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An asymmetric electron-positron collider
et~ 4GeV e~ 7GeV
~3Jkm circumference

B Belle Il detector
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, @KEK, Tsukuba
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SuperKEKB accelerator
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New positron target
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K. and muon detector:
H = 71m; L = 74m; W = 1400t Resistive Plate Counter (barrel outer layers) KLM

Scintillator + WLSF + MPPC (end-caps, inner 2 barrel
layers R

ECL EM Calorimeter:\\\ e ———
Csl(TI), waveform sampling = 77777
Pure Csl for end-caps e ————

{ ]

.

" Particle Identification: .
Time-of-Propagation counter (barrel) iITOP
electron (7GeV) 7 . Prox. focusing Aerogel RICH (fwd)

Beryllium beam ey " *’f ARICH

pipe /%

e _‘--‘_‘7‘_‘

|

2cm diameter /

PXD | 2 tyers DEPF E?"I'VD e —

_“\\_\

CDC [ central Drift Cha‘m
He(50%):C2H¢(50%), Small cells, lo g

lever arm, fast electronics '

5
d § positron (4GeV)
adout (TRG, DAQ):

OkHz L | trigger ~100% efficient for

over 30GB/sec to record
. Offline computing:
Distributed over the world via GRID / 7
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> SR
EfRE: PXD
ERE: SVD
> AR -
B KLM
T#: ECL

> DHE R R IR 2§

N R iTOP
IR % ARICH
SEHFEM=E:

% 221FLtk: CDC
EE/RIC: KM

Belle Il ZFRNIZEHIIE

> JCERM L Beny:
ECL: 2 PIN diodes S2744_08
ITOP:  MCP_PMT
ARICH: Hamamatsu HAPD
KLM:  SiPM
> BSfF: REXE+NEEE
KLM:  TARGETX ASIC
ECL:  New waveform sampling with good timing
TOP: IRSX ASIC
ARICH: KEK custom ASIC
CDC: KEK custom ASIC
AVD: APV2.5 readout chip adapted from CMS
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65 cm long - 30 cm in diameter

20
[em]B_layers
Strips RN S~
1.2m2y''F —
Pixels <—0:
2
0.3m -3 0 -20 -10 0 10 20 30 40

[ Impact parameter resolution d0 |

'E"oz T A O L A
g .
T st cosmic psgigg O §
Belle Il Belle =
Beam Piper = 10mm 15mm g
DEPFET —
Layer1 r=14mm 3}
Tayer2 r=22mm
DSSD L S B I
Layer3 r=38mm 20mm T R I aua S
Layer4 r= 80mm  43.5mm _ psin(6)" [GeVic]
Layer 5 r=104mm 70mm ppsin(6): [GeVie]

r=135mm 88mm

Layer 6
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FEEEREIRNEZ(PXD

depleteq
n‘Si bu| k

p+ back COntaCt

e —

source clear gate

o
external internal

gate I gate clear
. L. 11 ;
[ = 2% |

8M pixels in total

X | X i
gate, — active area
clear
XX
LAE.]
X | X
gate,, 7Y 3
clear
XTX
LU
(x pixel center)
DCD-B SwitcherB

(32 channels

(analog readout)
/ gate/clear)

(digital
processing)

flexible interconnect F -
(polyimide/copper) 75 pm
active area

thickness |—2 mm/420um __ |

rigid frame

Fully depleted sensitive volume
« fast signal rise time (~ns), small cluster size
In-house fabrication at MPS Semiconductor Lab
« Wafer scale devices possible
* Thinning to (almost) any desired
thickness
 no stitching, 100% fill factor
no charge transfer needed
 faster read out
» better radiation tolerance
Charge collection in "off" state, read out on
demand
» potentially low power device
Internal amplification
* charge-to-current conversion
* r/o cap. independent of sensor thickness
« Good S/N for thin devices
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« 4 E’g;(lﬁﬁﬁ%ﬁ\(m“%% © Double-Sided Strip Detector (DSSD) © 2D information about position ©
« BENEA: 90% V/n side

’’’’’’’
IIIIII

P+ strip

#— SiO;

+ IfEEE: 100V _ o
g : U/p side

« F[E|FE: ~15um g [ 7
(ap]

. >
e BliIEREF- 2- :
H-I-Iﬂj*ﬁ}# 2-3ns RMS p= /SI © u-v coordinates are used on each sensor

™ = = >

« 5PXD44E, BRRBRIZREE V N+ strip > p-strips: u (r-@) information
Floating strip (*) > n-strips: v (z) information

Readout front-end on a sensor

R EEE——— =
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O O O O
ofeXe
10mm£;_2-o 18 mm e O e O
0C
6~8 mm 10~20 mm o
Belle Belle Il
inner most sense wire r=88mm r=168mm
outer most sense wire r=863mm r=1111.4mm
Number of layers 50 56
Total sense wires 8400 14336
Gas He:Cz2He He:C2Hs
sense wire W(P30um) W(®30um)
field wire Al(®120um) Al(P120um)

@ Longer lever arm

e Improved momentum resolution and %

O-Pt/Pt = Olgpt @030/6
—  0.11P, ©0.30/3

@ New readout system
e dead time: 1 ~ 2 us — 200ns

@ Small cell

e smaller hit rate for each wire

e shorter maximum drift time
L T e 2 |




PXD provides ~2x better single vertex resolution wrt Belle.

Component Type Configuration Readout Performance
Beam pipe Beryllium Cylindrical, inner radius 10 mm,
double-wall 10 pm Au, 0.6 mm Be,
1 mm coolant (paraffin), 0.4 mm Be
PXD Silicon pixel Sensor size: 15x100 (120) mm? 10M impact parameter resolution
(DEPFET) pixel size: 50x50 (75) um? o, ~ 20 pm
2 layers: 8 (12) sensors (PXD and SVD)
SVD Double sided Sensors: rectangular and trapezoidal 245 k
Silicon strip Strip pitch: 50(p)/160(n) - 75(p)/240(n) pm
4 layers: 16,/30/56/85 sensors
CDC Small cell 56 layers, 32 axial, 24 stereo 14 k org = 100 pm, 6, = 2 mm
drift chamber r=16-112 cm o /P = /(0.2%p,)? + (0.3%/B)?
-83<z2<159cm ap, /ot = /(0.1%p:)? + (0.3%/8)? (with SVD)

B DHH:30um->15um

z,-Resolution o [um]

0Belle/cBeIIe I

S L L S B S BELE B

Belle Il 2019 (preliminary) |

b Data: 14.2 + 0.1 um ]
MC: 12.5 +£ 0.1um

::+_ —— +—0—_._ + _.__._—0—_._ 7]

0 | e s

5 <4 Data ]

4 Simulation /Ldt:21.1pb*1 i

ol v v v vy e

-3 -2 -1 0 1 2 3

¢y estimate

140 [ Fit function: o= \[ &+ [#5/2]2
o Pppsin(6)
120 ’ <
I Belle SVD2 cosmic (Data) BN715 | ©
H —=— a= 263x=04um 5
100 o b= 32.9 + 0.8 um GeV/c .-g
= Belle Il single track events (MC) i
80y seme== a= 1152 0.1um a
[s b= 17.9 = 0.2 ym GeV/c o
60— 0}
[ N
40 :—'*: g
F =
20 My 2
0 : 1 1 1 1 1 1 1
241 —4
2.2F o gasazereseiiis g gesessraaas
of g L
1.8 4
1.6 | i i | 1 i I
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ppBsin(0)*? [GeV/c]

— r[ "EmEn e .
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TEERPID . BYIEME RN

Barrel PID: Time of Propagation Counter
(iTOP)

Focus mirrar
MCP-PMT {sphere, r=7000)
]

Forward
Focusing mirror

H— .
- Quartz radiator

Small expansion block

Hamamatsu MCP-PMT (measure t, x and y)

Kaon efficiency, 1=ba

el.5 m2.5, A3.5GeV/c

Cherenkov ring imaging with precise time
measurement.

Device uses internal reflection of
Cerenkov ring images from quartz like
the BaBar DIRC

Cherenkov angle reconstruction from two
hit coordinates and the time of
propagation of the photo

w!o.gs:?— n A u n [
e f s ~x-t diagram from beam-test
E time
16 Quartz radiators oo
2.6m" x 45cm" x 2cm” "
Excellent surface accuracy o1ef-
MCP-PMT E
Hamamatsu 16ch MCP- aref s -
PMTGood TTS (<35ps) & et Loa .
enough lifetime - A N - ==
Multialkali photo-cathode 2> R A L csma —
SBA 3 A 0 20 40 60 80 100 120
| coordinate



D4t WEPID: SRR

~60 mm

)%’:u REREMFER;

nq. = 104‘5, n2:1055

B ERXEBERNMEE: 420 HAPDs

BEK/N:4.9mm

Hybrid: Vacuum tube + semi-conductor

* Developed with Hamamatsu Photonics.
* 144 channels (36-ch APD chip X 4).

+ Gain ~ 70000.

» Peak QE ~28%

* Size 73mm X 73mm.

» Effective area 63mmx63mm (65%).

i i bombardment
Blr;g!tlc()igthode phc:ton gain ~ O(1000)
HY  l—x v //
~8kV I le‘/
300V [
bias [ Pixel APD S;?n'ajggo)

AL 1

04. 9 [mm]

A ENNEREE RS [RANAR
. Ll ) . e

1 i3 A 7 |

i sl L\

| A 4 .
] :
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e B s y l <l
- Y eyt ) ‘ v . g |
S 1 y ‘ L

N A |
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> Rl =R

vt ““E‘/%F‘, 20MeV-8GeV
v BFE7
v\ K AR (+KLM)
v IRHALR
> = ENE

R

)

Eaeas(ECL)

Number of crystal:
Total weightis ~43ton

High efficiency with
systematics at 0.3%
in barrel.

(similar to BABAR,
was 2% at Belle)

8736

\\_\ZCLCIustel

Csl(TI) crystals: L= 30cm = 16.2X
> 2/3 ——1{H Z HrKharkov&BINP,

> 1/3 —— 5 rEfR th !

_Precoil > 2.0 QeV/c

L pade o

T
oooooooo 9090000000 300000000000090

U Belle 1l
fLdt = 712 b2

t Data
¢  Simulation

gmatching / (0.047 [rad])

EDATA

e

0.5 1.0 1.5 2.0

6Recoil [rad]
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» Detect K, mesons and muons (=1 per event) with
high efficiency and purity

o W
B” — J/4 K, even

consists of large-area —
thin planar detectors .
interleaved with the

iron plates of the 1.5T
solenoid’s flux return
yoke.

~~~~~~~~~

¢
(2 /
¢

Backward endcap

Barrel

Forward endcap

025 mm My
+4.7kV P +HY [ 7/ ] 3.00mm
Gasgap  rmoitiinoien Koo 200mm
—35kvV > HV [ 7 ] 3.00mm
||||||||| C £ 1 0.5mm Mylar
+4.7kV P +HV [ ] 3.00mm
= = -3.5kv > Hv ” | 77777777777777 / %| 3.00 mm
Q: What can we do with this largest subdetector?? o

A discharge (=streamer) in either gas gap induces
an image charge on both readout planes.




SLHIETTHRRANESD,

BKLM |Neutron-induced RPC Resulting B
Layer Rate (Hz/cm?) RPC Efficiency
0 14.2 0.13 G
1 10.2 0.39 &
2 6.4 0.62
: /1© 3 3.6 0.78 all RPCs
4 2.2 0.86
Green: neutrons : 2 21
Ye ” OW: 2 a mm aS o BKLM [Neutron-induced RPC Resulting
T T — : Layer Rate (Hz/cm?) RPC Efficiency
. . scintillators and 0 - -
REd' e-, Blue' e+ polystyrene filler { 1 - -
S At . 2 1.9 0.9
M :primary loss g 1
s i S A= 4 0.6 0.96
TN § OSitTUn n flux = 3.5 RPCs 5 0.2 0.98
2 = recovered ¢ 5 o2 o8

SN
o = _— — —_— -

N ... but projected ambient neutron rate in Belle Il

means that endcap RPCs would never see muons
Efficiency in Belle Efficiency in Belle Il 5>
Forward | Backward Forward | Backward
a Layer Barrel Endcap Endcap Layer Barrel Endcap Endcap
-300 -200 -100 0 100 200 300 400 cm 0 0.97 0.91 0.9 0 0.9 0 0
1 0.98 0.93 0.9 1 0.94
s oss | oot | os s o T o T o
4 0.99 0.94 0.89 4 0.98 0 0
> BRI, AR AFRPCAY 13 5 IR S B ] 34 2| AV B 4R EE s S s gies sees
T > ) [ 8 0.99 0.92 0.86 8 0.98 0 0
> Belle HWFHEfRALARLIERS, KEFTTIH R R TR ———
RPC “R M L k” ! 2 0w | o7 | usi 2 T oss T o o
> FAGIRM IR . BI+E AL X +SiPM T o T 7 T

e p——

]
]
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Barrel KLM in Bellg

()

1.6+0.1 mm
>«

300+

" FNAL scintillator for barrel

®

10.6+£0.1 mm

PS+Ti02

26.3+0.1 mm

Light is captured by
wavelength-shifting fibre
(Kuraray Y11 MC, 1.2 mm @)

Scintillator strip

\

Fiber Connectors
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2025 ‘ 2027 > 2028 \ 2029 2032
I [ I I I

Baseline Technical . Integration
Configuration Design Repart Production

Definition of Internal review o
Working Plan Engineering 7

and o Design Report = 71— 7() o
Milestones Technology S Peak luminosity 1 =
Demon_strators ug 6 _ [ = s vperace o oS a3 / /___; 60 5
BPAC Review > I Integrated luminosity  (delivered) 7 o
— o w/ QCS upgrade . w/o QCS upgrade / — g
A S5k [ in1S2 inLS2 =
I )
CDR: 2024 ’ done. ‘g‘ Projected by SuperKEKB/Belle 11 =
o e e >
TDR: 2027. g7 7
. : | :
Upgrade: 2032 (LS2). Zosh =
=T =
) ]
Q-‘ 2_ ............................................................... ..;/.' ............ B
=
&0
} o
S // .............................. £

r |
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: . . R N . R . . 1 . .
Jan 2024 Jan 2029 Jan 2034 Jan 2039
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BELLE2-REPORT-2024-042
KEK-REPORT-2024-1

Belle IT 4 July 2024

The Belle II Detector Upgrades
Framework Conceptual Design Report

Abstract

‘We describe the planned near-term and potential longer-term upgrades of the Belle
II detector at the SuperKEKB electron-positron collider operating at the KEK labora-
tory in Tsukuba, Japan. These upgrades will allow increasingly sensitive searches for
possible new physics beyond the Standard Model in flavor, tau, electroweak and dark
sector physics that are both complementary to and competitive with the LHC and other
experiments.

Subdetector Function

upgrade activity

time scale

MDI RMBA Faster and more performant electronics medium-term

VXD Vertex Detector all-pixels DMAPS CMOS sensors (VTX) medium-term

CDC Tracking upgrade front end electronics short/medium-term

TOP PID, barrel Replace not-life-extended ALD MCP-PMTs medium-term
Front end electronics upgrade medium-term

KLM Ky, p1D replace 13 barrel layers of legacy RPCs with scintillators medium/long-term
upgrade of electronics readout and proportional mode RPC readout| medium/long-term
timing upgrade for K-long momentum measurement medium/long-term

Trigger “hardware and firmware improvements ~ continuous

DAQ add 1300-1900 cores to HLT short/medium-term

ARICH PID, forward replace HAPD with Silicon PhotoMultipliers long-term
replace HAPD with Large Area Picosecond Photodetectors long-term

ECL v, e ID Add pre-shower detector in front of ECL long-term
Complement ECL PiN diodes with APDs or SiPM long-term
Replace CsI(T1) with pure CsI crystals long-term

arXiv:2406.19421v2
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QCs-

L Cryostat

QCS-R Cryostat

Helium Vessel

ESL solenoid

Qcip

Helium Vessel

Helium Vessel

ESR1 Solenoid
QC1RE
4 correctors
|g (e1b1a203) b3 corrector

eal

andel foils
bslb6)
I~

ESR2

L)

(b3,b4,654

Helium Vessel

S
\

ESR3

Compensation
solenoids
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» PXD + SVD = new VTX
» Key performance requirements for the upgrade:
* Higher spatial and time granularity to cope with the harsh
background condition
* Spatial resolution: < 15 um
* Low Material budget: 0.2% - 0.8% X/Xo per layer for the
inner and outer layers
« Hit rates capability: up to 120 MHz/ cm? Fast
timestamping: capabilities in 50-100 ns
« Power dissipation: < 200 mW/cm?

* Radiation tolerance (inner layer over 10 years operation): |Baselme
TID up to 1 MGy and NIEL of 5 X 101*neq/cm:

=

‘ A
3 i
Y
] _—

OBELIX-1

matrix: 896x464 pixels
ovot'alloizo:-)o2><1tiamm2

A 5-layer depleted monolithic active pixel sensors (DMAPS)
* Radius: 14 mm ~ 140 mm
e Improve low-momentum tracking and impact
parameter resolution
* TJ-Monopix2 is a good starting point

28cm

BW=E, FTCF2024

B . ;
. 1 | 4
y \
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True w
. . 1.50
ITT: Inner Timing Tracker T 4 Post-L82with emptyTTT

1.25 — ¥ Post-LS2 with TOF
¢ Current Belle II

0 100y "7 b
A : % * M@w Mm
= [ | I W W
=2 < 0751 "wﬁ;‘w '
2 S II.),'_ =%l * bt
5 o 05 0.50 F 1 o
3 ——e i Major value added! Physics
3 0.25 8". impact could be big...
: |
o 0.0o'b....l.,..I....I;...I
2 0.0 0.5 1.0 1.5 2.0
P; [GeV/c]
+ -#- u-n separation [o] -R 170mm
1.8 ™ . - - u-m separation [0] -R 270mm
' \L -#- p-n separation [o] -R 340mm
16 ﬁ\

A\

\4
M$§ﬁ:
o

-6 1 \ - \* -#- p-m separation [o] -R 350mm
14 - ++++~ % \+\
-, ~

ARHRMCDCABHBHYNRE, EZ&FHEZHEH ;
~1:+~;I“;¢\

FABBRNESREDEN T

U — 1 separation [0]

HESS

1 s R T o
% 3, - ~J i\iqi
> BFXE: AC-LGAD, WEBHWMHFs0ps. ~]
0.6 \‘~\__+

Timing uncertainty [ns]
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> YHENCIRIFENENEERSERIF: v, ef. v, ., Kaon,
p/p , VARRHTF,

> RitigFRmSNE—ER— 1R K, hF!
> AHH, BAEISTERARTIES.

> IBFERERE (HCAL) RIEME: o', p* PFFHEASHE, B
ZRFENNR, SHEEDHERE.

> HCALHIS—/ M BBl ERE: EiNTS.
> WISREEEIEN = PR Y CITRIME)?

Hadronic
cluster e
,—”—“::—4
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which is mainly produced in

There are many hits in a hadronic cluster,

U

strong interaction with nuclear in the KLM. Fast time information is

expected. |f we can measure the stop time precisely, the time of

flight can be determined, since the start time from Interaction Point

(IP) has a precision of less than 30 ps.

* The relationship between the mass m, the momentum p, the
distance L and the time of flight T :

TZCZ _ LZ — mZLZCZP—Z,
e The relationship between the precisions:
Tp3
m2[>2
For example: in Belle |l detector, a 1.5GeV/c K; with flies L=2m
before creating a cluster in KLM, if the KLM has a performance of

6T = 100ps, then, T =7.07ns and 6p = 0.19 GeV/c. Therefore, %p =13%!!

6T

op =

Neutron has a large mass than Kj.

Introduced this idea at the 34" Belle || General Meeting (B2GM).

Time of A in KLM

X.L. Wang

Fudan University

October 25, 2019

With scintillator+WLSFibre+MPPC technology, high resolution of time
determination in an upraded KLM is possible. A good time resolution 67
of K, flying in Belle II detector, determination of the velocity and hereafter
the momentum of K, is possible. Here the relationship between 47 and the
uncertainty of momentum of K, (dp) will be discussed.

The momentum of K;, with a determined velocity 3 is

p = ymv (1)

where 7 is the factor of special relativity, m = 0.53 GeV/c? is the mass of
K; and v = fBc is the velocity of K.

B=wv/c= L/tc (2)

where L is the length of K, flying between IP or a secondary vertex of decay
and the hit point in KLM. So

mpfBc mecL

) = ymu = = = = _) (3)
I ! \/1 — 52 \«"/Tl"' =y
22— 12 = m")[.")rgp’2 (4)
oT m?L? 5)
% T v
1




Arrays of large-size SIPMs
HAMAMATSU m

PHOTON IS OUR BUSINESS

—

SAINT-GOBAIN

4xS1PM 12xSiPM

> KHASEE 'EJEH::F' Ekﬂglﬂ%‘ﬁwuﬁkﬁﬂ'ﬂﬁsmmﬁﬁﬂi RFCULER =, 29
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Waveform Digitization Off-line program CFD

. —— $13360-1325CS 70+ —=—EQR10-11-1010
_EFrAF[E]<1ns — st3s60-1350¢s . —e— $13360-1350
25- —— $13360-1375CS 60 - —+— EQR15-11-6060
— 2 T 5141606050 Small area: (1x1 mm?/ 1.3x1.3 mm?)
2 EER Photons > 5 , Time resolution < 50ps
— 85 2 ’ 1Y
z = . :
sl 3 40- Photons > 40 , Time resolution < 25ps
ko] = )
=] (O]
2 g
[o} = 30
£ Large area: (6 x6 mm?)
20
5

Photons > 20 , Time resolution < 50ps
: s S Photons > 70 , Time resolution < 25ps

0 10 20 30 40 50 60 N Photon

SiPM 2 ¢ _% ETJ‘ fEﬂ ’jj\ﬁ:fr Biﬁﬁ'ﬁ'jr%[q&';ﬁkﬁq j‘ipc F & PH et al. Nucl. Sci. Tech, 34, 169(2023)
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Development of a high resolution Time-of-Flight with SiPM-readout —=— GNKD_1 (1.5m) 720
F At : 500 —— ]
Scintillator in Belle II for measurement of Neutral Hadron momentum 3 GNKD_2(1m) _
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Keywords: Accurate momentum determination of a neutral hadron, such as a K; meson or a neutron, remains a significant 100 o 430 >
Time-of-Flight challenge in particle physics and nuclear physics experiments. The Belle II experiment presents an opportunity z
Time resolution to address this challenge through an upgrade incorporating Time-of-Flight (TOF) capability for its large K, and 1
M'_m'_‘lfelecmr Muon Detector (KLM). We investigated the feasibility of momentum determination via TOF measurement. To
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with a 135 cm-long bar, along with a time resolution of 70 + 7 ps at its midpoint. A 50 cm-long scintillator Zhit (Cm)
demonstrates an exceptional time resolution of 47 + 2 ps. These results highlight the potential of the proposed
technology for improving neutral hadron momentum measurements in an upgraded Belle II KLM detector.
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Comparison of photon collection and time resolution at the near-end and far-end of scintillators with different L,,.
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Fudan group is encouraged to focus on forward tagger as technology demonstrator. Before July:

c.  Simulation showing background robustness and placement
d. Physics sensitivity for key channel(s)

—

UPO baseline configuration

proposal
28 Jan 2026
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FIG. 9. The feyman diagrams of vy — v (2S5) (left) and ee™ — ¢(25) via ISR (right). p 4 5'6

ete” — yw(2S) —» xta J/y. The pink dashed line shows the
possible additional background, modeled by a second-order
polynomial.
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Dipole magnet near the Belle |l detector . -
= BT AILGADIRMIES :
Chl: 6mm=*3mm
Ch2: 6mm*6mm e* offset from HER may be about 0.5m. If

we can detect the e* near the beam pipe in
the dipole magnet with high accuracy.
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The MPT2321 chip is a SiPM signal processing SoC chip designed
for high-precision time-of-flight signal processing.

Features

32 input channels
Automatically select the range of measurement signals
50ps precision 20-bit TDC
12bit ADC
Complete on-chip signal processing
Standard IIC Bus Control
8b10b encoding transmission
Multichannel LVDS data transmission MPT2321 chip
12 Mcps transmission event rate
High integration, low power consumption ey, =2 By
200M data transmission rate FTUJIB
: ! . —MICROPARITY —
The maximum charge measurement dynamic range is 2.4 nC DA Y .
Minimum detectable signal range 4fC

VVVVVVVYVVVVYVY

45



ok # Small SiPM reado

FUDAN UNIVERSITY

Charge injection linearity test T -+ e
E 700 f -=ULGO00 ] + . JMUL&# et JL c
| F = ULGO1 o = = s -
Zani -uisw - o .
S s00 - = ULG11 o .3
< F o - oE 3
= HGO0O 400? “F wf 3 of Am
= HGO1 - - 3 i E 3
= HG10 3005 . - R % “bL; i 4 I"mﬁ’* e -
« HG11 200 - > F Tk =T T
{TRN E R N R RN SRR S 1002_: ;3 :: : :
" e harge it 458 Capaitorto T e 00 S 0o | 1 | : 1
High-Gain mode Low-Gain mode ﬂ TR - %W S A LYY . -
Gain mode Fitted Fitting chi2 i3 +
slope(ADC/pC) ok iﬁl -t ﬁ
ULGOO 0.1432 + 0.0018 3.22 B R I T B
ULGO1 0.0390 + 0.0006 151.26 Charge spectrum combined with SiPM for each channel
ULG10 0.0388 + 0.0006 155.20 z W
ULG11 0.0202 + 0.0003 8.46 Emr
HGOO 15.03 + 0.07 14.17 “E 8in width PR
150
HGO1 30.92 + 0.20 1.43 . In width test o
HG10 104.9 + 1.01 17.56 %
HGll 1202 i 18 510 1600 1800 2000 2200 2400 2600 2800 3000 46

TDC code




ey 2k %

902 FUDAN UNIVERSITY

> Belle ISR ZFH—HKEBRBHFII

> SuperKEKBINESE B XX AMKFRA R, ELH0.5x 107 cm %s™ 14
MERE. EHETRE.

> Belle I1EFM2§K A St A9 ERMHEAR

> Belle I IEEFRKLBFARHARE, FHITF2032FEH K,

> R BB FREKLMZFENSBHNHAE T RAFRRKEHRR.

> RELEERHFARNICFARICRMIRTTR.




Rh Lok 4

FUDAN UNIVERSITY

vk




G fi<x# Hadron ID perfor

FUDAN UNIVERSITY

T
T
-
>

- ¥ m mis-ID rate (MC)

— Daté

§ . ?___.-i---""'" 3 o
i . s © 0.8 o AARAGAAA : N
09:__ AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 9 | ‘ K ID effICIency (data
> T | g B A KD efficiency (MC) | | |
'E 0.8 s A Bellellprellm1|nary ___________________ = 0.6—2‘ ................. .................. .................. ............ Bellellprelimmary
o Y9 idt = - = I i
5o Juat-z0e A
(=Y .04 T VR N N S S S é’ 0.4 e e ......................
< TR v 7 mis-ID rate (data)
)
X

o
N

o
»
Tl

L1 | L1 | [ | L1 | [ l L1 | L1 | [ L1 | Ll : I l L 11 L1l | L] T : 1
005 01 0.15 02 025 03 035 04 05 1 15 2 25 3 35 4 45
7 mis-ID Rate Momentum [GeV/c]

0.50

* Good kaon identification, currently slightly underperforming wrt Belle.

* Big efforts underway that will improve this (e.g. TOP software, Neural Network based ID).

* Systematics associated to Data/MC correction factors currently at 0.8-1% level (0.8% at Belle).
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