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Csl beam test In Aprll

e LNS, Tohoku university
® beam time : 4/12 - 4/17
® cnergy : up to 80O0MeV positron

* (0,10,15,20,30,40) [deg] x
(100,200,300,460,600,800) [MeV]

® setup

crystals were stacked

<12) Cs



oetting energy and timing

e fitting method
¢ use template for each channel, energy ( ~ # of p.e. )
® pulse shape diftfers channel by channel
® pulse shape slightly has energy dependence
® t0 separate overlapped pulse shapes

e fit region : do not fit tail part




an example of the template

-

pulse shapes was normalized and the peak position
“7:-:' was shifted to 140[ns] to generate the template

— template for chA
— template for chB
— template for chB

(smaller pulse)




oetting energy

¢ fwo ways to get energy
e sSumADC : 2 i«as(ADCi-pedestal)

e fitted helgh‘[ X energy is calibrated just by cosmic rays

_ SumADC S . S
fitted helght :

............................

=) fitted height performs better

........................

500 550 500 850
totalEnergy[MeV]



® two ways to get timing
e fitted peak
e “constant fraction” method

- fit again w/ a few samples just before the fitted
peak, and calculate timing of the full maximum

® how to estimate timing resolution

® select two neighboring crystals, both of them time|ns]
have KOTO’s typical light yield and calibration
constants.

e sources of timing resolution (light yield, noise-
level/dynamic-range) are close

¢ this should be timing resolution at the KOTO
exp.

® cnergy difference < 10%

e distance from the perpendicular bisector < 2[mm]



® {wo ways to get timing

e fitted peak
e “constant fraction” method

- fit again w/ a few samples just before the fitted
peak, and calculate timing of the full maximum

time[ns]|

=y fitted peak
o : “const frac”

=) “const frac” performs better

energy[MeV]



totalEnergy[MeV|

non-linearity

¢ non-linearity was found

¢ As amount of non-linearity is related to its pulse height, plot
the maximum height in each event versus total energy.

® FEmaximum > 2% E2nd

® FEmaximum > Eelse

lincheckQ pfx px

Entries : 6|
Mean: 3283+ 1.728
RMS : [ 8422
Integral 9.064

maximumHeight[cnt] maximumHeight[cnt]



CIICIEY calibration w/ non-linearity

® procedure

e calibrate constants w/ event in which
all crystals have heights < 4000.

¢ relax the maximum pulse height
constraint step by step, and decide
each constant for the additional
height region

correction factor

¢ based on the roughly calibrated
constants, re-calibrate constants from
ones for higher pulse height to ones
for smaller pulse height

e fit the constant for each height w/
some function

22/ ndf 8127/14 |/

PO.....i.......0.9668 + 6.0006792
Pl | 4.535e-05 + 2.053e-06
E /,./

6000
height|[ch]



totalEnergy[MeV |

consistency check of the correction

e after applying correction factor by the dedicated run

lincheckQ pfx px

.................................
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maximumHeight[cnt]

maximumHeight[cnt]



£/ nat 8127 114
po. . 0.0668 + G.0004792/|/

e correction for the non-linearity part ool |71t 2sbnst |

p2

Odeg, 8O0MeV

4000

height[ch]

totalEnergy[MeV |



e correction for the linear part
- width : getting a bit better

- peak : shift a bit toward reasonable direction
(594.7 — 588.8 & 590@0deg by MC )

30deg, 600MeV, maxHeight<3000

...................................................................

4000

T SRRt S SR ................. ........ height[ch]

...............................................................

.....................................

.......................................

..........................................

500
totalEnergy[MeV|



more about timing

® some applications of timing information
¢ from some activities in a cluster, define one cluster timing

e oet shower developing information

= relative timing between each channel is necessary




additional scintillator

¢ In some runs, additional scintillator
was installed as a reference of timing

PMT PMT
chO chl
e 2 PMTs : each channel was taken by .

X

500MHz FADC

an event recored by 500MHz FADC

® strategy
® use (to+t1)/2 as a reference timing

FADC outputs

e calculate o @o+t1)2 by 0011

time[ns]



additional scintillator

e only to-t1 has its incident position dependence
( to+t1 : canceled )

. XvsT1 1

Enlies ©1893
Mt_nn x 21.72;‘ 0.2665
Mesn'y 21580052157 |
ANSS x : 118
AMS y © 02269

.............. ........... &-any2186’ﬁl]05479 .

X[mm] on the scifi tracker ylmm] on the scifi tracker



applying the incident position correction

4

e “constant fraction” method performs better again...

= cxpected timing resolution as a reference
O (t0+t1)/2 ~ 0 w0-t1/2 = 100[ps]

. deltaTmod0O :
' r 1893




energy dependence of timing

¢ check the energy dependence of Csl timing for each
distance of closest approach from a certain crystal
( to get rid of timing spread by shower developing )

- hit on the crystal

- distance from the crystal : < nx8[mm]
distance : [8,16) [mm]

test-tsoomHz[NS|

...............................................................

10°
energy(MeV




energy dependence of timing

¢ about 2[ns| timing shitt at higher energy region

¢ some dependence also in lower energy region?

jiimegion2: pifid Tl f

tesi-tsoomHz[ NS|

energy|(MeV|



timing resolution w/ external reference timing

e cvaluate timing resolution again with the external
reference timing

obtained with external
reference timing

—— constant fraction

previous result
w/ neighboring crystals

energy|(MeV| energy|MeV|



non-linearity ®¥%

e Csl - PMT - CW/preamp - FADC
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o« sumADC/charge

toy-simulation



summary
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