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ASHIPH method for particle identification

PMT Aerogel WLS
; \ ‘ ASHIPH (Aerogel, SHifter, PHotomultiplier) method of light collection was
L / suggested in 1992 (A. Onuchin et al. NIM A315, 1992, 517-520)
PMMA based light guide doped with BBQ dye is used as WLS
ASHIPH systems at the BINP (Novosibirsk):
KEDR detector at VEPP-4M SND detector at VEPP-2000
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* 160 counters (2 layers)
* N=1.05 (1000 1.)

* MCP PMT @PC=18 mm
* 0.97x4n

1-PMT, 2 - aerogel, 3 - WLS

9 counters (1 layer)
n=1.13 (/K -separation)
n=1.05 (e/m -separation)
MCP PMT QPC=18 mm
0.6x4rm




The PMT choice ﬁ )
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PDE=QE*CE = 23%*0.6 = 14%(500nm) PDE = 40%(500nm)

Move to SiPMs must increase detected
number of photoelectrons in 2.5 times!



nna BAlN-6
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BASHIPH geometry description

BASHIPH system

291cm > R

185cm

>
149 cm . _

105 cm

PID (BASHIPH) ]
85cm >

MDC

333

Solid Angle Coverage : 94%e4n (6~20°)

Total number of counters: 250 ( ~ 1740 L of aerogel with n=1.03)

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

5 segments: 1 segments content of 25 counters

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



BASHIPH simulation with
OSCAR framework:

Subthreshold effects
Beam background
Intrinsic SiPm noise
Physical background



Simulated physical processes

e 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

e Teflon reflection
o Reflectivity

e SiPm simulation
o  Photon detection




BASHIPH: simulation results
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Signal output from two layers ~ 14.4 ph.e.
Need to simulate digitization!



BASHIPH digitization



Digitization: 1 ph.e. signal waveform

NDL SiPM array:
15 PMT
3x3 mm

@)
@)
@)

150KHz/mm?2

at 20°C

Amp,my

14

— To obtain the parameters
2 of the single-electron

10}— signal, a real SiPm signal
is fitted:
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-200
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Entries 1024
Mean 4.294
Std Dev 120.7
x2 / ndf 1602 /1018
Prob 8.696e-29
Amplitude 7.692 +0.557
Mean -68.09 +0.47
Sigmaleft 1.355 +0.249
SigmaRight 10.38 +0.54
HJH

W ” i

1 1 l 1 1 1 1 [ 1 1 l
100 150 200 time,ns
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Digitization: summation of waveforms

Sum of 1pe
o = Waveform sum.
S — i
£ 100— 1 c _
2 B omponent times
< K
80 - e 1 ph.e. waveforms are summed into
B one waveform.
B +  Signal
60 — + Background
B + Noise = 150KHz/mm? (20°C)
40 —
20 —
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Time,ns



Digitization: getting 10 points

Sum of 1pe
® = Waveform sum.
2 00| — :
§ B e Find maximum, ped @ 10 saved points
B e Find frontline
80 — o  Time at (maximum-+minimum)/2
B e Save 10 points
E o Time of the first point =T, __ - 5ns.
ol e o 10 points with 5 ns interval provide
- a good description of the fornt
40—
B Front
20 — searching | Basedon WL
oy gates shifting 1= 17ns
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Time,ns
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BASHIPH reconstruction



Reconstruction: amplitude reconstruction

Sum of 1pe
— — Waveform sum.

()
-g B . 10 saved points
5 100 —
£ B - Area of the integral
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Reconstruction: amplitude spectrum

z 160 - n amp. (1500 - 1600 MeV/c) =z 160 : n amp. (1500 - 1600 MeV/c)
uo|- @=900 K" amp. (1500 - 1600 MeV/c) ol G):goo K" amp. (1500 - 1600 MeV/c)
1205_ ' Only beam BG 120;_ Beam BG +
100:— 100 [ 150 KHz/mm
80 :— 80 f—

60 f_ 60 f—
40 40 f—
20 20 '
9 e T T % % T
AN AN

ph.e.

e  Per each track, the amplitudes from the two layers of the system are summed. This allows for better geometric homogeneity
to be achieved.
e 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. thr.
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e Aconstant threshold is not an optimal solution for
all momentum ranges
e  Operating the system at room temperature will

1 1
No =2 (erf(l "2 x (1—Mis.Idg))  erf(1—2x (L Mis. Id., ))) reduce separation quality by =0.50. 16

e The separation can be estimated in terms of
standard deviations:




Reconstruction: quality of T1/K separation with dynam. thr.

Z"J - m  Dynam. thr.
L . A, =35ph.e.
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e  The introduction of a dynamic threshold helped to e Also is possible to obtain separation of about
select optimal values for each point of the momentum ~30 in the momentum range of 2-2.3 GeV/c

range.
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Reconstruction: likelihood
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. Spectra are
collected and
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° This file is used

for processing
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ViccnegoBaHe goNoOporoBou
(P PEKTUBHOCTU CHETHUKA
ALLN®-SIPM Ha agpOoHHbIX

nyykax



[MpotoTn ALLUN® SiIPM(NDL) n=1.03/1.05

/" 245,20 mm

/" 632,00 mm

[MpoToTun cooepX T 2 Buaa asporens:
o n=1.03
o n=1.05
[Nepenanyyarens:
o [nekcurnac + BBQ
PIY:
o NDL SiPM
[MokpbITHe Kopnyca:
o  TedroH 20



TecT npoTtoTuna Ha BbiBeAEHHOM Ny4Ke agpoHos B LIEPH

T=18°C

TpurrepHole ®JY ¢
MKT1

Mpototnn ALLIN®
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Events

20000 h_amp?
Entries 187271
18000 Mean 003379
o Std Dev__0.06371
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3000
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Entries 187271
Mean 0.07664
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0.4 05 06 0.7
Amplitude, rel. units
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’ Mean -13.21
StdDev  0.2007

4000 F
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Events

| MCP 3 amplitude |“mpa

Entries 187271
Mean 0.08958

StdDev  0.1335
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01 02 0.3 04 0.5 06 0.7
Amplitude, rel. units

CobbITna otobpaHbl No
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ey
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nponeta Mexay TpUrrepHbIMn
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CpaBHeHune mogenuposanua (1 crion, n=1.03) u
9KCrepuMeHTa (npegBapuTernbHbIE Pe3yrbTaThl)

2000
180H
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120 B
100{H+
80 [H
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40
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140
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hintegralCalculated sim K | | hintegralCalculated
P =2I3B/c Entries 17766 || Entries 5187

K Mean 3.129 ||Mean  3.119
P, = A3B/C |stpev 3.027||StdDev 223

K.. P

sim exp

Wymbl SiPM B akcnepumMeHTe
OLIEHEHbI, 3aNOXeHbl B
MOZEenupoBaHMe 1 COCTaBMAT
=420 KI'u/mm?

hintegralCalculated sim_pi

hintegralCalculated

Entries 17570
Mean 10.22
Std Dev  4.682

Entries 3889
Mean 9.937
Std Dev  6.095

|_‘Y—III|IIII|IIII|IIII|

20
N, ph.e.

o

1T _.
sim

1T
exp

Pt =2l3B/c

25 30

35 40 45
N, ph.e.




[onoporosasi adopekTnBHoCcTb (N=1.03)
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4 2 2 P 0

LUymbl SiPM
LUymbl SiPM + gonoporosas

t agopekTnBHOCTL P

CnekTp wymos SiPM noctpoeH
nyTeMm aHanusa
BHECUrHanbHoM obnacTu

’W#i
®
y fffpjhii | FESPORTE TS

2 4 12 14 16

N, ph.e.
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3aknodyeHue

e Cucrema ASHIPH-SIPM ana netektopa BJIl1-6 HaxoauTtcs B pa3paboTtke
o [lpepnaraemsbie BapnaHTbl asporensa: 1.03, 1.05
o [lpoBoantca mogenupoBaHue B cpege AURORA
e [Ina ASHIPH-SIPM STCF npoBegeHbl MogenMpoBaHue, ourntnsaumsa u peKoHCTpyKums (c
asporenem 1.03 1 yposHeMm cobcTBeHHbIX WyMos 150 KIu/mm?) B cpene OSCAR aHanornyHon
AURORA:

o [duHamun4yeckui nopor rnossosnset nonyuntb /K pasgeneHmne okosno 3-50 B guanasoHe
nmnynscos 0.7-2.3 '3B/c.

o [lpogeMoHCTpupoBaHa BO3MOXHOCTb pacLUMpPeHUst MMMySibCHOro ananasoHa Ha 0.3 MaB/c.

e Ha BbiBegeHHOM ny4ke agpoHoB B LIEPH 6bin ucneitan npototnn ASHIPH-SIPM ¢ gByms Bugamm
asporens (1.03, 1.05)

o [lpeoBapuTenbHOE cpaBHEHUE C MOAENMPOBAHMEM NOKa3bIBAET XOpOoLUEeEe COOTBETCTBUE:
cpenHee uncno d.3. ot T coctaBuno =10, ot K/P =3 (P = 2[3B/c, wymbl =420 KIu/Mm?)

o [lo pesyneratam TeCTa NPOBOAUTCA OLeHKA KOMIMOHEHT LOMNOPOroBon apdpekTMBHOCTN.
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Backup
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BASHIPH: counters geometry

I

Electronic box

Counter

e  Counters simulation is integrated in the detector volume by
framework based on OSCAR
e Counter:

..\ ;

o O O

SiPMs + PCB(5x5.4 cm)+
Peltier(5x5 cm)

@)

SiPMs (HAMAMATSU
S13363-3050NE-16)

Each counter - cylindrical sector

Tefon covered from inside

Aerogel n=1.03 inside

WLS assembly at the middle of counter - BBQ doped
plexiglass (PMMA)

SiPM optically coupled to WLS

Electronic box with SiPMs, PCB and Peltier module
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Reconstruction: dynamic threshold formulae

Thr = Ampg- + | Ampg- — Amp,- | X C

OK-

C= N X 0.

e The dynamic threshold is defined using the mean values of the kaon and pion amplitude distributions, as well

as their standard deviations.
e At C =0.5, the threshold is set between the mean pion and kaon amplitudes.

e Using the N parameter, the threshold can be tuned manually.
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Reconstruction: to use

**E°  BASHIPHBaseRec.k_pi
20— for kaons with
w— mom=1500MeV/c
1000;
SOOf—
003' - '01.1[ - '0?2‘ - ‘0?31 = 10?4' = 'o?s' = '0}6' = 'o{f = lo?e‘ ro?gj
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mm

Reconstruction: track extrapolation

200
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«  WLS hit points
Extrapolated tracks

i I R R

M l
82 840 860 880 900 920 940 960 980 1000
X, mm

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 geometry elements
(for example, the shifter).
By excluding WLS, the amplitude
distribution of signals from the
aerogel can be obtained.
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Reconstruction: dependence on 6

W. noise
150 KHz/mm

w
llllllllllllll'1II1|IIIIIIIII

1 1 I 1 1 1 1 I L 1 1 1 | 1 1 1 L I 1
100 110 120 130
0, deg

o

0
o

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



STCF final state particles

10* 3

]0%_

STCF CDR

pine‘e — pplhy @ 6.0 GeV
pinJy—AX @ 3.097 GeV
K in KK+X @ 7.0 GeV

wint —Knv @ 4.26 GeV
xin Jy—AA @ 3.097 GeV
uin T—yu @ 4.26 GeV
uint— 3u @ 4.26 GeV

uin D— quv @ 3.77 GeV
e/uin e'e —any (3686) @ 4.66 GeV

'\
Nany
rt"'Lf.—'
“’u\,bu
%‘}U,h“
L e e e e A e e e B B e e
1.5 20 25 3.0 35

P [GeV/e]
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