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TOF Calibration

* PMT time-walk

* Pixel-specific delay of readout trigger signal from
TOF1

* Delays in cables



PMT Time Walk
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PMT Time Walk

* did more careful pre-correction of reference
channels

e time measured w.r.t. reference time

* reference time also affected by TW

* pre-correction done by limiting ref.channel’s
charge (reference ch. of reference ch.)

* |looked at electron only events!

e found that absolute position of TW curve sensitive
to particle type



All events

Pre-correction of Ref Channels
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Pre-correction o
—lectron-or

m

Ref Channels
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Problematic Slab

All Events
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Problematic Slab

Electrons Omy
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Trigger Delay Calibration

* For each pixel in TOF1

* How much trigger signal delayed w.r.t. reference
pixel

* Based on TW-corrected times w.r.t. time of trigger
signal

* Trigger signal time is affected by TW of
corresponding PMT!

10



Twofold Way

1st delays in pixels of f ?

ref.slabs

Pixels not on ref.slabs:

2 paths Ref.pix

Each path may be biased
differently

May get different delays

11



Problem in the Method

* Calibration algorithm assumes:

e for a given pixel, trigger signal is always issued
by one particular PMT (out of 4)

* Reality
* any of the 4 PMTs may be responsible for trigger

* in principle should not matter for determination of
trigger delay

12



Near |[deal Situation

Trigger signal from PMT1 of 1st —
plane
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Light travel time makes most of the
difference in the other PMT of the
same slab
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Not-so-Ideal Situation
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Systematic Errors

From residual time walk -> resolution, absolute time error
varying with beam settings

From TO determination - overall biasses in each channel ->
resolution, absolute time error

TDC board resolution - 25 ps/TDC count conversion factor to be
confirmed

All estimated within ~100 ps
Does not affect PID

May be significant for momentum measurement

15



Single pixel resolution

Pixel defined by 2 slabs

AT of the 2 gives measure of time
resolution

Since AT=T1-T2

And T = 1/2 x (T1 + T2)
AT

GAT=2XOT

ToF = Tror1 - Troro

OtoF = SOrt(2) x or = oat/ sqrt(2)

16 *O7oF : resolution of T-o-F measurement by 2 stations



Runs 10248, 10254, 10260

Single pixel resolution
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* Here resolution = spread in slab AT = Oat

* missing pixels don't have enough events

17



Runs 10248, 10254, 10260

Single pixel resolution
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Single pixel resolution
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Runs 10248, 10254, 10260

TOFO
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AT

Runs 10248, 10254, 10260

_ TOF overall resolution

TOFO
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* All pixels summed
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e oat: TOFO ~114 ps, TOF1 ~126 ps, TOF2 ~107 ps

—OA-—kléIIOI 0.2

04 0.6
AT [ns]

* Ostation = 0aT/2 = TOFO ~57 ps, TOF1 ~63 ps, TOF2 ~54 ps

* Or otoF = 0aT/\/2 = TOFO ~81 ps, TOF1 ~89 ps, TOF2 ~76 ps

21

*0T10F : resolution of T-o-F measurement by 2 stations



Runs 10248, 10254, 10260

Space point creation “efficiency”
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Runs 10248, 10254, 10260

Space point creation efflc:lency
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Runs 10248, 10254, 10260

Space point creation efflc:lency
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Space point creation efflc:lency
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e Used to be worse due to
slab AT offsets
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Runs 10248, 10254, 10260
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Horizontal slab
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Runs 10248, 10254, 10260

Space point creation “efticiency”
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Runs 10248, 10254, 10260

Space point creation “efficiency”
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TDC Conversion Factor -
pOSsIble Issue

Conversion factor used to translate TDC counts to time units
CAEN'’s V1290 specification is 25 ps per count

MICE TOF NIMA* paper claims measured 22 ps per count
Nominal 25 ps per count used in current MAUS

Possible deviation from 25 ps/count will affect calibration
and T-0-F measurement of muons and pions => TOF

momentum measurement

Do we need to test used TDC boards”?

*NIM A 615 (2010) 14
30



Trigger Signal Delay
Calibration



Signal Flow

« PMT signal

o Discriminated + Digitised
e Discriminated signal

* to TDC

e to Coinc./Trig.
e [rigger signal

« to TDC

e triggers readout
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(-

RO

Discr. TDC

FADC

Discr Comc/
Trig




Single channel TDC

* [Ime measured w.r.t. trigger signal

Trig TDC
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Another Not-so-1deal
Situation

t0_SI2_SI5_Pmt0 t0_SI2_SI5_Pmt0 t0_SI2_SI5 Pmt1 t0_SI2_SI5_Pmt1
. Entries 51730 Entries 51730
[ ) 1800 Mean -6.058e+04 E Mean _6.085+04
O S eve I I S r | e re E RMS 289.6 3500 - RMS 181.6
1600 »*/ ndf 1088/105 E x2/ ndf 2457/115
E Constant 1797 = 9.4 F Constant 3367 = 20.6
\ 1400 - Mean  —-6.059e+04 + 1.250e+00 3000 — Mean -6.087e+04 = 0.7
E Sigma 280.2 = 0.8 F Sigma 145.6 + 0.6
II I p al |e OI I e 1200~ 2500 -
1000 2000
: 800~ E
icture ;
600 E
F 1000 —
400 — F
200F- 500 —
0:| MV 1 1 e 1 L Ix10? 0:. | IR T DT L x10°
-63 -62 -61 -60 -63 -62 -1 -6/

59 ) -59
t(pmt) - t(trigger) [ps] t(pmt) - t(trigger) [ps]

¢ S O m e eV e n tS t r i g g e re d b yt 10_SI2 SI5_Pmi2 10_SI2_SI5_Pmi3 10_512_5I5_Pmi3

Entries 51730 Entries 51730

2000 = Mean -6.051e+04 2200 Mean -5.802e+04

o RMS 265.9 2000 E- RMS 2733

1800 %2/ ndf 314.2/92 E %2/ ndf 2575/115

-y Constant 1948 = 10.6 1800 — Constant 2051 + 11.8

1600 Mean  —-6.051e+04 = 1.162e+00 1600 F- Mean -5.804e+04 = 1.304e+00

1400 Sigma 262.6 = 0.8 E Sigma 238.4 = 0.8
E 1400 -
1200 1200E-
1000~ 1000
°® ' o B 800E- 800
Sel [N POosSItions O e 3 suof-
400 400~
' 2001~ 200

eaks alven the efrect S
-63 -62 -61 -59 -60 —57 . 56
t(pmt) - t(trigger) [ps] Apmt) - t(trigger) [ps]
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Differences of Trigger Delay Estimates

WARNING
WARNING
WARNING
WARNING
WARNING
WARNING
WARNING
WARNING
WARNING
WARNING
WARNING
WARNING
WARNING
WARNING
WARNING
WARNING

in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in

pixel
pixel
pixel
pixel
pixel
pixel
pixel
pixel
pixel
pixel
pixel
pixel
pixel
pixel
pixel
pixel

hOvO0
hlvO0
h2vO0
hdv0
h0v4
hdv4
h5vl
h5v4
h0Ov5
h5v5
hé6v2
hév5
hlvé
hdvé
h5ve6
héveé

tr delayl
tr delayl
tr delayl
tr delayl
tr delayl
tr delayl
tr delayl
tr delayl
tr delayl
tr delayl
tr delayl

tr delayl =

tr delayl
tr delayl
tr delayl
tr delayl

140.593
-7.65913

= =296.
-938.
-923.
= =990.
-888.
-479.
= =567.
-469.
1471.
1139.

=172

184
821
042
587
393
431
099
458
88

49

62

-1637.16

= =440.

281

833.032

tr delay2

tr delay2
tr delay2
tr delay2
tr delay2
tr delay2
tr delay2
tr delay2
tr delay2
tr delay2

tr delay2
tr delay2 =
tr delay2

tr delay2
tr delay2

tr delay2

38.8908
50.2827

= -255.638

-884.505
-999.042

= -1021.43

-956.895
-514.719

= -613.367

-400.487
1431.33
1062.22
-211.982

-1589.09

-383.166
905.988

delta =
delta
delta
delta
delta
delta
delta
delta
delta
delta
delta =
delta =
delta

1

4
7

delta =

delta
delta =

01.702
-57.9418
-40.5465
-54.3164
75.9995
30.8455
68.5016
35.2876
46.2674
-68.9708
0.5481
7.2688
39.3616
-48.072
-57.1145
72.9561

* depending on the way, trigger signal delay

estimate differs by up to ~100 ps
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