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Outline ClQ5Sy

* Detector commissioning and calibration:

— Status update and upcoming work for CLAS|?2
subsystems (EC-PCAL, FTOF LTCC/HTCC, DC,

SVT, MM, CTOF, CND, FT)
— Calibration suites development
* Commissioning with Beam Plan
— Rate estimates

— Simulation studies

— Work plan



oSP
EC Software Suite CIQSy*

Contributors
Gagik Gavalian (JLAB)
Nicholas Compton (Ohio U)
Taya Chetry (Ohio U)
Cole Smith (UVA)

EcMon: Monitors raw, calibrated and
reconstructed data in real-time with
detector map navigation, strip-charts,
histograms. Single-event, rate and
accumulation modes

EcCal: Performs calibration procedures
and displays intermediate results (PMT gains, [
attenuation lengths, timing offsets and other

constants)

EcRec: Offline/online energy cluster
reconstruction package. Will also be used to
select suitable calibration events for EcCal
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EC Monitoring (EcMon)
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Detector panel (left) allows navigation at the strip level (ECU, ECV, ECW) or pixel level (EC PIX).
Detector elements color-coded with events (EVT) or mean ADC,TDC values.

Monitoring panel (right) uses tabs to group monitored items (occupancy, calibration, pedestals, etc.)
At strip level all raw data are shown. At pixel level only events with single pixel hits are shown.
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EC Monitoring (EcMon)
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Mean ADC per pixel

Calibrations performed as
data accumulate. Results
shown in real-time

Allows timely evaluation of
cuts, systematics issues, and
convergence of fits
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Detector navigation maps
are collections of pixel
and strip objects which
map to the histogram
data

Each strip object contains
only the pixels relevant
for calibration of that
strip

Each pixel object contains
energy loss distribution of
MIP muons
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EcMon: TDC Monitoring
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Time difference between EC Inner, Outer strips can be used to monitor quality of time calibration,
changes in offsets, noise, etc. FADC Mode 7 timing shown here.
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PCAL Calibration
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PCAL calibration GUI under development by
Ohio University group

PCAL pixel gecometry complicated by
aperiodic overlap of U,V,WV strips

JAVA classes to describe overlapping strip
objects developed by Nick Compton

Systematics of fitting algorithms using 2-strip
and 3-strip pixels are being studied by Taya
Chetry using GEMC simulations

Baseline CCDB calibration constants will be
derived from pre-installation test setup
cosmic runs taken in 2012-2013

Forward carriage data will be used to
evaluate changes during last 4-5 years
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Progress and Near-Term Goals ClQ5§F

Progress

Mid-Term Goals (2-3 monts)

CCDB tables
= /test/fc: FADC parameters (pedestals, NSA, NSB, TET) used by EventDecoder, PeakFitter.
= /calibration/ec: ECAL and PCAL tables reorganized into single table.
= /calibration/ec/attenuation: Run |=no attenuation, Run 2-10=376 cm, Run | | -inf = measured.

EcMon
» Added real-time monitoring of gain/attenuation calibration, pedestals and timing.
* Decoding of Mode 7 FADC pulse integral and high-resolution timing.

EcCal

» Development of utility and draw Java classes for PCAL strips, pixels (Nick Compton).
= Studies on systematics of 3-parameter attenuation fits to PCAL cosmic data (Taya Chetry).

EcMon
* Incorporate strip-chart, update and single-event modes.
* Import EPICS HV and scaler data into displays.
= Detector status plots which incorporate various data sources.

EcCal
* Implement timing calibration and ECAL/PCAL relative alignment procedures.
= Current plan is to develop EcCal as plug-in for EcMon.
* Could also run under CLARA as stand-alone service.
= ECAL and PCAL calibration algorithms may be merged within this package.

Demonstrate complete MIP-based calibration cycle (HV adjustment and CCDB table entry) for both
ECAL (likely first) and PCAL by mid-Spring 2016.

CLAS Collaboration Meeting 2/24/2016 CLASI2 CalCom Status Update
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FTOF Calibration Update >
Y SO o e J. %90 Colibration Runs:

- Check signal connectivity

- Check signal inverters (panel-1b)

| . g 8 - Complete HV gain matching

i st N _ Check for swapped cables

y BRRER W _ Check counter functionality

- Test DAQ and electronics

- Collect data for calibration suite development

- Completed final functionality checks after torus
spit removal and LTCC support install

Recent/Current Worle: - Check functionality after LTCC installation
- Preparing for FTOF panel-2 installation in Feb.
2016
Kinowin Problems: - S4b#7R (high PMT current) - S5a #4L (bad dynode)

- Séa #2 1L (bad voltage divider) - S6b #54L (high PMT current)

CLAS Collaboration Meeting 2/24/2016 CLASI12 CalCom Status Update 9
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FTOF Calibration Update ClQ5F
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FTOF time-walk correction Cl0S#

Algorithm development
o Formula: At =ty — 29
@ Right: example of fit

@ Bottom Left: residue after
correction VS ADC

@ Bottom right: comparison
before and after correction

Time Residue VS ADC

) A
1000 1200 1400 1600 1800
ADC [channel]
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Haiyun Lu (lowa U.)

Time residule vs left adc
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2 - d
T[T [T T[T T[T T[T I TITT[oomT|
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FTOF Calibration Suite ClaSy

Work in progress: Work planned:
* Development of calibration software using standardised = High voltage adjustments to achieve desired
calibration code and common tools. Features include: channel for MIP
o Use of common code GUI tools including = Conversion of remaining calibration algorithms
calibration constants table, book canvas to COATJAVA framework
o Detector GUI to highlight paddles with » Full functionality within GUI for each calibration
calibration issues area
o Refitting panel to adjust fit parameters for o Summary graphs of calibration values
individual paddles o Output file of calibration constants for
= High voltage calibration testing with forward carriage transfer to calibration database

cosmic data from Jan |6
O evio events processed in raw or integrated format

ccccccccccccccc [SEORS)

Geometric Mean Sector 2 Paddle 15 Log Ratio Sector 2 Paddle 15 LOLIise Clar.k (Univel"Sit)’ of G IaSgOW)
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FTOF Software and
Documentation

* Calibration procedures in development:
* Haiyun Lu (ROOT/C++) and Louise Clark (Integrated Java version)
* Daniel Carman and Gagik Gavalian providing orchestration and oversight
* Code designed to complete gain matching calibration (for online HV adjustments)
* Code designed to complete timing calibration (offline calibration)

4»
clas

* Time-walk correction
* Left-right adjustment
* Energy loss

* Attenuation length

* Effective velocity
* RF parameters
* Counter-to-counter delays

* Work plan includes development of tutorials for training

* Software tested on FTOF cosmic data, CLAS gl4 data, and will include testing using
MC data

* Documentation for FTOF:
* Geometry document
 Calibration constants document
* Monte Carlo simulation baseline

* Calibration software on track to be ready (in beta version) by end of May 2016

CLAS Collaboration Meeting 2/24/2016 CLASI2 CalCom Status Update 13
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DC12: Calibration Status ClQ5F

M. Mestayer and K.Adhikari
DC Calibration Categories:

= Translation Tables — ...WELL UNDERWAY...
o associate each wire with its electronics; STB - DCRB; CAEN - HVTB, etc.

= Geometry —

o ideal wire positions ... DONE...
o misalignment ... Procedure established...
* Time Delays — ... Procedure established...
o cable delays ... Automated method established
o signal velocity along wire \

o time difference between DCRB and FTOF

= Status Tables - /
o keep time history of HV, lv, wire status ...GUI’s, Maps built... /

* DriftVelocity —
o determine time as a function of (DOCA,B,,,B) ... Parameterization done

CLAS Collaboration Meeting 2/24/2016 CLASI2 CalCom Status Update 14
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M. Mestayer and K. Adhikari

DC12: Calibration

Fitting Time Distributions
Fit leading and trailing edges of time
distribution to a sigmoid function to
obtain:

* TO (start time)

¢ Tmax (maximum drift time)

trkDoca
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tded TmCable7

r e 114582 ] 50 100 150 200
I~ Mean 9628
5000:— RMS 4.7
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ook Before and After automated
| TO- fitting
2000}
IOOO:— 1000 Egg;wes 7(1)12252
B l9(1)0l = 11010(; - 11106 i 1200 1300 77:'50“ 80 |

Knowledge of TMax can be useful in monitoring the DC condition and performance. For .
example, if the gas density changes, TMax will change. %

40

f(t) = (1 — sigmoid) X exponential + constant

20

)X e¢Pt + E

f®=00-

1+ e4"Bt
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HTCC Calibration ClaSy

Y. Sharabian, N. Markov, W. Phelps

Updated EVIO reader and fitting in Java: New production hardware
= Multithreaded = VME fast pulser board
= Optimized code = Patch panel
= 2 minutes per fit on a single core = DB9 cable with noise reduction
2 1500 "
g 1000 Te.
S In(Q,)-6.530927 o8
(& Veer =7 585008 .
3) i
[a] o
< e
—~ ‘les
< ‘e’
S 500 M
E =
s
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L
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(@]
055 16 17 Fit with new hardware and software
ngh VOItage [kV] LMSFilterTest2 Intensity Channel:[1] Run:[1190]
= Fits are consistent between ROOT and

COATJAVA packages
= Similar calibration curve will be created for

each of the 48 PMTs for the purpose of gain m

/ 1 ADC Channel
w
]
3

scale 0.572
height — 267401.597

# Events

matching

2000 3000 4000 5000 6000 7000
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HTCC Calibration Suite

Detector schematics

Signal shape in time

oﬁ
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V1(V): 4.3 V2 (V): 43 V3 (V): 5. Frequency (Hz): 00.0 Set LMS
N\ f / s = EVIO input
| Process |
\ \ ’/ B u Infpgmfinn with ccdb
=  Sample translation table
LMS control P
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SVT Commissioning Status

= SVT is integrated with Micromegas tracker (December 2015)

= Both systems calibrated, no extra noise observed

= DAQ synchronized, SVT is providing master trigger to the MVT

= Central tracker commissioning in progress, taking cosmic data 24/7

* Online cosmic track reconstruction monitoring of SVT and MVT using ET implemented
= Tracker alignment sample: |00 M SVT tracks and 20 M SVT/MVT tracks collected

= Mechanical survey data analysis complete

* Noise performance monitored by periodic SVT calibration scans (20 min per scan) and logged
= SVT long term stability is monitored since integration (August 2015)

= Sensor temperature 12-14C with coolant at 6C

= Nitrogen purging remote control and monitoring system installed and tested

= Coatjava based calibration suite developed (5 min to analyze a calibration scan)

= Channel, Chip, Sector, Layer, Region and Detector level plots implemente SVT Channel ENC
* Tuning of fit parameters done B 800 hSvtChanEnc
= Bad channel mapping done Entries = 4608
pping 600 Mean  1386.9618
= SVT calibration data table defined 3 RMS  399.9029
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SVT: progress and plans

Work in progress

Development of the data validation and monitoring suite
Validation of local and track reconstruction
Monte Carlo tuning on the cosmic data
SVT alignment using Monte Carlo and cosmic data

Path forward

= Monitoring web interface
Trigger studies
Analysis suite for MYA DB

Profiling, benchmarking and batch processing
Calibration history monitoring
Documentation

CLAS Collaboration Meeting 2/24/2016

[ root

> 1 Cluster

» B8 Cross

b [0 Event
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» [ Lorentz
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v [ Track
hnormChi2
hphi
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htrackMultiplicity

¥ [ Trajectory
hlocalTheta
hlocalTrackAngle
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hlocalz
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normChi2
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Since October 2015:

= 2-layer barrel + 3-layer forward sent to Jlab

= Geometry information given to Veronique

» Complete checkout of the system at Jlab
(detectors, lv, hv, gas, electronics, etc)

* |ntegration in CODA-based DAQ _ i\
" |ntegration with the 4-layer SVT (went flawlessly) S / ‘

» Full surveys during installation B =L

= Recorded S/N ratios (>40 !) ed at
= Started using reconstruction package + monitoring system (Java)

* Had to develop alternate code (C++/ROQOT-based) in order to proceed with cosmics analysis

» Fully analyzed barrel cosmic runs using Veronique’s tracking (v1) Fles. RO A
20:-400um resolution

hCIRes5 1

Entries * 18113
Q\ 0.01081
& 1.129

b 42/ ndf 803.2/165

Next:

* Need to solve some issues with tracking

= Use MVT in tracking (right now, only SVT, MVT as « check »)

» So far, using maximum sample as only information (mode 7)
— need to implement full waveform analysis to optimiz

* Analysis of forward detector (only barrel so far)

* Implement/optimize geometry (survey + cosmics data)

* |mplement various databases

Constant 2269 =226
Mean -0.04602 = 0.00309

Sigma 0.4043 = 0.0026

-15 -10 -5 [] 5 10

15 2
Det-Track [mm]

econstruction and use timing Information
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MVT: efficiency maps ClIQ5Ss

— 450

Y{[mm]
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8
=]

EVENTS IN FILE : 229399 CURRENT : 304 Delay (sec) 1 @

Yimm]

Issues with tracking
(shallow tracks?)

Run 232 :

| 018 619 Entries

HVmesh 500V (rather low)
HVdrift 400V

III|IIIIIIIII|IIII|IIIIIIIIIlIIII|IIII|IIII|IIII

8
=]

CR6Z_A :0.88
CR6Z_B :0.94
CR6Z_C :0.88
CR6C_A :0.82
CR6C_B:0.87
CR6C_C :0.87
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oSP
CTOF Cosmic Ray Studies ClaSy

R
L ’f.

CCex E.a'!
= SRS

Detailed characterization of counters in progress:
* Counter HV gain matching complete
* Slow controls system developed
* Measurements completed for:

* counter resolution
c0=70 275 ps
* limited by counter alignment
e attenuation length
* number of photoelectrons
* Discriminators - CFD vs. LED
* Time walk corrections

* Light Monitoring System operation to be
developed this spring after part delivery

* Documentation well underway
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CTOF Slow Controls ClaSy

'® O ® x| CS-Studio

e X\ CS-Studio

Ep— - o Nathan Baltzell

5 CLAS12 Menu 2 = 08

|X| CS-Studio

i1 CTOF HV Controls 58

CTOF HV Controls

Description l Pw l Vmon I Imon
CTOF_U01 ].N.I 2071.50
CTOF_U02 @8] 2055.00
CTOF_U03 [.N.[ 2112.00
CTOF_U04 [.N.[ 2109.50
CTOF_U05 [.N.[ 1895.00
CTOF_U06 [.N.[ 2024.50
CTOF_U07 |@8ii®)| 2100.00
CTOF_U08 l.N.[ 2115.50
CTOF_DO1 l.N.[ 2036.00
CTOF_D02 l.N.[ 2269.00
CTOF D03 l.".[ 2118.00
CTOF_D04 |@6ii®)| 159400

l
l
l
l
l
l
l
l
l
l
|
CTOF_D05 l.".[ 1829.50 % 322.00
l
l
l
l
l
l
l
l
l
l
l

Iset (

Status I Vset (

364.00 2073.00 500.0

367.00 2089.00 500.0

373.00 2112.00 500.0

372.50 2110.00 500.0

334.00 1894.00 500.0

357.50 2024.00 500.0

371.00 2101.00 500.0

372.50 2116.00 500.0

358.50 2036.00 500.0

400.00 2269.00 500.0

373.00 2119.00 500.0

351.50 1994.00 500.0

CTOF_D06 @8NS 220500 | 38850 2209.00 500.0
CTOF D07 l.".[ 2241.50
CTOF D08 l."'.[ 2034.50
CTOF_U09 |@6i®)| 1575.00
CTOF_U10 I.N.[ 2063.50
CTOF_U11 I.N.[ 2116.00
CTOF_U12 I.N.[ 2044.50
CTOF_U13 l."'.[ 2149.50
CTOF _U14 @8 216250
CTOF_U15 I.N.[ 2158.50
CTOF U16 I.N.[ 1990.00

CTOF D09 I.N.[ 2147.50

396.50 2242.00 500.0

360.50 2035.00 500.0

349.50 1973.00 500.0

360.00 2064.00 500.0

Motors

374.00 2116.00 500.0

360.50 2045.00 500.0

378.00 2150.00 500.0

500.0

379.50 PALEN

382.00 2158.00 500.0

349.00 1990.00 500.0

368.50 2149.00 500.0

V|
|
|
|
|
|
|
|
|
|
|
|
|
1829.00 [ 500.0
|
|
|
|
|
|
|
|
|
l
[
[

clasrun
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CTOF Calibration Suite ClaSy

Development of CTOF calibration suite:

* Development by A. Ni (KNU) in Oct. 2015 followed development of FTOF
suite by L. Clark (Glasgow)

* Using common tools developed by G. Gavalian:
* code developed to read EVIO data from cosmic ray test stand
* wrote rudimentary code to digitize the ADC and TDC data
* implemented translation table

* plotted histograms for HV gain matching

* Further development on hold due to limited manpower

* unless new manpower is found, plan for L. Clark to develop CTOF
timing calibration code when FTOF work is completed

* no new algorithms — main work is to develop GUI interface
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CTOF Software and
Documentation

4»
clas

* Calibration procedures in development:
* Andrey Ni and Louise Clark (Integrated Java version)
* Daniel Carman and Gagik Gavalian providing orchestration and oversight
* Code designed to complete gain matching calibration (for online HV adjustments)
* Code designed to complete timing calibration (offline calibration)

* Left-right adjustment * Effective velocity
* Energy loss * RF parameters
* Attenuation length * Counter-to-counter delays

* Work plan includes development of tutorials for training
* Software tested on CTOF cosmic data and will include testing using MC data

* Documentation for CTOF:
* Geometry document
* Calibration constants document
* Monte Carlo simulation baseline

* Calibration software goal to be ready (in beta version) by end of May 2016
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Central Neutron Detector Class

Main physics goal: detect the recoiling neutron in nDVCS — The CND must ensure:
* good neutron/photon separation for 0.2<p <| GeV/c — ~150 ps time resolution

* momentum resolution dp/p < 10%
* no stringent requirements for angular resolutions

CND design: scintillator barrel - 3 radial layers, 48
bars per layer coupled two-by-two downstream
by a “u-turn” lightguide, 144 PMTs upstream

Recent achievements:

*« CONSTRUCTION COMPLETED

* Detector at JLab (ESB building) since 6/2015

* HV calibrations of PMTs completed

* Cosmic data analysis: s, ~150 ps for all blocks

* Assembly in mechanical structure done

* Development of calibration and reconstruction software
ongoing

Plan for 201 6: Photos of the CND:

* March-April: Cosmic rays tests at JLab (ESR building), to check https://www.flickr.com/x/

time resolution and characterize the block using CLAS12 electronics ~ £0093009/photos/
117533494@N07/

* June: readyness review
* December: installation in the CD?

aIPN
ORSAY
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Light velocity in the scintillator [cm/ns]

Scintillator light attenuation length [cm]

CND calibration

D
Hit position B i 1
& x Light guide B "
\._| Scintillator Light guide : Two scintillator
R _ bars for each
Top-hat cut of 0.2-0.7 on direct hit timing distribution
L Block paddie
e -ffective velocity
- - * One week per block
1712 . .
- of cosmic data taking ..
A ALK : . an
16:—- W 1 A WR ‘ A A A ..... A... A ...... T A A.. A.... (O rsay’ I"Ight after | [
159I:4>.-:-.i- .iA-:-:rA-. assembly)to ool [
— * x + + ] + . - 1400
DO Bilasa®e 0 m_ eml characterize the blocks .|
. + PR B & A A =
- ' ‘ tre T ! (same 6 PMTs used for .
= all blocks)
L \2| 1 |4| 1 |6| 1 |8\ 1 |10| 1 |12| 1 \14| 1 \16| 1 |18| 1 |20\ 1 |22| Il |24| ol L N
Block Number .
LIgnt attenuation Iengtn Tor direct Nits In scintiiators * OrS&)’ data are belng wl wr
800 vemr—  Used to optimize J wf
: Att ° I t :':;2 calibration L1l l|||ll||Il||| Ll |||l| JAI|||J| Ll IIIIIIIIIIII
[~ m2 200 400 600 800 1000 200 400 G000 1000 200 400 c00 800 1000
2501 enuatio n - algorithms and codes i B -
C ¢ #PheHl M#PheH2
2000 «» 1000,0 A#Phe M1 X#Phe M2
- Y A A S =i#Phell ®#Phel2
LA u ‘ k ’ s n A : ; E 900’0 Q.\\.\
Fa A “ : , [ | H u 2 7 ~
15024 = * - ™ g 800,0 P
”.Ai! PR e 2 4 Q’ ‘\A0 2 700.0 ~
L m ! a =} ’
F e a¥ 4 m T “aif..l Gavin Murdoch, £ & o —g
] AN .
1008 < . .| Daria Sokhan 5 0000
r 2 500,0
C ; (Glasgow) £
111 L1 L1 111 L1 111 11 I*I 11 11 L1 L1 111 1
0T e 8 10 12 14 16 18 20 22 24 3 4000
Block Number 0 20 40 60 80
Distance from the PMT [cm] __
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CN

time resolution

A

4»
clas

PMT

S

D:
[
PMT

E.S. Smith et al. NIM A 432
(1999) 265-298
Measurement of time
resolution with cosmic
rays (following the
method described by R.T.
Giles et al. NIMA 252
(1986) 41-52)

PMT
PMT

Tref = (TAL +TAR — TBL — TBR)/Z Halftime difference
between A and B

TS = (TSL +TSR)/2 Time measured by S

Teosmic = (Tap+Tar + Ty + Tpr)/4 — Ts

; 2 Tests planned from next week
Os = \|0% cosmic = (Ore/2) to mid-April here at JLab
220 -
0 ’ 0
200 n NS - |
- o m ¥ a = = | . B
% 180 7 Y | * ¢
-§ ¢ ¢ & L 4 ¢ 'S & + ¢
§ 160
; |
£ 2 a
L # o cosmic
120 Mo ref |
o TOF
100 | . |
2 a 6 8 10 12 14 16 18
Block ID number
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FT Status

Coordination: INFN-Genova

Contributors: CEA, INFN-Ge, INFN- | »
Roma2, U. Edinburg, U. Glasgow, JLab,  § #{ = lagfe) A
James Madison U., Norfolk State U., , - e = /(] ;‘ i
Ohio U. F se, i

= FT-Cal
- Assembled and tested in Genova with light
source and cosmics
- Transferred to Jlab in Nov. 2015 and re-
assembled in the EEL building in December
- Commissioning in progress

FT-Hodo

* FIT-Hodo:
- Assembled and tested in Edinburgh
- Transferred to Jlab in Jan.2016
- Commissioning in progress

" FT-Trk:
- First detector built and tested in Saclay and
Jlab
- Second detector presently being built, ready
in June
~ :
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FT-Cal Calibration with Cosmics“IQ5¥F

Crystal 225 (-6,-1)

smic ray WAVE_S_0_L_0_C_225
Entries 13143
Mean 49.6403
27.6818
200
2 150
S
5
o
[&]
(6]
a
< 100 ~
50 -
Waveform from FADC
0 PREIEE AN IR E S AU A AT BNUT S AU A AT IS A
0 10 20 30 40 50 60 70 80 90 100
fADC Sample
| Reset J [ Fit | (& Waveforms () Noise () CosmicsOcc) () Cosmics(Fit)

Developed based on template
provided by the software group
and on common tools:

* Presently used for FT-Cal checkout
and commissioning with cosmic
rays

= Read from file and ET ring

= Shows single events and
accumulated spectra

[ File | | E | EVENTS IN FILE : 30902 CURRENT : 49 Delay (se0) | 2 [3]

Development work being
continued by Shloka Chandavar
and Harkirat Mann

Will be extended for analysis of
LED induced signals

Problematic
Crystal 156 (-9,-4)

Cosmic fADC S 0_L 0_C_156
Entries 1732
Mean 49.7527

RM 23.1594

60

40

20

=t
fADC Counts

40 50 60 70 80 90 100

fADC Sample

-Cosmic charge Crystal 156 (9,4)

Cosmic Charge S 0_L 0_C_156

25 Entries 150

Mean 28.5400

2 20 RMS 16.3921
S 15 amp 29.2315
Q 30.8014
o 10 4.6623
29.9133

5 -

40 50 60 70 80
Charge (pC)

() Waveforms () Noise () Cosmics(Occ) () Cosmics(Fit)

| Reset | Fit

[ File | [ E | <

> >> Il EVENTS IN FILE : 30902 CURRENT : 30902 Delay (sec) 0 @
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FT-Hodo Commissioning ClaSy

L L B 'WAVEMAx_s_e_L_l_CJ . . .
- = .| Inherited from FT-Cal Monitoring code

1 ® Used for checkout along with FT-Cal
| = Read from file and ET ring

)15t = Shows single events and accumulated signal:
- “m noise spectra shown here (peak minus

il =" w2|  baseline)

1 ® Gain match channels and calibrate to

JL photoelectron signals

50

00 50 100 151;52;#\2_;0 3;‘; 3;0 :)O 450 500 2500 ! ! l H ! WAVE_S_l_L_l_C_S

Wave M

2000F 53.0713
Reset Waveforms (o) WaveformMax [P e B < L TR oo
_ File B < > >> I EVENTS IN FILE : 17611 CURRENT:5526  Delay (sec) 0 1500
1000 [~
500~ b
Future Work g .
1 1 1 1 1 1 1 1 1
0

0 10 20 30 40 50 60 70 80 90 100
fADC Sample

= Calibrate to charge spectra from cosmics
Landau — match hits in two layers

= Ultimately validate a live calibration method

= Combined monitoring option with FT-Cal

=  Gary Smith, Lorenzo Zana, Nick Zachariou,
Ivana Stankovic

C WAVES1C2C5 ]
4000 Entries: 114621

Mean: 54.3705
lJ/\-LI LUNH 10.03V.
3000 IHIH T
2000~
1000 [~

\.\\
| 1 1 1 1 1

0 10 20 30 40 50 60 70 80 90 100
fADC Sample

0

Reset © Waveforms Calibrated

File Et o< > >> Il EVENTS IN FILE : 20368 CURRENT : 14 Delay (sec) 0 C
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Calibration Schedule

Calibration development schedule:
- https://userweb.jlab.org/~devita/clas|2 commissioning/calibration%20schedules/

- Built based on input of CLAS|2 detector groups
- Used to track progresses, identify critical tasks, ...
- Updated regularly on monthly basis

- On track to have first version of calibration suites by Summer

class

Detector Category SubCategory Actlvity ID Actvity Name Start date Finish Resources MNames Status (% Comments
date (FTE) completion)
ec_peal | EC-Pcal table definition (dacumenz) in progress 29-Feb-16 C. Smith 90 Meed to revise document
CCDB Calibration/ec mbles oc_pcal 2 EC-Pcal table creation Done ). Goesz, CSmith [revised) 100 Some additioral tables lkely
ec_peal 3 EC-Peal fill tables w nominal values Dane C.5mith 100
ec_peal 4 EC-Pcal algorithm development in progress 30-Aprlé C. Smith, N. Compton. T. Chetry 80 Timing and alignment pending.
ec_peal 5 EC-Pcal c*+ suite development Dore M. Compton 100
ec_pecal & EC-Pcal c++ suite tests (PCAL cosmics) Dore M. Compton 100
e ecpeal ¥ EC-Pcal java suite development in progress 30-Aprlé €. 5mith, M. Compron. T. Chetry 70 Code consolidation, utility classes
calibration suize
Calibration Algarithm and ec_pcal B EC-Pcal java suite tests (cosmics) in pragress 30-Aprlé C. Smith 70 Ongoing until commissioring.
EC-Pcal - o ec_pcal 9 EC-Peal java suite tests (GEMC) in progress 30-Aprlé C. 5mith, N. Comaton. T. Cheery 80 Maostly PCAL work.
Suice Development ec_peal 10 EC-Pcal java suite documenzation 1-May-16 3ul-16 €. Smith, N. Compron. T. Chetry 10 Maostly GitHub wilds
ec_peal |1 EC-Pcal jawa suite tutorials |-May-16 3l-Augelé C. Smith, N. Compton. T. Chetry 10 Maostly GitHub wilos
ec_peal 12 EC-Pcal algorichm development Dore C.5mith 100 | Calibravon with cosmic muons
EC cosmic calibration ec_peal_I3 EC-Pcal FORTRAN, PAWY tool Dore . Smith
implementation 100
ec_peal 14 EC-Pcal observables definition in progress 31-Mar 16 C.5mith 70 MV, scalers and physics data pending.
ec_peal |5 EC-Pcal java tool implementation in pragress 30-Aprlé C. Smith, G. Gavalian 70 Code consolidation, utility classes
Menitoring EC Monizaring oc_ocal 16 EC.Peal documentavan in progress 31l 16 C.5mith, G. Gavalian 10 Mastly GitHub wikes
{last update 2/15/16) ec_pcal 17 EC-Pcal slow cantrols in pragress 3lul- 16 C. Smith, M. Balezell, K. Livingszan
food | FTOF mble definition {document) in progress |15-Feb-16 D5 Carman, H. Lu 50 on schedule
CCDEB FTOF mables fof 2 FTOF mable creation in progress |15-Feb-16 B.McKinnon 50 on schedule
frof 3 FTOF fill rables w nominal values in pragress 29-Feb-16 B. McKinnon, D.5. Carman, C. Smé 50 on schedule
frof 4 FTOF algorithm development in progress 25-Aprlé DS, Carmian, H. Lu, L. Clark 30 on schedule
foof 5 FTOF o+ sute development in progress 31-Mar 16 H. Lu, D.S. Carman 50| on schedule
frof & FTOF o+ sute vests (cosmics) in progress 3l-Mar 16 H.Lu 30 on schedule
foof 7 FTOF c++ sute vests (gl4 data) in pragress 31 -May-1& L. Clark, G. Gavalian, D.S. Carman 30 on schedule
FTOF calibrazion suite frof B FTOF java suite development in progress 15-Apr1& L. Clark. G. Gavaliar 30 on schedule
FTOF Calibration Algarithm and fof 9 FTOF Java suite tests (cosmics) 1-May-1& L. Clark, G. Gavalian, M. Ungarc a
Suite Development fiof 10 FTOF java suite tests (GEMC) I-Mar16 3lul-16 L. Clark, H. Ly, D.5. Carman Q
fof 11 FTOF java suize documentation I-jun-1& 3l-Aug-lé L. Clarle. D.5. Carman 0
fof 12 FTOF Java swite tutorals done D5 Carman 100
fof 13 FTOF algorithm development done D5 Carman 100
FTOF cosmic ray calibravor fiof 14 FTOF FORTRAN, PAW wal
— implementation
fiof 15 FTOF chservables definition 26-Feb-16 31-May-1& D5 Carman Q
feof 16 FTOF java wool implemenzation in progress 31 -May-1& G. Gavalian 20| on schedule
Menitoring FTOF menicaring fof 17 FTOF ]ducu'ncnm:lun I-jin»fr: 305:2!5 D5 Carman, G. Gavalian 0
{last updaze LI15/14) frod 18 FTOF slow conzrols in progress Oljun-1& M. Balezell, K. Livingston 40 on schedule
e LTCC mble definition {document) in pragress |15-Feb-16 M. Ungaro 50
CCoB LTCC mbles e 2 LTCC mble creation in progress I-Mar1& M. Ungaro 0
kec 3 LTCC geometry in simulation in progress 15-Apr16 M. Ungzaro 50
kcc_4 LTCC digitization in simulation in progress 15-Apr1& M. Ungaro o
~ ke 5 LTCC algorithm development in progress 15-May- 16 M. Ungaro 50
fp— f::’;::ljpf:ef:m wd LTCC calibration suite feec 6 LTCC java suite development 15un-16 15-Aug-16 M. Ungzro. G. Gavalian 0
e 7 LTCC Java suite tests 15-Aug-16 15-5ep-16 M. Ungzro, G. Gavalian [}
e 8 LTCC java suite documentation 154un-16 15-Sep-16 M. Ungaro 0
e Q [ 7ol T T————"— (W) [T [ e— n

CLAS Collaboration Meeting 2/24/2016

CLASI2 CalCom Status Update

32




<
Commissioning with Beam ClaS#

= Revision of initial Commissioning with Beam
CLAS12 - Commissioning Plan
(CWB) plan started Hall B 12 GeV Upgrade.

June 2014

*  Commissioning With Beam:
— |5 calendars days with full CLASI2 detector
— Establishing beam
— Detector checkout with particles from beam
interaction
— Initial calibrations
— Proof of detector functionality

‘Commissioning With Beam of the CLAS12 Spectrometer
Version 1.0

October 1, 2014

= Jan. |5 CWB review outcomes: -

— 15 days CWB period at pass 3 (6 GeV) to possibly L _moommeneeseoee
exploit photon tagger and past CLAS experience
at same energy

— Main focus on achievement of Key Performance =
Parameters (KPP) to reach 12 GeV project
milestones

— Commissioning at | | GeV to follow during
engineering run
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CWRB - Workplan

* Focus CWB plan on achievement of KPP
= Revision:

o

CLAS Collaboration Meeting 2/24/2016

Restrict CWB running condition to 6. X GeV
and few nA (>2 nA)
Optimize target configuration
Determine expected backgrounds in all
detector systems for different CVWB phases
Provide quantitative information on electron
and hadron rates and background
Address beamline commissioning
Address trigger and DAQ commissioning
Discuss how the specific KPP will be achieved
providing supporting documentation

-Work on present version of KPP, even if not yet

confirmed

- For each parameter define what we must, should,
and could do

4»
clas

CLAS12 - Commissioning Plan
Hall B 12 GeV Upgrade

June 2014

‘Commissioning With Beam of the CLAS12 Spectrometer
Version 1.0

October 1, 2014
Abstract

This documant describes tha procaduras that will be folowsd for the commissioning of tha CLAS12
‘spactrometar using baam. induced reactiors. The commamoning will consist of different. phises. st
|

The documane & structured 25 follows. In Sections 1.1 and 1.2, the objectives of the CLASI2
commizsioning will ba dafinad and the assumptions dopiad in developing the plan will ba outined.
Tha spocific procadures forasaan in the differant commissioning phases will ba described in Soczion 1.3,
including tha lis of tasks and tha timaiine. Finally, Saction 1.4 will discus the zmesment of th
detactor parformanca via the measuramsnt of salectad reacions. Detaiked information about sach
commizsioning task & induded in Section 2. whare specific plars for aach CLAS12 detactor subsystam
are presamad
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Inclusive electron rates

4»
clas

EVENT GENERATOR OF ELECTRON-NUCLEUS REACTIONS Tocss

(EN_GEN ver. 1.01) _2

CLAS NOTE 92-018 et

Misak Sargsyan 28-DEC-1992 et

Yerevan Physics Institute _:§;

During the commissioning phase, physical 6=5-35 (deg), E, = 05- 109 (GeV), E__ =11 (GeV) —ves

processes will be used to test CLASI2 2 —om

performances or to calibrate subsystems :

2 6=14

S ot

o A realistic estimation of the rates is essential to E

allocate the number of days for each step i

o’

o Inclusive electron rates will be important to 75

estimate the expected trigger rate o5

s

—oears

o Many proposal have projections based on the E:j

fastMC — now that the reconstruction framework is 5 s

starting to be ready for physics study these N e

estimations have to be updated, so to include a Ew_ E

realistic CLAS|2 acceptance and efficiency fm _ 73

£ F —e=285

o Hadron production channels are also important for 3 :35

subsystem calibrations e -

1o>é— e

: “eems

0] - Eg

Work by S. Pisano *https://www.jlab.org/Hall-B/notes/clas_notes92/note92-018.pdf T
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Building an inclusive generator ClQSF

Distributions of cross-sections in a given
configuration are used to generated events
in the LUND format

o Generated according to the cross-
section

o Generated uniformly in the selected
energy and theta bin

o Lund files are then given as input to the
whole simulation/reconstruction chain:
gemc + reconstruction
software (version 1.0)

o Realistic rates in CLAS|2 can be
estimated

o Different configurations can be
explored (e.g., magnetic field current
etc)

o Total (reconstructed) electron rates at
103> cm2s7! luminosity, high torus field:
~1.5 kHz

Work by S. Pisano

CLAS Collaboration Meeting 2/24/2016

do/dEdQ ub/GeV/str
S ™<=
T TTTIWW TTTTTm

=)
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‘Q
Extension to hadron rates ClQSH

10?

and comparison to clasDIS

—_
(=]

results from clasdis

do/dEdQ 1 b/GeV/str

Being hadrons needed for some detector
calibrations, a semi-inclusive generator will be
essential clasdis (valid in the deep-inelastic
regime)

In order to test the consistency among the two
generators,a common kinematics is identified

through the cuts ' 0 10
E (GeV)
5 10?
=
S 10
=)
=
Distributions of the cross-section in this regime g !
are compared 100
1072
. . . 107
Integrated rad cross-section is 0.066 consistent
estimation from the two generators 107
107
107
4 —IIIIIIIIIIIIIIIIIIIIIIIIIIII|IIIIIIIIIIIIII|
Work by S. Pisano 107 1 > 3 3 5 6 7 8 o

E (GeV)
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Latest version of KPP clog"ﬁ

(from DOE Oct. 2015 review)

Detector operational: events recorded with a > 2 nA electron beam at
> 6 GeV beam energy (3 pass)

|.  Detector running for ~one shift recording data from all subsystems.

2.  Screenshots of beam status screens and accelerator Elog entries
demonstrating the electron beam current and energy

3. Plots showing relative timing (coincidence) of calorimeters, time-of-flight
and Cerenkov counters

Event displays showing correlations of particle hits in Forward Detectors

5. Event display showing correlations of particles detected in FD and hits in
CTOF of central detector (CD)

6. Plots of particle trajectories showing target position

7.  Particle identification plots using signals from calorimetry detectors



4»
clas

KPP - Simulation studies

= Should have dedicated simulation studies
addressing the individual KPP CLAS12 - Commissioning Plan
. Hall B 12 GeV Upgrade
- include beam background
- use realistic geometry including (some) detector
misalignment
- “non-calibrated” detector response

June 2014

= KPP-2,4,5: Event display snapshots:

— simulate hadronic reactions

= KPP-3:Timing correlation:
— relative timing of HTCC, FTOF, EC-PCal
— what can we expect before full timing calibrations?

‘Commissioning With Beam of the CLAS12 Spectrometer
Version 1.0

October 1, 2014

Abstract

This documant describes tha procaduras that will be folowsd for the commissioning of tha CLAS12
‘spactrometar using boam.inducad reactions. The commissioning will consist of differant phases, start-

= KPP-6:Tracking and vertex distribution:
— show vertex distribution from tracking
— will hit-based level be enough?

are presemad

m  KPP-7: Particle id from calorimeters:
— electrons (E... vs p)
- pi0
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Summary Class

* Detector commissioning and calibration
— Continuous progresses for all systems systems
— Calibration suite under development for all CLAS12 sub-detectors
— Close collaboration with software group
— Intense use of common tools
— Advanced stage for forward carriage detectors and SVT
— Important progresses for all systems including non-baseline equipment
— Aiming at first version of calibration suites by Summer

* Commissioning With Beam (CWB)
— In progress:
* Revision of CWB plan
* Evaluation of particle rates at | | and 6 GeV
 Simulation of detector backgrounds
— Focus of next months:
 Simulation studies for KPP achievement
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EC Monitoring (EcMon)

ecu ecv ecw [JEIIE

r (BT @ADCU ()ADCV ()ADCW () ADCU+V+W

12000
10000
8000
6000

Detector navigation maps
are collections of pixel

15000 15000

10000 10000

o and strip objects which
2000 .
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 map to the hIStogram
U Inner Strips V Inner Strips W Inner Strips data
S a3 R
> s2.as62 Mean | 75.1668 . . .
ek Each strip object contains
SRSk .
E;gg only the pixels relevant
>
R for calibration of that
1"“ 50 100 150 50 100 150 2 50 100 150 200
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Each pixel object contains
energy loss distribution of

i
\VAVAVA
NN

AV
/AVAVAVAVAVAY

Mean ADC per pixel
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U Inner Pixel 25 ADC V Inner Pixel 25 ADC W Inner Pixel 25 ADC
public class CalibrationData { EXP FIT: Sector 2 U Inner Strip 27
110 | exp0 97.6472
DetectorDescriptor desc = new DetectorDescriptor(); u =
private List<GraphErrors> rawgraphs = new Arraylist<GraphErrors>(); 100 :_
private List<GraphErrors> fitgraphs = new ArraylList<GraphErrors>(); ) 9 b
private List<F1D> functions = new ArraylList<F1D>(); -
private List<Double> chi2 = new ArraylList<Double>(); 8 80 [
< C
Adapted from Youri Gotra / SVT suite § 70 |
s C
CalibrationData object created for each strip: 60 |
|. Pixels stored in rawgraphs. 50 |
2. Exponential fit to pixels stored in fitgraphs. e
3. Fitting function and fitted parameters stored in functions. A D B T B T

-10 0 10 20 30 40 50 60
Pixel Numb
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EcMon: Calibration Monitoring

Occupancy jpualiculiciealy Pedestals  Timing

EXP FIT: Sector 2 U Inner Strip 21

exp0 103.4195 4.0 o
110 - 35 E
100 F « 30F
Q 90F 5 2s5F
< 8F @ 20F
© 70 C O - O o o
2 23 2 15F o o o
60 % 1.0 F uDD oo o Duu“
- ~E 0o gog 0% o Dum’un
50 £ E 05F oo .
40;-_ lllllllllllllllll O'O:Mlltl]llllllllllll‘lllllllllll
0 10 20 30 40 0 5 10 15 20 25 30 35
Pixel Number U Inner Strips
I 600
115 |
110 E ! s 500
E Sy - :
<Z< 132 ] ﬁ E"_#f'{ L f"% S 5 400 8 . B"gggﬂana“’u
(O] 3 B Ry, = 300 o ??Hl' ggﬂageugn Be o
= ssf " :
3 % E QOOEH’EICCDB
85 C
80 E Expected MIP < 100 - Fit to GEMC simulation
75:- lllllllllllllllll 0:llllllllllllllll‘lllllllllll
0 10 20 30 40 0 5 10 15 20 25 30 35

U Inner Strips

Calibrations performed as data accumulate. Results shown in real-time.
Allows timely evaluation of cuts, systematics issues, and convergence of fits.
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Calibration Validation using GEMC ClQ5p
Minimum ionizing muons used to = Fits to simulations used to study assumptions, cuts
simulate cosmic data and test and thresholds which underlie energy calibration
monitoring and calibration suites based on MIP cosmic-muons

= GEMC now uses realistic cosmic-muon generator.
Effect of knock-on electrons and multiple scattering

can be studied
» Fits to GEMC data also used to validate attenuation

extraction.

Expected MIP
O CCDB Attenuation
O Fit to GEMC simulation
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Validiation of Calibration Algorithm

Expected MIP
O CCDB Attenuation

O Fit to GEMC simulation

Fits to simulations used to study assumptions, cuts and thresholds
which underlie energy calibration based on MIP cosmic-muons.
GEMC now uses realistic cosmic-muon generator. Effect of knock-on

electrons and multiple scattering can be studied.

Fits to GEMC data also used to validate attenuation extraction.
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FlI_E=fc—pizero—20k—econ,rzn EVENT = 25 EC Reconstrlel ° ga

W v :

EcRec upgrade:

|. Calibration constants from CCDB (done).

2. Attenuation correction (done).

3. lIteration of reconstruction (in progress).

4. Indexing to allow identification of strips in
clusters, peaks (for iteration, calibration)

10 20 30 40 50 60

—-200 |-

PCAL
<

10 20 30 40 50 80

mm— STRIPS (done)'
U b 4 , — PEAKS 5. Configuration parameters: thresholds, peak/
—400 i CLUSTERS
L L =8 | | cluster/iteration options, etc. (in progress).
1020 30 40 50 80 o 100 200 500 40 6. Two-cluster identification with shared energy
STRIP NUMBER

in peaks (for pi-zeros) (in progress).

X HIGZ_01 @ node6.galileo <3>

FILE=fc—pizero—20k—ecn.rzn EVENT = 25 Validation of reconstruction
0 Peaks are defined as groups of adjacent strips, but
. 2 T, two peaks with shared energy are missed.
R T T T Simple solution for shared-energy peaks is to raise
threshold. Better solution is 2" pass over peak
= v o objects to find double peaks.
5 10 15 20 25 30 % Still must decide how to apportion energy to each
peak, which requires information from other views.
! P 4 Also peaks can belong to 2 clusters.
—400 |-
e s 5 35 s w0 Plan: Implement CLAS6 era algorithm in Java with

STRIP NUMBER rigorous testing using GEMC simulations.
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EcMon: Noise Monitoring

Occupancy  Attenuation W Timing

g g 2
[ 7 7
o 5} 3
£ £ 5
) > =
8 6 -4 -2 0 2 4 6 8 -8 6 -4 -2 0 2 4 6 8 -10-8 6 -4 -2 0 2 4 6 8 10
PED (Ref-Measured) PED (Ref-Measured) PED (Ref-Measured)
Encries 45192 40000 - Enceios 63434 20000 |- Encries 40765
25000 Mean 0.3218 C Mean 0.4277 L Mean 0.7758
- 35000 F
20000 |- 30000 15000 |-
- 25000 - I
15000 C L
- 20000 10000 |-
10000 | 15000 F [
[ 10000 F 5000 |
5000 - -
i 5000 -
oL 0 | 0l
-10-8 6 -4 -2 0 2 4 6 8 10 -10-8 6 -4 -2 0 2 4 6 8 10 -10-8 6 -4 -2 0 2 4 6 8 10
STRIP 22 STRIP 22 STRIP 31

FADC Mode 7 provides event-by-event pedestals. Used to monitor luminosity related noise levels,
light leaks, etc. by comparing to reference pedestals measured under normal conditions.
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Near-term Goals (2-3 months)

EcRec / F/ T

* Finish upgrade and begin study of pi-zero reconstruction. - =)
* Add methods to provide pixel cut data for energy calibration. ﬁ:@
EcMon

* Incorporate strip-chart, update and single-event modes.
* Import EPICS HV and scaler data into displays.
* Detector status plots which incorporate various data sources.

EcCal

* Implement timing calibration and ECAL/PCAL relative alignment procedures.
* Current plan is to develop EcCal as plug-in for EcMon.

* Could also run under CLARA as stand-alone service.

* ECAL and PCAL calibration algorithms may be merged within this package.

Demonstrate complete MIP-based calibration cycle (HV adjustment and CCDB table
entry) for both ECAL (likely first) and PCAL by mid-Spring 2016.
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F Monitoring clasy
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