L o Ve M

UNIVERSITY OF

> v MICHIGAN

The DAQ for the KOTO Experiment
and RPT Upgrade

Stephanie Su
University of Michigan

On behalf of

Jon Ameel', Jacqueline Beechert'!, Mircea Bogdan?, Myron Campbell,
Carolyn Gee', Margaret Huff!, Jessica Micallef', Joshua Robinson’,
Christopher Rymph'!, Hanna Schamis', Yasuyuki Sugiyama?,

Yasuhisa Tajima*, Monica Tecchio', Nikola Whallon', Yau Wah?, and Jia Xu’

'University of Michigan, U.S.A.
2University of Chicago, U.S.A
3Osaka University, Japan
“Yamagata University, Japan



S

L o a Ve

Vv

Overview

o« KOTO Experiment
 The DAQ System
 DAQ Performance
e Upgrades

e Summary

UNIVERSITY OF

MICHIGAN




S

L o a Ve

Overview

« KOTO Experiment
 The DAQ System
 DAQ Performance
e Upgrades

e Summary

UNIVERSITY OF
MICHIGAN




d

JO1.* M

S V UNIVERSITY OF

KOTO Experiment at J-PARC

e Study K; — v decay

e Branching ratio (SM): 2.4 x 101 d - ! 0
e 3ee one event in ~250 billion events Rr . A Via d d
e 2013: 24 kW t
2015: 24 KW ~ 42 KW 7 v
2016: 42 kW

I

2017: 42 kW ~ 100 kW
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KOTO Experiment at J-PARC

* | ocated at Tokal, Ibaraki, Japan

® 50 GeV proton synchrotron

50 GeV tunnel

Production target(T1)
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J-PARC = Japan Proton Accelerator Research Complex
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KOTQO Detectors

» Final signal: two photons on the Csl calorimeter

Csl calorimeter
FB NCC MB CvV CC04 CC05 CC06 Old BHCV BHPV BHGC
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HINEMOS BCV LCV OEV CCo3 BPCV New BHCV BPM
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KOTO DAQ System

Hardware

opticai €lectronics
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ADC Module

Buffer waiting for
L1 trigger decision

—

Detector Rx > Energy
L1 Trigger
Master Detector Rx
Digitize PMT

Detector Rx

waveforms _
Data compression:

Find min energy
& energy range
Detector Rx for each sample

L1 Trigger
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KOTO DAQ System

Hardware

optical €lectronics
Link :
Hit Energy L1 T”gger

/\ ADC |[pmmmdl £, crgy Sum Computer
] L1 Trigger &
Signal Waveform clusters
Detectors 4 Digitization SECES N Detector Veto :
go;llx 3 L3 Trigger
able
Data Data L2 Trigger B:CH Event Building i Tape Storaae
Compression g 99 P & > P g
Optical COE 1 Gbps SINET4 at KEK

SUU Calculation [kl C'ustering  IEUTELE
Link &

Hardware Data Collection
electronics
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L1 Trigger System

e 2 Energy
« Detector veto P3 backplane (left chain) P3 backplane (right chain)

 Master L1 trigger
* makes trigger decision _
e sends decision to ADC
L1 Trigger Pass || Recv
Modules
Sum
i Hit| 2ZE : Hit| | Hit

2.5 Gbps
Optical link B S S N S —_— B O N I N E——
ADC Veto, Veto, Csl Csl Csl Csl Csl Veto, Veto,

L1 Trigger
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KOTO DAQ System

18 kEvt Hz
<100 kEvt Hz Hardware

opticai €lectronics

Link ]
Hit Energy L1 Trlgger

/\ ADC PEEEEREN Fnergy Sum
L1 Trigger &

Signal Waveform

Detectors 4 Digitization GELIESH Detector Veto
Coax &
Cable

Data Data
S

Compression

Optical COE
Link Calculation
Hardware
electronics
Data Rate 11 kEvt Hz
Output Limit
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L2 Trigger System

e Center of Energy (CoE) event selection

Csl calorimeter
FB NCC MB CvV CC04 CCO05 CC06 OldBHCVY BHPV

e remove sensitive events decays (Cok < 165 mm)

V(5 Eiz)* + (X, B)’

CoE radius =
> B
]
HINEMOS BCV LCV OEV CCo03 BPCV New BHCV BPM
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Csl calorimeter cluster display CoE distribution for various neutral K. decays
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L2 Trigger System

L1 Trigger Master L2 Trigger Master

Sum by
Daisy-chain

L2 Trigger

L1 Trigger

2 Gb DDR2
Memory

L3 Computer Clusters

Buffer CoE sum 1 Gbps
Full Ethernet
2.5 Gbps Memory
Optical link
10~32

kB/EvtPkt
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KOTO DAQ System

18 kEvt Hz
<100 kEvt Hz Hardware

opticai €lectronics

Link ]
Hit Energy L1 Trlgger

/\ ADC PEEEEREN Fnergy Sum
L1 Trigger &

Signal Waveform

Detectors 4 Digitization GELIESH Detector Veto
Coax &
Cable

Data Data
S

Compression

L2 I rigger e
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Computer
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L3 Trigger
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&
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Hardware
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Data Rate 11 kEvt Hz 3.5 kEvt Hz
Output Limit <4 KEvt Hz
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L3 Computer Clusters

e Event building
e Clustering

 Data collection Disk arrays (288TB)

T

Type 2 Nodes [\[oTc[-Wk:] Node 19 Node 20 EERLLELLE Node 47

Evt1] X\ Evt 1 Evt 3 Evt 3
PO P1 PO P1
2 x 10 Gbps
Infiniband

2.5 Gbps
Ethernet

/L2 Board #j L2 Board #? L2 Board #3

et vo B e e B e P2

I
I
|
|
|
I
I
I
I
/

L2 Trigger | !
Data Pipeline | | | ;
| 5 | |
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KOTO DAQ System

18 kEvt Hz
<100 kEvt Hz Hardware
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Computer
clusters
L3 Trigger
Event lzuilding Files BETRSIITo[=
SINET4 at KEK

Clustering Network
&

Data Collection

4 Gbps
< 4 Gbps

Optical COE
Link Calculation
Hardware
electronics
Data Rate 11 kEvt Hz 3.5 kEvt Hz
Output Limit <4 KEvt Hz
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KOTO DAQ Performance (2015)

 ADC lossless data compression improved the L2 livetime ratio

25.8 kW 32.7 kW

24KW | 27~20.3kW i 33kW) |4 30kW | 42 kW
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Trigger Rate for all 2015 physics runs

L1 Req: # of events generated by L1 trigger
L1A: # of events considered for the L2 trigger decision
L2A: # of events passed the L2 trigger decision

ADC data compression test
ADC data compression implementation

L2 Livetime Ratio (L1A / L1Req)
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Summary for Current DAQ

e The current KOTO DAQ system performance improved from 2013 to 2015 with beam
power increased from 24 kW to 42 kW

« Beam power will increase up to 100 kW
 DAQ upgrade

21
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L2 Trigger —> RPT

18 kEvt Hz
<100 kEvt Hz Hardware

opticai €lectronics

Link !
Hit Energy L1 Trlgger

/\ ADC e e Energy Sum
L1 Trigger &

Signal Waveform

Detectors 4 Digitization GELIESH Detector Veto
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Data Data
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Computer
clusters
L3 Trigger
Event iuilding il Tape Storage
SINET4 at KEK

Clustering Network
&

Data Collection

4 Gbps
< 4 Gbps

Optical COE
Link Calculation
Hardware
electronics
Data Rate 11 kEvt Hz 3.5 kEvt Hz
Output Limit <4 KEvt Hz
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RCE Platform Technology (RPT) Upgrade

e Cluster-on-Board (COB)
» Reconfigurable Clustering Element (RCE, Zyng-7000)

e Rear Transition Module (RTM)
* Replicated-mesh ATCA crate
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Cluster-On-Board Data Transport

Send events
- eventID
- spill Info

10 Gbps x 12 lanes
ADC: 8 lanes
EL3: 1 lane

- Event building
- CoE decision
- - Clustering

= extra: 3 lanes

ADC

< L3 Computer Clusters
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Summary

e The current KOTO DAQ system functions well up to 42 kW

 New upgrades on the L2 trigger system is required to maintain the DAQ livetime for
increasing beam power up to 100 kW

* We anticipate the PRT upgrade will allow us to handle up to ~283 kW beam power
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