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Calibration Software

Development of calibration and
monitoring applications in an
advanced stage for both baseline
and ancillary CLASI2 subsystem:s:

= Calibration software based on
CLAS 12 Common Tools
(COATJAVA):
- Full integration with CLASI2

software tools and reconstruction
packages

- Optimization of resources, high
uniformity and maintainability

= Algorithm development supervised
by the CLASI2 calibration &
commissioning group (CALCOM)

* |Implementation supervised by the -
software group

= Tests on both cosmic ray, KPP and
simulated data

First Experiment Workshop, 10/3/2017 CLASI2 Calibration 2



Calibration Suites

Detector Visualization
callback on clicks
coloring by occupancy

FTOF Calibration

clas;

Data Canvas
callback for detector

= FTOF1B Sector 1 Paddle 27 T T T T T
Az o ' e callback for table
20 g % 0.80
40
osr MHH 070
- 10 2
0.60
§ - 30 2
5 0ol = € 00 050
- [a]
a - <
2 0 T 0.40
1.0 030
10 05 0.20
20 1
0.10
[ . L L . o i ; i i ; i i i 000
-100 50 0 50 100 -60 40 20 0 20 40 60 80 100
Position (cm) Position (cm)
/calibration/ftof/gain_balance /calibration/ftof/attenuation /calibration/ftof/tdc_conv /calibration/ftof/timing_offset/left_right >
sector layer component attlen_left attlen_right attlen_left_err attlen_right_err y_offset
2 11 217.946 217.946 798.760 798.760 0.541
1 2 12 170.292 170.292 142.519 142.519 -0.462
1 2 13 183.616 183.616 64.519 64.519 -0.075
1 2 14 208.605 208.605 196.072 196.072 -0.505
1 2 15 216,832 [16.832 & 77.855 -0.202
1 2 16 202.321 202.321 78.345 78.345 -0.370
1 2 17 196.160 196.160 102.899 102.899 D FE
1 2 18 197.667 197.667 164.291 164.291
1 2 19 215.976 215.976 59.353 59.353
1 2 20 211.841 211.841 65.511 65.511 Database I able
1 2 21 216.948 216.948 59.686 59.686
1 2 22 245.930 245.930 72.275 72.275
1 2 23 226.371 226.371 62.106 62.106 Component Ca"back
1 2 24 255.202 255.202 60.977 60.977
1 2 25 232.100 232.100 59.380 59.380 ] A
1 2 247.763 247.763 55 580 55.580 constraint COlorlng
b 7 _[246925 246925 [54.844 ________[54.844 |
1 2 254.724 254.724 54 218 54.218 S :
1 2 29 259.683 259.683 53.059 53.059 Comparlson Utlls
1 2 30 277.222 277.222 55.310 55.310
1 2 31 257.450 257.450 49.128 49.128 0.124
1 2 32 259.682 259.682 47.998 47.998 0.019
1 2 33 274.134 274.134 58.365 58.365 0.459
1 2 34 292.814 292.814 55.057 55.057 -0.030
1 2 35 277.182 277.182 48.899 48.899 0.034
background FTOF 1A FTOF 1B FTOF 2 1 2 36 295.648 295.648 59.408 59.408 -0.362
View all Adjust Fit/Override Adjust HV Write Show .
’ A\ < \ | | || [> Events 169945 Time 282.18 sec : Reading 5032.87 evt/sec. Processing 684.14 evt/sec FILE /Users/devita/clasdispr.pass5.hipo [ E Et H HR Reset

Event Processing Panel
event by event, or whole
opens: File, ET ring, EVIO or HIPO

Detector Visualization
Layers
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Latest additions

Constants _Histograms _Settings

Global Time Offset Timing Offsets
4000 10| ) !
3000/ 3 s
H N
3§ 2000 I
1000, 10
%0 20 ED 0 10 20 30 o 10 20 30 20 e
Time Offset (ns) Crystal D
Channel (4,1.3) Channel (4,1.3)
60, 50|
L,
40 S0
8 8
20 2
10
% 40 30 20 10 0 10 20 30 40 50 s ED) s 0 s 10 1
Time (ns) Time (ns)
TimeCalibration
Sector Tayer component offset offset_error resalution
1 1 1 -7.015 0.002 0.074
1 1 2 -3.008 0.045 0.064
1 1 3 2.970 0.007 0.101
1 1 4 8.964 0.026 0.107
1 2 1 6.983 0.002 0.076
1 2 2 -9.013 0.002 0.093
1 2 3 -7.006 0.012 0.058
1 2 4 1019 0.013 0.116
‘ background 1w ¥Rro Show
[ VAN @ D Events 74985 Time 50.13 sec : Reading 1576.28 evt/sec. Processing 29313.92 evt/sec ’ E Et H HR Reset

" Further development and tuning
now in progress by detector

“calibrators”
— HTCC: Nick Markov
— LTCC: Burcu Duran

First Experiment Workshop, 10/3/2017
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New HTCC and LTCC GUI for

timing calibrations
— Developed based on same
“design” starting from
COAT]JAVA calibration engine
— Used successfully in recent
calibration challenge

ece Calibration
Constants  Histograms  Settings
| Hit Map TimeCalibration
Global Time Offset Timing Offsets
20
,, 10000 7
H N
H 2
© 5000 £
20
0.
-30 -20 -10 0 10 20 30 o 50 100 150 200
Time Offset (ns) Crystal ID
Channel (6,2.3) Channel (6.2.3)
200 T < T 0 r . T
150 40
€ £ 30
2 100 2
© 20
50 10
0
30 20 10 0 10 20 30 30 20 10 00 0 20 30
Time (ns) Time (ns)
TimeCalibration
sector layer. ‘component offset offset_error resolution
1 1 1.080 0.053 0.030
1 1 2 0.935 0.003 0.032
1 1 3 -0.891 0.003 0.030
1 1 4 -0.895 0.006 0.003
1 1 5 -0.896 0.015 0.043
1 1 6 0.871 0.049 0.648
1 1 7 2.990 0.000 0.050
1 1 8 2.990 0.000 0.050
background Lo RO Show .
N\ < ‘ > | | | D Events 169945 Time 43.54 sec : Reading 4728.84 evt/sec. Processing 22346.48 evt/sec LE J Et H HR Reset
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Calibration Constants DB

4»
clas

° Based ohn CCDB Tables Variations Request Logs Documentation
* Entries organized according to:
— Variation * Citest 2 -
— Run range =l calibration 2
— Time stamp e
_ ID H(Oftof ?
E-Cctof 2
* Used to store: *lec 2 S —— -
. . #1 drift_chamber ? =
— Calibration parameters o =
=help 2 L
— Geometry parameters & Cohice 2
— DAQ parameters [Egain 2 s -
* Tables: £ L
. . e ’ \=Ipedestal ?
— Organized in “detector” folders Eltime 2
— Common indexing convention by sector, layer, Cltime_offset 2
component ®(de 2
: : H- ?
* Accessible via Common Tools SGon 2
* Used by both simulations and FOR 2
reconstruction software | O 2
. . ' geometry ?
* Presently, all tables for detector calibrations “(idag 2

CCDB web viewer
https://clasweb.jlab.org/cgi-bin/ccdb/objects

created and filled

https://clasweb.jlab.org/wiki/index.php/

CLASI12_Geometry,_Calibration,_Reconstruction_and_Monitoring_Documents
CCDB Calibration and Conditions database. Report a bug

First Experiment Workshop, 10/3/2017 CLASI2 Calibration 5



4»
clas

Calibration strategy

Development and validation of calibration algorithms and tools based
on:

* Non beam data:
— Light sources (LED or Laser systems for Cerenkov Counters, FT-Cal
LMS, ...)
— Noise, pedestals, ...(SVT and MM trackers, Cerenkov Counters gain
calibration via SPE measurements, ...)
— Cosmic ray data
* KPP data:
— Energy and time calibration of forward detectors (DC, HTCC, FTOFR
ECAL)
* Simulated data:
— Use of realistic simulations (GEMC) to exercise calibration

procedures
— Calibration challenges

First Experiment Workshop, 10/3/2017 CLASI2 Calibration 6



o o o I ‘o‘
Calibration without beam ClQSy

Sector 2 W Strip 53 PIXEL FIT
T T T

300 Name: Atexp(-x/B)+C
Calibration with cosmic ray, light ! PCAL e 258
(1 4 9
sources, ‘noise” (SPE, ...): ,
= In progress since detector assembly |
completion or installation g ‘ ' o
. . . § * Sector 2 W PMT 53 Pixel 4203 ADC e =
= Main means of calibration for Cerenkov P,
. 1 *
detectors, SVT, and MicroMegas detectors SERIEAL *‘*.w-w L4 ﬂ ] |
. R . . . 1 T ”#’—t;, ++ at iy
= Provide initial calibrations for energy loss fodle +*‘.+*’*"’;-T,_.,J+:fm bt
and HV/gain calibrations for several 1 ' e
detectors: % % T N N I a—
CND: full calibration before installation e
CTOF: full calibration before installation iensiTest Run 3]
ECAL: gain and attenuation length 1000 “””‘”m e 2476.63
FT: gain and energy calibrations for [ mor e
ChiSq/ndf 1.168
calorimeter and hodoscope %00 0
FTOF: full calibration before installation; gain, £ Q) ‘ﬂ 2}"3 ’°§:§§§
o sigma@ .
attenuation length and left-right time offsets g e oia
. . .: height  452707.09%6
after installation
HTCC and LTCC: gain calibrations A MM SPE ‘@
MM: noise and pedestals measurement . W HTCC
SVT: noise and pedestals measurement
= Crucial for the success of the KPP run o T 5% % 7o

ADC Channel
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SVT calibration suite

Suite developed to monitor detector
parameters (gain, ENC) from global level

down to individual channels

= Regular calibration scans

= Calibration data in elog
https://logbooks.jlab.org/book/hbsvt
* Documentation & tutorial at

https://www.jlab.org/Hall-B/cvt/svt/doc/calib/svt/

introduction.html?highlisht=ccdb#calibration-

software

Occupancy

Occupancy

o8

0.6

04

02

0.0

o8

06

0.4

02

00

channel 81 channel 81

<4
class

30 40 50 60

DAC threshold

70 60 70 80 90

DAC threshold
BCO 128 ns, BLR on, low gain, 125 ns

100

channel 81

Outout mean, mV

35 40 45
Input charge, fC

100 110 120 130 30
DAC threshold

80 90 140 5.0
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Summary Chip Chipl RL R2 R3 L1 12 13 L4 LS L6
s Enties 168 Entries 21508
Mean 1561821 Mean 1345517
RIS 7715|3000 RMS 381460
bndoton 0 S.N.R.> |5 ndoton 0
w0 Overflow o
2500
0 , 2000
1500
20
E 1000
10
500
o 500 1000 1500 2000 2500 o 500 1000 500 2000 2500
Mean Chip ENC, & Channel ENC, @
Enties 168
s0 Mean 6351|3500
RMS 2018
Underflow 0 3000
Overflow o
o
2500
g3 £ 2000
1500
20
. 1000
° aln
500
o 20 ) ) 80 00 120 120 o 20 o o 80 100 120 140
Mean Chip Gain, mV/AC Channel Gain, mV/IC
background
Summary Write Show .
L3 R2 S8 U3 C257C1 ENC1562 Gain 86 O: 1 Summary  SVT Chipl RL R2 R3 L1 12 13 L4 L5 L6
5CO 128 ns, BLR on, low gan, 125 ns BCO 128 ns, BLR on, low gain, 125 ns 5CO 128 ns, BLR on, low g, 125 ns
Entries 128
s Mean 86703
2000 RMS 2055 100
Underflow 0
e o Overflow o
N e AARNARTTE men 97263
1500 VR - sgma 2077 °
men @263 o
B 3 sgma 2077 o . DY
g £ 20 R S ST IR T SO AR T UL
& 1000 & M s, _..N»'(‘..,-,. AR . ',-__:».(
15
50
10
500
100
B
0 20 4 e 8 100 120 % 70 8 9 100 110 120 130 140 150 0 0 40 e 80 100 120
Channel Gain, mVAC Channel
BCO 128 ns, BLR on, low gan, 125 ns BCO 128 ns, BLR on, low gain, 125 ns BCO 128 ns, BLR on, low gan, 125 ns
Entries 128
25 Mean 2484375 450
100 S s83.422
Underfiow 3 400
W,\W 2 Overflow o . N
mean 87263 350[,wouge ’ S EDNIN NP o 0,
° - | o] Il S e e
¢ mean 24484375 5, 300
H H sigma €
2w g5 o szl 2o
© 200
w0 1
150
.
"
- Gain ’ .
50
1
0 20 40 e & 100 120 28000 25000 30000 35000 0000 o 0 4 6 s 100 120
Crannel Threshold, o Channel
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Calibration of KPP Data

* First opportunity to perform full detector

calibrations based on real data:

- ECAL cosmic gain calibration cross
checked with pions, timing
calibration started

- Full calibration of FTOF done,
improvements to reach ultimate
resolution in progress

— DC calibration step sequence
developed and implemented

— HTCC calibration extended to

include timing

90
1000
80
70
40 1001
2
0§
(¢}
FTOF 40 © 101
Betavs.p i
20 1
10
%8, 05 10 15 20 25 30° 9

p (GeV)

o 2 photon
0r jnvariant mass

0 50 100 150

200 250 300

Pizero Invariant Mass (MeV)

Name  hi_mass
Entries 3513
Mean 0426
RMS 0.645,

FTOF |
mass distribution

B

1.0 0.0 1.0 20
mass? (GeV?)

—
ece
0.60

o= ":'-' 'ECAL sampling fraction

0.50

0.40
\0_0.30’
w

0.20

0.10
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oSP
ECAL energy calibration ClaSy

SECTOR 1
. . 150 e
Crucial system for CLASI|2 electron trigger: o +
el L EE—————— e LA
= |nitial energy calibration based on comic ray data g .
=
= Calibration cross checked with pions in KPP: more %0 s 10 15 20 25 30 3
uniform six-sector coverage ECAL calibration:
140F ' Pion/MIP cluster energy
= Calibration results validated via analysis of pi0 mass 120 Tns -
1.00F Blmom e e senm e
spectrum from two-photon events os0l
060 —I 1 1 1 1 1 1 1
0O 5 10 15 20 25 30 35
ECin V PMT
2 _ »y fy ( _ ) 1.40_3 T T T T T T ™ ]
' . - 1.00 f—-mn ..IIIII-H-I:-::::__:._:_: mm__
1400 Sector 1 ",’ean 130.897 5.0 e 080 .
sigma 11732 Sector 1 060t -
1200_ = . 1 1 1 1 1 1 1 1
4.0 100 0 5 10 15 20 25 30 35
1000} AM/M=-3.0% — ECin W PMT
>
800} 1 830 10
6001 1 £20F
400} 1
»ook | 1o\ AM:l AEleAE2
0 ' - ; ! = M 2| E E,
0.0 0
0 100 200 300 400 0 2 4 6 8 10 12 14 16 18 20
Pizero Invariant Mass (MeV) Two Photon Opening Angle (deg)
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FTOF calibration

HV/Gain Calibration

Step # Action

&

I Gain Calibration

Timing Calibration

| PMT Timing Diff.

Attenuation Length

Effective Velocity

Time-Walk

P2P

BRI

RF Offset

While the KPP data is limited (low
statistics, S2 only), it has allowed for
important developments and
verifications related to the FTOF
calibrations

First Experiment Workshop, 10/3/2017

Panel 1B

Counter

-1.0 0.5 0.0 0.5
RF offset (ns)

4500

4000

3500

3000

2500

2000

1500

1000

%80 05 1.0 1.5 20
p (GeV)

CLAS12 Calibration

25 EX

eV)
8

Ener
N
o

=

Counts

gy M

p (GeV)

Mean 0426

RMS 0.645

10 20
mass? (GeV?)

1000

. . . . . . . . . o
0 05 10 15 20 25 30 35 40 45 50



DC calibration clas;

DC calibration main GUI

DC Calibration Console

DC Calibration Suite for CLAS12

= GUI driven complete calibration suite for DC I R

Non-linear Fit

Welcome to DC Calibration Suite for CLAS12 |

Instructions

1Please select a radio button & then check button color coding.
2.Red: Button is not active - do NOT select

3.Blue: Button is active - please select to continue

4.Green: Button was active - and action has been performed

» Tested with both MC and KPP data for
convergence, stability and improved resolution

Fit control panel

eoe it Control
Set Parameters
Sector 2 v] Superlayer 1 [v| CCDB variation for Initial Values
Sec=2 SL=1 B ) Secw2 Slwl } - - Parameter Lower Limit Initial Value Upper Limit  Step Size Fix it?
50020 Enkries, 672957 ) - N . v 0.0010 0.0050 0.0100 0.00001 (O Fxme
Mean -0.000 o - : .
RMS 0.119, Bm 03000 15000 3.0000 0.00100 (J Fxme
eljore amp 42163584,
e ean 0.000 e 321916 1609581 3219162 0.01000 (J Fxme
Y —7 sigma 0.052 I 0.0026 0.0128 0.0256 0.00010 O Fxme
o — 0.052 cm ' o s oo com -
T b 00800 0:4000 0.5000 000100 O rxme
30020 S
3 b, ~4.0000 “2.0000 “0.4000 0.00100 (J Fxme
] by 2.0000 10.0000 20,0000 0.00100 (J Fxme
0000 3 b “13.0000 65000 13000 0.00100 Orxme
a7y -30.0000 0.0000 30.0000 0.00100 (U Fxme
10 ) 00000 [0.8000 L Fxan
- X Select Angle Bins
20000, Uncertainty. xNormMin xNormMax
= &
Fit Results
g 0 3 04 20 0z 04 e o 1 040 050 Sec S Vo B twe X B by b, by b 4T,
Residual [cm] ItrkDocal [cm)

(a) Residual distribution (b) Residual vs trkDoca L
“ KPP data: -~ .

- -l ER:
600 - — ° g . - =" . - e - = Exit
Sec=2 SL=1 - Secez Sie1 - SeCth 2. ... . o 5 oo =
Entries 711523 1o VRO G = = ~ S. - I .o 5_ . -
Mean -0.000 i E =
. 500] s . -
eooco RMS 0.124 upe.'r ayer.. E
er amp 54484287 _ e LT = o
S mean 0.000 2z . s 3
50000 sigma 0.037 3 - o =
- oA -
o= cm £ 2
. IS s
40020 To 300|
= 10
3 -
200| -
10020 3
2.0
« -
100|
20020 -
T QG
10000, - .
10 = 2.0 !
E - " L Tl i . [Docal (em)
Ly 3 oo 04 20 04 e oo 1 d 0 520 030 040 030 060
Residual [cm] JtrkDo<al [cm]

Typical fit for time-to-distance function
(a) Residual distribution (b) Residual vs trkDoca
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Calibration Challenge

4»
class

Test of the full calibration procedure:

" Generate pseudo-data with
“wrong” calibration constants

" Run calibrations for different
systems in appropriate sequence

= Extract calibration constants and
save them to DB
= Evaluate calibration quality by:
— looking at monitoring plots

— comparing reconstruction output
with extracted and original
constants

* First challenge in December
2016, second challenge in August
2017 involving all detectors

First Experiment Workshop, 10/3/2017

=

o

Who:

— Analysis Coordinator

— Calibrator team

— DB manager

— “Chef” for data processing

When:
— December 12-19 2016
— August 28 — September 8 2017
(I week -10 days)

How:
— Generate pseudo-data with Pythia
and 10%** luminosity background
— | shift (8 h) worth of data
— Daily meetings and milestones for

coordination and progress
tracking j

CLAS12 Calibration 13



Calibration Challenge

Calibrator(s)

Energy & Time G.Murdoch (Glasgow)

CTOF Full D. Carman (JLab),

L. Clark (Glasgow)
DC Time L. Kabir (Mississippi)
ECAL Time J.A. Tan (KNU)
FTCal Time R.DeVita (INFN)
FTHodo  Energy N. Zachariou (Edinburgh)

S. Hughes (Edinburgh)
FTOF Energy & Time D.Carman (JLab),

L. Clark (Glasgow)
HTCC Time N. Markov (UCONN)
LTCC Time B. Duran (Temple)

M. Ungaro (JLab)

Calibration challenge goals,
strategy, organization and

results documented in
CLASI12-Note 2017-010

First Experiment Workshop, 10/3/2017
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Day #1: Pass-0 data made available
- FTOF calibrations completed

Day #2: First iteration of calibrations completed
— Detector component status for all subsystems
— Energy/gain calibrations for FT and CND
— DC time-based tracking calibration started
— Pass-1 data made available to calibrators
CTOF calibrations completed

Day #3: Second iteration of calibrations
— Time calibrations for CND, FT, HTCC, LTCC, ECAL
— Refinement of DC time-based tracking calibrations
— Pass-2 data made available to calibrators
— Unblind calibration constants to calibration teams

Day #4:Third iteration of calibrations
— Recooked data sample with DC reconstruction and
calibration fixes made available
— Refinement of ECAL and HTCC timing calibrations

Day #5: Fourth (and final) iteration of calibrations

Days #6 - #12: Complete calibration constant
comparisons and preparation of reconstruction plots

CLAS12 Calibration 14
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Panel 1B Panel 1B
T T T T =

Calibration Challenge

1.2
CND Energy & Time G.Murdoch (Glasgow) 1.0f
CTOF  Full D. Carman (JLab), . ol -
L. Clark (Glasgow) é gk
DC Time L. Kabir (Mississippi) © o
ECAL Time J.A.Tan (KNU)
0.21
FTCal Time R. De Vita (INFN)
FTHodo  Energy N. Zachariou (Edinburgh) G0 05 00 o5 10 15 20 25 30 *80
S. Hughes (Edinburgh) Mass® (GeV)
FTOF Energy & Time D.Carman (JLab),

L. Clark (Glasgow)

calibration
HTCC Time N. Markov (UCONN)

LTCC Time B. Duran (Temple) ' __ Pueiis
M. Ungaro (JLab)

1000

0.8r

Calibration challenge goals,
strategy, organization and

results documented in
CLASI12-Note 2017-010

| «pst K

Counts

0.4f

0.2f -

0 15 20 25 30 °8
GeV)

N —
—
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Overall Calibration
B i progress [l To be started

. Done

O
@]

Calibration
algorithm

Done
Done
Done
Done
Done
Done

Done

Lorentz angle correction
(10/31/2017)

Done

Attenuation length
(10/15/2017)

Global timing
(1'1/15/2017)

First Experiment Workshop, 10/3/2017

Calibration Suite

Optimization in progress
(10/31/2017)

Timing
(10/31/2017)

Done

Merging of gain and time
(10/31/2017)

Merging of gain and time
(10/31/2017)

Upgrade to Coatjava 4.0
(10/15/2017)

Done

Done

Done

Done

In progress
(10/31/2017)

Monitoring Suite

Done

Done

Done

Done

Done

Tracker implementation
(10/31/2017)

Done

Done

Done

In progress
(10/31/2017)

In progress
(10/31/2017)

CLAS12 Calibration

Documentation
& Tutorials

Suite documentation
(10/31/2017)

In progress
(1'1/15/2017)

Done

In progress
(10/31/2017)

To be started
(1'1/15/2017)

In progress
(1'1/15/2017)

Done

In progress
(10/31/2017)

Done

To be started
(1'1/15/2017)

Software documentation
(11/31/2017)




Calibration Team
for CLASI12 Engineering Run

Task

Name

Analysis Coordinator

N. Baltzell (JLab), R. De Vita (INFN)

Data Chef(s)

F. X. Girod (JLab), N. Harrison (North Georgia)

DB manager

H.Avakian (JLab)

CND

G. Murdoch (Glasgow), S. Niccolai (IPN)

CTOF

D. Carman (JLab), L. Clark (Glasgow)

DC

L. Kabir (Mississippi)

ECAL

C. Smith (JLab), J.A.Tan (KNU)

FT

A. Celentano (INFN), L. Lanza (Roma TV), N. Zachariou (Edinburgh)

Calibrators FTOF

D. Carman (JLab), L. Clark (Glasgow)

HTCC

N. Markov (UCONN)

LTCC

B. Duran (Temple), M. Ungaro (JLab)

MVT

G. Christiaens (CEA), M. Defurne (CEA)

RICH

A.Kim (UCONN), M.Turisini (JLab/INFN)

SVT

Y. Gotra (JLab)
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oSP
Summary ClQSy

" Further progresses on detector calibration development
and validation since last collaboration meeting

= Combined use of non-beam, KPP and simulated data

* Successful completion of second calibration challenge from
August 28 to September 8

* Remaining calibration development tasks on track for
completion in October-November

= Calibration team and organization for the upcoming
Engineering Run in place



