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Motivation

# Start detector working in a magnetic field with
time resolution in the range of 100 ps is highly
required, this motivated us to think about using
SiPM for this purpose.

J

4+ Readout of promptly emitted Cherenkov light with SiPM is a
promising combination, the idea is to benefit from the promptly
emitted light to study the performance of the Cherenkov
counter prototype based on the SiPM readout.

# |f such a counter works and demonstrates a sufficient timing
performance, it could be a valuable alternative for a beam line
TOF-start counter, due to the advantages like cheapness,

compactness, magnetic field resistance and simple operation.
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# Test different types of SIPM
(MAPD-Zecotek, SiPM-Photonique,
MPPC-Hamamatsu, ....)

Hamamatsu MPPC Zecotek MAPD Dark box, Keithley 617 programmable electrometer,
different sizes Pico second laser system
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SiPM parameter measurements

|MPPC 1mm2, 67.9V, -10C |
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Beam profile monitor

SiPMs in combination with a 16x16
scintillating fiber grid in 2 planes were
used for a beam profile monitor for the

FOPI experiment (1). |

Beam profile monitor mounted at
FOPI/GSI (2).

Proton beam profile measured in x-
and y-axis (3).
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Time resolution measurements

4 Time resolution was calculated after slewing time corrections
as sigma (o) value by Gaussian fitting for TDC distribution.

o120

B F \(TDC/QDC) before correction B800}-
R | R J600E-
Hﬂ — iis. YRR R e =

- 1200
60— 1000
& 800 —
AR J[H. 600
: i 400
20— : 3 =
E ' 200 —
VT R T R 1T R 11T T .1 s 1T s T e T 10 2
QDC

0
! TDC
—120 =
£ [ (TDC/QDC) after correction 2500
E‘lﬂﬂ_— il S
- i, 2000
80—
- 1500
Bl
.m:— 1000
20— 500
906400600 500 000" 1200 1400 1600 1800 2000 O o [T — 1

QaDcC TDC (corrected)




[ T

(<] (=]

Time resolution measurements
(S10362-11-100C)

1.0 -
09 - gain =~ 4.0 E06 GT(Nﬁ,,pix):%_a
0.8 - fir.pix
+ MPPC (1, 3 mm2) 07 | a = (0.481)ns
—\
0 06 b =(2.837)ns
Hamamatsu. g 06
S 05
g 0.4
# MAPD-3N, Zecotek. @ 03
0.1 -
0.0 : : ‘ ! \ | ! | ! \
(MAPD-3N) (S10362-33-100C)
1.0
) b
1.0 __b 0.0 gain =~2.0 E06 oT(N,, ) =————a
- T=10C 0T (Ny, ) =—F——=—a . frer \/r
0-9 [ Nﬁ'r.pix 08 - fir.pix
0.8 - a=(32.57)ns 0.7 a=(0.277)ns
¢ 060 § 05
S 05 S
g 04 - > 04 -
S 7 ()
»w 03 r 0.3 -
0.2 - e o 0.2
0.1 o T ———e O 0.1 -
0.0 : : : : ‘ ! ‘ ‘ ‘ 00 - -
87.9 88 88.1 88.2 88.3 884 88.5 4 6 8 10 12 14 16 18 20 22 24

Operating Voltage (V) Fired Pixels

+# Time resolution improves with increasing the number of photons

and/or operating voltage.
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Cherenkov counter prototype
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Cherenkov counter prototype

#

MPPC
Radiator

/ \ Prearh’blifi@r

Photograph of the prototype Cherenkov counter
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Cherenkov counter prototype

#We estimate ~20 detectable photo-electrons on each
photosensor due to radiator interaction with 500 MeV electron
beam, considering light losses due to transmission, absorption
and photosensor efficiency.

# Based on the number of photons, the expected time
resolution is ~200 ps, according to our previous laboratory

measurements. /\
# For a comparison, scintillating fiber gives ~20\photons/1 mmz

but presumably photon is ge f rated “slowly” (~ns) ompared
to the Cherenkov process (~30 ps). It's interestifg to if the
SiPM can exploit that. | | |
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The Beam Test Facility (BTF)

# The DAFNE Beam Test Facility (BTF) initially optimized to
produce single electrons and positrons in 25 — 750 MeV
energy.

4+ Beam line was tuned to maximize single-particle S
: . : : DHSTB002 N
events with repetition rate 50 Hz with a maximum ., FLAGO3
particle flux of 1 kHz, so that the maximum j
multiplicity is 20 particles per pulse. J
. /S
# BTF magnets were set to select e+/— with S &
/ ©
energy of ~ 490 MeV. i
SLTBO4, &
DHSTS00 ;{ SLTBO3~_ &89 <
W)
DEEIBIOE:  FrAmo: _-:"‘,f}/// 23, —DHSTBOD!
— -l e ey e — = .‘%@Eﬁh'é—: N VLV, VO 2 —» o accumulator
i *SLTRO! e > &
from Linac DHSTPOO! ARGET SLIB0Z . .9

Layout of the BTF transfer line and its main components.
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Test at the BTF

# The beam diagnostics elements at BTF include a Pb-glass
*chitsrisRREFAter AN EATESRRIRMELC BRAMOPAISESaBEdrbéd Sind e

EXR5RRRREP RBrAaS HAImBIHRSHIANAIaWsoin SERELRRATINIRES 2
RicagareUrRYBiRAmtp iR AL Iger analysis.
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# Calo typical energy spectrum of BTF beam at low multiplicity was
acquired with charge ADC.
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Detector setup
# Four detectors were installed for the measurements. \’7

measurements, consist of scintillators (BC-408: 2, 1 cm)
and read out on both ends by PMTs (Hama- H8409-70).

# 11 & T2 are the reference counters for the TOF /’ \
i D
! 4)

# The Cherenkov counter C1 is placed between T2 and

the Calo.
T1 T2
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cuum/light tight box

# Data taking was triggered by a coincidence between T1, T2
and extraction signal provided by the accelerator.
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Readout electronics a(

# [he readout electronics was set up to measure# g (B
thagefissding das TOHHowdeading eflefence
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analysis.

Beam test and results

# Figure shows Cherenkov counter recorded charge spe tre
MPPC side, while black and blue lines represent
distributions measured while beam-on and beam-off co

100

beam-on
beam-off
with cuts

150 200 250 300 350
Charge (0.25pC/channel )

+ All the QDC and TDC signals were recorded to PC
via CAMAC PCI bus interface and stored for offline (g |
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Beam test and results
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Summary

# Cherenkov counter was able to detect 8 photons iIn
comparison with ~20 photons expected.

# The achieved time resolution is 350 100 ps in comparison
with 280 ps measured in the lab.

# The detected photons are lower than the expected, however
the achieved time resolution is in an agreement with | i

the expectation at the given number of photons.

# AMP_0611 has 2-3 ns risetime depending on the @
iInput pulse height, instead of what is claimed (700 p

# Signal rise time turned out to be slow.

# Risetime measurement of raw SiPM output on the way.
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Conclusion

# We are evaluating SiPM in terms of timing measurement.

# According to our measurement time resolution is not great,
though there’s inconsistency with Hamamatsu catalog.

# Simple Cherenkov counter with SiPM was constructed and
tested using e*~ beam. The aim was to make a proof of
principle and to obtain a first measure of the timing resolution of

this device with a TOF measurement in a real accelerator
environment.

# Sub-nanosecond (~350 ps ) time resolution has
been achieved.

¢ Current limitation seems to come from the
detector performance itself, though there is a room

for improvement (preamp, more carefully designed
radiator and light guide).
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OAW Cherenkov Radiation. The angle 6c of Cherenkov radiation, relative

ssssssssss to the particle’s direction, for a particle with velocity B¢ in a medium
with index of refraction nis

cosfe = (1/nf3)
or tanf, = \/_;32-?12 —1
~ /2(1—1/nB3) for small f,., e.g. in gases.

The number of photons produced per unit path length of a
particle with charge ze and per unit energy interval of the
photons is

’°N  az? 5, a®? [ L)
dEdz ~ he ¢ remecd ' BZn2(E))
~ 370sin? 6.(E) eV lem™! (z=1),




Calculate the number of emitted Cherenkov radiation if electrons with energy
489 MeV bathing throw 1 cm quartz glass of refractive index (n = 1.46).

According to the relativistic dynamics,

2
n _c

E = .
(1- %)

489 (1-p9HY*—0.511, p—0.9

Cos€ =076 , 6 =40

Sin*0=(1-Cos20)/2= (1-(2Cos*H—1))/ 2= (1-(2(0.68)" -1))/2=0.42
N = 205 photons.




TOF

* Ti = (TiLeft + TiRight)/2 average mean time for each detectors.

+ TOF (Te, T1) = T7, =T

 The intrinsic timing resolution of each counter is obtained by
solving three linear equations of the TOF resolutions among
three counters, the Tc, the T1 and the T2

GZTOF (Tc, T1) = GZTC ~+ GZTT-I )

62 TOF(Tc, T2) = 62 TC + 62 TT2

_

GTC —_
o I14=
G I'7o-



Beam test and results

# All the QDC and TDC signals were recorded to PC
via CAMAC PCl bus interface and stored for offline Cg
analysis. '

# Figure shows Cherenkov counter recorded charge spe
MPPC side, while black and blue lines represent
distributions measured while beam-on and beam-off co

able to detect an average number of 8 photons. —
"?Eu N beam-on "?:‘u _ beam-on
é : H beam-off é i i beam-off
107F 107E
1[1‘25- 10‘25-

[ 3
m.}ﬁp

10°F

'-'I W N i Lh NI |y 0 i | | "
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Charge (0.25pC/channel) Charge (0.25pC/channel)




Austrian Academy
of Sciences




énaoge signal out.

herenkov Counter ({ H}' |

suum valve



Detector setup (BTF-hall)
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