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Upgraded Belle Il detector D

Belle II

- PID (n/K) detectors

- Inside current calorimeter

- Use less material and allow more tracking volume
—> Available geometry defines form factor
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photon_x (c m )

Time-of-Propagation (TOP) Counter

NIM A494 (2002) 430-435. NIM A595 (2008) 96-99.

* Work at bar end, measure x,t, not y =» compact!
Yy
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D

Chromatic dispersion L2

5 0.21

| Light propagation

Variation of propagation velocity depending velocity inside quartz

on the wavelength of Cherenkov photons

* Due to wavelength spread of
detected photons

e - propagation time dispersion 300" 400 800 600" 700"

Group velocity (m/n

o
-
<o)

660 | TdO
Wave length (nm)

* Longer propagation length
- Improves ring image difference /' Qcm K
But, decreases time resolution. v [ d

Side view of crystal
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D
Focusing TOP <L

 Use A dependence of Cherenkov angle to correct -
chromaticity ‘
— Angle information = y position
— Reconstruct Ring image from 3D information (time, x
and y). AB.~ few mrad

* AO_~ few mrad over sensitive A range
2> Ay~20mm (~quartz thickness)

— We can measure A dependence and obtain good §

separation even with narrow mirror and readout plane,
because of long propagation length.

==
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Focusing Vlrtual readour&screen -
mirror 22mm X;\TI
~— S

1850mm
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imaging TOP (iTOP) i

Belle I

Concept: use best of both TOP (timing) NIM A623 (2010) 297-299.
and DIRC while fit in Belle PID envelope

Side view of crystal

crystal

charged particle
/— 6(: cherenkovangle K

L

backward-going

BaBar DIRC Purios watr

17.25 mm Thickness

//
(35.00 mm Width) P 4
ar Box .
Tracl //
Trajectory L
edge B
//
A s
Mirror \\\\ / ,,’/
I’Bar $ iy Vg

d A Window Standoff Box

I e Use new, high-performance MCP-PMTs
e T for sub-50ps single p.e. TTS

Synthetic Fused Silica ° Use Simultaneous T’ ec measured_

predicted] for maximum K/xt separation
e Optimize pixel size 0

Use wide bars like proposed TOP counter
DIRC 2019 @ Schloss Rauischh




imaging TOP (iTOP) realization e

Belle I

charged particle i
9C Cherenkov angle
crystal / /

backward-going

L

—= z-component of unit velocity

Bar/mirror width
450 mm

Length 2600 mm
2X1250mm+100mm

Thickness 20mm

\
Prism width 45h

MCPPMT width 444 mm

m-l-lIIIIIII-I-I-IIIIIII-I-IIIIIII-I-IIIIIII- LT

JOUI\ SN204

Prism height 51mm
DIRC 2019 @ Schloss Rauischholzhausen -- Varner




Quartz Cherenkov Device Landscape M

Belle I
Fast Focusing DIRC
'T L g More sensitive More sensitive
BaBar DIRC to tracking tot,
uncertainties uncertainties
Imaging TOP Focusing TOP

Performance

*Some expansion (~0.5 m) l C Q
*Large (~“1m) "

*Focus to correct for finite *No expansion

expansion bar thickness. *Small expansion (~.1 m) *Mainly x,t

*Mainly x,y Mainly x,y *Mainly x,t *Focusing & coarse y to

*Very coarse t *Order ~200 ps &, make *Focusing, coarsey to correct correct chromatic effects
chromatic corrections chromatic effects TOP

C e

"

Mostly imaging

*No expansion
Mostly timing *Only x,t
> *No focusing = chromatic
degradation

<€
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Actual PID is event-by-event I

* Test most probable distribution

Beamtest Experiment 2 Run 568 Event 1

Belle I

time (ns)

200 300 400 500 0
Channel number



Belle II

Laser Scan Two CH Timing ——l
o Entries 2245 R AMS oossa
Mean 16.22 - Mean 705+ 0:000
N RMS 0.1382 500~ EEE——
400 x2 / ndf 375.8 /42 -
Constant 485.9 + 15.0 400
Mean 16.18 + 0.00 - g <~ 10p$
460 Sigma _ 0.03837 + 0.00078 SDDE_
200| (ideal waveform
1 - sampling)
00—
Eg .|....|....|....\&|h.~\g.|....
Pes 4.69 4.7 471 472 4.73 4.
time (ns)
o . - NIM A602 (2009) 438
T 15.5 16 16.5 17 175
time (ns)
95 - 14 -
R0 S o <~ 50ps target
133 C L
93 - “ 12 X
92 a 71 ©
91 -~ 10 -
i . : NOTE: this is single-photon
3 43 timing, not event start-time
87 — 6
F o V4
86 5 ¢ T
85 | | | | | | | | | | | | | | | | | | | | | 4 E | | | | | | | | | | | | | | | | | | | | | O
0 50 100 150 GTDC %I(;g) 0 50 100 150 GTDC %]gg’)
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Mechanical constraints
* A highly constrained space

Belle I
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Quartz & Optics | 2

» Bars:
1250 x 450 x 20 mm?
two bars per module

» Mirrors:
100 x 450 x 20 mm?3
» Prisms:

100 mm long, 456 x 20 mm?

at bar face expanding to
456 x 50 cm?at MCP-PMTs

» Material: Corning 7980

DIN58927 class 0 material has no
inclusions (inclusions <0.1 mm diameter

are disregarded)
Grade F (or superior) material having
index homogeneity of <5 ppm over the

clear aperture of the blank; verified at
632.8 nm

Birefringence / Residual strain <1 nm/cm

2014/11/02 09:42

DIRC 2019 @ Schloss Rauischholzhausen -- Varner
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Quartz & Optics |l %2

« Quartz most expensive part of the system (~10M$)

« Extreme surface quality requirements

Tolerance

Specification

Measurement

51 Datum A Flatness

£6.3pm

1.731

51 Local Flatness over 200mm Area

< 1.8pm

0.678 Max

52 Flatness

£6.3pm

2.706

52 Local Flatness over 200mm Area

<1.8um

1.462 Max

53 Datum B Flatness

<6.3um

2.952

54 Flatness

< 6.3um

1.472

55 Datum C Flatness

= 25um

1.425

S6 Flatness

£ 25um

2.633

51 Parallel 52

= 4 arcsec

<14

51 Perpendicular 53

= 20 arcsec

=5

51 Perpendicular 54

= 20 arcsec

=3

51 Perpendicular 55

%1 arcmin

=0.083

51 Perpendicular 56

<1 arcmin

£0.05

S3 Parallel 54

< 60pm (10 arcsec)

%7 arcsec

53 Perpendicular 55

< 20 arcsec

£5

53 Perpendicular 56

< 20 arcsec

£5

S5 Parallel 56

< 20 arcsec

<10

Surface Roughness S1

<5 Arms

3.064

Surface Roughness 52

<5 A rms

3.045

Surface Roughness 53

<5Arms

4.035

Surface Roughness 54

<5Arms

3.127

Surface Roughness S5

<25 Arms

13.887

Surface Roughness 56

<25Arms

16.991

Length

1250 £0.50mm

1250.37

Width

450 £0.15

450.08

Thickness

20 0.10

20.09

L T O - - I - I O O - - I A

September 5, 2016

S2 surface flatnhess

PNNL-SA-120657

S1 surface flatness

+0.99628

+0.72997




Quartz gluing, Module Assembly

| y
P —-..‘-:._ 1! 3
-'*""E.,: — -

5 <% |

=
] Eaagl

Optics: alignment, gluing, Enclosure: gluing CCDs and QBB: strong back flattening,
curing and aging (~2 weeks). LEDs, integrating fiber mounts. button & enclosure gluing.

— "'_;;.H:-*“' ¢ - : - =3

¥

Put on a cart. PMT and front- QBB assembly and gas sealing. Move optics to QBB using the
end integration, performance “lifting jig”.

check. 14



Waveform 64 DAQ fiber
. . Giga—bit Fiber
Sampllng ASIC tra Nnscelvers Transc%ivertLinks
| ‘ i Subdetector Readout Module
ASICs

— FPGA

| Global Decision Logic 64 FI N ESS E
or ADCs | * 3—
On or 1n Detgdflor 16 COPPER
FPGA firmware gbnsists of 3 parts *3 2X UT3
1) ASIC/ADG/driver (commoljl) \ .
8 k C h anne | S 2) Triggergglature extract (subdet. specific) Clock/Event Timing Distribution Tr | g ge I
3) Unifyd DAQ transport protocol
1k 8-ch. ASICs Low-jitter clock *} modules
- /| o hNO o 14

Clock, trigger,
programming
module

e = (FTSW)
NIM A941 (2019) 162342. DIRC 2019 @ Schloss Rauischholzhausen -- Varner
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Readout Verification (pre-install, in-situ) {B

Laser timing: laser_pixel3_0_gain4_HV3201_18may2015 Belle I
Direct difference :
L Entries 92580 S011 C001 AO ChO -- Sllp 7, FB=111
7000 i Mean 0.001008 _ Ch. 0 Leading Edge fiming
— ° RMS 0.1819 : Entries 4612
6000 — SI ngle phOton xz / ndf 55.51 /12 600 — Mean 7.474e-005
— e e - RMS 0.02342
- tl mi ng Constant 7050 + 35.9 - 22 | ndf 2838 / 27
5000 [— Mean -0.05767 £+ 0.00028 500/— Eve nt Constant 652.3+ 12.2
— Sigma 0.05758 + 0.00030 - . Mean  -0.0001985 + 0.0003319
4000 2400 = T| me Sigma 0.02236 + 0.00026
3000— “31ps TDC+phase 200
- Belle Il TOP -
2000~ SL-10 TTS ~35ps (TTS+IRSX) 200 <50 PS
— Time res. = 47.9 [ps] —
1000 - IRSX electronics: 100l
— ~33ps J —
0_11|||||111|||||| P A T T TSN T N T AN N N M :|||||||||J_| [ SRR T T T N R N N
2 15 -1 0.5 0 0.5 1 15 2 %2 015 01 005 0 005 01 015 0.2
Residual Time [ns] Time [ns]
— Entries 8193
- Mean 8.222
600 — RMS 1.001 o0 | ! ' - ! ' "saved_ch2"u 4 —+
500; 400 |
I 50%
40|~ <10 ns g e e
— z o200 | timing
300 Pulser testing
— £ 100 T
20E g o | [ TR VR
100|— 1200 | i-f
E 1160 1180 1200 1220 1240 1260 1280
00 : 1|2' o 1|4 L 1|6 1 1|8 1 20 Sample number [~0.368ns/sample]
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Installation (very tight fit)




Belle I

kS




Belle |l Installation
Phase 2 configuration

——
T saumens, e ot oy | . __Lilar:

Oct2016 CD




Timebase Calibration
e Took a while to get FW, SW working

Jeroup/belle2 /users /wangxl/iTOP/TBC,/DB201612b/xval/. The data of run3523 and run3524 are also pro-
cessed and skimed, and finally saved at /ghi/fs01 /belle2/bdata/group/detector /TOP /Skim-wangxl/2016-

Belle I

12/.
| 301_rDO3524_ald_a7 | o4 [ dtfms] ws samgle | [ SampleTimea11 keration 98 | [ chi2 vs itersticn ]
T a : .JI__ -I. G : : T T 13k 5D -51ﬂdr T L] T T T - :_L__ T
H . =
I DO [ (c) -~ E F (d)
4 1 E{In_ .......................... - g -
a EL ; 5 % = 10F
m iz = - :
S22 = = = F
s = , = 5
=] : W al _ —
A 100 3 1k .
. 21 ............................ |_ §
: : z : : - : t Wﬂ :
[ 1 1 a 1 I 1 1 - 1 1 2 1 1 L 1 L 1 1
2% 100 Z00 2% 700 200 Uz s 22 225 Ho ey 1075 2025 3035 4D 45
Sample Num. Sample Num. A Tins i-th Iteration

FI1G. 1: Example of calculation on Slot_01 ASIC_00. (a) is the shape of time difference (AT") of the double pulses in channel 7
[rom the raw data, (b) is the dime dilference aller correction, (¢) is the project of AT afller correction and a (it performed Lo Lthe
distribution to show the mean and the resolution of AT, (d) shows how the ¥* values change in the iterations of calculation.

|_s01_r3524_ch7_mean[ns] | [s01_r3524_ch7_cal_reso [ps] SAmpleTimeFit12 |
231 T T T T T 160
X 1| ST .. = a0
E g &0
PRf=crercichasaas deserrsscadeiansancd
; ™o
—_— 21.95 . . .. . {ﬂ) e 20
P T] N . ' aaeFioge (gl Lok w50 : N
o e _- % : = =" ;
_E::"] - ngn""ﬁmﬂ'[’p K. -uﬂ'l'qﬁ o Tt & Sogn ﬂp.gn.-u-_?:l "“E"' &0 ”"""-”"""'5""ﬁ‘"'"-:"""”-E”-'.;-'”5""5"”-'
ot oo,
b = & g ™ B &l Sy e o
.
LLH
2.7 "I::-”"?Ir”"]:J""q!:ll"'_r-I:_'-”"r.lr:-' of L L e L L 4
ASIC# ASIC#
FIG. 2: Summary of calculation results of the 64 ASICs of Slot_01. Plot (a) is means of the time difference of double pulses, 20

and (b) is the time resolution.
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Channel-by-channel Timing alignment [¥s

Belle I

* Global timing alignment — laser studies

DATA slotl2-r3512: Laser time as a function of pixel (after TB correction, before time alignment)

s12 _r2512 _chy7_ laser _dal.lext boe3S04.rool: Cal_Laser Time [hs] vs el

0
0

fens

—_— 1 =

ger

= 1=20

100

—1O1 .5 80

—10= M

&0
—102.5F— =f = = = o -2 g
= e o O a0
. - = = f o |
e i e X - ;
— = - B = i o L = g ¢ ® 7 e ; ! =0
1035 e e e ERefe : - R P T . e -
- 1 Dq i o ok E 1 = i L= ] i .- i 3 E i 5 =3 = 2 '::.

e 1
S00
N e e W

DATA slotl2-r3512: Laser time as a function of pixel (after TB correction, after time alignment) |

S i o |
100 =00 SO0 =0

=12 r 35244 calch 7 ilaser time [Nns] vs pixel

Different Time Scales
[Tl

aser Imelrs|

NOTE

—O. - el 0 A 3 LA B B Sl o oL T ] il T e 21



D

Silicon detectors coming together <2

« PXD & SVD “married” since October 2018

DIRC 2019 @ Schloss Rauischholzhausen -- Varner 22



VXD Installation

. VXD installed November 21 2018,



First Collision in Physics Run - 03/25/2019

-200 -150

e+e—Y(4s)—BB
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Total integrated luminosity per Day [fb~1]

Luminosity in spring/summer 2019 run

* 6.5fb! integrated from March 25t to July 1st 2019
= Loeae 6.1x10% cm2 s1 (12x103% with Belle Il off)

- Limited by backgrounds, beam-beam blowup TOP hit rate < 2MHz

 New machine, entirely new concept, requires tuning
- Already running at world record 3 =2mm

Int. lumi = 50 ab™

Belle Il online luminosity Exp: 7-8 - All runs Pk daitii == 8:10% Hitfer® I
Integrated luminosity [fb~1] |
. e——"TrT"1TTTTTh T 60
EEE Day per Day 6 X193F5'_' 1 i I | | | | 6
== Total - I L Lpeal-(
i) | wv i 50
Total [ £ dt =6.49 [fb~] -5 & NI
=
= E |} |=Int. L -
o L 1 =
-4 E L Reach Belle —40 3
- > 6 integrated lumi 4 -
Lo o - | ]
i -~ | Reach KEKB 30 -
on wv : g
o © [ peak lumi 1 r=—
-2 E : 4“-'- - m
w i | 1 &
E = [ —_29 .l_.
L1 - I E
- 5 5
- . =] 10
L - 0 (1)
v o % "y " W} E
o & G & s & P S B I~ _ i I I | g
A A T - A e
Date WE ARE HERE

EEEEEEEEEEEEEEEE



Why not run at lower gain? R

laser efficiency ASIC 3, ch 6

o

Belle I

10*

10

— Laser on -- no trigger
- Entries 1378683 laser efficiency ASIC 3, ch 3 (gain = 4x), HV3051
B (\ ':::Sn D{:]S:;: _ Laser on -- triggered
L Constant 3.632e+004 + 1.219e+002 160[— Mean 2.645
- Mean -0.01024 + 0.00044 : a— 1.556
= Sigma 0.1631 + 0.0003 140 Trig. Efficiency = 100.0 %
- 120
L — Extr. Mean Gain = 2.6 x 10°5
= 100
- 80—
= 60—
u 40
: | | | | | | | | | D : 1 1 1
15 20 2 0 2 4 6 8 10
Gain [x1075] Gain [x10"5]
laser efficiency ASIC 3, ch 3 (gain = 4x), HV2901

- Laser on - triggered Trigger Efficiency vs. Extr. Gain

- Entries 2727
250 — Mean 1.36 100

- RMS  0.6429 95 ’/I
200[— x 90 y ¢

B = 85 /

: g o /o .
150 — =

o Trig. Efficiency = 70.6 % = ;g / w Ch.5

L Extr. Mean Gain = 1.1 x 10A5 ] 1 ——Ch. 6
100 — 8 ——

i = 60 Ch.7

o - 55

- 50

- 0 0.5 1 1.5 2 2.5 3

B | 1 | | | | |

05 10 Fit Extracted Gain [1015]
Gain [x10"5]

DIRC 2019 @ Schloss Rauischholzhausen -- Varner

27



TOP Detector Single photon timing

« Intrinsic resolution <100ps on most channels

- Laser jitter, pulser reference included (but small)

. Dominated by electronic noise in signal chain due to PMT operation at low gain

0.14)

o o 9
l-':} —he —h
(93] o Mo

Time resolution [ns]

o
=
o

U-mDL

D

O

Belle II

T e ——— 100 |
|III - EESt flt ‘ gD i
95% confidence
+ —+ Data — 807
N = . 1O Belle Il TOP 2019 }
\ 1.8 2 a0k Laser run 9323 _
th |'a N Average: 91.3 ps
. = %E” 50/ St.Dev.: 24.9 ps
—_i-'—'-—-—______ o
e o 8 40
- &
7 30/
Belle Il TOP 2019 19
Laser run 9323, channel 190 207
10
200 400 600 800 fos 0.0 0.15 0.20 0.25
Rising edge slope [ADC/ns] Intrinsic time resolution [ns]
28
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Pedestal subtract & 50% CFD
| | | I —

Measure 1600 | | Before pedestal
70{ peak to 1500 | | subtraction

determine 1400 |
50% 1300
S0 threshold 1200 |

1100

200

80

GOl

400

-1, R =_ |'!;-||." =
I_‘ :-J'u? a ;:'5 ".:?‘:' :'-I ::-n-' Elj' » -.--.J'
1[][][] .';l---.,il;.-‘n- ;- '.-1} ajr, il ot ﬁ'ﬂ;’"'"#

TR A "F: b i ﬁi,:ﬁ‘é". 7 ,.}L; e
] ";"hr.ﬁT A ol
i r i ¥

200

200 b

800
2304 2560

200

100

-100 Determine timing from
interpolation Default samples are ~ 0.37ns/point

DIRC 2019 @ Schloss Rauischholzhausen -- Varner
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Low PMT Gain Operation

@ current feature extraction uses constant fraction ° USingl'asef data from Hawaii test setup
discrimination to extract signal timing e TProfile to get waveform template

. . , . @ fit with central Gaussian and exponential tail
@ resolution deteriorates at small signal amplitudes

Wavelorm Histogram Morm Waveform Profile

Rising Edge Resclution CFD vs. Amplitude

ADG Height
o=

.
= L
ak

ul

wl e

?

1E0

160

140

120

100

=]
III|III|III|III|III|III|III|III|III|III

I I I
—0.6 40 N Template fit L
—0.8 20 0.2 ¢ CFD ®
o " o =0 | ?"u.trlﬁc-.;lplitluﬂcl[thgl :n;nél]ju : ) Significant
e oBr . improvement "
@ use template fitter to improve resolution at small é - at low pulse
amplitudes/high noise E 0.1 |- _ heights .
£ s :
Necessary to maximize MCP lifetime ~ Los L - e
Studying how best to implement (probably PS is too 0 | | | |
SIOW?) 0 50 100 150 200
] Pulse Amplitude in ADC

DIRC 2019 @ Schloss Rauischholzhausen -- Varner 30



Events / ( 0.0005 GeV/c® )

D

D* Truth Sample <D

Belle II
« P*[D*]>2.5GeV/c  P*[D*]>2.5GeV/c
e M[D°] € (1.85, 1.88) GeV/c2. « |AM -0.14543| < 1.5 MeV/c2.

5103 . ‘5103

- o = 1.367 + 0.064 N sF- u = 1.863951 + 0.000054
6 B= 218 + 11 %" - c = 0.005122 + 0.000054

. i = 0.1454418 | 0.0000045 O] 7 c0 = -0.2270 + 0.017
5':— o = 0.0004373 + 0.0000049 10 = c1 = -0.3250 + 0.020

- Ny = 8008 + 113 8 6 nbkg = 9890 + 121
4T Nag = 13179 + 134 S s nsig = 13166 + 133

s P E
3 = 4 NN

- Belle Il 2019 e s N Belle Il 2019
2:_ Phase Ill data L 3:_ Phase Il data

E [Lot= 2.63 17" - NN [Ldt =263 b

- 2 '
1 =

E _ _ 1=

R T | .1' r N L \ i ..1'."'_1_. Foy, Bl ) w N | T Ny s - o , 0 ‘ -F N i e . :

P14 0.142 0.144 0.146 0.148 0.15 0.152 0.154 ?Ef s I N TR I I T e S S e

AM (GeV#’cE) M[DU] (GeWcz)

PID performance will be based
on fitting M[D?] distribution

DIRC 2019 @ Schloss Rauischholzhausen -- Varner 31



TOP “Cherenkov Rings” |

°
Prism length
. . . 100 mm ~
« Kaon facing prism-side of TOP bar ’ Length 2600 mm
2x1250mm+100mm
~ Little room for Cherenkov cone toopenup ..
Prism width 456 mm
. . MCPPMT width 444 mm Prism height 51mm
- PDF differences dominated by ToF offset
'E‘ ‘I 5 T | E ‘I 5 I T E ‘I 5 I T T 1
I Belle Il TOP 2018 (Preliminary) I Belle Il TOP 2018 (Preliminary) I Belle Il TOP 2018 (Preliminary)
-E D* kinematically tagged kann E D™ kinematically tagged kann E D™ kinematically tagged kann
T | p=1.68GeVic. T | p=168GeVic. T | p=1.68GeVic.
#=113.3° #=113.3° #=113.3°
Pion PDF Kaon PDF Proton PDF
1ol log L(w) =-139.04 _ 10 log L(K) =-125.28 . 10 log L(p) =-142.16
— - - e e
5 1 Sr 1 Sr 1
0 16 32 48 64 0 16 32 48 64 0 16 32 48 64
Pixel column Pixel column Pixel column

Bar/mirror width
450 mm

D" > D'z ;D'>K '

32



TOP “Cherenkov Rings” |l

. D" > Dz";D">K n'

« Kaon facing mirror-side of TOP bar

- PDF differences dominated by shape

- Though for proton, also timing

6]
o

Belle Il TOP 2018 (Preliminary)

- D* kinematically tagged kaon
- p=1.41GeV/c

50- 0 = 45.4°

- Pion PDF

450 log L(m) =-265.83

Hit time [ns]
&)
9]

40

35- ! .
30" . .

| ] - R
25_ . ." - I -
20 16 30 48 64

Pixel column

Hit time [ns]

60 . . .
- Belle Il TOP 2018 (Preliminary)

S5 D* kinematically tagged kaon
- p=1.41GeV/c

50- 0 = 45.4°
- Kaon PDF

451109 L(K) =-250.81

40- -
35; !
30- ]
P — —_— ey
205 16 32 48 64
Pixel column

Prism length

Prism width 456 mm
MCPPMT width 444 mm

Bar/mirror width
450 mm

ength 2600 mm
Xx1250mm+100mm

Thickness 20mm

Prism height 51mm

p=1.41 GeV/c
50+~ # = 45.4°
Proton PDF

451 109 L(p) =-294.08

Belle Il TOP 2018 (Preliminary)
- D" kinematically tagged kaon

40+ -

35- . v

30" .

oo L

209 16 32 48 64 33
Pixel column



TOP PID Performance (TOP only)

- "1 K efﬂmency (data) |
D'F_T"_-"_K efﬂmend:y (MG) " Belle 11 2019 i
0.6 i g +- F'Fel+m|nary+ e
L det L 262"
' (TOP Dnly) | |

e e e e e e e e e e e e e e e e e e e e e e .... e ———— .a_ .........................................
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TOP performance is approaching MC expectations. The summer-conference
MC release (MC12, July 2019) does not include embedded random triggers
to correctly represent the effect of beam background.
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Combined PID Performance

Momentum distributions for kaons and pions
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K Efficiency/n Fake Rate
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TOP Detector Performance <D
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e Detailed studies of MC versus data

e Run-dependent MC, with missing channels/boardstacks, and more realistic backgrounds
account for some of the differences

e But not all, consider slots 6 and 16 in next slide
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TOP Operatlonal Status
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O off-by-2 asics * timed out in run 3635, not permanent

e Operation generally stable (2 PMTs of 512 were off)

e During Phase 3 running about 1 boardstack/day dropped out (recover with power-
cycle/reconfig (~*30 min.))
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Summary and Outlook ——

Ky=3
* Performance approaching MC expectation |</ >asically |
. . | running stable |

* Still a couple of mysteries —

* Originally planned to replace ~50% of PMTs (non-
ALD) in summer 2020 (still keeping to that schedule
just in case)

* Due to expected long shutdown in summer 2021,
going to try and last until then, so gain and integrated
charge monitoring important

* Can replace faulty components only during access
(impossible otherwise), > 96% channels working

* Fall 2019 running, adding in SEU detection and
mitigation to firmware

* Template fitting and other algorithms under study
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Production single photon testing P

Belle II

Laser timing: laser_pixel3_0_gain4_ HV3201_18may2015

— Direct difference
- Entries 92580
7000 —
— n Mean 0.001008
— RMS 0.1819
6000 — 1 ¥2 / ndf 55.51 /12
| Constant 7050 + 35.9
s000— ~31ps TDC+phase a Mean -0.05767 + 0.00028
- Sigma 0.05758 + 0.00030
4000~ SL-10 TTS ~35ps | |
3000— |RSX electronics: | Seille 1 TOP
o~ elle
pooob.  SoPS (TTS+IRSX)
— Time res. = 47.9 [ps]
1000 —
D :I T N N N T TR TR T N N N N B u"ljll i T R M N N N A I
22 1.5 -1 -0.5 0 0.5 1 1.5 D
Residual Time [ns]

DIRC 2019 @ Schloss Rauischholzhausen -- Varner

40



D

30kHz L1, high occupancy emulation P

Hit Queue Depth: 10 MHz PMT Hit, 30 kHz L1, 1600 SSTin Cycles Readout

Belle I

10 seconds runtime
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Entries 2.121839e+008

10 seconds of realtime: 481 Buffer overflows

buffering

e 30kHz L1 trigger, 10 MHz background
B photons/PMT, multi-hit, multi-event
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Hit queue FIFO depth
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Hit Queue Depth: 10 MHz PMT Hit, 50 kHz L1, 400 SSTin Cycles Readout
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10 seconds of realtime: 2 Buffer overflows r
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At 400 SSTin Cycles (~19us
per single photon hit), can
run at 50kHz, so plenty of
margin
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ROI & FE (laser data)
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PERFORMANCE SUMMARIES a3

Laser Efficiency
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