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Mu2E Calibration

Current calibration: TDO

. . _ ) CKBC "
Time calculation: t = BCID - 25ns — ( —-29=T00min ) . 25ns, where: im P
TDOmax — TDOpipn '

e BCID - 12-bit 25ns counter, common for all channels, does not require calibration MingTAC

@ TDO — 8-bit (?), correspond the time between threshold crossing and the first BCID clock -
after peak, need calibration K

e Current TDO calibration: linear function with TDO,,;, as the moment of BCID change, and threshold
TDOmax as the 25ns to BCID clock

Current calibration VB and VM proposal

Old calibration tdo:pdo {channel==36} New calibration proposal 1do:pdo {channel==36}

h_tdo,
250 " n - - h150
o From calibration file pries %50 From data Entries 257998
Q - Veany S o 1148 25ns Mean x 274.9
B Meany = 2 jEeat i (450 Mea'rgm 1539
200 Std Dev d +50nsts| 2147
{25ns| 25ns|  25ns 25ns ooy 200 SdDevy 3519
11H2%ns
150 (+25ns shift) :
100 ek {TDO limits
- 425ns
C - : o —120-25
50|~ 0 limi < TDO limits " J20— 190 27
E DO limits imits O e
L old: 50 — 130 = 25ns. ok IS0==150=25n8 120 —190 =25ns
0, - L L n 190 — 260 = 25ns.
o 200 400 600 800 1000
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Time calibration method description

TDO time calibration method

We want to calibrate TDO to ns: t = BCID - 25ns — f.,;(TDO, PDO), where: f., — calibration function
There is a way to construct f., to have time not to the BCID clock itself, but to the some constant time prior BCID clock

Method:
@ Select two channels (for example, channels 1 and 34) h 11 TDO |
@ Send "straw-like” signals (see slide 19) to both cnanne thogdCUt example

channels:

e Synchronious signals to both channels with delay in
range [0, 75] ns

o For channel 1: constant shape, constant charge 15

o For channel 34: constant shape

© Select events with constant time to BCID clock by
applying cut to channel 1 TDO 100

tdog,

1200
130

=il 1 1000

110

cut: TDO.,; = 105 ol F H hTdo2d 400
= Entri 32157
@ Check the channel 34 TDO for those events (see ﬁ z Mean x 1195
. g0l Mean y 104.9 L ] 200
slide 6) E Subevx 141
evy 13.39
© Check the calibrations for different ABCID (see 70 g0 Tio B I v ‘é& 0
slide 8) '
@ Construct BCID-independent TDO calibration (see
slide 9)
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BCID and TDO difference

BCID and TDO diffrence
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BCID and TDO diffrence

BCID and TDO difference

TDO difference for signals
with delay 0

TDO,, - TDO, for 20 ns delay

@ Blue: ABCID =0
e Brown: ABCID =1

tracker,
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TDO difference for signals
with delay 10

TDO,, - TDO; for 10 ns delay

0 £ 20 10 0 10

e Blue: ABCID =0
@ Brown: ABCID =1
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TDO difference for signals
with delay 20

TDO,, - TDO, for 0 ns delay

40
ATDO

e Blue: ABCID =0
e Brown: ABCID =1
o Green: ABCID = —1
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TDO fit

TDO fit examples, channel 34 signal charge 210fC

TDO fit example — good ? TDO fit example — good ?
TDO for A BCID == 1, delay 10 TDO for A BCID == 1, delay 15
htdoDiffDiffp1-proj-3 _ htdoDiffDiffp1-proj-4
L — Entries 4554 1600~ — Entries 4530
1000/— Mean 118.3 r Mean 110
F Std Dev 2919 1400~ Std Dev 1.698
r ¥2 / ndf 1873/9 L X2 / ndf 1265/8
00l Constant 671+ 155 1200— Constant 1253 +28.5
L Mean 117 £0.0 C Mean 110.4 £ 0.0
r Sigma 1.595 + 0.021 1000 Sigma 1.04 £0.02
600— C
5 800~
400/ 600/
r 400
200[— r
C W 200
'JJ\\\H| ol v VA Ly
{05 110 115 120 125 130 135 100 105 110 115 120
tdo,, (105 < tdo, < 105) tdo,, (105 < tdo, < 105)
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TDO fit examples, channel 34 signal charge 210fC

TDO fit

TDO fit example — not-so-good
TDO for A BCID == 1, delay 20

TDO fit example — not-so-good
TDO for A BCID == 2, delay 50

htdoDiffDiffp1-proj-5 htdoDiffDiffp2-proj-11

- - Entries 4588 1200— Entries 4509

1200/~ Mean 102.1 L Mean 95.96

F Std Dev 3.25 - Std Dev 6.263

1000; X2/ ndf 1659/ 9 1000j %2/ ndf 1692/9

F Constant  877.8 +37.7 L Constant 871+ 275

[ Mean 102.1+ 0.1 r Mean 93.25 £ 0.05

800 Sigma  1.333 +0.052 800~ Sigma 1.29 +0.03
600; 600—
400 400~
200; 200/—

7||A|\|H|\‘\J’|‘\|\| S B I N SR NE N A N [ M I A i
%5 90 95 100 105 110 115 120 125 130 %O 85 90 95 100 105 110 115 120
tdos, (105 < tdo, < 105) tdos, (105 < tdo, < 105)
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Calibration result

Calibration results, channel 34 signal charge 210fC

Results for different ABCID fitted with poll
Mean TDO in channel 34 for TDO,,, € [105, 105] (210fC)

$ 250
o F
he] L
@ We know, that each line (for each ABCID) shifted to 2001
the 1 BCID, which correspond to the TDO window r
size L
o That mean, we can estimate TDO window as the 150
difference between p0O (free parameter) between fit r
results (see right) L
@ Also, TDO dependence of the delay shoulde be 100
independent of ABCID, since the signal shape stays r
the same L
@ So, we need to reconstruct that dependence for the 50: ——@— TDOfor ABCID==0

eventS Wlth the ABCID o O H —@—— TDOfor ABCID == 1 (fit 135.657 + -1.68607 *x)

: ——@— TDOfor ABCID =2 (fit 179.867 + -1.72731 ex)

H ——@—— TDOfor ABCID == 3 (fit218.923 + -1.66982 *x)

e e e e e N N N
0 20 30 40 50 60 70

o
—_
o

delay, ns

tracker, Mu2E time calibration status, August 6, 2024 8 /23



Calibration result

Calibration results, channel 34 signal charge 210fC

200

@ So, we need to reconstruct that dependence for the
events with the ABCID =0 150
o That can be done by:

e Or shifting all points left to 25 - ABCID ns
e Or shifting all points down to TDO,indow - ABCID

100
@ The global fit can be estimated as mean pol/l between
all fitted dependences ?
50
0

Results for different ABCID fitted with poll

Mean TDO in channel 34 for TDO,,, € [105, 105] (210fC)

L

o ———— —

—@— TDOfor ABCID==0
——@—— TDOfor ABCID == 1 (fit 135.657 + -1.68607 )

——@— TDOfor ABCID =2 (fit 179.867 + -1.72731 ex)

——@—— TDOfor ABCID == 3 (fit218.923 + -1.66982 *x)

0 10 20 30 40 50 60

delay, ns
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Calibration result

Calibration results, channel 34 signal charge 210fC

NOT ACTUAL. See page 10
Results after shift down (for events with
ABCID = 0)

Mean TDO in channel 34 for TDO . < [105, 105] - shifted (210(C)

% 250 — @ TDOfor ABCID==0
§ = ——@—— TDOfor ABCID == 1 (fit 135.657 + -1.68607  x)
i ——@—— TDO for ABCID == 2 (fit 179.867 + -1.72731e x)
200 ——@—— TDO for A BCID == 3 (fit 218.923 + -1.66982 » x)
r —— Mean fit: 94.8835 + -1.6944 * x
@ The method "shifting all points down to TDO,,indoy - ABCID” 150~
was used [
@ The global fit can estimated as mean poll between all fitted 100
dependences r
50—
07
Coln b oo boro b Lo 08

70
delay, ns
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Calibration result

Calibration results, channel 34 signal charge 210fC

Results after shift left (for events with ABCID = 0)

@ The method "shifting all points left to 25 - ABCID Mean TDO in channel 34 for TDO,,, € [105, 105] - shified anotwer way (210(C)
ns" was used
] i g 250~ ——@— TDO for ABCID
@ The global fit can be done poll from all points &+ or A BCID ==
. =] - —@—— TDO for ABCID == 1 (fit 135.657 + -1.68607 * x)
Fit result L
L ——@—— TDO for A BCID == 2 (fit 179.867 + -1.72731 )
e Mo T00nchamel 04 or TDOgy € 105, 105 -t ryEr Y rervyIT 200_— —®—— TDOfor A BCID == 3 ({it 218.923 + -1.66982 + x)
g PO 9353+ 0 L
- L p1 -1.689+ 0 r
2001 1501
1501 r
F 100—
100 r
r 50—
50— r
3 e S y
[ O e ovmen
s G L ‘ ] I N} ‘ ] ‘ L1 Ll ] | | ) | ‘ L
olicl 20 15 -10 -5 0

-20 -15 -10 -5 0 5
delay, ns

delay, ns
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Charge dependence

Charge dependence

Channel 34 TDO for different charge

g 250 —

v - ABCID=3 —_— o

& = —— |

g b ABCID=2

‘é -

o

2 150 —
C ====S8  ,BCID=1 250
- 200

100;55 ABCID =0 RidoDIfDIp0
Entries 7008 150
N Mean x 3728
50— Meany 91.96 100
- Std Dev x 214
L Std Dev y 5.899 50
o1 ! l | | l ! | | l | l I | | ! | 0

14 35 49 70 140 210 280 350 420 490 560 630 700 770 840 910 980 1050
charge, fC

@ There is a dependence for the signals with charge lower 200fC (time walk)

o No significant dependence for " high” signals (above 350 fC)
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Charge dependence

Charge dependence

Results for channel 34 signal with charge 210fC Results for channel 34 signal with charge 280fC
Mean TDO in channel 34 for TDO,,, € [105, 105] (210fC) Mean TDO in channel 34 for TDO,,, € [105, 105] (280fC)
% 250 % 250
o - o =
T L s |
200(—
150—
100.\‘.\\\‘\1\\\\‘\
50: —@— TDOfor ABCID==0 50— —@— TDOfor ABCID==0
H —@—— TDOfor ABCID == 1 (fit 135.657 + -1.68607 x) H —@—— TDOfor ABCID == 1 (fit 135.879 + -1.6761 ex)
[| —@—— TDOfor ABCID ==2 (it 179.867 + -1.72731 sx) [| —@—— TDOfor ABCID == 2 (fit 178.012 + -1.67941 s x)
H ——@—— TDOfor ABCID == 3 (it 218.923 + -1.66982 *x) | ‘ H ——@—— TDOfor ABCID == 3 (it 220.482 + -1.68568 x) ‘ |
ol e Lo L R NWIFE I

10 20 30 40 50 60

0 10 20 30 40 50 60 70
delay, ns delay, ns
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Charge dependence

Charge dependence

Results for channel 34 signal with charge 490fC Results for channel 34 signal with charge 560fC
Mean TDO in channel 34 for TDO,,, € [105, 105] (490fC) Mean TDO in channel 34 for TDO,,, € [105, 105] (560fC)
% 250 % 250
o - o =
T L s |
200(— 200(—
oo \\ \- 190 \\\\\\
100(— 100—
50’ ——@—— TDOfor ABCID == 1 (fit 137.287 + -1.20326 *x) 50' —@— TDOfor ABCID==1
H —@—— TDOfor ABCID == 2 (fit 189.844 + -2.10473 s x) H —@—— TDOfor ABCID == 2 (fit 176.799 + -1.56851 e x)
[ —@—— TDOfor ABCID == 3 (fit 241.987 + -2.09238 ¢ x) [| —®—— TDOfor ABCID == 3 (fit 217.063 + -1.58957 e x)
H —@—— TDOfor ABCID ==4 (it 297.132 + -2.13552 e x) | ‘ H ——@—— TDOfor ABCID == 4 (fit 256.713 + -1.59006  * x) | |
ol e e Lo L oleemre—eeee e Lo L1
0 10 20 30 40 50 60 0 10 20 30 40 50 60 70

70
delay, ns delay, ns

tracker, Mu2E time calibration status, 20 August 6, 13 /23



Charge dependence

Charge dependence

Results for channel 34 signal with charge 210fC

200

150

100

50

Mean TDO in channel 34 for TDO,,, < [105, 105]  shifiee 21000

(1t 93.5284 + 1.68931# x) X2/ ndf 1.278e+04 /17
L p0 9353+ 0
r pi -1.689+ 0

N

Mean TDO in channel 34 for TDO,, = (105, 105] - shifted anotwer way (210(C)
(11935284 +-1.68931 0 )

-20 -15

tracker,

-10 -5

5
delay, ns

Results for channel 34 signal with charge 280fC

200
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50

Mean TDO in channel 34 for TDO,, € [105, 105] - shiftee 4280/

(fit 94.0412 + -1.68111 ¢ x) X2 / ndf 2894 /16
C p0 9404+ 0
- pi -1681= 0

R

Mean TDO in channel 34 for TDO,,, = [105, 105] ~ shifted anotwer way (280(C)
(94,0412 41681110 %)

-20 -15

Mu2E time calibration status, 2
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Charge dependence

Results for channel 34 signal with charge 490fC

Mean TDO in channel 34 for TDO,, , € [105, 105] -- shif

en

(fit 103.676 + -1.36605  x)

Charge dependence

200
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100

50

o

X2/ ndf 1.436e+06/ 14
po 1037+ 0
pt 1366+ 0

N

Mean TDO in channel 34 for TDO,, = (105, 105] ~ shifted anotwer way (490(C)
(11103.676 +-1.36605 + x)

30
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= 5 :
delay, ns

Results for channel 34 signal with charge 560fC

200
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Mean TDO in channel 34 for TDO,,, € [105, 105] -- shif

ent

(it 97.7998 + -1.56926 » x)

X2/ ndf 5.382e+05 /16
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p1 1589+ 0

R

Mean TDO in channel 34 for TDO,,, = (105, 105] ~ shifted anotwer way (560/C)

(1t 97.7998 + -1.58926 # x)
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Charge dependence

Charge dependence — small charges

Results for channel 34 signal with charge 210fC Results for channel 34 signal with charge 70fC
Mean TDO in channel 34 for TDO,,, € [105, 105] - shifted: y-2101C) Mean TDO in channel 34 for TDO ,, € [105, 105] - shifted: (70K
- 250 (fit 93.5284 + -1.68931 ) XZ /ndf 1.278e+04/17 - 250 (fit 89.0805 + -1.5642 ¢ x) %2 /ndf 4.35e+04/14
85 - PO 9353+ 0 85 L Y 89.08+ 0
- L p1 -1.689 0 =L p1 -1564+ 0
200— 200—
150(— 150
100(— 100~
50— 50—
: . :\‘/::a:; ;:; \:‘ :h:::zl‘iid:}m TDO,, & [105. 105)  shifted anctwer way (210fC) : - ::1:\;2 ;BD:; \:\ z:h::::l ?:'lov TDO,,, & [105, 105) - shifted anotwer way (701C)
ol T b ol 1 | e e
-20 -15 -10 -5 0 5 -20 -15 -10 -5 0 5
delay, ns delay, ns
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Charge dependence

Charge dependence — table

poll fit results for different charges

Charge p0 pl

70 fC 89.08 | —1.56
210 fC | 93.53 | —1.69
280 fC | 94.04 | —1.68
490 fC | 103+ | 137
560 fC 97.8 —1.59
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backup

Test signal examples

Straw-like NIM-like

High level: 0

o High level: 0 °

@ Low level: variable @ Low level: variable (-100 mV / -700 mV)

o Width: 100 us o Width: 100 ns
°
°
°

o Rise edge: 2.5 ns Rise edge: 2.5 ns

o Fall edge: 900 ps
o Output: inverted

Fall edge: 2.5 ns
Qutput: inverted
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BCID and TDO diffrence

TDO difference for signals
with delay 0
TDO,, - TDO, for 20 ns delay

10000
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BCID and TDO diffrence

TDO difference for signals
with delay 10
TDO,, - TDO, for 10 ns delay

10000 —

: ——— TDO,, - TDO, for 10 ns delay and A BCID = 0
8000 —

[ —@— TDO,, - TDO, for 10 ns delay and A BCID = 1

- e Blue: ABCID =0
6000 —

r e Brown: ABCID =1
4000 —
2000 — LH@P&L‘

ol PR O B

-20 -10 0
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BCID and TDO diffrence

TDO difference for signals
with delay 20
TDO,, - TDO, for 0 ns delay

12000 —
10000 —
~ —— TDO,, - TDO, for 0 ns delay and A BCID = 0
8000 — TDO,, - TDO, for 0 ns delay and A BCID = - e Blue: ABCID =0
C —m— TDO,, - TDO, for 0 ns delay and A BCID = 1 e Brown: ABCID =1
8000 o Green: ABCID = —1
4000 —
2000
o i P R PR B |
-60 -40 -20 0 20 40
ATDO
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PDO for 3mV/fC, 25ns
1 PDO for 3mV/fC, 25ns

de {Channe|==34} PDO for straw-like signal, 210fC, 3mV /fC, 25ns
g
htemp pdo {channel==34)} me,,.
22000; Entries 357448 40000 Enwes 99895
20000 H Mean 3286 55000 i_ Std Dev 28.96
[l Std Dev 239 30000 ;
18000} as000F-
: 20000 i—
16000} 15000
r 10000~
14000f | sooof-
12000:7 © 200 . 400 . 600 800 100
O PDO for straw-like signal, 70fC, 3mV /fC, 25ns
10000 pdo {channel==34} -
8000 E Yo, 392
8000 _—c
4000 20o00l
2000 10000;
H\ ‘ I ‘ L1l ‘ L1l ‘ Ll ‘ 111l ‘ L1l | L1l 1111 E 2(')0 4(')0 6!')0 E(I)O 1 0‘0

100 200 300 400 500 600 700 800 900 1%00
pdo
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