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RECENT BELLE RESULTS

� � �������
fb 	�
 � 32M  � events— recorded by July2001
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RECENT BELLE RESULTS
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fb 	�
 � 32M  � events— recorded by July2001

Observation of CPV in  decay
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RECENT BELLE RESULTS

Observation of CPV in  decay Observationof  " # $&%'$ 	 decays
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SUPER KEKB

( Activities
)*) Juststarted— first workshopin Aug. 2001)*) (note:noneof theseactivities / plansareofficial yet)
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SUPER KEKB

( Activities
)*) Juststarted— first workshopin Aug. 2001( Motivation— Flavor physics
)*) BeyondtheprecisionMeasurement of CKM matrix)*) Tool to understand thephysicsof higherenergy andbeyondSM (BSM)

— As kaon experiments have been.)*) Complementaryto theenergy frontier experiments(LHC, LC, . . . )
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SUPER KEKB

( Activities
)*) Juststarted— first workshopin Aug. 2001( Motivation— Flavor physics
)*) BeyondtheprecisionMeasurement of CKM matrix)*) Tool to understand thephysicsof higherenergy andbeyondSM (BSM))*) Complementaryto theenergy frontier experiments(LHC, LC, . . . )

( Solution— Luminosityfrontier
)*) UpgradeKEKB andBelle for

� � �+�-,/.
cm	10 s	'
 ( 2 �+�

of thecurrentdesign))*) 3 % 3 	 experimentis betterin many channelsthanhadronmachines

— (BTeV, LHCb, ATLAS, CMS)
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ROADMAP

FirstStep

Discovery of CPV
in  -decay

� � 4��
fb 	'
� � �5�76 2 �+� ,8,
cm	90 s	'


2001(Now)
Achieved
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ROADMAP

FirstStep

Discovery of CPV
in  -decay

SecondStep

Precisiontest
of KM Model
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ROADMAP

FirstStep

Discovery of CPV
in  -decay

SecondStep

Precisiontest
of KM Model

Third Step

Flavor physicsonBSM

� � 4��
fb 	'
� � �5�76 2 �+�:,8,
cm	90 s	'


; < =�>�>
fb ?'@; < A B A+>:CED

cm?1F s?'@
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fb ?�@; < A+>:C/G
cm?1F s?�@

2001(Now)
Achieved

2005
CurrentKEKB andBelle

2010?
SuperKEKB



SuperKEKB DataAcquisition System
Mikihi ko Nakao(KEK)

5 October, 2001
Page5 of 25

OKADA MATRIX
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ACCELERATOR UPGRADE
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RF RF
FUJI Area

HER LER

Linac

w More beamcurrent
0.9A/0.8 A x 10 A / 3 A

(LER/HER)w Squeezebeammorey*y
Squeezez|{}'~/����� mm � � mmy*y
Bunchlength � mm � � mmw New IR designy*y
Crossing ���q� mrad � ��� � mrady*y
Crabcavityw Electroncloudy*y
Swap �\�&� ���y*y
Ante-chamber
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IR UPGRADE

( New interactionregion (IR) designis needed.( QCS(final focusquad)closerto IP — No EFC(extremeforward calorimeter)( Beammaskdesignisessentialfor radiationtolerance,coolingdesign,andbeam
backgroundestimation.( Aiming for 1.0 cm radiusbeampipe(for bettervertexing) Beam-pipe with 1.5
cm radiusis OK.
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BELLE DETECTOR

1. siliconvertex detector(SVD)
3 layersof doublesidedsensors

2. centraldrift chamber(CDC)
50anodelayers

3. aerogelcherenkov counters(ACC)
1188cells, ��� 
E�`��
 to 
E�`� ,

4. time-of-flight counters(TOF)
4cmthick scintillator, 128in

s
5. electromagneticcalorimeter(ECL)

8736CsI(Tl) crystals
6.

]��
and � detector(KLM)

14 layersof glassRPCin iron yoke
7. superconductingsolenoid

1.5Telsa
8. extreme-forwardcalorimeter(EFC)

320BGO ontopof final focusquad
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BELLE DETECTOR

( Physicsgoal( Radiaiontolerance( Occupancy( Readoutdeadtime

1. siliconvertex detector(SVD)
3 layersof doublesidedsensors

2. centraldrift chamber(CDC)
50anodelayers

3. aerogelcherenkov counters(ACC)
1188cells, ��� 
E�`��
 to 
E�`� ,

4. time-of-flight counters(TOF)
4cmthick scintillator, 128in

s
5. electromagneticcalorimeter(ECL)

8736CsI(Tl) crystals
6.

]��
and � detector(KLM)

14 layersof glassRPCin iron yoke
7. superconductingsolenoid

1.5Telsa
8. extreme-forwardcalorimeter(EFC)

320BGO ontopof final focusquad
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DAQ35 DESIGN SPEC

More background

More physics

Data size

Data flow at L1

at storage

4 × 1033 cm-1s-1 (now)  1 × 1035 cm-1s-1 (×25)  

200 Hz

40 Hz
(BB+qq: 15 Hz)

1 - 3 kHz (?)

1 kHz (!)

40 kB 100 kB
(SVD: 15 kB) (pixel SVD: 50 kB)

10 MB/s 200 - 400 MB/s
(design: 600 MB/s (!))(design: 15 MB→40 MB)

5 MB/s 50 - 100 MB/s
(design: 240 MB/s)

1
2
3

1

2

3

Background rate should not scale to luminosity... probably scale to the beam current.

Data size will increase due to a larger occupancy.

A factor of 2 more reduction with software trigger, prescaling two-photon/ττ /µµ/eeγ.

(BB+qq: 400 Hz (!))

(design: up to 500 Hz)

(design: 15 MB→24 MB)

4

4 After DAQ upgrade in summer 2001 (now)

4

(design: up to 5 kHz)
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ELECTRONICS AND DAQ NOW

( Front-endsystem
sincebeginning( New event build-
ing farm + data
storage system
just replaced

Basic features of Belle trigger/DAQ

Level-1 trigger
   Redundant triggers (track/neutral)
   2.2 µs latency

Simple and robust DAQ
   no pipeline readout
   unified TDC readout with Q-to-T

front-end
electronics

front-end
electronics

global
decision
logic

Q-to-T
converter

Q-to-T
converter

Q-to-T
converter

Q-to-T
converter

Q-to-T
converter

SVD

CDC

TRG

Sequence
Control

EFC
front-end
electronics

KLM
front-end
electronics

ECL
front-end
electronics

TOF
front-end
electronics

ACC
front-end
electronics

Event
Building
Farm

3km

hit
multiplexor

TDC

TDC

TDC

TDC

TDC

TDC

TDC

data flow
trigger flow

subsystem
 trigger

VME
Flash ADC

Master
 VME

Master
 VME

Master
 VME

Master
 VME

Master
 VME

Master
 VME

Master
 VME

Data
Storage
System

Tape
Library

Basic specifications

200 Hz L1 trigger rate
  (500 Hz maximum)

30 KB/event (15 MB/s),
   down to the tape

<200 µs deadtime
   (<10% at 500 Hz)
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L1 TRIGGER NOW

Level-1 trigger

CDC

TOF

ECL

KLM

EFC
High threshold

µ hitHit

Preamp

4x4 Sum

Hit

Axial Wires

Stereo Wires

Cathod Pads

Low threshold

Z finder

Segment Track count

Track count

multiplicity

back-back

timing

Threshold

Energy sum

Timing

Cluster count

Threshold

Bhabha
 4

8 
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rig

ge
r 
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Two photon

Bhabha

Global Decision
 Logic  (GDL)

to readout
seqeunce
controller
(SEQ)

2.2 µsec after event crossing

Pipelined
— 32/64MHz clock
SVD trigger
— to beaddedsoon
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Q-TO-T + FASTBUS SYSTEM NOW

TDC FASTBUS
PROCESSOR

 C
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 Dual Port Mem. 

DMA

to EB
switch

from
Q-to-T
frontend

FASTBUS (up to 6 crates)
VME (1 crate per detector)

trigger from SEQ

Q-to-T (charge to time) converter

LeCroy MQT 300A Q-to-T chip
CDC / ACC / TOF / ECL / EFC

TDC readout

LeCroy LRS1877S FASTBUS multihit-TDC
built-in sparsification function
CDC / ACC / TOF / ECL / EFC / KLM  / TRG

KLM : hit map is serialized
TRG: all the timings are recorded

Unified VME readout system

Motorola MVME162(VxWorks) controls

The same software for all the TDC systems
5.5 MB/s TDC readout / 3.5 MB/s to Event builder

Homemade FASTBUS/VME interface with DPM.

80µs deadtime/event

preamp.
signal

Q-to-T
capacitor

Q-to-T
output

multihit
TDC

Event

Hold

Discharge

Down
edge

Up
edge

Common
stop

Trigger (2.5us)
 (+ delay)

Two timings are digitize and read out.
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VA1 + FADC SYSTEM NOW

Flash ADC to readout frontend VA1-chip

sparsification by onboard DSP
4 VME crates to readout flash ADC

 Flash ADC 
to EB
switch

from
VA1
frontend

control VME

150 µs / event fixed deadtime for delayed VA1 readout.

 E
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readout VME

trigger
 from SEQ

VA1 latch at 1µs by the TOF cluster pre-trigger (a few kHz)

VA1 readout clock noise (crosstalk) in the CDC readout.

trigger
CDC gate for Q-to-T

SVD VA1 readout

150 µs
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EVENT BUILDING FARM NOW

TRG

...

layer 0
VME readout

layer 1
partial event
building + level-2
reconstruction

layer 2
level-2
filtering

layer 3
final event
building + level-3
filtering

layer 4
mass storage

SEQ

TOF

CDC 2

SVD 1

SVD 2

SVD 3

SVD 4

ACC

ECL

KLM

EFC

sw

WS

SONY DTF2

PC

PC

PC

PC

PC

PC

PC

Local area network

100Base-T Trigger flow (1->2)

1000Base-SX Data flow

Ultra Wide SCSI

100Base-T Data flow (0->1)

1000Base-LX Data flow (3km)

Experiment
hall

Tunnel Computer
center

sw

sw sw

PC
(DQM)

100Base-T local area network

CDC 1

SwitchlessEB-farm
from 2001fall
first physicsrun
from today!

� layer0 � 1
— 5 MB/s/link� layer1 � 2
— 15MB/s/link� layer2 � 3
— � 50%reduction� layer3 � 4
— 24MB/s
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ELECTRONICS FOR SUPER KEKB

CurrentDAQ systemwill notwork with 10 timeshigherbackgroundrate.

At 5 kHz, deadtime� �+��� s is needed.

� L1 latency (2.2 � s) is too long if triggercomesat 5 kHz.
Needpipelinebuffer (analog/digital) beforeL1 decision.� No softwarebasedreadoutsystem.
NeedlargeFIFO buffer (with sparcification) for a delayedreadout.� Individual systems:�*� SVD — Occupancy will becritical (4% � 40%?)

Analogpipelineshouldbein front-end�*� ECL — Need fastershapingtime
Pileupeffect�*� CDC — Innerpartshouldbereplacedwith SVD.� � ¡!�T¢

measurement.(similar systemfor PID/KLM) .
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SVD ELECTRONICS

� Closely related to the new SVD de-
sign
(vertex resolution,occupancy,
radiationtolerance,cost,. . . )� Pixel or not — finer innermostlayer
to reduceoccupancy� Extendedouterlayer— drift chamber
will notwork there� Analog pipeline on the readoutchip
— notsoeasytask
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ECL ELECTRONICS

� UsethesameCsI(Tl)
— OK in termsof radiation
(too costly to find andreplacewith a
new/bettercrystal)� Theoptimalshapingtime is too slow,
if pile up is considered.� Lotsof low energy pile-ups
( a few MeV � £ � ¤ ¥ GeV¦ ).� Needmuchshortershaping
multi-rangeflash-ADC
+ waveform sampling.

preamp.
signal

Hit

Hold

6µs
until
peak
max

100ns
hold time

1§ sshapingtime¨ 6§ speaktime¨ 2 MeV equiv. pile up
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CDC ELECTRONICS

� Usesimilar drift chamber— OK in termsof occupancy.� TMC (time-memorychip) is agoodcandidatefor readout.� �9� ¡!�Q¢
shouldbecarefully considered.

� Similar readout can be used
for PID andKLM (but a new
PID detectormay have to be
rebuilt).
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ELECTRONICS SUMMARY

KLM

CsI

TOF

ACC

CDC

SVD

EFC

   hit rate/ch  or                          typical
    occupancy                            time scale        detector@x100
                                                       of detector
present    x10         x100
B:4Hz     B:40Hz     <5kHz       1msec/cm2   <1/10:op-mode & electronics
E:>40Hz E:>400Hz                   (op-mode)    <1/factor:segmentation

noise    <3 noise   <10 noise   >900nsec

30kHz     300kHz     3MHz        ~50nsec       <1/50:segmentation&electronics

B:1kHz    10kHz      100kHz     ~50nsec        <1/10:segmentation
E:5kHz    50kHz      500kHz

5kHz*      50kHz      500kHz     ~400nsec
w/o inner    <10%                         (cell size)

20kHz                                        0.1~1µsec     even if x10 fine granularity
4%           40%        100%           (noise)                    is necessary

almost of all detectors should be
redesigned
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DAQ BACKEND

© Readoutsystem
ª*ª Non-VME systemcanbeusedif realtimesoftware is notneeded.

— Serialline readout (USB2.0or IEEE1394)© EB-farm
ª*ª No muchroomto addEB-farm nodesto copewith « 10datarate.

— EventdistributionandmultipleEB-farmsrunningin parallel.© Storagesystem
ª*ª No singledrive canwrite ata rateof « ¬+ datarate.

— Disk cachinganddelayedwriting into multiple tapedrives.
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READOUT UNIT

Synchronous
ring buffer

A
sy

nc
hr

on
ou

s
F

IF
O

 b
uf

fe
r

digitization
every clock

trigger-id

map onto a linear memory,
or align into a serial line.

Read out by a PC

store if data upon trigger

A
sy

nc
hr

on
ou

s
tr

ig
ge

r-
id

 b
uf

fe
r

~1-2K channel / unit for ECL / CDC
~10-20K channel / unit for SVD

10-20 readout module / crate

Readout Unit
1 PC + 1 box + 1 timing system
Backplane system (9U VME?)
is convenient for misc. purposes.

Data readout/transfer
using serial-bus
 (USB2.0 or IEEE1394).

PC

C
P

U
?
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R
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GbE

Daisy chain

No other conenction to PC
(no timing info at PC)

10-20 MB/s (5kHz) throughput
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MULTIPLE EB-FARM

One of the possible configuration,

layer
1

layer
2

layer
3

~30 PCs 
x 20 MB/s

~5x7 PCs

1-to-5 splitting (GbE to FastE) and
10-to-1 bundling (FastE to GbE),
with inexpensive network switches.

May need some network techniques
such as QoS (RSVP) and/or VLAN.
(need to confirm).

CDC

SEQ

SVD1

SVD2

SVD3

SVD4

ECL

KLM

ACC

EFC

TOF

TRG

L3

L3

L3

L2
VTX

L2
NEU

L2
TRK

L2
VTX

L2
NEU

L2
TRK

L2
VTX

L2
NEU

L2
TRK

L1
VTX

L1
NEU

L1
TRK

L1
VTX

L1
NEU

L1
TRK

L1
VTX

L1
NEU

L1
TRK

with no much challenge for per-node speed.

150
cables

Scalable up to 1-to-N (N~O(10)) splitting

~15
switches

~30
switches

~600 MB/s

~240 MB/s

~15 PCs 
x 40 MB/s

~5 PCs 
x 48 MB/s
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DISK CACHING

Tapedrive candidates:
SONY DTF3 (48MB/s) in 2002

DTF4 (96MB/s) in 2006?

® No singledrive at240MB/s
No datatransfer, either?
Disk cacheanddelayedwrite

x50 PC (200 GB disk/PC)

x10 1-to-10 full GbE SW

200 GB
~50 MB/s

2-port
 x GbE

Unit PC for disk caching

GbE-SW

GbE-SW

Switching disks
If input speed = output speed, 3 PC is enough

If input speed = N * output speed, N+2 PC are needed

If 10 PC for 5 drives, disk-to-tape connections are fixed,
and some margin for storage is provided.

Need multi-port disk ?
PC with multi-port 
network + network switch

Fast enough disk?   If not, RAID?
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DAQ35 FULL CONFIGURATION

~30 PCs ~5x7 PCs

30 fibres
from EH

~45
switches

B
el

le
 D

et
ec

to
r

Trigger and 
Timing Systems

ECL3

ECL4

ECL5

ECL6

KLM1

KLM2

ACC1

ACC2

ECL1

ECL2

L3L2
VTX

L2
NEU

L2
TRK

L1
VTX

L1
NEU

L1
TRK

L3L2
VTX

L2
NEU

L2
TRK

L1
VTX

L1
NEU

L1
TRK

L3L2
VTX

L2
NEU

L2
TRK

L1
VTX

L1
NEU

L1
TRK

L3L2
VTX

L2
NEU

L2
TRK

L1
VTX

L1
NEU

L1
TRK

L3L2
VTX

L2
NEU

L2
TRK

L1
VTX

L1
NEU

L1
TRK

~50 PC with disks

5 PC with
tape drives

SVD8

SVD9

SVD10

SVD1

SVD2

SVD3

SVD4

SVD5

SVD6

SVD7

SEQ

CDC1

CDC2

CDC3

CDC4

CDC5

TOF

TRG1

TRG2

TRG3

150
cables

50
cables

50
cables

many
cables

5 fibres
to CRC
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SUMMARY

© TheBelledataacquisitionsystemhasbeensosimple
ª*ª Workingvery stablywith quiteasmallnumberof operationcrews.ª*ª Reasonablygoodchoicefor theBelle I.
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SUMMARY

© TheBelledataacquisitionsystemhasbeensosimple
ª*ª Workingvery stablywith quiteasmallnumberof operationcrews.ª*ª Reasonablygoodchoicefor theBelle I.© TheSuperKEKB DAQ demandsa completereplacementof theelectronics
ª*ª New ideais needed, new R&D efforts have to bemade.ª*ª Thedataflow partwill berathereasy(thanksto IT).ª*ª Still thesystemis muchsimplerthanhadronicmachines

— technologiesshouldbeborrowed from thosepeople.
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SUMMARY
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ª*ª Workingvery stablywith quiteasmallnumberof operationcrews.ª*ª Reasonablygoodchoicefor theBelle I.© TheSuperKEKB DAQ demandsa completereplacementof theelectronics
ª*ª New ideais needed, new R&D efforts have to bemade.ª*ª Thedataflow partwill berathereasy(thanksto IT).ª*ª Still thesystemis muchsimplerthanhadronicmachines

— technologiesshouldbeborrowed from thosepeople.ª*ª Lotsof helpfrom Electronicsgroup.



SuperKEKB DataAcquisition System
Mikihi ko Nakao(KEK)

5 October, 2001
Page25 of 25

SUMMARY

© TheBelledataacquisitionsystemhasbeensosimple
ª*ª Workingvery stablywith quiteasmallnumberof operationcrews.ª*ª Reasonablygoodchoicefor theBelle I.© TheSuperKEKB DAQ demandsa completereplacementof theelectronics
ª*ª New ideais needed, new R&D efforts have to bemade.ª*ª Thedataflow partwill berathereasy(thanksto IT).ª*ª Still thesystemis muchsimplerthanhadronicmachines

— technologiesshouldbeborrowed from thosepeople.ª*ª Lotsof helpfrom Electronicsgroup.
Sofar, andsowill be.


