.100.00 0.10 0.20 -2.0-1.5-1.0-0.50.0 0.5 1.0 1.5 2.0 -2.0-1.5-1.0-0.50.0 0.5 1.0 1.5 2.0
theta )
thetaVSmome delta P/P (e-) [GeV] delta Phi (e-) [Deg] delta Theta (e-) [Deg]
v &p
momentum
OImEntamyS Entries 15133 400 FEntries 14160 1000 |LENtries 15679
LS 2500 |FMean -0.p045 350 [}-Mean 0.1098 MMean -0.0610
RMS 0.0353 RMS 0.8418 RMS 0.4870
momentumVs 2000 ¥ 300 800 -
phi 250 |
phiVSmoment 1500 ¢ 200 k 600
tela 1000 § 150 p 400 b
thetaVSmome 100
v B pi+ 500 p 50 200
momentum [~
0 0 L 1 I L 0 | 0 oy : 1 P
m°me"“‘"‘z§ -0.20-0.100.00 0.10 0.20 -2.0-1.5-1.0-0.50.0 0.5 1.0 1.5 2.0 -2.0-1.5-1.0-0.50.0 0.5 1.0 1.5 2.0
momentum R . . .
momentumvs delta P/P (pi+) [GeV] delta Phi (pi+) [Deg] delta Theta (pi+) [Deg]
phi
phiVSmoment 2500 . 400 & . 1000 A
theta Entries 13884 Entries 13001 Entries 14681
Mean -0.0052 350 |fMean -0.0633 Mean -0.0364
B T 2000 Jipus 0.0352 300 RS 0.4318 800 [Fpys 0.4899
v B pi-
momentum 1500 f 250 F 600
momentumVS 200 B
momentumVs 1000 § 150 F 400
momentumVS
100 }
phi 500 p o 200 F
hivSmoment i
O 1 1 L L 1 0 e L L s A A 0 2. L] A L - ) L
€2 -0.20-0.100.00 0.10 0.20 -2.0-1.5-1.0-0.50.0 0.5 1.0 1.5 2.0 -2.0-1.5-1.0-0.50.0 0.5 1.0 1.5
thetaVSmome

delta P/P (pi-) [GeV] delta Phi (pi-) [Deg] delta Theta (pi-) [Deg]



Validations (Version 1.0)

CLAS12 reconstruction: physics impact

The same set of exclusive events were lusi X
reconstructed for 2 torus field settings. exclusive eps+

250

2 276.8/195
PO 188.7+2.0
p1 0.184 +0.001

2 7ndt 316.7/19
po 2629+26
pi 01919 £0.0012
p2 0.1025 £ 0.0018
p3 07477 £0.0122
-0.3829 £ 0.0133

g

2 0.08358 + 0.00153
3 0.6242 +0.0122
P4 0.3065 £ 0.0097

3

T T

g 8

g

LARRARERRERRRRRRRR )

Mo "
full torus field 100% -> S

0=0.084

torus field 60% ->
0=0.102

g

| | | | | | ) 1 1 L | L | L |
005 01 015 02 025 03 03 04 045 0 0 005 01 015 02 0% 03 03% 04 04

Mx(epn4-X)
M, (epmt+X - .

epmX) semi-inclusive epm+X
140 138 | 14

Lo - ) 120 - [
Resolution in the missing mass defines 100 77"\ . Constant m 111180
the signal to background ratio. Width gg 5 [ Mean, A Ciash
increases by 20%(60% field) or giving/ﬂ, - Sigma 06540E.01

~15% increase in time 28 T

0 010203040506 07 08 09
M, (epn’X

. . . e
CLAS12 reconstruction: physics impact <
The same set of exclusive events were /
reconstructed for 2 configurations Ty

torus/solenoid -100%/+100% (solid)
torus/solenoid -60%/+50%. (dashed)

exclusive epy/epm,

epy/epy[t,] torus/solenoid -60%/+50%.

2500 3500
2000 s000ff],
1500 I

1000 2500f-

so00 [

2000

oy, - 1500

= 1000/

~ s00— . .
Background rejection in DVC analysis relies on .

T s o TP | ) PR e e
the cut on the angle between measured and o5 ] T e 3 X 5 EX] =z i
calculated (from electron and proton) photons.

0,x(deg)
Lower field option may be even better for DVCS studies.

CLAS12 software chain validation

H. Avakian, R. De Vita, J. Gilfoyle, A. Kim

CLAS Collaboration Meeting, June 17, 2015

TODO list

* Preparation for a full scale test/challenge:

improve central tracking

improve low momentum track reconstruction Ve

improve neutral reconstruction 0NgoINg

micromegas 2eometry checks required

optimize reconstruction in strong background conditions
ongoing

» Repeat for Version 2.0
« Redo low momentum tracks

reconstruction analysis with new
Central reconstruction code



Stress Tests Results

*  J-Lab batch system Clara deployment and data
flow: data staging service (SS), reader service (R),
electromagnetic calorimeter reconstruction
service (EC), charge particle hit based tracking
(HT), time of flight reconstruction (TOF), charge

m— a0 at L _ M. _ M2 _MTT\ ____ __a | RS} [N R

Computing Node N |

Event rate (kHz)

Multi-core stress tests of coatjava-2.0 on the
node farm140226

Consistent with expectations for compute
intensive services on hyper-threaded cores

Scaling test on farm140226 (EC, FTOF, DCHB, DCTB,

EB) - ramdisk

0.180
e0000
0.150 co00®
°®
°
0.120 ° e
°
0.090 ° e
o
0.060 ®
°
o

0.030 ®

P

0.000

Number of cores

S. Mancilla
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Common Tools Packages

CHANNEL

v Standard Raw evio composite 2>
Jevio bug fix

LAYER v Detector Groups provide

Translation Tables

CRATE

SECTOR

COMPONENT

v Decoder new bank format

FORMAT, by columns: (_/_

G. Gavalian 1) name of the detector
2,3,4) Crate / slot / channel (notice that previously first 3 numbers were sector, layer,
component)
5,6,7) sector / layer / component
8) (0- ADCL, 1 - ADCR, 2 - TDCL, 3 - TDCR)

H

T

# TRANSLATION TABLE

#

# Detector - CRATE - SLOT - CHANNEL - SECTOR - LAYER - COMPONENT - ORDER
# ORDER 0 = ADCL, 1 = ADCR, 2 =TDCL, 3 =TDCR

H

T

CTOF 68 13
CTOF 68 13
CTOF 68 14
CTOF 68 14

H

# END OF Translation TABLE

R O R O
R R R
S O TG
T O S G
w N R O
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Sector Occupancy for Events with 8 OnTrack Crosses

un 17 Region 1
.81 2000 :—
£10000 -
8000 I —
6000 :— Entries 97990
N Mean 5.424
4000 — RMS  2.939
2000 —
C o ey
0 2 4 6 8 10
Sector
3 - Entries 79011
E 8000 - —l_‘_ Mean 7.22
- - RMS  4.254
6000
4000
2000 —
I R B
0 5 10 15
Sector
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Sector Occupancy for Events with 8 OnTrack Crosses




SVT Cosmic Data Validation

phi theta

T

Entries 474573 Entries 474573
Mean 90.69 10°

RMS 34.37

10°*
Mean 89.47

RMS 28.66

10°
10°

10%
10° = o
Bonnllonnflnnnllaonnfinnnllnnnllnnaflnnnllnns Snnnflannflnannflonnflannllnnallnnnllonallons
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
ID ID
e Entries 474573 |  CalcCentroidStrip CalcCentroidStrip
- Mean 0.1116 = Entries 7593168
10° RMS 0.3372 108 Mean 90.11
E Underflow 0 E RMS 70.08
B Overflow 0 L Underflow 0
4 |
10 E Integral  4.746e+05 Overflow  3.95e+04
= 10°% f=— Integral  7.554e+06
1035_ T Ln n
- 10* =
'R :
105 B
= 10° =
1 _I 11 1 I 11 1 1 I 11 1 1 I 11 1 1 I 11 1 1 | 11 1 1 11 1 1 | 11 1 1 | 11 1 1 | L1 1 1 E 1 N N L I L L L L | 1 1 L 1 | 1 1 1 1 I 1 1 1 ! I ' 0 i N
0 1 2 3 4 5 6 7 8 9 10 0 50 100 150 200 250 300



5000

4000

2000

2000

1000

HTCC Clustering algorithms

. I d b . I . d t d
)
one 0 6 2. Hit in two mirrors in
0. © different half sectors
(64, (p1+9,)/2)
e eco ed e : :
enter of the 0 Cluster is reconstructed in the
center of the mirror in 6 and
between two mirrors in @.
16000 [ Frsies  7eoee f0000 [ S 3 o e s ]
H S we vl s V5
L4000 o . or
oo i
=
10000 -
8000 30000 8 \ !
000 20000 ® = ] o
000 0 1000
oo
s
o T R o + ) 15 i it T — % © 550 100 - 50 100 150 H 10 15 20 25 30 35 T T TR
o & rlctor 0 cluster @ cluster 6 cluster 6 cluster
P P
p p
0 0 : . o 0 5. Hit in 4 different mirrors
ere g
A N e oord
)
0116 ((64,+8,)/2, (91 +¢,)/2)
0 10
v, v, ),
e eco ed Cluster is reconstructed
ee 0 ors 6 and e eco between four mirrors.
ero e O D ne €e ee da
ee 0 ®
Erries 6942 }wﬂ Enries —’ 3 0 Eeriesa75s Entries
o o R T s 2000 Bgfirie: e = o 15,
B “ \ NES *ﬂ o ‘;:3:31/ L T A s |5
' 50 30
/ | 1400
20000 25 30 B0 25 250 1200
[ 5o |
= 1000 o
@ 150 @ 150 800
10000 15 3 15 600
\
50 50 200
. s s
1o e =0 0o o omomem s 5 10 15_20 25 30 © 7056 -i0 50 0 30 100 15 P E 5 10 15 20 25 30 35 ° so a0 5 50 100 150 ST s e w0 S0 s 20 s 3035
@ cluster 0 cluster 8 cluster ® cluster B cliictar 0 cluster o cluster 0 cluster 8 cluster




Programming of the spherical mirror is underway:

|dea:

Results

/7 Succeeded to add the
e

; DR
(4 RN Sphere class to CLAS12
‘i%g"" A : geometry, we can make it

/’

1‘ N} . .
!gg'ﬂb& big or small, move it

around, but didn’t
succeed to cut it yet.

Work done by F. Benmokhtar
and Duquesne’s students 53




Reconstruction Algorithms Refinements

Ongoing code validation, debugging,
algorithm improvements using cosmic data
simulations
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