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Introduction: ARICH

PID detector at the forward endcap

i

« Target: 40 K/m separation at 0.5 — 4.0 GeV

« Constrain: limited space (30 cm), large area coverage

- Adopt proximity-focusing RICH
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« Smaller oy and larger N
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l nt ro - Ra d i ato r ge: Angle resolution in the detector
u N, ¢: Number of detected photon

Important to increase N, w/o degrading gy

« Two aerogel layers with different indices: n; = 1.045,n, = 1.055
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248 aerogel tiles in total
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Intro: Photon detector
Hybrid Avalanche Photo-Detector(HAPD)

- Radiation tolerance (10! neutrons/cmz?/year)

« Work in 1.5 T magnetic field
« Good single photon detection efficiency

Developed by Hamamatsu Photonics

bi-alkali
photocathode photon
\ : artz window Size 73%73%28 mm3
4 # of channels 12x12 = 144 ch
HV J e Channel size 4.9%4.9 mm?2
—8kV \ Effective area 65%
bigs s S A 2 o A B S o Peak QE ~30%
300 V Avalanche gain ~O(10)L_1°t Gain ~70000

Py pixel APD
Guard electrode: 175V

In total, 420 HAPDs are used (1 HAPD: 4 APDs)
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Readout electronics

Send 1-bit information from each channel

neo  Front-end Board (FEB)

ASIC

Total: 60000 channels

\
IL—

FPGA
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Trigger

DAQ
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input DOU
Rala....

Preamp Shaper Comparator p36ch

ASIC

Xilinx Spartan-6 FPGA

« Digitize signals from HAPD

- 420 FEBs in total

hit info.

—>

Xilinx Vertex-5 FPGA: Control 5-6 FEBs

=+l - Firmware download, parameter setting

. = + Monitor temperature, voltage, SEU

etc

S Combine FEB data and send to DAQ

> /2 merger boards in total



Readout: Self-repair on FEB SEU

Effect from neutrons is SEU in the FEB FPGAs
 Frequent SEUs expected in Spartan-6 FPGA: 8 SEUs/(hour, FEB)

- Less data-taking efficiency

R.Giordano et. al: arXiv:2010.16194

Designed firmware: Configuration consistency corrector (C3)

« Detect damaged frame by majority voting redundant frame bits

« Partial reconfiguration of the firmware - No DAQ failure

FEB #0

FEB #5

We used this firmware from June.2020 > DAQ efficiency improved!

ITAG

On-detector

§200 Number of detected SEUs per 12 merger boards .,
N e et i et
100
Sivesassepesitesnessasonssnenaeass
: -
16.June 17.June 18.June 19.June 20.June
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https://arxiv.org/pdf/2010.16194.pdf

Picture

Radiator plane Photon detector plane Backs
L ~ 3 : b | . \;

idevplane
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ARICH operation summary
Phase 3 run
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Summary of Phase 3 operation

Exp26 run#914

HAPD operation

« ~1 % off due to LV cable connection

100

- Merger 5_5 with 5 HAPDs o o

« ~6 % off due to HV, bias problems
« bias trip, high noise in HV/bias

Xy
50 %

- 93% channels operational

-100

DAQ operation

Signal hits / channel / event

« Several improvement of firmware and operation system

« ARICH downtime: Significantly reduced

« Switch the readout to PCle40 system in 2022ab run

« Success in migration, no major issue
- Stable operation in Phase 3
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HAPD operation status

Observe sudden increase of leakage current - disabled APDs

Signal hits / channel / event

Broken APDs due to radiation...?

EPICS Archiver Appliance Viewer

30s 1m 5m 15m 30m 1h 4h 8h 1d 2d 1w 2w 1M

Sudden increase
bias current in HAPD#416

= cmon:416:bias-a:HV:ARICH

1

V/N

lastSample[7200(s)]

100

50

-50

-100

Negligible effect of

2022 2023
6.5%

AN
®)
AN
o
AN
o
AN
(o))
o
AN

PID performance
due to masked APDs

5.4%

5.6% | 6.0%

4.8%

Ratio

The problem of APD is getting stabilized

10

Seems no dependency on beam condition
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Signal hits / channel / event

700 800
Channel ID

s laey e B e
500 600

100

LV cable failure

Found contact failure in LV cable

)

Fixed them by soldering (during LS

i nn
400

Merger 5.5 <-> HAPD

" 200 300

100

ido

200
-300
400

Confirmed merger 5 5 is recovered

Threshold scan of 5 5
(HV PEAK and LED ON)

No DAQ error =2 Will enable them in next run

11
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DAQ status: PCle40 system

PCle40 readout system in 2022ab run

« 18 coppers + 6 ropc > 2 PCle40 (48ch) + 2 ropc
PCle40 system

Copper system

ROPC401 rocontrol
STORE_ARICH  _ . EB1_ARICHO1 ebitxd
RC_HLT_ARICH CPR4001
RC_ARICH TTD_ARICH CPR4002 cpreontrold
. runcontrold ARICH ARICHO1 CPR4003
running runcontrold e
under THSCAN ARICH02
arich01 /|
-------------------- ARICH03
ARICH04
ARICHO05
ARICHO06
runcontrold
Hostname TTD  DMA DMA [kBytes] Size [Bytes] Rate [MB/s] 3 6 C h
@rari [FuRmG [ worrenoy | [ [ W 2505 | g oog
Belle2link-channel
011 VEE 92208886 1,12 (v 92208886 2,13 (VI 92208886 3,14 (VI 92298886
4,15 VEE 92298886 5,16 (v 92208886 6,17 v 92208886 7,18 (VN 92298886
8,19 VEE 92299147 9,1 10 VI 92300006 10, 111 (v [ 92300065 11,1 1: V[ 92300127
12,21 VW 92300038 13,2 2 (VI | 92300459 14,23 (VI 92301350 15,24 VN 92302214
16,25 VER 92299869 17,2 6 (v [ [ 92209782 18,27 VW 92302242 19,2 8 ([ 92302997
20,29 VEE 92303025 21, 2 10V [ | 92303643 22,2 11 (VW 92303643 23,2 1: VW 92304126
24,31 vER 92304774 25,3 2 (VI 92304902 26,33 VI 92304902 27,34 VW 92304902
28,35 VN 92304902 29,3 6 VI[I [T 92304902 30,37 VW 92304902 31,38 VN 92304902
32,39 VEE 92304902 33, 3 10V [l 92304902 34,3 11 v 92309510 35,3 1 VI 92261382
Hostname TID DMA DMA [kBytes] Size [Bytes] Rate [MB/s]
2 e W g | G| —
Belle2link-channel
041 VEE 92277510 1,42 VR 92277510 2,43 VN 92277510 3,44 VN 92277510
a,45 VERE 92277510 5,4 6 (vl 92277510 6,47 92277510 7,48 VN 92277510
8,49 VEE 92277510 9, 4 10 (v 92277510 10, 4 11V W 92277510 11,4 2: VW 92277510
12,51 VN 92277510 13,52 (Vi | 92277510 14,53 VI 92277510 15,54 VN 92277510
16,55 (| 017,56 VERE 92277510 18,57 VW 92277510 19,58 VI 92277510
20,59 (v ﬁu 92277510 21, 510V B ﬂ | 92277510 22, 511 (v ﬂ E 92277510 23, 51 v ﬂ B 92277510
23,61 vER 92277510 25, 6.2 (v | 92277510 26,63 (v 92277510 27,64 VN 92277510
28,65 v 92277510 29, 6.6 (VI[N 92277510 30,67 VI 92277510 31,68 VN 92277510
32,69 (v ﬁﬂ 92277510 33, 6_10 (¥ ﬂ ﬂ 92277510 34, 611 (¥ ﬂ ﬁ 92277510 35, 6_1i [+ ﬂ ﬁ 92277520
Load FEE Masking Save FEE Masking

HLT06

STORE_RARI
RC_HLT_RARI
RC_ARICH TTD_ARICH
runcontrold ARI
running
under
rarl

CH RARI1
runcontrold -
THSCAN RARI2

/

ROPC451

rocontrol

EB1_ARICHO1 eblixd

PCIE40_RARI1—;
pcie40controld

(~ PCIE40LINKOO

pcie40linkd

\_PCIE40LINK35

We use 36 ch out of 48 ch

It has been stably operated

Thanks, DAQ upgrade group!
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ARICH trouble

Nb errors in 202] b Nb. errors in 2021c

fifo, crc, b2lost, ttlost 13
. A few times per per week 11
6 12l 5
Unpacker error, etc - :
g 1 1 2
+ 5 3 34 % 7
« Very rare.. ST PN revesvervevervsreees S SR s S
ttlost  fifo,crc  Unpacker Copper fost ’O,cr%% Packs, oy, ers
b2llost  error down

JIRA ticket: BIIOPS-313, BIIOPS-135

« Unclear alert message for CR shifters

- Update alert message and introduce recovery script (next page)

« HV daemon was sometimes unknown (in 2020)
- Recently, the daemon becomes stable (using restart script etc..)

( the source is not understood yet.. still under investigation)

2022/11/29 13


https://agira.desy.de/browse/BIIOPS-313
https://agira.desy.de/browse/BIIOPS-135

Recovery script

Introduced recovery script in 2021c
« Most errors fixed by local CR shifters

- Significantly reduced ARICH downtime
cﬂ, elastalert @rocket.cat Bot 4#1K§10 Appear in Be”e “ Chat

FATAL error from ARICH PCled0(s) at 2022-06-11 13:09 JST ~

Aggregation resulted in the following data for summary_table_fields ==> ['n exp 24-26 (2/21-6/5, 2022) during physics runs

-+ + L

2022ab

PXD
e | —H | SVD
= : ; X CDC 2/ 21 - 6/ )
| ROPC452 | RARIZ : thread 1 : rari2 ch=1 : ERROR_EVENT : | 1 TOP
| | Invalid event_number (= lower 8bits in ffaa header | ARICH  Success in migration from COPPER to PCle40 for ARICH
| | => 0x3d). Exiting...: eve 0x00625139 ffaa header | ECL mmmm
| | oxffaa@l3d : exp 26 run 1422 sub 0 : | KLM ‘
' S Lot e L LG 000 G S | TRG |
| | unsigned intx, unsigned int, unsigned inté&, | DAQ I
| | unsigned int&, unsigned int, std::vector<int>) 1307 | Others

o

50 100 150 200 250 300 350 400
Downtime (min)

“Show the command for shifters

After ABORTING, try to re-program 4_2 by
[b2shift@shiftc] ~/b2ari_test/recovery_arich.py 4_2

Next Step
« Development of recovery GUI (like CDC) is ongoing

« Implementation of automatic recovery

2022/11/29 14



Question to DAQ team

(Yu Nakazawa-san already mentioned)
We’'d like to also keep DAQ after detecting an error

« Reconfigure problematic FEEs when DAQ stops for other reason

- If it is possible, we can reduce DAQ crash due to ARICH error
wmeo Front-end Board (FEB)

ASIC

Merger Board

Need to update merger firmware

FPGA

\ FPGA
Trigger
/ K
DAQ

Your comments are welcome
2022/11/29 15




PID performance of ARICH
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Cherenkov angle distribution
ete” » utu- events, 2019 data

—— DATA (mu-mu bucket 6)

— MC

60cm <r < 95cm

P 1 1 T T T T 1T

0 0.05 0.1 0.15 0.2 0.25 03 0.35 04

0.45

0.5

0 [rad]

DATA
oc = 12.7 mrad
MC

o= 12.75 mrad

« Good agreement between data and MC simulation

2022/11/29
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Particle Identification in ARICH

Comparison b.t.w observed hit and the expected PDF
« PDF: Cherenkov angle distribution
« Construct likelihood function for 6 type hypotheses (e, u,m, K, p, d)

n!': expected number of hits on pixel i
* 1 bit (ON/OFF) information in each pixel

i
[
[
l
[
[
!
<
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Performance of K/m separation

Clean sample of K,r tracks from D* decays: eg. D** - D°x},

« K eff: Apply =ID to another track from D0 to Increase the purlty

« 1 miss-eff: KID to another track i

For 7t miss-eff "_’® For K eff 0.9

.............. - ,
* : :

Belle " Prellmmary

20000F 20000— > N det 71 2 fb1
18000_— 18000:— GC) -
it - 2 0.8 R A R e e (AR|CHOH|Y) ...............................................
14000:— 14000:_ = -
3 ] w -
120005— 120005— Q - :
100005_ 100005_ < 0.7__: ..................................................................................................................................................
8000f- 8000 -
sooof— 60005— I~ 5 _ Data§ :
40005— 4000f— 06:" .............. ................... ,,,,,,,,,,,,,, u ,,,,, MC ................... ................... ..................
2000F 2000F N : : : : i i
P85 85 164 185 186 187 186 189 1.9 191 192 P85 185 184 185 1.861.871.881.19 191 1,92 - : :
2 _Illlillllil||IilIllillllillllillllilll|
‘MD [GeV/c?] o G505 51515 62 025 05 035 04
20000 RK/T[ > 0.5 to 7 track 20000 RK/n > 0.5 to K track 7 mis-ID Rate
18000 18000 , -
955 Close to MC expectation

1 1% 14000

14000
12000

X Detector alignment, calibration

10000

RN R R LR LR R R RN LR o

8000 8000
6000 6000 . . .
« Key to identify data/MC difference
2000 2000 7

L8265 1.64 185 1.86 1.87 188 189 1.9 191192 P52 183 184 185 186 167 185189 19 1911,

2022/11/29 Ry = T Mp, [GeV/cZ] 19



Stability of PID performance
Calculate K efficiency and = miss-efficiency run-by-run
* Rg/r > 0.5 using D* sample

Point: beam-induced background increases as higher luminosity

2019 2020 2021 Data
: MC simulation
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Observed stable PID performance against beam-induced background
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Summary

Stable ARICH operation in Phase 3

« HAPD: 93% channels operational
« Negligible effect of PID performance due to masked APDs

« Several improvement of firmware and operation system

Success in PCle40 migration - No major downtime in Phase 3

Good PID performance in Belle Il data
« PID performance in data is close to MC expectation!

« Stable PID performance against beam-induced background

2022/11/29
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PID performance vs run number in 2022ab

K id. efficiency

= misid. rate

098 —
096 —

094 —

- performance seems stable (also in last period with large backgrounds)

- no clear correlation with bkg. hit rate in the ARICH

or CDC background is seen

2022/11/29

data chunk id

CDC leak current [pA]

CDC leak [uA]

1

220

........_.,\,
E 88 8 38 8 8
TIT

@
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40
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Planar mirror

To prevent photon loss for track on the outer edge of the
detector

Possible to photon reflections properly considered in the
reconstruction algorithm

Planar mirror

Aerogel HAPDs

2022/11/29
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Quartz window

Cherenkov photons are also emitted when a particle
passes through the quartz window of an HAPD.

« They can be converted to photoelectrons on their first impact on
the photocathode or after repeated total internal reflections in the
quartz window ( refractive index: ~1.5 for quartz )

- Small Cherenkov angle

aerogel HAPD

Mmopum

/
/
/

delta e-
4 E~O(MeV)
curling along the
magnetic field lines

—
B
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APD structure

depletion region
(Avalanche amplification region)

p.e.

N+ ® : clectron(e) —
O : hole(h+) Bias voltage _|_
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