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FDD O2 status - Geometry

Final active volume: scintillator blocks and wave-length shifting
bars implemented in geometry
Mechanical support to be ported/adjusted from AD
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FDD O2 status - Hits

FDD store one hit per
charged track crossing
the scintillator

For every hit we integrate

number of photons

created at each step using

energy deposition and
light output of the

scintillator (photons/eV)

Figures shown here were
done using box generator

in detector acceptance
and FDD geometry only
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FDD O2 status -Digitizer

- Two main parts:
= Generation of the signal pulse
= Processing of the signal pulse

- Signal pulse: Output of the PMT in bins with the width determined by FEE time resolution
(one TVector<float> per channel)

- Digitizer simulates the route Photons->Photo-Electrons->PMT amplification-> Signal
pulse

= Intrinsic time resolution of the scintillator

= Light loses during transport to photo-catode

> Time spread due to light collection and transport

= Quantum efficiency of the photo-catode

> Time spread due to PMT transit time (per photo-electron)
= PMT gain (real-life calibration curves in the future)

= Gain variation due to variation of number of photo-electrons emitted from the first
dynode
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Digitization

Scintillation Properties

- In FDD we use scintillator A _ _
BC_42O Rise Time, ns 05 0.5
= Light output 64% of Decay Time (ns) 14 15

Pulse Width, FWHM, ns 1.2 1.3
anthracene = 12.866/G€V Wavelength of Max. Emission, nm 391 391
> Wavelength of max emission
301 nm
« Coupled to NOL38 ,ﬂ NOL33
wavelength shifter Denty. i’ 101
. ratio ¥ 2 —— absorpti pectra
= Absorption 382 nm e o < luminbscence specira
R Melting point, °C 216 ‘0 ' )
: Lumlnescence 431nm Luminescence max., nm 445 é ;h:;p:::";m ??255
v — 06 Lumineseence, nm 431, 458
45 8nm Refractive index 1.62 E x\?ﬂ;m Z:
T 4 PL decay time, s 095
Light output, Photon/MeV 20,000 g !
Decay time, ns 30 z
0,24
Hygroscopy No
Radiation stability, rad 210° 0.0 -1 T 1 11T 1T 1T 1

M T v 1 T 1
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ESpectral Response

Digitization

- Light yield: Fraction of photons created in scintillator —
which will arrive on the pmt window
= Unknown, ~1% (as seen in the old VZERO)

« Quantum efficiency: The ratio of the number of photo-
electrons emitted by the photo-cathode to the number of
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PHOTOGATHODE — ‘|‘

photons incident on the window e }‘\
= ~18% for NOL 38 output wavelengths | =

PHOTOCATHODE RADIANT SENSITIVITY (mA/W)
QUANTUM EFFICIENCY (%)

0.01
200 300 400 500 600 700 800

de Characte Anode e — (at 25 °C) WAVELENGTH (nm)
. Blue Q ) Gai Dark Current Time (2]
Lumi- |Sensitivity Radiant Lumi- 2 (After 30 min.)| Response
nous | Index | AT nous | o 05T 10T Rise |Transit N Type N
(CS 5-58) a at 0. at 1. Time | Time otes ype No.
Typ. Typ. Typ. Typ. Typ. Typ. Typ. Typ. | Max. Typ. | Typ.
(uA/im) (mA/W) | (Allm) (nA) | (nA) | (ns) | (ns)
80 95 76 40 | 50x105 | 23x105 | 1.8x10¢ | 5 30 | 15 | 56 [ e ommended] RE505-70
80 95 76 800 | 1.0x107 | 3.0x108 | 15105 | 15 | 100 | 21 | 7.5 |Fosi0oPamion  mmerded| R7761-70
70 9.0 72 700 | 1.0x107 | 41%10° | 20x105 | 30 | 200 | 25 | 95 |l mee R5924-70
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Digitization PMT transit time

« Generation of the signal pulse: s
= Total charge per Hit from PMT is computed using 0/
number of photo-electrons and PMT gain o
= Total charge is distributed over pulse per photo- o=
electron using time and amplitude response of the b
PMT -
= For every photo-electron: 13

+ The mean ph.e. time should be further spread according S R R

to signal shape: function simulates the time of arrival of
the photons at the photocathode (not do yet) e
Gain variation is modeled using photo-electron _
spectrum 014
Photo-electron spectrum is parameterized by: -

Number of secondary electrons emitted from first dynode (per
phe) 0.08

Transparency of the first dynode of the PM 0.06

Time distribution of the signal per photo-electron is 004
parameterized by PMT transit time 002

N photoelectrons from first dynode
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FDD O2 status -Digitizer

- Hit contains: 12
= Base hit info + Number of photons 0
- Digit contains: ®
= Channel data structure with ADC ¢

PMT transit time

h o . . 9--3gfdddigits.root 4
charge, Time and various bits o oz
=l A FDDDigit
(bool) as sent by FEE - BronotTaecng 2
- 3% FD D Digit.mTirme
%
. igit | |
3 FD D Digit mintRecord be
| 1 | | | | 1
u] IR, Event tlme -3 FDD Digit mintRecord arbit Qs ‘ ‘_4' : '_2' : 'g = 2 e '5 = Ia = I10 12
-4 FODDigit mTriggers Time [ns]
[—]& FO D Diiggit . Channel Data
----gmimumw N photoelectrons from first dynode
. - 3 mTime
E...ﬁozswmjl - RemChargeaDC F
...ﬂMCEventHeader. ----,ﬁmlntegrator 0.16_—
B A FODHit -y mDaubleEvent -
% FDDHit.mTracklD = --&mEvenH'ﬁmeLost 0.14 —
% FDDHit. mPos fCoordinates . fx - By mEvent2Time Last E
4% FDDHit mPos.fCoordinates.fY e nGate 0.12—
-3 FDDHit mPos.fCoordinates.f2 - mTmeTooLate E
i mArnpTooHigh
& FODHitmTime 0.1
g% FODHit mHitalue - Sy mEventinTrigger C
% FODHit mDetectorD PemtmeLoot 0.08—
g% FDDHit mMphot s =
% GetEnergyLassty % GetlnteractionRecord) 0.06 C
- 3y GetOrbit]) -
-3l Get®() 3y GetBC)) C
= Lo Ry @ 0.04—
= Ge‘_z() (-4 FDDDigitLakels C
% @size ----&mHeaderArray 0.02—
----- IndlexedTrackFefs & mTruthsrray C
..... MCTrack ndexensi o PN I IR BRI EUTIEN P B [P R
Ry oetindexeetSize ) 0 2 4 6 8 10 1z 14 16 18 20
----- TrackRefs %Q getNElements Number of phote-electrons
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FDD O2 status -Digitizer

- Comparison to test bench data ;‘ oy
« Test bench consist of one complete -
channel looking at cosmic muons

« The PMT output seen on the
oscilloscope is something we would
like to reproduce in digitizer

- System is still “work in progress”, the
pulse shape is not final

"“ TELEDYNE LECROY
Everywhereyoulook




Cosmic muon data
700 hPulseData

FDD O2 status -Digitizer

Comparison to test bench data

Test bench consist of one complete
channel looking at cosmic muons

The PMT output seen on the oscilloscope
is something we would like to reproduce
in digitizer

The main shape of the pulse can be
described by Crystal ball function

> Due to time spread during light collection

and transport

Digitizer working with single 1-2GeV
muons can reproduce the data
Digitization parameters will be fine tuned
to data once the final pulse etc. will be
available

F Entries 1024
- Mean 111.6
600— Std Dev 20.76
E x2f’ndf 2117 /494
500|— Prob 0
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FDD O2 status -Reconstruction

- Reconstruction from Digits implemented .
= ! oZreco_fod root
> Copy the channel data structure from = oz

- 4 FOD Cluster

Dlglts asitis §% FODChuster mMeanTimeFOA
----- % FODCluster mieanTimeFD C

El- 24 FDD Cluster mChannelData

s Compute the mean time per side (charge i
weighted average) T ot

-4 mintearator

- 3% mDoubleEvent

% mEvent] TimeLost

- 3% mEvent2Time Last
-3 mdeInGate

- % mTmeTooLate

% mampTooHigh

- % mEventinTrigger

% mTimeLost

- il @size

----- J% FODCluster mEventTime

----- % FODCluster mintRecord be
----- % FDDCluster mint Record orkit
----- 3% GetTime From Digit? )

----- 3§ GetinteractionRecard()

----- s GetOrhit()
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Summary and outlook

¢ Done:
= Geometry of active volume
= Hits
= Digitization
= Reconstruction from Digits

» Next:
= Geometry of support and other passive parts
= Raw2Digits, Digits2Raw
= Calibration object(s)



