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AParticle identification, especially K/p
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Belle Il and Particle Identification ==

KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC

(end-caps , inner 2 barrel layers) M uon I D

—

Electron ID

EM Calorimeter
Csl(Tl), waveform sampling electronics

\

N

S

Particle Identification
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

——

electrons (7 GeV) e

Vertex Detector

2 layers Si Pixels (DEPFET) +
4 layers Si double sided strip DSSD

positrons (4 GeV)
Central Drift Chamber

Smaller cell size, long lever arm

dE/dx

‘Belle Il TDR, arXiy

110110852
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ACherenkov Light is produced when a charged track that passes inside a
material is faster than the speed of light inside the material.
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(n: refractive index, b=v/c : velocity) - Cherenkov light
Condition P Ny
b > 1/n S TN
Angle 1 or toe ] ¢ .
COSg, = — charged:particle ' FeAt
bn o Rt
Number of photons 7
°N  «az® |, 9 o2 2? . 1
= —— sIn = —
dEdr  he C remec? 32n2(FE)

~ 370 sin? 0.(E) eV tem ™! (z=1),

The number of photons is larger when the Cherenkov angle is larger
(i.e. the charged particle is faster; the refractive index n is larger).
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i Cherenkov Light &=
How to utilize Cherenkov light for PID ? p=mbg
==) Obtain the information of b (velocity of the charged particle), g=(11 b?)' 12

independently from the momentum (measured by CDC etc.)

ACherenkov light is emitted when b > 1/n .
V By measuring Cherenkov light, one can tell whether the mass is
smaller than a certain threshold (for a certain momentum).
V Threshold-type Cherenkov Counter.
U Aerogel Cherenkov Counter (ACC) @ Belle

AThe Cherenkov angle depends on b (and n). _
V Measure the Cherenkov angle. CO7. = R
V Ring Imaging CHerenkov counter (RICH).
U DIRC @ BaBar
iU TOP, ARICH @ Belle Il
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Aerogel Cherenkov Counter at Belle

n=1.028 Barrel ACC n=1.013 TOF/TSC
— Emrod GDlmnd.
— .~ n=1.020 n=1.015 ! n=1.01D
S X H'.. 240mod. 240mod. 360m0d
: mme ma e ssddiiisssssm Endcap ACC
Aerogel Radiator o 1._,,.** @”_ r‘ , : J@j@@ {) el 21l
A1 ]

+ Finemesh PMT AN N W ﬁﬁf VOO
u FM PMT -"A"\':":-" 228m0d-
25" FM-PMT

Finemesh PMT A'“m'”“r%gﬁm?dﬂfr 2" FM-PMT gl >
" -1 @
ﬁ ) / Aerogel "_2‘ . = r” BELLE

J ( %/F

Fnemest YT AThe refractive index n of aerogels are varied to
| cover the momentum region in interest (see
next page)
V higher momentum in more forward
- lower n (in barrel)

|
120 mm 1

(
\

120 mm

S. Nishida (KEK) RICH Detector Principles and Belle Il Physics Week
Dec. 2, 2021 the Belle Il TOP, ARICH 7



D

Aerogel Cherenkov Counter )5
AK/p separation is possible only for Momentum threshold
V 0.98 < p<3.5GeV when n=1.01 g. T
V 0.80 <p<2.8GeV when n=1.015 43 \ 35 eV P -
AOther momentum region needs to be covered %\ it \V .
by other detectors (dE/dx, TOF). 3z 3;1\ 2.8:06!
ATargeting lower momentum region (0.6 < p <2 § \ N
GeV) in endcap ACC, because of no TOF. 2 -§ | \
ASimple and robust detector (it could work at o T
Belle Il environment) 1 opeogers. 0.98 GeV
s 0.80°GEV. T
Kaons I 0] - ‘1‘00\‘5 - J‘ ‘ ] 3 I ‘].03‘ I II.O_?:IS | ‘] 1" I ;"055
3000 / (selected by ToF and dE/dx) — perfOrmance Index(n)
wl J%  shasmeere] AKNOCk-on electrons 1.01 1.015 1.03 n
o ;_-:::g + ¢ cause m_is-ID (source B
: . wecao | Of limitation of the 150
N ! performance) oo ¢ barrel
b . %0 ACC endcapl,
C0 S 10 15 20 23 0 i 3 35 4 45 5
Pulse Height (p.e.) Pion Momenturn GeV/c
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Another PID device at Belle: Time of Flight (TOF) counter

o Barrel ACC netas p*:0.1396 GeV, K* : 0.4937 GeV

— "-.__\_5°m°f_l" n=1.020 n=1.015 | n=1.010 b = P [ E
:\\ | 240mod. 240mod. 369_m0d. - E = Sqrt( p2 + m2 )
\\nlm § S Endc.
18564 *?‘- ‘ _%fgﬁﬁﬁaf « nap: AFOr 1 GeVp, E =1.010 GeV, b =0.99
A 15m . wrmewr oy 28me AFor1 GeV K, E =1.115 GeV, b = 0.90
25" FM-PMT . :
2" FM-PMT - _ _

S N Time of flight from IP to the detector?

v t=L/bc~3/b[ns]

S~ If we can measure the arrival time
with a precision of well below 0.3 ns,
we can separate p and K @ 1GeV.

EEEEEEREE

ACovers up to 1.5 GeV.
ATOF time resolution ~ 80 ps

1
Maes(Gev)
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Ring Imaging Cherenkov Counter
(RICH)

|
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Ring Imaging CHerenkov counter (RICH) : measure the Cherenkov angle

Proximity(-focusing) type Focusing type
[J.Seguinot and
T.Ypsilantis, Particle |
= > NIM 142, 377]

Radiator Photodetector

ASimple-minded RICH may be proximity type, but
(historically) focusing type is the standard.
AProposed by J.Seguinot and T.Ypsilantis in 1977.

Particle 2
Cherenkov

AEnough path length over radiator Detector  mediam’
. radius R/2
A|-_ focus byhrglrrlcjr. " - o Photo- -
onger pat €SS position resolution needed.  yaiactor radius R
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Radiator Refractive Index

ARefractive index and transparency.
AThe choice is up to the momentum of the Gas 1.0001~1.001 @ 1atm

particles to be identified. Aerogel 1.01~1.1
V high momentum - gas Water 1.33
ABut, the choice affects the configuration Quartz 1.46
of the RICH detector.
b>1/n

V Gas - Long path length in radiator.
Photodetector COg. = —

ADetection of the single photon. bn
APosition measurements.
V Necessary position resolution depends - AMagnetic field.

on the configuration. Multi-channel ARadiation.

device may be required. ARate (necessary
AQuantum efficiency (QE) / photon detectio/ timing resolution).

efficiency (PDE)  ACoverage; cost.
ALimitations from the experiment, environment.
S. Nishida (KEK) RICH Detector Principles and Belle Il Physics Week
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LHCb Detector
(\.l Weight: 5,600 tonnes
~\2 Height: 10 m

Length: 20 m

RICH1

Vertex

Tracker

Turicensis Muon

Dipole | Chambers
Magnet Stations Calorimeter
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<5 Example: LHCb RICH Ysez

Belle IT
RICH 1 2 Detectors RICH 2
3 Radiators
Acceptance 25-300 mrad Acceptance 15-120 mrad
- HPD & . s
S|de VieW // \\\\ Photon p: : /
/“ Detectors P
¥l |‘\€ VACUUM
¥ \\\;\ Pho!oelec{ron ~7 m
\ | 250 red A
Aerogel mo W T Spherical
. Mirror
- x Opfical input
_ - - | Beam plge wwwwww
VELO exit window 3 [ > Track (@‘ (Q ,0/\'9 "E‘> O> ® : —8
(é 'O 9 ‘) @) @) Spherical V|
(® @ \g @/0) ®) & mirrors 17
E/:i?:]oel’ S ; Cl 3 \\g \g /& ;‘_/ %) .i) Flat mirrors |
S ®®®E @ ¢ S| CRigas
Note Scale Difference ;\
| | ! J \;'\'\.;\. /\ ¥
0 100 200 z (cm) A\
\ St v
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Instrumented
Flux Return

1.5 T Solenoid

Drift Chamber

e” (9.0 GeV)

Electromagnetic

Calorimeter
Cherenkov Detector —
(DIRC) Silicon Vertex
Detector
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DIRC (Detection of Internal Reflected Cherenkov light)

PMT + Base

Purified Water
17.25 mm Thickness )
/’{35.00 mm Width) ,/”f Calcher
Bar Box 7 4 \
Track f y /
Trajectory — 7 1
Wedge /{;ﬂf’ \
i N . ”;”/ PMT Surl‘zeu:e—f"/r
. /—errc:r \\ . - A ,.. r
Y NS |
/ | - || \\_ Window / Standoff Box
91 mm— =10mm |
490 m \ 1.17m |
4 %1225 m

Synthetic Fused Silica
Bars glued end-to-end

ATotal reflection inside quartz bars
V Angle information is kept.
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Aerogel RICH
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SIDE VIEW
Backward Barrel litlgiprh
| Belle Il =—(lil"~7> P
KLM ’ ‘ : Super conducting coll :
g | LLRNN TR Ty, - rp > )
%mi SR K/gl@«f{ e 00 | Aerogel RICH
ST inarcererrersree : e (ARICH)
l il
! cpe g& ; /T
PXD(2 | ) S
o /—'m g = 2= =
} | =L B gl \ = Endcap ACC
TR [ [0S
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AEndcap ACC at Belle covered K/p 200
separation at 0.6 <p < 2.0 GeV 150
V Because TOF was not equipped at

the endcap. "

ACCI endlcap
RN R
25 3 3.9 4 4.5 5

Pion Mcmenturn GeV/c

AWider momentum range up to 4 GeV
- RICH Concept of Aerogel RICH

AAvailable space was limited (same size
as endcap ACC)
- Proximity type

AHigher refractive index than Belle ACC
- (still) Aerogel Radiator
V possible to adjust the index.

Radiator Photon detector
Oc(m) — O0c(K) ~ 23 mrad

> Aerogel RICH (ARICH) @4Gev:in=105 (1.3)

S. Nishida (KEK) RICH Detector Principles and Belle Il Physics Week
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o Proximity RICH )&

PID performance is determined by the
Cherenkov angle resolution per track:
gg
O ++ —
track
rac Np.e.

/A

N, : Number of detected photons
Radiator S, - Cherenkov angle resolution per photon

Photodetector (how precise we can measure the angle).

Malin contribution to Sq

APosition resolution of the photon detector

AThickness of the radiator

ATracking resolution of the charged particle (position, angle)

AMultiple scattering of track (low momentum)

AWave length dependence of the refractive index (Chromatic dispersion)

S. Nishida (KEK) RICH Detector Principles and Belle Il Physics Week
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T Proximity RICH =

P4

Normal Proximity RICH oy

Otrack = N,

N, and s, is proportional to d (radiator thickness)

> d- largeY N, - large,s,- bad
d- smallY N, - small,s,- good
<+——>
d Old beam test result
® — 30
ZQ- I g [ E 3 = n=L05 A =45 mm
10 '._ E L E‘ = n=L05A_=30mm
L ~ 25'_ = 2] n=L05A =20 mm
[ S
8 5 P ‘s‘o 1
L 8 F ]
- m 10
°r T st
[ [ 9
‘T 10 f 8
2} / on=1.0856 TL=30.0mm — st °n-10%6 — ; N
an=1.051, TL=18.3mm — on=1047 —
ol 7 P TN RPN B PPN B 65 10 20 30 40 50
0 10 20 30 40 50 60 o 10 20 30 40 50 60 hicks
thickness (mm) thickness (mm) rhictess ]
S. Nishida (KEK) RICH Detector Principles and Belle Il Physics Week
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Dual Radiator RICH i

Solution for the contradiction: dual radiator RICH

Silica Photodetector ~ AUse two layer of aerogels with different
Aerogel refractive index.
V Ring image overlap at the photo-detector.
V Possible only with aerogels: we can adjust
g the index of aerogels.
V More layers can make better performance
(but not so much different).
N1 No (n1<n2)
(old result)
. EEE = 10
:i g . o C  single radiator E
i Npﬂ ™ £ 20 |- B  multiple radiator a E g -
6~ . ‘% - g B ’ Q = h
4 -— o -n_un- 15 = [ % ° - " "
. @ O single radiator = 10 [ “ . : ! E-:lI‘l}.{lE track, single radiator
I W multiple radiatar resolution 2[ resolution ™ multipte radiator
TETE NS BPATETE ETRPAT T T
uﬂ 10 20 30 40 50 3 I1I,:,I I IEL:,I I Ialu,l I .4In. - uu - I1I|;| zlu 30 a0 50

Thickness (mm)

Thickness (mm)

Thickness (mm)

S. Nishida (KEK)
Dec. 2, 2021
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the Belle Il TOP, ARICH

Belle Il Physics Week
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AComposition SiO,. Very light.
Sparse structure

ARefractive index is around
1.01-1.1, and can be adjusted

For Belle Il ARICH
A2cm 2 layers.

€ o0 :
An,=1.045andn,=1.055 ¢
AGood transparency (~40mm) < *° o €D
. . U’ Jor o ¥
A248 tiles in total £ 40 —— i
V' Cut with water jet from g s
18cm 3 18cm tile. % target
£ 20
C
1)
|10
0 L 1 1 1 1 | 1 L 1 1 1 1 1 1 1 1 1 1 L 1 J
1.0400 1.0450 1.0500 1.0550 1.0€

Refractive index

S. Nishida (KEK) RICH Detector Principles and Belle Il Physics Week
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Requirement to the photon-detector:

ASingle photon detection with good QE/PDE. i
A~5mm pixel size.
ALarge coverage.
Almmune to 1.5T magnetic field. — = '
ARadiation tolerance (neutron, gamma). '

Radiator Photon detector
Multi-anode PMT MPPC/SiPM
HAPD MCP-PMT
./! Qo
S 4

OK

used for
initial test some test good timing resolution
S. Nishida (KEK) RICH Detector Principles and Belle Il Physics Week
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Photodetector

(ASingIe photon detection. A
A~5mm pixel size. Large coverage. nam
Almmune to 1.5T magnetic field.
ARadiation tolerance (neutron, gamma). .

\ ( gamma). 014. 9 (]

= HAPD (Hybrid Avalanche Photo-Detector)

Hybrid: Vacuum tube + semi-conductor

i : hoton Pombardment
ghglﬁigthode P gain ~ O(1000) ADeveloped with Hamamatsu Photonics.

A144 channels (36-ch APD chip 4).

Hy \\,viv f AGain 045000.
C gy I le ] APeak QE ~28%
ASize 73mm  73mm.
300V AEffective area 63mmx63mm (65%).
e T D avalanche
bias  {, Pixel APD 20" 510) Total 420 HAPDs

S. Nishida (KEK) RICH Detector Principles and Belle Il Physics Week
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HAPD ;fsolrg-end Boad _—— Front-end Board
I Merger Board A4 ASIC + Xilinx FPGA

\ (Spartan6).

/

trigger
in

FPGA

ATotal 60480 channel
BelezLink AOnly ON/OFF information
V Pulse height not readout.
V Readout the hits for 4 different
timings (i.e. 4 bit per channel)

Number of hits in each bit

1l
i 31164569

i 1 bin =126 ns
AReceive hitdata from 5-6 front-end £ T DQM
boards, and send to DAQ.
S. Nishida (KEK) RICH Detector Principles and Belle Il Physics Week
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Charged particle
—
Radiator Photon detector
Aerogel (2cm 2) HAPD

Aerogel Photo-
Radiator detector

Planar Mirror

S. Nishida (KEK) RICH Detector Principles and Belle Il Physics Week
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MC ARough performance can be obtained Cherenkov Angle distribution

Cherenkov angle (s,) and (Bhabha, 2018)
Number of photons per track (N, )

ADistribution with Bhabha sample m— ------ e -

from the commissioning run (2018). oo 4 i

V Ny =9.5(10.4),s,=16.3 wonf—| n omelen

(14.7) mrad in data (MC) - s

V corresponding to 4.3 s K/p po Sioms_ o015 200t
separation at 4 GeV. i

05 08

i} .

angle [rad)

AR I C H iS -'% : | | é Entries nChetheta 185964

i L-IIJOG,DO __ .................. e o A ME&H USDB?

working well b | I

000 L E? 0_342‘;0420__013‘: ':,

I — - L Iy

performance: - 1 e e

T 0] 1) E— MC .............. ................ Constant a771L 455

data O' t k f— :li:ra':a U_U?;?i:i EUU{)U:;;
| rac | i L [Some 001486 2 0.00006
(cosmic) ]
angle[radj
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Particle Identification (PID) by ARICH is obtained from =3
the comparison of the hit pattern and the expected ‘7:; St i=2 H
PDF for different particle hypothesis. ATTT 7
. _ i=5 \Li=1]
In ﬁh — _Nh + Z[nh,i + In (1 — € ”h"r)] j
hit 7 *Ejﬂ ﬁ i=10
h: particle hypothesis (e, m p, K, p,..) BEm e =9
N,, : expected total number of hits =8
ny,; - expected number of hits (probability) at pixel | Note: ARICH has only

ON/OFF information in

Likelihood ratio L each channel (pixel).

R —
K/n LK T ﬁ;fr

T

R —
Tk [:K + ‘Cn

= 1 _RK/J’T

RICH Detector Principles and Belle Il Physics Week
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0.95F- g [ 2
T | o 80 o
g ' Belle Il proliminary e L 2 o
S YA B _bellell preliminary . | E i % : : ‘ : E E I S S I
30851 ARICHonly = 081 Belle i Preliminary ) g 08 Belle Il Preliminary
= o ; s ; = : = | : ;
T 08k ? - ¥ sproc2. (AF{IC;}H On!y) % [ 4 Bucket25 ({&F{ICHgonIy)
> 3 0.4[ ¥ Bucket 25 S 044 Proct2sB :
0.75 = = - g
L L L ]
o o
v o

Belle IT

Recent Performance [D* study by Vismaya V S (hadron ID group)]

K/ fi ARICH works as a ARICH is a combination of RICH
b Separation threshold-type counter ==—____and threshold type counter

o
(o]
N L

i e Bucket 25
{ — Proc12+B y

:‘ L1 | Ll | L1 | L | L ‘ [ | [ _\ L1 1 | I | l 111l l I - ‘ | I -l l || L1l : L1l - l . — ‘ 3 * ’ ‘ : * - ‘ = ‘ 1 ‘ ‘ l 3 ‘ - ‘ ‘ I
0.60 TR N TS R S 0 i 15 5 55 3 35 4 0.86 0.%8 . 0.9f h0.92| 0A94I 0.96 0.98 1
oD Rate Momentum [GeV/c] osine of the polar Angle [cos6]

Bucket 25: exp 18, run 2646-2986, release-05
Sproc-2: release-06

AWorking well generally.
ATrying to improve the performance (alignment, improving PDFs)

I
n

o
(S

¥ 8 DR SN TR

o
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AARICH is relatively tolerant to the beam background.
V Only small number of background hits are seen;

neutron irradiation

. . test of HAPD
negligible to the performance at this moment.
ADeterioration of HAPDs (increase of the leakage current, - -
larger noise) due to silicon bulk damage by neutrons. = S/N = 12.2
V Tolerant to 10'? neutrons / cm? @ 1MeV equiv., =

assumed for to 10 yearso
V Sensor performance will be gradually degraded,  (Gan40)

with a very modest effect on the PID performance. 052 1012 n / em? :
ASEU (single event upset) in the FPGAs of the front-end. '

HV 8.5kV ‘ .

=it Leakage Current (per APD) - g/f’t\f' -
250nA - jncreasing by 10-30 nA / months - —
| | 63 10°n/cm? =
200 nA till now - ———
y | \ it ol HV 8.5kV
sona = | j w ‘ (should be ok) -
Apr 2019 Jan 2020 Jan 2021  May 2021
S. Nishida (KEK) RICH Detector Principles and Belle Il Physics Week
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Some figures are taken from
presentations by

K. Matsuoka @ RICH2016,
U.Tamponi @ RICH2018,

S. Sandiya @ TIPP2021.
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SIDE VIEW
Barrel— Forward
Belle Il KM .° Barrel PID
l;:er conducting coll ; Il -
; [T 2400 BRRRRRLS LD g:m/ﬂ‘ ; A =l TOP
L ———— /
' Al I - = &
' cpe gn* /(/ ] _
D EE x\:, - Belle equipped
T =[T ACC and TOF

(l.e. larger
space for PID)

More space to
VXD and CDC
at Belle Il
Belle KEM Y e
S. Nishida (KEK) RICH Detector Principles and Belle Il Physics Week
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Measurement principle of TOP (Time of Propagation) Detector

charged particle

cherenkowangle .
crystal / Oc / Different Cherenkov angle

K
phOtonS - Different photon path

/n’ - Different time of

propagation.

backward-going

I_ P

——> z-component of unit velocity

AMeasure the time of propagation of K and p: need ~ 50 ps timing resolution

AMeasure the position of photons, too.

AAlso works as a TOF (Time of Flight) detector for low momentum particles.
V Combination of TOF and RICH with a single device

S. Nishida (KEK) RICH Detector Principles and Belle Il Physics Week
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y

Linear-array type z X i*
i

photon detector

—— e

4 track
ansi g / spherical mirror
expansion prism / 6, I
= S AN W -
E 'Y\\ 7 b i TGP < N P
7
Q- / quartz bar

AVery flat quartz bar

JoJI snoo4

-
. . : =
APhoto-detector with good timing resolution. —
AFocus Mirror [ Side view
V Parallel photons are focused: remove the
uncertainty from the bar thickness. 1— -
V y actually differs with different g, (when Bl
wave length is different). f?
- Correction of chromatic dispersion 6. (4) = cos 1 )
(look at the relation of y and t) € n(A)B
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MCP (Micro Channel Plate) -PMT Photodetector with the

: -
e R4 4 channels best time resolution!

- ANaKSbCs photo cathode; QE>24%
. ATTS (Transit Time Spread)* < 40ps

* = Fluctuation of the signal timing for
single photon input.

Each module is read by 64 ASICs packed into 4 boardstacks

Photon (Cross-section)

Phofocathode](NaKSbCs) 16 IRSX asics
o MCPx2
v____g____“mmdes 4 Xilinx Zynq Z-7030
1 (1 per 4 Asics)
5.;%)mm Micro channel

£
S 1 Xilinx Zynq Z-7045
> (global data flow)

13" 10um 1 HV board AIRSX developed by Hawaii Univ.

A Full waveform output.
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Belle IT
Aging problem of MCP e
AQE drops as a function of accumulated charge. +—“—‘“1F“—“?‘~‘fa [

V The gas and ion from MCP damage the photo-cathode. =" === =
AALD (Atomic Layer Deposition) and life-extended ALD type were developed

during mass production.
AConventional type (40% of installed MCP) will be replaced in 2023 (LS1).

AThe MCP-PMT rate (~accumulate charge) is now limited to 3 MHz so that
MCP-PMTs survive till the replacement

1 geo08 NN N g Life-extended ALD
Stepil +  Step 2 R Ster) 3 F o i N Y “*\\L\fim
U Gas Less o oy = ~—. —E—
cathode i o slot10-16 £
< 07 3 AN
Ceramic Al layer > MCP MCP N 3
b | oC k X N 1 : . E —=—projection \
ALD L“OCN‘]ng on PMT gain i O measuremen t
e - o5 gain is 3ES5. \
GOS / ‘I-h\., [\/\CP SU[fCK:e lan/2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
. . 1.2 MHz/ PMT 3.0 MHz | 5.0 MHz/PMT
Conventional ALD Life-extended
ALD
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PID at TOP

@ 15 T @ 157 T T @ 15 T
c < c
' Belle Il TOP 2018 (Preliminary) ‘c | Belle ll TOP 2018 (Preliminary) ry Belle Il TOP 2018 (Preliminary)
-.E D7 kinematically tagged kaon .E | D* kinematically tagged kaon g D* kinematically tagged kaon
o p =214 GeV/c F p =214 GeV/c F p=214 GeV/lc
6 =110.4" [ 8=1104" #=110.4"
Pion PDF 5% | Kaon PDF o Proton PDF .
10_Iog!_(rr) =-234.11 . m_IogL(K):-199.51 ~ 10l log L(p) =-249.96 .
e e : T o =y
5- 1 5- 1 5¢ 1
0 16 32 18 64 0 16 32 a8 64 0 16 32 48 B4
Pixel column Pixel column Pixel column
E 60, T 1 . T . :
= 50 Belle I TOP 2018 (Preliminary) ~Experiment 3, run 1925, event 962580 1.0 GeVie |
D* kinematically tagged kaon * 20GeVic |
400 Y g9 e 3.0GeVic |
30 Prism side Mirror side ® 4.0GeVic
20 i | | slotID=5 1
10 5 i ' p =214 GeVic
: P | | fp = 110.4°
o- : : : ¢ip = 115.9° 7
10 | | ! x=-14.9cm
— z=-105.2 cm
—20r : : ! Ouip = 69.6° 1
-30 dyp = -88.5°
~150 ~100 ~50 0 50 100 150
z [cm]

2.14 GeV kaon
(prism-facing)

S. Nishida (KEK)
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B PID at TOP e

T 60 . B B0 ; ; . @ 60 ; ;
o = t 1 c
o Belle Il TOP 2018 (Preliminary) ! m Belle Il TOP 2018 (Preliminary) m Belle If TOP 2018 (Preliminary)
£ 55 pr kinematically tagged kaon + £ 55/ p* kinematically tagged kaon 1 Essfpr kinematically tagged kaon ]
£ p =141 GeVic | £ | p=141CGeVic | E p=1.41GeVic
| Toobmanw | T oo o ane i 1.41 GeV kaon
Pion PDF ; - Kaon PDF | Proton PDF . .
45.. 109 L(r) =265 83 . 45 109L(K) =-250.81 I 4sllogLip) =-294.08 ] (m | rror-faCI ng)
40f ' . 40- : . 40f ' .
- | — .
35+ - 1 35 5 1 35¢ - 1
30fw - ° < 80 1 30 !
25| S ——— A 25- - . . 25 el rm——
[ = e - [————lpe . -4 e .
20 16 32 48 e 20 16 32 48 6« 2 16 32 48 64
Pixel column Pixel column Pixel column
T 60 : .
% 50. Belle ll TOP 2018 (Preliminary) Experiment 3, run 2483, event 372364 1.0 GeVie |
D* kinematically tagged kaon ° 20Gevic
40/ ylagg ® 30GeVic |
30 Prism side Mirror side ® 40Gevie
201 | ; ; slot 1D = 1 -
10 5 § i p=1.41GeV/c
i P E — ; Bip = 45.4°
0or i X ! i op = 23.3° 7
10 i i i x=07.1cm
| z=59.0cm
_20- | : : Ogip = 42.5° 1
-30 Qdip = 71.8°
—150 ~100 -y 0 50 100 150
z [cm]
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Belle IT -

TOP needs very accurate timing and calibration, e.g.)

The TOP sampling clock is locked to the accelerator radio-frequency clock (RF clock)

— Any offset between the two will result in a mis-reconstruction of the PDFs

—_— T T | T T T | T | —_
w 290 — .
- . c = | Beile Il TOP 2018 -
Most probable collision time 9 200 (Preliminary) i
— reconstructed back-fitting the © 180 =
. . ™~ 160 =
higher momentum tracks in the event £ - §
140 -
g F .
L 120— -
— If calibrations are correct, it will 100 .
. . 80 — —
match with a tick of the RF clock ool E
40_;.§ .
— Resolution on data: 150 ps 20
0 1
(bunch crossing: 2 ns) - | | |
5, *| | | -

0 1
Bunchfinder offset (ns)
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* Momentum distribution of the Kand mtsample:
%10~

X

oY

o
&

% 35 ’.”.. Belle I 2020 ?53 352_ M Belle 1l 2020 TOP Works We”,
9 a0 - 30 ® %
5 N ... S 25; % bUt the
é N ®% 4 Kaons (Data) 2 ; '. 4 Pions (Data) f .
i 20 . '. 4 Kaons (MC) & 20 % 4 Pions (MC) per ormance IS
15 ] 15 %
oy . N ' not very good yet.
®, F .
5 5
° e
0u|\M\HIJ|||l;|ul.\u\uulnuu.luu\uu\uu U_.J-IIIIIIKILJIJIIIIJIJIIIIII\IIIJIII% The Overall PlD
0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45 5 f .
K momentum (GeV/c) © momentum (GeV/c) per Ormance IS
* Data-MC comparison for K-eff. and m mis-1D rate for R[K/mt] > 0.5 w.r.t. momenta still worse than
LFW s | Belle.
C M AA [A A
2 ‘E 0.8 . m&%w % 0.8h4 KD efﬂclency (data) i ﬁ&% AAAA
r KID fi i v K ID effi
g5 F KB gﬁ:g:ggg; gs;g? o o3 0 '°"°"”‘3e‘u y! prehmma;wm o
& E 0.6 ~Belle Il prelimirary r E 0.6~ f"d‘ -7 ”’1
g ) : [Lat=7121" c & (TOP only)
o B : : : i E 8 T : :
_6 e 04 % e 0.4% & mis-ID rate (data)
w L L 4 mis-ID rate (data) : w 7 m mis-ID rate (MC)
a =] = v imls ID rate (MC) F o i " ‘ : : ' "v'vv'§ Y
< : i : |
0(I:).5lll‘1|”:l.5l‘HZH2.5 -.3-.-\3.5..-\4-\-2‘.5- Gb.5 H1H 1.5 2”2.5 H3HH3.5HH-'-|1HI4‘1.5I
Momentum [GeV/c] Momentum [GeV/c]
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D R&D for Future )=
ARICH i
| | Repair of bad Replace HAPDs
HAPDs (+ replace
aerogels?) §r EEEEEE)
2021 2022 2024 2025 ~2026 2027 2028 2029 2030
e
4 Replacement of Replacement all ADL MCP-PMT
Replacement of no life-extended ALD MCP-PMT
conventional TOP
MCP-PMT TOP readout upgrade _
(basedon E. To r asidesaadlBNVG)

R&D for the photon sensors (SiPM), electronics are going on.

o MPPC(SIPM
i B C(SIPM) LaPPD (Large-area
IBERREE. Picosecond PhotoDetector)
e — for ARICH
S. Nishida (KEK) RICH Detector Principles and Belle Il Physics Week
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Backup
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Aerogel Cherenkov

SC Solenoid Counter
CslI(TI) 3.5GeV e* ® K (e07tol9 20020416-Iib.)
Calorimeter L — A T (e07to]9 20020416-Iib.)

= K (mcel7icl? 20020416-1ib.)

TOF Counter = T {mc el7iol? 20020416-Iib.)

w I w 1
5 [ R
2 sk 2 osh
S S
& osk g ook
L R
S 04 _A-I'( & 04 _}‘LC
T Central r C
~._ Drift Chamber 021 02F
I:}_I 1 11 1 1 11 - I. 1 . I:] _I e e 11 1 1
0 1 2 3 4 0 1 2 3 4
Momentum {Gel’c) Momentum (Gel7c)
Silicon Vertex N Y
Detector KLMuon Detector S oL SOLF
:i- 0.8 » -dﬁ 08 — A ot
[ 1y 5 oos[
2 : kep
E 041 E 0.4 =1
02 02 | 4 [,
[}_II IIIIIIIII|IIII I!]_IIII-IIIIIIIIIIIII
0 1 2 3 4 0 1 2 3 4
Momentum {Gel7c) Momentum {Gel'ic)
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Backward — Forward A Fast scintillator with small attenuation.

s ss  ms s 1008 A Photo-detector with good timing resolution
R — p—— = (~=100ns) and high light collection
i_____le__l__ii——P‘ﬁi'[ —- -_;2— —TOF 40t x 6.0W x -::._D_L I'—P!.J.T "——E'l'n_ﬂ eﬁ;ICIenCy | | |

TSC 0.5t x 12.0W x 263.0L RA1I7.5 V Usable in the magnetic field.
| L
e
n . ToF(B): Time resolution VS?O%B R8025 (May 25.1996)
Hight guide ‘{/“ x\j R=120. 05 _@m R=122.0 2 e e e TD' 'Iﬂyl U. I“' :
R=117.5 —————— R-1175 C ]
100 — 2Gev/c 7~ beam
FENT
T2 V GEEERE) TQ T1
«— e A
~— X: Discri 100mV
b O D;SCI‘]:. = 50mV
D ry R 20 O: Discri = 20mV ]
) Z X L-2Z > 5
b L [ i
ISAFAVIVIFL—4 20 [— -
TO=(T1+T2)/2-L/2V AR TRRR = | | | |
Z=V(T2_T1)/2+L/2 0 I—SOI — 0 — ISDI - IIOOI - I150I
7 (cm)
.
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LHCb RICH

~
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RICHI

RICH2

CF,

-—.‘

Flat Mirror
250m° .

Photodetectors x[

V4

1 2erad

Spherical
Mirror

Xerogel
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<D Example: LHCb RICH
Belle IT . o
04 6, max
Bore e —re 242 mrad
035§ P H erogel
& Ve '
03 8 wf
0.25 ]
= g Por
£ 02 E |
=] d;-_a ;
015 Il
I E:---.'--;E:i-:: ¢
D-I :_ ' 50 |- e 53 mrad
- S R [ G — 32 mrad
0.05 j ,f/ ik CF, ga
[] 1 10 100
\x‘:m 125 150 1>§€m Momentum (GeVi/c)
eV/c)
Silica Aerogel C,Fyo gas CF, gas Expected photon yields i for
n=1.03 n=1.0014 n=1.0005 ; :
16 Gevie Up to ~70 GeVic Beyond ~100 GeVic Isolated saturated particles
| |
Aerogel C,F CF
RICH1.: : pad I
25A 250 mrad vertical 15A 100 mrad vertical, 5.3 24.0 |18.4
25A 300 mrad horizontal 15A 120 mrad horizontal

RICH Detector Principles and
the Belle Il TOP, ARICH
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DIRC (Detection of Internal Reflected Cherenkov light)

Central Support tube -
Support Support 2. ww
Tube Gusset L (SN
e+
S
Bar
Box
Compensating coil
' Assembly flange
Bucking e-
Coil Standoff box
.  Standoff
Tube - Box
S. Nishida (KEK) RICH Detector Principles and Belle Il Physics Week
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L2 ARICH Electronics )75
" ATotal 60000 channels. A 20 2032 o)
V 1-bit ON/OFF information is enough. I&\ space for
AHigh-gain, low-noise. > | electronics
\AOnIy 5 cm available behind HAPD // ] HAPD

B Aerogel

m) ASIC (SA03) | B

SAD3 | | FPGA for
m readout

Preamp Shaper Comparator

ACMOS 0.35 em process @ TSMC and X-FAB.

A36 ch / chip (i.e. 4 ASIC for one HAPD).

AVariable gain (3.1-12.5 V/pC) and shaping time (100-200ns).
ACommon threshold but adjustable offset (16-bit; for each channel).
ADICE (Dual Interlocked CEIl) register to be tolerant to SEU.
AMass production done at X-FAB.
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Belle IT

Another effect from neutrons is SEU in the FPGAS in the front-end.

Xilinx AFrequent SEUs expected at Spartan 6.
Spartant V Boron is used as p-type dopant.
b Xilinx V old estimation: 8 SEUs / h / HAPD in
Virtexs the firmware.
e T AConfiguration consistency corrector (C3) is
. Merger Board Implemented in the merger firmware.

Off-detector

trigger
in

FPGA

, Real-time majority
 seteaunkc voting + partial

Virtex-s E reconfiguration of
’ the firmware.

N\
T

Belle2Link

I (5'6 frOﬂt-end Spartan-6
boards per FEB #5
merger) [R.Giordano et. al. arXiv:2010.16194]
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5 ARICH Gallery )

charged
|Planar mirror __p_art'rt[g]

==

Cherenkov ™§
photons

Aerogel Photon
radiator  detector
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Current status of HAPD operations

A5 HAPDs (1.2%) are off due to a problem
of LV cable to the front-end electronics.
V To be repaired (in long-shutdown)
A3.0% of channels suffer bias (or guard)
problem inside APD.
V Typically sudden increase of
leakage current.
A1.7% of channels suffer HV problem.
V Various reasons.

Total 5.9% dead

LV cable failure The problem of APD is still increasing,

but is getting stabilized.
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