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ASHIPH method for particle identification
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ASHIPH systems at the BINP (Novosibirsk):

KEDR detector at VEPP-4M

* 160 counters (2 layers)
* N=1.05 (1000 I.)

* MCP PMT QPC=18 mm
* 0.97x4m

SND detector a

1-PMT, 2 -aerogel, 3 - WLS

Probability

ASHIPH (Aerogel, SHifter, PHotomultiplier) method of light collection was
suggested in 1992 (A. Onuchin et al. NIM A315, 1992, 517-520)

PMMA based light guide doped with BBQ dye is used as WLS

t VEPP-2000
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9 counters (1 layer)
n=1.13 (/K -separation)
n=1.05 (e/m -separation)
MCP PMT @ PC=18 mm
0.6x4m




BASHIPH geometry description

e Inner tracker (ITK, two options) BASHIPH system
o MPGD: cylindrical MPGD
o Silicon: CMOS MAPS

J Central tracker (MDC)
o Main drift chamber

291cm > TE|

° PID
185 cm o Barrel:
] RICH with Csl-
149 cm MPGD
[] DIRC-like TOF
105 cm [] ASHIPH

85 cm o Endcaps:
n DIRC-like TOF
(DTOF)
n RICH with Csl-

MPGD

. EMC
o pure Csl + APD
. Muon detector (MUD)
o RPC + scintillator strips
[ )
Solid Angle Coverage : 94%e4x (6~20°) Magnet Super-conducting
solenoid, 1T

Total number of counters: 250 ( ~ 1740 L of aerogel)

2 layers (125 counters on layer): are shifted relative to each other by half a period
Thickness the system: 12.5 cm (0.11X,, aluminium walls)

5 segments: 1 segments content of 25 counters

Length of the system: 280 cm (counter length: 56 cm)



The ASHIPH - SIPM test
prototype



ASHIPH-SIPM: the test prototype

e Rectangular shape 50%x22x6.4 cm

e Two types of aerogels with n=1.03 and n=1.05 for
different halfs of the volume

e Aerogel blocks 100%x100x60 mm with teflon
wrapping

e 3 WLS plates based on Plex. with BBQ dope,
crossection size is 17x3 mm

e 3 arrays of 5 SiPMs each were made from MPPC
S13365-3050NE-16 (Hamamatsu)




Electron beam at VEPP-4M (BINP, Novosibirsk)
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Test beam (e+e-): results

2 SiPMs
p3 p2 p1 p1 p2 p3
9.3+0.2 11.1£0.2 13.4+0.2 9.0£0.2 7.3£0.2 6.7+0.2
P9 p8 p7 p7 p8 p9
9.5+0.2 11.2+0.2 12.7+0.2 8.3+0.2 6.7+0.2 6.3£0.2
n=1.05 n=1.03
p15 p14 p13 p13 p14 p15
9.3+0.2 9.4+0.2 12.6+0.2 7.5+£0.2 6.7+0.2 6.1£0.2
1 SiPM

Beam energy: 580 MeV
Average number of photoelectrons per
counter:

o Aerogel (n=1.03): 7.2 ph.e.

o Aerogel (n=1.05): 10.9 ph.e.

Inhomogeneity of light collection from average
value is:

o Aerogel (n=1.03): £20%

o Aerogel (n=1.05): +18%
Inhomogeneity of light collection along(z-axis)
the counter:

o Aerogel (n=1.03): £7%

o Aerogel (n=1.05): £5%
On the electron test-beam we can’t observe
the subthreshold efficiency or the beam
background !



BASHIPH simulation with
OSCAR framework:

Subthreshold effects
Beam background
Intrinsic SIPM noise
Physical background



Simulated physical processes

® Aerogel optics
o Refractive index
o  Absorption length
O  Scattering length

e \WLS optics
o Refractive index of the Plex.
o Absorption length of the Plex.
o Emission of the BBQ

® Teflon reflection
o Reflectivity

® SiPm simulation
©  Photon detection




BASHIPH: simulation results
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Need to simulate the SiPM noises!
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BASHIPH digitization



Digitization: PMT type

SiPM Array(1x15) -

GROUP1

The following NDL SiPM
Temperature ouUT
2 OO C d sensor
parameters ( ) are used to
R . .. . High ]
. Voltage 5
simulate digitization: e -
o
. Low
L1
&8 Voltage
Type EQR20 11-3030D-S EQR20 11-6060D-S 8|
-3 1
. L)
Effective Pitch 20 pm
Element Number 1X1 Room Temperature LOW Temperature
@ =253 10 ~-3°C
Active Area 3.00X3.00 mm’ 6.24X6.24 mm* Meanl = 21629 065 i Meant =35764 £ 004
100~ ol = 3481 004 0.12 ol = 3176 + 003
Micro-cell Number 2500 /mm* Mean2 = 40233 £0.36 fson) IV AN,
& s 015847 £ 041 E orF 02 - 4833 £0.36
Typical Breakdown Voltage (V) 275V = ek M coa Y Z 008 Mo =TI 218
@ o3 =885 + 109 2 o3 =9LI1 £ 114
g £ 006
Temperature Coefficient for Vg 24 mV/°C = A0+ a
4] 0.04
Recommended Operation Voltage Ve+35V s -./‘\ 0.02 [
0 L I M L 1w 0 J "J\/\-——\ e10°
Peak PDE @ 420nm 46 % 0 02 04 06 08 1 12 0 02 04 06 08 1 12
ADC_CHANNALE ADC_CHANNALE
Gain 8.2x10°
Dark Count Rate (DCR) 150 kHz / mm? SPA(Single photon amplitude) = 178.1 SPA(Single photon amplitude) = 226.5 12

SNR(Signal to Noise Ratio) = SPA/a1=5.2 SNR(Signal to Noise Ratio) = 7.1



Digitization: 1 ph.e. signal waveform

= 14—
E — . Entries 1024
o, — To obtain the parameters Mean 4.294
E — of the single-electron S;-:} D:fv /120-7
- . . . x2/n 1602 /1018
10~ §|gr1al, a real SiPM signal Brob 8 696629
6 L is fitted: , Amplitude 7.692 +0.557
Mean -68.09 +0.47
5 SigmalLeft 1.355 +0.249
— SigmaRight 10.38 +0.54
I j
al- J M
- M ;
— i
ol 1 iy M1 L I \4 [
- 2 A
_2 _—
:I 1 1 | | | 1 | 1 | | 1 | 1 |
—200 100 200

time,ns
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Digitization: summation of waveforms

Sum of 1pe
@ = Waveform sum.
E — an
5 100 — A \ Component times
E o
80 — e 1 ph.e. waveforms are summed into
B one waveform.
- + Signal
60 — + Background
B 1+ Noise = 150KHz/mm? (20°C)
40—
20 | —
B
| | | | | | | | | 1 | 1 1 | 1 | | | 1 | 1 | | | | | | | 1 | | | | | | | | 1 | | |
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Digitization: getting 10 points

Sum of 1pe
© = Waveform sum.
© L
% 1001 @ 10 saved points
<
B e Finding the front
80 — o  Time at (maximum+minimum)/2
B e Saving 10 points
— o Time of the first point =T, - 5ns.
00— o 10 points with 5 ns interval provide
— a good description of the front
40 —
- Front
20— searching | Based on WL
- gates shifting 1= 17ns
L1 | - | | - L1 | 1L 1 1 1 1 1 L1 | | - L1 | 1 1L 1 1 | 1 1 L1 | 1L 1 1 1 | 1 1L 1 1
%% 0 10 20 30 40 50 60 70 80 90

Time,ns
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BASHIPH reconstruction



Y, mm

Reconstruction: track extrapolation

400 ; : « WLS hit points ® The Cherenkov thr. in WLS lower then

Extrapolated tracks . .
that in aerogel. Counters data with

WLS crossing must be excluded.

® Based on the drift chamber data
(momentum, last track coordinate,
trajectory curvature radius), the track is
extrapolated to the BASHIPH region.

® The extrapolated track points are
checked for crossing of BASHIPH

il i i A geometry elements (for example, the
00 ? 840 860 aay 900 920 940/950 980 1000 WLS).

150

100

50

-50

I|IZIII|IIII|IIIIIIIII|IIII|IIII

-100

-150

X, mm

17



Reconstruction: amplitude reconstruction

Sum of 1pe

— Waveform sum.

. _
e - .
%_ 100 — | . 10 saved points
£ B | Area of the integral
80 — The zero point is taken as a
- pedestal, the remaining points are
60 — ~ integrated.
40 —
20 —
0 _I 1 1 Q | I1 1 I2 | 3 1 I4I | 5 1 6I | 7I 1 8 1 | IS - | | L1 1 1 | 1 L1 1 | L1l 1
=10 0 10 20 30 40 50 60 70 80 90

Time,ns



Reconstruction: amplitude spectrum
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* " Tphe.

® Per each track, the amplitudes from the two layers of the system are summed to better geometric homogenity.
® Here are presented variants of the amplitude spectra of pions and kaons for different cases of noise frequencies.
® Knowing the amplitude distribution, the threshold amplitude can be chosen.
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Mis.

Reconstruction: quality of 11/K separation with const.
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e The constant threshold is not an optimal solution
for all momentum ranges

No = 2(erf71(1 -2 x (1 - MisID.g)) +erf1(1 -2 x (1 - MisID.,))) 20



Reconstruction: quality of /K separation with

dynam. thr.
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A 7 mean amp.
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® (alibrated (on the pions and kaons data)
dynamic threshold help to select optimal
values for each point of the momentum range.
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Also is possible to obtain separation of
about =30 in the momentum range of 2-2.3
GeVl/c.
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Reconstruction: dependence on 6

W. noise
150 KHz/mm

w
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® The dependence of the degree of separation on the angle to the beam axis
was also studied (at 1.5 GeV/c).



Reconstruction: likelihood

= 160

140

120

100

80

60

40

20

\\llll\JIlllllll\lllll\l\ll

Ai

exp. event

n amp. (1500 - 1600 MeV/c)
K amp. (1500 - 1600 MeV/c)

. Calibration amp
specters for K
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(] Spectra are
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saved in the
calibration file.

(] This file is used

for processing

experimental
data.
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Summary

e ASHIPH-SiPm prototype with n=1.03 aerogel is tested on the electron test-beam

O

=7.2 ph.e. obtained from one counter (layer) on 0.58 GeV

e BASHIPH simulation, digitization and reconstruction integrated into the OSCAR
framework

O

O

O

Subthreshold effects, SiPM intrinsic noises, beam background are simulated
=14.4 ph.e. obtained on 1.5 GeV/c from two layers

Dynamic threshold function allows to obtain 1/K separation of 3-5¢ in the range of
0.7-2.3 GeVl/c.

3-50 separation in the © range of 90-1350 (at 1.5 GeV/c).
Simple parameters for separation are obtained.
Ready to test with physical background.
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Backup
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BASHIPH: counters geometry

- 1R

Counter

Electronic box

e Counters simulation is integrated in the detector volume by
framework based on OSCAR
e Counter:
Each counter - cylindrical sector
Tefon covered from inside
Aerogel n=1.03 inside
WLS assembly at the middle of counter - BBQ doped
SiPMs + PCB(5x5.4 cm)+ plexiglass (PMMA)
Peltier(5x5 cm) ' SiPM optically coupled to WLS
03 S0SONE 16) o  Electronic box with SiPMs, PCB and Peltier module

-\

o O O O

(@]
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Reconstruction: dynamic threshold formulae

Thr = Ampy- + (AmpK— — Ampw—) x C

OK-
C =
N X 0,

® The dynamic threshold is defined using the mean values of the kaon and pion amplitude distributions, as well as their
standard deviations.

® At C = 0.5, the threshold is set between the mean pion and kaon amplitudes.
® Using the N parameter, the threshold can be tuned manually.
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Reconstruction: to use

2500

BASHIPHBaseRec.k_pi
for kaons with
mom=1500MeV/c
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