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ATOF Calibration

Calcode: https://code.jlab.org/hallb/clas12/calibration/calcode/-/tree/main

JLab gitlab:https://code.jlab.org/hallb/alert/atof/atof-timeline

= Bar & wedge hit time (t"i*) from Up/Downstream end (V):

W) D(U) — L-z
o tPW) = trpc’ — tvertex — try ~ T tup — Veff

o thit = ~(tV +tP) + ¢y
o z= (Y =tP)vysys

= Wedge hit time (¢t"t) has 10 z components (V):

hit _ +w w _h
t - tTDC - tvertex - tTW - v + Cwaw
eff

O

% Timeline calibration: 2nd iteration on CCDB constants.
— Wedge & Bar Time
— Barz
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RG-L timeline

Timeline v10.3 (April) and CCDB constant
= Recall: The RG-L ATOF timeline was divided into 11 run periods, each with its own set of CCDB constants.

= |n reconstruction, we implemented CCDB constants to the ATOF::time bank for tht and bar z
— These constants provide a rough alignment for bars and wedges in azimuthal slices
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Timeline for ATOF time peak

alert atof time peak location
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» Observed split points between subperiods, with increasing shift in each.
» The selected range for constant calculation remains ~0 ns.
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ATOF Calibration

2nd jteration on timeline calibration

» Possible source for increasing trend & split-point: (physics) radiation damage, (operation) run conditions,
DAQ issues, or target changes, HV/gain change during the RG-L running, (QA) bad runs and restart.

= Approach: Develop an offline ATOF timeline calibration toolkit. https://code.jlab.org/hallb/alert/atof/atof-timeline

Create timeline 2 jteration calibration Reconstruction Validation New timeline

New constant table

Bad channel

Procedure:
1.  Reconstruct time (ATOF::time) based on TDC (ATOF::hit) the same as CJ.
2. Timeline from Crystal Ball function fitting can better locate the time peak.
3. Apply the timeline calibration inside each run subperiod with a linear function.
|dentify bad channels. Generate updated constant table in CCDB format.
4. Validate the new time under the new constants, then compare the new timeline
with old version.

&%, U.S. DEPARTMENT Grgogne N;:(ionlal l;aEborato:ybis a(
. B .S. Department of Energy laboratory A
‘z\o@; of ENERGY  managed by UChicago Argonne, . LLC. 5 rgon ne

AAAAAAAAAAAAAAAA



https://code.jlab.org/hallb/alert/atof/atof-timeline
https://code.jlab.org/hallb/alert/atof/atof-timeline
https://code.jlab.org/hallb/alert/atof/atof-timeline

ATOF timeline Calibration

Offline ATOF timeline calibration toolkit
= Reconstruction function validated (V): read in CCDB table, locally computed t,,, and tweage from the TDC.
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ATOF timeline Calibration

1) Test 10 GeV run period (He4+D2): 21980-22204

» Timeline function: Crystal Ball Function better describe the distribution.

= Still observe the increasing trend - Need timeline calibration.

§ g: ATOF::time peak+sigma, Merged for phi slices . Problematic channels
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ATOF timeline Calibration

1) Test 10 GeV run period (He4+D2): 21980-22204

» Linear fit for each (sector, layer, component) channel: y= k(Ni
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ATOF timeline Calibration

1) Test 10 GeV run period (He4+D2): 21980-22204

= 2 new constants (N, and slope k) updated to CCDB in last 2 column (extra1 extra2)

= Apply a At calibration: t2J¥

= t20¢ | yq + k(N = Nyey)

= Validation of the constants (V/): reconstruction from TDC + new timeline production: flat as expected.
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ATOF timeline Calibration

1) Test 10 GeV run period (He4+D2): 21980-22204

» Some modules present a jumpy sub-period: S14L1/2/3 S8-L0.
The Run log shows: changing target from D2->He4 at ~ 22000.

» The small dip at 22050 are low luminosity runs from run log.

= Still, the vast majority is brought to flat.
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ATOF timeline Calibration

2) Test 10 GeV run period (He4+D2): 22205-22358 with split point
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ATOF timeline Calibration

2) Test 10 GeV run period (He4+D2): 22205-22358 W|th split pomt
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ATOF timeline Calibration

2) Test 10 GeV run period (He4+D2): 22205-22358 with split point

» Validation: apply the 2 new constant tables for sub-period separately, new timeline of computed

time is flat, no jumping point.
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Time CB Mean (ns)

Sector 4 Layer 2 Penod 22205-22358
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| i weage w5: slope=6.5740e-06 ref=22280
= weage w6: slope=-7.8915e-05 ref=22280
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ATOF timeline Calibration

1) + 2) timeline

= Validation for 10 GeV (30% statistics)

All Sectors/Layers time

CB Mean (ns)
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CB Mean (ns)

All Sectors/Layers time
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ATOF timeline Calibration

3) Stress test in complicated case: Commissioning period

alert atof time peak location v

he@d2@h2&@outbending @inbending @ empty Vertical zoom v/ zooming range: 61QR v Analyze | choose good range: [101QR v
ATOF Time peak location

= The commissioning period are jumpy,

perform bad on existing table. | 21347121348(H2)
21520-21602 (He4) -

21649-21731 (D2)

3
- 3
.,,f-_ E ¢

= Add a function to recompute time_offset . || . B
L RN B R P e
— TSpectrum + Crystal Ball L 1SR Pt RPN o S
— Gaussian peak for comparison ’
Works the same as Calcode in Java

N L B
,‘»_-.."{"*?"ﬁ‘ N T

%

Pl
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55525 0 B D S 9 P DD G B 0P PS5 0 P L D SO F P S E P DD DD 2D D 6D 5 DS PN DS 6 D P S DS DS
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[r-rerememmEmEmEmEmEmEmEmmmm—_———T

Create timeline 2nd jteration calibration Reconstruction Validation New timeline

I
I
I
I
I
I
: Recompute TO New constant table
I

I

Bad channel
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ATOF timeline Calibration

3) Stress test in complicated case: Commissioning period

* Use more detailed sub-period:

Begin End New split point & sub-period
21310 21435  21335-21360, 21385-21386, 21395, 21396-21422, 21423-21435 Run<=21329: bad run
21436 21611 21436-21479, 21480-21525, 21526-21549, 21550-21611 Missing data
21612 21978 21612-21690, 21691-21729, 21730-21810, 21811-21869, 21870- S7L1,S7L3 in 21710-
21948, 21949-21978 21810.
. Recompute Time Constant
* Result: commissioning runs’ time peaks are now corrected near O ns
i : 21310-21435 : j_21612 21978
}[ ”iﬁ'{mﬁ o o *' i ) “ﬂ ﬂmﬂfﬂ‘{ﬂ f{{} %’E{ 'Jm = Cii‘.':::’iféﬁ TR T
Sl g
£ ﬂzéz!hwi' o ks s ] el i

AAAAAAAAAAAAAAAAAA




CB Mean (ns)

~ 20 ns

ATOF timeline Calibration

3)Stress test in complicated case: Commissioning period

 |dentified problematic channels (more than physics run) and run split points associated with Detector
Gain changes, run restarts, beam changes, and other operating conditions.

» With recompute TO, and slope calibration, updated time distribution looks much improved

Sector 0 Layer 0 tdc_time Sector 0 Layer 0 time
104 — > 5
1022— . é’ :é:
F e f =
wE %5 Mﬂ + IR S TR TR 3 E
"3 ™ ztu il J.H%H bl a0 e |
= = W bl Wlaiss a’f’& gt} BN VIR R
e O e, B wgg L
902_ | ‘&" ¥ Il‘ 'ﬁi"ii %ﬁ % mw “ 4§— ;
885— ﬂu @m ? : ﬂ 0 E i |
S S\ S (N 11 2 ) %% i Wt . RERIRS +I_55|..|i’.. - ! L | - [ H N B
21300 21400 21500 21 600 21700 21 800 21 900 22000 21300 21400 21 500 21 600 21 700 21800 21900 22000
' Run Number

Different colors represent different wedge/bar channels.
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ATOF timeline Calibration T

Apply to full timeline Original

SECERELE

= Result for RG-L

5=
Period Range Constant File B f 4 ;
21310-21360 constant_time_offsets_21335_21360_updated.txt e o re 3 %_
21361-21386 constant_time_offsets_21385_21386_updated.txt ] 5 E_
1 21387-21395 constant_time_offsets_21395_21395_updated.txt g 1 ]]’.F
21396-21422 constant_time_offsets_21396_21422_updated.txt ! ? ) drif I S s by iafemamsatiesh
21423-21435 constant_time_offsets_21423 21435_updated.ixt 8 ;_ ¢ TR T B !
21436-21479 constant_time_offsets_21436_21479_updated.txt ] = Lald.
21480-21525 constant_time_offsets_21480_21525_updated.txt Y !
2 21526-21549 constant_time_offsets_21526_21549 updated.txt -3 ; .
21550-21611 constant_time_offsets_21550_21611_updated.txt _a E_
21612-21689 constant_time_offsets 21612_21689_updated.txt N J . 5 N T N T T T 1, e iin ERsE
21690-21727 constant_time_offsets_21690_21727_updated.txt 21400 21600 21800 22000 22200 224200 22600 22800 28000
21728-21809 constant_time_offsets_21728_21809_updated.txt L) BCipber
3 21810-21868 constant_time_offsets_21810_21868_updated.txt Afte r
21869-21947 constant_time_offsets_21869_21947_updated.txt 5 —
21948-21978 constant_time_offsets_21948 21978 updated.ixt —
4 21980-22204 constant_time_offsets_21980_22204 updated.txt 4 E_
5 22205-22257 constant_time_offsets_22205_22257_updated.txt 3 ;—
22258-22358 constant_time_offsets_22258 22358 updated.txt > E_
22359-22409 constant_time_offsets_22359 22409 updated.txt —
6 22410-22474 constant_time_offsets_22410_22474 updated.txt 1 = }~ I e NS SRR ﬁ
22475-22693 constant_time_offsets_22475_22693_updated.txt 0 E— ! “ WW Tm‘ i !: :l “. : i 1 1: i ;'5 j ‘ w : :: :;:j E:‘W ]:fr-
7 22694-22708 constant_time_offsets_22694_22708_updated.txt » = | S e S S Gt e, e ¢ et Ml it O Y | i
8 22709-22777 constant_time_offsets_22709_ 22777 _updated.ixt — i l
22778-22791 constant_time_offsets_22778 22791_updated.ixt -2 — | 1
9 22792-22812 constant_time_offsets_22792_22812_updated.txt -3 z— i - : . ; - . { :
22813-22980 constant_time_offsets_22813_22980_updated. txt WE | i i H ¥ ! I 3 i
10 22981-23015 constant_time_offsets_22981_23015_updated.txt — i ) i r : ‘;E" l’ ; i jl‘ ji
23016-23051 constant_time_offsets_23016_23051_updated.txt -5 L21g|3'()() — Lgdgoo1 ! ! ggéoo — Jgggoo —t ng‘ltoo — 122600J * 22;;00 — L23600J
11
23052-23065 constant_time_offsets_23052_23065_updated.txt Run Number
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Timeline for ATOF z prediction from bar

ATOF -7 (W4 ATOF z c4 pei location
coincidence)

21347/21 | 21520-21602 21649-21731 (D2) 22006-22060 22231-22276
348(H2) (He4) (D2) (D2)

ATOF z c4 peak location (mm)

Issues

» Calcode computes constant with a limited run range, which is inadequate for
commissioning runs.

» Calcode assumes a wedge length of 3.0 cm; elastic data indicate 2.75 cm.

= Timeline v10.3 did not apply the wedge-leading-peak selection (|t| < 1 ns), allowing
cross-talk noise to contaminate the z distribution.

§ % % tional %aEbolamly isa
b 3 U.S. Department of Energy laborator:
"x@_;’ of ENERGY  managed by UChicago Argonne, LLC. 1 9 Argon ne 6
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ATOF Calibration

2Md jteration on timeline calibration for bar-z

» Offline ATOF timeline calibration toolkit for z (v and typ constant).

— v Erm—— r—r
Create timeline 2™ iteration calibration Reconstruction Validation New timeline

Recompute TO New constant table

Bad channel

tdown = Craw I tgdi— “ 1. Reconstruct z (ATOF::time) based on TDC (ATOF::hit) the same as CJ.
;. o 2. Build the bar-z timeline using Gaussian fits to z-distribution under the
bup = Traw i~ 21 2 coincidence within leading peak (|t| < 1 ns) of the 10-wedge.

3. Apply a linear fit on (z-peak, wedge#) to extract the slope and intercept.
4. Perform bar-z calibration for each run sub-period:

° 1. Scale Vg using the corrected wedge length.

Veff 2. Update typ to shift the intercept to 0 mm (ATOF geometric center).
5. Validate the new time under the new constants

£ 21 Argon ne o

U.S. DEPARTMENT  Argonne National Laboratory is a
& A U.S. Department of Energy laboratory
%, @j of ENERGY  managed by UChicago Argonne, . LLC.
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ATOF timeline Calibration
1) Test 10 GeV run period (He4+D2): 21980-22204

= With leading peak selection ([t|

EowE ™ <1 is fl 200
LoeE | w ns), z is flat across runs
= R - K = x . " am . emesgens es"=tEae g antan = au N e I
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ATOF timeline Calibration

1) Test 10 GeV run period (He4+D2): 21980-22204
* Apply liner fit for z distribution vs wedge number

Center (slope@4.5) s0_I3

. B . . . o Run 22259 o
15 15 15 15 15 15 | 15 150 = =
1 | 10d ] 10d | 10 | 1 | 1 e B | 10d ; -9 — y =-2.5258e-03 x + 43.430
5q .o" 5 «* | 59 5 & 5 | s s < o' | 5 . &' e E — y
q » q - q q q q q q » = —
o » » ol ad A » [5} — =
_sq s e s e 50 e e 50 50 _50 Qo [— _ avg center = 1218 {
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9 »% [ S S [ 9 » q g [ S 13
54 o e I 54 ! e e W = = -18 = {
108 wo,f 1044 10ge 10de 1042 10 100e —
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y=k(x-4.5)+b E 144 y=6.9056e-08 x +-1565
8 iz avg dilxt =13.712 mm (target=13.8)
< .
] veff: 121. l
o

tbar tbar 2 (b) h

old vefflold.
2.75cm

Verr = Txvefflold, L =k*1 13.4

i e W
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w
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22000 22050 22100 22150 22200
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ATOF timeline Calibration

1) Test 10 GeV run period (He4+D2): 21980-22204

» Comparison of calibration constants:
— typ is nearly unchanged
— V¢ decreases by ~10% due to the updated wedge length (2.75 cm).

Sub-period 21980-22204 200 Sub-period 21980-22204

4.0 —&— old (CCDB) —— old (CCDB)
—— slope (w1-w8) —&— slope (w1-w8)
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ATOF timeline Calibration

Apply to full timeline Original

ATQF 2 ¢4 peak location n

- S L
R

= Result for RG-L

Period Range Constant File B f
21310-21360 constant veff 21335 21360 updated.txt e ore 0 Old (timeline_barz v2) —s2 10
21361-21386 constant_veff 21385 21386 updated.txt [ |
1 21387-21395 constant_veff 21395 21395 updated.txt 401
21396-21422 constant veff 21396 21422 updated.txt
21423-21435 constant_veff 21423 21435 updated.txt g ]
21436-21479 constant_veff 21436 21479 updated.txt é o
5 21480-21525 constant veff 21480 21525 updated.txt g
21526-21549 constant veff 21526 21549 updated.txt ® 20
21550-21611 constant_veff 21550 21611 updated.txt
21612-21689 constant veff 21612 21689 updated.txt v —407
21690-21727 constant veff 21690 21727 updated.txt
3 21728-21809 constant veff 21728 21809 updated.txt o
21810-21868 constant_veff 21810 21868 updated.txt After
21869-21947 constant_veff 21869 21947 updated.txt
21948-21978 constant_veff 21948 21978 updated.txt 60 New (barz_validation_v2) — 2 10
4 21980-22204 constant veff 21980 22204 updated.txt
5 22205-22257 constant_veff 22205 22257 updated.txt 04
22258-22358 constant_veff 22258 22358 updated.txt
22359-22409 constant veff 22359 22409 updated.txt 204
6 22410-22474 constant veff 22410 22474 updated.txt E
22475-22693 constant veff 22475 22693 updated.txt é . .
7 22694-22708 constant veff 22694 22708 updated.ixt 3 ° s L
. Z;szzgz constant veff 22709 22777 updated.txt i 7 .i.} ..-'3:" : .‘x.?aa‘ﬁﬁw "'ﬁ’wmmﬂ’* .
- constant veff 22778 22791 updated.txt o
9 22792-22812 constant_veff 22792 22812 updated.txt a0
22813-22980 constant_veff 22813 22980 updated.txt
10 22981-23015 constant veff 22981 23015 updated.txt
1" 23016-23051 constant veff 23016 23051 updated.txt _6(2)1250 21500 21750 22000 22250 22500 22750 23000
23052-23065 constant veff 23052 23065 updated.txt Run Number
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ATOF Calibration

Timeline calibration: PID at D2 2.2 GeV (3 period)
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= Show the bar and wedge 5 (at central of
ATOF) time distribution.

= Before: 1st CCDB constants

= After: 2 iteration of CCDB constants, better
time distribution.
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Conclusion

* Produced the second iteration of ATOF CCDB calibration constants, updating both time
offsets and effective velocity tables.

= Developed an offline framework for ATOF time and bar-(z) timeline calibrations.

» |dentified run sub-periods, problematic channels, and bad runs associated with detector
conditions, DAQ issues, and target changes.

Outlook

= Extend the calibration framework to energy-related calibration. Refine the current constants.
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THANK YOU
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