
Topics:
• Calibration activities: RG-A, B, C, D
• “Online” calibrations: RG-K, RG-E
• Alignment and DC updates
• Summary



Active Run Groups in Calibration Mode – March 2024
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# Run Group Dataset Conditions Run Range Stage

1 RG-A Spr18 LH2 6.4, 10.6 GeV, inbending+outbending       
(+ 2.2 GeV zero-field from engineering run) 3029 - 4325 Pass-1

2 RG-C F22/W23 Polarized NH3, ND3, 10.5 GeV, inbending; FT-
On/FT-Off 16843 - 17811 Pass-1

3 RG-D F23 LD2, C, Cu, Sn 10.6 GeV inbending+outbending 18329 - 19130 Pass-1 

4 RG-E Spr24 LD2, C, Cu, Al, Sn, Pb 10.5 GeV TBD “Online” calibration

5 RG-K Spr24 LH2 6.4, 8.5 GeV outbending 19220 - TBD “Online” calibration

Five different datasets are 
being calibrated in parallel

Analysis Coordinator Chef

RG-A Latifa Elouadrhiri/Timothy Hayward Nick Trotta

RG-C Silvia Niccolai Kayleigh Gates/Li Xu

RG-D Lamiaa El Fassi Mikhail Yurov

RG-E Hayk Hakobyan/Antonio Radic Sebouh Paul

RG-K Annalisa D’Angelo Lucilla Lanza
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Calibration Timeline: July 2023 – February 2024 November 3, 2023

RG

B

A

K

C

D

W23 online calib

F19+W20 pass-2 calibration

July           August       September     October      November     December     January        February

F18 pass-2 
calibration

pass-2
review

Sum22, F22, W23 pass-1 calibration
pass-1 
review

pass-2
review

Spr18 
review Spr18 pass-1 calibration

alignment

alignment

online calib

alignment

alignment

Sum23 
review F23 pass-1 calibration

pass-2
review

advance work

With pass-2 work behind us, life will be so much easier …



Calibration Status I
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Timeline:
• Original calibration window:
• Jan. 16 – Mar. 31, 2023
• beam offset calibration (1 month)
• DC calibrations (1.5 months)
• subsystem calibrations (1 month)
• AI validation (2 months)

• Pass-2 review: Sep. 22, 2023
• Cooking: Oct. 2 – Nov. 13, 2023

[1] RG-A F18 – Pass-2 calibration 
review Dec. 16, 2022

[2] RG-B F19/W20 – Pass-2 
calibration review Nov. 18, 2022

Timeline:
• Original calibration window:
• Jan. 1 – Mar. 17, 2023
• beam offset calibration and CVT 

alignment (3.5 months)
• DC calibrations (3 months)

• Pass-2 review: Nov. 1, 2023
• Cooking: Dec. 8, 2023 – Jan. 31, 2024



Calibration Status II
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[3] RG-C Sum22 – Pass-1 calibration 
review Jun. 23, 2023

Timeline:
• Original calibration window:
• Jul. 1 – Aug. 31, 2023
• alignment (3 months)
• beam offset calibration (1 month)
• calibration - run range extension (1 month)

• Pass-1 review: Jan. 26, 2024
• Cooking: TBD
• Delayed – update CD materials/fix zvtx cuts

[4] RG-C F22 – Pass-1 calibration 
review Feb. 23, 2024

Timeline:
• Original calibration window:
• Aug. 15 – Oct. 31, 2023

• Updated calibration window:
• Mar. 1 – May 31, 2024
• Necessity to learn lessons from Sum22 work 

forced delay in start of work
• Pass-1 review: TBD
• Cooking: TBD
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RG-C F22 – Status
Forward Detector - DC

Central Detector - CVT

Noémie 
Pilleux

Yuri 
Gotra

Where do things stand?
• CALCOM “ready for calibration” review complete (Feb. 23, 2024)
• DC alignment in complete
• CVT internal alignment complete (DC-CVT offset remains)
• Beam offset calibration (first iteration) complete
• Raster calibration studies in progress
• Global timing shifts studied
• Initial pass-0/timelines will run shortly
• Subsystem calibrations to commence after pass-0/timelines

RG-C W23 status: CVT alignment complete, DC alignment in progress; 
“Ready for Calibration” review at CALCOM - TBA



DC Alignment
Standard procedure: DC alignment done with empty target (cold) with torus & solenoid @ zero field
• Target “foils”: cryotarget entrance + exit windows, scattering chamber exit window

Alignments have not taken thermal contraction of 
cryo-target system into account
• FEA computed upstream shift of cell by 5 mm
• Data agree with engineering calculation and survey

At start of RG-K run, 1 full day was dedicated to 
alignment runs
• 12 hr with empty/warm target (first time)
• 12 hr with empty/cold target

Raffaella De Vita

Calibrations of RG-A (Spr18), RG-D, and RG-K delayed 
to complete validation and optimize alignment procedure
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DC Calibration Suite

Recent improvements in the DC calibration suite:
1) Improve algorithmic approach to account for time-walk 

correction
2) Improve B-field dependent parameterization for R2
3) Add improved metrics for calibration convergence
4) Improve event selection + fitting approach
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space residual (mm)

178 µm

SL1                      SL2                     SL3                     SL4                      SL5                       SL6

R2 space residual (mm)

time (ns) vs. DOCA

Veronique Ziegler Now working on validation studies and data calibration 8

Dtime (ns) vs. DOCA

175 µm                        186 µm                       229 µm                       232 µm                        404 µm                        430 µm

129 µm                        129 µm                        211 µm                        205 µm                        131 µm                         131 µm



DC Residual Improvements for Zero-Field RG-K
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• large improvement 
• initial calibration 30-40 ns off for large DOCAs
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Optimizing quality of zero-field 
DC time-to-distance calibrations 
leads to best convergence of 
alignment fits

Florian Hauenstein 9



DC T2D Improvements for Zero-Field RG-K
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Plots show fit residuals for 
q=6-8° from first iteration 

different symbols correspond 
to different f ranges

Local 
segment fit 
residual

Track fit 
residual

Local 
segment fit 
residual

Track fit 
residual

Longstanding issue with 
multi-modal time and fit 

residuals in R3 resolved in 
latest T2D calibration

Artificial pattern in fit 
residuals that could lead to 
false alignment results now 
much reduced already at 
first iteration



New software and calibration protocol (still in development)

Old software and calibration protocol - calibration from Jan. 2024
SL1 SL2 SL3 SL4 SL5 SL6

DC T2D Improvements for Zero-Field RG-K

SL1 SL2 SL3 SL4 SL5 SL6

Significant improvement in R2 (~25%) and in R3 (~40%)

Florian Hauenstein

11



Calibration Status III
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[6] RG-A Spr18 – Pass-1 calibration

Run range Beam Torus Solenoid

1 3000-3069 6.4 GeV -100% -100%

2 3070-3087 6.4 GeV -75% -100%

3 3097-3105 6.4 GeV 75% -100%

4 3131-3293 10.6 GeV 100% -100%

5 3304-3551 10.6 GeV -100% -100%

6 3698-3817 10.6 GeV -100% -100%

7 3819-3834 6.4 GeV 75% -100%

8 3839-3853 6.4 GeV 100% -100%

9 3855-3857 6.4 GeV 100% -50%

10 3862-3987 10.6 GeV 100% -100%

11 4001-4325 10.6 GeV -100% -100%

Note: DC HV was reduced for this run 
compared to F18 settings; “massive” 
version of FMT installed

Status:
• CALCOM “ready for calibration” review: Dec. 1, 2023
• Dataset “archaeology” in progress

− Lots of trigger/condition changes
− Entire run range has not been calibrated/explored to date

• Alignment:
− Awaiting new systematic studies and new DC calibrations
− CVT internal alignment done
− FMT alignment in progress (functionality ???)

• DC calibration:
− Awaiting updated DC suite

• Adjusting global timing offsets
• Pass-0/timelines to run after alignment for initial assessment
• Goal: Calibrations complete by the fall 2024



Calibration Status IV
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[5] RG-D F23 – Pass-1 calibration Status:
• Online reference runs calibrated
• DC Alignment:

− First analysis completed by end of Oct.
− Revisited due to 7 mm sag of Moller cone
− Redo after new alignment procedure

• DC calibration:
− Preliminary work on fixing time offsets
− Awaiting updated DC suite

• FTOF calibration: 15 runs calibrated
• CALCOM calibration review: Upcoming soon
• Goal: Complete calibrations by summer 2024

calibration range

DC FTOF

Target Schedule

LD2 3
63Cu/118Sn 8

LD2 3
12C/12C 7

LD2 2
63Cu/118Sn 9

LD2 3
12C/12C 7

LD2 3
63Cu/118Sn 11

±100 µm

Global offsets 
removed

±20 ps



Calibration Status V
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[6] RG-K Spr24 – Online calibration

Calibration details:
• Zero-field run warm/cold empty target (12 hrs 

each!)
• Luminosity scans for AI training
• Empty target data (10% of LH2 charge)
• Run with no HTCC in trigger
• Completed calibration of 6.4 GeV and 8.5 GeV 

reference runs
• DC 6.4 GeV: (11, 12, 12), 8.5 GeV: (10, 12, 11)
Goal: Complete calibrations by fall

Next step: 
   “Ready for calibration” review at CALCOM
• Review dataset “archaeology”
• Prepare calibration schedule with trackable 

milestones

FTOF

ECAL

CTOF

DC

pass change

±100 µm

±20 ps

±20 ps

0.23 – 0.26
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Dec. 2023 RG-K Commissioning Run
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DC HV Scan – Dec. 2023 RG-K Commissioning Run

Run 
Number

R1 DC HV 
Setting

R2 DC HV 
Setting

R3 DC HV 
Setting

19220 10 11 11
19222 11 12 12
19223 9 10 10
19224 10 10 10
19225 10 10 11
19226 10 10 11
19228 10 12 11
19229 10 11 10
19238 10 11 12
19239 12 13 13
19243 11 11 11
19244 10 12 10

sense field

History of HV settings for (R1, R2, R3):
• (8, 10, 9) : RG-A Spr18
• (8, 9, 9) : RG-A F18 (early)
• (9, 10, 10) : RG-A F18, RG-K, RG-A/B Spr19
• (10, 10, 10) : RG-M, RG-C
• (10, 11, 11) : RG-D
• (11, 12, 12) : RG-K Spr24 (1)
• (10, 12, 11) : RG-K Spr24 (2)
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DC HV Scan – RG-D Commissioning
Efficiency Scan Dclayeffi program:

    Veronique Ziegler

Finding: Efficiency plateau for (10, 11, 11) or higher

Analysis work:
    Aron Kripko RG-A F18 “early” inbending

(8, 9, 9)

RG-A F18 inbending

(9, 10, 10)

It’s about the 
resolution! 
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WIN18

DC HV Scan – Resolution Studies

r19222

11-12-12

13.40 MeV

*from RG-K meeting presentation Jan. 10, 2024

Settings chosen for Jan. 6.4 GeV dataset

Caveats: Preliminary calibrations + 
alignment + software
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DC HV Scan – Dec. 2023 RG-K Commissioning Run

distance (cm)

Tmax

inflection point “R” 

Minimum velocity Vmid
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Zero time  t0

Zero Time Study

DC time vs. distance functional

Study completed with 
single t2d calibration

Simple representation

Florian Hauenstein
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Calibration Timeline: January - August 2024

RG

A

C

D

E

K online calib

January       February        March            April             May              June             July            August

Spr18 pass-2 calibraAon

alignment

alignment

calib 
review pass-1 calibration

March 12, 2024

pass-1 
review

calib 
review pass-1 calibraAon

online calib

alignment

alignment

Sum22 
pass-1 
review

F22 calib 
review

alignment

pass-1 
review

F22 pass-1 calibraAon pass-1 
review

W23 calib 
review W23 pass-1 calibration pass-1 

review

calib 
review pass-1 calibration

pass-1 
review



Summary
• CALCOM has been overseeing the detector calibrations of the different CLAS12 datasets:

• Recent focus: RG-A, B, C, D, E, F, K
• Development of algorithms continues: DC alignment, DC calibrations
• Close coordination of CALCOM with software group

• “Online” calibrations now established as our standard approach: 
• Supported online calibration approach for RGs D & K (ref. run calibration, alignment,    

pass-0/timelines)
• RG-E integrated into CALCOM - following online calibration scheme
• Integration of RG-L (ALERT) into CALCOM on the near-term horizon

• CALCOM is a critical service-work committee for the CLAS Collaboration:
• Lots of folks are part of this work:

! CALCOM, Analysis Coordinators, chefs, timeline crew, subsystem group leaders, 
calibration team, alignment team, software group, data validators

• Notes:
• Delays due to work on DC alignment + DC calibration suite/protocols have caused a bit of a 

calibration backup – the spring/summer will be a very busy period of calibration!
• Beginning work to streamline calibration tools for more automation and improved speed 
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7 pass-1/2 reviews completed since Oct. 2022

clas12_calcom@jlab.org
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Backup Slides



RG-C F22 – Starting Point

2
3

DC

FTOF

ECAL

CND

*Starting point after online calibration efforts – FTOF now getting underway 

±100 µm

±20 ps ±100 ps

0.23 – 0.26
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DC HV Scan – Dec. 2023 RG-K Commissioning Run

Threshold Study

Vary DCRB threshold at fixed HV (11, 12, 12):
• r19327 – (30, 45, 45) mV
• r19328 – (45, 60, 60) mV
• r19329 – (60, 60, 60) mV

r18311: (11, 12, 12) (30, 45, 45) mV

Dclayeffi program: Veronique Ziegler Analysis work: Aron Kripko



• Documentation of calibration procedures:
• Tutorials for training
• Instructions for completing validation
• Github repository

• Automation:
• Interactive vs. batch running
• Online reconstruction/calibration compatibility (L3 trigger)

• Streamlining code suites:
• Increase speed of processing
• Code stability
• Updates to common tools across suites

• Personnel:
• Additional calibration team members
• Cross-training and checking documentation
• Assign code developers for all suites

• Long lead time procedures:
• Procedures to improve automation and validation necessary:

" Final calibrations reliant on tracker system alignment (DC, FMT, CVT, …)
" Beam offset calibrations (with or without beam raster)

25

Longer-Term CALCOM Work Items



https://clasweb.jlab.org/wiki/index.php/CLAS12_Calibration_and_Commissioning

Fridays 
@ 10 a.m.

clas12_calcom@jlab.org
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https://clasweb.jlab.org/wiki/index.php/CLAS12_Calibration_and_Commissioning
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Pass-X Readiness Reviews
Committee: Marco Battaglieri (chair), Nathan Baltzell, Marco Mirazita, 
Cole Smith, Larry Weinstein

Role: Final review of calibration quality, status tables, software and 
scripting before recommendation to CCC to approve production cooking 
(see the generic review charge).

Reviews:
• RG-B Spr19: Oct. 28, 2022
• RG-M 21/22: May 23, 2023
• RG-A Spr19: May 31, 2023
• RG-K W18: Aug. 16, 2023

Notes: 
• The calibration quality for all subsystems should meet the defined QA 

specifications for all datasets to allow for minimal systematics when 
combining data taking years apart.

• The calibration QA specifications are well defined and the Run Groups 
are held to the same standards.

• The committee prepares their report for delivery
    to the CCC to give approval to start data processing.

• RG-A F18: Sep. 22, 2023
• RG-B F19/W20: Nov. 1, 2023
• RG-C Sum22: Jan. 26, 2024

7 reviews completed since Oct. 2022


