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Firmware lssues Yosuke Maeda, Hulya Atmacan,

Osacar Hartbrich, Matt Andrew, Luca

Macchiarulo, Kurtis Nishimura, Gary Varner
* Known Issues/Bugs:

B2llost. Green — Solved,
Carrier-level synchronization issues. deployed, verified.
Board stack-level synchronization issues. Blué — Tentatively

solved, waiting to be
Apparent event skew.

. i .. fully verified.
0 Dropping matching efficiency over runs. .4 _ Unsolved or

0)
0)
0)
0)

* Fundamental problems: unverified fix.
0 Limited event rate oe et (O mosts Su:rlmaryofSIotStatus
: BS 0 BS 1 BS 2 BS 3
S05 slot 01 o o o o
e 4 boardstacks are masked due to gi//\ slot 02 0 0 o o
) Q q slot 03 o o o o
— Data corruption (s05-b) DY o\ 2 S SR . .
%) i KED o o
— Data taking stops (s07-c, s13-b, s16-d) ” siot06 e e =
e Some more unstable boardstacks o\ e ; ; ; =
— Data corruption (s10-b,d, s03-a,b) 5 o ot i1 . . . .
—_— i - b QN SI°t12 2 MASOKED z z
Data taking stops (s07-a, b, d) \?// wotis - o : :
— Sudden turn off of LV power supplied off (s02-d, s03-a,d) 3 iewed from Nikko side slot 15 : 0 2 J

(backward direction) MASKED |

Will investigate these BS’s and give feedback to firmware experts.



Firmware known bugs (fixed)

* Carrier level synchronization: Board-stack synchronization:
O Last written address register should always be odd to + Reset of a clock divider on the carrier was being synchronized only
guarantee wraparound at the correct phase. to 127 MHz clock
* Even write windows are in “A” phase, odd are in “B” phase. 0 Fixed through sync @ Revo9
Write address should transfer from A - B - A — ... in order to match 127 MHz L] '
internal ASIC phases. SSTBS 0 i
Example correct transition (255- 0): SCRODPL<32(old):  sstes1
- O 1 2 253 254 255 -~ SST BS 2
-n--_-_------------ N ——— -___--_--"
. a1 Revo9
Example incorrect transition (254 - 0): ;
»0 1 2 253 254 . 17
ecccmeccecaae R — SCROD PL 2 34 (new): ssT8s0
Phase is now wrong every other trip through the buffer. SSTBS 1
= Fix deployed for existing firmware was a simple register change for last address. ST 8S 2

|___Fix is by desian in production firmware
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1 et » Several possible causes were f '”E _
F rmwadare EXI STI N g b U g S evaluated, shown to not be 5 o Tk
the problem % - ¥ Bl PR
M Appears to be dropped trigger? 3 - e

Event number shifts/misalignments

. . oo » Likely an issue in the messy
Data from single event is split into several events PS code (interrupts, data handling,
complicated call structure, etc.)

a8 k. g .8
TIF[TTT{TTT[T

E E . gl i . @
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Event Number

Explains loss of matching efficiency

» Decision was made to focus on production firmware effort instead:
B Person who wrote the PS code no longer working on Belle Il

Caloul Hi B Production code is being built with all-new PS base code
alpuise its (may solve problem)

M [f still present, debugging will be easier in production firmware
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Production Firmware

* Current FW:
0 Existing system is operating in “simple” mode. * Production mode:
* Analog recording stops upon receipt of a trigger. 0 Implements simultaneous sampling and digitizing/readout.
~ Each channel of each ASIC digitizes and reports 256 samples Only data for channels with hits. (32 samples around trigger)
for every system trigger, resumes sampling only after Details available in Luca’s slides from TOP firmware bootcamp.
digitization. Split into two components:

a TirT\ir?g?: not qptimised . _ * Updated Carrier PL firmware to implement above.
— This is in obvious need of upgrade for high rate running. - Updated SCROD PL/PS to process new data stream.
* Limited to ~750 Hz, as verified in local single module tests.

O O O

Production
FW Release

Integration, Debug, Benchmark

~Dec.

* Results of benchmarking will decide

how to proceed:

0 SCROD PL <-> PS : simple DMA sufficient or
scatter gather needed?
0 Is feature extraction in PS fast enough?
*  Some PL methods also prototyped (if needed).

30 kHz demonstrations:

General plan here regarding benchmarking still© Highly occupancy dependent.
fully relevant. 0 Can make a simple demonstration that

suppresses excess waveforms if needed.

Now End Oct.,



TOP Calibration Status Umberto Tamponi

TOP calibration is mostly about channel-by-channel synchronization

Closure test
Algorithm BASF2 Systematic limit First data

development implementation Performance goals calibration CAF integration

TBC

Local TO

Photon detection Fast amplifier Digitization of the waveform
0 0 dne
T =t.. +T +T .
photon "~ digit channel module Notes: work in progress

1) Alignment needs modification to the algorithm to deal with cosmics
/ “~ Module TO 2) Local TO needs TBC-corrected data to understand the time shapes and refine the algorithm

Synchronization of the modules 3) Local TO is the only module that will have to use CAF not needed

Time base calibration (TBC)

Calibration of the bin size of the digitizer Local TO
Synchronization of the channels one with the others

within a single quartz bar

+ Geometrical alignment !

Raw Data ,:> Time Base Correction Local TO Module TO |:> Calibrated Data
(TOPRawDigit) (TBC) (ChTO) (ModTO0) (TOPDigit)
Corrects the sampling Synchronizes Synchronizes
inhomogeneities in the the channels the modules
FE digitizer within a module with each other

(< 1 ns effect) (few ns effect) (several ns effect)



Time base correction (TBC)

* Each of the capacitors on the sampling array has a different time constant, and gives different time bin width.

H. Kichimi, W. Xiaolong

+ The trace is sampled in blocks of 64 samples (“windows”). Each ASIC has a sampling array of 4 windows, then saved in a much

deeper buffer memory (Storage array)

Calibration method

- Inject a double pulse with known delay on each asic
— Map the delay as function of the sample number

— Correct either iteratively or solving a linear system

Double pulser NOT in phase with the SST
. —t _can be in any of the samples

. — we can map the measurement of
AT over the whole sampling array

SST clock (KEKB clock-based)
Sample 0

Widths of the N samples
between the pulses

Sum over the samples between
t1 and t2

»
Z L I m“’Au AT)?

Sum over all the

Accounts for the fraction samples

1 channel - 256 time bins

Inverter chain has transistor
variations

— At; between samples differ

— “Fixed pattern aperture jitter”

H—
H
H—

]

d
i
+

Hi-

“Differential temporal nonlinearity”
TD= At - Atnominal

“Integral temporal nonlinearity”
T|| = ZAt- - |'Atnominal

* “Random aperture jitter” = variation
of At; between measurements

Aty | AL, Aty At, At

Pttt

dl- TD, of b T

collected events (1and N)
T hod o
- Iterative minimization = P
<
— Matrix inversion (default one?) £ £
P H
£ E
20y 50 T00 150 700 25'0 0 30 160 150 200 250

sample number sample number



Local TO A. Morda, W. Yuan, S. Lacaprara, R. Stroili

To synchronize the channels within a single module we flash them with a laser pulse

1 - 16 Graded index
. N 16 X 27 m 1-9 p
Plela_rtl?r Lightwave circuit Single mode fibers Bundle splitting with microlenses
Picosecond-precision sper Multimode fibers 3

laser source .

= * /j ’
e 2l =
3 um single mode fibers 615 -

Ntput ight Crown-shaped bundie
i f gra fiber Light mecton system with
Planar ighwave circult- based sphtter Of gradiod Tt Thers gzml‘m,l_‘ Iwy“

405 nm PiLas laser (o <25 ps)

o goal of the channel time calibration is the measurement of the time offset (7°) of each MCP-PMT pixel
o TP different for each pixel due to electronic & pixel properties

@ a total of 512 x 16 channels must be calibrated

The simple case:

B~ "i’“"s--.__e PMT array ta,B) = T(a,5) + £(a,B)/€n
Iy /z,. T" = tdata — tmc
\) ¢, : OT" = 6t|gata + Ot|mc + Ot| DaTARMC
Fiber from laser ® T, 5: channel time cal. constant
ty ® Ot|dataemc: a large systematic error if

mismatch data&MC



Laser stability system

P O d OVO TeST b e n C h STU d ies /\Z\Vis”etc):%iwncitggi%irl} EZKused in the Padova-Setup

Padova equipment

Fiber 1 from Laser
Control intensity stability

e 1 MCP-PMT Hamamatsu (2nd PMT is ready)

for the laser stability system.
Assembling is ongoing.

e 1SiPM FBK

o HV — 2500 V Fiber 2 from Laser
Control time stability

o digitizer CAEN V1742 @5 GHz ;

] fiberS -4 final bundle mf)éi?’ol\/slg The box with components

(&)

nominal lens used in the experiment “-H  polarization

Arduino 2
Polarization change
ol with temperature|variation

b 23l
THS4303.

Superposition of adjacent fibers - time distribution s range [-15.2] s

e Laser Tune 50 Fit of pixel column 3

PMT illuminated from two sources, laser @ T50

e example on PMT with two separate signals “Hybrid” model (naive compromise between data agreement & number free parameters):

fl f2 fl1 & f2 » rows 1-3 : one signal described by gaussian core & kinematic recoil component
( €3 !. 3 l 3 .. T | [ I |3 ;e i [ & | & » rows 4-8 : two signals. Low time described by pure gaussian, high time signal as in rows 1-3
UL W B S VO B B | SANGEE I LN L. oS LN A N row 1-—38
R R RS T T 91T (T = o e = ! i !
[ = = [ ) L“ o lt.-, =3 ‘;‘ T3 i“\ 3 [ & E &= | &2 [ & 1‘ _ M ‘
- e - e 32 [ 2 — [ s ;e T w
N LA LA L . A JEA AT PATTATEA LA = B 1

» the contribution of the adjacent fiber appears to be negligible in this position

» likely two signals are enough to fit the whole spectrum with all fibers

» will check for the other positions




time [ns]

Local TO constant implementation (preliminary)

before t0 calib. (slot#14) after t0 calib. (slot#14)
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Module TO S.Senga, A. Gaz

cosmic-ray muon 1. Subtract propagation time
2. Q‘Auon hit timing with extHit.track information, 2 th d
L — /19 slot i for each event. X me O
> A4 vV 2. Determine “muon hit timing.” 2= Z [Atij (tj ti)r/()z
. . . . - =L 0o %
1. Propagation time 3. Time of Flight 3. Calculate the time difference 0d Mean Error
between 2 “muon hit timing” Mean(TOFTOP-TOFexpected)
B= 155 T (=TOFTop). o, the time origin of slot i(j),
) . : ) -
4. Compare that value with TOFtrk, '(i Sétefr.m'gid S0 th?t x* becomes minimum.
. . . . 0™ IS TIXed 1o zero.
- computed using extHit.track information.
o // slot j Draw the plot At=TOFtop-TOFtrk.
= . . T . ) i N3 — e —
/ This value should be zero in the simulation, A | B £ =% 1 | = =
and in the data if modules are correctly aligned in time. 3 I -1 3 ]
Dot T ity Local TO RUN 4634 Dot T i Local TO RUN 4835 Dota T with Locad TO RUN 4636 : l -
- B £ SN § S— p SV S—
nkE HE OwhaT SN Ot
- £ . E 3 3 B
il : ] | : E = | E.S
P l - E dl . . “
iy - E ] ' A
a ; ‘1 o $— ['.4_
"‘H'._"-_‘yrxi»'\,ﬂ:.,u“ 1 1""3"\: - . el gE‘.u £ ot "fl 7 .j'i{_ﬂr msmpan) @04020909090902ZT S ASETEAEEss SsEEAaeteeeess At L-:“ -
Detia T wil Local TO RUN 4637 Y;:'.‘---'- -’;I L Detia T wit Local TO RUN 4638 I::;--w .,;l] ) Dota T weh Locad TO RUN 4639
Ve 012 . Mean 0244 :_E_
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Studies in physics channels

. . . bo TOP o_nlyg D eff.
* K/p PID studies using D* decays &7 . TN il s e WA
Saurabh Sandilya g P — o7 K o 07 K ‘
E A | Lsig= 05186 - 00080 086 K (truth) 06 | K (truth)
cc - D* st frac = 0.8418 = 0.0010 x (truth) truth
’ *+ -+ ’g‘”:- m= 0.1454565 = 0. 05 05 | % (truth)
D* -D° w ., < ¢ 81 = 0.0012013 + 0.0§00471
Do K ’T‘ :?”E_ $2 = 0.0003972 + 0. 04 04
A> \ 1!«)00E 03 ' 03
toooof 02 02
nt fake. nt fake.
AM—M(D*)-M(DO) 0.1 0.1 e
°o":*'F“TT;“"é““i““é"’“ o508’ ols/‘o:o;o 02 04 06 08 1
. . . [GeVic?) i cos®
Dimitri Neverov P[GeV/c] ° Cos 6
Average statistical error " '¢evier . o
0.05¢ T o) T T T T T T ™= * Some of detected photons for pion and Kaon show similar
B 0,045} = 7g 1 timing at the same channel, accidentally, due to the .
t 0_04: . o difference of wavelength/group velocity. K |nam|
g 0:22 , . m For the case around first peak, ( 2 0 1 1 )
S o ' & e <oy
Qo ° 3 E S : K; fast(~500nm, ~0.201mm/ps) ATOF~60ps
5 0.02¢ . E Weak Spot % \\ (m; fast, K; slow)
D o015 1% 3 - . H ; fast, K;
I e et Efficiency is worse AC fora
&=  0.005- =
no ] initial detector de

2 40 005

15 2
mt [fb I Integraled luminosity, o'

P [GeV/c]

Without proton-ID requirements

p—
45 5
P, GeV/c

354

ATOP cancels out ATOF.

Wlth proton-ID requirements

Hikari Hirata 106> 108
e Proton ID study using A = pm decays = e
e ProtonIDeff.=91.11+0.26 % o
— +1.5 o difference from Mctruth ? 2
%,1 1.105 1.‘11 1.‘115 1..12 1.:‘I.25 1..13 1 1105 111 1.I115 112 1125 11

M..[GeV/c?] M, [GeV/c?)
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PEEK Delamination Issue Kodai Matsuoka

* Most plausible reason is the interface stress by thermal expansion

« Confirmed that visible area of the delamination depends on
whether the electronics is on or off

* Plan to measure the temperature distribution of the spare TOP
module, and investigate a risk of developing delamination

Prism enclosure surface  PMT module E
LED light = . . .. . =
CCD camera - Delamination visible in CCD photos g
i B-field |Slot 5
Shooting date wv[ (m|o1]02|03|o0a|os|o6[07|08[09|10{11{12{13]14]15]16 =
§ 5/16 (after installation) " “”| on 0 l
P o 7/26 (after B-field meas.) on 0 I
: 7/26 (after 1* repair) . on| 1.5 %
. 9/13 (after 20 repair) onj © ?, ¥ Thermal expansion of the
il 9/16 __|onfoRnY = 2 PEEK frame/glue made
PEEK frame :;:z (;;a;t of 1 week B test) _ on| 0/1/1.5) E% § g the c?glamination
,27 (after 1 week B test). _|on 1.5/0 oS = (in)visible
9/27,28,29,30,10/1,23  |on| 15
CCD view with a mOCkup 10/3 (slot11 glue broken) " **| on 0 > . v~ Sl It could be a possible
10/4,10 owlon| 0 & cause of the delamination.
8 | 4/20 atter rolk-in) o o | | | || >
~1's/24,26 .| on| 0/15 § Doubt if the optical oil can
7/10 (1 GCR) fon| 15 o | enter the thin gap.
7/25 (1 h after LV off) T off| 15 S
7/28 (after E-hut shutdown) N off 15 I
Blue: Small delami orins i from the beg! 8 Red: Small del can be seen (compared to 5/16)
Black: Large delamination can be seen (compared to 5/16) Orange: Small can be seen (compared to 7/26)

CAMOS




TOP upgrade

Summary of the number of MCP-PMTs

| |Conventional |ALD______|Life-extended ALD

Total in hand 277 231 108

To be returned 16 7 0

Installed 255 221 64

Available spares 6 3 44

To be delivered 16 + 20 (new order)

Total available for replacement of the installed conventional MCP-PMTs: 83
Conventional MCP-PMTs to be replaced: 224
Necessary additional order: 141

* The current estimation of the time of the replacement is 2020
summer shutdown, which depends on the actual level of the
beam background (current assumption is 5-8 MHz/PMT) and
on the PMT gain (current assumption is 2.5x10°).

* Production rate: about 10 PMTs/month = 16 months for 161 PMTs

— Need continuous production for stable production referring back to experience.

* Plan to continue small production until the actual beam background
is understood in Phase 2 operation, but need budget.

* Decide a plan of the later production after Phase 2.

Year 2017 2018 2019 2020
Month 1 4 7 10(1 4 7 10|12 4 7 10|11 4 7
Global schedule Phase 2 Physics run  Physics run

Current production

PMT production Another small production (+20)

PMT test

PMT installation
Available PMTs 44 63 83 Unclear (depends on budget situation)

) * The 224 conventional
Viewed from the forward
e MCP-PMTs in the 7 slots

to the backward
have to be replaced due

y \ to the QE degradation
/ 5‘1’ \ by the beam
X
z

background.

Higher background Need additional mass

<:l I h ‘ I production of the MCP-

E-hut § Lower background PMTs for the
replacement.

® Conventional
o ALD Continue the
8 Life-extended ALD production of t_he .
Hamamatsu 1-inch life-
Module 01

L Ry extended ALD MCP-

PMTs.

BGx1

=
>

1-¢_(slot03)

=
w

1-¢_(slotl6)
" 1-¢_ (slot10)

=
N

[y

(1-¢)/(1-¢,) or QE/QE,

AN - g QE (slot09)
0.9 LN :
\ \\\ “‘\ |
0.8 ' . QE (slot10
QE (slot16) JJEL ) “._  ALD: slot03-09
0.7 \ \ QE (slot03) ™ _
0.6 Conventjonal: sId{:lO-lG \\

2018 2019 2020 2021 2022 2023 2024

Summer shutdown year



TOP upgrade

Conventional MCP-PMTs to be replaced: 224

ALD life-extended ALD Ordered TOT
Available MCP-PMTs for replacements: 3 60 20 83
/ \ (will be tested in spring by PD/TO)
(tested by Nagoya) 44 16 (will be tested in January by PD)

Laser setup in Nagoya

‘ 1) HV test
2) Laser test
Gain(HV) At Nagoya
il withOT
\\/ = uNGYE —
At KEK
CE(HV) with1.5T
in0T

3

) QE measurement QF setup:

QE(A) Xe lamp




Summary

« Firmware status
« Event skew
« Trigger rate limitation

« Feature extraction optimization

« Cadlibration tools for beam collision are becoming ready
v Time Base Calibration
v Local TO (close)

v Alignment (close)

« TOP upgrade

* New PMTs production and test



BACKUP



TOP in GCR

“b2llost” problem, initially stopped DAQ frequently, was turned out to be due
to frequent register access

New firmware versions were developed

— 32-31/3D-06: temporary fix, requires special HSLB fw, since June/end .

— 32-31-b2llfix/3D-06: can work with normal HSLB. Was ready by the middle

of Aug., but not used in Aug. GCR.

— 33-31/3D-06, 34-31/3D-06: fix for “timing mis-alignment” problem
Limitation readout
windows

— Single hit / channel N | .
— Trigger rate <750 Hz, . cosmic ray signal
¢ need 1.5ms “hold-off” time. max : ~12 us

trigger decision Map

¢ Another limitation from disk 1/O
- <200 Hz in practical use

hit time distribution

Tuning of readout parameters carried out. E(
— Readout windows {i’

— Lookback window

— CFD thereshold

* Module N, distribution is as expected: <N, > = ~20 TOF
e Module efficiency is high with BKLMhit > 0 cDC
— 12(7) out of 16 modules have eff. > 90%(95%)
e Still have to understand and study ECL
N, stability
— Detailed comparison between data and MC (for N, and
track momentum dist.)
— Time calibrated (x, t) ring image
9% m - - — H
Yichr EE T o g
MCP- shm R RN
: i 1 * 09F : (I F ]
PMT hit 100 : | :
50 . o‘s'—l 3
>X(ch) £ F ;
. 400f 2 F  Module efficienc ]
Typical Ny =0 | = b Vo
distribution 000_ E Run 3592+3581+3583 E
800 L 045:— -
, 800 ( . 04sf Aman Sangal k
NOFItSUgU 400? " : M B B .:
Tsuzuki 200 e 0 5 10 15

el it . TRl .
Q6455253634045 80 Nhit Module #
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