Time calibration of the Forward Detector sfor the usage of the Time-of-Flight method with WASA-at-COSY
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Investigatins of the’ meson decays producedpp — ppX “
reaction using WASA-at-COSY apparatus [1] requires a hig\% b
tagging efficiency by means of the missing mass techniqu .t
Therefore a high resolution of energy measurement for twt, -
outgoing protons is needed. To this end we developed e
ergy reconstruction method based on a Time-of-Flight mee |
surement using the scintillating layers of the WASA Forwarc .
Detector [2, 3]. Generaly all 14 layers (thin and thick) can b
used for this pourpuse but for now we consider only 5 thir .q - .
layers of FWC and FTH. FWCL El. no. FWC2 El. no.
In order to use time information the time calibration of for-

ward scintillating layers has to be done. For this pourpuse w  Fig. 1: Experimental data of time-of-flight as a function of
analysed the experimental data from the reactipn= ppX element number (a) for FWCL1 (b) FWC2.

collected in 2008. As a first step a relative time offsets be-
tween each detection module of the FWC and FTH have
to be established. The FWC detector is 48-fold segmented
and is composed of two layers each with 24 elements made
out of 3 mm plastic scintillator read out from one side by a
photomultipler. The FTH consists of three scintillatingdas
composed of 96 individual modules read out by a photomilti-
plier from one side. First layer is arranged with a cake-@iec
shaped modules and 2 others in a form of Archimedean sg g
ral shape. The measured time information from the TDC un
for a single FWC and FTH element may be expressed as:

0

wheret stands for corrected time andfor measured time.
To determine thel andf3 coefficients we plotted thEOF for
each individual module of scintillator as a function of spa
root of the ADC signal and fitted an linear function which is
shown in Fig. 2 (left). Also the time of the light propagation
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wheretof s denotes all the delays in the electronics and ca o2 o025 003 oz Z 0508 AT S5 o b3 0%
. . N . [\ B . tan(@) FWC1 EL. 5
bles,twak is a effect related to the signal aplitude higthyn ©
stands for the time of light propagation in scintillator ahd

tirigger d€NOtes the time of the trigger signal. To calculate the Fig. 2:(a) Experimental data of time-of-flight between FTH1

Time-of-Flight TOF between FTH and FWC one can apply and FWC2 as a function afADC " for element 24th
equations (1) and (2) as: of FWC2 with superimposed linat = a - —L— + B

to establish a time "Walk effect”. (b) Experimental

__(FTH _(FWC , {FWC _ (FTH
TOF =trpc —troc +loffsa —lofrea data of time-of-flight between FTH1 and FWC1 as a

i — bk + g — tighn - (3) function of tard for element 4th of the FWC1 with
) superimposed linAt = a - tan0 + 3 to establish light
The unknown time offsetsrs and effects otk andtiign: propagation effects.
have to be established for each individual element in each
scintillating layer. in the scintillator has to be taken in to account. To deteemin

In order to determine the offsets we have used events with thjs effect based on the geomety of the FD we have found a
proton track of energy greater then 100 MeV passing through time dependence on the theta angle as:

FWC and FTH and assuming as a first approximation that the

real time-of-flight between these layers is equal to 0. First t =t (l_l — I_Z) + (% - @) -tan®, (5)

by ploting theTOF as a function of element humber in the V2 V1

FWC; and by correcting mean of the time distribution to  wherel;, I, denotes the particle tracks lenght from the in-
asumedl' OF = 0 (Fig. 1 left). Next assuming that the FWC  teraction point to the hit point in the detectdi, d, stands
offsets are correct, we have established with the same mhetho for the position of the FWC and FTH layers with respect
offsets for each modul in the FTHFig. 1 right). to the assumed interaction poin, V2 are the vielocities
Having the offsets established for each element the timke wal  of the light in the scintillator elements arflis a angle of
effectty,ak may be calculated based on the signal amplitude the particle track with respect to the beam direction. Te cor
information. This effect occures due to different Slgngms rect for this effect we have p|0tted thieOF as a function
of SignaIS haVing the same rise time. To correct for thisotffe of tan® which is shown in F|g 2 (r|ght), and by f|tt|ng a lin-
one can use a linear dependence between the time and theggr function we have determined paramemefse—i — S_i and

inverse of the square root of the charge [4]: B = Ly
=V TV
1 Afterlcorrécting for the walk effect and taking into account

/
t=t —a- Bm’ (4) the light propagation in scintillator we made another itiera
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for the offset determination. Having these ralative of<s-
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Fig. 3:Experimental data of time-of-flight between (a) FTH1
and FWC1, (b) FTH1 and FWC2 for all modules. The
result of the fitted Gauss function is shown as a solid
line. Fit parameteo shows the time of flight resolu-
tion.

termined we ploted distributions of the time of flight betwee
FTH1-FWC; (Fig. 3 left) and FTH-FWGC; (Fig. 3 right)
and fitted the Gaussian function in range of the peak. The
determined Time-of-Flight resolutiongT OFrTH, —Fwc, ) =
441psando(TOFrTH,—Fwc,) = 461ps, which assuming the
same resolution of the FWC and FTH giveef about 320 ps

for individual layer (taking into account all detector mod-
ules).
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