éAW AUSTRIAN SMI - STEFAN MEYER INSTITUTE
ACADEMY OF

SSSSSSSS

TO online algorithm
using
TOF counters

WWW:OEAW.AC.AT/SMI




éAW AUSTRIAN SMI - STEFAN MEYER INSTITUTE
ACADEMY OF

SCIENCES

Motivation

* Decent time information of pbar annihilation with
target (=t0) is necessary

- for TOF, PID, pattern recognition, event sorting, ..

* TO is needed online even with a limited precision
for an event selection

* TOF counters (SciTil and FTOF) have the best time
resolutions hence they have a high potential to
play an indispensable role to deduce (online) t0.
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Basic principle
* For calculation of t0 it needs: »
- tracking information, PID, mass and momentum 18

1.6

* Assuming average values 4
' shift accordingly to the

- At0~1ns 1-22— typical time-of-flight
* Calculating t0 using the most typical path length 1;_ 4
and momentum is equivalent to shifting the time OZ;
stamp distribution by a typical time-of-flight to t0. 0_4;_
— SciTil 02
* Flight path ~ 0.5 - 1.5 m ol e e e e e

time [ns]

* Flight time ~2 -6 ns

We study the potential performance of the online t0 calculation using TOF
counter, also taking into account the influence of secondary particles
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Time stamp distribution of SciTil

Distribution of MC time stamps in SciTil

* For this study the MC data were generated

mcTime
using 70000 : 1 Al 1 g T 1 T T g 1 Al 1 T g’ 1 T T T g Al 1 T L ‘g T T T T ‘g T T T Entries 2455736
— ' ' ' ' Mean 5.2
- Pandaroot, trunk 28975 60000~ BMS 4.961
- DPM generator (beam momentum = 6.2 GeV /c) : : 5 5 5 : E
50000 - e e oo o e A —]
= Full geometry : : : : : : : .
* The right sided plot shows the distribution 40000 —---------|- .................. .................. .................. .............. —
of the MC time stamps in the SciTil : : : : : : : ]
- Mean =52ns, ¢ =5.0ns, FWHM = 2.9 ns e S =
= 80% of the time stamps are located in the 20000 i T T A A N N N a— =
interval from 1.8 to 6 ns - -
- Slow primaries and secondaries cause a long 10000 f-vvvveesss Rgpreessssdronsssssnsinesosssdin —]
tail down to > 30 ns ~ : : : : : : : ]
0 [ 1 1 1 1 i 1 1 1 1 i 1 1 1 1 ; I I I T é “—‘i 1 | 1 I} i 4 I d 1 i 1 | ) 1 ]
0 5 10 15 20 25 30 35 40
time [ns]
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Time stamp distribution of primaries and secondaries

Distribution of MC timestamps in SciTil for primaries

mcTimePrim

~.[Entries 985785
Mean 4.349
BMS 3.828
* Time stamp distribution for primary particles ' E
- Mean=4.3ns, 0 =3.8ns, FWHM =2.6 ns =
— Slow primaries also cause a long tail ;
* Time stamp distribution for secondary particles E
- Mean =5.8ns, 0 =5.5ns, FWHM = 3.0 ns 3
— ~ 50 % more secondaries then pimaries due to the tail S D
25 30 35 40
_ . . . time [ns]
Nevertheless the dominant part of the secondaries is Distribution of MC timestamps in SciTil for secondaries
also located at 1.7 — 6 ns e e mesee
) ) 45000 Mean 5.78
* Secondary particles will be useful rather then ° S A T e S I RMS 5528
disturbing for tO Calculation 000 S N SO PP . _;
X " X Y 25000— O S-S S S - ‘ _:
— Major part are “fast secondaries :
1010107 S SRR X USRS ROUSPRRSOR: SSRRNSPRROSS SO SO o8 =
- Provide a higher statistic per event .
EE0 0 e S RIS ITY SIT IS S OE N BRSR _:
100005_ ........ . _E
B000F - b =
0 T e i i . | oo
0 5 10 15 20 25 30 35 40
. time [ns]
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* The difference in the time stamp
distribution originates in the different hit

position distribution of the particle types.

25000

20000

15000

10000

Distribution of hit positions for primaries

mcZPostionPrim

Entries
Mean

RMS

985785
51.65
40.98

5000
* Secondaries have a higher probability to
. . . . . 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I
hit a SciTil tile located in a more forward 40 20 0 20 40 60 T
osition. T : . .
P Distribution of hit positions for secondaries
mcZPostionSec
C Entries 1469951
40000— Mean 56.79
- RMS 44.38
35000
30000—
25000
20000
15000—
10000 —
5000_ 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I
—40 —20 0 20 40 60 80 100 120
z position [cm]
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Time stamp distribution for equidistant tiles

* Typical time-of-flight is correlated with Ring of eqmdls\"\tam scintillators

the production theta angle at the
collision point

- corrected shift on the time stamps
respective to z-position of the hit

* Evaluate the typical time-of-flight for
every z-position

Beam direction (z) A

— Detector is sliced into 60 rings of
equidistant scintillating tiles

= The time stamp distribution for every ring Colhs10npmnt—Gz—G*CIIT)V"—'_—_”———-—————————_
was simulated to receive the typical time T
of flight
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Time stamp distribution for equidistant tiles

Distribution of MC timestamps in SciTil at Z position ~60 cm

mcTime Z60
T T T T T T T T T T T T T T T T T T T T T T T T T T T "
- ! ! ! ! ! ! Entries 56803

* Typical distribution for an equidistant ring 12000 p-fi--cc N — SN U S Mean 4.669

- N BMS 4.611
- Mean =4.7 ns, Peak =2.6 ns 10000 F—-ecfreee LI SV S— OO S SO S 3

- 0=4.6ns, FWHM = 0.3 ns = | .

8000 [——-ff---=-Jir-ererreeeeeees froreseamanaenses formsseasenssenases Erasenssemnseanassd e Rt —

* For the TO calculation subtract a defined soooF. _________ \ peak _______________ __________________ e ______________ B
value from the time stamp accordingly to = | 4

this z position 4000 """"""""" """"""""" """"""""" """"""" =

— Mean, Peak position 2000 k """"""""" """"""""" """"""""" A """"""" =

0 5 10 15 20 25 30 35 40
time [ns]
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Timestamps for Primaries (MC) with Z Position ~ 60 cm
: b T T T T T T T T T T T T T T T T T T T T T T T T T T T mCTimePrim_ZGo
* Primaries F ! | | ! ! ! Ehres 2
5000 B | S S S R.MS 3:542

- Mean = 4.0 ns, Peak = 2.6 ns
- 0=3.5ns, FWHM = 0.2 ns

4000{— -

3000

Secondaries

2000{—

- Mean = 5.2 ns, Peak = 2.6 ns 1000/ ; ; ; ; | |
- 6=52ns, FWHM = 0.2 ns | A S PO DU DU DO N

0 5 10 15 20 25 30 35 40
time [ns]
° Identical Peak pOSitiOIlS Timestamps for Secondaries (MC) with Z Position ~ 60 cm
mcTimeSec_Z60
"""Entnes 32766
* The secondary distribution is influenced by a ™| { e B A AR s st

higher amount of slow particles e
— The majority of the particles is fast and can 4000
support an t0 algorithm 3000f—

2000+

1000

o

time [ns]
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Timestamps for Primaries (MC) with Z Position ~ -57 cm Timestamps for Primaries (MC) with Z Position ~ 0 cm Timestamps for Primaries (MC) with Z Position ~ 120 cm
mCTimePrim_z-57 mCTImean_ZO T T 1T T 1T T T 1T T T 1T T T 1T T T 1T TTT mCTimePrim_Z1 20
220 : Entries 2447 2500 LU OO .U ..U O LA Ut U, A0 L U0 IO L DL UL L Entries 12417 4500 F Entries 18176
200k Mean 6.117 i Mean 4.112 r Mean 5.917

r 4.604 L 4.604 C RMS  3.572
180: RMS ! 60. i RMS ‘ 60: 4000F .

C ] 2000 E E
160 ] i ] 3500 =
140F . i ] 3000 :

o 7 1500 o 7
120p ] i ] 2500F .
100F : - i 2oooE .

sof 7 1000 C ]

2 ] - . 1500 ]
60[- 1 o B - E
40F . 500 1000}
200 g i i 500f -

00_| an |&i_)| Ll 0 15|.m -mh.zonxubééuun |30| 1 I35Ill |4_0 O_' \ R N T DT R N |_ 0:' L T T T |:
i 0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
ime [ns] time [ns] time [ns]
Timestamps for Secondaries (MC) with Z Position ~ -57 cm Timestamps for Secondaries (MC) with Z Position ~ 0 cm Timestamps for Secondaries (MC) with Z Position ~ 120 cm
mcTimeSec_Z-57 mcTimeSec_Z0 mcTimeSec_Z120
T T 17T T T 1T T T 1T TT T T TTTT T T 17T T 1T ~ T T 11 T T 11 T T 11 T T 1T TTTT T T 1T TTT T T 1T TTT1T T T 1T T T 1T T T 1T T T 1T TTT
600 Entries 5692 2200 Entries 16566 - Entries 40955

r Mean 7.691 C Mean 6.422 10000 Mean 7.005

o RMS 6.774 2000 o RMS 6.74 B RMS 5.572
500[- ] 1800F . - .

L 4 C . 8000

N ] 1600} 1 L i
400 ] 1400F . i ]

C ] 1200F . 6000r i
300 C ] L i

r 7 1000 1 i |
200: : 800[ . 4000

B l ] 600: : L i

C ] 200F . L 4

- q‘w}‘ﬂw 1 | M ] - l\ .

o|||| L1l 11 AL bt i b deccbsadnchi bedalolal bl ol Ll 0|||| 11 TSV SO O W 0 S S OS  F 0.... 1 bl ] Lol | IR DO D R} L1l 111

¢ 5 10 15 20 25 30 85 40 © 5 10 15 20 25 30 35 40 0o 5 10 15 20 25 30 35 40

time [ns] time [ns] time [ns]

raliua wuviiliavvuvil auiuili I"ICCLIII\_J, lU/ZZ
WWW:OEAW.AC.AT/SMI Dominik Steinschaden, GSI, 8.6.2016




O W AUSTRIAN SMI - STEFAN MEYER INSTITUTE
zs ACADEMY OF

SCIENCES
——

Time shift parameters

Mean of MC time stamp distribution in SciTil as a function of the Z position

a 1 1 1

: ! 1 1 I ! 1 1 ) ! 1 1 ) ! T 1 ) ! 1 1 ) ! 1 1 ] ! 1 T ] ! 1 mc‘l‘lmemanzposltlon
.y — : : : : : : : : Entries 233534
* Mean and peak position as T SISO RS S o] Mean =803
i it C x ixX_ 0 Meany 5.853
a function of the z position -, | RMS 41.39
— : A : : : P XX : : RMS y 6.599
* The used value of central - Xy : Jmne ﬁmxx :- ]
5__..,, .xé{r,,x ,.::.,,.. . x,x ,,..,,..i: ,,;..,,.. _._;-
tendency must be chosen - HXETRTH Koo Xk ; g_ H
- : : : : 2
accordingly tO the used 4 ................................................................................................................................ ::'_+++++'
: +*
?_,_+++ :

algorithm to determine t0

[<%]
URNRRRRE
+ .

peak+”+

+ :
+ +*’+ : i
_|_'.|‘.'f ................................. e T

............. ++ . —+
: +Jr+{'++++++"'r+++++"'“’quJr

prrbere by beerd

-+

=]
5

=20

=]

20

I
=]
5]
=]

80 100 120
Z position[cm]
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Time based simulation
Distribution of measured and peak aligned timestamps
= detected
35 f_ shifted
- MC TO
31—
250
o
150
==
0.5 f—
0 : | | | | | | | | | | |
0 50 100 150 200 250
time [ns]
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Shifted time stamp distribution

Distribution of TOs shifted by the mean value of Tof distribution
10° digiT0_Mean
I L o B I e 7
200__. .... ............... , .............. , .............. , .............. . ....... Mean 00639
180: : : : : : : : : _ 5.145

160
, e e
* “Mean-aligned” distribution

1205
100

- Mean = 0.06 ns, Peak =-1.9 ns S
- 0=5.1ns, FWHM =0.4ns 60F

* “Peak-aligned” distribution

time [ns]

digiT0_Peak

- Mean=2.5 ns, Peak = 0.0 ns Distribution of TOs shifted by the peak of Tof distribution

300"+ ‘I Entries 2455736
- 0=5.1ns, FWHM =0.4ns Mean 2489
i i i i i i i LBMS 5.095

250 ............... .............. .............. .............. .......... —]

200 ............... .............. .............. .............. .......... 3

0 N N SR AN S SN N S B

100 , ............... , .............. .............. ......... .......... _:

50 ............... .............. .............. .............. __________ 3

o ]

time [ns]
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Distribution of the average TO per event (shifted by the mean value)
* combine shifted time stamps of one event S e A 1 i T 1)
45000:_ ............... ............... ............... .............. .............. ....... Mean -0.3573
: : : : : : : : 3.903
tO to 40000
35000
- mean-aligned 50000
* Mean = -0.35 ns, Peak =-1.9 ns 20000
20000
® 0 =3.9ns, FWHM = 0.5 ns 15000
. 10000
peak-aligned s . . . | | | | | W
* Mean = 2.1 ns, Peak = 0.1 ns ofg ' L : e e gsﬁme mgo
. o= 39 ns, FWHM — 03 n Distribution of the average TO per event (shifted by the peak Vall..I('E)
SARAN AN AN B B B e AN =T SEl
* the parameter used to shift time stamps e S e 1=V
. B0000 A A — — SO
has to be related to the algorithm used to E S
50000__. , ............... ............... ............... .. .............. , .............. .. .......... _:
calculate the final t0 oo ]
* So far only by using the SciTil and a very 000 R E
) . . . 10 1] RS S e R -
simple algorithm we achieve a t0 time E ]
T T =
resolution of 0 = 3.9 ns Eiiin, ] U I U T T
=10 -5 20 25 30 35time el
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First time stamp method

* Estimate tO using first
”peak'allgned” tlme Stamp Distribution of the first TO per event (shifted by the peak value)

L i i o digTTOEventrirst_Peak
S T ! g g ! ! I'" "[Entries 651431

per event PSR W S W

- Mean=06ns,Peak=00ns "F [

- 0=23ns, FWHM =031 oo

* 0=2.3nsis achieved - .

15 20 25 30 35 40
time [ns]
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Influences of particle multiplicity in SciTil

Distribution of the first TO per event (1 time stamps per events, 'peak-shifted’)
digiTOEventFirst_Peak_1
Entries 171594
Mean 1.332
RMS 3.701

2400011 '..!.' LI LT | ........ | ................... |.""l' T "l""l"

* Accuracy is strongly correlated with 14000

the particle multiplicity

* First time stamp method 6000

—
n
o
o
o
LU AL LU LN LN LN L L L A L

- 0,=37ns=>0,,=04ns

digiTOEventFirst_Peak_10

PY Including time Stamps Of the FTOF Distribution of the first TO per event (10 time stamps per events, 'peak-shifted')

(and other detectors) increase the o - T e oo
accuracy further 3000 ............... .............. .............. .............. .......... _;
ook
B0 250 T O N O O O O IO
0 300 1
1000 S S — A — E
S Y TR U U TSV W WO O WO

time [ns]
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Time stamp multiplicity in TOF counters

— For ~ 4% of the events no time stamps
Particle multiplicity in Tof counters

- Forabout1/3 of theevents 1 to 2 hits o —+——v v+ v v+ 1T __JgParoeNuT_
in the TOF counters g e S S masn 414
T B e SR S
— For 2/3 of the events 3 or more Hits 1= 1 T O R S N i3
are registered 125_ ______________________________________________________________________________________________________________________________________________ j
* For this study the DPM generator e e E
was used S S E
] e =
— The particle multiplicity for wanted 1 N A S S SR i
events may differ from the S S AL = = T A JE
background oEl le's_ d— z,o_t
— Interesting events may have a higher "
particle multiplicity
* PP PP
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Half sample mode

* No previous event separation in online reconstruction

* Exploiting the Peak structure

— deliver good results

— Weakly effected by event mixing effects
* “half sample mode” (HSM)

— Simple cluster finding algorithm

= Search for the shortest interval which is containing half of the
timestamps in a defined interval

- Iteratively repeat on the so found intervals till only 2 time stamps are
left

— The first one is chosen as TO for the event
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Half sample mode

Distribution of the TOs found by HSM algorithm (shifted by the peak value)
digiTOEventHSMFirst_Peak
*| Entries 651431
Mean 1.289
RMS 3.353

HSM for single events e

80000

— Mean = 1.3 ns, Peak = 0.1 ns ; | | | | | | |
70000 ! R S freeeeeees B B froveereees N A —

- 6=3.4ns, FWHM = 0.4n o E

50000 ; R S— — S S——— T —

* Performance located between

IR S S ———
average and first time stamp method 30000 | R S— J— SN SOVR SIS S -

20000 e

* Advantage of HSM (and similar) is
the functionality in a continuously =

. ————-—

35
time [ns]

read out
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Suppress slow particles

Energy loss vs time-of-flight

digiELossMcTime

50

* Distinguish between fastand 3 - 2RI I || Enires 2455736
b=} 45 T - e L. . Meanx 5.364
. — ST . : o o "
slow particles by energy loss ' - Bt - s . T e ey s 8 10
- o 40 R S | RMS 3.195
in SciTil = e B 5
. = AT T e S{RpT
— No correlation between the 30 : :-:’.%‘%{;_; L E
. . - A et o B =
energy loss and the flight time 25 ’“’;‘_:éiz TR LR =
o = £k L >
of the particles is observed 201 e ; fu‘__;;J_“{q_ . 10?
15 =B Ly Eé”‘m ERENE =
- Py b e T e o 10
10E L T el R
= ; A T
5: ............... A 1 Kk E -\"'t s

o
—_
o
no
o
W
o

40 50 60
time [ns]
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Summary

* We studied an simple and fast algorithm to estimate t0 based on the timing

information of the TOF counters

= Due to the limited scope of this study only the SciTil was taken into account

* Itis evident that the secondaries provide an additional and useful information

for the t0 estimation

* It was shown that TO can be calculated by using the position information of the

SciTil and the corresponding typical time of flight

— Using the “first time stamp method” a t0 resolution of ¢ = 2.3 ns was achieved.

* Using the additional energy loss information provided by the SciTil lead to no

enhancement so far

* Increase in accuracy is expected once the FTOF information is taken into account

WWW:OEAW.AC.AT/SMI
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Thank you for your attention
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